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Applications of the Maximum Entropy Principle in Spam Email Classification 

Aidong Fang 

College of Information and Engineering, Suzhou University, Suzhou, China 

Abstract: For the small initial samples and highly variance of practical spam emails, maximum entropy principle is applied into the 
classification of spam emails. Incremental learning method is also integrated to increase the performance and smoothing method is utilized 
to process the sparse property of signature word. The simulation experiments show the effectiveness of our email classification. 

Keywords: maximum entropy principle; incremental learning; anti-spam email 

1. Introduction 

With the development of Internet, email has gradually replaced the traditional communication. But the spam has seriously affected
people's normal work and study. The twenty-fourth "China anti-spam survey report" which jointly organized by the network rubbish 
information report center and the China Internet Association anti-spam (information) shows that Chinese email users receive spam quantity 
is 13.8 letters the average weekly of the first quarter of 2011, the average weekly email users receive spam email in proportion to 40.1%. At 
present, there are several kinds of anti - spam methods, such as the anti-spam technology of IP layer, anti-spam technology of SMTP layer, 
rule-based spam filtering method and the method of probability statistical combination of machine learning and so on[1].  

However, the above methods have their own limitations, such as the anti-spam technology of IP layer has some delay and speed is slow. 
The anti-spam technology of SMTP layer requests the excessive cyber source. The filtering method based on rules exists contradiction 
between its accuracy and time cost,while the process of the probability statistical method based on machine learning is more complex and 
the intervention from users is not easy to large-scale application[2]. People often use the combination of several methods to classify the 
message in practical applications, but the effect is not very ideal. 

Because of spam has the characteristics of initial sample small varied, while the maximum entropy theory has a good classification 
effect in the small sample training and little dependence on the initial sample, this paper presents a method of spam mail based on maximum 
entropy method and classifies mail through the incremental learning. 

2. Build an anti-spam system based on maximum entropy method 

2.1 The theoretical model of the maximum entropy 

The basic idea of maximum entropy is choosing a model which makes the distribution as uniform as possible so that the entropy of the 
system reaches the maximum in the know nothing at all to a thing,  

But the more realistic question is how to choose a suitable model to predict events in the already knew many of the prior knowledge of 
things. The maximum entropy model fits all the known facts, keeps the unknown state of unknown events, chooses a model which existing 
facts and makes it evenly distributed for unknown events as far as possible. 

Since the nineteen ninties, maximum entropy method [3] has been used in large scale authentic text processing, such as establishing the 
probability model for a wide range of phenomena in natural language, comprehensive observating on various relevant or irrelevant 
probability knowledge. Thus, the processing results of many problems reach or exceed the best results of other methods. In recent years, the 
maximum entropy model is widely applied in the natural language processing, including word segmentation, Part of speech tagging,word 
sense disambiguation, phrase recognition, machine translation etc. [4][5][6] 

Specific treatment[7] is given a probability distribution (training samples obtained from oneself) p . We want to construct a probability 
distribution model p  which is close to the empirical probability distributions p  as much as possible, A lot of methods to construct the 
model of the probability distribution, selecting a probability distribution model p makes the entropy maximum, that is to say, the 
probability distribution model p satisfies the optimal solution of the maximum entropy constraint. Here introduced the characteristic 
function f , for the characteristic function if , expected value compared to the empirical probability distribution ( , )p x y  is: 

,
( ) ( , ) ( , )i

x y
p f p x y f x y=∑         （1） 

Where x is the category of text, in this paper is spam or regular mail, y as the feature words text, is also to be classified mail feature 
segmentation results. ( , )p x y  said the probability of feature words x  appears in category y for the characteristic function if , the expected 
value of the probability distribution ( , )p x y is: 

,
( ) ( , ) ( , )i

x y
p f p x y f x y=∑       （2） 

while ( , ) ( ) ( | )p x y p y p x y= ，makes ( ) ( )p y p y= 
，  ( )p y is the observation probability of y  in the training set. The model

Probability is defined as the event of conditional probability which is observed in the training sample, but not all possible event 
probability.If the characteristic function is useful for the model, bound for: 

( ) ( )p f p f=                                                                            （3） 

If there are k features if （ 1,2,i k=  ）then have k  group constraints 

( ) ( )i ip f p f=  ，（ 1,2,i k=  ）    （4） 
Many models meet the above constraint conditions. The goal is to have a probability with uniform distribution under the constraint 

condition. If using conditional entropy as a mathematical measurement method of the conditional probability ( | )p x y uniform.The 
calculation formula of the entropy is as follow: 

,
( ) ( ) ( | ) log ( | )

x y
H p p y p x y p x y= −∑  （5） 
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 among 0 ( ) log | |H p y≤ ≤ .The optimal solution of the problem meet a group of constraint p is： 
                           * arg max ( )p H p=                                                                                          （6） 

the optimal solution got by using the Lagrange multiplier method is: 

                             1*( | ) exp( ( , ))
( ) i i

i
p x y f x y

Z x
λ= ∑                                                                          （7） 

                             ( ) exp( ( , ))i i
y i

z x f x yλ=∑ ∑                                                                                   （8） 

Among them, the parameter iλ  is the weight of corresponding characteristic function if , ( )z x  is the normalized factor. By learning 

on training sample, can get iλ value, namely,can get the probability distribution of the request, complete meeting the structure of the 
maximum entropy model. 

   Parameter solution to maximum entropy model belongs to a nonlinear programming problem with constraints, belongs to the convex 
optimization problem, then the op timal solution can be obtained. 

 
2.2 Email classification based on the maximum line model 

 
With X  expresses mail categories, namely normal mail and spam, Y  expresses mail sample characteristics, conditional probability 

( | )j ip x y of arbitrary a mail iy Y∈  belong to any category of jx X∈ can be obtained by using formula 2.7. Considering all kinds of 

different methods as decision condition, such as for Y is not compatible classified collection (spam or normal mail) situation. Compare the 
probability of the sample appear in different sets, and divide the sample to set with the highest probability appearing.  

Also consider the mail classification distort problem: if the junk mail was wrong divided into normal mail, the loss caused to the user is 
not very big by relatively, Once an important mail was wrong classified as spam, may bring unexpected loss to users. So consider the 
situation of compatible classification exists in Y , set a threshold value ε according to the current email feature.If the probability 

( | )p x y ε> of sample characteristics concentratedly appear in normal mail, the mail is regarded as normal mail. When there is sparse events, 
the maximum entropy model make the probability distribution of the unknowns even is always as far as possible, namely tend to get the 
maximum entropy. 

For text classification, feature word in the document is presented with sparse features, performance in quite a number of feature words 
appear in training samples but do not appear in document to be classified, also quite a number of feature words appear in document to be 
classified but do not appear in training samples. Can use smooth technology (smoothing) to deal with the situation, That is give a value to 
feature words which appear in document to be classified but do not appear in training samples. 

   Aim to the text classification problem, at present the most widely used is absolutely discount (Absolute - Discounting) technology[8]. 
Absolute discount smooth technology refers to discount for events observed in the model, lose a fixed value, and then allocate probability 
contribution through discounting to all events do not appear. Due to the characteristic function value is word frequency, when discount for 
the characteristic occurrence number does not involve to keep probability and 1, so just directly to give characteristics which occurrence 
number is 0 a value.  

 
2.3 Incremental learning adjustment mark 

 
Incremental learning is an important and effective way to improve the machine learning and probability statistics method .This paper 

use incremental learning method to improve the performance of the classification of junk mail.  
   Before the incremental learning, through an initial model to mail classification judgment. After that there is a internal adjustment for 

inspection and residual email.  
We insert tags into the main part of the mail, labels implied the only identification information corresponding mail. For mail adjusting 

the wrong, the user just click on the label, the corresponding information will return for incremental learning process, incremental process 
improve the model through the analysis of the data file. When training mode activate, the user can according to the service of the user's 
actual mail situation to retrain one or more new models to use for classification. In the incremental effect is not satisfactory cases, training 
mode can also roll back model state, reset to the initial condition, again for a new incremental training.  

 
3. Classification effect test 

 
The mail samples is tested by using the maximum entropy method which joins training marks. All of the mail samples from 

international Benchmark standard data set SpamAssassin Corpus (RFC822) and ZH1 Chinese Corpus, email classification effect is judged 
by the fallout rate and residual rate.  

Test results of the standard data set SpamAssassin Corpus (RFC822) show in table 1 and table 2 below:  
 

Table 1 result 1 of SpamAssassin Corpus (RFC822) 

Training 
mail 

number 
 

Training 
of 

junk mail 
number 

 

Prediction 
mai 

(ham/spam) 
[220/250] 

accuracy（Jiwai）(%) S-S S-H H-H H-S 

1478 357 470 92.979/94.896/95.319 222/231/240 28/19/10 215/215/208 5/5/12 
2956 714 470 95.319/97.447/95.319 234/243/239 16/7/11 214/215/209 6/5/11 
4434 1071 470 92.979/97.021/96.809 222/238/237 28/12/13 215/218/218 5/2/2 
5912 1428 470 94.255/95.957/96.809 227/232/236 23/18/14 216/219/219 4/1/1 
7390 1785 470 90.426/96.383/97.234 207/234/238 43/16/12 218/219/219 2/1/1 
8876 2143 470 95.319/95.957/97.872 231/232/240 19/18/10 217/219/220 3/1/0 

Note:  
1. The data  format : feature selection number for 2000 / feature selection number for 10000 / not feature selection.  
2. S - S spam detection for spam quantity; S - H spam detection for normal mail number H - H normal mail detection for normal 
mail number; H - S normal mail detection for spam quantity. 
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Table 2 result 2 of SpamAssassin Corpus (RFC822) 
 Residual rate（%） Fallout rate （%） 

Training set Spam number  Characteristic number original  Characteristic number original 
2000 10000 2000 10000 

1478 357 11.2 7.6 4 2.203 2.119 4.762 
2956 714 6.4 2.8 4.4 2.5 2.016 4.4 
4434 1071 11.2 4.8 5.2 2.203 0.833 0.837 
5912 1428 9.2 7.2 5.6 1.732 0.429 0.422 
7390 1785 17.2 6.4 4.8 0.957 0.426 0.418 
8876 2143 7.6 7.2 4 1.282 0.429 0 

Test results of ZH1 Chinese Corpus show in table 3 and table 4 below:  
 

Table 3 result 1 of ZH1 Chinese Corpus 

Training 
mail 

number 
 

Training 
of junk mail 

number 

Prediction   
mail 

(ham/spa
m) 

[43/123] 

accuracy（Jiwai）(% S-S S-H H-H H-S 

163 120 166 95.181/96.386/94.578 119/120/119 4/3/4 39/40/38 4/3/5 
326 246 166 95.783/96.386/97.590 118/120/122 5/3/1 41/40/40 2/3/3 
489 364 166 97.590/96.988/97.590 121/121/122 2/2/1 41/40/40 2/3/3 
652 490 166 97.590/98.193/97.590 121/122/122 2/1/1 41/41/40 2/2/3 
815 609 166 98.193/98.795/98.795 121/122/122 2/1/1 42/42/42 1/1/1 
978 733 166 98.795/98.795/98.193 121/121/121 2/2/2 pu 0/0/1 

1141 849 166 98.193/99.398/98.795 121/122/121 2/1/2 42/43/43 1/0/0 
1304 962 166 98.193/99.398/99.398 121/122/122 2/1/1 42/43/43 1/0/0 
1467 1082 166 98.193/99.398/99.398 121/122/122 2/1/1 42/43/43 1/0/0 

Note: the data  format : feature selection number for 2000 / feature selection number for 10000 / not feature selection. 
 

Table 4 result 2 of ZH1 Chinese Corpus 
 Residual rate（%） Fallout rate（%） 

Training 
set 

Spam 
number 

Characteristic number original Characteristic number original 

2000 10000 2000 10000 
163 120 3.25 2.44 3.25 3.252 2.439 9.524 
326 246 4.07 2.44 0.81 1.667 2.439 2.4 
489 364 1.63 1.63 0.81 1.626 2.419 2.4 
652 490 1.63 0.81 0.81 1.626 1.613 2.4 
815 609 1.63 0.81 0.81 0.82 1.001 1.001 
978 733 1.63 1.63 1.63 0 0.82 0.82 

1141 849 1.63 0.81 1.63 0.82 0 0 
1304 962 1.63 0.81 0.81 0.82 0 0 

1467 1082 1.63 0.81 0.81 0.82 0 0 

 
4. Data analysis  

 
It can be seen through the mail classification results that the method proposed in this paper has good classification effect to MIME test 

data, residual rate and the fallout rate in the standard test set decrease with the training set increasing,but datas do not increase with the 
increasing of the training set show again a few mail in the initial classification is still can not be classified correctly, which reflects the 
necessity of incremental learning. Feature selection number increase means that more and more mail comprehensive delegated by mail 
sample, so can be the basis of judgment is more, the increase of the number of features will lead to the increase of the accuracy of the 
calculation results and residual rate and the fallout rate to decrease.  

 
5. Conclusion 

 
This paper studies the maximum entropy method in the application of junk mail classification, and by introducing incremental learning 

method to the strengthened.The results show that in the original maximum entropy theory basis, add incremental learning can well improve 
spam classification effect. 
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Abstract: High-tech park, as the key force in the development of economy and the science and technology in the people's Republic of China, 
needs a set of performance evaluation of innovation ecosystem to guarantee its rapid construction and upgrade. Based on innovation 
ecosystem structure of high-tech park, input and output indicators are designed, using two-stage DEA to build science and technology park 
innovation performance evaluation index of ecological system and models, reflects the innovation generation and transformation of the 
actual process of diffusion more accurately. 29 national high-tech zone in our country are selected as the actual evaluation samples, carrying 
on the comparison to operational efficiency, effectiveness analysis and corresponding countermeasures and suggestions are given to promote 
the sustainable development of high-tech park. 
 
Keywords: DEA; innovation ecosystem; performance evaluation 
 
1. Introduction 

 
Since 1991, the Beijing City high tech Industrial Development Zone was established, it has been made impressive achievements during 

30 years, the construction of high tech Zone promotes the development of science technology and economy China, as the representative of 
the Sci-Tech Park becoming gradually mature in the function and role. It has been continuously innovative and upgrading in the traditional 
development model, and building Sci-Tech Park innovation ecosystem has become an important developmental direction of Innovation and 
upgrading of Sci-Tech Park. The construction of innovation ecosystem has important strategic significance: it can speed up the innovation 
and development of the area where Sci-Tech Park is in and optimize the structure of the development of science technology and economy. 
In the fierce competition of international and domestic Innovation, Sci-Tech Park, as the principal part promoting the regional scientific and 
Technological development and economic construction, should accelerate the construction of innovation ecosystem construction and 
upgrading.  

China's Sci-Tech Park has become the dominant force in building an innovation oriented country, exploring the independent innovative 
road with Chinese characteristics and promoting the innovative-drive development (Liu Zhi Chun, 2015) [1]. Sci-Tech Park, as a gathering 
area of innovative elements, had rich innovative main bodies, resources and good innovative environment, the convenient information flow, 
capital flow, business flow, logistics. These are good basis for cultivation and operation of innovation system. Although the number of Sci-
Tech Parks in our country has been increasing year by year, compared with that in other countries in the world, there are still many problems, 
for example, there are more Sci-Tech Parks gathering together; cluster effect is not obvious, park contribution rate needs to be improved, etc. 
Thus, a set of Sci-Tech Park innovation ecosystem performance evaluation system should be established to guide the Sci-Tech Park to the 
direction of Innovation Ecosystem Optimization development, and the results of innovation ecosystem performance evaluation are taken as 
an important basis for evaluation and policy support of the Sci-Tech Park development level.   

Many scholars constructed Sci-Tech Park innovation capability and performance evaluation index and methods. Xia Hui (2008) 
connected "3-zone interaction" innovation networks and urban innovation system, and put forward the path for connecting [2]. Zhang Zhong 
De (2009) analysized the relationship of the hi tech park innovation system and mechanism [3]. Chen Xiangdong etc. (2014) studied high 
tech Zone Innovation from perspective of innovation ecosystem, considered the factors of influencing innovation, to provide diagnostic 
basis for innovation for the high and New Technology Industrial Development Zone[4].Dong Qiuling etc. (2006) constructed technological 
innovation ability evaluation index system of the Sci-Tech Park, using multilevel grey evaluation method to evaluate.[5] Lu Xin, etc. (2012) 
comprehensively utilizating DEA and other methods, didi empirical analysis of small and medium-sized enterprise input and output 
efficiency in the ZhongguancunSci-Tech Park [6]. Liu Jing (2013) put forward specific recommendations on the innovation of the high tech 
Zone performance indicators system in forms and contents [7]. Yuan YuanGu (2015) , through the empirical study,  showed that the 
relationship between the degree of industrial concentration and regional innovation output during the two periods at the beginning of 
establishing development zone and after the period of cleaning up , and local government intervention has a certain impact on the cluster's 
performance of develpopent zones[8].In the DEA method for innovation performance evaluation, Xue Dong Zhu (2010) the DEA method 
for evaluation of innovative enterprises performance [9], Liu Yufen. (2010) use DEA model to Western high-tech industries technological 
innovation performance evaluation [10]. Zhang Ling (2012) in Hebei Province Science and technology innovation system, the use of two 
stage DEA method, evaluation and analysis of the the province science and technology output efficiency and scientific and technological 
achievements transformation performance[11]. Visible DEA method from input and output angle of view, in terms of innovation 
performance evaluation has a high applicability.  

Although scholars designed performance evaluation indicators and methods of Sci-Tech Park from different angles, the performance 
evaluation of the Sci-Tech Park is still concerned about the scales and economic benefits, neglecting the characteristics and abilities of the 
Sci-Tech Park as an innovative ecological system, and also does not make a strict distinction between the intermediate and final output. 
whether the Sci-Tech Park has formed innovation ecosystem, and whether intermediate results can be quickly and effectively transformed, 
and ultimately the formation of good technical, economic, social benefits will become the focus of performance evaluation of the Sci-Tech 
Park in the future. 

 
2. Characteristics of the innovation ecosystem of Sci-Tech Park 

 
The innovation ecosystem of Sci-Tech Park has three characteristics. 
(1)It has the characteristic of system. Sci-Tech Park itself is an innovation ecosystem, and main bodies of innovation ecosystem have a 

nonlinear connection, also they are interacted with each other, constituting network relation, meanwhile, all kinds of main bodies are 
operated in the certain environment,  so they and the environment also have mutual effect. All kinds of information flow, capital flow, 
logistics and other elements in the system are processing frequently. Through the combined action of the internal and external environment 
of the system, The innovation ecosystem of Sci-Tech Park can adjust itself, maintain the basic functions of the system. The best state of 
development for the innovation ecosystem of Sci-Tech Park ecological system is cooperation and competition, mutualism. 
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(2) It has the characteristic of phase and cycle. The evolution of innovation ecosystem of Sci-Tech Park has the characteristics of stage 
and cycle. The innovation output of Sci-Tech Park is not overnight, but in the reasonable innovation investment, a large number of scientific 
and technological achievements are produced and the scientific and technological achievements can be quickly transformed into 
productivity, thus realizing the commercial value of the products. The process can be divided into two stages:  from "science and technology 
innovation investment to scientific and technological achievements generation" and from "scientific and technological achievements 
transformation, to the innovation performance realization. So innovation activities of Sci-Tech Park are cyclic processes, making Sci-Tech 
Park always maintain a dynamic update and continuous upgrading. 

(3) It has the characteristic of region. Sci-Tech Park innovation ecosystem has characteristic of region. Due to the different 
geographical positions of different Sci-Tech Parks, the geographical environment, climatic conditions, economic levels, the levels of science 
and technology, policy environment, cultural environment and available resources are different too, so the innovation ecosystem of Sci-Tech 
Park essentially has gone beyond the location restrictions of the Sci-Tech Park. It takes production and learning resources, such as regional 
colleges and universities, scientific research institutions, as technical support,  and regional resource conditions and policy environment as 
environment support, and it has become the core of the regional innovation ecosystem with significant regional dependence and formed 
Regional industrial characteristics.  

 
3. Performance evaluation index of Sci-Tech Park innovation ecosystem based on the two stage of the DEA 

 
Considering the systematical, dynamic symbiotic characteristics of Sci-Tech Park as an innovation ecosystem, and the periodic 

characteristic of the generation and transformation of achievements of Sci-Tech Parks, based on the thought of two stage DEA assessment, 
in the performance evaluation of innovation ecosystem of Sci-Tech Park, index system should be established from the three links: input, the 
intermediate output and the final output of. Table 1 shows the construction of performance evaluation index of innovation ecosystem in Sci-
Tech Park. 

 
Table 1 performance evaluation index of innovation ecosystem in Sci-Tech Park 

DEA operation link index 

input 

R&D expenditure X1 
R&D Personnel of full-time equivalent X2 

Number of enterprise X3 
Proportion of enterprises above designated size X4 

Number of S&T public service platforms X5 
Funds derived from government X6 

Energy consumption per RMB 10,000 productionX7 
Ecological park construction investment X8 

Middle 
 

Patent application number in current year X9 
Number of invention patents X10 

Proportion  of innovative enterprises X11 
Amount of technology contract deal X12 

S&T projects number of industry-university collarationX13 
Number of reduction or exemption of enterprise tax X14 

 
 

output 

Total income X15 
Sales revenue of new products X16 

Growth rate of the number of enterprises X17 
Proportion of high and new technology production to total production X18 

Total exports X19 
 
3.1 Input indexes 

 
Input indexes includes the following eight indexs: funding investment for R & D and R & D personnel equivalent, number of 

enterprises, proportion of Enterprises above designated size, the number of science and technology in public service platform, obtaining the 
amount of government funds, energy consumption of unit GDP, investment of eco industrial park construction. 

(1) R&D expenditure. It refers to the expenditure of Sci-Tech Park enterprises to carry out R & D activities, basic researches, applied 
researches and experimental development, and the unit is million yuan. R&D funding is fund guarantee for Continuing to carry out 
technology research and development activities ongoing research and development funding, and the basis for innovation ecological system 
of Sci-Tech Park continuously upgrading  

(2)R&D Personnel of full-time equivalent . It refers to the R & D personnel nondairy full-time R & D personnel according to the 
workload of the conversion for full time staff of the sum, the unit is peson; R & D personnel provides personnel security for innovation 
activities of enterprises and Sci-Tech Park. 

(3) the number of enterprises refers to the total number of enterprises settled in the Sci-Tech Park. The more the enterprises are, the 
stronger the breeding function of Sci-Tech Park incubator is, the more attractive the enterprise is, and the higher possibility the 
industrialization is. 

(4) proportion of Enterprises above designated size refers to the proportion of main business in Sci-Tech Park, and the unit is %. The 
higher the proportion of Enterprises above designated size is, the stronger ability science and technology industrial parks and enterprises 
have. 

(5) the number of science and technology in public service platform refer to the science and technology public service platform with the 
characteristics of basic, openness and of public welfare (including platform of basic condition, public technical service platform), and the 
unit is a; the more platform of science and technology in public service, the stronger support  the Sci-Tech Park will provide for the study of 
the high-tech enterprises in the park, technological innovation, science and technology innovation and entrepreneurship and to integrate 
internal and external resources activities. 

(6) obtaining the amount of government funds refers to all the total funds received by the Sci-Tech Park and park enterprises from the 
government,  including funds for construction, tech projects, special fund for science and technology, incubator Fund Awards of science and 
technology,  and the unit is million yuan.  The more financial support Science and technology park and its enterprises get from the 
government, the more conducive the construction of science and technology park to promote enterprise sustainable innovation investment 
conditions. 
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(7) energy consumption per RMB 10,000 turnover is the consumed energy of per million yuan output value, namely output value of 
energy consumption of million yuan is equal to Total energy consumption (tons of standard coal / value (10 000 yuan), and the unit is ton of 
standard coal. This index reflects energy consumption and saving energy and reducing consumption the enterprise development of Sci-Tech 
Park. The higher the index value is, the higher efficiency the energy use is. 

(8) investment of eco industrial park construction refers to the input investment for the construction of the Eco Park, including 
construction of the recycling system the park, the construction of pollution control system, greening, power systems, construction of 
industrial ecological chain, etc. and the unit is million yuan. The higher Ecological park construction investment is, the more perfect the 
park's ecological circulatory system is. 

 
3.2 Output index 

 
The input-output model of science and technology park innovation ecosystem is shown in figure 1. 

 
Figure. 1 Input-output model of science and technology park innovation ecosystem. 

From Figure 1 it can be seen that the output (output) of the first phase is the investment of second stage, which is because part of 
scientific and technological achievements is not the outcome facing market. These scientific and technological achievements need further 
transformation to produce the final output, for example, intermediate outputs patent needs further to be transformed into the new products 
support by patent, and makes the enterprise get more profits, and this embodies economic and social value of Sci-Tech Park Innovation 
Ecosystem. 

First stage output (the second stage input) has six indexes, including the number of patent applications, the number of invention patents, 
the proportion of innovation oriented enterprises, trading volume of technical contracts, the number of Production, science and technology 
plan project and the number of corporate taxes deductions. 

(1) the number of patent applications refers to all the number of patents applied by all the Sci-Tech Park enterprises, including domestic 
patent and PCT patent, and the unit is item; the more the number of patent applications is, the more frequent activities of enterprise 
innovation are, and the greater possibility for getting independent intellectual property rights is. 

(2) the number of invention patents is the total number of invention patent number of science and technology enterprises in the park, 
and invention patent equivalent can be calculated, for example, invention patent equivalent is 1.5* PCT invention patent number plus 
domestic invention patent number[12]; the more invention patent number is, the more possibly the patent technology products will be 
generated. 

(3) the proportion of innovation oriented enterprises refers to the proportion of the total number identified by relevant government 
departments in the Sci-Tech Park total number of enterprises, and the unit is %. The higher the proportion is, the stronger the innovation and 
innovation strength of enterprise in Sci-Tech Park will be, and the more contribution to regional science and technology innovation will be. 

(4) trading volume of technical contracts is the total amount of the technical contract transaction,  and the unit is million yuan. The 
larger the technical contract transaction amount is, the higher the degree of the enterprise cooperation and technology transformation will be.  

(5) the number of Production, science and technology plan project refers to the number of production, education and research projects 
by Sci-Tech Park enterprise , and the unit is item; the more the number is, science and technology, the higher the association of production, 
education and research projects of Sci-Tech Park will be, the more fruits of cooperation may be, and the stronger industrial cooperation 
innovation ability will be.  

(6) the number of corporate taxes deductions refers to the amount of taxpayers' tax reduction or exemption of the Sci-Tech Park 
enterprise according to the tax law, regulations, the unit is million yuan; The higher the number is, the more frequent the enterprise 
innovation activities and business behavior will be, and more likely they will carry out innovative investment and achieve good economic 
benefits.  

The second stage output (final output) is the ultimate manifestation of the Sci-Tech Park innovation ecosystem performance, reflecting 
the ability the Sci-Tech Park has to transform technological achievements to productivity. The output key in this stage is reflected the 
economic effect obtain ed by the Sci-Tech Park. The indexes include total income, the income of new product sales, growth rate of the 
number of enterprises, proportion of New and high technology production to total output value and total exports. 

(1) total income refers to the total income obtained by the Sci-Tech Park enterprise including the main business income and other 
business income and operating income , and the unit is million yuan; the larger the number is, the more obvious the economic benefit will be.  

(2) the income of new product sales refers to the total income of Enterprises in Sci-Tech Park in the main business income and other 
business income by saling new products, the unit is million yuan; the more sales of new products are,  the more ability Sci-Tech Park has to 
continuously develop new products, realize their market price value, continuously innovate and obtain high returns.  

(3) growth rate of the number of enterprises is changes in numbers of Sci-Tech Park enterprises. Its calculation formula is growth rate 
of the number of enterprises=[(the number of enterprises at the end of the year- the number of enterprises at the end of last year) / the 

Total income X15 

Sales revenue of new products X16 

Growth rate of the number of 
enterprises X17 

Proportion of highand new 
technologyproductionto total 
production X18 

Total exports X19 

Patent application number in 
current year X9 

Number of invention patents X10 

Proportion  ofinnovative 
enterprises X11 

Amount of technologycontract 
dealX12 

S&T projects number of industry-
university collarationX13 

Number of reduction or exemption 
of enterprise taxX14 

R&D expenditure X1 

R&D Personnel of full-time 
equivalent X2 

Number of enterprise X3 

Proportion of enterprises above 
designated size X4 

Number of S&T public service 
platforms X5 

Funds derived from government 
X6 

Energy consumption per RMB 
10,000 productionX7 
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number of enterprises at the end of last year]*100%, and the unit is %;  the higher the rate is, the higher attraction of the perfect environment 
to enterprises will be, and the faster the enterprises will grow.  

(4) proportion of New and high technology production to total output value refers to the proportion of Sci-Tech Park high-tech output 
value to total output value, and the unit is %;  The higher the proportion is, the stronger the innovation ability of Sci-Tech Park will be, and 
the more competitive the high technology will be and of and the more prominent the leading role of the Sci-Tech Park will be.  

(5) total exports is the total amount of the Sci-Tech Park enterprises from home to abroad, and the unit is million dollars. The greater 
the total amount of exports is, the higher the international competitiveness and the higher the degree of exteriorization of the Sci-Tech Park 
will be.  

 
4 Construction of innovation ecosystem performance evaluation model based on based on the two stage of the DEA Sci-Tech Park  
 
4.1 method selection basis 

 
Now, there are many evaluation methods for the performance, but because the Sci-Tech Park innovation ecosystem performance is a 

phased output, the DEA evaluation method can be used. DEA method was proposed by the Charneset al in 1978.DEA, as a method 
combining science planning and statistical analysis, can identify the optimal efficiency of decision making units (DMUs) and decide the 
relatively ineffective decisions making unit, and it can also project decision making units to efficient production frontier. The basic idea of 
DEA is to put each region as a DMU, and then constitute a DMU Evaluation group. Through the analysis of ratio between input and output, 
With the weight of each DMU input and output indicators as the variables to evaluate and calculate to determine the efficient production 
frontier and according to the distance of the front face of each DMU and effective production to determine whether each DMU is 
effective.DEA, as a method of multi input, multi output and Evaluation of the same type unit, does not need to set the steps of weight or 
standard. It is objective, and statistical data have both absolute index and relative index. Therefore, DEA method is an alternatively effective 
method.  

Combining LINGO and DEAP, the Sci-Tech Park innovation ecosystem performance evaluation model is solved, and two kinds of 
tools both have their respective advantages. The advantage of LINGO is that the of decision variables can be in the form of an integer, and it 
can generate model language, which can provide Mathematical function for the users and it can also receive other data files. DEAP is a 
model of software for solving the DEA, and it can calculate many numerical values the users need, such as value of the efficiency, slack 
variables and it can also quickly solve the projection on the surface of the decision making units in the production frontier.  

 
4.2 The DEA model for performance evaluation of science and technology park innovation ecosystem 

 
On the evaluation of the innovation effect of science and technology park innovation ecosystem, it is necessry to see each phase as an 

input-output process. The two stages can be regarded as formation stage and transformation stage of science and technology achievements, 
then a two-stage DEA model can be set up according to the two stages, in which each phase are calculated by using DEA-C2R model. The 
performance evaluation DEA-C2R model of science and technology park innovation ecosystem are constructed as follows.  

Taking each science and technology park innovation ecosystem in all stages as a decision-making unit which has m type of the input 
and s type of output, and there are totally n science and technology park namely n decision-making units of the same type. The no. j science 
and technology park innovation ecosystem is njDMU j ,2,1=  . 

ijx is recorded as no. i type input in the performance evaluation system of no. j science and technology park innovation ecosystem, 

mixij ,2,1,0 => . 
y is recorded as no. r type output in the performance evaluation system of no. j science and technology park innovation ecosystem, 

riyrj ,2,1,0 => . 

The input and output variables of jDMU  are: 

( ) njxxxxx T
mjijjjj ,,2,1,,,,,, 21  ==  

( ) njyyyyy T
sjijjjj ,,2,1,,,,,, 21  ==  

Assuming iv
 is the weight coefficient of no. i type input indicator and ru  is the weight coefficient of no. r type output indicator, then 

the two weight vectors are respectively as follows. 
T

mvvvv ),,,( 21 =  
T

suuuu ),,,( 21 =  
In order to investigate the efficiency of input and output, the efficiency evaluation index is introduced. 

                                                                          (1) 

When taking certain values for v and u, it makes efficiency evaluation index 1≤jh , nj ,2,1= . 
Taking the efficiency index of each decision-making unit as the calculation target, it is in demand of constraining the efficiency index. 

Combining with the above formula 1, the formula 2 CCR( RC 2
) model can be constructed. 
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                                                                                           (2) 
 
xBecause the formula 2 model is a fraction form, it should be changed. 
Let: 
 

According to 11
0

0

=⇒= xw
xv

t T
T

, the formula 2 can be transferred into a linear programming model. 

                                                      (3) 
Making a dual transformation to formula 3, then the dual programming 4 is created. 

θmin  

∑
=

≤
n

j

jj xx
1

0θλ  

s.t .∑
=

≤
n

j

jj yy
1

0λ                                                                                        (4) 

nji 2,1,0 =≥λ  
θ unconstrained 
The expansion of the model is: 

Linear programming 3 and dual programming 4 have the same optimal value that is **
0 θ=jh , then the efficiency value *

0jh  of the decision-

making unit  can be achieved by calculating the value of *θ . Through the above transformation, the fractional form of the RC 2  model is 

converted into linear programming form, the corresponding dual programming can be solved, and the efficiency value can be achieved at last. 

Introducing relaxation variables into the dual programming. 
Input T

mssss ),,( 2
_
1

−−− =  , 

Output T
mssss ),,( 21
++++ =  . 

So the DEA- RC 2 model finally generated is as shown in formula 6. 
θmin  

∑
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1

0θλ  
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0λ                                                                                    （6） 
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 (1) The effectiveness evaluation basis of the performance of science and technology park innovation ecosystem. When 1* =θ , 0=+s  
and 0=−s , it means decision-making unit 0j  for DEA is valid and the efficiency and scale of decision-making unit are commonly effective. 

When 1* =θ and 0≠+s (or 0≠−s ), it means decision-making unit 0j  for DEA is weakly efficient and decision-making unit is not 

commonly best for the efficiency and the scale. When 1* <θ , it means decision-making unit 0j  is not efficient for DEA and the activity is 
not of the best  efficiency and the best scale. 

 (2) The scale returnjudgement for performance of science and technology park innovation ecosystem. If ( )* 1, 2,j j nλ =  and 

1* =∑ jλ , DMU scale remains unchanged. If  1* <∑ jλ , that means DMU increases progressively.  If 1* >∑ jλ , the conclusion is that 
DMU is decreasing [13]. 

 (3) The significance of slack variable. In the input and output process of science and technology park innovation ecosystem, the slack 
variables inputed are spending too much and the slack variables outputed have insufficient output. Thus the conclusion can be drawn that 

0≠+s  means input factors for science and technology park innovation ecosystem are not of full use, and 0≠+s  shows that production are 
insufficient or too much which do not reach equilibrium. 

 
5. Performance evaluation of innovation ecosystem in national high tech zone of China 
 
5.1 Data sources 

 
The actual evaluation samples state-level high-tech Industrial Development Zone of our country from 2011 to 2013 are chosen, 

including 29 provinces and cities. Data sources are mainly from the books High Technology Industries in China Statistical Yearbook and 
Science and Technology of China Statistical Yearbook, Torch high tech Zone Planning and Statistics and Statistical Yearbook of some 
provinces and High-tech Zones. some other part of the index such as the input of ecological park construction, Research study science and 
technology projects, the number of such data are obtained by calculating the comprehensive indexes or by consulting administrative staff. 
Analysisall the index data of the state-level high-tech development zones, two stages are formed: generation and conversion of technological 
achievements of scientific and technological achievements, and the Two-stage DEA model is used to evaluate the performance of high tech 
Zone Innovation Ecosystem. 

 
5.2 Evaluation results and implications 

 
Using the Two-stage DEA method, the results are obtained through DEAP, which are shown in Table 2 and table 3. 
On the whole, the performance of transformation stage in high-tech zones of our country science and technology achievements and 

output performance of input stage of scientific and technological achievements is relatively low, indicating that the investment level of park 
enterprise R & D is relatively good, and on behalf of a large number of scientific and technological achievements to patent, but the 
transformation and utilization ability of achievements is relatively low. Therefore, the key to improve the Sci-Tech Park innovation 
ecosystem performance is not the input and knowledge output link, but achievements as part of product. 

 
Table 2 The output of the first stage of scientific and technological achievements 

decision package technical efficiency pure technical 
efficiency 

Scale efficiency Scale income 

Beijing 1 1 1 - 
Tianjin 0.96 1 0.963 irs 
Hebei 0.26 0.338 0.763 irs 
Shanxi 0.26 1 0.26 irs 

Liaoning 0.46 0.622 0.746 irs 
Jilin 0.17 0.277 0.596 irs 

Heilongjiang 0.34 0.353 0.97 irs 
Shanghai 1 1 1 - 
Jiangsu 0.41 0.422 0.978 irs 

Zhejiang 0.42 0.443 0.953 drs 
Anhui 0.69 0.81 0.862 irs 
Fujian 0.44 0.507 0.869 drs 

Jixangxi 0.21 0.298 0.723 irs 
Shandong 0.621 0.63 0.986 irs 

Henan 0.48 0.581 0.842 irs 
Hubei 0.47 0.526 0.91 irs 
Hunan 0.61 0.768 0.791 irs 

Guangdong 1 1 1 - 
Guangxi 0.76 1 0.76 irs 
Hainan 0.51 0.612 0.835 irs 

Chongqing 0.67 0.844 0.792 irs 
Sichuan 0.81 1 0.81 irs 
Guizhou 0.83 1 0.831 irs 
Yunnan 0.45 0.536 0.843 irs 
Shanxi 0.39 0.423 0.922 irs 
Gansu 0.23 0.42 0.543 irs 

Qinghai 0.42 0.56 0.756 irs 
Ningxia 0.33 0.358 0.92 irs 
Xinjiang 0.22 0.244 0.902 irs 

 
Table 3  Second stage of scientific and technological achievements conversion table 
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decision package technical efficiency pure technical 
efficiency 

Scale efficiency Scale income 

Beijing 1 1 1 - 
Tianjin 0.58 0.68 0.85 drs 
Hebei 0.17 0.18 0.95 irs 
Shanxi 0.65 1 0.65 irs 

Liaoning 0.50 0.59 0.85 drs 
Jilin 1 1 1 - 

Heilongjiang 0.16 0.19 0.87 drs 
Shanghai 1 1 1 - 
Jiangsu 0.76 0.98 0.78 drs 

Zhejiang 0.27 0.53 0.51 drs 
Anhui 0.32 0.41 0.78 drs 
Fujian 0.54 1 0.54 drs 

Jixangxi 0.70 0.71 0.991 irs 
Shandong 0.52 0.79 0.652 drs 

Henan 0.43 0.43 1 - 
Hubei 0.32 0.41 0.78 drs 
Hunan 0.66 0.67 0.982 irs 

Guangdong 1 1 1 - 
Guangxi 0.43 0.48 0.89 irs 
Hainan 0.25 0.85 0.29 irs 

Chongqing 1 1 1 - 
Sichuan 0.32 0.52 0.61 drs 
Guizhou 0.33 0.35 0.95 irs 
Yunnan 0.87 1 0.87 irs 
Shanxi 0.17 0.24 0.71 drs 
Gansu 0.09 0.31 0.30 irs 

Qinghai 0.83 1 0.83 irs 
Ningxia 0.06 0.32 0.2 irs 
Xinjiang 0.24 0.34 0.72 irs 

 
From a regional perspective, overall operation of high tech Zone Innovation Ecosystem is effective, including Beijing, Guangdong, 

Shanghai with comprehensive efficiency 1, indicating it is effective; efficiency in Tianjin is above 0.85; however, the efficiency value in 
Hebei, Shaanxi, Gansu, Ningxia and other high-tech zones is less than 1, indicating that the DEA is invalid. The high efficiency value of 
these areas is low, indicating that these regional innovation performance and technology utilization, achievement conversion rate are 
relatively low. China Eastern high tech Zone Innovation Ecosystem performance level are higher than that in the central and western regions, 
for the main reason that it is influenced by regional characteristics, especially in the Far West high tech Zone , being lack of resources, 
causing the ability of achievements transformation and market operation is weak. In Beijing and other developed regions, with geographical 
advantages, scientific and technological achievements transformation mechanism and the market environment are more perfect, thus with 
high technology innovation ability and the achievement transformation ability. Some areas invested a lot of resources, but output is rather 
less, indicating the low efficiency of resource uses, so for these areas, to improve the performance level of innovation ecosystem could not 
blind to the increase of investment in innovation, but should pay attention to the rational allocation of resources and its efficient use. In 
addition, the data in the slack variables can also show some problems, for example, Heilongjiang, Anhui, Gansu appear the phenomenon of 
excessive input and insufficient output. Concerning this situation, appropriate adjustment should be carried on in order to maintain the 
balance between input and output. 

DEA in Hebei is invalid, from the calculation results, it can be seen that output and the transformation of scientific and technological 
achievements are unbalanced, which is similar as science and technology innovation performance evaluation results of 11 cities for Hebei 
province by Zhangling(2012). For these provinces in order to improve the ability of Technology innovation, not only the ability of 
technology transformation stage should be improved, but ability of achievements should also be improved. Technical efficiency values in 
Shanxi and Gansu is less than 1, indicating is invalid, which is in accordance with the results of high and new technology industry 
technology innovation performance evaluation in the western region by Liu Yufen(2010), and the funds investment should be adjusted in 
Shanxi and Gansu provinces. Efficiency value in Ningxia is less than 1, and scale returns are increasing and Science and the ability of 
technology innovation is insufficient.  

This conclusion is in accordance with the results by Hukai (2009) based on DEA method for the first stage of China's regional 
innovation performance evaluation, reflecting that if investment of science and technology innovation is increased, the output of scientific 
and technological achievements will be increased too, and the region belongs to less-developed areas. The uniqueness of this article is that 
the process of science and technology park innovation ecosystem and the performance of the production is divided into two stages, which is 
good for reflecting the actual process of innovation generation and transformation more accurately; meanwhile, the slack variable to view 
each phase of the input and output of science and technology park can be achieved by slack variable relations and be adjusted, which is good 
for finding problems of each science and technology park to find out the key influencing factors of the performance of innovation ecosystem 
of science and technology park in order to have better adjustment and optimization. 

 
6. Conclusion 

 
Considering Characteristics Innovation Ecosystem in Sci-Tech Park and stages of characteristics of innovation output, using DEA 

method in the performance of Sci-Tech Park innovation ecosystem, scientific reference for performance evaluation of Sci-Tech Park is 
provided. State system performance evaluation index and evaluation model of Sci-Tech Park innovation are established, in order to guide 
Sci-Tech Park Innovation Ecosystem input-output process to be more reasonable and make science and technology management department 
performance evaluation in China and control of various Sci-Tech Park more scientific, and to promote the sustainable development of Sci-
Tech Park. 
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CNN Optimization and its application in traffic signs recognition based on GRA 
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Abstract: Convolutional neural network abbreviated CNN has been widely used in pattern recognition field, and the CNN network structure 
optimization is one of the important factors affect recognition accuracy and efficiency. In this paper，the network structure is systematically 
analyzed, and the key parameters of the network structure and the way to assume value are given. In the process of recognition based on 
CNN, the results have been deeply influenced by the number of hidden layer characteristics figures. Meanwhile, recognition accuracy of the 
system is affected by some small relational samples between a layer features figure and the next layer features figure. Grey relational 
analysis excavates internal relational with data. The paper based on GRA in the process of network training is automatically selected 
effective features of hidden layers and the network structure is optimized, and traffic signs are served as object recognition and validation. 
Experiment results show that the proposed method adaptively determines the number of characteristics figure, and realizes optimization of 
CNN network structure. It improves the efficiency of confirming the network that compared with the experimental method. 
 
Keywords: convolution neural network; grey relational analysis; network structure; traffic signs 
 
1. Introduction 

 
The field of pattern recognition feature extraction is to provide a new choice in recent years due to technical CNN. It is widely used in 

image recognition (Masakazu Matsuguet al, 2003, Alex Krizhevskyet al, 2012, Xu Shan-shanet al, 2013), object detection and recognition 
(Xiao Bo-xu, 2006, Gu Jia-linget al, 2009), object tracking (Patrick Le Calletet al, 2006, Zhang Zi-fu, 2015, Biao Lenget al, 2015) and other 
fields. Because the CNN not only has better fault-tolerant traditional neural networks, adaptive and self-learning ability, etc., also has an 
automatic feature extraction and weight sharing features.  

Currently, CNN technology has been used by researchers in the traffic sign recognition abbreviated TSR (Dan Ciresanet al, 2012, J. 
Stallkampet al, 2012, Xuan Sen-yanet al, 2014, Yang Xin, 2014, Huang Linet al, 2015), and achieved good results. The paper delve into 
TSR and training, recognition process network structure parameter optimization problem based CNN. 

GRA has the characteristics inherent degree of correlation between data mining. It is possible to determine the number of hidden nodes 
in the network structure. By introducing GRA determines CNN network structure due to the number of hidden layer of hidden feature map 
of this paper is composed of hidden layer nodes. GRA has been applied to the neural network currently. For instance, in literature, the use of 
GRA to achieve the BP neural network structure optimization problem. Hidden node and output node are sorted by calculating the degree of 
correlation between them, we consider retaining the larger correlation nodes and delete nodes associated with a smaller degree. The 
simulation results indicate that the method is effective (Tang Wan-mei, 2005). In this paper, the training process TSR automatically selects a 
greater impact on the recognition result of hidden feature map by GPA, which optimizes the network structure, and then optimizes the 
recognition algorithm. 

 
2. Convolutional neural network and parameter design  
 
2.1Convolutional neural network and model 

 
CNN is a new member of the artificial neural network based on a new multi-supervised learning neural network. It has been introduced 

speech analysis and image recognition. Because of its weight sharing features, the complexity of the network model is decreased by the 
weight of the number is reduced; In addition, CNN has the feature extraction functions into classifier omitted sophisticated feature 
recognition before the extraction process. 

CNN is a multilayer neural network comprising an input layer, a hidden layer and an output layer, wherein the hidden layer (layer 
including convolution and sub-sampling layer) is an important part of the CNN network structure. Convolution layer is referred to as feature 
extraction layer (referred to as layer C) by utilizing different convolution kernels to highlight a different aspect of the feature extraction to 
achieve the effect. Form of formula (1) as follows: 
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Among them, the number of layers, the convolution kernel and the input image set are I, k and Mj respectively. Each output has a bias 
b. 

Sub-sampling layer (referred to as S-layer) is related to the use of the principle of local image. The image is sub-sampled to reduce the 
amount of data handling with results. Form as formula (2) below: 
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j

l
j

l
j

l
j bxdownfx += −1β                                                                            (2) 

Down (•) indicates the sub-sampling function. An input image is generally different from all the pixels 2 × 2 blocks summing or 
averaging. 

Each layer is composed of a plurality of two-dimensional plane and each plane by a plurality of individual neurons when CNN is 
applied to image recognition field. Network structure shown in Figure 1: Overview of the input image after n convolution kernel filter, 
sigmoid function and after photos can be biased to produce n Pictured C1 feature map layer. The feature map for each group of four pixels 
S2 layer is obtained by averaging feature maps. Maps of these features are once again after the convolution and sub-sampled C3 layer and 
S4 layer. The final layer of pixels and S4 together into a vector layer is fully connected to the output (Xu Ke, 2012). 

http://www.sciencedirect.com/science/article/pii/S0020025515005812
http://www.sciencedirect.com/science/article/pii/S0893608012000524
http://www.sciencedirect.com/science/article/pii/S0893608012000457
http://www.sciencedirect.com/science/article/pii/S0893608012000457
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Figure.1 network structure. 

 
2.2Convolution neural network training and testing 

 
Three processes of the network learning and training process includes the forward signal propagation, errors of reverse spread and 

weight update. 
Input samples to produce C1 layer feature map from the incoming input layer after convolution kernel filter, sigmoid function and can 

be biased in the forward propagation. The feature map for each group of four pixels is averaged to give S2 layer feature map. These features 
maps again after a convolution and sub-sampled C3 layer and S4 layer.S4 will eventually transfer to the output layer pixel layer in a manner 
fully connected. If the actual output of the output layer does not meet the desired output (label), it will get transferred to the error back-
propagation stage. 

Errors of reverse spread and weight update are output error by reversing the hidden layer to the input layer back propagation to get the 
new weights and bias. The error signal as a modification of each unit weight basis, utilizing the new weights and bias obtained deviation 
between the output and the desired output again. The process is repeated until the network reaches certain accuracy or required training time 
elapses. 

Network learning and training process is a process of constantly adjusting the weights. 
Network testing is classified by comparing the input to the network portion of the image databases to detect whether the target 

recognition accuracy. The process is to spread into the sample prior to testing to give an output. The output compare with the maximum 
expected output. The number of different statistics can calculate the error rate. 

Network testing is an important process of image classification by testing results can determine whether the training system needs to be 
improved. 
 
3.Network structure parameters and its design 

 
It is found that the structure of CNN network and the determination of related parameters are the key problems in the system after a 

systematic analysis of the CNN and its identification process. The hidden layer structure is the key to determine the structural problems, 
including number of network structure layer and number of hidden layer characteristics figure design. The remaining parameters are size of 
convolution kernel, initialization of weight, size of sample batch and number of iterations. In this paper, GRA is utilized to optimize number 
of hidden layer characteristics figures, and other parameters are set by theoretical and experimental analysis. 

 
3.1Determination of size of convolution kernel and number of network structure layer 

 
Convolution kernel operator is used to the weights in the convolution. Using a matrix M * N representation of the convolution kernel 

operator, the matrix and the calculation of the same size of the image area, most of the use is symmetrical, such as M=N, its rows, columns 
are odd, the general N=3, 5, 7. 

Number of network structure layer is the sum of that of layers and that of sub samples except the input layer and output layer. That of 
layers in the neural network is increased in a certain range, which can effectively improve the recognition accuracy. The network structure, 
however, is not only complex, but also the recognition accuracy is reduced, if the number of layers is too much. Combined with the simple 
representation of the output characteristic graph, the size of the training sample and the size of the convolution kernel determine number of 
network structure layer. 

 
3.2Number of hidden layer characteristics figure 

 
Number of hidden layer characteristics figure is characterized in the hidden layer and the number of sub volume layer feature map 

layers contained in the sample. Setting appropriate number of hidden layer characteristics figure is more proper to reduce the error rate, and 
the training process is easier to adjust and improve. 

3.3 Initialization of weights 
 
Initialization of weight is the initialization of the weight matrix of the convolution kernel pixel and the whole connection part. On 

training speed and recognition accuracy is affected by the initial weights. The initial value range is too general to lead to training, so the 
initial weight values is between [- 1, 1] random values .In the propagation process is optimized until reaching to the optimal solution. 

 
3.4 Size of sample batch 

 
In order to reduce the training times and improve the recognition efficiency, we can use the grouping method to train. Size of sample 

batch is the number of images in each group. 
Under certain conditions, the total sample of experiment, size of sample batch of samples is less, training more batches, experimental 

identification accuracy is higher, the corresponding time is long; size of sample batch of sample batch is more, less training samples, the 
recognition accuracy is low, the time is short. In this experiment, we can choose size of sample batch in combination with the recognition 
accuracy and the recognition efficiency. 
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3.5 Number of iterations 
Number of iterations is the number of training samples of all the training images. The end of the training depends on number of 

iterations. 
The less iteration, the lower the recognition accuracy, the shorter the time required; the more iterations, the higher the accuracy of the 

recognition, the longer the time required. According to the recognition accuracy and efficiency, when the error rate curve in the convergence 
zone, just enters the region of convergence of the iteration number as the future experiment standard. 

 
4. Optimization of CNN network structure based on GRA 
 
4.1 The gray relationship analysis (GRA) 

 
Gray system theory is a kind of system science theory originated by the famous scholar Deng Julong. The gray relation analysis is a 

classical method in the gray system theory. 
Gray relation refers to the uncertainty of the relationship between the various factors, or the reference sequence and the uncertainty of 

the comparison between the sequences (Liu Si-feng, 2010). The fundamental idea of GRA is according to each factor curve geometry shape 
to determine the degree of closeness method. It reflects the correlation degree between each factor curve. The curve is closely associated 
degree is high and vice versa. 

GRA quantitative analysis based on geometric process, completing the relevant statistical data comparison of geometrical relationship 
between sequence and comparative sequence reference system, and then calculating the correlation degree between two kinds of sequence 
Compared with the reference sequence, the geometric development direction and speed of the sequence are close to the reference sequence. 

GRA has the advantage of mining the intrinsic correlation between data, and the calculation is small. Thus, the method has been 
applied to the neural network. 

 
4.2 Determination of GRA and CNN in the hidden layer feature map number 

 
One of the most important factors affecting the network structure is number of hidden layer characteristics figures in CNN network. In 

practical application, selected by experience In this paper, GRA is used to analyze the correlation degree between the S4 layer and the 
output layer. The S2 layer and the C3 layer in the CNN structure to determine number of hidden layer characteristics figures, so as to 
optimize the network structure. 

Using the CNN network structure hidden layer is by two winding layer and two sub sampling layer is composed of, and sub sampling 
layer feature map number and roll on a layer of layer characteristics graph is equal to the number. Then we want to determine the hidden 
layer feature map number which only needs to determine the two sub sampling layer feature map number. 

In CNN network, there is a small sample data associated with the next layer of feature map, which leads to the decrease of system 
identification accuracy. GRA has the characteristics of the internal relationship between data mining. It can be very good to extract the data 
associated with the smaller. CNN is introduced in the GRA is by calculating the correlation degree between each layer feature map. It is 
concluded that a group according to the relevancy ranked data. The low correlation of data in the network effect is too small. The paper can 
be considered to remove it. Greater relevance of the data in the network effect is too large. It will retain its in order to get the optimal hidden 
layer feature a number. 

 
4.3Implementation process of CNN optimization by GRA 

 
The need to determine the two sub sampling layer S2, S4 feature map number in this paper. 
Because the confirmation of the number of two layer feature map is GRA, the following to S4 layer to confirm the feature map as an 

example, gives the fundamental steps to optimize the structure of the CNN network GRA. 
 

4.3.1Calculation of correlation coefficient 
 
GRA is introduced to calculate the correlation coefficient between the output of each characteristic of the S4 layer and the output of the 

whole network. 
A total of N input image samples, the output of the entire network as a reference sequence; S4 layer feature map is set to N, the S4 

layer of each feature map output for the comparison sequence. The correlation coefficient between the reference sequence and the 
comparison sequence is as follows: 
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The resolution ratio is ρ is generally between 0~1 and usually take 0.5. 
 

4.3.2Correlation degree calculation 
 
Since the correlation coefficient is a sequence and the reference sequence correlation degree under different samples values，so a total 

of N, in order to facilitate observation is necessary to put all the sample correlation coefficient of the concentration of a value, namely the 
correlation. Calculating by means of averaging. The correlation formula is as follows: 

∑
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4.3.3Correlation degree ranking 
 
On a step of correlation order from big to small, obtaining the relevance ranking, and relational row in tail feature map of the little 

effect on the output of the network and then given an epsilon less than epsilon feature maps can be omitted. This method can optimize the 
number of hidden layer of the network and improve the performance of the network. 

 
5. Optimization experiment and analysis of CNN based on TSR 
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In order to validate the GRA for CNN hidden layer features a number of optimization, this paper on CNN network structure are 
optimized by traffic signs for object recognition. Traffic signs database uses the German neural computation study, the collection of standard 
database (GTSRB).It selects the main 10 categories of signs which are 5000 training images and 1000 test images respectively. 

For the identification of network structure is a contains one input layer, two layer roll, two sub sampling layer and an output layer of 
CNN network structure, network input node points depending on the number of training samples of the pixel. This experiment used for 
network training samples as high as 28 pixels, 28 pixels wide, input layer nodes 784. The recognition results are classified into 10 categories, 
namely, the output layer node number is 10. 

In the experiment, the training images are divided into training, each training 40 images, utilizing the training data of the 40 image 
samples of the last training, set up the database. 

The initial structure of the convolutional neural network, the input layer contains an image, due to sub sampling layer features a number 
and convolutional layer is the same, so the C1, S2 layer containing N1 feature map (n1=10), C3, S4 layer containing N2 a feature map 
(n2=30).The number of nodes in the output layer is 10, so the initial structure of the network is 1-10-30-10. 

This section of the three part determines hidden layer feature map number. First of all, according to S4 layer and the output layer 
between the correlation calculations to determine layer S4 feature a number. After according to degree of association between the S2 layer 
and C3 layer calculation to determine the S2 layer feature map number. Finally, the method tests the robustness. 

 
5.1Determination of the number of C3 and S4 layer feature maps 

 
Calculation and selection of related degree resolution coefficient is ρ=0.5, the initial structure for 1-10-30-10. First, the initial structure 

of the CNN training test database, after the end of the training to the final group of the data set into the training data set into a database. 
Through the above fundamental steps to get the first C3, S4 layer correlation ranking, as shown in table 1. 

 
Table 1 C3, S4 layer first correlation degree ranking 

serial number relevancy serial number relevancy 
1 0.5791 16 0.5164 
2 0.5770 17 0.5158 
3 0.5747 18 0.5142 
4 0.5721 19 0.5139 
5 0.5544 20 0.5105 
6 0.5509 21 0.5100 
7 0.5494 22 0.5091 
8 0.5445 23 0.5090 
9 0.5349 24 0.5017 

10 0.5319 25 0.5014 
11 0.5254 26 0.4983 
12 0.5237 27 0.4977 
13 0.5213 28 0.4946 
14 0.5185 29 0.4942 
15 0.5181 30 0.4934 

       
      Setting the threshold value of epsilon ε=0.514. Because the threshold can be custom, it does not satisfy the threshold to the feature map 
delete experiment, until a subsequent experiments all related degree to satisfy the threshold stop experiments. From table 1, we can see that 
the first 18 characteristic graphs are satisfied with the threshold value. After that, the 12 characteristic graph does not satisfy the threshold 
value. Then, the number of C3 and S4 layer feature map is reduced by 12. After adjustment, the second C3, S4 layer correlation is sorted as 
shown in table 2. 

Table 2 C3, S4 layer second correlation degree ranking 
serial number relevancy serial number relevancy 

1 0.6464 10 0.5747 
2 0.6328 11 0.5671 
3 0.6252 12 0.5641 
4 0.6147 13 0.5601 
5 0.6128 14 0.5526 
6 0.6057 15 0.5468 
7 0.6044 16 0.5344 
8 0.5794 17 0.5275 
9 0.5769 18 0.5214 

 
All the correlation degree is higher than the threshold value, which shows that the number of feature maps is 18. Then the structure of 

1-10-18-10 is adjusted. 
The adjustment of the number of S4 layer feature maps makes the correlation degree between each feature map and the output of the 

layer is higher, and the network structure is optimized. 
 

5.2Determination of the number of C1 and S2 layer feature maps 
 
In the correlation calculation, we select the resolution coefficient ρ=0.5 and the initial structure for 1-10-18-10. First, using the initial 

structure of the CNN training test database, after the end of the use of the final set of sample training data, set into a database. Through the 
above fundamental steps to get the first C1, S2 layer correlation ranking as shown in Table 3. 

 
Table 3 C1, S2 layer first correlation degree ranking 

serial number relevancy serial number relevancy 
1 0.6665 6 0.6391 
2 0.6650 7 0.6340 
3 0.6634 8 0.6339 
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4 0.6439 9 0.6228 
5 0.6418 10 0.6045 

 

Threshold epsilon ε = 0.63, from table 3 reveals the relevance ranking top eight feature graphs satisfy the threshold, two feature map 
does not satisfy the threshold, C1, S2 layer features a number of reduce 2. After adjusting the second C1, S2 correlation degree sort as 
shown in table 4. 

Table 4 C1, S2 layer second correlation degree ranking 
serial number relevancy serial number relevancy 

1 0.6813 5 0.6499 
2 0.6722 6 0.6487 
3 0.6619 7 0.6402 
4 0.6592 8 0.6355 

 
All the correlation degree is higher than the threshold value, which shows that the number of feature maps is 8. After the adjustment of 

the structure is 1-8-18-10. 
The adjustment of the number of S2 layer feature maps makes the overall correlation degree between each feature map and C3 layer 

feature map. Then all the adjusted network structure is optimized. The reliability of the method is proved by the robustness test in the next 
section. 

 
5.3Robustness Testing 

We could see that take hidden layer feature map number no global optimal value. There is only local optimal value will curve in local 
optimum sum down a total of a plurality of permutation and combination to meet the requirements, respectively (4,13), (5,18) (5,25), 6,15), 
(6,33), the (7,7), (7, 11), (7,16) (7,18), (7,20 tons), (8,18), (9,16), (9,19), (10,13), 7,17), 10,19), (10,28) (10,30), 10,37) etc.], by the curves of 
Figure 2. 

 
Figure. 2 experimental results of convolution layer feature map (traffic sign). 

In the process of robustness testing, we randomly selected a total of six groups of initial structure for the experiment, which are 1-10-
30-10, 1-15-30-10, 1-20-30-10, 1-10-40-10, 1-15-40-10 and 1-20-40-10. The above 3.1 and 3.2 introduce the optimization process of the 
initial structure for 1-10-30-10. The optimized structure is shown in table 5. 

 
Table 5 Six groups of initial structure optimization 

initial structure Optimized structure 
1-10-30-10 1-8-18-10 
1-15-30-10 1-8-18-10 
1-20-30-10 1-10-19-10 
1-10-40-10 1-8-18-10 
1-15-40-10 1-8-18-10 
1-20-40-10 1-6-15-10 

The six groups of experiments in the final structure of the combination of the combination of the optimal range are comprehensively 
analyzed. In summary, the gray correlation analysis method can be effectively used for the optimization of the network structure of the 
convolution neural network. 

 
4. Conclusion 

In this experiment, GRA is introduced into the CNN network structure to optimize number of hidden layer characteristics figure, and 
the optimal network structure is obtained. The experimental results show that by GRA can effectively select exit the high degree of hidden 
layer feature map, and to determine the hidden layer features a number of conforms to the experimental method to determine the hidden 
layer features a number of local optimal value, compared to show that proposed method can adaptively determine the characteristics of a 
number. Completing the CNN network structure optimization, and the experimental method and improve the network to determine the 
efficiency. 

The combination of CNN network structure optimization problem and GRA can effectively solve the problem of setting number of 
hidden layer characteristics figures, which is a reference value for similar problems. 
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Problems and Related Strategies in the Implementation of ERP System 
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Abstract: The rapid development of information technology brings opportunities and competition to enterprises. The application of ERP 
system is one of the important ways to enhance the core competitiveness of an organization. Taking a typical Chinese manufacturing 
enterprise as an example, this paper analyzes some problems with implementation of ERP system and proposed valuable solutions. The 
paper also discusses the application of Multi-agent technology in ERP to improve the intelligent level of ERP system. The study can help 
enterprises improve the competitiveness, further the dynamic cooperation between enterprises and promote the development of ERP in E-
commerce. 
 
Keywords: implementation of ERP; Multi-agent System; information system 
 
1. Introduction 

 
With the development of information technology, many enterprises use information technology to reconstruct their core business, 

establish management information system, optimize production and operation activities, and improve the core competitiveness.  
Manufacturing enterprises need to constantly innovate in technology and management. They use information systems to help the 

technical staff shorten the new product development cycle, reduce production costs, link the data in the sales, manufacturing, finance and 
other departments of an organization to achieve sharing of cash, material and information flows. 

Using Internet, artificial intelligence, database, and other advanced information technology, ERP (Enterprise Resource Planning) 
systems are large and comprehensive packaged information systems aimed at integrating business processes and functions (Moutaz, 2014; 
Sahbi et al., 2014).  

Many organizations making significant investments in ERP systems (Razilan et al.2015; Christy et al.,2015). ERP systems improve a 
company’s managerial thoughts and methods effectively, achieve resource sharing and facilitate the business management. Adoption of ERP 
systems is considered to be one of the most important technological and organizational innovation (Moutaz et al.2015; Antoniadis et 
al.,2015). 

ERP system is a computer-assisted business management covering all business in a common information system platform (Ahmet et 
al.2013; David et al.,2015; Parthasarathy et al.,2015). Organizations invest in ERP systems to gain a variety of operational, managerial and 
strategic benefits (Jiwat et al., 2014; Joseph et al., 2014).Though the advent of ERP brings the opportunities of business growth, there 
remain a lot of issues in application of the ERP system. For instance, a lot of ERP projects implemented failed, resulting in waste of large 
capital and loss of good business opportunities. The implementation of an ERP system is a huge investment for companies (Julien et al., 
2015; Cristina et al., 2014; Victor et al., 2015). ERP is an information system to plan and integrate all of an enterprise’s subsystems 
including finance, purchase, production, etc. (Lin et al., 2011). Business managers have to understand the principles of ERP systems, 
analyze the necessity and feasibility of ERP system implementation and look deeper at the methods for ERP systems.  

In recent years, the Agent technology has been successfully applied in many fields, such as production management and supply chain 
management (Jing et al.2013; Shima et al.2012; Zhou et al.2013). Multi-Agent Systems can perceive and act upon their environment to 
achieve both individual goals and joint goals (Jürgen et al., 2011). Multi-agent-based approaches can provide enterprises with good 
mechanisms for modeling dynamic behaviors among business partners (Kwon et al.2011; Sheng et al.2010). The application of multi-agent 
technology in ERP system has been gaining public attention and playing an important role in business growth.  

Taking a typical Chinese manufacturing enterprise as an example, combining with multi-agent technology, the paper studies the ERP 
systems, discusses its significance to enhance the competitiveness of enterprises, provides valuable guidance for managers to understand and 
apply ERP.  

 
2. Strategic environment and feasibility analysis  

 
We take a typical automotive engine company in China as an example, here called Company A. Company A is one of the first Chinese 

companies to manufacture mini-automotive engine, whose major products include automobile engines, transmissions and engine parts. With 
a well-equipped and modern production line, Company A was accredited to ISO9001 quality management system. 

Managers realize the importance of information construction for the development of enterprise and provide support in such aspects as 
material and financial resources which make the company have the feasibility to implement ERP system. 

The quality of ERP software and vendors is essential to an organization. We evaluate the vendor’s strength in terms of market share, 
industry experience and third-party rating. Company A chooses ORACLE as ERP vendor because ORACLE offers database, decision 
support applications and provides global technical support. The ERP consulting company is responsible for system testing and other 
supporting services so that the future problems can be resolved. 

 
3. Problems and strategies of strategies of ERP system implemention 

 
Company A implements an ERP system as shown in Figure 1. The process of ERP system implementation here focuses on business 

process reorganization including financial management process, production management process, procurement management process, 
inventory management process, and sales management process, etc. 

According to the current situation and the necessity of management innovation, company A optimizes each part of the business process 
oriented towards customer needs to achieve the maximum possible value added. The paper will focus on the problems of the business 
process and restructuring strategies.  

Financial management process: There exist some problems with the financial management. For example, the managers understand 
financial information through the end-of-month reports. The weak budget management can not provide effective financial supervision of 
business activities.  

Under this situation, we use ERP system to build a financial management process that can help the company quickly prepare financial 
analysis reports, conduct a comprehensive analysis of economic benefits, control and define the financial management.  

 

http://dict.youdao.com/w/establish/
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Figure. 1 The implementation of ERP system. 
 

3.1 Procurement management process 
 
The problems with procurement management are as follows. The production plan is readjusted frequently, resulting in increased 

procurement costs and making it difficult to assess the suppliers in terms of delivery period, product quality, service, etc. There exists 
information islands among departments and the information system is not sufficiently supportive of procurement management.   

Beginning with the purchasing requisition, our procurement management solution emphasizes that the purchase orders issued by MRP 
plan and inventory plan are approved by the system automatically. The orders are delivered to the suppliers after approval. The warehouse 
inspects and accepts the conforming materials and returns the nonconforming materials back to the suppliers. With the ERP system, the 
incidence of delayed approval process can be reduced, thus helping the company integrate the supplier information and effectively choose 
qualified suppliers and supporting the decision making process.  

 
3.2 Inventory management process 

 
There’re some problems with the inventory management process. For example, the inventory is capital intensive and the quantity of 

stocked materials is not controlled effectively. The company has dozens of warehouses, independently managed by different departments. 
The warehouse revenue and expenditure information can not be shared with the finance department. The daily Inventory and settlement is 
not conducted in time and the efficiency is quite low. 

Our solution is tended to improve the dynamic control of materials using ERP system, adopt good inventory management practice, 
keep track of the status of inventory and control the inventory level of finished and semi-finished products. The minimum and maximum 
planning methods are used for some low-value wear parts, thus optimizing the inventory investment and reducing the inventory cost.  

  
3.3 Sales management process 

 
The existing problem with sales management is that the finance and sales departments manage separately without information sharing. 

The sales department can not keep track of the status of order fulfillment and a sales contract is usually repeatedly confirmed by several 
departments, resulting in prolonged processing time and a growing number of complaints.  

We have developed a sales management solution as follows. The sales department forecasts and analyzes the market and develops 
annual marketing plans. The decision maker develops overall business targets for the next year. With the new sales management processes, 
the company improves the customer relationship, simplifies the sales order processing and improves its sales efficiency. 

The optimization and management of ERP system is a long-term effort. Companies need to set up a prototype system, test the system 
functions and conduct simulated run. The implementation of ERP system needs active involvement of all the staff. Business departments 
should be familiar with ERP system, and eventually improve the level of enterprise management.  
 
4.The application of multi - agent technology in ERP system 

 
To implement the ERP system successfully, enterprises need to change their management philosophy, restructure the business process. 

All these must be supported by the advanced information technology. Here we suggest applying multi-agent technology in the ERP system. 
Agent has some basic attributes such as reactivity, rationality，autonomy and social ability. Agent can perceive and affect the 

environment to achieve a certain goal.  
MAS(Multi-Agent System) refers to a system comprising many agents working together to achieve the system objectives according to 

certain protocol. MAS can reason the consciousness and attitude of the other agents in the environment with high reliability and response 
speed. It shows an intelligent system behavior through competition and collaboration. 

MAS can be divided into interactive layer, application layer and resource layer. Each department in the enterprise has its own 
coordination Agent, task Agent, etc. All the departments communicate through coordination Agents. The application of Multi - Agent in the 
ERP system can promote the integration between ERP system and the original information systems, improve the compatibility and the 
intelligent degree of the ERP system. 

 
5. Conclusion 

 
The application of ERP system brings enterprises advanced information management tool. It’s an important method to improve the core 

competitiveness of enterprises in the information society. Taking a Chinese manufacturing enterprise as an example, the paper discusses the 
problems with implementation of ERP system and proposes many effective strategies. The paper also analyzes the application of Multi-
agent in ERP system. The study is important to help enterprises develop ERP system and improve the competitive advantage in E-commerce 
environment. 

 

Organization restructuring 
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Maintenance and upgrading 
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Abstract: An improved multi-sound sources direction of arrival (DOA) estimation algorithm had been developed that was based on 
conventional Cross-power Spectrum Phase (CSP) method weighted by Logarithm Peak-to-Average Ratio (LPAR) which is called LPAR-
CSP method. The DOA estimation algorithm based on the conventional CSP method is simple and effective in high signal-to-noise ratio 
(SNR)situation, but it has a main problem: in the cases of low SNR and narrow-band of sound source, the performance of the DOA 
estimation is not ideal. This problem was overcome by adding the weighted factor i.e. the LPAR of cross-spectrum of the signals to update 
the adaptive filter which suppresses noise components and decreases the interference. Experiments conducted using a linear microphone 
array showed that localization errors Narrowband  ratio were reduced to4%withthe new time delay factor compared with the conventional 
CSP method. The improved algorithm proposed was applied to the processing of the welding arc sound signals. 
 
 
Keywords: direction-of-arrival estimation, cross-power Spectrum phase, logarithmic peak-to-average ratio 
 
1. Introduction 

 
Sound source localization technique is become more and more important with the increasingly needs of intelligent devices. Mobile 

robots would benefit greatly from having auditory capabilities to obtain the wave direction and distance information from a sound source 
[1],Among the human auditory range (20 ~ 20 kHz), multi-sound source direction of arrival (DOA) estimation have been extensively 
investigated and applied to soundtracking, human-machine interaction and other occasions [2][8]. In some application scenarios, the 
broadband sound signals (for instance, human speech or welding arc sound) and narrowband sound signals (such as clap and sound 
resonance of mechanical vibration) may be coexistent.Under low signal to noise ratio(SNR), the performance of traditional on-line 
algorithm is decreased due to the mixing of narrowband and broadband signals. 

Existing sound source DOA estimation methods can be broadly classified into three types: the first one is based on time delay 
estimation (TDE), the second one is based on high-resolution spectral estimation, the third one is based on sparse representation [3], Among 
them, TDE based methods have been most widely used in practice, because of that they are relatively simple to realize, cost lower 
computation and facilitate for real time processing. TDE based methods usually include delay and sum algorithm, geometric calculation 
based algorithms and CSP based algorithms. Delay and sum algorithm utilize the spatial propagation delay to adjust microphone signals, so 
that their phases can be aligned, then these signals are summed, space node which has the largest sum result determines the localization of 
the sound source [4]. This algorithm has the minimum amount of computation, but its spatial resolution is low. The geometric calculation 
based algorithms carries on cross-correlation operation of different channel signals to get time delay between the different placement of 
microphones, and the sound source position is obtained by calculating through geometric relationship [5]. The localization result of this 
method deteriorated rapidly in noisy environment, and it is not able to estimate multiple sources, which limit its application. As for CSP 
algorithm, it carries on generalized cross-correlation based on phase transformation (GCC-PATH) [6]. The operation steps include 
calculating the cross-spectrum of microphone pairs, removing the amplitude information while retaining the phase information, then 
transforming the values to the time domain via inverse FFT to obtain correlation information between any two signals from different 
positions,at last searching space lattice by using the calculated spatial delays to get the sound source position at the maximum energy[6]-
[10].Algorithms based on CSP cost moderate amount of computation and can estimate multiple sound sources simultaneously with good 
resolution, so it’s widely used for real time sound localization system. But it had been pointed out that it has a poor result on narrow-band 
source, and not robust to noise[7][8]. 

High-resolution spectral estimation algorithms Such as the minimum variance distortion less response (MVDR) algorithm and multiple 
signal classification (MUSIC) algorithm were originally applied to DOA estimation of narrowband sources[3], and then gradually cited to 
that of broadband source problem by many scholars. MVDRalgorithm adjusts the weight vector by spatial searching, when the array’s total 
output power reach to a minimum, thus obtains the optimal weight vector [11]. The basic idea of MUSIC algorithm is that to divide signal 
covariance matrix into signal subspace and noise subspace, using these two kinds of orthogonal subspace to estimate the parameters of the 
signal. However, when the method extends to estimate wideband signal, it also needs to segment the signal frequencies into a plurality of 
sub-bands or do frequency-focusing in frequency domain, and then use narrowband signal processing approach [12]. Owing to the wideband 
to narrowband conversion, high-resolution spectral estimation methods increase large amounts of computation, and the localization effect is 
reduced. While in practice, the noisy environment does not meet the ideal Gaussian white noise, which will cause a sharp performance 
decline of these methods.  

Sparse representation based methods are a hot topic recently. Sound source has sparsity in spacial domain, which property can be used 
to construct the constraint equation, and then DOA estimation problem can be solved based on L1-minimization. Sparse 
representationmethods would produce better location effect and do not be limited by underdetermined problems, but its computation is too 
large, which is difficult to apply in practice[14][15]. 

The CSP based DOA estimation algorithm was partly adopted in our study. But because of that it cannot solve the problem of locating 
narrowband sound sources and is sensitive to noise, we proposing a novel modified algorithm to overcome these two defects. In frequency 
domain, the PAR of the power spectrum can reflect the energy of each frequency, which also has a direct relationship with Signal-to-noise 
ratio (SNR). To take advantage of this feature, a weighting factor which based on the peak to average power ratio in the frequency domain 
could be constructed. This weighting factor can suppress noise frequency and enhance the frequency of effective sound sources especially 
narrowband sound sources. In order to avoid over enhancement of a single source from masking other sources, transform the PAR into 
logarithm domain, then get the logarithmic peak to averageratio weighted CSP (LPARW-CSP). A weighted CSP method based on the priori 
SNR (SNRW-CSP) also was proposed [8], which makes use of the statistical knowledge of noise, obtains the priori SNR of each frequency 
point by direct decision approach, and then gives a weighted CSP. 

The structure for the remainder of this article is as follows: Section 2 provides the theoretical description of traditional CSP algorithm 
and SNRW-CSP algorithm in detail. Section 3 describes the proposed LPARW-CSP algorithm. In section 4, Extensive simulations have 
been conducted to compare the performance of the proposed LPARW-CSP algorithm with the traditional CSP algorithm and SNRW-CSP 
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algorithm. Then, field experiments are introduced and the results demonstrate the feasibility of the proposed algorithm. Section 5 provides a 
summary of the outline of thestudy. 

 
2. CSP based DOA estimation 

 
Sound source localization problems typically include DOA estimation (azimuth angleθand pitch angle φ) and distance estimation, the 

work mainly focus on the sound source for DOA estimation. 
 

2.1 Signal Model 
 
Suppose M microphones distributed in three-dimensional space, each has coordinate ( ), , , 1, 2,...,i i i ip x y z i M= =


.Distances between 

each two microphones are ijd , 1, 2,..., , 1, 2,..., 1i M j i= = − . A sound source locatessomewhere in space, its wave signal propagates to the 

microphones after being received can describe as: 
( ) ( ) ( )i i i ix t = a s t - t + n t ,i = 1,2,...,M⋅                                                  (1) 

Where iα  is an amplitude attenuation factor, ( )in t includes all kinds of unwanted noise components, iτ indicates the propagation delay 
time from the sound source to the ithmicrophone. 

The propagation schematic is shown in Figure 1,assuming that sounds travel to microphones as plane waves (far-field).A unit-vector 
on the source's direction can be converted into Cartesiancoordinate ( )u θ ϕ


， , while iju


is a microphone pair axial unitvector. The angle 

α has ( )cos s iju uα = ⋅
 

. 

 

i j
dij

α

c·
τij  c  : Sound propagation speed

τij : Propagation delay between  i and j
α : Angle between  direction vector and axial vector

 
Figure. 1 Far-field sound propagation schematic 

 
2.2 CSP Method  

If microphones distribute in three dimensions of the space, then owing to a group of delay, it can uniquely determine a sound source 
position, but cannot be obtained directly, we can only get the propagation delay of a microphone pair, which can be calculated as: 

( ) ( ) ( )
ij

u
= i jp p

c
θ ϕ

τ θ ϕ − ⋅


  ，

，                                                                             (2) 
In the case of the sound source direction unknown, doing crosscorrelation between two signals from microphone i and j can get 

estimated value of the propagation delay: 

( )ij = ijt
arg maxCτ τ

∧

             (3) 

Where τ is in the range of physically admissible delays ( )max max-τ τ τ< < , while ijC is the signal’s cross-correlation between channels. 
So the sound source DOA estimation problem can be described as: 

( ) ( ),= ,ij ijarg  min θ ϕθ ϕ τ θ ϕ τ
∧ ∧ ∧   −      
，               (4) 

Doing cross correlation in the time domain directly would cause a large amount of calculations. According to Wiener-Khinchin 
theorem, correlation in the time domain is equivalent to the inverse Fourier transform of crosspower spectrum in the frequency domain, 
which can deduced the generalized cross correlation (GCC) method. The GCC calculation formula of any two channels’ signals is defined as: 

( ) ( ) ( ) ( )* 2
ijC g j f

jf X f e dfπ ττ φ
∞

−∞
= ⋅ ⋅∫        (5) 

Where ( ) ( ) ( )*
ijG i jf X f X f= ⋅ is the cross power spectrum, ( )fφ is a transformation factor used to help improving the results. 

When ( )fφ is equal tomodulo reciprocal of ( )ijG f ,equation (5) becomes GCC-PATH expression, because it removes the amplitude 
information and only retains the phase information, so it also been called as crosspower spectrum phase (CSP) method [7],which has two 
advantages: the first is that it compress the dynamic range of the cross-correlation result, strong signals are not easy to cover up weak signals 
when multiple sound sources exist; the second is that the peak of the cross-correlation result can be much sharper [7][8]. 

The above discussions were all around continuous signals, actually, signal processing is usually performed on discrete signals. Since 
the short-term stationary of the speech signal, we segmented the signal into frames and set the frame length to be L. Assuming the signal 
sampling frequency is Fs, then the expression of the received signal is: 

( ) ( ) ( ) , 1, 2,...,i i i ix n s n n n n Lα τ= ⋅ − + =       (6) 
Calculation of the relative propagation delay of a microphone pair according to the sound source direction (θ, φ) can be described as: 

( ) ( ) ( )ij =F , /i js p p u cτ θ ϕ θ ϕ⋅ − ⋅
  

，            (7) 
Generalized cross-correlation based on the CSP can be calculated as: 
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( ) ( ) ( ) ( )
( ) ( )

* 21

ij
0

C
j kL

g i j L

k i j

X k X k
e

X k X k

π τ

τ
−

=

⋅
= ⋅

⋅∑      (8) 

Finally, the DOA estimation process can be described as: 

( )
( ) ( )

1

1 1
= ,

M i
g

ij ij
i j

arg max C
θ ϕ

θ ϕ τ θ ϕ
−∧ ∧

= =

       
∑∑

，
，            (9) 

When need to estimate multiple sound sources, repeat calculating formula (9) and find out multiple maximum values. 
Observe formula (8) will found that, because of the complete removal of the frequency’s magnitude, each frequency bin of the 

spectrum contributes the same amount to final correlation result, even if the signal at that frequency is dominated by noise, which make the 
system less robust to noise. And for narrowband of sound source, it has very little frequency bins, while making detection more difficult 
when there are other sound source exists or the SNR is low[8]. 

 
2.3 Priori SNR Weighted CSP 

 
There was a weighting factor[4] based on the priori SNR to improve the shortcomings of traditional CSP, The weighting formula is 

defined as: 

( ) ( )
( ) 1

q
q i
i q

i

k
w k

k
ξ

ξ
=

+
                      (10) 

Where ( )i
q kξ  is a priori SNR of the ith microphone at the timedomain. Generally, the SNR of the environment could not be gotten 

directly. The decision-directed approach [16] was used to estimate ( )i
q kξ . 

( )
( ) ( ) ( ) ( )

( )

2 2 21 1

i 2

1 q q q
i i iq

q
i

w k X k X k
k

k

β β
ξ

σ

− −     − +     =
  

                             (11) 

Where ( )0 1β β≤ ≤  is an adaptive factor and ( )2
i kσ is the current noise power and can be obtained by using the minima-controlled 

recursive average (MCRA) technique which adapts the noise estimate during periods with low energy [17]. So, it needs to make voice 
activity detection (VAD) at first. The recursive formula of noise power is: 

( ) ( ) ( ) ( )2 2 21
i i= 1-q q q

ik k X kσ γ σ γ−     +                                                                 (12) 

Where γ is a forgetting factor ( )0 1γ≤ ≤ . Insert formula (12) into formula (11) can get the priori SNR, so combine formula (10) and 
formula (8) we can get the priori SNR weighted CSP: 

1
j

=0

( ) ( )
( )=

* j2 kL
i i j(SNRW) L

ij *
k i j

w k X (k)w k X (k)
C e

X (k) X (k)

π τ

τ
−

⋅
⋅∑                                                                  (13) 

SNRW-CSP method has a better noise robustness, but this must be based on a good estimation of VAD. One problem is that when the 
SNR is high, frequency bins of narrowband source still can’t be highlighted, this also leads to ineffective detection of narrowband sound 
source. 
 
3. Logarithmic peak to DOA estimation weighted CSP 

 
Traditional CSP algorithm has its advantages, but also has shortcomings as described in section 2.2 because of entirely whitened. In 

order to improve these problems, while retaining its inherent advantages, we propose the following improvement ideas. 
a) Frequency amplitude someway reflects the size of the SNR, appropriate to retain their information can improve noise robustness. 
b) Narrowband source’s frequency binscan specially enhance these frequencies to enhance its impact on the results. 
c) Suitable compress the difference between frequency weights, avoid undermining the benefits of whitened. 
As we know, the power spectral distribution of Gaussian white noise signal isexpected to be very flat,and that of the broadband sound 

signal is also relatively wide, but the energy is different. While, for narrowband sound signal, its spectral band is narrow and the energy 
more concentrated. According to above mentioned features, we designed a power spectrum PAR based weighting factor, which has a good 
distinction between effective frequency and noise frequencyand the frequency of narrowband sound sources can be highlighted. One thing 
should be noted is that the PAR mentioned in the study all means the power spectrum PAR. 

Because sound signals received by different microphones just have a slight shift in phase, so their amplitude spectral shape is similar. 
By adding the amplitude spectrum of each microphone up, the noise amplitude can be averaged and effective frequency can be highlighted. 
As showed in FIG. 2 (a, b, c), a clean sound signal is mixed with Gaussian white noise and the SNR is 5dB. It’s hardly to distinguish the 
signal spectrum and the noise spectrum at first, but after doing summation, effective frequencies stand out. The calculation of summed 
amplitude spectrum and power spectrum PAR can be described as: 

1
( ) ( )

M

sum i
i

A k X k
=

=∑                                (14) 

 
2

2

[ ( )]( )
[ ( )] /

1

sum

sum

A kP k L
A k L

k

=

=∑
                  (15) 

 
In order to avoid power sources from masking other sources, taking the logarithm of formula (15) and obtain logarithmic PAR.So the 

difference between the frequencies can be compressed without affecting the mutual magnitude relationship. 
log 10( ) log ( )P k P k=      (16) 

The weighting factor can be obtained by the following rules: 
log( )

log log

1, ( )
( )

( ) , ( )
LPAR

P k a
w k

b P k a c P k a

≤= 
 ⋅ − + ≥  

                                                    (17) 

http://dict.cnki.net/dict_result.aspx?searchword=%e6%97%b6%e5%9f%9f&tjType=sentence&style=&t=time+domain
http://www.baidu.com/link?url=ndMBlX01h6BTLEKFGD7faXxe-CQQvjFaku5bOv93a4j4fEGGE81TxAvPDf5b0AhHrBAHtpNj4wc5tE1llBwdWrLqQISNCQtIadnnUPodsK3&wd=&eqid=bd80f21c0009eded00000003567f5931
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Where  is a threshold in order to suppress noise, it usually be set to -0.1. When the value of logarithmic PAR is less than this value, it 
indicates that the energy of the k frequency is not prominent, and then judges the k frequency as noise. In formula (17)b is a gain coefficient, 
which should be combined with the value of the offset coefficient c for adjusting the difference of weighting factor between frequencies. 
Here, we set b equal 10, and c equal 5. To avoid excessive dynamic range of the GCC result, it’s better to do a normalization process before 
using. Finally, logarithmic PAR weighted CSP can be described as: 

 
( )1

=0

( )
( )=

LPAR * j2 kL
i j(LPARW) L

ij *
k i j

w k X (k)X (k)
C e

X (k) X (k)

π τ

τ
−

⋅
⋅∑                                                                          (18) 

FIG.2 (b-f) shows that during broadband-narrowband hybrid sound sources have 3dBSNR, the whole steps to get the value of 
(LPAR) (k)w .There are four sound sources in total：twonarrowband signals (mono) are located at 1 kHz and 3 kHz respectively, two 

signalswere acquired from the broadband sound source. The amplitude of narrowband sound sources takes 0.5 times to the amplitude of 
broadband sound sources. It can be observed in the figure that the weighting factor of the effective frequencies have greater value, so it 
suppresses the interference of noise. What’s more, frequencies of narrowband sound sources can keep outstanding because of the 
concentrated of their energy. 
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Figure. 2 Steps of Obtaining the LPAR Weighting Factor. 

In figure 2, (a) shows the magnitude spectrum of the origin clean sound signal, (b) is the noisy magnitude spectrum of one microphone 
at 3dB SNR, (c) add all the microphone’s magnitude spectrum up and (d) make a PAR of its square, (e) transform the PAR into logarithm 
domain and (f) make a normalization at last. There are four sound sources exist, two kinds of mono signals which distribute at 1 kHz and 3 
kHz respectively and two kinds of broadband signals. 

 
4. Experiments and data analysis 

 
In order to demonstrate the ability of the proposed LPARW-CSP algorithm, we carried out numerical simulations and field experiments. 

Traditional CSP and SNRW-CSP algorithms are also being tested to have a comparison of the performance of sound sources for DOA 
estimation. 
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4.1 Arrangement ofAcoustic Sources 

For ease of illustration, only the azimuth angle θ  has been estimated. Set a uniform circular microphone array on the x-y plane, the 
radius of the circular array is 0.3m; the radian between two adjacent microphones is 0.314, a total of 20 microphones. Let four sound sources 
to distribute on the x-y plane. 

S1 and S2 aretwo broadband sound sources, whose azimuth angles are 50°  and 140° respectively. As regards the other two 
narrowbandsound sources S3 and S4,whose azimuth anglesare10° and 100°  respectively, take mono tones with frequency 1 kHzand 3 kHz. 
The additive noise is Gaussian white noise. There are four sound sources. The amplitude of each broadband signals are A1 and A2 
respectively andthe amplitude of two mono signalsare A3 and A4. 
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 (a) SNR=30dB, A1=A2=1, A3=A4=0.5 (b) SNR=30dB, A1=A2=1, A3=A4=1 
(c) SNR=0dB, A1=A2=1, A3=A4=0.5   (d) SNR=0dB, A1=A2=1, A3=A4=1. 

Figure. 3 Energy Searching Curves at Different SNR and Sound Intensity. 
 

4.2Simulation Experiments 
 
The performance of the LPARW-CPS algorithm was compared with that of other algorithms under different intensity ratios. A large 

number of experiments were carried out under various signal to noise ratio(SNR), and the accuracy of DOA estimation based on LPARW-
CPS algorithm and other algorithms was also compared. 

 
4.3 Position Characteristics of SNRW-CSP 

 
Four group comparative experiments had been designed, which employed to reflect the estimation effects of LPARW-CSP at different 

SNR and sound intensity. The energy searching curves of the three algorithms is shown in FIG.3, where A1 to A4 represent the amplitude of 
the four sound sources. The traditional CSP algorithm can only estimate broadband sound source, narrowband sound sources are almost 
been completely masked, it has good result at high SNR, but deteriorate quickly when the SNR is low. SNRW-CSP algorithm almost has the 
same estimation effects of traditional CSP algorithm at high SNR, while at low SNR, the energy curve remained stable, without excessive 
spurious peaks. Unfortunately, SNRW-CSP algorithm can hardly estimate narrowband sound sources. Compare with the other two 
algorithms, LPARW-CSP is more adaptable to environmental changes. Whether change in SNR or sound intensity, it can keep good 
estimation effects for both broadband and narrowband sound sources. 

 
4.4 Location Accuracy vs. SNR  
 

Let A1=A2=1, A3=A4=0.5 and set the SNR range from -10dB to 50dB, with an interval of 5dB.At each SNR200 repeated tests had 
been carried out. In the experiments, there were two indicators had been set to measure the performance of DOA estimation, one is the root 
mean square error (RMSE) of localization angle and the other is localization error rate which includes error detection and missed detection. 
In each DOA estimation, there were only four largest energy peaks were sought.Then the adjacent pseudo-peak jitter had been filtered. The 
criterion of error detection and missed detection is that the location peak does not appear within 10°  beside the real source direction, when 
this happens, use 10° as the deviation to calculate RMSE. The RMSE of estimate angle can be described as: 

{ }2

n
1

ˆθ min[( - ),10] / N
N

RSME
n

n
θ θ

=

= ∑        (19) 
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Where N is the number of trials, it takes N as 200 inthe study. In order to reflect the estimate effects of broadband and narrowband 
sound source, statistics were done respectively. 

In figure 4, (a) is the localization RMSE of broadband sound sources, (b) is the localization RMSE of narrowband sound sources, (c) is 
the localizationerror rate of broadband sound sources, (d) is the localizationerror rate of narrowband sound sources. 

From FIG.4 (a) and (c), it showed that the three algorithms have roughly the same localization effect on broadband sound sources at 
high SNR. The traditionalCSP algorithm has worse performance than the other two methods when the SNR is lowered.FIG.4 (b) and(d) 
reflectedthat traditional CSP algorithm and SNRW-CSP algorithm are both have poor localization effects on narrowband sound sources. 
With the increase of SNR, the contribution of narrowband sound source gradually had been masked, resulting in difficult to be located. On 
the other hand, when the SNR is 0dB or more, the proposed LPARW-CSP algorithm can keep less thanangle error and 0 error/missed 
detection ratio for both broadband and narrowband sound sources. 
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Figure. 4 Localization RMSE and error rate. 
 
4.5 Field Experiments 

 
As showed in Figure 5, an ordinary unmute room (the natural environment), there has computer chassis, air-conditioning fans and other 

weak noise source. Deploy a regular tetrahedral microphone array at the center of the room, four microphones are located at the four vertices 
of the tetrahedron, and the side length is 20cm. m1 is located in the midpoint of the room and set it as the origin point. Set the axis which 
through m1, m2 as x-axis, a vertical line which parallel to the ground as y-axis. m1, m2, m3 are all located on the x-y plane. 

Four microphones distributed on four vertices of the regular tetrahedron, a capture card ART-USB2088 was used to acquire the 
microphone signal. 

The sound sourcesS1-S6are locatedat 0
pitch angle, and their azimuth angles are 0 ,90 ,135 ,180 , -135 -90° ° ° ° °  respectively, which are all 

2meter far from the origin. Because there are only 4 microphones, so the number of the sound sources should be limited. Each time 
recording, places a 1 kHz tone at S1, and maintains a moderate volume.At the same time, a broadband sound source is placed at location 
from s2 to s6 each time. That's mean there are only two sound sources exist at a time (a broadband voice and a narrowband tone).At each 
location, take 10 speech fragments for analysis. The statistic of localization RMSE and error rate is recorded in table 1. 

 
Table1 Performance of the Three Algorithms in Field Experiments 

Method Broadband 
localization  

Broadband 
Error Ratio 

Narrowband 
localization  

Narrowband 
Error Ratio 

CSP 4.55° 0% 9.84° 96% 
SNRW-CSP 3.37° 0% 9.25° 84% 

LPARW-CSP   3.42° 0% 3.92° 4% 
Due to less number of microphones, the spatial resolution declined, coupled with the impact of coherent noise and the physical 

measurement errors, the estimation results are generally worse than the simulation results. As can be seen from the table, LPARW-CSP 
algorithm has a significant advantage in the detection of narrowband sources. 

Reduce the number of microphones makes the tradeoff between the array aperture and the element spacing become more important. In 
general, a large array aperture will bring good spatial resolution, but the increase of the element spacing will cause serious spatial aliasing. 
Therefore, the actual system should increase the number of microphones as much as possible to achieve better estimation effects. 

 
5. Conclusion 
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The traditional CSP algorithm for sound source localization is difficult to locate narrowband sound sources, and the localization effects 

are sensitive to noise. In the study, we proposed a modified CSP algorithm by introducing a novel weighting factor which based on the 
logarithmic peak-to-averageratio of summed amplitude spectrum, called the LPARW-CSP algorithm. The simulation results and actual 
experiments both showed thatLPARW-CSP has strong robustness to noise, and it can estimate narrowband and broadband sound sources 
simultaneously. LPARW-CSP only adds a small amount of computation to calculate the weighting factor, and the estimation is processed in 
a single frame, without the need to carry out the statistical measurement of environmental noise, it’s very suitable for real-time sound source 
localization system.The modified CSP algorithmwas applied to location and identification of arc sound in intelligent welding robot field. It 
was needed to locate the welding arc sound of the each weld robot to avoid obstacles under the circumstance of several weld robots are 
cooperative welding. 
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Research of Project-based CorelDRAW Software Application and Practice Capability Enhancement 
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Abstract: This paper discussed previously abandoned software teaching mode in CorelDRAW software teaching process, and researchers 
use to introduce case or project, expand the mission and specific implementation, evaluation presented program software to learn, and 
explained that students could use school studio and enhance the CorelDRAW software practice ability outside the enterprise resources,and 
teachers could motivate purpose to mobilize students learning software to enhance their software problem solving ability and innovative 
practices so as to make CorelDRAW software as itself really a skill service to society. 
 
Keywords: project; case; CorelDRAW; tasks; practical ability 
 
1. Introduction 

With continuous development of times, traditional concept of education increasingly unsuitable for current rhythm of higher education. 
Currently, all types of higher education, vocational education and so on to try teaching reform and innovation, trying to find a more suitable 
way out of their own professional development, develop a more suitable for students’ theory and practical application of ability to achieve a 
certain degree of teaching methods. In recent years, various types of higher education, vocational education have strongly advocated 
Combining Learning with working teaching philosophy, so practical application of project-based teaching methods by college greatly 
welcomed and recognized. Domestic experts believe that approach not only pays attention to basic theory of discipline, but also to students 
practical ability to improve students innovative ability and practical skills has a very important significance (Shen et al., 2010). CorelDraw is 
a practical and highly specialized application software, which is one of the most popular vector drawing software, its powerful, widely used 
in graphic design, print design, product design and other fields, work on people's and life has generated and is generating a huge impact (Du 
et al., 2013). Teaching CorelDraw software programs main task is to provide students with basic theoretical aspects of graphic design 
software learning and operation, basic knowledge and skills to enable students to recognize importance of CorelDraw software in a variety 
of design fields, course teaching focuses on developing students learn to use this software to improve application ability, practical ability 
and creative ability. 

 
2.Meaning of project based CorelDRAW software classroom teaching 

 
Here so-called Project refers to actual business or social needs of project throughout entire course one kind of teaching method of 

teaching, project approach, which is a teaching method in constructivist learning theory based on establishment. Project approach focuses on 
central concepts and principles of a subject, so that students around real, meaningful theme project, in accordance with mandate to carry out 
activities designed teacher learning, learning process independent research and group work, final design is complete works to achieve 
construction of knowledge (Song et al., 2012). Software conventional teaching methods teachers explain each tool, menu operating 
techniques, teaching process is indoctrination model, more boring, boring. The case teaching method emphasizes student or project task of 
reality real (or simulated) drill, in form of teaching, students from past in order to teach main change is now learning mainly in 
implementation of teaching explain fade of knowledge to start teaching a specific task-driven, in order to stimulate initiative and enthusiasm 
of students learning software, and focus on evaluation of teaching students learning process, improve students hands in case study exercises 
and projects ability and problem-solving skills, in line with work Integrated learning education thought, and this teaching method is 
presented to student's own learning process is closely related to results presented allow students full of a sense of accomplishment, pride, is a 
species is very effective teaching strategies and teaching methods. 

 
3. Project approach in CorelDRAW software courses learning 

 
3.1 Introduction of case 

 
Teaching in CorelDRAW software first to introduce case teaching, its main purpose is twofold, one is case with social standards can 

stimulate students' interest in learning software, learning objectives can more clearly understand how to use software design work. Second, 
through success stories of explanation and demonstration allows students to clear pieces from design to complete draft of basic process, 
design and theme, in order to better grasp design task in mind. CorelDRAW software in teaching program based on syllabus teachers must 
first be divided into a number of cases or projects, but before beginning of each task, you need to make task involved in operation of 
knowledge, tools, usage, and other usage menu now done one by one explain, then after introducing students to task in past, this method can 
not only exercise teaching skills CorelDRAW software, you can also experience production process from task into substance of task, and to 
learn some cases essence. Have order has introduced teaching case, operation should be implemented progressively, from easy to difficult, 
such as from a font design - product design difficulty gradually deepened this order - Logo Design - Business Card Design - Poster Design. 
By introducing phase case study, students CorelDRAW software application capabilities will be gradually improved, the next step 
CorelDRAW software can play a role in the practical operation of bedding. 

 
3.2 Introduction of project 

 
Teaching difficulty CorelDRAW software project is greater than case teaching. But in the case of pre-task, students had to exercise 

good software skills, but also learned some success stories of design ideas and methods, based on this. Teachers continue to introduce a 
program of teaching is relatively easy. A real project for CorelDRAW software is a limited way where project must be considered sources. 
As a student more concerned about their jobs, and therefore one of considerations of project is ability to drive production from student 
research interest as a starting point to consider students for their work to become designers, CorelDRAW software to take advantage of job 
into work, work into products, final product can be turned into merchandising market to enable students to get outside immediate results of 
project approval, which is student's ability greatest affirmation of their future learning and work has a great help, even for their future life on 
road in lit a beacon. This process improves students to collect information, analyze problems, ability to solve problems and innovative 
practices, and truly learning software and programs work closely together. To this end, production and use CorelDRAW software design 
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time have set in between upper and lower convergence-related professional courses, students formed their own progressive relations 
program, shown in Figure. 1. 

 

Figure.1 major course project progressive relationship. 
The second source project teachers can undertake their own research or design projects out into classroom so that students have a 

source that is a real project, teachers and enrich content of their own project's sense; it is source of three projects set design studio in school, 
in studio to undertake social enterprise campus and even introduction of real design projects, and use CorelDRAW software for project 
design and production, and real social project docking. Project Source bis Trio of sources and is extremely practical and practicality, not 
only to consolidate student's exercise CorelDRAW software operating skills, more importantly, to enable students to comprehend how 
CorelDRAW software as a service to aid their design tasks, very good to complete a real project. 

 
3.3 Expandation of project tasks 

 
The introduction of project is completed, teachers can allow students 3-4-member research team, teachers can effectively organize 

teaching. Grouping students to think, research, design for actual project , try to allow students to help each other in the learning process, 
group members gather information together and summarized, analytical project content, and finally planning program book project. This 
process, teachers consciously in teaching students permeate awareness and research capabilities, and actively carry out academic activities at 
core of project content, which information is relatively closed students can stimulate their interest in learning, innovation, teamwork, but 
also in design process of project can be very fully exercise their ability to CorelDRAW application software, its practical ability has positive 
significance. This design project to undertake a social teaching into classroom, in theory to explain process of gradual penetration of content 
will give students the requirements of customers and some of its corporate philosophy, etc. conceptualized in students' work arrangement, 
take form of a grouping of small-scale scientific research team, students doing homework at same time around customer's requirements and 
concept of corporate design, avoiding fantasy, beside some other unrealistic, and  asked them to use CorelDRAW software to design, 
production, publishing, prepress imposition, color separation and other work, which makes content of classroom teaching becomes full, fun 
and lively, truly classroom teaching and practical use CorelDRAW software project combining culture CorelDRAW software applications 
and their innovative capacity of students. In addition, teachers’ CorelDRAW software projects for possible selection to students 'interests as 
the starting point of organization of teaching and create opportunities to expose students to new topics and issues in order to continue to 
develop students' interest in original. 

 
3.4 Implementation of specific project tasks 

 
In development planning stage, students have a clear mission objectives of project, and to determine division of work, next step is to 

enable students to plan for book will be designed according to sketches or photographs scanned into CorelDRAW software for production 
electronic version. In this phase teachers should always pay attention to students' grasp of software operation and original intention of 
mission to guide students to find textbooks and learning resources to solve problems encountered on common problems, teachers should 
give guidance to solve collective. One of common problems such as author into teaching program, students use CorelDRAW software 
design is sure to adjust curve and curve drawn is not as fluent and smooth with strokes on paper, there is a common problem for students 
complete draft of imposition, color separation technology is relatively vague, so teachers need to CorelDRAW software tool Bezier curve 
type, shape tools, adjustments, and imposition, color separation operation content presentation to help students clarify ideas and resolve 
these difficult cases, to make progress faster. At same time, teachers should urge partially complete progress slower group, separate 
exchange, guidance. For smooth progress of team, it should be to encourage them to further develop thinking, multi-effect designed several 
works, give full play to their talents (Song et al., 2012). 

 

Course 1 

Major courses 

Course 2 

Theoretical study 

Accomplish project assignment 1 by 
 

Set project assignment 1 

Theoretical study 

Accomplish project assignment 2 by CorelDRAW 

Set project assignment 2 according to 
project assignment 1 

Course 3 

Theoretical study 

Accomplish project assignment 3 by 
 

Set project assignment 3 according to 
project assignment 1 and 2 
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3.5 Project evaluation ensurance 
 
Evaluation of project tasks entire teaching activities indispensable link (Cui et al., 2012). After students complete task within limited 

items prescribed class teacher, teachers should organize students to team as a unit reporting project by leader on behalf of all teachers and 
students to explain given task of this team from beginning to end of mandate a series of processes, which should include expanded research, 
creative ideas, design ideas, theoretical issues procedure use CorelDRAW software-aided design and encountered in practice difficulties and 
methods to solve problem. Other groups can be questioned on project report, ask questions, make better improved method after bystander. 
Other teams can make good points and some ways more conducive to improvement project. Finally, teachers for each team completed a 
project review, creative good first project in affirmative, and then pointed out shortcomings of project, how it should be improved, and 
ultimately selected best team project. By showing and evaluation of such a link, enabling students to recognize their own deficiencies by 
drawing golden idea ideas other students can develop their own design thinking, so that students of professional quality overall. In author 
published a textbook chapters CorelDRAW software settings, it is different from conventional software books, using social actual case I was 
prepared to undertake, students in use of materials, author first explains theory of case design, and then explain use of whole process of 
making case CorelDRAW software, so students not only learn theoretical knowledge and learn to use software, they are very interested in 
also willing to do it. In a series of courses CorelDRAW software courses later, left job design almost all use CorelDRAW software for 
production, a process that students not only learn capabilities of software application courses and consolidate theoretical knowledge, truly 
using CorelDRAW purpose of project teaching software, and most of students are willing to accept and like this teaching method. Through 
project teaching software to stimulate students' interest in learning, so that students from passive to active learning process, more 
importantly, students design work significant progress in creative, artistic and technical and other aspects. 
 
4.WAYS OF CORELDRAW SOFTWARE PRACTICAL CAPABILITY ENHANCEMENT 

 
CorelDRAW software to enhance practical ability only way is a lot of actual project operations. Actual project is not a classroom in 

some cases produced or task, but undertake some real community project, which requires students to have a certain degree of CorelDRAW 
software applications based on average student in junior or senior phase can be doing job. 

 
4.1 Students undertake their own small community projects 

 
After students have a certain professional basis and CorelDRAW software application foundation can undertake their own social 

programs for exercise, which is doing a good groundwork for future work. At first they can do on campus or around the school publicity, 
following some minor design work, or on network to find some design work, exercise and a real project butt, process can enhance their 
practical ability CorelDRAW software. 

 
4.2 Undertake internal and external design projects in school studio 

 
General art schools have a professional design studio, the studio will generally undertake school and even social enterprises to 

undertake a real design project, which allows students to real project docking, and it can exercise students’ ability to innovate and practical 
application capabilities. This task has a very strong practicality and usefulness, program requires students to complete courses 2/3 job before 
taking office, otherwise undertake projects fail to achieve goal, as a student itself is powerless. Targeted exercise CorelDRAW software 
practical ability can be graphic design studio or fashion design studios. This is a studio model student skills and employability of targeted 
training, to explore a suitable for them to learn, practice new ways of industry-university cooperation. 

 
4.3 Apply for off-campus internship 

 
Learning status and degree of learning in school's current students, there is a certain mismatch between theory and practice of 

phenomenon, and it is generally graduates go to work takes a very long adjustment period. In order to shorten adaptation period, students 
learn in school in addition to theoretical knowledge than good, they should find themselves in their spare time or during the holidays with 
some of their own professional internships related businesses, such as advertising design, graphic, printing, etc.. These companies are 
basically designed to work with CorelDRAW software for layout, design or prepress output, where students can put sufficient professional 
knowledge and CorelDRAW software skills using a combination of them, to enhance their ability to CorelDRAW software practice 
purposes. The author of many students, including author's own university is in such a way to enhance practice of their own ability, it 
concluded that effect is very significant. There is little need to be clear - is a science-based practice, if wages do not give importance to them 
calmly. 

 
5. Conclusion 

 
Various case studies or projects throughout entire teaching CorelDRAW software, changed traditional teaching model, students of 

software applications and practical ability to give good upgrade, is a positive and effective exploration and attempt. On one hand to provide 
students with a teaching, learning, doing integration real classroom interactive platform, on the other hand, to enable students to make full 
use of campus studio and outside enterprise resources to enhance CorelDRAW software practical ability while training students' 
independent research ability and creative spirit, and to shorten distance between enterprises demand jobs. Practice has proved that this model 
is motivated purpose to mobilize students learning software, application software students’ problem solving abilities and innovative 
practices, CorelDraw software as a real skill service in the community, is a very effective teaching strategies and teaching methods. 
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Abstract: The Internet of things(IoT) application could establish a unified public platform framework for the isolated e-government systems. 
In order to explore the influence on the social participation integrity during cognitive interaction in the framework, based on the background 
of e-government applications of Internet of things, for social awareness process of e-government IoT, the positive impact on IoT to the 
electronic government is expounded. And by analyzing the characteristics of the e-government social awareness in the application of IoT, 
the influence of social participation to sensory information in the awareness. Furtherly the effects of the participants in the hierarchical 
structure of government Internet of things are synthesized, and government IoT social awareness model is put forward and the hierarchical 
process is simulated and verified by computer software means. 
 
Keywords: e-government; the Internet of things; awareness; model 
 
1. Introduction 

 
E-government is considered to be a method that can realize the national development and a powerful tool of government [1]. It is first 

proposed by President Bill Clinton, is composed of five kinds of digital interaction, namely the C2G (Common and Government), G2G 
(Government with Government), G2C (the Government and the people), G2E (Government and Employees) and G2B (Government and 
Business) [2], especially it is briefly summarized to e-government delivery mode. With the advance of Internet technology, e-government 
has been developed from traditional PC office to mobile terminal, or even to develop in the way of the Internet of things [3].By technical 
architecture, IoT is divided into three levels—awareness layer, network layer, application layer. The main function of awareness layer is to 
realize the collection of information, identification and control. At present in our country the Internet of things technology start to be applied 
in improving the public service, and the most used areas are in traffic, environmental protection, logistics, security, energy and health care 
industries [4]. E-government IoT is the Internet of things framework under the background of wisdom city, which helps to achieve the 
optimal allocation of resources, and supports information sharing and business collaboration between government departments [5]. The 
government affairs IoT is an important composition of the electronic government affairs, although there are some researches about 
government affairs IoT application, most simply reflects the link between e-governments and e-government study of the structure of the 
Internet of things application. With the reality of the Internet of things development, the mechanism of government affairs IoT awareness 
process must be recognized more clear, this paper aims to exploratory study of the cognitive process and description. 

 
2. Social awareness analysis of e-government IoT application 

 
E-government has covered various industries of public management, and the development of the Internet of things application system 

keeps a lot of government affairs processing to be intelligent, systematic and standardized. The remote sensing of awareness layer involves 
several issues, such as aware of the real time and data integrity and data management. Sensory data integrity constraints definition 
influences the level of information fusion task. But only integrity is emphasized, it inevitably affects the efficiency of interaction, thus real-
time constraints must be considered at the same time. Remote sensing data with heterogeneity is necessary to attach importance to how to 
manage the heterogeneous data. Because e-government IoT application has its own law of development, its awareness also is different from 
the other Internet of things. 

 
2.1 The Status of e-government application of internet of things 

 
The current e-government application researches on Internet of things are mainly embodied in the application architecture and 

influence between each other. first of all, on the research of Internet of things application architecture of e-government, Zhou P., Yin L.M. 
puts forward the idea of the government affairs Internet platform, with some advices in terms of safety, architecture and interface [5]. Liu H., 
Ba C. F. give the three-layer architecture of e-government Internet of things, namely information acquisition, operation control layer, 
decision support layer. however, this kind of architecture is basically a social mapping of the application of the Internet of things technology 
in e-government IoT. 

Secondly, on the research about the influence of Internet of things technology on the electronic government affairs, Wu J.Y., Li Z.M. 
study the government process reengineering based on Internet of things technology, summarize the Internet of things in government public 
service platform using the model of China, consider that it is an application structure based on the Internet of things technology, with cloud 
computing as the core, sharing in the government, enterprises and citizens application structure. Fei x. concludes the important influence of 
IoT and e-government on building a service-oriented government administrative organization, management mode and power efficiency [5]. 

Compared with the traditional electronic government affairs, e-government IoT has a thorough awareness, quick response, active 
service, scientific decision-making and other characteristics. At the same time, it is also divided into three layers: government acquisition 
layer, network layer, the e-government application layer. 

 
2.2 Social attribute of e-government IoT awareness 

 
In actual operation of the electronic government affairs, information collection work is complex and changeable, the reason is that the 

data obtained is often with multi-channel, heterogeneity, and the key is that awareness orientation and accuracy of the data are often 
associated with the holders of the data source. Therefore, government affairs information awareness of the Internet of things is not only a 
kind of awareness for a traditional IoT sensor work, but have a certain social based on the traditional Internet of things. 

 
2.3 The enhancement of social sensor 

 
In the literature [6], social sensor network model of web-based social network is proposed that the individual constitutes a large social 

sensor group, and it can realize the ubiquitous social awareness. In today, with the development of mobile communication technology, 
intelligent mobile devices become indispensable and every-day, everywhere. mobile applications are also ubiquitous, obviously, there exists 
a bundle phenomenon – “man + smart devices”, between people with initiative and certain intelligent mobile device. In public awareness, 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                                     7.2 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/7 

 

there is a considerable part of social network information derived from the crowd, this is an enhancement of social sensor form, namely the 
social sensing network based on mobile network. Where, the means of data collection is a network of mobile devices, and persons using the 
equipment have the effect of processors. In the process of the social sensor node working, person also has some other influence, such as 
making perceived environmental decision, determining the object of awareness and controlling awareness of time. Therefore, in the process 
of information collection of the Internet of things, after the introduction of human factors, there becomes great different compared the whole 
architecture of time and space of the awareness and events with the traditional awareness of the Internet of things. 

 
3. Social awareness model for e-government IoT Application 

 
Social awareness refers to the awareness model based on social sensors. due to the artificial influence, in the e-government IoT 

application awareness process, awareness result is quite different compared with the physics of the Internet of things. Characteristics of this 
awareness can be preliminary formal modelled. 

Because of the difference of views on different levels, the influence level on the whole e-government IoT is different, in terms of social 
impact particle size can be divided into the following four levels typically: 

(1) decisions level, with managers in the government affairs at the top of IoT awareness, who is the refiner and the decision maker of 
the entire network development. Decisions depend on information from the application level of data analysis. 

(2) application level, the hierarchy for general users, mainly at the grass-roots level government workers and the masses, its application 
supported data from the level of data integration. 

(3) gathering level, mainly for the user with the fusion ability for raw sensor data, including all kinds of professional users of the 
construction of Internet of things, the gathering data sources are primary perceptual space of various kinds of field sensor networks. 

(4) sensor level, the sensor deployment is with close ties to the concrete system design demand. on the basis, the relationship between 
designer and sensor information collection, because of the designer's view depended on the designer's expertise and business orientation. 
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Figure.1  awareness level diagram of the e-government IoT. 

 
3.1 The social influence on the information structure 

 
As shown in figure 1, it is assumed that in e-government IoT, each sink node corresponds to a set of sensor source 

nodes { }1 2, , , xN N N . Because the IoT users involves in data collection of sensor nodes (interested in sensor data vector selection), it 
causes the differences of sensor nodes. 

Each application support data is from y sink nodes on gathering layer { }1 2, , , yS S S .Because the application users participate in the 

gathering data using (transform on the sensor data vector compression or expansion), it causes the differences of data using on application 
level. 

It is assumed that, XS  is data vector sub-space of sensor level, YS  is one of gathering level. X,Y are matrixes [m×n], where X as 

sensor matrix, Y as gathering matrix. The raw data vector corresponding sensor node Ni vector is ( ) ( ) ( )1 , 2 ,i i i ix x x x n=    , the 

corresponding gathering data vector is ( ) ( ) ( )1 , 2 ,i i i iy y y y n=    , X V∈ ， Y W∈ , here  
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Considering the social participation of the sensor level designers, let the influence of the structure of information expressed with matrix 
R, C, that is 

  Y RXC=                                                                                        (1) 
where, the matrix of R, C is the choice of sparse matrix, they can realize the sensing matrix X projection. For example, designers for 

sensor extracts j-th component of Ni, the i-th row of matrix R are let as 1, the j-th col of matrix C j as 1. 
 

3.2 Sociality processing of information 
 
Assumed a vector framework in a gathering data space as { }1 2 1 2, , ,m m YY SV α α α α α α= ∈  , then the vector space spanned by 

vector group VY as formula(2). 
 { }1 1 2 2 1 2, , ,z l l lS z a a a a a a Nα α α= = ⋅ + ⋅ + + ⋅ ∈                                                  (2) 

For the supported data vector by app-nodes on application layer, it can be assumed a linear transform of data vector on gathering layer. 
If Yv S∈ , Zw S∈ ，P as the linear transform fr om YS  to ZS , then 
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 ( )w P v=                                                                                                 (3) 
namely 

 w vP=                                                                                                     (4) 
where P as the corresponding transforming matrix of v. 
 

3.3 Social awareness model 
 
To sum up, considering the influence of social factors on government affairs awareness, the model of e-government IoT social 

awareness can be expressed in formula (5). 
 1 2Z J XJ P=                                                                                        (5) 

Formula (5) expresses the data awareness process from unprocessed levels sensor after order picking, projection to gathering, after 
compression and expansion transformation to the application level, X as original data, Z as support data set for the application. 

 
4. Model application simulation 

 
In order to facilitate research, it is assumed that the sensor size of e-government IoT as shown in table 1, there are 50 sensors, each row 

as a sensor networks node component (N = 18), column representing the ability of each sensor. this is a redundant matrix, the number of 
columns as the maximum number of the sensor component, number of rows as the number of sensors. 

The raw sensor data is shown in figure 2, the original data show some characteristics such as without order picking and processing. 
Because of the designer intervention effect, the gathering data is shown in figure 3, which shows through filtering and the characteristics of 
the projection. After professional user participation, the data of application level is shown in figure 4, which shows the characteristics of 
compression and expansion. There are obvious differences because of the participants’ social intervention in data process. 

   
Figure.2 Sensor Data. Figure.3 Gathering Data. Figure.4 Application Data. 

 
5. Conclusion 

 
It is based on Internet of things technology in the application of electronic government affairs, social awareness of e-government IoT is 

studied, from a novel perspective. this paper proposes a perceptual model of social participation, and simulates by means of computer 
software. graphically visually verify the idea of the model. This study promotes e-government IoT awareness layer integrity of the 
interaction, at the same time, this model not only can play a role in awareness of the study of the e-government IoT, but also can be used for 
some social awareness participation with obvious hierarchical architecture of complex professional social network, such as athletes training 
support network, so it has certain promotional significance. 
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Abstract: Currently, self-optimizations among participants lead to low efficiency in the entire supply chain. Due to the lack of mutual 
constraint organizations, thus participants take nodes contracts as the implementation basis for supply chain management. This paper starts 
with the coordination and current status of contract design in supply chain, and then analyzes its characteristics and applicable nodes. 
Furthermore, the article explores the merits and drawbacks of independent contract design by calculating the expected return function of 
each node. Finally, it raises the combination contract theory of supply chain node, and designs combinations contract among supply chain 
nodes. 
 
Keywords: supply chain coordination; supply chain node; combination contract; profit distribution 
 
1. Introduction 

 
The supply chain management theory and practice have aroused increasing concern these years, how to coordinate different companies 

among supply chain is the core aspect of supply chain management. Therefore, under the condition of information sharing, how to make the 
appropriate and effective contract design is a vital issue to cope with. Excellent contract design will help involved companies to form a more 
close dynamic operation alliance, which will harmonize the performance of each company with the goal of supply chain and sharpen the 
competitive edge of the entire supply chain. 

 
2. Analysis of contract coordination 

 
Supply chain coordination refers to the application of supply chain process management approach in decision-making and planning 

systems, developing an effective management mechanism to coordinate market, production, purchasing, sales, and logistics. At the same 
time, in order to improve the overall operational efficiency, supply chain coordination will based on  market demand and  use scrolling and 
integrated planning approach to make timely and appropriate adjustments on sales targets, financial targets, inventory targets, service targets 
and production targets. 

Supply chain coordination mechanism is designed based on key factors among members in the supply chain, such as business flow, 
logistics, capital flow and information flow etc. This helps members to achieve building strategic partnership, reasonable allocation of 
profits, sharing of market risk, improving of information sharing level, reduction of inventory, and all these contribute to total costs 
reduction and the maximum of profits. Up to now, there is no universally acknowledged classification method in supply chain mechanism, 
referring to the academic materials; this mechanism can be classified into two levels [1]: 

 

 
Figure.1 Hierarchical model of supply chain coordination 

 
From a macro-level perspective, the inter-coordination actually refers to mutual coordination among suppliers, manufacturers and 

sellers, including the coordination of logistics, business flow, capital flow and information flow ; From the micro-level aspect, the inner-
coordination refers to each node enterprise's internal interdepartmental coordination of activities, including the coordination departments of 
new product development, raw material procurement, production, inventory, sales.[2] 

On the other hand, at the macro level, according to the position and role of enterprises in the chain, the intercoordination can be divided 
into the following two levels: 

 

 
Figure. 2 Coordination among node enterprises. 

 
3. Design for independent supply chain contract model 
 
3.1. Wholesale Price Contract 
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Wholesale price contract is also called pricing contract, which means retailers decide order quantity according to demand and 

wholesale price on the market, and suppliers will organize the production depend on order quantity by retailers while retailers are full 
responsible for inventory. [3] 

In this contract, supplier will definitely earn profits while risks are taken by retailers. During the life cycle of a product, when the 
wholesale price decreases, suppliers pay retailers a credit guarantee for unsold products. [4] 

We assume that for completing orders, it may incur three related costs for suppliers: production costs, inventory costs and delay costs. 
Since the uncertainty exists in the process of production and logistics, actual response time t for suppliers is a random variable. Because the 
actual response time t obeys the asymptotic exponential distribution and thus it might be assumed that it subordinates the exponential 
distribution with θ as the parameter. 1/θ refers to suppliers’ average response time to complete the order, its density function is: ƒ(t)=θe-
θt ，t>0 ，θ>0. 

The supplier's expected profit function per unit time can be expressed as: 

=max[Ps-Cs-α -β ]Q                           (1) 

The decision variables for suppliers are Ts and Ps ，and α  is the expected inventory cost,   β  refers to the 

expected delay cost.  
 

3.2. Buyback Contract  
 
Buyback contract is that manufacturers allow retailers to return back unsold products at the returning price in the end of the selling 

season, manufacturers and retailers share the risks caused by the uncertain market demands. 
The reason why manufacturers choose to repurchase contract is due to fear of retailers will sell the excess products at a discount after 

the selling season, which is damage for brands. This is especially common in selling high-end products. Besides, some vendors choose 
buyback contracts because they want to recoordinate the excessive relationship among retailers, repurchase policy will result in the retailers’ 
irrational order quantity. 

The manufacturing costs consist of three parts: parts procurement costs, manufacturing costs and shortage costs caused by suppliers’ 
delayed delivery. Since the fast respond and not allowed  early delivery under ATO (assemble to order) mode, manufacturers’ finished 
products costs and components costs will not be taken in to consideration. [5] 

=max[P-Ps-Cm-δ ]Q                                                                       (2) 

Manufacturers’ decision variable is P, δ  is the shortage costs due to the expected delayed delivery from suppliers. 

 
3.3. Revenue sharing contract  

 
Revenue sharing contract allows manufacturers to set the wholesale price and share the profits from distributors. This contract can 

alleviate the price competition among downstream retailers in a better way, conflicts among distributors will also be eliminated as well.  
In this contract, the node enterprises will apportion total revenue according to a certain proportion. Vendors will deliver products to 

manufacturers depending on the pre-agreed transfer fee Pc and delivery date Ts. They pursuit is to maximize the profits of the entire supply 
chain.  

Total cost of supply chain including raw material suppliers' production costs, inventory costs, delay costs and manufacturers’ 
production costs, material shortages costs. Therefore, the expected benefits function can be expressed as follows: 

 

=max[P-Cm-Cs-α -(β+δ) ]Q                                                      (3) 

The decision variable is the final unit price P and suppliers’ delivery time Ts; Suppliers’ expected inventory cost is  

α ； β   is the expected delay cost;  δ   is the shortage cost caused by suppliers’ 

delayed delivery which is expected by suppliers. 
 

3.4. Elastic quantity contract model  
 
Elastic quantity contract refers to distributors reserve some products before the selling season, according to which that manufacturers 

organize the production, and after obtaining certain market demands, distributors’ will define the final purchase amount within the amount 
of products that suppliers can provide. Elastic quantity contract can better motivate distributors to predict market demand more accurately, 
thereby increase expected profits. 

We can assume that D represents a selling season’s total demand (D> 0), F represents the distribution function of demand, f represents 
the probability density function of demand, F is differentiable and strictly monotonically increasing. X represents the random customer 
demand, F(0)=0 ，Ā=1-F(X)， μ=Ε(D). 

Now assume that retail price is p, the unit cost paid by suppliers is cS, marginal cost generated by distributors is cr, cS+cr<p. Marginal 
costs of distributor is incurred by acquiring one unit product not by selling the product. Distributors cannot meet the needs of each unit 
which results in penalty cost gr, likewise, penalty cost gs also exists in manufacturers For simplicity, assuming that c=cs+cr, g=gs+gr. The 
residual value of unsold products per unit from manufacturers and distributors is v ，v<c. 

During the determining process of model data, S (q) represents expected sales, then: 

S(q)=q(1-F(q))+ =q-                                                                         (4) 

In the elastic quantity contract, the unit price of products provided by vendor is wq, but when there is unsold products from distributor, 
the supplier should compensate distributors. 
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4. Independent supply chain contract model analysis  
 

Under independent contract system, the transaction between manufacturers and distributors, distributors and retailers are only through 
the wholesale price contracts, namely the manufacturer provides products to downstream distributors at wholesale prices, then distributor 
provides products to end-product retailers at another wholesale price. At this point, if each node company only focus on its own profits 
while ignoring the supply chain as a whole system, then retailers may order from distributor based on demand and wholesale prices; Whilst 
distributors will also order the same quantity of products from upstream manufacturers, in order to meet the retailer's order quantity and 
maximize own profits. This will also generate demand for manufacturers.  

 
Table 1 Contract Characteristics and scope of application 

 
The overall revenue under independent contract is pretty lower, the reason is lack of coordination, which means there also exists room 

to improve. Therefore, it is necessary to take certain measures to encourage retailers to increase their order quantity so that reach the optimal 
order quantity. Obviously, the optimal order quantity achieve optimal collaboration goal of supply chain in the form of contract. 

A simple three level supply chain consists of a manufacturer, a distributor and a retailer. Comparing with two level supply chain, three 
level supply chain generates extra transaction processes, that is the transaction between manufacturer and distributor, manufacturers and 
distributors. During the process, distributor will transact with manufacturer and retailer at the same time, and parameters of two contracts 
will affect the distributors’ profits. Because three level supply chain has two transaction processes, which involved different actors. Different 
contracts have their own operations process and management complexity, thus different actors may not have the same preference during the 
transaction, for some participants prefer buyback contract, while other participants may prefer revenue sharing contract and so on. If the 
combination of different types of contracts can achieve coordination of three level supply chain, then various economic entities with 
different preferences will have more options. So considering the combination of different types of contracts under the supply chain 
coordination has not only theoretical significance, but also practical significance [6]. 

 
5. Supply chain portfolio contract design 

 
Supply chain contract portfolio management is decisions portfolio that apply modern portfolio management ideas, theories and methods 

to design, combine, implement and manage a number of different procurement contracts, such as the wholesale price contract, elastic 
quantity contract, repurchase contracts or revenue sharing contract, etc, achieving lower supply chain inventory risks and costs, high service 
level . 

As long as the proper setting of contract parameters, coordination and profits sharing will be achieved under contract portfolio. The 
overall supply chain revenue will be reasonably allocated to participants involved, but the profits each actor assigned are depend on the 
position and ability to game with other enterprises. Contract type and parameters needed to be negotiated beforehand.  

This chapter will take mobile phone industry as an example to describe the application of different supply chain contracts. 
 

5.1 Between Manufacturers and Suppliers - Revenue Sharing Contract  
 
Material suppliers determine a wholesale price under cost, then for compensating suppliers’ loss, manufacturers return a certain percent 

(the percentage is negotiated in advance) of incomes to suppliers. This will ultimately ensure that both income levels are higher than the 
decentralized control state, so that reach the optimal supply chain performance. 

Suppliers produce short-cycle types of products and the products are provided to retailers below unit product production to help 
retailers obtain some profits. Retailers are faced with random demand, they have to decide the price and order quantity to reach maximized 
profits because of the short life cycle. 

In the development of mobile phones, the manufacturer gives product drawing to factory, and factory design the mold model based on 
the drawing. In this process, if the model does not match requirements, it will be abandoned, and then manufacturers and factories will share 
the losses. Especially the innovation on smart phones incurs high pressure on upstream suppliers; even a tiny change on components 
requires lots of testing and production process adjustments. This can be solved by signing profits sharing contract, so that symbiotic 
relationship can be formed between factories and manufacturers. In this highly specialized society, manufacturers need to optimize resources 
and corporate with factories; in order to survival, factories have to take over the business orders for production. 

After the phones are produced, elastic quantity contract can be signed between manufacturers and distributors. Retailers are allowed to 
change the initial order quantity after observing the demands. Usually, the distributor will issue an order to the manufacturer before the 
selling season, distributors then organize the production based on this order. When the distributor knows the actual market needs, re-adjust 
order quantities is allowed. 

 
5.2 Between manufacturers and distributors – elastic quantity contract  
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The coordination system under the current market environment is not perfect. Usually, distributors sign order contract with 
manufacturers according to the forecast of demands, after signing the contract, manufacturers will invest in the facilities and organize the 
production to meet the requirements of distributors. In this case, the downstream distributors may submit an initially overly optimistic 
demand forecast, which will motivate upstream manufacturers to establish a high production capacity. This is to meet the non-normal 
conditions of the high market demand. But when demand is lower than the actual manufacturing levels, extra producing ability is a waste. 
Once manufacturers recognize this motivation, facing with overly optimistic demand forecasts, manufacturers will build a more 
conservative production capacity [7]. When high demand comes, manufacturers’ conservative production ability will result in the shortage 
of production. The lack of coordination between upstream and downstream participants will seriously affect the performance of the entire 
supply chain. 

Given such circumstances, in the combination of theory and practice, elastic quantity contract gradually becomes popular. In this 
contract, the maximum fluctuation ratio of each order is limited, manufacturers are obliged to meet the highest amount of products supplied 
which is to prevent manufacturers reducing production capacity as a result of supply shortage; In the meanwhile, distributors must purchase 
the minimum quantity of products as signed in the contract, in case of distributors overestimated demand and cause overproduction. 
Through optimization model of elastic quantity contract to define the best elasticity ratio, namely the best upper and lower fluctuation limits 
of distributors’ order quantity. Between the upper and lower limits, increase of the order quantity from distributors can promote the supply 
chain to reach optimal performance, and reduce the vicious effects caused by double marginalization between manufacturers and distributors 
[8]. 

In the mobile phone market, limited by the range of products and self-technical strength, most distributors tend to offer power 
management, multimedia and peripheral devices. But in the recent years, with the major appliance stores and specialty chains involved into 
the mobile distribution channel, the channel steps into diversified development stage. The reshuffle of mobile phone companies brings large 
potential opportunities, a number of regional distributors are moving towards national range; Some emerging companies never hesitate to 
investing a large amount of money into this industry for sharing the large pie; larger distributors are surging not only in the area of 
distribution but also extends to the distal end in the industrial chain of megastores. Phone distribution industry is moving towards brand, 
scale, specialization, integration direction, generally regional agency, and direct style of the distribution system and appliance chain sales 
model. Here we discuss only regional agency that agency distribution methods. Typically distributors selling season before the first 
manufacturer of a product to the order quantity, the manufacturer according to the order quantity of production, when the distributor knows 
the actual market demand, the distributor can be adjusted according to actual situation re-order quantity. Quantity flexibility contract 
currently in the electronics and computer industries have been more widely used. Distributors to implement numerical flexibility contract 
can not only increase sales' profits, they can also increase the manufacturer's profit. Quantity flexibility contract is intended to enable buyers 
and sellers together to share the risk and benefits, prompting serious buyer demand forecasting and planning of orders. Quantity flexibility 
contract procurement of goods distributors improves the average number of efforts to motivate distributors to increase market demand 
forecast expected profits, and ultimately increase the overall efficiency of the supply chain. 

 
5.3 Between distributors and retailers - buyback contract, wholesale price contract  

 
Buyback contract is to protect retailers, guiding retailer to increases order quantity, so that the risk of uncertain are shared both by 

distributors and retailers. This is often used in the perishable goods sales channels. Balancing between marginal revenue and marginal costs 
is to achieve the supply chain’s coordination. In the wholesale price contract, suppliers plan the production according to retailers’ order 
quantity, retailers are responsible for handling excess inventory. Therefore, supplier's profits are determined, retailers are fully responsible 
for market risk. 

Under the buyback contract, retailers’ order quantity is not only sensitive to wholesale price, but also distributor will repurchase the 
excess products. Retailers will first announce potential maximum order quantity and repurchase price, these will be important criteria when 
distributors adjust their wholesale price, then retailers can decide the optimal order quantity. Under the buyback contract, retailer's optimal 
order quantity is less than the order quantity in wholesale price contract, and retailers’ profits are less than retailer’s profits in wholesale 
price contract, the total supply chain profits are less than that under wholesale price contract. 

With increasingly fierce competition in the mobile phone market, enhancing self-strength makes the retailer the backbone of 
distribution channel, the retail terminal will naturally become distributor’ battleground. With the changing of market, role of distributors has 
shifted as well, they are no longer traditional merchants only towards profit-oriented products, but ones that provide market distribution 
coverage, implement replenishing to ensure the logistics supply, help manufacturers to manage retail terminals’ management and compete 
for the limited resource. The interaction between the two would make the relationship between distributors and retailers from the previous 
trading relations into partnership, the two must complement each other in order to promote sales maximization. Distributors can take 
advantage of their experience to help retailers manage inventory and analyze market data, which will enable retailers to better serve the 
ultimate customer. And this will in turn improves distributors’ own business. Buy-back contract is a way that distributor share the risk with 
retailers, caused by retailers’ order uncertainty. Buy-back contract will prevent discount on the remaining product sales after the selling 
season, which is damage for suppliers’ brands reputation. 

In the buy-back contract, distributors share part of the risk. Because of the risk reduction for retailers, they will only order from 
distributors when the in-store inventory decreases to an reasonable level, together with the current sales and estimate for future sales in a 
certain sales cycle. Retailers’ irregular orders force distributors to increase inventory, which largely affects the supply chain efficiency. If 
distributors can help retailers to plan orders and frequency based on the actual terminal’ sales, reducing order quantity and increase 
frequency, which will facilitate reducing terminals’ inventory.  

 
6. Conclusions 

 
This paper analyzes key factors in supply chain management, defines the significance of supply chain coordination. Furthermore, it 

introduces the general methods for supply chain coordination, and explores the coordination issues of portfolio contract under market 
demands. Finally, the paper designs a contract portfolio with nodes signing different contracts, such as wholesale price contract, buy-back 
contracts, revenue sharing contract and quantity discount contract based on the independent contract design. This design helps different 
actors to set the contract parameters through negotiation, coordination and profits reasonably distributed will be achieved as a result. 
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Abstract: Farming is the foundation of agriculture in Haidong city, Qinghai province, China which belongs to a typical region in the 
northeastern of Qinghai-Tibet Plateau. In this study, five main crops (wheat, barley, legumes, potato and rapeseed) planting in the counties 
of Haidong city were chosen. According to the production, cultivation area, distribution of above crops, we analyzed the advantage region, 
distribution pattern of these five crops production, and further explored spatial optimization program, using such methods as aggregated 
advantage index, spatial analysis based on GIS (Geographic Information System). We found that: (1) Minhe County was the advantage 
region of wheat production; Hualong County was the advantage region of barley production; Huzhu, Hualong Counties were the advantage 
region of legumes production; Ledu District, Xunhua County were the advantage region of potato production; Minhe, Huzhu Counties were 
the advantage region of rapeseed production. (2) Seen from the distribution pattern of crop production, the arable lands partially distributed 
in steep region where the slope was greater than 25°; dry land partially distributed in serious water shortage region; basic farmland partially 
distributed in higher altitude region. Therefore, the implementation of ecological cropland conversion, the development of water saving 
agriculture, and the strengthen construction of rural irrigation and water conservancy facilities will no doubt be the emphasis of sustainable 
development of crop farming in Haidong city in the future. (3) Hence, spatial optimization program for the development of crop farming 
was established. We concluded three agricultural regions: characteristics agricultural region with river water advantage, competitive 
agricultural region distributing on shallow mountain, green agricultural region distributing on high mountain. These findings may provide a 
scientific basis for the sustainable utilization of farmland resources and the development of modern ecological agriculture with the plateau 
characteristics in Haidong city. 
 
Keywords: crop farming; advantage region; distribution pattern; spatial optimization; Haidong city 
 
1. Introduction 

 
Crop farming is the core of agricultural production (Liang, 2011), is also the fundamental of guaranteeing China’s food security. 

Qinghai province, China locates in the northeast of Qinghai-Tibet Plateau, where the natural condition is extremely complex, and regional 
difference in agriculture is very obvious, crop planting regions distribute at an elevation between 1650 and 3700 m. These regions mainly 
include the eastern agricultural regions, Haibei-hainan agricultural region, Tsaidam oasis agricultural region and small agricultural region in 
southern of Qinghai province. In most part of the regions, crops ripe once each year. The main crops include wheat, potato, rapeseed, 
legumes, barley and corn (Zhu, 2011). Haidong city locates in the transition belt between Qinghai-Tibet Plateau and Loess Plateau, and the 
valley between Huangshui river and Yellow river with relatively low altitude (Sun et al., 2015), it belongs to the eastern agricultural region 
of Qinghai province. Demonstration region of modern ecological agriculture with the plateau characteristics is constructing in Haidong city 
due to its unique geographical location and climatic condition. In recent years, a large number of literatures have carried out related research 
about structure adjustment of crop farming (Wang et al., 2008; Fu et al., 2002), spatial layout of crop farming (Li, 2014; Xiao, 2014), 
development model of crop farming (Deng et al., 2016), the influence of climatic change to crop farming (Luosang et al., 2016), production 
risk and policy of crop farming (Xing, 2004) and so on from the national or regional scale. However, due to regional differences in 
topography, geomorphology, climate, soil, vegetation, hydrology etc, the advantage region of crop farming and its spatial distribution would 
also show significant differences. Here, we attempt to take Haidong city, the typical region of the northeast of Qinghai-Tibet Plateau as an 
example to analyze the advantage region and distribution pattern of five crops in the region, and to further explore its spatial optimization 
program. We hope that above findings can provide scientific basis for the sustainable utilization of farmland resources and the development 
of modern ecological agriculture with the plateau characteristics. 

 
2. Materials and methods 
 
2.1General situation of study area 

 
Haidong city locates in the northeast of Qinghai-Tibet Plateau (100°41.5 ′～ 103°04′E, 35°25.9 ′～ 37°05′N), about 124.5 km from east to 

west, about 180 km from north to south. The study area locates in the transition zone between the Loess Plateau and the Qinghai-Tibet 
Plateau, the west higher, the east lower. There is complex terrain, of which 96% is mountainous, with an average altitude of 1650 to 2835 m. 
Yellow River, Datong River, and Huangshui River flow through Haidong city. These three rivers belong to the basin of Yellow River. The 
climate in Haidong city is semi-arid continental climate, and dryness and coldness are its basic characteristics. At present, there are many 
land use types, such as grassland, woodland, farmland, and garden land in Haidong city. Over the past five years, demonstration region 
construction of modern ecological agriculture with the plateau characteristics, to a certain extent promoted the formation of crop farming 
distribution pattern with river water, gully, shallow mountain and high mountain. 

 
2.2Research methods 

 
(1) Aggregated advantage index 

This study consulted aggregated comparative advantage index method (Li et al., 2003) proposed by professor Li Binglong in China 
Agricultural University. This method included particularly efficiency advantage index , scale advantage index  and aggregated 
advantage index ( AAI ). Efficiency advantage index is represented by the yield level of a kind of crop (animal) inside region; Scale advantage 
index is represented by the production scale of animal and plant. Interactional effect of yield level and production scale forms aggregated 
comparative advantage index. 

 Efficiency advantage index. The comparative advantage of the crop is mainly reflected from resource productivity. 
ijEAI  is calculated 

by the formula as follows: 
)//()/( APAPAPAPEAI jiijij =                                                                                 (1) 
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Where, 
ijEAI  is the efficiency advantage index of j crop in i area; 

ijAP  is yield of j crop in i area; 
iAP  is average yield of all crops in i area; 

jAP  is yield of j crop in larger area; AP  is average yield of all crops in larger area. If 
ijEAI >1, production of j crop in i area has the efficiency 

advantage compared with average yield in larger area; conversely, production of j crop in i area is at a efficiency disadvantage. The greater 
the 

ijEAI  value, the more obvious the efficiency advantage of production. 
 Under normal circumstances, the smaller the production scale, the higher the level of per unit area yield, the higher the efficiency 

advantage index. Therefore, the efficiency advantage index can’t objectively reflect the real comparative advantage of a certain crop in a 
region, and can’t also reflect the market demand and the traditional planting system. 

② Scale advantage index. It reflects the production scale and specialization degree of a certain crop in a region, and is a comprehensive 
result of such factors as market demand, resource endowment and planting system. Generally, as long as there is a considerable production 
scale for a certain crop in a certain period of time, there is market demand of this crop, thereby there is the economic benefit. Therefore, 
scale advantage index can to a certain extent reflect the comparative advantage of crop production. 

ijSAI  is calculated by the formula as 
follows: 

)//()/( GSGSGSGSSAI jiijij =                                                                            (2) 
Where, 

ijSAI  is the scale advantage index; 
ijGS  is cultivation area of j crop in i area; 

iGS  is total cultivation area of all crops in i area; 
jGS  

is cultivation area of j crop in larger area; GS  is total cultivation area of all crops in larger area. If 
ijSAI >1, production of j crop in i area has 

the scale advantage compared with average level in larger area; conversely, production of j crop in i area is at a scale disadvantage. The 
greater the 

ijSAI  value, the more obvious the scale advantage of production. 
③ Aggregated ③advantage index. It is the comprehensive result of efficiency advantage index and scale advantage index, which can 

more comprehensively reflect the production dominance of a certain crop in a region. Thus, 
ijAAI  is calculated by the formula as follows: 

ijijij SAIEAIAAI *=                                                                                        (3) 
If 

ijAAI >1, production of j crop in i area has the comparative advantage compared with average level in larger area; conversely, 
production of j crop in i area has not any advantage. The greater the 

ijAAI  value, the more obvious the aggregated comparative advantage of 
production. 

(2) Spatial analysis based on GIS 
The data analyzed by GIS is mainly from original land use map and remote sensing. The model foundation includes spatio-temporal 

data model, attribute data model and principal model for acquiring land use characteristics. The data dealing process involves many 
functions of GIS, such as data conversion, edit function, spatial analysis, database operating, and statistic function (Zhu et al., 2001). Taking 
Haidong area as an example, this paper analyzed distribution pattern of crop farming in all counties using mainly land use maps and related 
results in Haidong City. 

 
3.Results and analysis 
 
3.1The advantage region of crop farming 

 
(1) The advantage region seen from districts/counties 
In this study, the advantage region of crop farming mainly refers the distribution region of five advantage crops (wheat, barley, legumes, 

potato, and rapeseed). This distribution region includes river-water area, shallow mountain area, high mountain area in Haidong city. On the 
basis of analysis about production and cultivation area (2011-2013) of above five crops in Haidong city, this study analyzed the advantage 
region of planting them using the research method of the aggregated advantage index. 
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Figure.1 The aggregated comparative advantage of crop farming in Haidong city. 
Figure.1 showed that the advantage region of wheat production was Minhe County, the rest of five districts/ counties had not the 

comparative advantage of wheat production; the advantage region of barley production was Hualong County; the advantage region of 
legumes production had Xunhua, Huzhu and Hualong Counties; the advantage region of potato production was Ledu District, the rest of five 
districts/counties had not the comparative advantage of potato production; the advantage region of rapeseed production was Xunhua, Huzhu 
Counties, the rest of four districts/counties had not the comparative advantage of rapeseed production.  

(2) The advantages region seen from towns 
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Figure.2 The aggregated comparative advantage of crop farming in towns. 

Seen from fig.2a, wheat production showed the comparative advantage in the following towns of Ledu District: 
Chengtai, Gaomiao, Yurun, Gaodian, Nianbo etc. Potato production had comparative advantage in fifteen towns (Machang, 
Gonghe, Zhongling and so on), which showed that Ledu District was one of advantage regions of potato production. 
Rapeseed production had not any comparative advantages in all towns. 

Fig.2b showed that wheat production had comparative advantage in Ping’an, Xiaoxia and Bazanggou towns of Ping’an 
District; Potato production had a certain advantage in Sanhe and Gucheng towns; however, Barley, Legumes and rapeseed 
production hadn’t any comparative advantage. 

Fig.2c showed that wheat production had comparative advantage in seventeen towns of Minhe County (Machangyuan, Chuankou, 
Xinmin, Longzhi etc), which proved that Minhe County was the advantage region of wheat production. Rapeseed production had 
comparative advantage in ten towns: Manping, Maying, Xigou and Gushan towns, which illustrated that Minhe County was one of 
advantage regions of rapeseed production. Potato production had a certain advantage in Machangyuan and Xinmin towns. Legumes 
production hadn’t any comparative advantage. 

Seen from fig.2d, rapeseed production had comparative advantage in fifteen towns of Huzhu County (Farm on agriculture, forestry, 
pastoral and fishery (FAFPF), Wufeng, Weiyuan, and Taizi and so on), which showed that Huzhu County was also one of advantage regions 
of rapeseed production. Legumes production had comparative advantage in 15 towns (Tangchuan, Jiading, Donggou, and Taizi etc), which 
proved that Huzhu County was also one of advantage regions of legumes production. Potato production showed comparative advantage in 
Caijiabao, Donggou, Danma, Hongyazigou, Dongshan, and Songduo towns. Wheat production had a certain comparative advantage in 
Halazhigou, Xishan, Songduo, Hongyazigou, and Tangchuan towns. Barley production distributed intensively in FAFPF and Nanmenxia 
town, which had obvious comparative advantage. 

Fig.2e showed that wheat production had comparative advantage in Qunke, Gandu, Management committee on Lijiaxia (MCLJX), 
Management committee on Gongboxia (MCGBX), and Yashiga towns of Hualong County. Barley production showed obvious comparative 
advantage in fourteen towns (nationalized farm on agriculture and pastoral (NFAP), Ertang, Bayan, Chafu), which illustrated that Hualong 
County was advantage region of barley production. Legumes production had obviously comparative advantage in 14 towns (Jinyuan, 
Shalianbao, Chafu, and Tajia), which proved Hualong County was also one of advantage regions of legumes production. Potato production 
had comparative advantage in Shalianbao, Xiejiatan, Ashinu, and Shidacang towns. Rapeseed production had a certain comparative 
advantage in Chafu, Zaba, Angsiduo, Ertang, and Xiongxian towns. 

Fig.2f showed that wheat production had comparative advantage in Jiezi, Daowei, and Jishi towns of Xunhua County. Potato 
production had obvious comparative advantage in eight towns (Gangcha, Wendu, Galeng, and Chahandusi), which proved that Xunhua 
County was one of advantage regions of potato production. Rapeseed production had a certain comparative advantage in six towns 
(Qingshui, Jishi, Chahandusi etc).  
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In summary, Minhe County was the advantage region of wheat production; Hualong County was the advantage region of barley 
production; Huzhu and Hualong Counties were the advantage region of legumes production; Ledu District and Xunhua County were the 
advantage region of potato production; Minhe and Huzhu Counties were the advantage region of rapeseed production. 
3.2 Distribution pattern 

 
The production situation of crop farming largely depends on its distribution pattern. Fig.3 shows the distribution situation of arable land 

above 25° slope (a), dry land (b), basic farmland distributing in higher altitude region (c). 

 
Figure.3 Distribution pattern of crop farming in Haidong city. 

(1) The arable lands partially distributed in steep region where the slope was greater than 25° 
Spatial analysis showed that the arable land area distributing in steep region was 9.97 × 103 hm2 (3.4% of the total) in 

Haidong city (Fig.3a). Fig.3a also showed that arable land above 25° slope distributed in all districts/counties in Haidong city, 
mainly distributed in Shoule town of Ledu District, Zhongchuan, Zhuandao, and Qianhe towns of Minhe County. Large scale 
distribution of steep slope cultivation in Haidong city may result in serious and extensive destruction of geomorphology, 
vegetation and arable land, cause strong soil erosion, land quality and crop yield reduction. This is mainly due to that 
Haidong city lies in fourth suffrage region of hilly and gully area of Loess Plateau, and that it is one of prone areas of soil and 
water loss in Qinghai province. In addition, rainfall in Haidong city happens mainly between July and September. 

(2) Dry land partially distributed in serious water shortage region 
The arable land area in Haidong city was 2.92 × 105 hm2, in which “rainfed paddy field” without water ensuring and dry land was 

68.7% of the total. These dry lands mainly distributed in the shallow or high mountain area, even water shortage area (Fig.3b). Among all 
districts/counties in Haidong city, the regions with the biggest drought stress are the Ping’an District, Hualong County, and Minhe County; 
the most vulnerable drought regions include Minhe County, Hualong County (Hou et al., 2012). And, Haidong city locates at semi-arid 
continental climatic area, precipitation usually remain about 310 mm. In recent years, the temperature showed a significant increase trend, 
and precipitation showed a decreasing trend in the eastern agricultural region of Qinghai province (Chen et al., 2009), hence agriculture 
production in this area has been restricted severely by drought. At the same time, because of the vertical difference of the terrain is bigger in 
Haidong city, the water resources distribute unevenly. In particularly, broad valleys are universal in river water areas, where precipitation 
recharge and shallow groundwater is rich; surface loess widely distribute in shallow mountain region, where water resources are buried 
deeply and underground water exploitation is very difficult; precipitation is abundant in high mountain area, where spring is more, water 
source is abundant, but land development and utilization is difficult. In addition, because Huangshui river has been seriously polluted, river 
water has become fourth surface water quality, and could only be used to irrigate. Thus, the districts/counties of Haidong city have become 
obvious water shortage region caused by resource, water quality, and engineering. Therefore, extensive dry lands and low irrigation rate 
have been the main “bottleneck” of crop farming development in Haidong city. 

(3) Basic farmland partially distributed in higher altitude region 
Currently, most of arable lands distribute in higher altitude region (2000 – 3000 m) in Haidong city, in which irrigated land area has 

4.58 × 104 hm2, shallow mountain land area has 11.86 × 104 hm2, high mountain land area has 5.09 × 104 hm2. Shallow and high 
mountain lands are mainly utilized for crop farming in Haidong city. Fig.3c showed that basic farmland in Hualong County and Huzhu 
County distributed extensively in higher altitude region, basic farmland in Ping’an District, Ledu District and Xunhua County distributed 
partially in higher altitude region. In higher altitude region, sunshine is shorter, temperature is lower, heat quantity is insufficient, frost free 
period and growing season is shorter, the weather is cold and wet, natural disasters is universal phenomenon (snow in spring, frost in autumn, 
rain and cold in autumn, hail in winter). Poor weather conditions have posed a great threat on crop production (barley, legumes, potato and 
hybrid rapeseed etc). 

 
3.3 Spatial optimization 

 
According to the differences in terrain, climate and agricultural production characteristics, this study optimized spatially on the 

advantage region of crop farming in accordance with such thought as point distribution, strip development, subarea utilization. Finally, three 
agricultural regions were proposed, which included characteristics agricultural region with river water advantage, competitive agricultural 
region distributing on shallow mountain, green agricultural region distributing on high mountain. 

(1) Characteristics agricultural region with river water advantage 
This agricultural region locates at valley between Yellow River and Huangshui River, where light, heat, water and soil conditions are 

all better in Haidong city, hence productivity of crops is higher. Therefore, it is very necessary that making full use of advantageous natural 
conditions there, playing regional advantages (abundant labor, convenient transportation). Thus, the layout of facility agriculture (vegetables 

Arable land  
above 25° slope 

(a) 

Hydraulic  
engineering 
Reservoir water 
River water 
Lake water 
Dry land 

(b) 

Basic farmland distributing 
in higher altitude region 

(c) 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                                      9.5 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/9 

 

with plateau characteristics, edible fungi, horsebean, characteristic fruit) there could be thought, rural economics with “one village, one 
product” would form gradually. 

(2) Competitive agricultural region distributing on shallow mountain 
This agricultural region locates at the middle of Haidong city, distributes in Loess hilly-gully region of the Yellow River and 

Huangshui River Basin, is at the upper part of the lower river water area (elevation: 2200 – 2600 m). Because light, heat, water and soil 
conditions can basically satisfy the need of crop growth, this agricultural region has become main dry farming region of Haidong city. 
Furthermore, on the basis of thinking soil and water conservation, the layout of water saving agriculture is proposed in this agricultural 
region, where these crops (maize with all-film, potato, hybrid rapeseed, barley, pea etc) could be cultivated, particularly. 

 (3) Green agricultural region distributing on high mountain 
This agricultural region distributes in the middle mountain area, close to the high mountain area (elevation: 2700 – 3200 m; annual 

precipitation: 470 – 595 mm), where forest and grassland distribute extensively. In this agricultural region, water and soil resources are very 
rich, agricultural soil is mainly chernozem with rich organic matter and high natural fertility, and the per capita possession of arable land is 
more. Thereby, the layout of green agriculture is suitable in this agricultural region, where these crops (potato, barley, oat, rape with cabbage 
type etc) could be mainly cultivated since they had such characteristics as shorter period, cold resistance, early maturing and so on.  

 
4. Conclusion 

 
The crop farming is the foundation of agriculture in the northeast of Qinghai-Tibet Plateau. This study selected Haidong city as typical 

study area to investigate the advantage region and distribution pattern of five crops (wheat, barley, legumes, potato and rapeseed), and to 
explore further spatial optimization program. We found that: 

(1) Minhe County was the advantage region of wheat production; Hualong County was the advantage region of barley production; 
Huzhu County, Hualong County were the advantage region of legumes production; Ledu District, Xunhua County were the advantage 
region of potato production; Minhe and Huzhu Counties were the advantage region of rapeseed production. These results will help to further 
guide the spatial layout of crop farming in each county. 

(2) Seen from the distribution pattern of crop production, the arable lands partially distributed in steep region where the slope was 
greater than 25°; dry land partially distributed in serious water shortage region; basic farmland partially distributed in higher altitude region. 
Therefore, the implementation of ecological cropland conversion, the development of water saving agriculture, and the strengthen 
construction of rural irrigation and water conservancy facilities will no doubt be the emphasis of sustainable development of crop farming in 
Haidong city in the future. 

(3) The spatial optimization program for the layout of crop farming: characteristics agricultural region with river water advantage, 
competitive agricultural region distributing on shallow mountain, green agricultural region distributing on high mountain. This would be the 
future direction of the sustainable development of crop farming. 
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Abstract: The hostile working condition of tunneling face limits field test about cutting loads of EBZ160 boom-type roadheader’s cutting 
head. Considering the high cost of direct measurement for each cutting pick and uncertainty of empirical method, this research focused on 
obtaining cutting loads during horizontal swing cutting. Then, the relationships between cutting loads and cylinders pressures were 
established with the mechanical model of working mechanisms. The 3D entity models determined the centroid positions of key mechanisms. 
Analysis of cutting picks participating in cutting was used to obtain the instantaneous loads of cutting head. It was observed that cutting 
resistance was the maximum force and the fluctuant force and torques showed sinusoidal variation law along with the position angle. By 
comparing the variation coefficient and extreme value, the optimal step size of position angle was set as 10o because of decrease in 
computing time and completeness in extreme point. Additionally, the cutting resistance changing with horizontal angle followed a parabolic 
law, possibly due to the symmetrical structure. However, when pitch angle increased, cutting resistance decreased first and then increased. 
And theoretical resistance in both situation reached extreme at the angle near 0o, highlighting the importance of posture on cutting loads. 
Furthermore, cutting resistance increased linearly with an increase in lifting cylinder pressure at different horizontal angles. But for different 
pitch angles, they followed two monotonic functions with a turning angle of -2o. All results in this paper are conducive to improve cutting 
performance of the road header. 
 
Keywords: roadheader; cylinder pressure; mechanical model; working mechanism; cutting resistance 
 
1. Introduction 

 
Boom-type roadheader is important equipment in the process of coal roadway tunneling.Due to the hostile working condition 

oftunneling face, the cutting loads of cutting headare complicated(Li et al., 2000; Li et al., 2013).Themain working mechanisms of the 
roadheaderincludecutting arm, rotary table, lifting cylinder and rotatingcylinder, which should be move frequently during drifting 
tunnel.Based on the mechanics theory, these mechanisms are borne the cutting loads from the cutting head (Maoet al., 2011; Wang et al., 
2014).Obviously, the resistances during cutting coal and rock are difficult to measure directly. In order to ensure the roadheader can safely 
and stably work under the unpredictable cuttingconditions, clarifying the stress states of working mechanisms areparticularly important.The 
lifting and rotating cylinders provide main active force for the transversaland longitudinal cutting conditions. Therefore, the dynamic oil 
pressures of two sets of hydraulic cylinders can reflect the actual supported load conditions of cutting head. 

The measurement of dynamic cutting loads during the working process is extremely difficult to realize. In recent years, many studies 
have focused on calculating the cutting loads. The empirical equations put forward by former Soviet Union and British’s researchers have 
been widely used (Wei et al., 2013; Yao, 2012; Zhaoet al., 2012). Wu et al. proposed that simulation based on uncontrollable parameters 
such as coal rock propertiescould be utilized to investigate the mechanical regularity and cutting performanceof the cutting head (Wu et al., 
2016). However, the accurate of the introduced methods arehard to be guaranteed, so there is still lack of sufficient studies on the 
relationships between applied forces of cylinders and cutting loadsin the space force system. 

In this investigation, the main objective is to establish the mechanical model of the working mechanisms of the roadheader. The 
EBZ160 boom-type roadheader was selected and the main working condition of horizontal swing cuttingwas studied. First,considering the 
conical picks participating in cutting were changing, therelationships between cutting loads and force of single pick were analyzed to 
identify the fluctuating characteristicsof the cutting loads.Further, the mechanical model and equation were solved to determine the cutting 
loads varying with the pitch angle, horizontal angle and lifting cylinders pressures. Under the development tendency of intelligent and 
unmanned mining equipment, this study focused on making the best use of limited resource to obtain more running state information of 
roadheader, which has important practical significance to make the roadheader working steady and safely with high efficiency. 

 
2. Spatial structure analysis of working mechanisms of  roadheader 

 
Based on the actual size of EBZ160 boom-type roadheader,the three dimensional models of cutting head, cutting arm,t elescopic 

cylinder, lifting cylinder, rotatingcylinder, rotary table and body section were established as shown in Figure. 1.Considering the structure of 
the roadheader was complicated, the entity models were simplifiedas follows: ignore the cutting pick on the cutting head; cutting arm was 
consisted of cuttinghead shaft, splined sleeve, inner barrel, outer barrel, protect canister, cutting reducer and cutting motor. 

 
1-cutting head 2-cutting arm 3-rotary table 4-rotating cylinder 

5-body section 6-lifting cylinder 7-telescopic cylinder 
Figure.1The 3D solid model of working mechanism of EBZ160 boom-type roadheader. 

Gravity cannot be neglected in mechanical analysis, so the centroid positions of working mechanismschanged at different postures of 
cutting arm should be determined in the 3D entity models. And the relationships between centroid positions andpostures were built on the 
basis of 3D models, which are used for mechanical analysis as fundamental data. As shown in Figure. 2, the pitch angleθand 
horizontalangleα are used to express the posture of cutting arm. The pitch angle represents the angle between cutting arm and 
horizontalplane, and horizontal angle is the angle between cutting arm and symmetric plane of body section. The scopes of the angles are -
26.1o≤θ≤44o and -28o≤α≤28o. Looking in the direction of cutting head from body section, the cutting arm locating in the downside and left-
side represent the corresponding angle should be negative. Point O1 and point A are the rotary center of rotary table and the midpoint of line 
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joining the two centers of pin axle holes connecting rotary table and cutting arm, respectively. Followed by, two moving coordinate systems, 
O1X1Y1Z1 and AX2Y2Z2, are created in which points O1 and A are the origin of coordinates. The two coordinates rotate about O1Z1-axis 
simultaneously with transverse moving of cutting head. And eis the horizontal distance of the detailed coordinates.  
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Figure.2 Spatial structure diagram of the cutting arm. 

The working modes of cutting head are generally classified as pushing cutting and swing cutting. The force condition is comparatively 
simple and frequency is less during pushing cutting (Zhang et al., 2008). Furthermore, swing cutting is the main working mode, especially 
for transversal cutting condition (Chen et al., 2013). Thus, this paper emphatically analyzes the situation of horizontal swing cutting. In this 
situation, the extension lengths of lifting cylinders remain the same, which indicates that the cutting arm can keep balance in vertical 
direction. Additionally, the effect of inertia force and inertia torque on working mechanisms may be neglected that the rotating speed of the 
rotary table is very small. Hence, the spatial force analyses of working mechanisms should be handled in equilibrium state (Mao et al., 2008). 

 
3.Establishment OF MECHANICAL MODEL 
 
3.1Force analysis of cutting arm 

 
As shown in Figure 3, mechanical model of cutting arm is built. Points A1 and A2are the centers of the pin axle holes connecting 

cutting arm and rotary table. Point B is the midpoint of line joining the two centers of pin axle holes connecting lifting cylinders and rotary 
table. Point C represents the pin joint between lifting cylinder and cutting arm. Point D is the center of large end face of cutting head. Then,L, 
L1, L2 andL3are the length of AD, AB, AC and lifting cylinder, respectively. Also,e1is the horizontal distance from the center of mass of 
cutting arm to AY2-axis. In addition, FCis theapplied forceon cutting arm from lifting cylinder calculating through the oil pressures.G1 is 
the gravity of the cutting arm. For the cutting loads of cutting head, FDa, FDrand FDtare the three-axis forces and MDa, MDr and MDtare the 
torques. 
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Figure.3 Mechanical model of cutting arm in the X2AZ2 and X2AY2 plane 

Based on the equilibrium equations in mechanics (∑F=0, ∑M=0), the mechanical model of cutting arm is shown in Eqs.1-6. 

                                                (1)
 

z 0FΣ =                                              (2)
 

y 0FΣ =                                                                                    (3)
 

y 0AM FΣ =（ ）                                                                    (4)
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z 0AM FΣ =（ ）                             (5)
 

x 0AM FΣ =（ ）                                                  (6)
 

3.2 Force analysis of working mechanism 
 

The mechanical model of working mechanism consisted of cutting arm, lifting cylinders and rotary table is shown in Figure.4. Point E 
and point Fare the centers of the pin axle holes connecting right/left rotating cylinder and rotary table, respectively.Then,H1 and H2are the 
length of corresponding rotating cylinders. Also, FE and FF represent the applied forces of right/left rotating cylinder to rotary table 
calculated byoil pressures.G2 is the gravity of the studied working mechanism. Additionally,FOx , FOy and FOz are the reacting forces of 
slewing bearing to rotary table in three dirctions.Mx  and Myrepresent the overturning moment, and Mzis the frictional resisting moment. 
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Figure.4 Mechanical model of working mechanism in the X1O1Z1 and X1O1Y1 plane 

According to the equilibrium equations (∑F=0, ∑M=0), the mechanical model of working mechanism can be established as follows: 

                             (7)
 

z 0FΣ =                                               (8) 

y 0FΣ =                                               (9)
 

1y 0OM FΣ =（ ）                     (10) 

1z 0OM FΣ =（ ）

                      

(11) 

1x 0OM FΣ =（ ）                                                           (12)
 

The relationship between Mz and reaction forces in three directions is described as shown in Eq.13. 

2
z 1 Oz Ox Oy

41= [ + ( + )]
2

DM D F F Fω
π                                                                    

 (13) 

Where, ωis the rotary resistance coefficient determined by roller type of slewing bearing, 0.012; D1and D2are the mean diameters of 
upper and lower raceway of slewing bearing’s horizontal roller, respectively. 

 
3.3 Force analysis of cutting head 

  
The cutting loads are the sum of forces of conical picks participating in cutting. The instantaneous loads of cutting head can be obtained 

on the basis of stress analysis of single pick (Li et al., 2008). The force condition of cutting head when it rotates to any location is shown in 
Fig.5. Therefore, the cutting loads are expressed according to equations 14-19 below. 
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Figure.5 Force analysis of cutting head during horizontal swing cutting 
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 (15)

 

                     
                                                                                               (16)

 

                                                                                              
 (17)

 

           
                                                             (18)

 

                                                                       
 (19)

 

Where, Ziand Yi  are, respectively, the cutting resistance and tractive resistance of cutting pick numbered i, kN; φ iis the position angle 
andε iis the tilt angle, o;riis the cutting radius and Liis the distance from the cutting pick numbered i to the large end face of cutting head, m; 
mrepresents the number of cutting picks participating in cutting. 

As shown in Fig.5, the cutting thickness hi  can be calculated as follows: 
                                                                                                               (20) 

Where,hmax  is the maximum cutting thickness. 
Previous studies have reported that there was linear correlation betweencutting resistance and tractive resistance of cutting 

pick(Bilginet al., 2006; Liu et al., 2015). Hence, Zi  and Yi  are obtained as Eqs.21-22. 
                                                                                                               (21) 

                                                                                                              (22) 

Where, Zmax  and Ymax  are, respectively, the maximum cutting resistance and tractive resistance of cutting pick. 
 

4.Results and discussion 
 
In the case of boom-type roadheader cutting the coal and rock, the swing and rotation of cutting head can be drove by cutting arm and 

cutting motor, respectively. It should be noted that there is not a determinate relationship between the condition of swing and rotation. 
Therefore, the influence of rotation of cutting head cannot be taken into consideration in the mechanical model of working mechanisms. 

 
4.1Analysis of cutting loads under different position angles 

  
A set of the above coupled mechanical equations, Eqs.1-22, were solved using thesample matrix inversionmethod under the platform of 

Matlab.Considering that the picks participating in cuttingwere different under a certain horizontal swingposture, the cutting loads of cutting 
head should be changedcorrespondingly.Thus, the location of 1# pick on the cutting head was used as reference. Then the position angle φ1 
rotated from 1o to 360oand the step size was 1o. According to the statistical oil pressure data of lifting and rotating cylinders, the 
corresponding working oil pressures were about 6-12 MPa and 12-21 Mpa during the horizontal swing cutting condition. A set of data was 
randomly selected as shown in Table 1.Obviously, the oil pressures of right rotating cylinder’s head port and left rotating cylinder’s rod port 
are equal to 15 Mpa, which indicates that the cutting head is swing toward left. 

 
Table 1Posture of cutting arm and oil pressures of cylinders 

Pitch 
angle(o) 

Horizontal 
angle(o) 

Oil pressures of 
left(right) rotating 

cylinder’s head (rod) 
port(MPa) 

Oil pressures of right 
(left) rotating 

cylinder’s rod (head) 
port (MPa) 

Oil pressures of lifting 
cylinder’s head port 

(MPa) 

Oil pressures of lifting 
cylinder’s rod port 

(MPa) 

25 26 0 15 8 0 
Cutting loads of cutting head corresponding to horizontal swing cutting condition as function of position angle are shown in Fig.6. 

FDr and FDtof cutting head change smoothly in the process of rotation. However, FDaand torques fluctuate relatively large with the increase 
in position angle. In addition, the later four loads generally present sinusoidal variation trend, which is consistent with the simulation cutting 
loads obtained from the empirical equations in previous studies (Wang et al., 2012; Zhao et al., 2012). Meanwhile, the cutting resistance FDr 
is the maximum force in the three-axis forces. The above results accord with the stress states of cutting head in the actual working 
conditions, which indicate that the mechanical model is reasonable. 
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Figure.6 Cutting loadsof cutting head during horizontal swing cutting. 
 
4.2 Optimization of step size of position angle 

 
In the established model, the cutting loads under the cases of 360 position angles were calculated, resulting in largeamount of 

calculation. Thus, to improve the computational efficiency, the step size of position angle should be increased. This research set the step size 
as 10o, 20o and 30o, respectively. Followed by, the comparatively reasonable and optimized step size was determined with analyzing the 
results of the fluctuating loads acting on cutting head.Then, the variation coefficient of cutting loads BF was utilized to express the 
fluctuation level by means of mean value EF and mean square error σF, as shown in Eqs.23-25 (Li, 2008).Additionally, it should be noted 
that the maximum values ofcutting loads were extracted as the theoretical values, which are most likely stood for the danger case. 

                                                                                                                      (23) 

                                                                                                         (24)
 

                                                                                                                          (25) 
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Figure.7 Effect of different step sizes on FDa 

As shown in Fig.7, the effect of different step sizes on the cutting loads i.e. FDaas function of position angle is studied. In the peak and 
valley of the curves, the data of small-step condition was oscillatory. However, this feature could be hardly appeared when the step size 
became larger, which is most likely due to the missing data point near the extreme point. Hence, it can be concluded that local deviation 
increases with the increasing step size. Furthermore, the characteristic values of cutting loads corresponding to different step sizes’ curves 
are summarized in Table 2.The variation coefficientBFincreased with the increase in step size, indicating that the loads in small-step 
condition show more stable. But there had a smaller change of mean value EF, so the comparison of extreme value is necessary. Obviously, 
the extreme point could be physically preserved when the step size was set as 10o, which is similar to the case of 1o. In addition, the 
computational efficiency could also be improved significantly. Therefore, the optimal step size should be set as 10o in the mechanical model. 

 
Table 2 Statistical values of cutting loads under different step sizes 

 Step size FDa 
/kN 

MDa 
/kN·m 

MDr 
/kN·m 

MDt 
/kN·m 

Maximum 

1o 46.93 17.18 21.39 41.80 
10o 46.82 17.17 21.36 41.78 
20o 46.67 17.06 21.05 41.70 
30o 46.74 17.06 21.32 41.50 

Minimum 

1o 41.94 12.56 16.14 35.31 
10o 42.00 12.63 16.16 35.32 
20o 42.42 12.71 16.24 35.44 
30o 42.88 12.71 16.24 35.48 

Mean value 

1o 44.79 14.67 18.30 38.21 
10o 44.79 14.67 18.30 38.21 
20o 44.77 14.66 18.30 38.22 
30o 44.79 14.67 18.31 38.21 

Variation coefficient 

1o 0.0295 0.0976 0.0822 0.0502 
10o 0.0297 0.0989 0.0831 0.0509 
20o 0.0301 0.0979 0.0837 0.0512 
30o 0.0321 0.0989 0.0866 0.0526 

 

4.3Variation laws of cutting resistance 
 
For the boom-type roadheader, the pitch angle, horizontal angle and oil pressures of cylinders aremeasurable parameters 

duringhorizontal swing cutting. From the mechanism perspective, looking for the relationships between cutting loads (especially cutting 
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resistance FDr) and above-mentioned variablesshould be conducive to the improvement of roadheader’s working performance.Followed by, 
the controlling variables method was utilized to determining the effect of single factor.Considering that the FDrgenerally increased linearly 
with the increasing applied forces of rotating cylinder, only oil pressures of lifting cylinders were investigated. 

As shown in Figure. 8, the cutting resistances FDr increased first, and then decreased with the rising of horizontal angle αbetween -28o 
and 28o. The curves followedparabolic law,which is most likely due to the symmetrical structure of working mechanism. The variation 
values of FDr were about 10 kN during transversal swinging, and the maximum forces were reached at a horizontal angle of 0o. Therefore, 
the rotatingcylinderscan most likely bear the cutting resistance from the cutting head more effective at this angle. In addition, FDrgradually 
increasedapproximately linearly with the increasing oil pressures of lifting cylinders at any horizontal angle αbetween -28o and 28o, meaning 
that the horizontal angle has less impact on this varying law. 
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Figure.8 Cutting resistanceFDras function of horizontal angle αunder different lifting cylinder pressures 

The cutting resistances FDr using different lifting cylinder pressures as function of pitch angle θ is shown in Fig. 9. Counter to the 
condition of horizontal angle, the FDr decreased first, and then increased with the rising of pitch angleθbetween -26o and 44o. The curves 
were asymmetrical, reaching minimum (about 75 kN) at the pitch angle near 0o. Additionally, the maximum cutting resistances were about 
90-100 kN at the pitch angle of 44o. Considering a hypothesis that the coal rock properties have less difference in same cutting cross-section, 
the cutting resistances should be held steady during horizontal swinging. Thus, the forces on rotating cylinders decrease with the increase in 
absolute value of pitch angle θ, which is possibly due to the complicated spatial structure of working mechanism. When the lifting cylinder 
pressures ranged from 6 to 12 MPa, the corresponding pitch angle of minimum FDr increased a little in the range of 1o-6o. Furthermore, the 
change trend between cutting resistance and lifting cylinder pressure was not monotonic in the defined interval of pitch angle. When the 
θwas less than -2o, the FDrincreased with the increasing lifting cylinder pressure. Otherwise, a monotonic decreasing function could be used 
to express the relationshipbetween FDrand lifting cylinder pressure. And the variation amplitude increased with the increasing pitch angle. 
Results demonstrate that the theoretical cutting resistance has relatively higher sensitivity on the posture of cutting arm.  
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Figure.9 Cutting resistanceFDras function of pitch angle θunder different lifting cylinder pressures 

 
5. Conclusion 

 
This study investigated the mechanical model of EBZ160 boom-type roadheader’s working mechanisms under the condition of 

horizontal swing cutting.Furthermore, the stress states of cutting head, cutting arm, rotary table etc. canbe calculated with the mechanical 
equations. Particularly, the cutting loads are related with the applied forces of rotating and lifting cylinders. 

Based on the analysis of cutting picks participating in cutting,the relationships between cutting loads and maximum resistancesof 
single pick was built. The cutting resistance is the maximum of the three-axis forces and the cutting loads fluctuateat different position 
angles with a sinusoidal variation law, indicating that the established model is reasonable. In addition,the optimized step size of position 
angle should be set as 10o, which is most likely due to the higher computational efficiency, smaller variation coefficient and relatively 
complete extreme. 

There is a parabolic relationship between cutting resistanceFDrand horizontal angleα. On the contrary, cutting resistance decreases 
first and then increases with the rising of pitch angleθ.Then, the cutting resistances reach the maximum/minimum at the horizontal/pitch 
angle near 0o, respectively. Hence, the posture of cutting arm has a significant influence on theoretical cutting resistance.In addition, an 
increasing lifting cylinder pressure results in an approximately linear increase in FDr at different horizontal angles. However, with the 
increasing of pitch angle, the relationship between the FDr and lifting cylinder pressure follows two monotonic functions at a turning angle 
of -2o. 
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Abstract: Sensor node localization is one of research hotspots in the applications of wireless sensor networks (WSNs) field. A localization 
algorithm based on improved Support Vector Machine (SVM) for WSNs is proposed in this paper. SVM classification accuracy is the key to 
the localization accuracy. The selection of parameters is the important factor that influences the performance of SVM. Therefore, this paper 
proposes a parameter optimization algorithm based on Krill-herd algorithm (KH-SVM). The experimental results show that KH-SVM 
algorithm has better searching optimization ability compared with other optimization algorithms, such as Particle Swarm Optimization, 
Genetic Algorithm. Through the simulations, the performance of localization based on KH-SVM is evaluated. The results prove that it has 
higher accuracy than existing localization algorithm based on SVM. Finally, the limitation of the proposed localization algorithm is 
discussed and future work is present. 
 
Keywords: WSNs; localization; SVM; parameters optimization; krill-herd algorithm 
 
1. Introduction 

 
Wireless sensor network is a multi hop self-organizing wireless communication network system by deploying a large number of cheap 

micro sensor nodes in the monitoring region. Its purpose is to perceive, gather and process the information detected by the tiny sensors in the 
coverage area, and send the useful information to the observers and control centers (Liu, 2009). Localization is the key to many WSN 
applications, such as network management, environmental monitoring, target tracking and routing. WSN node localization technology has 
gained wide attention and become one research hotpot of WSN. There are some challenges to face when designing a localization procedure 
for the WSNs. First of all, a localization algorithm has to be energy-aware. That means localization procedures must be less communications 
and less computation due to the limited resources. 

There is a lot of work done in the field of localization in WSNs. WSN node localization can be divided into two major categories. One 
is the localization scheme in the centralized manner, such as Semidefinite Programming (Yan et al., 2015) and Multidimensional Scaling 
(Morral and Bianchi, 2016). The other category is the localization scheme in the distributed manner, such as DV-Hop (Han et al., 2016), 
MDS-MAP (Zhou et al., 2015) and MDL (Lee et al., 2009). The localization algorithm in distributed manner has lower computation and 
communication costs, so it is suitable for large-scale wireless sensor networks.  

In recent years, many scholars proposed also the localization algorithm based on machine learning (Xu et al., 2014; Kim et al., 2014; 
Safa, 2014; Mao et al., 2014). In learning based approaches, a model is built based on training data gathered from the network, and then 
each sensor node can estimate position itself by using trained model (Huan et al., 2010). Therefore, learning approaches can be used in a 
distributed manner, and each sensor can be localized independently from other sensor nodes. 

Support vector machine (SVM) is a machine learning methods, evolving from the statistical learning theory. SVM has high 
generalization ability and good classification precision. Moreover, SVM can solve the overfitting problem effectively. So SVM has been 
applied to a number of fields, such as classification and regression fields. There has been some proposed localization algorithm based on 
SVM (Xu et al., 2014; Kim et al., 2014; Safa, 2014; Mao et al., 2014; Huan et al., 2010). The SVM classification accuracy is the key to the 
localization accuracy. The selection of parameters is the important factor that influences the performance of SVM. So, this paper proposes a 
parameters optimization algorithm to achieve more localization accurate. 

The rest of this paper is organized as follows. Section 2 briefly introduces localization algorithm based on SVM. Section 3 introduces 
KH-SVM algorithm for localization to further modification of nodes’ positions. Section 4 shows the simulation results. Finally, this paper is 
concluded and the future work is prospected in Section 5. 

 
2. Localization based on SVM 

 
It is assumed that we randomly deployed a wireless sensor network with n nodes { S1, S2, S3, … , SN } in a 2D geographic area [0, 

D]2 ( D > 0 ). The communication range of each node is same. In the WSN, k nodes are beacon nodes which know their own location; other 
N-k nodes are nonbeacon nodes which need to estimate their location. We divide the 2D area into M × M square cells. X-dimension is 
divided into M parts, Y-dimension is also divided into M parts. Each cell can be seen as one class. So, x-coordinate has M = 2m classes cxi , 
and the y-coordinate has M = 2m classes cyi. Each node resides in a cell, so it is assumed that each node exists in class [cxi, cyi ] in 2D area. 
In other words, respectively each node exists in [ (i－1)D／M, iD／M] × [(j－1)D／M, jD／M ] unit.  

The connectivity information would be gathered by beacon nodes from the WSN and would be sent to the head node ( sink node or 
base station ) where the SVM algorithm is running. The node Ni's true coordinates is ( xi, yi ). The vector Hi = <h(Ni, N1), h(Ni, N2), h(Ni, 
Nk)> is taken as feature vector of SVM to classify node Ni, where h(Ni, Nj) denotes the the shortest path hop-count between nodes Ni and 
Nj. All beacons’ feature vectors {Hi} (i = 1→k) are composed of training sample set. Radial Basis Function can be chosen to be the kernel 
function as shown in Equation (1). The SVM will build a model by training. This built model would be broadcasted to all the nodes even 
they are beacons or not. Each nonbeacon node is classified into one unit by this SVM model. And then, the center of each unit with ( x_i , 
y_i ) is used as the predicted position. If the result of each classification is correct, the localization error of each nonbeacon node is at most 

D／(M 2 ). 
2

i 2( , ) jH H
i jK H H e γ− −

=
                                                                        

(1) 
 Obviously, localization algorithm based on SVM described above is a multi-class problem, but SVM can only solve tow-class problem. 

So, how to solve multi-class problem is the key to localization algorithm. In this paper, decision tree is used to solve the multi-class problem.  
Take X-dimension for example, X-dimension is divided into M parts, so x-coordinate has M－1 classes cxi {cx1, cx2, …, cxM-1}. Each 

class cxi contains nodes with the x-coordinate greater or equal to iD／M.  According to the decision-tree strategy, M－1 binary SVM need 
to be trained, and localization of each node needs log2M binary classifications. For the Y-dimension, the processing method is the same as 
the X-dimension. Figure. 1 shows the situation that X-dimension is divided into 16 parts. 
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Figure. 1 Decision Tree used for X-Dimension classification (M=16) 

 
3. SVM PARAMETERS OPTIMIZATION 

 
The SVM classification accuracy is an important factor to the localization accuracy, however, choice of parameters of the kernel 

function and penalty parameters is one key to classification accuracy.  
N-folded cross-verification is the best compromise method for evaluating parameters between computational cost and reliable 

parameter estimation. It can avoid the overfitting, so it is called unbiased estimate of the generalization error. In this paper, the result of N-
folded cross-verification is used to evaluate the performance of parameters optimization algorithm. SVM parameters selection problem 
based on n-folded cross-verification can be taken as multi-peak value optimization. Many works have introduced some optimization 
algorithm to solve this problem such as Particle Swarm Optimization (PSO-SVM) and Genetic Algorithm (GA-SVM) (Ranaee et al., 2011; 
Cao, 2015; Liu, 2015; Huo and Zhao, 2016). 

 
3.1 Krill-herd algorithm 

According to foraging behavioral characteristic of kill herding, Amir Hossein Gandomi and Amir Hossein Alavi put forward a novel 
intelligent optimization algorithm which is named Krill-herd (KH), in 2012 (Gandomi and Alavi, 2012). The KH algorithm simulates the 
herding behavior of krill individuals. “This method gets global and local optimum through the induced motion, foraging motion and physical 
diffusion” (Lari and Abadeh, 2015; Gandomi and Alavi, 2012). The related works have proved that it has excellent global optimization, 
rapid convergence and can avoid prematurity. So, this paper applied the KH algorithm to solve SVM parameters selection problem. 

In the KH algorithm, krill density and distance from the food are taken as the objective function, and the value of objective function is 
taken as fitness. According to fitness, each krill constantly changes the position to reach around the global optima. For the optimization 
problem, the solution space is the arbitrary dimension. Therefore, the KH Lagrangian model in the n-dimensional space is described as 
follow: 

i
i i i

dx N F D
dt

= + +                                                                                     (2) 

Where Ni is the movement of ith krill individual which is attracted by other krill individuals, Fi is the movement of ith krill individual 
to finding food, and Di is random diffusion of the i-th krill individual. 

In Equation (3), Ni is expressed as follow: 
maxnew old

i i n iN N Nα ω= +                                                                             (3) 
Where Nmax denotes maximum induced speed, ωn denotes inertia weight of the movement induced, and Ni

old denotes the last movement 
induced. 

Direction of movement is estimated by local, target, and repulsive effects. 
                               arglocal t et

i i iα α α=                                                                                        (4) 

Where local
iα  denotes the local effect provided by the neighbors, argt et

iα  denotes the target direction effect provided by the best krill 
individual. 
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−
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−

                                                                                      (7) 

Where Kbest is the best fitness, Kworst is the worst fitness, Ki is the fitness of the ith krill individual, Kj is the fitness of jth neighbor, X is 
the corresponding position, NM is the number of the neighbors, ε is a small positive number. 

                                   arg
, ,

ˆ ˆt et best
i i best i bestC K Xα =                                                                               (8) 

Where Cbest is the effective coefficient which denotes effective degree provide by the best krill. Cbest is important to reach global 
optimum solution. So, it should be set more effectively, and change with number of iterations increasing. The literature [22] describes how 
to select Cbest in detail. 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                                      11.3 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/11 

 

There are two key factors in foraging movement. One is position of food, the other one is previous knowledge. Foraging movement can 
be formulated as follows: 

                                     old
i f i f iF V Fβ ω= +                                                                                 (9) 

                                    
food best

i i iβ β β= +                                                                                (10) 
Where Vf is foraging speed, ω f is inertia weight for the foraging movement between 0 and 1, Fi

old is the last foraging movement, β i
food 

is food attractive, and β i
best is the best fitness of the ith krill. 

Random diffusion of krill is defined as follow: 

                                 
max

iD D δ=                                                                                             (11) 
Where Dmax is maximum speed of diffusion and δ is random directional vector, the arrays of which are random values between -1 and 1. 
The position of a krill during the time from t to t + ∆t is expressed as follow: 

( ) ( ) ( / )i i iX t t X t t dx dt+ ∆ = + ∆                                                                               (12) 
The ∆t should be carefully chosen due to its important. Gandomi and Alavi (2012) provided a detailed description of the method of 

setting ∆t. 
After above operating, KH algorithm introduces crossover and mutation operators to improve performance. Gandomi and Alavi (2012) 

described how to implement the crossover and mutation. 
 

3.2 SVM parameters optimization algorithm based on Krill-herd (KH-SVM) 
 
SVM parameters selection problem based on n-folded cross-verification can be taken as multi-peak value optimization. The krill-herd 

algorithm is introduced into solving this optimization problem which named KH-SVM. The main steps of SVM parameters selection by 
krill-herd algorithm are as follows: 

Step 1: First, SVM model is constructed. The most important step is decision of kernel function, and then number of parameter can be 
confirmed. In this paper, Radial Basis Function is chosen to be the kernel function. So, two parameters need to be selected. One is kernel 
function parameters γ, the other one is error penalty C.  

Step 2: Create initial population randomly. The vector of [γ, C] is taken as position of a kill. The value of γ is between1 and 10000. The 
value of C is between 0.0001 and 1. 30 krill are selected randomly as initial population in this paper. 

Step 3: Fitness function and KH algorithm parameters are determined. In this paper, the fitness function is expressed as : 

                         2 2

1

1 ( ) ( )
n

ei i ei i
i

ft x x y y
n =

= − + −∑                                                   (13) 

Where n is the number of test sample, (xi, yi) is the real coordinate of the ith data, (xei , yei) is the estimation coordinate of the ith data. 
The parameters of KH are selected as follows: 
 Nmax is 0.01; ωn is 0.3; Vf is 0.02; ω f is 0.3; the number of iterative is 200.  
Step 4: Calculate the fitness of each kill. The best kill and the worst kill are selected. 
Step 5: Simulation of Kill behavior, including: induced motion, foraging motion and physical diffusion. And then implement the 

crossover and mutation. 
Step 6: Update the position of each kill. 
Step 7: GO to step 4 until the stop condition is reached. 
The flowchart of SVM parameters optimization algorithm based on Krill-herd is shown as Figure. 2. 

Construct SVM model and confirm the Optimization parameters 

Start

Create initial population randomly

Determine the Fitness function and KH algorithm parameters

Calculate the fitness of each kill

Position of Best kill is the Optimal parameters Of SVM 

Simulate Kill behavior:induced motion, foraging motion and physical diffusion

Update position of each kill

Is stop condition reached?

End

N

Y

Implement crossover and mutation operators

 
Figure. 2 Flowchart of SVM parameters optimization algorithm based on Krill-herd. 

 
3.3 Comparison with other optimization algorithm 
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For evaluating the performance of KH-SVM, the experiments compared with Particle Swarm Optimization (PSO-SVM), Genetic 
Algorithm (GA-SVM) were performed. The kernel function is RBF. The parameters include kernel parameter γ and penalty parameter C. 
The test datasets are from UCI benchmark repository, and the experiments are carried on ten times on each dataset. Fig. 3 shows the result of 
classification. From the results, we can see that KH-SVM has the higher accuracy than other two algorithms. 

 
Figure. 3 Classification accuracy comparison of PSO-SVM, GA-SVM and KH-SVM 

 
4. Simulation of KH-SVM localization algorithm 

 
We conducted the simulations on a network of 500 sensor nodes randomly distributed in the 100m×100m 2D area. In the network, the 

beacon nodes are selected at random. Three different beacon populations were considered: 20 percent of the WSN size ( n ＝ 100 beacon 
nodes ), 25 percent ( n ＝125 beacon nodes ), 30 percent ( n ＝ 150 beacon nodes ). The communication range is 10m. The x-dimension and 
y-dimension is divided into 128 parts (M ＝ 128). All simulation experiment is done on a PC machine with CPU-Intel Core2 Duo E7500, 2 
G memory. The simulation platform is matlab 7.0 and libsvm software is used for SVM classification. The kernel of SVM is RBF. The γ 
parameter and C parameter are automatically determined by the KH-SVM algorithm proposed in section 3. 

 
4.1The effect of beacon population 
 

We randomly selected three simulation results to be shown as Fig. 4, Figure. 5 and Figure. 6 when the number of nodes is 500, the 
beacon population is 20%, 25% and 30% in the square-shape network. The communication range is 10m. The * represents positions of 
beacon nodes, the ∆ represents the positions of real non-beacon nodes, and the ○ represents the estimated positions of non-beacon nodes.  

 
Figure. 4 The estimation result of 20% beacon nodes in square-shape network. 

 
Figure. 5 The estimation result of 25% beacon nodes in square-shape network. 
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Figure. 6: The Estimation Result of 30% Beacon Nodes in square-shape network  

The localization error is 3.8 m at the beacon nodes population 20%, 3.1 m at the population 25%, and 1.8 m at the population 30% in 
these three simulations. The localization error E is described as follow: 

2 2

i 1

ˆ ˆ( ) ( )
k

i i i ix x y y
E

k
=

− + −
=
∑

                                                                    (14) 

Where ( )ˆ ˆ,i ix y  denotes the estimated coordinates of i-th node, and k stands for the number of non-beacon nodes. 

From the results above, we note that the localization error decrease with beacon nodes increasing. In order to make the result believable, 
every simulation was run for 10 times and the results were averaged. The result of localization error is shown in Table 1. 

 
Table 1 Localization error of different beacon population in square-shape network 

Beacon population Min error(m) Max error(m) Avg error(m) 
20% 3.5 4.3 3.7 
25% 2.2 3.4 2.8 
30% 1.3 2.0 1.7 

The table 1 shows that increasing the number of beacon nodes results in decreasing the localization error. The accuracy of learning 
methods depends on the amount of training data. Since beacon nodes make training data, with more number of beacon nodes, there is more 
training data available. So, the localization algorithm can be trained with more accuracy. Then in the localization phase, it has more accurate 
results. 

 
4.2 KH-SVM Versus SVM with different beacon population 
 

We compare localization algorithm based on KH-SVM localization algorithm proposed in the section 4 with GA-SVM localization 
algorithm, PSO-SVM localization algorithm and SVM localization algorithm at different beacon population. The result is shown in Figure. 7. 
The results suggest that location accuracy by HK-SVM is higher than others. Since the γ parameter and C parameter obtained by KH 
algorithm is better than others algorithm. The γ and C have an impact on the SVM performance. So, the position of nodes would be 
computed more accurate. 

 
Figure. 7 Average localization error comparison. 

  
5. Conclusion 

 
In this paper, we propose a distributed localization algorithm in wireless sensor networks based on KH-SVM. The proposed 

localization algorithm transforms the location estimation problem into multi-class problem, and binary SVM classification is used to solve 
the multi-class. So, it is suitable for WSNs that do not require pairwise distance measurements and special assisting devices. The SVM 
classification accuracy is the key to the localization accuracy. The selection of parameters is the important factor that influences the 
performance of SVM. Therefore, we proposed a parameters optimization algorithm based on Krill-herd algorithm (KH-SVM). KH-SVM is 
compared with Particle Swarm Optimization (PSO-SVM), Genetic Algorithm (GA-SVM) by the experiments. The experimental results 
show that KH-SVM algorithm has the best searching optimization ability. Then we conducted the simulations to examine the performance 
of localization. The simulation study shows that KH-SVM localization algorithm has the more accuracy than PSO-SVM, Genetic GA-SVM, 
and SV. The communication and processing overheads are kept small in this algorithm, so it is suitable for practical application. 

http://dict.cnki.net/dict_result.aspx?searchword=%e5%ae%9e%e9%99%85%e5%ba%94%e7%94%a8&tjType=sentence&style=&t=practical+application
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Like other localization algorithm based on SVM, the accuracy of KH-SVM algorithm’s depends on the quality of training process. So 
how to improve the performance of training including decreasing the training time and removing the noise data, is our future work. 
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Abstract: This paper analyzes the network characteristics of US and China Southern airline networks. Both of them follow the power-law 
distribution and are close to scale-free networks. Furthermore, the paper develops a medicine delivery strategy over these airline networks. 
This strategy focuses on the primary city selection for the delivery over the airline networks and the medicine dispatch iteration process. 
Compared to the other node selection methods, the strategy proposed in this paper can effectively select the important cities for medicine 
delivery and aims at virus spreading with SIS epidemics model.  In addition, the simulations about the strategy demonstrate the important 
city selection method and the delivery strategy over the airline networks are accurate and efficient. Finally, controllability analyses of the 
airline network are also conducted for different nodes selection methods. This can determine the minimum number of controlled city nodes 
over the network in order to improve the delivery strategy further. 
 
Keywords: airline network; immunization strategy; medicine delivery; controllability 
   
1 Introduction 

 
As the human civilization, living conditions and the economy are developing, new epidemics always break out accompanied with these 

developments. In recent years, Ebola, Zika viruses broke out around Africa, Americas and also affect other areas in the world. For example, 
Zika virus strain imported from Americas to Cabo Verde in several months. Furthermore, this Zika outbreak is spreading beyond the South 
America and is spreading towards other areas in the world (http://www). Due to the mass migration movements and more and more frequent 
international communications, the epidemics spread severely. However, the developed transportation networks could help deliver medicines 
to the areas suffering from the epidemics. Therefore, it is necessary to develop a method to select the important cities over the airline 
network to dispatch medicines or vaccine and develop a delivery strategy. Studies about virus spreading models over the complex networks 
have lasted several decades, and are not limited to biological virus, also include computer virus(Anderson et al.,1992; Diekmannet al.,2000; 
Wang et.al.,2013; Wang et.al.,2013; Zhu et al.,2012; Pastor et al., 2001). Some fundamental virus epidemics models are illustrated as 
Susceptible-Infected (SI), Susceptible-Infected-Susceptible (SIS), Susceptible-Infected-Recovered (SIR) models, etc. The network-based 
epidemic threshold and immunization strategies for different models are presented in some literatures (Pastor et al., 2001; Pastor et al.,2002; 
Pastor et al., 2003; Yan et al.,2014; Kang et al.,2015; Madaret al., 2016)Some literatures illustrate the studies about epidemic thresholds on 
heterogeneous networks (Chen et al.,2016; Pastor et al.,2013; Pastor et al., 2001). Scale-free networks are typical examples of heterogeneous 
networks. Furthermore, Barabási Albert (BA) network is a special example of the scale-free networks and was presented in (Pastor et al., 
2003). (Pastor et al., 2001; Pastor et al., 2004) reveals that the scale-free network can model a virus spreading well. Some basic 
immunizations like targeted, random, acquaintance are discussed in Literatures (Cohen et al.,2003; Madaret al.,2004) to overcome the 
drawbacks of the heterogeneous networks. Compared to other immunizations, the targeted immunization can immunize virus over the scale-
free network soon. Controllability analysis of complex networks is one of the most challenging problems for networks in different areas. 
Since 2011, Liu proposed the controllability for the complex networks on Nature, then a new hot research about controllability analysis has 
been focused on by researchers(Liu et al.,2011; Houet al.,2015). This topic is originated from control theory and methodology, using 
controllability theory of linear systems by combining the graph matching theory (Mulmuleyet al.,1987; Umeyamaet al.,1988; Poljaket 
al.,1990). Controllability analysis for complex dynamical networks becomes challenged including linear and nonlinear dynamical systems. It 
is especially to find a minimum set of driver nodes of the network in order to fully control the network. The well-developed controllability 
theoretical methodology for linear dynamical systems was proposed in (Shields et al.,1976; Reinschkeet al.,1997). Di etal presented the 
exact controllability measurement of complex networks and the method to identify the driver nodes of complex networks (Yuan etal.,2013). 
This paper employs this method to analyze the airline networks. 

Three contributions are addressed in this paper. One is that the paper analyzes the characteristics of the China Southern airline networks 
such as the city node degree distribution, the node selection method is developed to select the important cities. The second is that medicine 
or other goods delivery strategy is proposed and can help distribute items over the whole airline network efficiently. The third is to analyze 
the controllability of the airline networks using the proposed node selection method and compare to the highest degree method. This can 
help find the minimum number of the controlled nodes over the network in order to effectively distribute the medicines and goods. 

The rest of the paper is organized as follows. Airline network characteristics analysis are introduced in Section 2. The used virus 
spreading model SIS is presented in Section 3. Section 4 presents medicine delivery strategy over the airline networks. Comparisons 
between US and China Southern airline networks have been described in detail. Section 5 analyzes the minimum control nodes of airline 
networks and the controllability. Finally, conclusions are drawn. 

 
2 Airline Network Characteristics Analysis 

 
The paper analyzes the characteristics of the US airline network and China Southern airline network respectively. The data were 

downloaded from the websites (http://vlado). US airline network consists of 332 cities whichare represented by nodes and 2461 edges 
referred to the connections among cities. Correspondingly, China Southern airline network has 118 cities and 990 edges.  

Figure 1 shows that the US and China Southern airline network topologies which graph the cities with dots and connections with lines. 
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(a) The US airline network topology 

 

(b) China Southern airline network topology 
Figure.1 Airline network topologies for US and China. 

Table 1 shows the partial information about city names and connections among US airline network and China Southern airline network. 
The characteristics of US airline network and China Southern airline network are analyzed by using Complex Network Analysis Software 
Pajek. The software can provide the degree of each node (city) and the average degree value. In the US airline network, Chicago O’hare Intl 
airport owns the largest degree, 139, correspondingly, Beijing has the highest degree, 90, in China Southern airline network. Their average 
degree of the network is around 12.8 and 16.78, respectively. The top 10 highest degree ranks for these two networks are shown in Table II. 
The literature (Xu.,2010) demonstrates that the degree distribution of the US airline network follows the power-law node degree distribution 
with  

( ) rP k k− ,    r=1.8. 
Consistently, Figure 2 shows that the degree distribution of the China Southern airline network also proximately follows the power-law 

node degree distribution with  

( ) rP k k− ,    r=2. 
Table 1 List of a part of cities and connections over the US airline network and China Southern airline network 

City nodes in US (332 in total) 

1 2 3 4 
Wiley Post-
Will Rogers 

Mem 
Deadhorse Ralph Wien 

Memorial 
Fairbanks 

Intl 

5 118 119 332 

… Chicago 
O’hare Intl … West 

Tinian 
City nodes for the China Southern Airline (118 in total) 

1 … 7 … 

Altay … Guangzhou … 

78 79 … 118 

Beijing Shanghai … Zhuhai 

 
City connections in US (2461 in total) 

118 182 261 128 
118 152 … … 

… … 261 255 
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118 301 311 94 

255 313 … … 
City connections for the China Southern Airline (990 in 

total) 
78 3 79 4 

78 4 … … 

… … 79 1 

78 118 80 7 

79 3 … … 

Table 2 List of the cities with the top 10 highest degrees 
US airline network 

Rank City Name City ID 
Number 

Degree 

1 Chicago O'hare Intl 118 139 
2 Dallas/Fort Worth Intl 261 118 

3 The William B 
Hartsfield Atlan 

255 101 

4 Lambert-St Louis Intl 182 94 

5 Pittsburgh Intl 152 94 
6 Charlotte/Douglas Intl 230 87 
7 Stapleton Intl 166 85 
8 Minneapolis-St Paul 

Intl/Wold- 
67 78 

9 Detroit Metropolitan 
Wayne Cou 

112 70 

10 San Francisco Intl 201 68 

China Southern airline network 
Rank City Name City ID 

Number 
Degree 

1 Beijing 78 90 

2 Guangzhou 7 79 

3 Shanghai 79 73 

4 Shenzhen 86 61 

5 Chengdu 16 56 

6 Kunming 53 52 

7 Xi’an 82 48 

8 Dalian 20 48 

9 Chongqing 14 48 

10 Shenyang 80 47 

Therefore, this network is a scale-free network. As References (Pastor et al., 2001;Pastor et al., 2004) revealed, the scale-free network 
can well model the virus spreading. That the epidemic threshold tends to zero implies that a tiny source of virus is already sufficient to 
spread over the entire network. This paper is motivated by these characteristics. The aim of the immunization strategies is to eliminate the 
virus spreading. Heuristically, the medicine delivery strategy could employ the immunization method to control the virus spreading. 
Therefore, the paper develops the medicine delivery strategy over the scale-free network using the targeted immunization illustrated below. 
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Figure.2 The degree distribution of the China Southern airline network. 

3. Virus spreading model 

In general, virus infected cities are assumed to be susceptible or infected. When medical treatment is implemented on the infected 
cities, these cities can get rid of infections bit by bit. However, the population mobility is common among cities, especially among the 
metropolises. Therefore, even if the infected cities are recovered, however, they are probably infected again in a certain period. In this 
circumstance, Susceptible-Infected-Susceptible Model (SIS) can be better describe the virus spreading among cities than other virus 
spreading models. It is known that immunization strategy is used to avoid the virus further spreading. Heuristically, medical or items 
delivery strategy has the similar objectives, to control the virus spreading to some extent. Furthermore, delivery strategy can select the 
important cities or hubs to deliver goods first, then, follow the targeted immunization method to iteratively select the city nodes and 
distribute medicines. Some policy regulations guarantee that the medicines will be delivered to other areas in order to control the spreading 
further. This complies with the targeted immunization strategy. Therefore, this paper proposes a medical delivery strategy over the airline 
network both in US and China. Eventually, the paper proposes the airline network-based medicine deliver system analysis combining with 
immunization strategy based on the SIS virus spreading model. 

Lemma1: (Chen et al.,2015) The SIS model is shown below  

s

s

ds si
dt
di si i
dt

γ β

β γ

 = −

 = −


whereγS represents the probability of an ‘infected’ city being cured and becomes“susceptible” and 0<γS<1, βdenotes the probability of a city 
status changed from  ‘susceptible’ to ‘infected’ and 0<β<1. 

The epidemic threshold, λc , on heterogeneous network is derived from (Pastor et al.,2002) and shown below. 

2c
k
k

λ 〈 〉
=
〈 〉

, 

where<k> is the average degree of the node, and <k2> is the average degree of the second moment, that is,  

2

1

1 N
m
i

i
k k

N =

〈 〉 = ∑ . 

It is obvious that when <k2>approxinates ∞, λc  is close to 0 as the size of the network grows. It is also known that the scale-free 
network is a typical example of heterogeneous networks. This implies that virus can easily propagate throughout the scale-free network. In 
general, the size of the airline network is relatively stable, however, in some emergency situations such as the outbreak of the worldwide 
virus in a short period, the airline network will be enlarged. Furthermore, this paper assumes that the whole medicine delivery network also 
includes other transportation network and can grow and belong to the scale-free network as well. As presented before, the scale-free network 
is fragile. In other words, if one of the infected nodes recoveries or immunized, other nodes of the whole network will be recovered easily. 
Therefore, if the important cities are received the necessary medicine services, the whole network can be immunized easily. This can help 
human beings delivery medicine or goods soon and smoothly in order to inhibit virus spreading. 

4. Targeted immunization strategy applied in delivery systems over the airline networks

The primary motivation of developing the algorithm for medicine delivery system is to help eliminate virus spreading worldwide. It is
well known that the fundamental principle of targeted immunization is to select the important nodes to be immunized primarily in order to 
avoid the further virus spreading. Therefore, medicine delivery system can also focus on these primarily important cities over the airline 
network. However, virus itself, in general, can automatically spread over the huge network, typically, biological virus epidemics spreading 
among the exposed population group. Compared to biological virus spreading, medicines will not automatically be dispatched. Therefore, 
some regulations are drawn up in order to guarantee that medicines can be delivered to every necessary locations over the airline network or 
other methods. Then the algorithm for medicine delivery strategy is addressed in Algorithm 1 below.  

First, medicines will be delivered to the selected important cities over the airline network, which can effectively help the persons 
recovered in these areas and also suppress the contagion. Second, since population mobility probably makes the recovered cities infected 
again, the strategy will work again on second selection iteration. Third, after several iterations, medicines are delivered to all cities over the 
airline network successfully even though some of them might be infected again. 

Algorithm 1: 
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Step1:Initial network status: city nodes are located in the airline 
network. There are two states for these cities, susceptible and 
infected respectively; 
Step2: Select the important cities depending on Hyperlink-
Induced Topic Search (HITS) algorithm (Kleinberg et al.,1999; 
Ren et al.,2014; Lauretiet al.,2006; Jiang et al.,2010); 
Step 3: Deliver medicines to the selected city nodes with the 
targeted immunization probabilityγS and change their states to the 
normal; 
Step 4: Some new city nodes over the airline network probably 
are infected againwith the infection probability β due to the 
population mobility; 
Step 5:  Exclude nodes which have received medicines; 
Step 6: Turn to Step 3; else, exit. 

Even though biggest degrees are always intuitively used for the important nodes selection, they cannot provide the whole complete 
information about the node over the network. HITS algorithm can provide two values of the nodes, authorities and hubs. Hubs values reflect 
the capability of nodes in broadcast. Authority can evaluate the originality of nodes information (Lauretiet al.,2006). Therefore, these two 
factors are considered to determine the importance of the city nodes by HITS algorithm. Moreover, this paper assumes that each factor 
accounts for 50%, respectively by using HITS algorithm. Table III shows the first 10 selected city nodes by using HITS algorithm for 
importance cities selection over the US airline network and the China Southern airline network. 

Compared Table III to Table II, the first selected important cities for delivering medicines by HITS algorithm eventually cover   more 
areas than those selected by the highest degree.  

Algorithm 1 is conducted as illustrated process below. First, the initial city status, susceptible or infected as marked with blue squares 
and red dots, respectively in Figure 3 over the networks. At this time, no medicines are dispatched initially. Second, some important cities 
are selected by HITS algorithm where medicines will be delivered. After that, these areas will be recovered to the normal status marked with 
green stars in Figure 3. After several iterations for the important cities selection over the airline networks by Algorithm 1, medicines can be 
delivered to all the cities throughout the network completely. 

Figure 3 Iteration processes for the delivery system by using Algorithm 1 for US airline network when γS=0.2, β=0.8 (the infected-red dots; 
the susceptible-blue square; the normal-green star) 

Figure 3 and 4 (a)-(f) demonstrate that the medicine delivery processes over the US and China Southern airline networks by using 
Algorithm 1, respectively. This demonstrates that medicines can be efficiently delivered to the cities over the airline networks in a short 
period. City nodes shown in Figures 3 and 4 are located in a geographic position.  

Table 3 The first selected city nodes by HITS algorithm over the US and the China airline networks 
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Figure 4: Iteration processes for the delivery system by using Algorithm 1 for China Southern airline network when γS=0.2, β=0.8 (the 
infected-red dots; the susceptible-blue square; the normal-green star) 

5. Controllability Analysis of Airline Networks

Consider an airline network of N’ nodes described by the following dynamics equations: 
x x u= + A B                                                                                                      (1) 

where N'=N+m, the vector x=(x1,...xN)T represents the states of nodes of the networks, AϵRN×N is the adjacent matrix. The elements aij  of A 
denote the weight of a directed link from node j to i. aij euqals to aji for undirected networks. This paper considers the undirected network, 
and aijare 1 for the link between nodes j and i. u is the vector of controlled nodes where u=(u1, u2, ..., um)T, and B is the N×m control matrix.  
Lemma2(Yuan etal.,2013): The minimum number ND of controll nodes or drivers is determined by the maximum geometric multipllicity 
μ(λ i) of the eigenvalue λ i  of A: 

{ }max ( ) ,D ii
N µ λ=    (2) 

where μ(λ i)=dim Vλi=N-rank(λ i IN-A) and λ i  (i=1,...,l) denotes the distinct eigenvalues of A. For undirected networks, ND can be also 
determined by  the maximum algebraic multiplicity  δ(λ i) of λ i:        

{ }max ( ) .D ii
N δ λ=     (3) 

Lemma 3(Yuan etal.,2013): The measure of the controllability nDof a network can be defined as follows: 

,D
D

Nn
N

= (4) 

where N is the number of the network node states. 

(Two factors account for 50% respectively.) (Order is from left 
to right.) (10/332) US airline network 

(Two factors account for 50% respectively.) (Order is from left 
to right.) (10/118) China Southern airline network 

118 182 255 261 78 7 79 16 
Chicago 

O'hare Intl 
Lambert- 

St Louis Intl 
The William B 
Hartsfield Atlan 

Dallas/Fort 
Worth Intl 

Beijing Guangzhou Shanghai Chengdu 

152 230 176 166 86 80 53 82 
Pittsburgh  

Intll 
Charlotte/ 
Douglas Intl 

Cincinnati 
/Northern 

Kentucky I 

Stapleton 
Intl 

Shenzheng Shenyang Kunming Xian 

162 147 … … 14 15 … … 
Philadelphia 

Intl 
Newark Intl … … Chongqi Changsha … … 
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The driver nodes selection algorithm of an airline network is derived from lemmas 2 and 3 and euqation (8) in (Yuan etal.,2013). The 
objective of this algorithm is to find the minimum set of the controlled city nodes of the airline networks in order to control the whole 
network for medicine dispatch over the ailine network. 

Algorithm 2: Popov-Belevitch-Hautus rank condition is used to identify the minimum set of driver nodes of an airline network need to 
be controlled. 

, ,M
Nrank I A B Nλ − =     (5) 

Where BϵRN×m is the control matrix, and the control nodes are the important cities selected by Hyperlink-Induced Topic Search (HITS) 
algorithm shown in Algorithm 1. λM is the eigenvalue corresponding to the maximum geometric multiplicity μ(λM). The rest nodes of cities 
are the states of equation (1), N+m is the number of the city nodes over the airline network. The algorithm presented below demonstrates 
how to find the minimum set of driver nodes over the airline networks. 

Step1: Select the important cities depending on Hyperlink-
Induced Topic Search (HITS) algorithm(Kleinberg et al.,1999; 
Ren et al.,2014; Lauretiet al.,2006; Jiang et al.,2010); 
Step2: Choose m=i which means to select the first i important 
city (i=1,2...); 
Step 3: Check if equation (5) satisfies or not; 
Step 4: If not, turn to Step2, increase m;  
else, exit. 

This paper employs the important city selection methods over US and China Southern airline networks by HITS algorithm and by 
highest degree, then applies them to find the minimum set of driver nodes. Figures 5 and 6 show the minimum control nodes selection for 
US airline network and China Southern airline network by HITS algorithm and highest degree, respectively. These two figures demonstrate 
that the number of the minimum control nodes selected by highest degree is a little smaller that that selected by HITS algorithm.  The 
minimum nodes of USA airline network is 181 by HITS, then 164 nodes are selected as the minimum control nodes by highest degree. 
Similarly, the minimum control nodes of China Southern airline network is 44 selected  by HITS algorithm and 38 by highest degree. 
However, the efficiency of the medicine delivery by HITS algorithm is greater than that by highest degree. Efficiency for delivery is the 
priority issue need to be considered. Therefore, this can offset the disadvantage of the bigger minimum control nodes selected by HITS.The 
controllability analysis of the network is devoted to delivery strategy improvement. 

The measure of controllability of the US airline network using HITS algorithm and equation (4) is 0.0056, correspondingly, the 
measure of controllability of China Southern airline network by the same method is 0.0135.  

(a) nodes selection by HITS algorithm (b) nodes selection by highest degree 
Figure 5. Comparison between HITS algorithm and highest degree algorithm for the minimum control nodes selection for US airline 

network. 

(a) nodes selection by HITS algorithm (b) nodes selection by highest degree
Figure 6. Comparison between HITS algorithm and highest degree algorithm for the minimum control nodes selection for China Southern 

airline network. 
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6. Conclusion 

The paper described the network-based medicine delivery system over the airline networks. This is derived from the targeted
immunization strategy based on the SIS epidemic model. U.S and China Southern airline network analyses included city-node degrees and 
the degree distribution to verify the scale-free characteristics of these airline networks. The focus of this paper is to develop a strategy 
algorithm for medicine delivery system for selecting the important city nodes to primarily dispatch medicines. After several iterations, 
medicines are delivered to every city node. The simulations of the strategy demonstrate the efficiency of the delivery system over these 
airline networks compared to the other method. 
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Abstract: Task scheduling takes an important role in cloud computing. The result using traditional Particle Swarm Optimization (PSO) 
algorithm is local optimization. In this paper CPSO algorithm is proposed. The algorithm based on Tent mapping can achieve global 
optimization by using chaotic optimization search technique and PSO. It is implemented based on fast convergence of PSO algorithm, as 
well as, ergodictiy and randomness of chaotic algorithm. It generates initial values through chaotic assignment during the initialization of 
particles whose inertial weights are adjusted on the basis of their adaptive values. Particles with local optimum are updated using chaotic 
algorithm to achieve global optimum. Experimental results on Cloud Sim simulation platform show that CPSO algorithm is effective in 
reducing execution time of tasks, and has better real-time and optimization capabilities. 
 
Keywords: cloud computing; chaos; particle swarm optimization; self-adaption; CPSO 
 
1. Introduction 

 
Cloud computing, as a new type of computing services business model, integrated grid computing, distributed computing and parallel 

computing technologies and has become a hot research direction since it was proposed[1-2]. Cloud computing provides the infrastructure, 
platform and software services, and the tasks submitted by the users can be assigned to a reasonable scheduling virtual computing resources 
in accordance with an appropriate algorithm, after that the server sends the calculated analysis results to the user. Since there are many 
different forms of cloud computing, and in the face of many types of computing resources, service delivery efficiency varies and huge 
number of tasks are calculated, so in the “cloud” how to reasonably schedule numerous tasks to meet customer service quality requirements, 
and more efficient use of cloud computing resources has always been a focus of attention [2-3].Cloud computing task scheduling is focused 
on cloud computing, which is the main problem is how to achieve optimal scheduling policy effective scheduling of user tasks, and cloud 
computing task scheduling problem is actually an NP-hard problem [4]. Aiming at cloud computing for task scheduling issues, domestic and 
foreign scholars have done a lot of researches, presenting many cloud computing task scheduling algorithms, such as minimal minimum 
(min-Min), Sufferage algorithm , ant colony algorithm, genetic algorithm, particle swarm optimization algorithm [5-6] and so on. 

PSO algorithm is an optimization algorithm based on intelligent community, starting from random solutions, through iteration, to find 
the optimal solution, compared to the global genetic algorithm or ant colony optimization algorithm, PSO optimization algorithm has a few 
parameters to set and achieve easily, high accuracy, and quicker convergence while in solving cloud computing task scheduling problem has 
a natural advantage[7-8].But like some other intelligent optimization algorithms,PSO algorithm is also prone to premature convergence 
falling into local optimum. In order to overcome the defect of traditional PSO algorithm easy to fall into local optimal solution,this paper 
researches on how to make full use of the “cloud” resources to make them efficient and reasonable task scheduling using random 
characteristics and stability of the cloud model, on the basis of the traditional PSO optimization algorithmthe self-adaptive scheduling 
algorithm is proposed based on CPSO cloud model,using chaotic variables to optimize the position and velocity of the particle andevery 
chaos search range adaptive adjustment method and from the current population to choose the best part of the particles of chaotic 
optimization[9].The simulation results show that the algorithm can better overcome the traditional PSO easy to fall into local minima and 
“premature” phenomenon, can effectively reduce the execution time of the system process scheduling problem and the total time of the task 
to improve the cloud computing task scheduling the efficiency and has a certain feasibility and superiority[10]. 

 
2. Task Scheduling Modelin Cloud Computing 

 
Currently, most cloud computing platforms use Google submitted Map / Reduce programming model for distributed computing [11], 

which is a parallel programming architecture for large data sets, Map and Reduce divided into two stages, the implementation will divide a 
large task into multiple smaller sub-tasks to be executed in paralleln computer, and then return to merge parallel results and obtained final 
result of the operation. 

The total execution time of task scheduling cloud computing environment is based on the task as a starting point, based on a certain 
task scheduling strategy, multiple independent tasks in the most reasonable solution to the distribution of the available computing resources, 
so that the shortest span of tasks simultaneously make full use of existing resources. So cloud computing task scheduling algorithm directly 
affects the task execution efficiency, thus affecting the entire cloud performance and user satisfaction. According to the characteristics of 
cloud computing task scheduling, mathematical parameters of the model are defined as follows: G = (T, R, F, P) 

Where, T = {T1, T2, ..., Tn} represents the task model, consisting of n independent tasks; R = {R1, R2, ..., Rm} m is represented by 
high-performance computing resources it can be used to perform the task of composition computing resource model, where m <n; F 
represents cloud computing objective function of resource allocation and task scheduling; P is scheduling policy. It defines more than one 
task scheduling model, using the n × m of  matrix to describe the times of the various computing resources task queue run to complete 
required, which  (i, j) represents the implementation of i-th task on the j-th computing resources time needed. 

Suppose j-th resource allocation on the number of subtasks is N, the time to complete all sub-task execution on the resource j required 
to: 

 
                                                                             (1) 

 
The total time to complete all tasks can be obtained as follows: 
 

                                                                                 (2) 
 

The average completion time of the task 
 

                                                                                          (3) 
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3. Particle swarm optimization algorithm 

 
Particle swarm optimization algorithm [10] is presented by Kennedy and Eberhart inspired by the regularity of birds cluster activities 

proposed in 1995, an global optimization evolutionary algorithm to allocate resources through the value of the objective function fitness. 
Since the algorithm is simple and easy to implement and not too many parameters need to be adjusted, thus solving the traditional PSO 
algorithm can get better results when solving this massive cloud computing task scheduling, real-time problems. 

PSO with similar genetic algorithm is an iterative optimization algorithm. Traditional PSO algorithm, each particle represents a feasible 
solution, and each particle has an initial position and speed of the particles depends on the extent of the merits of pending optimization 
objective function to determine the fitness value. Initialize the system for a group of random solutions, through iterative search following the 
current optimum particles in the solution space to find the optimal value. In each iteration, the particles through track two “extreme value” to 
update themselves, one of which is the particle itself finds the optimal solution, that individual extreme pb, the other is to find the optimal 
solution for the entire population at present, That global extreme gb. After finding the two best value, particle velocity and to update their 
new location according to the following formula: 

 

                                    (4) 
                                                                      (5) 

 
Where, is the velocity of the particles, x is the position of the particle, c1 and c2 are acceleration factor; r1 and r2 are [0,1] random 

number; v is the inertia weight. 
 

4. Self-Adaptive CPSO Algorithm 
 
4.1 CPSO Algorithm 

 
Chaos is present in a non-linear system, random movement phenomenon and chaos optimization algorithm basic idea is to map 

variables from chaos chaotic space to the solution space since the chaotic variables ergodicity, randomness and regularity of features, chaos 
variable optimization search algorithm can accelerate the search speed and avoid falling into local optimal algorithm to improve the search 
algorithm. 

Standard PSO algorithm is an intelligent optimization algorithm is simple and efficient, but because of the randomness of the algorithm 
is large, there are still many imperfections, such as prone to premature convergence, local optimum value and other issues. To compensate 
for the shortcomings of traditional PSO algorithm, this article will introduce the idea of chaos particle swarm optimization algorithm, Chaos 
particle swarm optimization algorithm. 

When initialization algorithm chaos assignments of the PSO is initialized, the search process will be chaos in the algorithm to expand 
the scope of the range of optimization variables, and take full advantage of fast convergence of PSO and chaotic motion ergodicity, 
randomness and regularity of the advantages of the population in the worst position of the individual particles of chaotic optimization to 
improve the traditional particle swarm optimization convergence speed and efficiency. Different chaotic mapping equation has a great 
influence on the chaos optimization process, the literature [12] By comparison, compared Logistic mapping Tent map has a faster speed of 
iteration traversal uniformity, so this paper Tent map as chaotic optimization model, its expression is: 

 

                                                                                 (6) 
 
The basic idea of the proposed chaos particle swarm based on Tent Mapping (CPSO) algorithm is: When the PSO algorithm premature 

convergence, the introduction of chaotic Tent map chaotic global optimal particle search, by changing the position of the individual particles 
update strategy boot particle group a certain number of chaotic update, so they can quickly escape from local optima. When the algorithm 
premature convergence when using the formula (7) to the position variable is updated: 

 
                                                                         (7) 

 
4.2 Self-Adaptive Inertia Weight 

 
Bad and parameters inertia weight PSO algorithm performance weight  values are closely related, the smaller the value of  is 

conducive to local search, and get a more accurate solution, but the search is not easy to jump out of local extreme point, contrary ,  value 
of more conducive to global search, but difficult to get an accurate solution. In this regard, in order to strengthen the algorithm balance 
between global and local search, this paper CPSO optimization algorithm is proposed based on particle individual fitness self-adaptive 
inertia weight: 

 

                                                                       (8) 
 
Wherein  inertia weight maximum,  minimum inertia weight,  is the current iteration number, G is the maximum number 

of iterations. It is seen by the formula (8) to calculate the weight of each particle inertia weight coefficient for each chaotic search range self-
adaptive adjustment method, at the beginning of the algorithm  whichever is greater, so the algorithm has strong global search capability; 
the algorithm late  smaller value is used to improve the local search ability of the algorithm. 

 
4.3 Fitness function selection 

 
In the PSO algorithm to adapt selected function is very important to find the fitness function directly affects the convergence speed 

and the optimal solution, the greater the fitness value indicates the corresponding particle the better the quality. Cloud computing task 
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scheduling goal is always the shortest time to complete the task, defined herein as the total time to complete the task according to the fitness 
function: 

                                                                                                     (9) 
In this paper, the genetic algorithm similar ideological choice, preferred to adapt to high particle. By the formula (9) shows that the 

total time to complete the task the smaller particles, the larger the fitness value, the more likely to be selected. 
 

4.4 Algorithm process 
 
This article applied thought for chaos optimization particle swarm optimization, combined with dynamic inertia weight factor, anself-

adaptive Chaos Particle Swarm Optimization Algorithm. Of particles based on variables, assignments of chaos when using the position of 
the particles in the initial particle group, formed on the particle generation CHAOS chaotic sequence, in order to replace the original 
particles, the particles improve performance. At initialization algorithm particle position assignments of a series of chaotic initial solution, 
preferentially selected from the initial population, diversity and improve particle swarm particle ergodicity search; secondly PSO process, 
according to each individual particle the fitness value adaptively adjust its inertia weight PSO chaotic update individual position to help 
them out of local extreme range, improve the convergence speed and accuracy. 

Specific steps are as follows: 
1) The use of Chaos theory to generate the initial population. Chaotic optimization randomness, ergodicity characteristic of PSO chaos 

initialization, choose the best from particles as primary particles, the primary particles to ensure that under the premise of random evenly 
distributed as possible. 

2) Chaos initialize the position and velocity of each particle, particle swarm calculate fitness value according to formula (9). 
3) According to equation (8) to adjust the self-adaptive inertia weight particle weight. 
4) For the fitness value of each particle of the original and individual extreme pb global extreme gb comparison, if the fitness value of 

particles than pb, then as a current personal best; if the particle fitness value superior gb, it is treated as the current global extreme points. 
5) For each particle, the speed according to equation (4), according to equation (5) and (7) Update Location. 
6) Depending on the size fitness value to choose the optimal m particles before its chaotic optimization. The gb (i) (i = 1,2 ... m) are 

mapped to the domain of definition Tent equation [0,1], then iterate production. Health chaotic variable sequence  and then 
the chaotic sequence mapped by the inverse return of the original solution space to obtain the original solution space for each feasible 
solution calculate the fitness value, resulting in better performance m a feasible solution . 

7) replace the current population to adapt to the position value in accordance with the worst sort of m particles.  
8) determine whether the stopping condition is met, if the search is stopped, the output of the global best, otherwise 4). 
 

5. Experimental Results and Analysis 
 
To test the effectiveness of the proposed algorithm, developed by the University of Melbourne using cloud simulation platform 

CloudSim [13] to simulate the local environment of a cloud, under the same experimental conditions, the traditional PSO algorithm and the 
proposed algorithm is simulated cloud computing environment comparative experiments, respectively, from the convergence of two and 
task completion time performance of the algorithm were compared. 

 
5.1 Convergence Comparison Algorithm 

 
In the cloud computing resources as the number 10, the number of scheduled tasks for the next 100 environment, consistent with the 

basic parameters set, on the convergence of PSO algorithm and basic scheduling program simulation experiments, convergence curve shown 
in Figure 1. 

 
Figure. 1 Convergence Curve Before and After Improved Algorithm. 

Figure 1 shows that in terms of basic PSO algorithm compared to the convergence rate of the proposed method was superior to the 
basic PSO, and priority than the basic PSO algorithm to achieve the optimal solution. This is because in an iterative process, because this 
method is introduced to the basic mechanism of chaotic particle swarm chaotic disturbance and avoid falling into local optimum particles, 
and the use of inertia weight dynamic self-adaptive mechanism in order to improve the iteration algorithm optimization ability. 

 
5.2 Comparison of the Completion Time of Total Task 

 
Taking into account the dynamic nature of cloud environments task characteristics, respectively 10 analog computing resources, two 

types of test environment 50 sub-tasks and 10 computational resources, 500 sub-tasks, the performance of the basic PSO algorithm and the 
proposed algorithm were compared experiments. Two algorithms were run 100 times, and 100 times the average results of the experiments 
as the final results of the test. According to the literature [14] parameter adjustment principle, set the basic parameters of the two algorithms, 
as shown in Table 1: 

Table 1 Main Parameters Settings 

Algorithms Population 
size 

Maximum iteration 
number G   

Inertia weight 
V 

Acceleration factor C1, 
C2 
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PSO Algorithm 300 200 0.9 2 

Proposed 
Algorithm 300 200 0.9 0.3 2 

In the same situation to set the basic parameters, respectively after 200 iterations, compared to the results of the two scheduling 
algorithms in Figures 2 and 3 below. 

Figure. 2  Less Tasks, the Completion Time of Total Task Compared Between the Two Algorithms. 

Figure .3 More Tasks, the Completion Time of Total Task Compared Between the Two Algorithms. 
As can be seen from Figures 2 and 3, the basic algorithm of PSO and the total time to complete the task early iterations or less, with the 

increase of the number of iterations, the two algorithms completion time of total task are constantly decreasing . In contrast, since the basic 
PSO algorithm is only concerned about the overall task completion time, early in the iterative convergence speed, but in the running because 
they failed to escape from local optima and the emergence of premature convergence, premature local convergence task scheduling result. 
Therefore, using the basic PSO optimization of scheduling effect, the initial iteration more obvious, but with the increase in the number of 
iterations, and explore the lack of capacity to quickly explore after local optima no longer bounce in the early evolution. The algorithm will 
be introduced into the basic mechanisms of chaos PSO algorithm in an iterative process constantly optimize the scheduling result, 2 and 3 
can be seen in the comparison chart, when the number of jobs to 100, use of this algorithm is significantly better overall task completion 
time using basic PSO algorithm scheduling completion time of total task, and the convergence speed is faster than the traditional PSO 
scheduling algorithm. 

5.3 Comparison Average time to complete the task 

In order to verify and evaluate the performance of the algorithm, the algorithm and improved genetic algorithm (GA), improved ant 
colony algorithm (ACO) [15] were compared. Set computing resource nodes is 10, the number of sub-tasks to be scheduled for the 100, in 
the same experimental environment, three algorithms were tested after 100 iterations times to get the average task completion time, 
compared to the results shown in Figure 4. 

Figure 4. Comparison and Contrast of Average Time of the Task Completion 
As can be seen from Figure 4, CPSO algorithm in this paper, in combination with the rapid convergence of PSO optimization and the 

ergodicity and stochastic characteristics of the chaos optimization algorithm, can effectively reduce the probability of falling into local 
minimum, in an iterative process reflect the balance exploration and development capabilities and assume three scheduling algorithms in the 
optimal scheduling result. Throughout the iterative process, the initial iterative optimization effect of ACO algorithm is obvious, but in the 
latter part of the iterative optimization effect is weakened, the average task completion time is greater than the genetic algorithm and the 
proposed algorithm, the scheduling effect relatively poor. GA algorithm optimization capabilities throughout the iterative process are more 
balanced, but convergence is relatively slow. Therefore, whether the average time of completing the task or the speed of convergence, the 
CPSO algorithm proposed here is superior to ACO and GA algorithms. 

6. Conclusion 

Aiming at the defects of slow convergence and insufficient resource utilization as well as advantages of the use of less control
parameters PSO algorithm, easy to implement and simple calculation existing in cloud computing for the current task scheduling algorithm, 



Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016     13.5 
© 2016 DEStech Publications, Inc. 

doi:10.12783/issn.1544-8053/13/6/13 

we propose the task scheduling based on chaos particle swarm optimization algorithm in cloud computing environment. PSO algorithm is 
introduced in the chaotic search using chaos assignments of the initial population and the self-adaptive search range inertia weight control 
particles, making the particles adaptively search. The contrast experiment shows that the proposed self-adaptive CPSO algorithm based on 
Tent mapping has effectively solved the easily “premature” problems of the standard PSO algorithm, improved the matching degree 
between tasks and resources, effectively reduced the completion time of the overall task, and can effectively solve the task scheduling 
problems in the cloud computing environment with better optimization capability. 
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Abstract: Online group buying is a new form of e-business model, the lack of user stickiness is a critical issue for the development of the 
online group buying. Drawing on Expectation Confirmation Model and Technology Acceptance Model, we propose a research model on 
customers’ continuous intention, which is examined with the data collected from users on the online group buying platforms. Our findings 
suggest the importance of perceived value, expectation confirmation, subjective norm and satisfaction on customers’ continuous intention of 
online group buying. Furthermore, we examine the theoretical extension of Expectation Confirmation Model. Finally, implications for 
theory and practice are discussed. 

Keywords: online Group Buying; perceived value; expectation confirmation model; continuous intention 

1. Introduction 

As an emerging business model, Online Group Buying (OGB) is prosperous with the development of internet. OGB aggregates the
purchasing power of the individual buyers to obtain lower prices. Simultaneously, OGB also attracts the sellers, for they could lower the 
channel costs [1]. In addition, some localized OGB can provide geographically centered customers with stylized local merchants [2]. OGB 
seemed as a triple-win business model and gained interests from the market. However, the numbers of the known OGB websites has shrunk 
sharply in 2015, from the peaked 5000 to no more than 100 in 2015 [3]. High density competition may be one of the reasons for decreasing 
of the OBG websites. However, researchers have indicated that the most critical factor is that the customers have low loyalty degree [4]. 
Low loyalty degree lead to customer lost and has been deemed one of the most critical threaten to the OBG. The continuous usage of the 
OBG website is the critical factors of an OBG website. 

Existing literature on OGB are focusing on the profit model, price mechanism and initial adoption study [5]. Though continuous 
adoptions and usages have been investigated extensively in marketing and information technology adoption area, little research has been 
done in OGB. Differences in business models and customers make the OGB a different research object. Its reasonable there are differences 
in antecedents that leading to continuous usage. 

In this paper, we employ expectation confirmation model (ECM), combined with technology acceptance model to investigate the OGM 
continuous usage behavior. 

2. Material and Methods 

2.1Theoretical background review 

2.1.1OGB and Continuous Usage 

OGB is developed with the Internet diffusion.  Current studies about the OGB are focusing on two streams. The first one is about the 
efficacy of the OGB business model. As one of the earliest researcher on OGB, Kauffman indicates that price, cycle time and the externality 
of the requirement are the three critical success factors that OGB takes its effect [1]. Chen and Kauffman find that the OGB is far more 
effective in low price merchants than high price merchants [6]. The second stream is focusing on the price mechanism in OGB. Chen makes 
a comparison on the fix price mechanism and bidding price mechanisms in OGB [7]. Though quantities research has evolve with the 
prosperity of OGB, little research has been done in continuous usage [8]. 

Bhattacherjee divided the individual usage or adoption of information technologies into two stages [9]. The first stage is the initial 
usage; the second is the continuous usage. Bhattacherjee indicated that the continuance usage is critical to the success of the on-line firms, 
though initial adoption is also very important. Based on the aforementioned literature, we divided the usage of OGB into two stages. The 
first stage is the first time adoption of OGB in a specific group buying website. The second stage is the continuous participation of group 
buying in this specific website. Expectation confirmation theory and Technology acceptance model (TAM) have been used extensively in 
information technology continuous usage model.  

2.1.2ECM and TAM in information technology adoption research 

ECM is brought out by Oliver in researching the customer satisfaction and post buying behavior in customer research field [10]. In the 
information systems research field, Bhattacherjee makes an extension on the ECM by combing ECM with TAM to invest the information 
technology continuous usage behavior. This extended ECM also known as the ECM in IS context.  

TAM is brought up by Davis in 1989 [11]. TAM indicates that the information technology usage behavior is influenced by the 
intentions or attitude; and the individual intentions and attitudes are influence by perceived usefulness and perceived ease of use.  TAM is 
one of the most popularly cited models in technology usage research.  

Several similarities exists between ECM and TAM. Both models take personal cognition as one of the important factors. In addition, 
both models reveal the effectiveness of the cognitive-intention-behavior logic chain [9]. But ECM is different from TAM from the following 
3 aspects. First, the ECM focusing on the continuous usage behavior while TAM has no explicit phase preference. Second, expectation and 
confirmation are customized for the post adoption behavior. ECM is more suitable for investigation the continuous usage. 

2.2Method 

2.2.1Research model 

Based on ECM, our model combines the theory of reasoned action and technology acceptance model to investigate the OGB 
continuance.  

Perceived value 
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Zeithaml defines the perceived value as “the consumer’s overall assessment of a product based on perceptions of what is received and 
what is given” [12]. Perceived value is important to the satisfaction and rebuy intentions [13]. As to OGB, we can reasonable deduct that the 
perceived value is influence the satisfactory and continuous usage. 

Perceived price 
Perceived price is the cost can be measure buy money when buying or usage a product or service [14]. The decision whether or not 

continuously participation in an OGB are partially influence by the perceived cost the customers have paid. Though can be sometimes 
measure by the money who paid, in most of the circumstances, the price is subject to the customer’s perceptions. Zeithaml’s research also 
reveals that it’s the customer’s perceived price other than the seller’s price that influence the customer’s buying intention [16].   

Perceived ease of use 
Perceived ease of use is the degree to which a customer believe that using OBG is free of effort. Perceived ease of use is one of the two 

important antecedents in TAM. Perceived ease of use has been investigated extensively in technology adoption and continuous usage. Hsieh 
and Wang [15] finds that the perceived ease of use is the most important antecedents among all the factors.   

Subjective norm 
Subjective norm is an essential components of theory of planned behavior [16, 17]. Subjective norm concerns the social environments 

when individual making decisions. The subjective norm is the beliefs about the expectation of important referent others. Subjective norms 
influence the behavior intentions for individuals are always in specific social situations [17]. 

In summary, based on ECM, combined with TAM and TPB, the research model we developed to investigate the OGB is illustrated in 
figure 1. 

Figure. 1 Research model. 
2.2.2Hypothesis Development 

The Expectation Confirmation Model is the theoretical basic model of our study. After proposing the ECM model, by using the data 
from the surveys which is about the continuous usage of online banks, Bhattacherjee verified the original hypothesis and demonstrated that 
the model can also be used in the network environment [9]. 

Besides, as analyzed in the previous section, quite a number of literatures studied the causes and effects of the perceived value. Most of 
these studies verified that perceived value has a positive impact on satisfaction and behavioral intention. The results of the studies show that 
previous satisfaction and previous perceived value are important reference factors of the intention to revisit. 

In the online group buying, individual consumer has to search goods or services, pay the price, use commodities and receive service by 
himself. The cost, physical strength and utility perceived by the consumer in the actual consumption all have impacts on the later 
continuance intention. Therefore, we combine the original hypothesis of the ECM and analysis of perceived value. And put forward the 
following assumptions: 

H1: In the online group buying, consumer’s extent of expected confirmation is positively associated with their perceived value. 
H2: In the online group buying, consumer’s perceived value is positively associated with their level of satisfaction. 
H3: In the online group buying, consumer’s perceived value is positively associated with their continuous usage of online group buying. 
H4: In the online group buying, consumer’s extent of expected confirmation is positively associated with their level of satisfaction. 
H5: In the online group buying, consumer’s level of satisfaction is positively associated with their continuous usage. 
According to the Technology Acceptance Model (TAM) introduced by Davis, user’s perceived ease of use has a positive effect on their 

perceived usefulness. Davis thought the perceived ease of use affect user’s attitude through the perceived usefulness which act as the 
intermediary variable. Via the perceived usefulness, perceived ease of use positively affect user’s attitude and behavioral intention. And this 
kind of affect is indirect [11]. Learn from the above literature and combine the characteristics of online group buying. We think that 
consumer’s continuance intention of online group buying won’t be generated directly because of the ease of use. The perceived usefulness, 
which act as the intermediary variable, affect the satisfaction and continuance intention indirectly. Based on the analysis above, we put 
forward the following assumptions: 

H6: In the online group buying, consumer’s perceived ease of use is positively associated with their perceived usefulness. 
In the value theory, perceived value is divided into perceived gain and perceived loss. Before decide to purchase or use the product or 

service, consumer will compare the gain with the loss consciously. Consumer will reject the product or service, when the perceived gain 
exceed the loss [18]. In the online group buying, the money paid thus perceived price is the key component of consumer’s perceived loss. 
Perceived ease of use and perceived usefulness are the key components of perceived gain [19]. Besides, most of the scholars treat the 
perceived value as the measurement for cost and utility [12]. In conclusion, we think perceived price, perceived ease of use and perceived 
usefulness are the prior variables of perceived value. Based on the analysis above, we put forward the following assumptions: 

H7: In the online group buying, consumer’s perceived price is negatively associated with their perceived value. 
H8: In the online group buying, consumer’s perceived ease of use is positively associated with their perceived value. 
H9: In the online group buying, consumer’s perceived usefulness is positively associated with their perceived value. 
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The online group buying is a new kind of e-commerce model. The consumer are not familiar with it. When consumer can’t trust in 
online group buying fully, the participant uncertainty increases. This lead to consumer are likely to get information from their families or 
friends, and then to form their subjective impression based on the information they get. Therefore, when people around them experienced a 
successful online group buying, affected by the subject norm consumer will like to participate in group buying too. Based on the analysis 
above, we put forward the following assumptions: 

H10: In the online group buying, consumer’s subject norm is positively associated with their level of satisfaction. 
H11: In the online group buying, consumer’s subject norm is positively associated with continuous usage. 

3. Result 

3.1 Data Collection 

This study mainly adopt empirical research approach. First, the key variables in our research model are the latent variables that can’t be 
measured directly. We adopt the measure metrics that are of 5-point Likert type to measure the key variables. All the scales are based on the 
existing literature (please see the appendix). Before sending the questionnaires, we have our questionnaire checked and modified by some 
scholars who are in the field of e-commerce to ensure the validity of the content. 

Data collection is mainly depend on the method of questionnaire. Considering the purpose of this study, we target our study group to 
the consumers who have browsed the group-buying website, paying attention to the information about group-buying and participated in the 
online group buying. Specifically, we have based on two principles when choosing the samples. Most of our samples are the white-collar 
workers who work in large companies in Shanghai. In this survey, 253 questionnaires were sent out, 227 were valid. The valid response rate 
is 89.72%. 

3.2 Data Analysis 

This study uses SPSS17.0 and LISRAL8.8 two kinds of data analysis tools to analyze the collected data. Through the principal 
component analysis of SPSS, we improved and evaluated our model. Some measure metrics, which have low load factor or cross load factor, 
were deleted. The measure metrics we got finally and the relevant important information about measurement model were listed in table 1. 
All the numerical values of Cronbach’s Alpha that is the main measurement index for reliability of our model outnumber 0.70, which means 
the model have reached a high internal reliability[20]. Convergent validity of the variables can be confirmed by testing the load factors of 
the measure metrics. By checking the load factor (all of the numerical values outnumber .60) and the average variance extracted (all of the 
numerical values outnumber .50), we can ascertain that the relevant variable has a high convergent validity. The variable covariance analysis 
in the table 2 indicate that the discriminant validity between variables is also high. 

Table 1 Convergent Validity and Factor Loadings 

Constructs # of 
items 

Cronbach’s 
Alpha AVE Std loadings 

Perceived Usefulness 3 0.71 0.74 PU1 (0.915) PU2 (0.830) RC3 (0.788) 

Perceived Ease of Use 5 0.82 0.78 PEU1 (0.923) PEU 2 (0.831) PEU 3 (0.764) PEU 4 
(0.759) PEU 5 (0.634) 

Expectation Confirmation 5 0.84 0.79 C1 (0.878) C2 (0.844) C3 (0.816) C4 (0.770) C4 
(0.556) 

Subject Norm 4 0.75 0.67 SN1 (0.820) SN2 (0.796) SN3 (0.754) SN4 (0.655) 
Perceived Value 3 0.76 0.72 PV1 (0.894) PV2 (0.873) PV3 (0.685) 
Perceived Price 3 0.92 0.86 PP1 (0.958) PP2 (0.918) PP3 (0.905) 

Satisfaction 4 0.92 0.83 S1  (0.931)  S2 (0.923) S3 (0.877) S4 (0.890) 
Continuance Intention 4 0.82 0.76 CI1(0.925)  CI2 (0.860) CI3 (0.816) CI4 (0.628) 

Table 2 Covariance Matrix and Discriminant Validity of Measurement Model 
1 2 3 4 5 6 7 8 

Perceived Usefulness 1 1.00  
Perceived Ease of Use 2 0.65  1.00  

Expectation Confirmation 3 0.50  0.45  1.00  
Subject Norm 4 0.46  0.52  0.46  1.00  

Perceived Value 5 0.42  0.47  0.38  0.36  1.00  
Perceived Price 6 0.35  0.37  0.42  0.37  0.58  1.00  

Satisfaction 7 0.43  0.45  0.53  0.52  0.34  0.47  1.00  
Continuance Intention 8 0.35  0.44  0.48  0.46  0.37  0.36  0.54  1.00  

The result of path analysis is shown in figure 2. Perceived value, level of satisfaction and subject norm have significant impacts on 
continuance intention, respectively are perceived value (β = 0.31, P < 0.01), level of satisfaction: (β = 0.56, P < 0.01) and subject norm (β = 
0.15, P < 0.05). For further analysis, extent of expected confirmation has a significant effect on perceived value (β = 0.41, P < 0.01) and 
level of satisfaction (β = 0.43, P < 0.01), which is conform to the hypothesis of the classical expectation confirmation theory. Perceived 
price (β = 0.51, P < 0.05), perceived ease of use (β = 0.24, P < 0.01) and perceived usefulness (β = 0.60, P < 0.01) have a significant effect 
on perceived value. Perceived ease of use doesn’t have a significant effect on perceived usefulness (β = 0.29, P > 0.10), for which the reason 
may be that our samples are focused on the white-collar workers in big companies. This group of people has a distinguishing feature, which 
is they are sensitive to technology and easy to learn new things. So perceived ease of use is not the factor that affect their perceived 
usefulness for online group buying. Therefore, other hypotheses are supported besides H4 and H10. The model can explain the factors that 
affect continuous usage to a large extend. 
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Figure. 2 Model and Results for Path Analysis (* p ＜0.05, ** p＜0.01) 
4. Discussion 

Based on the analysis above, this study mainly has three findings. Firstly, this study verify that perceived value has positive effect on
consumer’s behavioral intention. On one hand, perceived value affects continuance intention directly. On the other hand, consumer’s level 
of satisfaction affects their continuance intention indirectly. Hence, group-buying websites have to realize that products and services are the 
foremost factor that can retain consumers no matter how well is the marketing method or approach. Online group-buying websites have to 
make their consumers felt that through the group buying they can get the goods they need without spending too much time or effort, goods 
or services provided on the websites are cost-effective and the group-buying websites can replace other online shopping channel or physical 
shops to some extending. 

Furthermore, the results show that subject norm has significant effect on continuance intention and insignificant effect on the level of 
satisfaction. The consumers take part in the online group buying are mainly young people. They like communicating and sharing with other 
people. Thus they are more likely to be influenced by their friends and colleagues. When the people around them take part in the online 
group buying and give a good evaluation, the consumers will have a good impression on the new shopping mode, which will prompt them to 
participate in. On the contrary, if the people around them do not recognize this kind of shopping mode or have experienced an unsatisfactory 
online group buying, the consumers will grow resistance too. Therefore, marketers need to pay attention to the communication after sales. 
Namely the so-called word-of-mouth effect. Only attach great importance to the existing consumers’ satisfaction, the websites can attract 
more and more potential consumers. 

Finally, this study verify and confirm that the level of satisfaction and expectation confirmation have a great effect on consumer’s 
continuance intention, the overall influence coefficients in the final model are 0.56 and 0.47 respectively. The consumers will have an initial 
expectation when they pay attention to group-buying information and find the group buying program they are interested in. They will adjust 
their initial expectation when the activity finished, and form their level of satisfaction. If the consumer’s level of satisfaction is low, he will 
give up the group buying mode and use other channels to purchase the products they need. Therefore, if the group buying websites want to 
retain consumers’ enthusiasm for the group buying, they have to take efforts to increase consumers’ level of satisfaction and conformity of 
positive expectation. 

5. Conclusion 

For this new emerging e-commerce model, this paper conducts an empirical study on the customers’ continuous intention of online
group buying. We imported the reasonable variables such as the perceived ease of use and subject norm from the technology acceptance 
model and theory of planned behavior. And we bring into the perceived value and perceived price to build the Online Group Buying 
Continuous Usage Model. This study reveals the factors that affect the consumer’s continuous usage of online group buying, and the way 
they work. This study not only make a useful supplement to the existing studies about group buying, but also make an extension to the 
Expectation Confirmation Theory. This study have significance and value both in the theory and practice. 

On the basis of the model and the conclusion of this study, we can choose some group buying websites to do relevant experiment and 
study to enhance the explanatory power of the model furthermore. That’s the direction that needs special attention for future investigations. 
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Perceived Ease of Use 
PEU1 
PEU2 
PEU3 
PEU4 
PEU5 

Using the online group buying website is easy for me 

I don’t find the process for online group buying troublesome. 

To become familiar with the online group buying is easy. 
Expectation Confirmation 
EC1 
EC2 
EC3 
EC4 
EC5 

The harvest I get from the online group buying is bigger than I expected. 
The good or services offered by the online group buying is more than I expected. 
The goods or services offered by the online group buying is better than I expected. 
In summary, my expectations for online group buying are all realized. 
The whole process to participate in the online group buying is better than I expected. 

Subject Norm 
SN1 
SN2 
SN3 
SN4 

My relatives and friends think online group buying is good. 
If all the people around me have participated in the online group buying except me, I will feel 
uncomfortable. 
My relatives and friends have recommended online group buying to me. 
My relatives and friends recognize my participation in the online group buying. 

Perceived Value 
PV1 
PV2 
PV3 

Participation in the online group buying is good value for money. 
I gain great benefits from online group buying, combining the time, energy and money I cost. 
In general, the online group buying has a good cost performance. 

Perceived Price 
PP1 
PP2 
PP3 

The price for the goods or services from the online group buying is reasonable. 
For the same kind of goods or services, the price we get from online group buying is more cost-
effective than from other channels. 
I can accept the cost that needed to participate in the online group buying. 

Satisfaction 
S1 
S2 
S3 
S4 

Participation in the online group buying make me feel satisfied. 
Participation in the online group buying make me feel comfortable. 
Participation in the online group buying make me have a sense of achievement. 
Participation in the online group buying make me feel happy. 

Continuance Intention 
CI1 
CI2 
CI3 
CI4 

I am going to participate in the online group buying in the future. 
If possible, I would like to browse the online group buying websites frequently. 
I would like to recommend my friends and relatives to participate in the online group buying. 
I do not regret to participate in the online group buying. 



Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016     15.1 
© 2016 DEStech Publications, Inc. 

doi:10.12783/issn.1544-8053/13/6/15 

Empirical Analysis for E-commerce scale and Economic development of Zhejiang Province 

Songyan Zhang 

School of Economics and Management, Zhejiang University of Science and Technology, Hangzhou, China 

Abstract: Electronic commerce has broken the boundaries of time and space, and it is a great change in the traditional business form, and it 
is now playing a more and more important role in our country's economy. This paper studies the influence of the e-commerce scale in 
Zhejiang Province on economic growth. We select the four main factors affecting the scale of e-commerce: the number of online shopping, 
the freight business, telecommunications and other information transmission industry employment, information transmission and computer 
software industry practitioners average wage. The empirical analysis about the economic growth and the e-commerce scale by Eviews 
proves that there is a long-term stable equilibrium relationship between variables. 

Keywords: electricity business scale; gross national product; empirical analysis 

1. Introduction 

With the close fitting of the network and human life, the role and influence of the network can not be ignored, The development and
maturity of network media personalization, prompting people to pay more and more attention to the market of online marketing. And 
electronic commerce, as a new form of online marketing, has begun to pay more and more attention to the people. E-commerce is a wide 
range of business activities around the world, In the Internet, open network environment, based on Browser server application, the sale of 
both sides are not met for various business activities. Realization of online shopping, merchants consumers between online transactions and 
online electronic payment and a variety of business activities, trading activities, financial activities and related comprehensive service 
activities of a new business model. 

Annual monitoring report of China online shopping industry in 2015: In 2014, China's online shopping transaction size reached, up 
47.4%, total retail sales of social consumer goods in the annual penetration rate for the first time exceeded 10%. 2014, the size of China's 
online shopping users to reach the number of people, the Internet penetration rate of 55.7%.The size of Mobile shopping transaction is 
9046.6 Billion Yuan, In the online shopping market accounted for 33.7%,increased more than 19.2 percentage points in 2013. This is 
consistent with the growth trend of China's residents' income. 

According to the theory of economics and e-commerce characteristics, we believe that the number of online shopping, the freight 
business, telecommunications and other information transmission industry employment, information transmission and computer software 
industry practitioners average wage will be the size of the impact of e-commerce. The scale of e-commerce in Zhejiang province has a 
certain impact on the economic growth of Zhejiang province. Below we will be the influence factor of the electronic commerce scale as the 
independent variable, the Zhejiang province year GDP total amount is the dependent variable, carries on the econometric analysis to the 
electricity supplier scale region economy of Zhejiang province. Facing the development of electronic commerce promote industrial economy 
transformation and rapid economic development reality, analysis electronic commerce the related factors on economic growth, and to 
explore a way to improve the size of the electronic commerce feasible path. 

2. Empirical analysis 

2.1Variables and data selection:  

In order to fully and accurately reflect the factors affecting E-commerce scale, In this paper, on the basis of available data， we select 
the number of online shopping (unit :10000 people)(X1), electricity business volume (unit: million tons)(X2), telecommunications and other 
information transmission industry employment (unit:10000 people)(X3), information transmission and computer software industry 
practitioners average wage (unit: yuan)(X4), study the equilibrium relationship of e-commerce scale and economic development using the 
time series model, establish a long-term equilibrium equation and error correction model, all date are from 《 Zhejiang Statistical 
Yearbook》 (2015). 

We selected the total amount of GDP in Zhejiang province (unit:100 million yuan)(Y) from 2003 to 2015. 

2.2Regression models and equations: 

Through analyzing the data, we establish a relationship among the five as following: 
        Y = β0 + β1*X1 + β2*X2 + β3*X3 + β4*X4 + μ 

Using Eviews software, we obtained the following results(equation 2-1): 

Y= -9530.969 + 2.8250 X1 + 0.0835 X2 +235.9500 X3 +0.4342 X4 
  (3269.667) .（106567)     （   0   .0  39       49   ）   （   6   4   5.   4   80   2）       (0                                                     （2 -1） t 
= (-2.915)   (4.3016)    (2.3948)    (0.3655)     (2.9040) 

R2=0.997672       F=749.9674 
Here, symbols of each parameter is consistent the economic theory. Adjusted R-squared equals 0.997672, so the overall goodness of fit 

is relatively high. 

2.3 Model of economic significance test 

By the regression estimation results can be seen, through β1, β2, β3, β4 analysis, the final number of Internet users can be drawn, the 
electricity business volume, telecommunications and other information transmission industry employment, the average wage of the 
employees in the telecommunications and other information transmission industry is in a linear positive correlation with the total amount of 
GDP in Zhejiang Province, this is consistent with the reality of economic theory. 

3. Model econometric test 
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By the regression results, R-squared equals 0.997672, in addition to X3, the coefficient values of P were greater than α(If α=0.05), so 
there were not significant using the T-test, this indicates that there may be serious multicollinearity.  

3.1multicolinearity test 

(1) inspection
Table 1  correlation Matrax 

X4 X3 X2  X1 
X4 1.000000 0.975659 0.898118 0.908288 
X3 0.975659 1.000000 0.964374 0.959328 
X2 0.898118 0.964374 1.000000 0.947149 
X1 0.908288 0.959328 0.947149 1.000000 

As can be seen from the Table1, there is a high degree of linear correlation between the explanatory variables, even though the equation 
is better, the model does exist serious multicolinearity. 

(2) Amendment
By using the stepwise regression method, the following equation (3-1) can be got: 
Y= -1508.716 + 2.2316 X1+ 2060.887 X3

 (960.3517) （ 0.7735） （ 231.3523） （ 3 -1 ）  
t= (-1.5710)   (2.8850)   ( 8.9080)  

2R =0.993634       F=859.4859 

3.2Heteroscedasticity test 

Using the White method to test, we have the following Figure 1: 

White Heteroskedasticity Test: 

F-statistic 0.475885  Probability 0.783733 

Obs*R-squared 3.407527  Probability 0.637424 
Figure 1   White Heteroskedasticity Test 

By Figure 1 shows that Pro (Obs*R-squared) =0.637424 is greater than 0.05, accept the original hypothesis at the significant level, 
there is no difference in variance, that is, through the test of different variance. 

3.3Autocorrelation test 

(1) D-W test
According to the sample size of n=12 and the number of explanatory variables K=3 (including constant items), (D.W. distribution table: 

Lower bound dL = 0.449, upper bound dU =1.575, and then come to 4-dL=3.551,4-dU=2.425,because of dU < D.W=1.878378< 4-dU, so 
the model has no self correlation through D-W test. 

(2) LM test

Breusch-Godfrey Serial Correlation LM Test: 

F-statistic 0.478033  Probability 0.638850 

Obs*R-squared 1.442019  Probability 0.486261 

Figure 2  LM test results 
From figure 2, because the P value of n*R2(= 0.486261) is greater than 0.05, reject the original hypothesis, there is no self correlation. 
The economic significance of the equation (3-1): On the assumption that other variables are not the same, the number of online 

shopping increases by 10 thousand, Zhejiang Province, the total amount of GDP in Zhejiang increased by 2.2316 Billion yuan. 
Telecommunications and other information transmission industry employment increased by 10 thousand, Zhejiang Province, the total 
amount of GDP in Zhejiang Province increased by 2060.887 Billion yuan. 

3.4Time series stability test 

Using ADF unit root test, we can know: in the 1%, 5%, 10% level, Y, X1, X3 are showing a non stationary state; Then, we do the 
corresponding cointegration test, cointegration test results show that there is a cointegration relationship between Y, X1, X3, that is, there is 
a long-term stable relationship between the variables. 

4. Conclusions and recommendations

The final equation (3-1) shows that the model has good fitting effect on the whole, Zhejiang Province, the total amount of GDP and
Internet users in Zhejiang province have a significant correlation with information transmission, Zhejiang Province, information 
transmission, computer services and software industry the total number of people in the city of Zhejiang Province have a great impact on the 
total number of GDP. 

 Based on the above analysis, we give some corresponding suggestions as follows: 
1. Fully understanding the importance of electronic commerce to the national economy and social development. 
Promotion of electronic commerce application and improve the system of our country socialist market economy effective measures,

will effectively promote the flow of goods and all kinds of elements, eliminating restrictive factors that may obstruct fair competition, 
reduce transaction costs, and promote national unity market formation and improvement, to better achieve basic configuration action of 
market of resources. 

2. Improve policies and regulations, standardize the development of electronic commerce. 
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Establish third party credit evaluation mechanism, through the development and implementation of the determination of the trading 
rules for e-commerce transactions of the parties to establish a fair and impartial platform to ensure the safety and reliability of e-commerce 
transactions, depend on the qualification and credit certification, the establishment of the credit model is suitable for the characteristics of 
electronic commerce; Establish a database of online business and personal credit information; Establish the government information 
regulatory agencies, is responsible for the supervision of enterprises and intermediary agencies issued the authenticity of the product 
information, review online trading terms, and digital signature. Encourage enterprises and industry associations to actively participate in and 
establish a scientific, reasonable, authoritative and impartial credit services, forming of government regulation, industry self-discipline and 
supervision by the masses combination of enterprises and personal credit supervision and restraint mechanisms. Strengthen the government 
investment in the enterprise and social investment, and further strengthen the role of enterprises in the electronic business investment in the 
main status. 

3. Speed up credit, certification, standards, payment and the construction of modern logistics, form a supporting system for the
development of e-commerce. 

Strengthen government regulation, industry self-regulation and coordination and coordination between departments, encourage 
enterprises to actively participate in, in accordance with the laws and regulations, franchising, business operation, professional services, 
Establish a scientific, rational, authoritative and impartial credit service. Establish and perfect the mechanism of credit information sharing 
among relevant departments,  construct Online credit information service platform, achieve dynamic acquisition, processing and exchange 
of credit data, gradually form a credit service system which conforms to China's national conditions and international standards. 

4. Play the main role of enterprises, and vigorously promote the application of electronic commerce. 
Promote consumer oriented e-commerce applications. Develop  new e-commerce model for consumers, innovate f the service content,

establish and improve credit mechanism of enterprises and consumers of online transactions, expand the scale of e-commerce application 
between enterprises and consumers, consumers and consumers. Attach great importance to and actively promote the application and 
development of mobile electronic commerce. 

5. Strengthening the construction of network security infrastructure. 
Guide social enterprises to strengthen network infrastructure, improve the network environment, ensure the security of network

communication, focus on the socialization of information infrastructure security system construction, improve the awareness of social 
responsibility of operators and intermediary, encourage enterprises to increase investment in information security hardware and software, 
enhance the overall level of information security protection, protect the stable operation of E-commerce platform. At the same time, 
strengthen the construction of electronic commerce supporting logistics industry. 

6.Enhance the level of e-commerce technology and services, and promote the development of related industries. Promote the
construction of e-commerce service system. Make full use of existing resources,  play the role of intermediary organizations, strengthen the 
network, system and social service system, carry out electronic commerce engineering technology research, transformation, consulting 
services, project supervision and other services, and gradually establish and improve the Electronic Commerce statistics and evaluation 
system, and promote the healthy development of e-commerce services. 
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Abstract: Buffer overflow vulnerability is currently one of the most serious software security vulnerabilities. Taking effective methods to 
detect buffer overflow vulnerabilities is of great significance to improve the robustness and security of software. After analyzing the 
principle of buffer overflow and various buffer overflow vulnerabilities, as well as comparing static with dynamic detection techniques, this 
paper presents a static detection method for buffer overflow based on abstract syntax tree, especially for vulnerabilities caused by string 
accessing of C source code. The proposed method first generates an abstract syntax tree for the source code by using the GCC compiler, and 
collects the characteristics of vulnerability by analyzing AST nodes. For the nodes associated with the buffer overflow, the method further 
gives a formal description of that characteristic so as to generate security attributed and constraint rules. By traversing the abstract syntax 
tree, the proposed method finally determines whether buffer overflow vulnerability exists in the source code. Experiments with 12 C 
programs were carried out on the Windows platform, and each program has been discovered at least one typical buffer overflow 
vulnerability. The experimental results highlight the feasibility and effectiveness of the proposed method, especially in the detecting out of 
range for a pointer, an array, and a structure object, as well as the buffer overflow vulnerability caused by some C library function calls. 

Keywords: buffer overflow, static detection, GCC Compiler, Abstract Syntax Tree 

1. Introduction 

With the increasing security risks on the Internet, exploiting buffer overflow vulnerability is becoming one of the commonest attacks.
There were nearly 60,000 vulnerabilities has been recorded by CNNVD from 2006 to 2015, and the buffer overflow vulnerabilities were 
over 7,000(CNNVD)[1]. The buffer overflow vulnerability is very common because it is too general to capture by programmers, and the 
attacker could easily take control of the attacked host by exploiting it.  In addition, self-propagation of the exploiting could automatically 
attack a large number of hosts in a very short period. Therefore, the buffer overflow vulnerability is a kind of extremely serious security 
risks. 

The method to detect buffer overflow vulnerability mainly includes static detection and dynamic detection. Dynamic detection 
discovers vulnerabilities by the actual running of software. It could not guarantee to discover all vulnerabilities because of limited test cases. 
Static analysis detects vulnerability by the analyzing source procedure. It has some advantages with a high degree of automation and rapidly 
analysis. Although static analysis might have a certain omission or false positives, it is still one of the most effective methods. 

In order to detect the buffer overflow vulnerability in the C/C++ source code ,report the location and improve the efficiency of static 
detection(Yang et al., 2004)[2], this paper proposes a method for static detection of buffer overflow vulnerability in the source code. 
Through analyzing the source code at the lexical, syntactic and semantic level, this method abstracts the form characteristics of buffer 
overflow vulnerability, then generates constraints according to the characteristic and solve the constraints to get it. This method can detect  
buffer overflow problem caused by program library function calls and array and pointer access violation. And the performance of the 
method is better than that of the same kind. 

The remainder of this paper is organized as follows. We discuss the problems with the buffer overflow in section II. Section III 
introduces the details of the static detection method based on AST presented by this paper, and Section IV presents our experimental process 
and result. Finally, we conclude the paper in Section V. 

2. Related Works

The universality and severity of buffer overflow vulnerabilities also urge a large number of researchers to research the detection
methods. At present the buffer overflow vulnerabilities of detection methods can divide into two categories: dynamic detection and static 
detection. This chapter begins with the theory of buffer overflow attack, introduces and compares the two kinds of detection techniques, then 
describes the research status of detecting buffer overflow vulnerability. 

2.1The Principle of Buffer Overflow and the Detection Methods 

The buffer is a continuous memory for programmers allocates to program in the software development process. When the written 
content was out of bound, the buffer overflow generated. If an attacker has a mind to write the content , he can change the return address of 
some functions, making the program point to the attacker specified code or the process of the higher level of execute permissions. 

Detection methods and tools for buffer overflow vulnerabilities can be divided into two categories: dynamic detection and static 
detection(Eric et al., 2003)[3]. 

One is dynamic detection. It is a kind of security technology which is from the perspective of compiler and connector, in order to 
dynamically detect the buffer overflow vulnerability when the programs running. 

The other one is static detection that monitors the existence of potential vulnerabilities in source code. According to the way of working, 
detection method can be divided into three categories: lexical analysis; constraint-based program analysis based on the lexical analysis; 
model checking and abstraction for source code. 

2.2The Research Status of Detecting Buffer Overflows 

Nowadays the research of dynamic detection tends to add the extra safety code or protect the vulnerable function and code. 
Liu LuPing put forward a method based on the binary file dynamic inserting and judging the buffer overflow according to the running 

state of the program(Liu et al., 2015)[4]. And Song YiQing implemented a dynamic binary detection tool BufferSafeTy(Song, 2015)[5]. 
Both of them implement dynamic detection through adding the extra code.  

Kuang Chunguang presented a memory-size-assisted buffer overflow detection (MBOD) (Kuang et al., 2014)[6], it detects buffer 
overflow by capturing memory copying operation and comparing memory size at run time. Sahel Alouneh implemented a patch tool that 
makes multiple copies of the return addresses in the stack(Sahel et al., 2013)[7], and then randomizes the location of all copies in addition to 
their number, all duplicate copies are updated and checked in parallel so that any mismatch between any of these copies would indicate a 
possible attack attempt and would trigger an exception. 
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The first kind of static detection technology that based on the lexical analysis was used in the early detection tool. Among them, ITS4 
(It’s the Software Stupid Source Scanner) is a simple tool that can static scan security vulnerabilities in C/C++ language source code which 
is the first work in the command line in Linux and Unix (Viega et al., 2000)[8]. 

Although in the second method, constraint-based program analysis based on lexical analysis, the syntax analysis is introduced, they are 
based on the idea and method of program verification system. this detection is a low degree of automation. It also belongs to this method 
that the Splint researched by David Evans and improved by David Larochelle(Larochelle et al., 2002)[9]. 

The third kind of testing tools tends to abstract and model the characteristics of the source code and transform the vulnerability 
detection problem into the problem of constraint analysis and solution. They generally based on an existing program analysis tool ,such as 
commercial software code surfer. There are some advantages of it: function is so powerful that The syntax and semantic information can be 
generated ,including Abstract Syntax Tree, call graph, control flow graph and even pointer relationships graph. The disadvantage is the 
dependence of the existing analysis tools, and the development process is also a lack of flexibility. The representation of this method has 
BOON which is based on the Wagner David(Wagner et al., 2000) [10]and ARCHER(Xie et al., 2003)[11]which is developed by YichenXie 
and so on.  

3. The AST-based Static Detection method of Buffer Overflows 

There are some disadvantages in existing static detection technology, such as programmers are asked to add notes based on certain
rules or the analysis is relied on business analysis software, etc. 

3.1 Overview of Detection Method 

To overcome the disadvantages above, this paper puts forward a static detection method of buffer overflow based on abstract syntax 
tree (AST, Abstract Syntax Tree).Through collecting the characteristics of source buffer overflow vulnerability to abstract and model, then 
transform the vulnerability detection problem into a problem of constraint analyzing and solving. 

Firstly, in order to clarify the basis of subsequent work, we determine the type of buffer overflow vulnerability. 
Definition 1 buffer overflow: defining the buffer as an array definition in the function internal, there would have been a buffer overflow 

when the program is to call array access beyond its size. 
Based on the following two considerations, at present we only detect the overflow of the string access: 
1. Now the majority of buffer overflow vulnerabilities are found in the access to the string; 
2. The method proposed in this paper is to consider the security of a software system, which is generally normal operating system 

rather than specifically for malicious programs. In a well-running system, it tends to be relatively safe that programmers access to other 
arrays. But to the string, due to the inability to ascertain the end position, it is often exploited to buffer overflow attacks. 

After determining the buffer overflow vulnerability, we need to analysis the lexical components consisted of reserved words, variable 
names, constants, function names, operators , some syntax components which may arise vulnerability and some dependence semantic 
components which cannot be described by the context-free grammar.  

In this method, the open source compiler GCC was used as the front-end tool for the syntax analysis. It is helpful to obtain the AST of 
the source code, eliminate the redundant information of the AST in a text file, track the character array which causes the buffer overflows in 
AST nodes, and records the variation range of buffer length(GCC)[12]. Through comparing with the original allocation size, it could be 
determined whether there is a risk of buffer overflow. It can be specifically divided into the following 4 steps (as shown in Figure 1): 

(1) obtain the AST file: use the GCC compiler to compile the C/C++ source code, get its abstract syntax tree (AST) output file, and
deal with the redundant in the output file; 

(2) the vulnerability characteristic collection: analysis the nodes of abstract syntax tree output file, get the AST text suitable for buffer
overflow vulnerability analysis; 

(3) the vulnerability information description: extraction the node related to buffer overflow vulnerability, formally description the
vulnerability characteristic, to provide input for the following tracking data stream. 

(4) determine the vulnerabilities: read the syntax tree analytic results in (3) , construct safe rules, calculating the attribute value for the 
buffer, and tracking the program data flow to get the situation changes of the buffer, and detect whether it comply with safety rules. Finally, 
we get the error set. 

In this four steps, the (2) , (3) and (4) are the emphasis of the method in this paper. 

Figure. 1 The flow chart of detection methods. 

3.2 Eliminate the redundancies in AST 

Using GCC3.4.6 to obtain AST on Windows platform. 
 In the GCC AST file, there are so many details that is disadvantageous for the code analysis, including the function and structure 

produced by the command of #include and not used in the source code, and some information generated in the process of compiling as some 
internal function, type declarations, error messages, constant etc...The details may even affect the efficiency of the detection method. 
Therefore, it is necessary to take measures to eliminate the redundancy. 

By analyzing the source of the nodes in the AST file, the nodes can be divided into three groups: (1) useful nodes: the nodes that are 
related to the data flow and control flow of target program. (2) useless nodes: the nodes that are independent of the data flow and control 
flow of the program. (3) undetermined nodes: the nodes that cannot be identified as useful or useless node temporarily. 

The steps are as follows that to eliminate the redundant AST algorithm : 
Step1 according to the value of the srcp (source) field, all nodes are divided into three categories: 
(1) if Node. srcp = source file name, then this node is a useful node, labeled as 1; 
(2) if Node. srcp = other values, then this node is a useless node, labeled as 0; 
(3) if Node does not contain the scrp field, then this node is temporary to be determined node, labeled as -1. 
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Step2 to classify the child nodes (abbreviated as SubNode) of the node(i.e. undetermined nodes)  labeled as "- 1" , it is a similar process 
to the width traversal of graph: 

(1) if (Node == 1) && (SubNode == -1) , then SubNode is labeled as 1; 
(2) if (Node == 1) &&( SubNode == 0) ,then SubNode is labeled as 0; 
(3) if (Node == 0) &&( SubNode == -1) , then SubNode is labeled as 0; 
(4) if (Node == 0) && ( SubNode == 1) , then SubNode is labeled as 1; 
(5) until the number of unknow_Node is 0. 
Step3 because of (1), (2), all of the library functions, internal functions, and related information are deleted, but we need to retrieve the

library function used in the source file. The main thing is to check the call_expr (call expression) of the SubNode.If it is 0, set it to 1. 

3.3 Gather the Characteristics of Vulnerability 

The intensive analysis and correct expression of the vulnerability characteristics are the foundations of the vulnerability detection. The 
vulnerability characteristic collection in this method is mainly in lexical and syntactic aspects. On the one hand, it executed the  lexical and 
syntax analysis in C Language on the detection target; on the other hand, it also makes the collection of the formal characteristics of the 
vulnerability. 

3.3.1Lexical Analyses of Vulnerability 

Reserved words, identifiers, constants, and operators are the basic lexical component in the C/C++ language. Deeming them as a 
collection of Token symbols, the lexical component of the buffer overflow vulnerability may be considered as a subset of the set: 

—— reserved word: char (only for character buffer); 
—— identifier: arbitrary legal identifier (participation in declaration of characters buffer, unsafe type definition, unsafe function 

definition, and so on); 
—— constant: arbitrary constant (participation in declaration or point arithmetic of a character buffer); 
—— operator and declarator: "[" and "]" (participation in declaration of a character buffer); 
—— "*" (participates in declaration of a character point); 
—— "+", "-" and "+ +", "-", "=" operator (participation in arithmetic of buffer address); 
—— "(", ")" (participation in the declaration and definition of unsafe functions); 
—— unsafe string operation function name in the C standard library: gets, fgets, fgets, fread, Scanf, vscanf, getchar, fgetc, recv, strcpy, 

stmcpy, strcat, stmcat, sprintf, snprintf, vsprintf, memcpy, memmove, memset, etc.. 
The above lexical component is necessary conditions for buffer overflow vulnerabilities. Therefore, when they appear, we need to 

make further analysis on syntax and semantic to make a decision; if they do not appear, the vulnerability will not happen. 
The following vulnerabilities syntax characteristic description is based on the lexical components. As the syntax of the vulnerability is 

expressed on the node of the abstract syntax tree, the above symbol must appear at the end of the syntax tree. 

3.3.2Syntax Analyses of Vulnerability 

As is described previously, the lexical component of the vulnerability is only the necessary condition for vulnerability appearing. So it 
is not fully enough if only analyze vulnerability characteristic in the lexical level: the analysis will inevitably lose the point, and result in a 
large number of misinformation, ITS4 tool, and RATS tool belong to this situation. In order to describe accurately, it is necessary to analyze 
the vulnerability characteristic in a syntax perspective. 

Generally, there are two key factors lead to vulnerabilities: the definition of character buffer and the unsafe write operation of the 
character buffer. Both of them can be described by the context-free grammar, which belongs to the syntactic component of the vulnerability. 

According to the analysis of specific examples, it can be found that the definition of the character buffer and the unsafe string operation 
are both in the same function body or existing parameters pass. Therefore, the defined function which has a character array parameter, also 
belong to the syntax components of the vulnerability. 

As the lexical characteristics of vulnerability and the intuitive observation on the vulnerability, we can sum up the syntax components 
of the vulnerability. This syntactic component is a syntactic unit of vulnerabilities, which can be described as a set of generative's forms by 
the syntax. 

Buffer overflow vulnerability syntactic unit in C/C++ includes: 
—— the definition of all local string variables (the automatic variables or function parameters in function body, including the character 

array and character pointer); 
—— the definition of unsafe type (structure or unit that containing character array); 
—— the unsafe type defined by typedef (type redefine of character array, character pointer, etc.); 
—— the definition of an unsafe function (a function that contains the parameters of the character pointer); 
—— the call of the library function of the unsafe string operator. 
Obviously, when the terminal strings or symbols, corresponding to these syntactic units of vulnerabilities, appear in the abstract syntax 

tree, the parser can identify the possibility,by the syntactic form, whether there are vulnerabilities. However, due to the inability to confirm 
the context dependencies, it cannot be determined whether vulnerabilities exist. Further work can only be realized by semantic analysis. 

3.3.3Semantic Analyses of Vulnerability  

Semantic analysis is a logical phase of the compilation process. The task of semantic analysis is to examine source program about the 
character and type of context ,which has the right structure. It is to examine whether there is semantic errors source program and collect type 
information for the code generation phase. In this detection method, the semantic analysis of the vulnerability is closely related to the nodes 
in the abstract syntax tree files, it is executed while the node traversal. Traversing a node subtree by the depth first, also means the node 
produced the statute action. The semantic analysis of the vulnerability is to analyze the lexical and syntactic components, accomplish the 
production statute, determine whether there is an unsafe function call or dependency relationship between character buffer, and determine 
according to the buffer overflow constraint rules. 

3.4Describe the Vulnerability Information 

To describe and register the vulnerability information, we need to define a constraint rule, with which to deal with the vulnerability 
information. 
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3.4.1Generation of Constraint Rules 

According to the definition of the buffer previously, the buffer is an array defined in function interior. When the access to the array 
over ranged its definition of size, there would be a buffer overflow. Therefore, we can construct safe mode according to the manifestation of 
array bounds and the nodes corresponding to the statement it appears in the AST. Then while traversal abstract syntax tree recording and 
calculating the attribute values required for security checks. Finally, according to the structural safety rules and record the attributes 
implement vulnerability detection, resulting in prior to execution of the program gives the safety warning. 

Consequently, positioning the vulnerability was actually transformed into finding the access to strings overflowed in the abstract syntax 
tree. Calculating the size of each character array and the string loaded in it and comparing with them, where the actual length of the string 
may be larger than the size of the space allocated, there is a potential danger of buffer overflow. 

Now the question was transformed into calculating the size of the character array in memory allocated and the length of the string that 
it contains. For the allocated array length, because in the C Programming Language array type is static, we can easily get the size when the 
array was defined. However, the way to track the changes of the actual length of the string contained in the array has become the focus of 
the entire algorithm. 

3.4.2The Formal Description of Buffer 

To track the change of the array, we must consider how to describe a character array. As interval was used in this paper to describe the 
array, an array was abstracted into two intervals alloc and len, which respectively indicate array allocated space and the string length interval 
(the length of the string contains it the ending character ‘\ 0’). The reason is as follows that using two intervals rather than two numerical to 
describe the length of a buffer . As is impossible to accurately calculate the length of the array in the static detection, we can only estimate 
the length. So the interval can be more accurate that current estimates the maximum and minimum values. The following definitions give an 
abstract definition of the interval and the array description: 

Definition 2: interval s=[a,b], a,b∈ Z ∪ { -∞, +∞ }(z is the set of integers), a≤b, respectively indicate the interval values of the 
minimum and maximum. The following S represents a collection of all the intervals: 

In an interval, there may be the following conditions: 
s = [-∞,+∞] indicates the estimated interval value is uncertainty completely; 
s =[a,a] indicates the estimated interval value is certainly ‘a’ completely; 
The rest of the condition indicates the estimated interval values determined in a limited range but failed to estimate the value accurately. 
In addition, the corresponding operation on the interval is defined: 
The union: [x1,y1]∪[x2,y2]=[min(x1, x2),max(y1, y2)] 
The intersection: [x1,y1]∩[x2,y2]= [min(x1, x2),min(y1, y2)] 
The add: [x1,y1]+[x2,y2]=[ x1+ x2, y1+y2] 
Definition 3: a character array abstract definitions for a dyadic array Array(var)={ alloc ( var) , len(var)}, alloc,len∈S for interval, 

alloc(var)=[lvar,lvar] for a certain interval is the length of the array allocation, len(var)=[xvar,yvar] for length of string in the array. 

3.5Determining the Vulnerability 

In the above definition, the alloc interval indicates the size of memory allocated for the array. In the C language, the array is allocated 
statically, and the size can be easily obtained by the node information in the GCC syntax tree. Therefore, we can just pay attention to the 
changes in the len interval, which operation would change its value. 

For the following statement, we need to change the value of the len interval at the same time: 
(1) assignment statements such as i=j, then alloc(i)=alloc(j),len(i)=len(j); 
(2) increment statements such as i++, it means that len(i)= [xi,yi++]; 
(3) assignment operations such as i=j+k (where k is a constant), then alloc(i)=alloc(j)+[m,m] 
The following table shows the main language unit which changes the string and the security rules used to solve the direct operation of

the interval length in the C language. 
Table 1 Attribute calculation and security rules 

Example codes Corresponding calculation 
char a[n] alloc(a)=[n,n] 

strcpy(dst,src) len(dst)=len(src) 
strcat(dst,src)” len(dst)=len(dst)+len(src) 

a=”foo” len(a)=[4,4] 
a[n]=’\0’ len(a)=[n,n] 
gets(a) len(a)=[0,∞] 

strncpy(dst,src,n) len(dst)=len(src)∩[n,n] 
strncat(dst,src,n) len(dst)= len(dst)+(len(src)∩[n,n]) 

fgets(buffer,n,pFile) len(dst)=[0,n] 
According to these relationships, by traversing the node in the AST file to track the program data stream and record the changes in the 

length of the array, we can determine whether an array has been overflow. Based on the definition of the abstract form of the array, we can 
also get the formal definition of buffer overflow, namely the determine rules of buffer overflow vulnerability: 

Definition 4: abstract an array Array(var)={alloc(var),len(var)}, alloc(var)=[lvar,lvar], len(var)=[xvar,yvar], if: 
yvar ≤ lvar means a safe state, no buffer overflow; 
xvar≤ lvar ≤yvar means a not safe state, possible buffer overflow; 
lvar ≤ xvar means a dangerous state, sure of buffer overflow. 
In the process of traversing the AST file based on the above rules for real-time detection and judgment, recorded the after two cases, 

and given the vulnerability warning. 

4. Experimental Evaluation 

4.1Experimental Environment 
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The experimental operating platform is Windows, and the tool is GCC 3.4.6. 

4.2Method 

According to the content of the 3.2 section, obtain the abstract syntax tree and eliminate the redundancy, which is used for the next 
work of parsing . 

4.2.1Collecting the Characteristic of Vulnerability 

With the help of analysis tool Gasta, use the visitor to traverse the AST, and according to the builder template .write processing 
function of nodes for the visitor to call(Gasta). Then do the static analysis of AST in order to transform it into the structure which is easy to 
traversal and deal with. 

4.2.2 The Description and Registration of the Vulnerability Information 

According to the definition of the formal description of the buffer in the third chapter, an array is abstracted as two intervals alloc (var) 
and len (var), which respectively represent the distribution space of the array and the length interval of the contained string. For a character 
array that has been identified as a buffer, we can describe it through a single linked list. The structure of linked list nodes is defined as 
follows: 

structcharPtrListNode 
{  
int id;/* the number of linked list nodes,whose initial  value is 0*/  
intnode_number;/*the number of corresponding nodes  in AST*/ 
int name;/* record the name of character array */  
intalloc[2];/*the allocated size of character, whose    initial value is{0,0} */  
intlen[2];/* the size of the character in buffer,whose    initial value is{0,0} */  
}  
In the AST traversal process, we must update the alloc[] and len[] immediately. After each update, by detecting numerical relationships 

of the two array through the check () function, we could know whether there was a buffer overflow. 
check()//The function is used for real-time detection: 
check(){  
if( !(node.len[1]<=node.alloc[1]) )  

give a warning; 
} 

4.2.3Determine the Vulnerability 

The decision of vulnerability is implemented during the AST traversal, we need to choose certain branches and do the suitable dispose 
at each node. The choice of node branches means the statute action in semantic, and the disposing of the node is the process of determining 
the vulnerability according to the security attributes and security rules defined in advance. 

We use the builder template in Gasta to make the important AST nodes bind to corresponding processing function, use the visitor 
executive processing function of each node while traversing the AST, then implement security checks at the nodes. 

1)Dealing with Different Kinds of AST Nodes 
Different nodes need different processing functions, we call the processing function of each node while traversing the AST node, in

order to implement the function of vulnerability detection. For reusing nodes, this method uses the annotBuilder.c program in Gasta builder 
to generate a file annot_builder.txt, which stored the node number and the corresponding content, such as a type with its corresponding node 
number or a variable with its corresponding node number. 

Therefore, we can quickly find the required nodes according to the hash table in order to avoid repeating the traversal of the subtree of 
the node when required. After, by introducing the process flow of the key AST nodes, this paper shows how to generate the security 
attributes and execute solve the constraint for the language structure which is concerned. 

a.VAR_DECL variable declaration node 
The variable definition in the source program is a var_decl node when it was reflected in the AST. Through the analysis of this kind of

node, we can determine whether the variable is a character buffer and extract its initial size allocated the initial value if yes. 
(1) record the node number of type tag , find the type name corresponding to the number in the "annot_builder.txt", if type=array_type,

then create a buffer list node, and record number, name; 
(2) traversal path: type branch - >domn branch - >min branch and max branch, record the low value respectively, and assign the value

to alloc={max-min+1, max-min+1} respectively; 
(3) if there is an init branch,traverse it, and record the lngt value of the node, len={lngt, lngt}. 
b. ARRAY_REF array quote node 
As array quote node represents the quote of array elements in the program, only the nodes appearing means the use of the array, and the 

len (var) values may change. 
(1) view the op0 branch, record the number of tag node , and search the node of buffer list; 
(2) traverse the op1 branch, record the low value, len={low+1, low+1}.
(3) execute check (); 
c.MODIFY_EXPR Modifying the expression node 
Modifying the expression node represents the assignment operation. The operation requires a lvalue must have their own storage space,

and the rvalue can be an arbitrary pointer or expressions of the array. 
(1) traverse the op0 branch, if there is an array_ref node then turned (2); 
(2) traverse the subtree of op1, update the buffer node corresponding to the rvalue array_ref. After the traversal copy alloc and len in 

the rvalue, buffer node to buffer nodes corresponding to a lvalue. 
(3) execute check (); 
d. CALL_EXPR call expression node 
There are three labels in this node named type, fn, args, which respectively represent the type of call function, the entrance address of 

calling function and function parameter list . We need to determine whether the name of the function is a dangerous function and whether 
there is an array variable in the list of parameters. If yes, the update of array variables of the actual length is necessary. 
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(1) record the number of fn tag node, find the function name corresponds to the number in the "annot_builder.txt", and determine 
whether it is dangerous function by comparing with the dangerous function library; 

(2). traversal the subtree of args, according to the specific meaning of different functions, update the len of buffer node corresponds to 
the first parameter; 

(3) execute check (); 
2)Judging Vulnerabilities 
Because of executing check () function real-time in the traversal process, as long as the condition was satisfied, namely the upper limit

len[1] of the actual length is longer than the alloc[1] of initial allocation length, we can verdict the incidence of buffer overflow and this 
method gives a warning and report the line numbers where buffer overflow vulnerabilities are. 

4.3Analysis of Experimental Results 

4.3.1 the Effectiveness of Eliminating Redundancy 

We executed the experiments aiming at the method of obtaining the AST and the algorithm of eliminating the redundancy of AST , and 
the results are showed as Table 2: 

Table 2 The result of AST experiment 
Programs for test Source program 

line number 
AST nodes number after 
eliminating redundancy 

Calculate the sum of 100 
consecutive natural numbers 

11 114 

String copy 20 207 
Bubble sort(10 numbers) 23 131 

Binary search 24 238 
Matrix multiplication 71 517 

It is shown in the result that the AST files are concise through this method, and the syntax information is detailed, which is suitable for 
the next work of parsing. 

4.3.2 Effectiveness of Experimental Results 

Because this test focuses on the sensitivity of vulnerability formalized characteristics and the detection ability of buffer overflow 
vulnerability caused by string operation, so while designing the test cases we avoided some factors which may lead the detection results to 
fake negative, such as complex pointer assignment operation, the situation of a character variable in buffer delivers time after time by calling 
functions. 

Test case: we use the C program text file as the input of the test tool. The test set is the 12 little programs appear in the second chapter 
‘the operation of character string’ in the "secure-coding in C and C++". In each program, there are at least one typical character buffer 
overflow vulnerabilities. 

Test results are as follows: 
Table 3 The Result of Validity Test 

Overflow types File names Variable names or Function names line number 
Library function Figure2-1 gets 5 
Library function Figure2-3 strcpy 9 
Library function Figure2-4 cin 5 
Library function Figure2-6 strcpy 8 

Array out of bounds access Figure2-6 source[] 11 
Library function Figure2-7 strcat 7、8 
Library function Figure2-7 strcat 10 
Library function Figure2-9 gets 5 
Library function Figure2-27 memcpy 4 
Library function Figure2-30 gets 8 

In Table III, obviously, this detection method can detect the buffer overflow problem with a good performance which causes by library 
function calls, pointer and array bounds overflow. 

4.3.3Performance analysis 

For the time required for the test method, we select the different size of the test object to execute test the detection tools. The test cases 
are from a few thousand bytes to a few Megabytes. The time for the different size of the test object is shown in Figure. 2. 
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Figure. 2 The result of time required. 
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From Fig. 2. we can see that, with the linear increase in the test file size, the detection time also increases linearly. Assuming that the 
number of nodes, in the program's abstract syntax tree file, is n, the detection method’s time complexity is O (n), through analyzing the 
algorithm and processing program. Therefore, with the increase of the number of source program code, AST node number also increases, 
which causes the detection time increasing. Compared with the splint and ARCHER tools, this detection method eliminates the tedious 
process that splint need to add annotations to the source code and consume time slightly longer than the splint but compared to the 
ARCHER which need 5m23s to examine for a 38K program of send mail, this method embodies the advantage on performance. 

 
5. Conclusion 

 
This paper introduces a new method of buffer overflow vulnerability static detection, which is based on abstract syntax tree (AST). Key 

point includes the following two aspects: 
1. According to the design objectives, establish the way of whole method, and give the framework design of the detection method: 

using GCC as analysis front-end, generate the AST of the source code(Shi et al., 2004); beginning with the lexical, syntactic and semantic 
characteristics of buffer overflow vulnerability, execute the characteristic collections of vulnerabilities; and the buffer is abstracted into two 
intervals alloc[] and len[];through constructing security attributes in the AST nodes, generated constraint rules, and then determine and solve 
it. 

2. We executed design and implement specifically on the theoretical framework of the method. Analyze the AST with the assessment 
of Gasta analysis tool, and write processing function on various types of AST node . We execute the security check on the nodes when 
traversing the AST, finally determine the place of vulnerability. 

We implemented a simple prototype of this detection method. Experimental results show that the prototype can detect the array bound , 
user-defined data type overflow and buffer overflow vulnerabilities caused by library function call with a good performance. 

Future work is extended the existing prototype to analyze complex data structure and the control flow, deal with the constant 
propagation and copy propagation, to improve the implementation method. 
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Abstract: Recently, some experts in sports medicine field applied Chinese Herbology in their study and found that the phenomenon of long 
time and massive training causing athletes fatigue and decreased athletic ability mimics the kidney yang deficiency symptom in some degree.    
Method: Several kidney yang deficiency models were designed for preliminary and fundamental physiology experiments. Different Chinese 
herbal restorative formulations were designed and applied to mildly restore the kidney and to grow the primordial Yang. The effect of the 
formulation on organism self-adjustment and restoration from fatigue was observed and recorded.Conclusion: It was found that the Chinese 
herbal restorative formulation with fructus psoraleae, cinnamomum cassia, herba cistanche, Chinese wolfberry, manyprickle acathopanax 
root and Chinese liquorice at 1:1:1:1:1:0.3  ratio showed curative effect to help improve the kidney Yang deficiency and organism fatigue. 
 
Keywords: Chinese Herbal Restoratives, Serum Hormone, Kidney Yang deficiency 
 
1.Materials and Procedures 
 
1.1Materials and Equipment 

 
(1)Animal Resource: Animals used in this experiment are male rabbits (1.5-1.8 kg). They are purebred New Zealand white rabbit 

provided by Hebei Province Health Department.     
(2)Hydroxyurea: from Taiyuan Hongxing Pharmaceutics. Suspensions of Hydroxyurea at 50 mg/ml and  two different concentrations in 

saline solution were prepared freshly every day in this experiment. 
(3)Formulation of Chinese Herbal for kidney restoration: fructus psoraleae, cinnamomum cassia, herba cistanche, Chinese wolfberry, 

manyprickle acathopanax root and Chinese liquorice at 1:1:1:1:1:0.3 ratio. Concentrated water solution of this herbal formulation at 1.27 
g/mL (total solid content) was prepared by boiling them from cold water. Store the solution in refrigerator. Measured out the daily dose out 
and warmed up to room temperature before use. 

(4)Estradiol (E2) and Testosterone (T) Radioimmunoassay box. Provided by Tianjin LiKe Inc. 
 

1.2Animal grouping and process 
 
(1)21 rabbits were randomly separated into 3 groups: Normal healthy group (Control group), Kidney Yang deficient group (model 

group) and herbal medicine treated group (herbal medicine group).     
(2)All rabbits in model group were fed with Hydroxyurea at 500 mg/5mL/kg level. Total period: 5-7 days (as needed).  
(3)All rabbits in herbal medicine treated group were fed with Hydroxyurea at 500 mg/5mL/kg level and Chinese herbal formulation. 

Total period: 5-7 days (as needed). 
(4)All rabbits in mornal group were treated with saline following 10 mL/kg. Total period: 5-7 days (as needed). 
(5)Measurements Estradiol and Testosterone level was determined by Radioimmunoassay. Blood samples were taken from the artery 

behind the ears. Centrifuged for 15 minutes at 3500 rpm. Serum was obtained for Radioimmunoassay to determine Estradiol and 
Testosterone level. 

 
2.Results 
 
2.1Changes of serum hormone level –Model group 

 
For the rabbits in model group, the Estradiol level dropped down to 0.25 ± 0.094 ng/mL from 2.10 ± 0.84 ng/mL after the study. 

However, due to small sample size and big variance, no statistical significance was found; the Testosterone level dropped down to 0.036 ± 
0.018 ng/mL from 1.88 ± 0.56 ng/mL after the study, which shows significant difference (P <0.05). The ratio E2/T does not change before 
and after.  

 
2.2Changes of serum hormone level --Herbal medicine group 

 
For the rabbits in herbal medicine group, the Estradiol level slightly increased from 1.88 ± 0.56 ng/mL to 1.92 ± 0.92 ng/mL. No 

statistical significance was found. Testosterone level dropped down to 0.128 ± 0.124 ng/mL from 0.154 ± 0.102 ng/mL after the study, also 
doesn’t show any statistical significance. 

 
Table 1 Comparison of Estradiol and Testosterone Level among Three Groups (ng/dL) (X±SE) 

 Before After 

 F2 （n

）  

T （n= F2/T F2 （n=

）  

T （n= F2/T 

Control Group 1.97±0.65 0.112±0.051 17.5±8.3 1.77±0.45 0.104±0.058 19.1±9.9 

Herbal Medicine Group 1.88±0.56 0.154±0.102 26.0±15.9 1.92±0.92 0.128±0.124 12.9±8.9 

Model Group 2.10±0.84 0.105±0.038 18.7±9.7 0.25±0.094 0.036±0.018 12.6±8.9 

 
3.Discussion 
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Research on the nature of kidney from integrated traditional Chinese and western medicine in recent couple of decades (including the 

research on kidney Yang deficiency) already demonstrated that kidney is playing a importance role in human body growth and development, 
reproducibility, aging and function adjustment, microenvironment stabilizing from the aspects of neuroendocrine and immunohistochemistry. 
Multiple clinical and experimental researches supported the theory that when kidney Yang is deficient, the body will display multi-step, 
multi-level and many potential disorderness. 

The primordial nature of kidney is to store up the vital essence (Jing) and the primordial nature of viscus is to keep the Qi. Kidney and 
viscus coordinate with each other to balance the function of viscera organs. Heart controls the fire (Huo) and kidney controls the water 
(Shui). Heart Huo goes down to warm up the kidney Shui. Kidney Shui goes up to strengthen the Heart Huo. These two organs balance each 
other and affect each other to keep the dynamic level of Huo inside the body. This relationship is called “Shui Huo mutual aid” and “Heart-
Kidney interaction”. Once this dynamic balance is interrupted, it will result in “Heart-Kidney disconnection”. Modern theories concerning 
organ believes that the separated individual viscera organs connect with each other through nervous system, body fluid, enzyme, hormone, 
receptor, metabolism and immune system. The viscera organ system is an integrated part which works as a whole entity to keep itself 
balanced and stabilized. So, as a media between heart and kidney, the nervous system fluid plays a key role. 

The “Heart” and “Kidney” in traditional Chinese medicine (TCM) are not only referred to the anatomic heart and kidney, but also have 
more meanings: Heart controls the blood circulation so it is related to blood-pumping and cardiovascular system.  Kidney controls water 
flow and is related to the urine system. Kidney is also related to the sex hormone since it also controls the reproduction part. 

In the TCM theory of storage, Kidney stores Jing and Qi. It controls growth and reproduction. So in the five internal organs, kidney is 
the closest to the endocrine. Liver regulates the main and collateral channels flow inside the viscera organs. It also helps the function of 
spleen and stomach. Besides, kidney and liver also have close relationship. Liver stores blood and kidney stores essence (Jing). They are 
also believed to have the same source. On the other hand, liver controlling flow and kidney controlling storage affect each other which 
regulate the endocrine level for sexual gland.   

The experimental results demonstrate: The Estradiol (E2) and Testosterone (T) level, the E2/T ratio in model group animals have 
significant differences after the dosing with Hydroxyurea. This is not consistent with previous people’s clinical observation that patients 
with Yang deficiency have higher E2 and E2/T values. This is very likely due to the difference between the animal kidney Yang deficiency 
and human Yang deficiency. It could also because of the different ways to reach the status of kidney Yang deficiency. In normal human 
body, there are two sources for sexual hormone: one is from sexual gland. The testosterone is mainly from the interstitial cell of the testicles 
for males (ovarium also generates some for females). The other source is the organ other than sexual gland like adrenocorticotropic and 
placenta. So, the Hydroxyurea inhibited the synthesis of DNA in interstitial cell of the testicles. As a result, the E2 and T levels are lower. 

The traditional Chinese herbs used in this experiment are mild kidney restoratives herbs. They contain fructus psoraleae, cinnamomum 
cassia, herba cistanche, Chinese wolfberry etc. fructus psoraleae has two different flavone: psoraleae flavone and isoflavone. They can relax 
and stretch the corona artery and stimulate the heart. They also contribute to fight against the cardiac failure caused by lactic acid, against 
contraction caused by pituitrin. They can also strengthen the heart beat without increase the oxygen consumption. Cinnamomum cassia and 
herba cistanche both contain racemic higenamine which helps stimulate the receptors and improve the heart function. Cinnamomum cassia 
and herba cistanche also increase the DNA synthesis yield of the rabbits  .  manyprickle acathopanax root contains multiple alkaloids which 
can regulate the metabolism of sugar, protein and fat, as well as increase the synthesis of protein and nucleic acid, and regulate sexual gland, 
adrenals and thyroid gland. Chinese wolfberry can help the body to resist the damages caused by physical, chemical and biological hazard. 

This study shows that the experimental herbal medicine targeting to restore the kidney Yang helps the synthesis of DNA in Leydig cell 
and improves the secretion function. It can increase both the estradiol and testosterone levels. The Herbal medicine group shows no 
difference with the control group.  

The integrated traditional Chinese and western medicine research results demonstrated the concept of “Kidney” in traditional Chinese 
medicine has a very close relationship with endocrine function. And the results indicate that the herbal formulation developed in this 
experiment has curative effect to treat kidney Yang deficiency. 

 
4. Conclusion 

 
(1) The rabbits in model group which were treated with Hydroxyurea showed decreased estradiol and testosterone levels. It matches the 

kidney Yang deficiency symptom. They can be used as kidney Yang deficient animal model in the future. 
(2) The rabbits in Herbal medicine group which are treated with the formulated herbal medicine after treating with Hydroxyurea shows 

no significant difference with the control (normal untreated) group in respect of the estradiol and testosterone levels.  
(3) The rabbits in model group which were treated with Hydroxyurea showed decreasing trend for estradiol (p > 0.05) and lower 

testosterone  (p <0.05). However, the estradiol and testosterone levels in Herbal medicine group showed no statistical significance. It proved 
this herbal formulation has curative effect to improve the kidney Yang deficiency and reduce the fatigue. 
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Abstract: Living migration of virtual machine had become an effective way of reducing the energy consumption and loading balance in 
cloud data center. Although there were a lot of virtual machine migrating models, but they mainly considered the living migration of 
independent virtual machines, there were few models to take the data correlation between multiple virtual machines into consideration. The 
paper focused on the impact of living migration of virtual machines with data correlated to the migration cost and the energy consumption of 
the servers. The experimental results showed that the proposed model (EMLMDC) could effectively reduce the energy consumption of the 
servers while considering the data correlation of the virtual machines. 
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1. Introduction 
 

According to a survey of Stanford University in the United States, the global data center power consumption in 2010 is 235.5 billion 
degrees, accounting for 1.3% of global electricity consumption. While in the United States, the proportion is higher, the U. S. Environmental 
Protection Agency report shows that the energy consumption of data center in 2011 accounted for 2% of the total U.S. power grid, and will 
also be rendered doubling every five years. Data center energy consumption in China is also growing rapidly, significantly higher than the 
world average level, according to the statistics of the ICT Research, China data center energy in 2012 is high up to 66.45 billion degrees, 
accounting for the industrial power of 1.8%. China data center energy consumption in 2015 is expected to up to 100billion degrees, which is 
equals to the three gorges hydropower station generating capacity in one year. 

On the other hand, data center energy efficiency is generally low; the waste of energy is huge. According to statistics of the Ministry of 
industry and information, at present, china data center for the average PUE value between 2.2 to 3.0, and the actual energy consumption may 
be far higher than this figure. For enterprises, the data center has become a large amount of electricity spending, a substantial erosion of the 
operating profit of the enterprise. Such as China Unicom in 2012 operating income of $40.7 billion, profit is only $1.2 billion, but its 
electricity spending is as high as $1.7 billion. 

In recent years, server consolidation by virtualization technology has become the mainly way to reduce the energy consumption of the 
data center, virtual machine migration technology makes the server consolidation becomes possible. However, virtual machine migration 
and server consolidation face two major problems: [1] 

During the virtual machine migration process, due to workloads of each virtual machine are different, the servers will produce different 
migration overhead and migration time, which will lead to the applications’ performance running on the virtual machine reduces in different 
degrees. 

Server consolidation is the migration of virtual machine from the source server to the destination server, which leads to more 
competition between the virtual machines, such as CPU, memory, hard disk, network, and so on. 

Hai Jin designed an adaptive zero-aware compression algorithm for balancing the performance and the cost of virtual machine 
migration.[2] Ahmed Amokrane proposed greenhead, a holistic resource management framework for embedding virtual data center across 
geographically distributed data centers connected through a backbone network, the goal of greenhead was to maximize the cloud provider’s 
revenue while ensuring that the infrastructure was as environment-friendly as possible. [3] Hamzeh Khazaei described a live virtual machine 
migration model, which reduced task rejection probability and rendered the super-task delay nearly independent of mean service time of 
individual tasks in a super-task.[4] Hao Jin studied efficient VM placement in data centers with multiple deterministic and stochastic 
resources, proposed a polynomial time algorithm called Max-Min Multidimensional Stochastic Bin Packing (M3SBP). [5] Nguyen Khac 
Chien proposed a novel load balancing algorithm that was based on the method of estimating the end of service time. The simulation results 
showed that the proposed algorithm improved response time and processing time. [6] Chuan Pham proposed a live consolidation method, 
which identified an optimal strategy of hosting a new virtual machine (VM). This algorithm found the optimal allocation scheme to host a 
VM in term of load balancing, reducing the migration cost and mitigating resource redundancy. [7] Bubai Das proposed an algorithm to 
improve the total migration time which was modified the existing counting Sort algorithm for the live Migration and time series based 
algorithm.[8] Efthymios Oikonomou proposed an efficient VM provisioning mechanism for cloud data center environments. This paper first 
described the proposed VM allocation policy and then performed a series of simulation experiments based on CloudSim toolkit. [9] 
However, these works were migrating the virtual machines from source server to target server, which were independent of each other. 

However, in cloud data center, one user might request a number of virtual machines, and the data in these virtual machines were 
interconnected. Zhang analyzed and formal the multiple virtual machines migration problem, and proposed a scheduling method to reduce 
the VM migration times and accelerate the migration process. [10] Walter Cerroni presented a model to evaluate the performance of live 
migration of a set of cooperating virtual machines that implemented a customer’s profile in a cloud-based edge network. [11] Gang Sun 
focused on the efficient live migration of multiple correlated VMs in VDC requests, for optimizing the migration performance. [12] 

 
2.Methodology 
 
2.1Problem formulation 

 
Power consumption of server: In cloud data center, the influence factors of the server power consumption included: CPU, memory, 

hard disk and etc. In these factors, the energy consumption generated by CPU was the largest proportion of the total energy consumption. 
The research of document [13] showed that, the energy consumption of a physical server at a certain time was approximately linear with the 
utilization of CPU. So the energy consumption value of a server could be expressed by formula (1): 

tt uPPPuP *)()( minmaxmin −+=                                                                                     (1) 
 In the formula (1), )( tuP  was the power consumption of the server at time t, maxP  was the power consumption of the server at 

peak, minP  was the power consumption of the server at idle, tu  was the current CPU utilization of the server at time t. 
 Because the CPU utilization of the server was dynamic, so the power consumption of the server in a period of time could be 

expressed by formula (2): 

http://dl.acm.org/author_page.cfm?id=99658754838&coll=DL&dl=ACM&trk=0&cfid=833587418&cftoken=24433402
http://dl.acm.org/author_page.cfm?id=99658748813&coll=DL&dl=ACM&trk=0&cfid=833587418&cftoken=24433402
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In the formula (2), iE  was the power consumption of the server i in the interval ],[ 21 tt , tu  was the CPU utilization of the server i at 

time t, )( ti uP  was the power consumption of the server i at time t. 
 

2.2Migration cost of data correlated VMs: 
 
Migration Time Cost of VMs: When server was overloaded or violated against the service level agreement, the cloud data center would 

migrate the virtual machine to achieve the goal of reducing the workload of the server. However, living migration of virtual machines would 
result in a short down time and a decline in performance, so it was necessary to estimate the virtual machine migration time. The migration 
time of virtual machine was calculated by the formula (3): 

jv

jv

jv B
M

CT =                                                                                                    (3) 

In the formula (3), 
jvCT  was the migration time cost of virtual machine i, 

jvM  represented the memory size of the virtual machine j 

that was needed to migrate, 
jvB  was the available network bandwidth of virtual machine j. 

Data Access Cost of VMs： When users requested the virtual machine in the cloud service, one user might request multiple virtual 
machines, and these virtual machines needed to access each other in operation process. So when the migration cost of virtual machines was 
estimated, model needed to take the cost of data access into account. 

This paper defined the data access model of virtual machine as an undirected weighted graph ),( vvv LNG = , },...,,{ 21 mv VMVMVMN =  

represented a set of virtual machines, the number of virtual machines was m, 
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data access links of virtual machines. As shown in Figure 1, data access link values between virtual machines was 
kvivL , , represented data 

access correlation of virtual machines, the greater value represented the greater data access correlation of virtual machines, if the value was 
0, it represented that there was no data access correlation of virtual machines. 
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Figure.1 Data Correlation of VMs. 

The value on the virtual machine represented the location of the virtual machine in cloud data center, ),,( cbaP
jv  represented virtual 

machine j was at the location c of the switchboard b of the cloud data center a.  As shown in Figure 2, The location distance between two 
virtual machines was 

212,1 jvjvjvjv PPD −= . 

DataCenterA

DataCenterB

DataCenterC

DataCenterD

P(A,2,3) P(C,3,5)

P(B,1,2) P(D,4,7)

 
Figure.2 Location Relation Of VMs. 

The data access cost generated by the virtual machine j after migration could be calculated by the formula (4). 
jvCL was the data access 

cost of virtual machine j, 
kvjvD ,  was the location distance of virtual machine j and k, 

kvjvL ,  was the data access link value of virtual machine 
j and k. 
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From the formula (3) and formula (4), the migration cost of virtual machine j could be calculated by the formula (5): 

jvjvjv CLCTC ⋅+⋅= βα                                                                              (5) 

In the formula (5), α  was the migration time cost proportion of the total cost, β  was the data access cost proportion of the total cost. 
 

2.3 The proposed algorithm 
 
Migration model of VMs: The goal of migration model proposed in this algorithm was: firstly, to ensure that migration cost of all 

virtual machines in cloud data center was minimum, as shown in the formula (6); Secondly, to minimize the total energy consumption of 
server, as shown in the formula (7); 

Objective function: 

)min(
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In the migration process, virtual machines needed to meet the following constraints: 
The CPU, memory, hard disk size of all virtual machines that were placed on one server and migrated to the server could not exceed 

the size of the CPU, memory, and hard disk capacity of the server; 
One virtual machine could only be placed on one server; 
Migration algorithm of VMs: Genetic algorithm is a computing model that simulates the natural selection and genetic mechanism of 

Darwin's biological evolution. It is a method to search the optimal solution through simulating the natural evolution process. The genetic 
algorithm starts from a population which is one of the potential solution set of the problem, and carries out the crossover and mutation to 
generate new set of populations with the help of genetic operator. In this process, the progeny populations will be more adapt to the 
environment than the previous generation, the best individual of last population can be an approximation of the optimal solution. 

The paper proposed a virtual machine migration algorithm based on genetic algorithm for the virtual machine migration model, 
including: encoding and decoding, crossover, mutation, correction and local search operators. 

Encoding And Decoding Method： In cloud data center, assuming the number of requested virtual machines by users was m, the 
number of servers was n, thus, the length of chromosome was m*n, the encoding method was: { }mVVVV ,...,, 21=  represented m virtual 

machines, { }nSSSS ,...,, 21=  represented n servers, the mapping of virtual machines and servers was { }nmPPPP ,2,11,1 ,...,,= , indicated virtual 

machine was running on server or not, as shown in Figure 3. 1, =ijP  represented virtual machine j was running on server i, 0, =ijP  
represented virtual machine j was not running on server i. 
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Figure. 3 Mapping Of Virtual Machine and Server 
Population Initialization: It could be known from the constraint condition 2 of virtual machine migration, one virtual machine was only 

allowed to be placed on a single server. Therefore, in the mapping link of each virtual machine and server, there was only one mapping link 
1, =ijP , the other link was 0, =ijP . In this paper, the random function was used to generate a random link, 1, =ijP  for each virtual machine 

and server randomly. 
Crossover Operator: The crossover operator of genetic algorithm simulated the process of biological natural evolution, mating and 

recombination of two different chromosomes, generating new chromosomes. The process was: two individuals exchanged a part of the gene 
in a certain way, forming a new population with a stronger ability to adapt to natural. 

The procedure of crossover operator was as follows: two individuals are selected from the population, randomly generated four integers 
1C , 2C , 3C , 4C , ],1[, 21 mCC ∈ , ],1[, 43 nCC ∈ , assuming crossover probability was cP , crossover method was following: 
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After crossing, the new individuals of populations may not satisfy the constraints of virtual machine migration, so it needed to be 
modified to a feasible solution by correction operator. 

Mutation Operator: The mutation operator of genetic algorithm simulated the process of biological natural evolution, genes of the 
chromosome varied, although the mutation probability was relatively small, but it was not a negligible factor of new species evolution. After 
gene mutation, the diversity of population was increased, and the genetic algorithm had certain local search ability. 
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The procedure of mutation operator is as follows: assuming mutation probability was vP , selecting a individual from the populations, 

randomly generated a real number a, if a was less than vP , then selecting a mapping link of virtual machine and server whose ijP ,  was equal 

to 1, randomly generated a integer b, ],1[ nb∈ , made 01, ,, == ijbj PP , executed it from first to mth virtual machine. 
Correction Operator: It could be known from the constraints of virtual machine migration that all the capacity sum of virtual machines 

on one server could not exceed the capacity of the server, and one virtual machine could only be placed on one server. The migration 
scheme of the virtual machine generated by crossover and mutation operator might be violated the above constraints, so the operator was 
required to be modified to be a feasible solution. 

Local Search Operator ： In order to improve the search speed of the proposed algorithm, a local search operator was introduced. 
From the formula (6), it could be known that the less migration cost of all the virtual machines in cloud data center, the migration scheme 
was more effective. This algorithm would redeploy the migration scheme which had a high migration cost, if the migration cost of new 
scheme was low, selecting the new scheme, otherwise terminating the local search operator. 

 
3.Results 

 
This experiment used CloudSim which was simulation software of cloud computing, validating the proposed model and algorithm. 

Through the simulation experiment, the paper compared the proposed model with SMRT model and LMVN model. The experiment focused 
on the following aspects. For examples, the total migration cost of virtual machines in cloud data center, the total energy consumption of 
servers, average utilization of CPU. And estimating the energy consumption of servers at considering data correlated and not considering 
data correlated aspect.  

 
3.1Experiment parameter setting 

 
In this paper, the simulating environment was following: cloud data center was consist of servers of two different configurations, 

number of servers was 500. The user of cloud service requested two types of virtual machines. The number of populations was 200, 
crossover probability 6.0=cP , mutation probability 02.0=vP , the configuration of servers and virtual machines was as follows: 

Server A: main frequency of CPU was 2.0GHz, memory size was 4GB, hard disk capacity was 500GB, network bandwidth was 
125MB/s, energy consumption of the server was 88W when it was idle, energy consumption of the server was 121W when it was peak; 

Server B: main frequency of CPU was 4.0GHz, memory size was 8GB, hard disk capacity was 800GB, network bandwidth was 
125MB/s, energy consumption of the server was 98W when it was idle, energy consumption of the server was 138W when it was peak; 

Virtual Machine A: main frequency of CPU was 1.0GHz, memory size was 1GB, hard disk capacity was 50GB, network bandwidth 
was 50MB/s; 

Virtual Machine B: main frequency of CPU was 2.0GHz, memory size was 2GB, hard disk capacity was 100GB, and network 
bandwidth was 50MB /s; 

 
3.2Experiment estimating results 

 
Figure 4 showed three models’ virtual machine migration cost under variable requests number of virtual machine. The experiment 

showed that, when the requests number increased from 100 to 1000, the virtual machine migration cost appreciation, which the model was 
proposed by the paper, was 87% to SMRT’s and was 69% to LMVN’s. It showed that paper’s model fully took the migration time and data 
access cost, during the migration, into consideration, and finally reduced the virtual machine migration cost and the energy consumption of 
cloud data center. 

 
Figure.4 Migration Cost Of VMs. 

When the number of requests for virtual machines increased during the experiment, the cloud data center energy consumption increased 
either. Figure 5 showed that, when the requests number increased from 100 to 1000, the cloud data center’s energy consumption cost, which 
the model was proposed by the paper, is 94% to SMRT’s and is 91% to LMVN’s. The scheme proposed by the paper model effectively 
pulled resources together, increased the server utilization, played better role than two others in the way of energy consumption. 
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Figure.5 Energy Consumption Of Servers. 

When the number of requests for virtual machines increased during the experiment, the rate of CPU utilization increased either. The 
experiment showed that, the rate of CPU utilization, which the model was proposed by this paper, was always between 70% and 75%. 
Compared with two other models, this model had higher CPU utilization and better stability. 

 
Figure.6 Average CPU Utilization Of Servers 

It can be seen from the figure 7 that the EMLMDC model which was proposed by the paper and took relationship among virtual 
machines into consideration had lower server energy consumption than EMLM model which didn’t take data relation into condition. When 
the requests number was up to 1000, the energy consumption of EMLMDC model was only 70% to EMLM’s, it noted that the data access 
among virtual machines affected the server energy consumption during the virtual machine execution. 

 
Figure.7 Energy Consumption of EMLMDC and EMLM Model 

 
4.Discussion 

 
Not only virtual machine living migration can decrease the cloud data center energy consumption, but also realize the server’s load 

balancing. Most of the researches are individual with each other, the relationship among machines is not taken into consideration, so both 
server energy consumption, and the cost of virtual machine living migration time and cost of data access among machines should be taken 
into condition during modeling the efficiency of virtual machine living migration. 

The energy consumption and the cost of migration were discussed during the research, the migration cost included the time cost and 
data access cost among virtual machines. Then the living migration model was proposed, in which put the cost of migration and energy 
consumption of cloud data center as objective function and made it reach the minimum for achieving the purpose of reducing the energy 
consumption of cloud data center. 

During simulation experiment, the EMLMDC model proposed by paper was taken comparative experiment with SMRT and LMVN 
model. SMRT model aimed at modeling multiple virtual machines migration, both decreased the cloud data center energy consumption and 
migration time, but the model didn’t take data access factor among machines into consideration. LMVN model put variable related virtual 
machine migration time and migration down time as objective function, but didn’t take cloud data center energy consumption and migration 
cost into consideration. The EMLMDC model proposed by the paper took all of them into consideration. The experiment result showed that, 
the comprehensive ability of EMLMDC model played better role than two others. 

The paper realized the EMLMDC by genetic algorithm during the experiment. Because of the genetic algorithm, it has the 
characteristics of poor local search capability, so it searches for a long time. The next step is to optimize the genetic algorithm, improve the 
algorithm to adapt to the model and achieve the purpose of shortening the time. 
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5. Conclusion 

This paper studied the relationship between the power consumption of server and CPU utilization rate, the live migration cost of data
correlated virtual machines, proposed an energy efficient model based on living migration of data correlated virtual machines, using 
CloudSim cloud computing simulation software to compare the proposed model with the other two models in three aspects, which were the 
total migration cost of virtual machines, the total energy consumption of servers and the average utilization rate of CPU and comparing the 
EMLMDC model and EMLM model. Experimental results showed that the proposed model was lower than the other models in migration 
cost of virtual machines and power consumption of servers, the average utilization rate of CPU was running at a higher range. 
Comprehensively, data correlation of virtual machines affected the energy consumption of servers at a certain extent. 
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Abstract: Recently, the problem of cloud data center high energy efficiency cost caused widespread attention. The effective virtual machine 
placement strategy could improve the resource utilization of the data center and reduce the energy consumption during operation. In actually, 
virtual machine placement was a multi-dimensional bin packing problem. Therefore, it could achieve the goal of reducing the energy 
consumption of the data center by optimizing the placement strategy. The paper proposed a new energy efficiency model, which not only 
considered the multi-dimensional energy consumption of the system, but also conducted the violation rate of the service level agreement as 
the main factor.The genetic algorithm and annealing algorithm were combined and compared with the genetic algorithm and particle swarm 
optimization algorithm for improving the performance of the algorithm during the simulation experiment period, and the effectiveness was 
verified. 
 
Keywords: cloud data center; energy efficiency; service level agreement; genetic annealing algorithm 
 
1. Introduction 
 

In the advent of the big data age, the development of cloud computing is accelerated.Cloud computing has changed the use and 
deployment model of IT based design,data storage resources and computing resources have been gradually concentrated to the data center. 
When data center brings convenient, flexible and efficient services to the users, at the same time, it causes the problems of high energy 
consumption, either.Although in the recent years,scholars both at home and abroad pay more attention to energy efficiency,and have 
achieved certain results.However,the total energy consumption of the data center still shows a trend of rapid growth.According to the 
literature [1,2] shows that the energy consumption generated by the Google data center can be equivalent to the total energy consumption of 
a small city. Such huge energy consumption is different from the green lifestyle advocated by the "low carbon life". Highly energy 
consumption is not only a waste of power resources, but also will impact on the living environment. Therefore, optimizing the energy 
consumption of cloud data center is an urgent problem to be solved. 

 
2.Related work 

 
The reason for the massive resource cost of data center can be analyzed from two aspects:one is from the physical mechanical level, 

with the improvement of manufacturing process, the computer running speed greatly increases, the chip density is higher and higher. This 
brings the high speed computing experience to the people,but at the same time, it increases the power consumption of the computer and 
equipment such as ventilation and refrigeration. The other hand is from the data centerlevel, the data center is mainly composed of a large 
number of hardware resources. Among them, the server occupies a dominant position. However, due to the randomness of the user tasks, the 
server utilization rate is low. According to the literature [3, 4, 5] showed that the average utilization of data center server was found between 
11%-50%through the experiment. The high energy consumption not only brings huge operating cost for the cloud computing center, but also 
affects the reliability and stability of system. 

According to the literature [6] showed thatDaniel Lago studied the relationship between the virtual machine migration and the cloud 
data center energy consumption,and considered four kinds of virtual machine scheduling algorithms for load scheduling. According to the 
literature [7] showedthatZhigangHu proposed a virtual machine deployment algorithm, targeted to select and migrate virtual machine, in 
order to improve the efficiency of virtual machine migration.According to the literature [8] showedthat Zhao Jia in both data intensive and 
computation intensive, for dynamic virtual machine migration strategy with cloud computing data center energy efficiency problem, studied 
for energy-saving dynamic virtual machine migration position selection strategy. From the relevant research results, the data center energy 
efficiency issues wereclosely around the virtual machine integration issues. And at present, some achievements had been made. Most of the 
research work was focused on reducing the energy consumption of virtual machine migration, but it did not take the energy consumption 
into account during the process of placement. In order to reduce the energy consumption as the starting point, this paper analyzed the 
relationship between the energy consumption of the data center and the placement strategy of the virtual machine, and solved the problem of 
reducing the energy consumption of the data center. 

 
3.Problem formulation 
 
3.1The energy consumption factor affecting of the server 

The main components of the server, including CPU, memory, hard disk, network card, etc. These components would have a certain 
impact on the energy consumption of the server.Among them, CPU was the most important energy consuming equipment, so, the server 
energy consumption could be responded through the CPU utilization.Literature [9,10] showed that, server energy consuming had 
approximate linear relation with its CPU utilization, in order to sustain the normal operation of the system as well as memory, hard disk and 
network card and other hardware, the energy consumption would also reach 0.6 times of full-load when the server was in idle state.This 
conclusion showed that the paper can directly calculated the energy consumption value of the server based on the current CPU utilization. 

From the literature [11], the energy consumption model of the server was introduced: 
P(u) = c* +(1-c)* *u                                                                                  (1) 

E =                                                                                             (2) 

Note:P(u) was the rate of server’s power; c was the rate of server idle-load following full-load, and usually was 
constant; was the rate of server full-load; u was the rate of CPU utilization; E was server energy consumption in [ ]. 

 
3.2Optimization modelling 
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In the virtual machine placement process, the first requirement to consider wasto ensure the effectiveness of data center energy. The 
virtual machine placement problem was actually a multi-dimensional bin packing problem. Through the multi-dimensional energy 
efficiency analyzed, combined the optimization of physical server resources with the optimization of network resources, to optimize the 
multi-dimensional cloud resources as the goal, to reduce the energy consumption of the data center for a purpose. That was to say, there was 
an optimal combination in multi dimension resources, which could make the energy consumption of the server minimal. 

In the placement process, the energy consumption of cloud data center must be ensured to the minimum, and it couldbe written as 
function (3); and the violation rate of service level agreement should be ensured to the minimum, and it couldbe written as function (4). 

F1 = min    (3) 

  (4) 

It couldbe concluded that the data center energy consumption model of the objective function formula (5),couldbe obtained. 
  (5) 

Note:  and  for the weight. 
For achieving the above objective function, the following constraints were added in the placement process: 

    (6) 
 = 1     (7) 

When i∈[1,n] and j∈[1,m],   (8) 

Parameter introduction: mwasthe number of data center virtual machine; nwasthe number of data center server; wasthe energy 

consumption of server i; 、 、 were the most large demand on CPU, memory and hard disk for virtual machine j; 

、 、  was to give the size of CPU, memory, hard disk for virtual machine j; 、 、 was the size of CPU, 
memory, hard disk assigned to server i;the formula (6) said the CPU, memory, and hard disk capacities requested by each virtual machine 
wassmaller than the server's CPU, memory, hard disk capacities;the variable =1 in the formula (7) indicated that a virtual machine could 
only be assigned to a single server,could not be repeated allocation; the formula (8) said virtual machine allocation only 0 or 1. 

4.The proposed algorithm 

The paper could get optimal solution by derivation, if object function could be micro processed.The problem to be solved in the paper
could be seen as a multiple-dimension bin packing problem and the search direction was boundless. Each resource could be seen as a 
dimension, the paper could solve the optimal solution by using heuristic random search method. In order to solve virtual machine placement 
model, the paper had designed the genetic simulated annealing algorithm, a global optimization algorithm which wasthe combination of 
genetic and annealing algorithm. 

Genetic algorithm was not dependent on the auxiliary information of searching space. It only depended on the fitness function to 
evaluate individuals, therefore it provided a framework for solving complex problems and was being widely used in various fields at present, 
for example: function optimization, combination optimization, job scheduling and so on. The advantages of the algorithm were that, it began 
to search from the population, widely covering and favoring to get the globally optimal solution. Its disadvantages wererare programming 
realization, weaker local researching, longer searching time and globally optimal solutions were influenced by operator parameters. 

The starting point of simulated annealing algorithm was based on the physical annealing process of the solid matter and general 
combinatorial optimization problem between the similarities and it had been widely used in engineering. For example: production 
scheduling,control engineering, signal processing and so on.The advantages of the algorithm were that it began from the random solutions, 
finding the optimal solution by iteration,strong local searching ability and fast convergence.Its disadvantage was poor global search ability. 

The paper put forward a genetic simulated annealing algorithm because of the weakness of the two algorithms which fully combined 
the genetic algorithm’s ability of global searching and simulated annealing algorithm’s ability of local searching.It speeded up the 
convergence on the basis of obtaining the global optimal solution.The execution process of the algorithm was shown in figure 1. 

4.1Coding 
The paper used the following coding scheme:the number of virtual machine was m, the number of servers was n, so the length of 

chromosome was m*n. In the code every m was a group, and there were n groups. Code could be expressed as: 
        (9) 

Among them, stood for the existence of virtual machine which was allocated by serveri; stoodfor that the virtual machine jwas 
assigned to the serveri;  stood for that the virtual machine j was not assigned to the serveri. 

4.2The population initialization 

According to constraint conditions,the virtual machine capacity of each physical server placement could not exceed the sum of the 
station server capacity limits. Also a virtual machine could only be placed on a single physical server, which according to the constraints 
initialized the population. 

4.3Genetic simulate annealing iterative circulation 

Because both genetic algorithm and annealing algorithm had their own shortcomings, so the paper combined the two together. The first 
layer adoptedsimulated annealing iterative method, whose initial temperature of the cycle wastemmax, and temperature was adjusted to 
tem=tem*a per cycle, the cooling parameter was a (0<a<1), and the iteration would stop once the temperature was reduced to the 
termination temperature; the second layer circulation used genetic iterative method, and first of all population needed crossover, mutation, 
and corrective action, and then adjust the calculated optimal value of population according to the Metropolis’s criterion, and lastly judgedif 
current iteration number ghad reached to the iteration termination condition that was the maximum number of iterationsgmax. If both the 
genetic and simulated annealing iterations were terminated, the entire search process was terminated. 

Genetic simulated annealing iterative algorithm must complywith the Metropolis’s criterion.Comparing the previous population with 
the new population after crossover, mutation and correction, if new population was more energy-efficient , the new populationwas 

chosen, otherwise it calculated  to choose, ,tem was the current temperature value,rand was a random 
number(0<rand<1).If prob> rand, the new population was chosen.Otherwise, itchose the previous population. 
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Figure.1Algorithm execution flow chart. 
The establishment of crossover operator 
In the paper,  individuals from current population P(t)were chosen as parent. , then crossing the 

random interval between two adjacent individual chromosomes. Individual species placement after crossing for specific question might be 
not a feasible solution, so using the correction operator to adjust it to be a feasible placement solutionwas necessary. 

The establishment of mutation operator

In the paper,  individuals from current population P(t)were chosen as parent. wasa mutation probability, that chosetwo 
genes randomly to swap for each individual chromosome,a new population came into being. Individual species placement after mutation for 
a specific question mightbe not a feasible solution, so using the correctionoperator to adjust it to be a feasible placement solutionwas 
necessary. 

The pseudo code of genetic simulated annealing algorithm was as follows: 
1.Begin 
2. The population initialization 
3.
4.While(tem> ) 
5.{ 
6. While(g< ) 
7. { 
8. Crossover, mutation and correction operation of population 
9. 
10. if( , select a new population 

11. Else{ } 
12. Generating a random number rand （0<rand<1） 
13. if(prob>rand) select new population 
14. Else  select old population 
15. } 
16. tem = tem * a ，g = 1 
17.} 
18.End 

5.Results 

5.1Construction of experimental conditions 

In the paper, in order to verify the effectiveness of the energy efficiency model, a comparative experiment based on different 
algorithms was carried out. Experimental initial condition: 

Cloud data center consisting of 300 physical servers, which was divided into three different configuration parameters. 
In the simulation experiment, it was assumed that there were a certain number of user-request virtual machines whose types were 

divided into three types. 
The specific parameters, such as physical server, virtual machine configuration, quantity and peak energy consumption, as shown as 

table 1. 
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Table 1 The experiment parameter 
Type CPU Memory Hard disk Number Peak energy consumption 

Physical machine 1 
Physical machine 2 
Physical machine 3 
Virtual machine 1 
Virtual machine 2 
Virtual machine 3 

1.7GHz/Core i5 
2.4GHz/Core i3 
3.4GHz/Core i7 

1GHz 
1GHz 

1.5GHz 

4G/DDR3 
2G/DDR3 
8G/DDR3 
1G/DDR3 
2G/DDR3 
4G/DDR3 

500G/ST 
250G/ST 

1T/ST 
100G 
200G 
500G 

100 
200 
300 

- 
- 
- 

109W 
129W 
177W 

- 
- 
- 

In the simulation experiment, other parameters wereset to: the population size was200, crossover probability was =0.7, mutation 
probability was , the largest genetic iteration number was ,the initial temperature was , termination 
temperature was , cooling parameter a=0.85, 。

5.2Comparison of experimental results: 

The number of physical servers and virtual machine requests 
In the experiment, the paper observed the changes of physical servers opened numbers by increasing the virtual machine request 

constantly. With the increasing number of requests for virtual machines, the number of physical machines opened by the three algorithms 
was increased in varying degrees through the experiment. Compared with the genetic algorithm (GA) and particle swarm optimization 
algorithm (PSO), genetic simulated annealing algorithm (GASA) the number of  opened physical servers was lower than the other two 
algorithms, thus the energy consumption of data center was realized. As shown in figure 2. 

Fig.2: The relationship between the number of physical servers and the requests for the virtual machine 
CPU usage rate and the number of requests for virtual machines 
In the experiment process, with the increase in the number of requests for virtual machines, CPU usage rate had changed. According to 

the experiment results, the mutation characteristics of CPU usage rate were shown in figure 3 under three algorithms in different number of 
virtual machine requests. Under the three algorithms, the CPU usage rate had been maintained between 70% and 85%. But after comparison 
it could be drawn that GASA algorithm had better stability which hadbeen relatively stable and no shock. 
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Fig.3:The relationship between CPU usage and the number of requests for virtual machines 
Energy consumption and the number of requests for virtual machines 
The figure 4 showed the energy consumption of the cloud data center in the three algorithms under different numbers of requests for 

virtual machine. The energy consumption of the three algorithms showed different degrees of increase under the increasing number of 
virtual machine requests. Compared with the other algorithms, the GASA algorithm had lower energy consumption in the same number of 
requests for virtual machines. The performance of GASA algorithm was better when the number of requests for virtual machines is in the 
[100,250] range. 

Fig.4: Relationship between energy consumption and virtual machine request 
Effect of service level agreement violation rate on energy consumption 
In the simulation experiment, in order to verify the service level agreement violation rate wouldaffect the energy consumption, the 

comparison experiment to GASA-SLA model and GASA model under the same kind of algorithm wasdone. The experimental result showed 
that both of the system energy consumption increased with the increasing number of virtual machine requests. But GASA-SLA model’s 
energy consumption rate increased by nearly 4.6 times, and GASA model’s energy consumption rate increased by 5.3 times. As a result, it 
was proved that the violation rate of the service level agreement had an influence on the system energy consumption.(Note: GASA-SLA is 
the model, which consider the service level agreement violation rate). 
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Figure.5 Effectiveness of service level agreement violation rate on energy consumption. 

 
6.Discussion 

 
The high energy consumption of data center will not only cause the increase of operating costs, but also affect the reliability and 

stability of the system. The paper found that the optimal placement strategy could reduce the energy consumption by studying the main 
energy consumption equipment and the strategy of virtual machine placement. The energy efficiency model of data center was improved in 
the course of the study. When the object function was created, the center energy efficiency was considered, at the same time, the service 
level agreement violation rate was considered as the constraint condition. This ensured that the data center was running under low energy 
consumption in the case of meeting the service level agreement as far as possible. For better convergence rate, a new algorithm was 
proposed in the paper to solve the objective function, which was called genetic simulated annealing algorithm(GASA). 

Three different algorithms were used to carry out simulation experiments based on the energy efficiency model proposed in the paper. 
The genetic algorithm(GA) didn’t depend on auxiliary information of search space, it was advantageous to obtain the global optimal 
solution, but the local search ability was weak. Particle swarm optimization (PSO) algorithm was fast and efficient, but being trapped in 
local optimum was a problem;The GASA fully combined the genetic algorithm and simulated annealing algorithm with local searching 
ability and global search capability. The speed of convergence was accelerated on the basis of obtaining the global optimal solution. It could 
be seen from the experimental results that GASA could preferably solve the objective function; It could reduce the system energy efficiency 
better by adding constraint conditions (i.e., service level agreement violation rate) of the energy efficiency model. Itcould be known from 
the study that the energy efficiency of data center was affected by the placement strategy of the virtual machine. It could effectively reduce 
the energy consumption of the data center by optimizing the placement strategy, establishing energy efficiency model, using GASA 
algorithm to solve. It’s more truthfulness that put violation rate of service level agreement as a constraint condition in the energy efficiency 
model. There were many factors during data center operations and the paper only discusses the part of them. The data center energy 
efficiency model should be deeper researched in the future. 

 
7. Conclusion 

 
The paper discussed the energy efficiency of data center, and found that there was a close relationship between the strategy of virtual 

machine placement and energy efficiency. Based on the analysis of the influence factors of the energy efficiency, a new energy efficiency 
model was proposed. Not only the center energy efficiency wasdiscussed, but also increased the service level agreement violation rate 
constraintsfrom the practical point of view. In the view of the energy efficiency model, the genetic algorithm with the annealing algorithm 
was combined to carry on the simulation experiment. 
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Solid-Gas Humid & Hot Transfer Regular Simulation of Deep Well Roadway 
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Abstract: With the increase of mining depth, the underground roadway hot and humid environment increasingly serious, greatly influence 
the mine production safety and efficiency, in order to objectively revealed humid andhot Transfer Regular of underground roadway 
surrounding rock and air, selecting typical mine,established roadwayturbulent flow model, using FLUENT software to simulate the humid 
andhot transfer regular betweenroadway surrounding rock and air, by simulating graphics, intuitive demonstrates solid-gashumid andhot 
transfer phenomenon of roadway, according to the simulation results, can beforehand adjust the temperature and humidity of the 
surrounding rock or air, in order to better control of deep well humid and hot, create good environment for underground work. 

Keywords: mine; roadway; environment; simulation 

1. Introduction 

With the increase of mining depth, mining deep well work environment more bad, downhole high temperature and high humidity
environment lead to the occurrence of diseases, at the same time seriously affect the workers’normal working state, greatly reduce work 
efficiency, due to the deterioration of underground humid and hot environment, examples of mine was forced to shut down togovernance hot 
and humid environment has often occur. As early as a century ago, the world's high temperature mine country has started the study of the 
underground thermal environment governance [1-3], therefore, further study underground temperature and humidity change rule, improve 
cooling dehumidification technology means and measures, conduct effective governance of the underground environment has become an 
urgent scientific questions[4,5]. 

2. Roadway turbulent flow model is established

Simulation of the underground tunnel ventilation is turbulent flow, so to choose corresponding turbulence model is simplified. At
present simulation of turbulence models commonly used are the standard ε−k model, Reynold stress model, and correction ε−k  

model [6]. According to the actual circumstance of mine air, annotation ε−k model is established for simulation analysis.
Turbulent dissipation rate 
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Type： 

kG —Is generated due to the turbulent kinetic energy by average velocity gradient cause； 

bG —Is generated due to the turbulent kinetic energy by buoyancy effect cause；
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MY —Is compressible turbulent pulsating expanding its influence on the total dissipation rate； 

εεε 321 CCC 、、 —Empirical constant,usually taking 09.092.144.1 321 === εεε CCC 、、 ；

εσσ 、k —Respectively is turbulent kinetic energy and turbulent kinetic energy dissipation rate corresponding to the 

prandtlnumber,usually taking 3.10.1 == εσσ 、k ；

tPr —Is the turbulent prandtl number, usually taking 85.0Pr =t ；

ig —Is thecomponent of  acceleration of gravity on the i  direction； 

β —Is thermal expansion coefficient； 

tM —Isturbulent Mach number； 

a —Isthe speed of sound。 

3. Roadway temperature field and humidity field simulation analysis 

According to the underworkings romantic situation, study do following assumptions: 
(1) meetBoussinesq hypothesis; 
(2) ignore the fluid viscous force,air is an incompressible fluid; 
(3) ignore romantic gravity; 
(4) on the heat transfer in the direction of roadway surrounding rock is homogeneous, no thermal radiation and heat all to air. 

3.1 Roadway model 

In order to study the air hot and humid exchange of high mine roadway, know romantic temperature field distribution,do simulation 
analysis takea gold mine as engineering background. For the convenience of calculation, the roadway model was simplified. Roadway for 
arch, arch tall is 0.5 meters, rectangle at the bottom of 2.5 meters wide, 2 meters high. Roadway length 100 meters, wind speed 1.5 m/s. 

Figure 1 Roadway geometry of simulation area 
Simulation area meshing mainly hexahedron as the basic control shape, containing wedge in proper place, a total of 98000 mesh. 

3.2 Boundary conditions and calculation parameters settings 

Inlet boundary condition: entrance velocity wind speed 1.5 m/s, wind turbulence parameters, mainly including turbulent kinetic energy 
k  and turbulent dissipation rateε ;

Outlet boundary conditions: free export (outflow), started to get better and faster convergence effect , export pressure boundary 
condition is set topressure outlet, two kinds of different boundary conditions of exports of the analysis of simulation results, similar 
convergence effect, finally decided to take the free boundary condition is set to export (outflow); 

Tunnel wall boundary: set as no slip boundary wall, the surrounding rock wall temperature is set to 30 C0 , humidity coefficient is 0.6, 

the specific heat capacity of rocks is ( )KkgKJ ⋅/93.0 , rock density is 3/5.2674 mkg , wall thicknesstake 2 meters, the

coefficient of thermal conductivity of the rock measured for calculation is ( )KmW ⋅/288.2 , the temperature conductivity of the rock

is sm /9395.0 2 , convective heat transfer coefficient for the calculation is ( )KmW ⋅2/9786.7 .

The implicit algorithm based on pressure base, choose standard ε−k  turbulence model, SIMPLE algorithm to calculate the flow
field. In order to get better convergence effect, change the energy equation to the second order discretization method, and reduce the energy 
relaxation factor for calculating. 

3.3Temperature field simulation analysis 

3.3.1Temperature field simulation shows 

2.5m 

2m 
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For humidityand heat exchange simulation calculate ionintercepting 100 mroadway frommeasuring point temperature 16 C0 and 
humidity 30% ,,andanalyzed the simulation results. 

When tunnel wind speed 1.5 m/s,For humidity and heat exchange simulation calculation intercepting 100 m roadway from measuring 

point temperature 16 C0 and humidity 30% ,after 400 iterations simulation calculation, the calculation results convergence, the basic trend 
of temperature field distribution is shown in figure 2: 

Figure 2 Trend of wind temperature distribution in the roadway 

3.3.2Temperature field simulation conclusion 

1)To analyze the interception temperature field distribution, it can be seen that temperature change near the wall is the fastest, the farther
from the surface temperature changes gradually slow down, the slowest in romantic temperature changes in the center of the cross section. 

2) Along the direction of the wind flow, the wall heat transfer, temperature rising, but heat exchange between the rock wall and wind
more and more weak, its temperature decreases. 

3.4Humidity field simulation analysis 

3.4.1Humidity field simulation shows 

To humid andhot transfer regular is more comparable, do humidity field simulation taking the same roadway conditions and temperature 
field simulation. The simulation results is shown in figure 3. 

Figure 3  Trend of wind humidity distribution in the roadway 

3.4.2Humidity field simulation conclusion 

1) To analyze the interception humidity field distribution, it can be seen that humidity change near the wall is the fastest, the farther from
the surfacehumidity changes gradually slow down, the slowest in romantic humidity changes in the center of the cross section. 

2) Due to rock wall humidity is larger,along the direction of the wind flow, the wind flowhumidity is higher and higher, but thehumidity 
exchange between wind and rock wall more and more weak, its temperature decreases. 

4. conclusion 

(1)Under the condition of certain humidity, the bigger temperature difference between wind temperature and surrounding rock, the 
more the heat exchange between the two; Under the condition ofcertain temperature, the bigger humidity difference between wind humidity 
and surrounding rock,the more the humidity exchange between the two; Humidity change have little effect on heat transfer between windand 
surrounding rock. 
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(2) Under the condition ofcertain temperature, wind flow humidity is lower, the greater the difference and surrounding rock humidity,
the more the humidity exchange between the two。Under the condition of certain humidity, the lower the wind temperature, the greater the 
difference and the surroundingrock temperature, the more the humidity exchange between the two;Temperature change have great effect on 
humidity transfer between windand surrounding rock. 
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Abstract: Supply chain contract is a significant method of coordinate supply chain system. This paper address in the context of two-echelon 
supply chain with a single manufacturer and a single retailer under a price-discount contract. This paper presents the detail description of 
mathematical deduction about the supply chain coordination mechanism under price-discount contract when market demand and production 
cost disrupt at the same time.When the variable quantity of demand and cost exceed some specific limit, the original price-discount contract 
couldn’t coordinate supply chain. Furthermore, this paper proposes supply chain system could coordinate renewedly by adjusting these 
parameters in price-discount contract. 
 
Keywords: price-discount contract; supply chain coordination; disruption 
 
1. Introduction 
 

Today's competition, not competition among enterprises,but competition among supply chains[1]. The relationship among member 
enterprises in supply chain is always cooperative. Meanwhile, the incoordination phenomenon is a universal existence in supply chain 
system because these member enterprises pursuit to maximize their self-interest. The main objective of supply chain system is  

maximize the expected revenue or minimize operation cost of the entire system. As an important way to coordinate supply chain, the 
fields of supply chain contract theory focused on are behavior motive and incentive problems[2]. Supply chain contract mainly includes: 
quantity-discount contract, price-discount contract, quantity flexibility contract, returns contract and profit-sharing contract,etc.  

Because of the universal existing of kinds of uncertainty risk, retailer in supply chain often implements measures beyond quantity-
discount contract to meet market demand fluctuation. However, it is hard to coordinate the behavior in making decision of retailers by 
general contract[3]. The price-discount contract is an efficient approach to handle this phenomenon. It regulates to keep the determined linear 
or nonlinear relationship between wholesale price and buy-back price of manufacturer and the variable quantity of retail price in the price-
discount contract[3]. 

The price-discount contract associates manufacturer with retailer in order to share risks and gains by regulating the variable relationship 
among wholesale price, buy-back price and retail price. The price-discount contract could prevent retailer deviating optimal price of supply 
chain system in practice, motivate retailer’s local optimal decision in accordance with system optimal decision in order to coordinate supply 
chain system. 

This paper addresses in the context of two-echelon supply chain with a single manufacturer and a single retailer. At the beginning of 
sales season, manufacturer provides price-discount contract to retailer and the retailer determines retailer price and order quantity based on 
this contract. This condition could be considered to be a binary relation of stackelberg game. This paper studies the supply chain 
coordination mechanism under price-discount contract considering market demand and production cost disrupt. 
 
1.1 Supply chain coordination under price-discount contract  
 
1.1.1 Assumption 

 
This paper is based on the following assumption: 
(1)The manufacturer and retailer are both selfish, and their only objective is to pursue their own maximum profits. 
(2)The manufacturer and retailer are both rational, that means they could judge whether it is beneficial for themselves. 
(3)The manufacturer and retailer are both risk neutral. 
(4)Information sharing between manufacturer and retailer is symmetric. 
(5)There is no production capacity constraint in manufacturer. It means the manufacturer immediately deliveries the right units to the 

retailer to satisfy customer. 
(6)The lead time is zero. It means that the response time from sending an order, order processing, to production and delivery is zero. 

 
1.1.2 Parameter symbols 

 
These parameter symbols in this paper introduces as table 1. 
 

Table 1 Information about parameter symbols 
Symbol Meanings 

p retail price per unit 
ω  manufacturer charges retailers a per-unit wholesale price 
b buy-back price per unit of manufacturer 
v salvage value per unit 
q retailer’s order quantity 
D market demand 
c1 cost per unit of retailer 
c2 cost per unit of manufacturer 

1
g  

opportunity loss cost of stockout of retailer 

2
g  

opportunity loss cost of stockout of manufacturer 

Assume the distribution function of market demand, denoted by D, is G(X), and the density function of market demand is denoted by 
g(x). Because G(X) is differentiable and strictly increasing, the expected demand (E Dµ = ）. The product cost per unit 
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is 1 2= +c c c .The opportunity loss cost of stockout is 1 2g g g= + .Meanwhile, the practical cost structure is ω< < <v c p .
According to supply chain management and the related statistics-theory, it is easy to conclude the following: 

(1)In the condition of determined price and order quantity, the retailer’s expected sales volume is

0 0
( , ) ( ) ( ) ( )

∞
= + = −∫ ∫ ∫

q q

q
S q p xg x dx qg x dx q G x dx

    （1） 
(2) The expected overstock at the end of the sales season is 

[ ]( , ) max ,0 ( , )= − = −I q p q D q S q p
  （2） 

(3) The expected understock at the end of the sales season is
[ ]( , ) max 0, ( , )µ= − = −L q p q D S q p （3） 

1.1.3 Model 

This paper presents the basic price-discount contract based on Yi Xuehui’ achievement[3]. It is described as following: 

( ) ( )0 01 k p pω ω= + + − （4） 

( ) ( ) ( )0 0

1 1
1 k p k c g c gω = − + − − − （5）  

Where
0ω is the basis wholesale price of manufacturer and

0p is  retailer reference price.The parameter of price-discount contract 

( )ω, ,b k determines the relationship between wholesale price and buy-back price of manufacturer and retail price of retailer. Where k is 

the coefficient in the function of wholesale price and buy-back price, k is constant and 0 1k< < . 
There is linear relationship between wholesale price and buy-back price. The buy-back price, denoted by b, is 

   ( ) 1
b k c v cω= − − + （6）

The equation (5) is substituted into the equation (4), we could obtain: 

( ) ( ) ( ) ( ) ( )0 0

1 1
1 1k p k c g c g k p pω = − + − − − + − −  

( ) ( ) ( )1 1
1k c g c g k p= − − − + − （7） 

The equation (7) is substituted into the equation (6), we could obtain: 
1 1 1( ) ( ) (1 ) ( )= − − − + − − − +b k c g c g k p k c v c

1(1 ) ( )= − + − +k p k v g g    （8） 
The expected revenue function of retailer is 

1 1( , ) ( , ) ( , ) ω= − + − −r
pf pS q p g L q p bL q p q c q

1 1 1( ) ( , ) ( )ω µ= − + − + − −p b g S q p c b g              （9） 
The expected revenue function of manufacturer is  

2( , ) ( , ) ( , )ω= − − − +m
pf q bI q p gL q p c q vI q p

2 2 2( ) ( , ) ( )ω µ= − + − + − − −b v g S q p c b v q g                （10） 
Then, the expected revenue function of the overall supply chain system is  

( ) ( , ) ( ) µ= − + − − −sc
pf p v g S q p c v q g    （11） 

Because G(X) is strictly increasing,  fp
sc is strictly concave function, then its optimal order quantity q* is unique and it satisfy the 

following: 

( ) ( )( *) = + − + −G q p g c p g v  （12） 

The equation (7) and the equation (8) are substituted into the equation (9), we could obtain: 
1 1 1( ) ( , ) ( )ω µ= − + − + − −r

pf p b g S q p c b g  
1( ) ( , ) ( ) µ= − + − − −k p v g S q p k c v q g

  1( )µ= + −sc
pkf kg g   （13） 

Under price-discount contract, the expected revenue of retailer is an affine function of the expected revenue of the overall supply chain 
system. The optimal order quantity of retailer q* is also the optimal order quantity of the supply chain system. 

Generally, buy-back price is less than wholesale price, then ( ) 1
0b k c v cω − = − − > , and the value of k must satisfy 

0 1k< < , so we can obtain 

( )1
1c c v k− < < （14） 

From the above analysis, we can draw a conclusion. 

1.1.4 Proposition 1  

In the two-echelon supply chain in decentralized decision-making, the parameter of price-discount contract ( ), ,b kω  ,which

formed of the value ofω determined by equation（7）, the value of b determined by equation（8）and the value of k determined by
formula（14）,could coordinate supply chain system. 
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2. THE COORDINATION MECHANISM ANALYSIS

2.1The influence of two factor disruptions on supply chain 

If the market demand fluctuates, the demand distribution function transformed from G(X) into F(X). According to supply chain 
management and the related statistics-theory, it is easy to conclude the following: 

(1)when price and order quantity determined, retailer’s expected sales volume is

( ) ( )
0

,
q

F
S q p q F x= − ∫  

（15） 

(2) The expected overstock at the end of the sales season is 

( ) ( ), ,
F F

I q p q S q p= −
                     

（16） 

(3) The expected understock at the end of the sales season is 

( ) ( ), ,
F F F
L q p S q pµ= − （17） 

At the same time, the price of raw material also fluctuates, the corresponding cost of retailer and manufacturer changes as 
1
c∆ and 

2
c∆ , the total cost of supply chain system changes as 

1 2
c c c∆ = ∆ + ∆ .

 

The expected revenue function of retailer is 

( ) ( ) ( )1 1 1 1
,r

pd F F
f p b g S q p c c b q gω µ= − + − + ∆ + − − （18） 

The expected revenue function of manufacturer is  

( ) ( ) ( )2 2 2 2
,m

pd F F
f b v g S q p c c b v q gω µ= − + − + ∆ + + − − （19） 

Then, the expected revenue function of the overall supply chain system is  

( ) ( ) ( ) ( ) ( )* *

1 2
,sc

pd F F
f p v g S q p c c v q g q q q qµ λ λ

+ +
= − + − + ∆ − − − − − −   （20） 

where
1
λ ，

2
0λ > ， ( ) ( )* *max 0,q q q q

+
− = − . 

1
λ means additional cost per unit caused by production fluctuates for 

manufacturer and 
2
λ  means additional cost per unit caused by stock disposed for manufacturer.  

The following we study the influence about the optimal order quantity of supply chain system when market demand and production 
cost disrupt at the same time. 

2.2 Proposition 2 

(1) If ( ) ( ) ( )* *c G q F q p v g ∆ ≤ − − +  , then *q q≥ . 

(2) If ( ) ( ) ( )* *c G q F q p v g ∆ > − − +  , then *q q< . 

Proof 
This proposition uses reduction to absurdity. 

(1) Assume when ( ) ( ) ( )* *c G q F q p v g ∆ ≤ − − + 
, *q q< . Then the expected revenue function of supply

chain system is 

( ) ( ) ( ) ( ) ( )*

2
,sc

pd F F
f q p v g S q p c c v q g q qµ λ= − + − + ∆ − − − −

                        
(21) 

Set ( )
0

arg max sc
pdq

q f q
≥

= , by getting second-order derivation of the expected revenue function of supply chain 

system ( )sc
pd

f q , we can obtain: 

( ) ( ) ( ) 0sc
pd

f q p v g f q′′ = − − + <
                                                 

(22) 

It is obviously that ( )sc
pd

f q  is strictly concave function. So q  is the optimal solution of ( )sc
pd

f q ,denoted by q , should satisfy 

the following: 

( ) ( ) ( ) 2
0p g p g F q c cν ν ν λ− + − − + − + ∆ − + = (23) 

We can obtain: ( ) ( ) ( )2
F q p g c c p gλ ν = + − + ∆ + − +         

(24) 

When ( ) ( ) ( )* *c G q F q p v g ∆ ≤ − − +  ,
 

( ) ( ) ( )2
F q p g c c p gλ ν = + − + ∆ + − +   
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( ) ( ) ( )*

2
G q c p g vλ= − ∆ − + −  

( ) ( ) ( ) ( )* * * *G q G q F q F q > − − = 
(25) 

Because F is a strictly increasing function of q, then *q q> , so the null hypothesis is not tenable. Based on this, we can obtain that 

when ( ) ( ) ( )* *c G q F q p v g ∆ ≤ − − + 
, 

*q q≥ . 

(2) Similarly, we can describe the mathematical deduction process as above.

2.3 Proposition 3  

When production and market demand fluctuate at the same time, the optimal order quantity of supply chain system,denoted byq , 
should satisfy the following condition: 

1 1

*

1 2

2 2

, 0

,

,

q c A

q q A c A

q A c

λ

λ λ

λ

 < ∆ < −


= − < ∆ < +
 + < ∆

 

where * *( ) ( ) ( )A G q F q p v g = − − +  . q1 is the optimal solution of first-order differentiation of sc

pd
f when

1
0 c A λ< ∆ < − . 

q2 is the optimal solution of first-order differentiation of sc
pd

f when 
2

c A λ∆ < + . At the same time, q1 satisfy equation(26) , q2

satisfy equation(27). 

( )1 1
( ) ( )F q p g c c p g vλ = + − + ∆ − + − 

   
(26) 

( )2 2
( ) ( )F q p g c c p g vλ = + − + ∆ + + −       

(27) 

Proof 
When c A∆ ≤ , the profit function of supply chain is 

*

1
( ) ( ) ( , ) ( ) ( )sc

pd F F
f q p g v S q p c c v q g q qµ λ= + − − + ∆ − − − − (28) 

   Assume q means the optimal order quantity of supply chain system. According to proposition 2,  
*q q≥ . Set ( )1 0

arg max sc
pdq

q f q
≥

= ,then 
*

*

1
arg max ( ) max( , )sc

pd
q q

q f q q q
≥

= =  

Because ( ) ( ) ( ) 0sc
pd

f q p v g f q′′ = − − + < , then ( )sc
pd

f q is strictly concave Function. 

We can obtain 

( )1 1
( ) ( )F q p g c c p g vλ = + − + ∆ − + −  ( ) ( ) ( )*

1
G q c p g vλ= − ∆ + + − (29) 

(1) If 
1

c A λ∆ ≥ − , this formula is substituted to equation(29), we can obtain *

1
( ) ( )F q F q≤ . Because ( )F q  is a strictly 

increasing function, so *

1
q q< ，then *q q= . 

(2) If 
1

c A λ∆ < − , this formula is substituted to equation(29), we can obtain *

1
( ) ( )F q F q> . Because ( )F q  is a strictly increasing 

function, so *

1
q q> ，then

1
q q=

.
 

In the same way, when c A∆ ≤ , we can conclude the following:

(1) If 
2

c A λ∆ > + , then 

( ) 21

2

p g c c
q q F

p g v

λ
−
 + − + ∆ +

= =   + − 
    (30) 

(2)If 
2

c A λ∆ > + , then *q q=  

2.4 Proposition 4 

when 
1

0 c A λ< ∆ < − or
2

c A λ∆ < + ,where * *( ) ( ) ( )A G q F q p v g = − − + 
, the supply chain system would not

be coordinated under the original price-discount contract. 
Proof 

According proposition 2, the optimal order quantityq not equals to the planned order quantity 
*q at that time. The retailer’s revenue 

function under the original price-discount contract is: 

1 1 1 1
( ) ( , ) ( )r

pd F F
f p b g S q p c c b q gω µ= − + − + ∆ + − −  
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1 1
[( ) ( , ) ( ) ]

F F
k p v g S q p c v q g c qµ= − + − − − − ∆  

                     

* *

1 1 2 1
( ) [ ( ) ( ) ]sc

pd F
kf cq kg g q q q q k c qµ λ λ+ += + ∆ + − + − + − − ∆

  
(31) 

The retailer’s revenue function is not an affine function of the total supply chain revenue, so supply chain system could not be 
coordinated.  

2.5 The adjusted price-discount contract 

According to proposition 4, supply chain system could not be coordinated anymore if 
1

0 c A λ< ∆ < − or
2

A cλ+ < ∆ , 

where * *( ) ( ) ( )A G q F q p v g = − − + 
. At this time, supply chain system should adjust these parameters of original price-discount

contract. Set  
* *

1 1 1 1 2
(1 ) ( ) ( ) [ ( ) ( ) ] ( , )

F
k p k c c g c c g k q q q q S q pω λ λ+ +′ = − + + ∆ − − + ∆ − + − + − (33) 

* *

1 1 2
(1 ) ( ) [ ( ) ( ) ] ( , )

F
b k p k v g g k q q q q S q pλ λ+ +′ = − + − + + − + − (34) 

2.6 Proposition 5 

Once these parameters of the adjusted price-discount contract ( ), ,b kω′ ′ satisfy equation(33)and equation(34), then supply chain

system could be coordinated renewedly. 
Proof 

Under the adjusted price-discount contract, for retailer: 

1 1 1 1
( ) ( , ) ( )

r

pd F F
f p b g S q p c c b q gω µ′ ′ ′ ′= − + − + ∆ + − −  

1
[ (1 ) ( ) ] ( , )

F
p k p k v g g X g S q p= − − − − − − +  

1 1 1 1
[ (1 ) ( ) ( )c c k p k c c g c c g− + ∆ + − + + ∆ − − + ∆ −  

1 1
(1 ) ( ) ]

F
X k p k v g g X q gµ+ − − − − − − −  

1
[ ( ) ] ( , ) ( )

F F
k p v g X S q p k c c v q gµ= − + − − + ∆ − −  

1
( )sc

pd F
kf kg gµ= + −                                                                                                      (35)

The retailer’s revenue function is an affine function of the total supply chain revenue. When market demand and cost disrupts at the 
same time, the adjusted price-discount contract ( ), ,b kω′ ′  could coordinate the supply chain system renewedly.

3. CONCLUSION 

This paper addresses the issue of how to coordinate two-echelon supply chain system under  price-discount contract considering

demand and cost disrupt. Supply chain system could coordinate when these parameters ( ), ,b kω in price-discount contract. when

demand and cost disrupt at the same time in supply chain system, the variable quantity of demand and cost exceed some specific limit, the 

original price-discount contract ( ), ,b kω  couldn’t coordinate supply chain. Supply chain system could coordinate renewedly by

adjusting these parameters ( ), ,b kω′ ′ . This paper presents the detail description of mathematical deduction of these coordination

mechanism. 
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Abstract: Cloud computing is the computing process operated on lots of distributed computers. In cloud computing,computing nodes with 
different characteristicsare scattered in distribution network, and load detection of network nodes is easy to overlook noise influence and the 
divergence of distributed nodes so as to generate testing results with low precision and poor practicability. In this paper, genetic algorithm of 
nodes load detection is proposed. After characteristic parameters of maximum loading node at maximum flow are extracted, the algorithm 
denoisescharacteristic parameters of maximum loading node(them) with nonlinear filtering technology, generates discrete values and 
calculates load coefficient. The result is optimized through genetic algorithm with elitist selection strategy. The experimental results show 
that the proposed methodis more accurate and practical than traditional algorithms after comparison between optimized results and the 
maximum coefficient threshold. 
 
Keywords: cloud computing; network node; load; elitist strategy; genetic algorithm 
 
1. Introduction 

 
With the continual upgrade of computer technology, the scope of application of the network is applied more and more widely and has 

penetrated into people’s daily life and work [1-2].While a large number of users are using the network, protecting the stability of the network 
load balancing has become a more urgent task of the moment [3].The detection technology of maximum pressure point is an important factor 
in the implementation of this mandate, attracting the attention of many experts and scholars [4].Cloud computing maximum pressure detection 
technology has broad space for development, and therefore has become the focus of attention of the industry issues, it has been widespread 
concern and there have been many good ways [5]. 

Currently, the mainstream cloud computing maximum pressure point detection method includes the maximum pressure point detection 
method based on ant colony algorithm cloud computing, calculating the maximum pressure point detection method based on particle swarm 
optimization cloud computing,and maximum pressure point detection method based on neural network algorithm cloud[6]. Which is often 
used it is the maximum pressure point detection method based on ant colony algorithm cloud. However, when using the above method to detect 
the maximum flow load feature extraction pressure point is not obvious, there is a difficulty in modeling and detection accuracy is not high[7]. 

Aiming at the problems aforementioned, we propose a method for calculating the maximum pressure point cloud detection of improved 
genetic algorithm[8].With this method, in a controlled environment based on cloud computing, by virtue of the system monitoring 
equipment,the characteristic signal of load pressure point at maximum flow is extracted with the detection equipment, the maximum pressure 
point is tested using the cloud computing of improved genetic algorithm proposed andthe parameters of the maximum load point are 
denoisedusing the method of nonlinear filtering, to discrete it and calculate the load factor[9].The genetic algorithm that the results use 
theblended elite selection strategy is optimizedto compare the optimization results with the highest coefficient threshold value. The simulation 
experiments indicate that the improved genetic algorithm for calculating the maximum pressure point detection accuracy is higher than the 
traditional algorithm accuracy with powerful practicability[10]. 

 
2 Cloud detection principle point of maximum pressure 

 
Because cloud computing environment is of a certain dynamic and complexity, the network cloud computing environment can easily lead 

to uneven load phenomenon.The maximum pressure point detection method of cloud computing can be detected to determine whether cloud 
computing system environment can support performance requirements as well as the expected maximum flow load growth[11].Cloud 
computing maximum pressure point detection system is not just concerned about the different maximum load pressure flow scenarios response 
time and other indicators, but it must be found that the situation in the cloud computing environment will occur under different load scenarios 
through the process of testing, such as the causes of the speed slowing down and memory leakage and so on.In the maximum pressure point 
detection processof cloud computing, first need to know the system of cloud computing environments and accurate operation status while the 
system transitions from one stable state to the next steady state through the process can be defined system dynamic cloud computing 
environment characteristic.The process of flow load pressure with the change of time is from the cloud computing environment to determine 
the size of all load cases and load allocation resources[12]. The concrete steps are detailed below: 

In the maximum pressure point detection process of cloud computing,all of the resources under the cloud computing environment are 
assumed into larger resources to consider and the flow load in the system change process is analyzed.When the system load in cloud computing 
environments changes over time, the load equation of equivalent resources can be expressed by the following formula: 

                                              (1) 

Where, by the  and representing the cloud computing system environment under the total resource load in a stable state, by  

representing the system load actual value and by  representing inertia time coefficients, it is expressed as the following formula: 

                                           (2) 

In the above formula,the represents dynamic equivalent resources, J represents the inertia of the equivalent amount of resources 
andKN represents the total load equivalent resources. 

The formula (1) is converted to the system load cloud computing environment basic standards in the total load state. If the load actionis 
mitigated, it is defined as the system having reached the maximum load pressure point. Then the load adjustment formula can be expressed by 
the following formula: 

                                         (3) 
According to the above described the following formulacan be obtained: 

                                            (4) 

In the maximum pressure point detection process of cloud computing,  into equation (4), the change rate of system load 
pressure can be obtained in the cloud computing environment and expressed by the following formula 
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 (5) 
The above equation shows that the maximum pressure point detection process of cloud computing,the dynamic characteristics of the 

system load in the cloud computing environment can be expressed as an exponential function, byTrepresenting the time constant, and 
theTvalue is connected with the load adjustment coefficients represented by . 

In conclusion, the maximum pressure point detection principle of cloud computing can be explained, butBecause in detecting with the 
current algorithm, the feature of extraction pressure point is not obvious, there is a difficulty in modeling and the detection accuracy is not high. 

3 Optimization Detection Method Principle of the Maximum Pressure Point of Cloud Computing 

When using the current method for detecting, the feature of maximum load pressure flow extraction point is not obvious, there is a 
difficulty in modeling andthe detection accuracy is not high, soa detection method of the cloud-computingmaximum pressure point based on 
improved genetic algorithm is presented. 

3.1FeatureExtraction and Denoising 

In the controlled environmentbased on cloud computing,by virtue of the system monitoring equipment,the characteristic signal of load 
pressure point at maximum flow is extracted with the detection equipment, the maximum pressure point is tested using the cloud computing of 
improved genetic algorithm proposed andthe parameters of the maximum load point are denoisedusing the method of nonlinear filtering, to 
discrete it and calculate the load factor.The concrete steps are detailed below: 

In the optimization process of cloud-computing maximum pressure point detection, in the controlled environment of cloud 
computing,assuming that there are kinformationlinks in the systemmonitoring equipment,maximum pressure point flow load characteristic 
signal extracted from the j information linksrepresented by ,and,j=1,2…p,k=1,2,…n. 

In the optimization detection process of cloud maximum pressure point, by {  } representingthedataset of maximum flow 

load pressure point characteristic signal, by virtue of presenting in optimizing the detection process, in the time period u, the kmessage 
chain in j monitoring device contains the characteristic signal of maximum flow load pressure point,all the power characteristic signalin the 
time quantum u the j monitoring device may be included in the calculation obtained by the following formula: 

   (6) 
In the optimization detection process of maximum pressure point of cloud computing, the probability of the information channel buffer 

can be expressed by the following formula: 
  (7) 

Wherewrepresents the number of the maximum flow load pressure point characteristic signals remaining in the information channel 
buffer range. 

In the detection optimizationprocess, the maximum flow load pressure point characteristic signal can be expressed using the status of the 
system resources, by ( ) representing the maximum flow load pressure point characteristic parameters of time u,and can be calculated by 
the following formula: 

   (8) 

In the detection optimizationprocess,the characteristic parameters mean of the maximum flow load pressure point can be calculated using 
the formula: 

   (9) 

In the detection optimizationprocess,since extracting the maximum flowload pressure point characteristic parameters susceptible to many 
external factors of complex interference, making the maximum flow load pressure point characteristic signal contain a lot of noise, the 
nonlinear method is needed to denoise in order to guarantee the accuracy of the data. 

In denoising with the nonlinear filtering method, the all the maximum flow load pressure point characteristic parameters in the 
optimization detection process are to be divided and grouped into six different types of subdata set, andeach data setshould be made effective 
nonlinear filtering process to eliminate the redundant data on a large scale. 

In the de-noising process with nonlinear filtering method,the correlation coefficients of the resulting maximum flow pressure point load 
characteristic parameters are reduced to the minimum, and using the following formula to complete the characteristic parameters of maximum 
flow load pressure points for denoising. 

    (10) 

In the optimization detection process of maximum pressure point of cloud computing, after the characteristic parameters of the maximum 
flow load pressure point denoised, its discrete process can calculate the maximum load factor for flow load pressure points, comparing it 
withthe highest system load coefficient threshold value in the cloud computing environment. 

From the above equation, we know that In the optimization detection process of maximum pressure point of cloud computing,by  
representing the the characteristic parameters of maximum flow load pressure point, assuming thatthe initial spatial data set of the maximum 
flow load pressure point characteristic signal represented by ,the maximum flow load factor pressure points can be expressed by 
the following formula:  

(11) 
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In summary,it can be shown that in the controlled environment of cloud computing, by virtue of the system monitoring equipment to 
extract the characteristic signal of the maximum flow load pressure points, the nonlinear filtering method isused to denoisefor the maximum 
pressure point flow load characteristic parameters whilediscretizing it and calculating the load factor of the maximum flow load pressure 
points and providing an effective basis for the cloud computing maximum pressure point optimization detection. 

3.2 Cloud Computing Optimized for Maximum Pressure Point Detection Method 

The biggest advantage of genetic algorithm can be based on fitness, interlace-operating with the mutation probability of an individualto 
achieve the objective of the global optimal solution, and in the maximum pressure point optimization detection process of cloud computing, to 
introduce the elite policy in the genetic algorithm,to compare the resulting load factor of the maximum flow load pressure point coefficientwith 
the system load maximum threshold value in the cloud computing environment, to achieve the maximum detection of pressure points for fully 
guaranteeing the accuracy of the detection data and the global optimality. The concrete steps are detailed below: 

(1)In the maximum pressure point optimization detection process of cloud computing, individuals are randomly generated, andthese 
individuals act as the initial group K and each individual is defined as the available resources in the cloud computing environment, in which, 
physical base is expressed as M = 20, the number of virtual machines is expressed as T = 100,the population size is K = 50 while in the cloud 
computing system, all the resources available load size,the computing power and K individuals are initialized (resource service &load 
conditions). 

(2)In the maximum pressure point optimization detection process of cloud computing,the individual fitness represented by is 
calculated. 

(3)In the maximum pressure point optimization detection process of cloud computing,refer to individual fitness, select the individual
through a certain probability, in which individual  may be calculated by the following formula to complete. 

 (12) 
(4)In the maximum pressure point optimization detection process of cloud computing,promptthe individual selected to meet the

probability  pairwise cross conditions and usethe multi-point cross method to meet the conditions for . 
(5)In the maximum pressure point optimization detection process of cloud computing,screen the new individuals by selecting operation,

use the probability of mutation pm to complete random variations, the way of single-point mutation and the mutation probability meets the 
condition of . 

(6)In the maximum pressure point optimization detection process of cloud computing,according to the best individualfitness formed by
selecting all individual genetic operations crossover and mutation, single out the K best individuals as the next generation of the population and 
save the population scale. 

(7)In the maximum pressure point optimization detection process of cloud computing,according to the set iterations Gen, analyze whether
it is the conditions of termination (if the conditions are not satisfied, return to step 2), otherwise it will end and get the best individual. 

In the maximum pressure point optimization detection process of cloud computing,according to the above steps, the cloud computing 
maximum pressure point discrimination can be carried out using the following equation  

    (13) 

To sum up,it can be shown that the detection method based on improved genetic algorithm for the maximum pressure point is of high 
accuracy and strong adaptability. 

4. Experiments and Simulation Proof 

The simulation software Matlab 2015 is used to build the experimental environment, the experimental data are collected fromthe system
maximum flow load data of a cloud computing network platform of one university in Henan from June 1, 2016 to June 30, 2016 as the test 
samples,and the maximum flow load pressure point of the platform at 10:00every day from May 20 2016 to June 29, 2016 for 10 consecutive 
days aredetected. 

4.1 Experiment 1 

The test results are compared with the traditional algorithm and the improved algorithm. The test results are shown as Table 1. 

Table 1 Different Error Detection Algorithm Results Comparison Table 
Date traditional algorithms（%） improved algorithm (%） 

June 20, 2016 4.28 0.04 
June 21, 2016 3.37 0.30 
June 22, 2016 3.76 1.98 
June 23, 2016 4.38 0.42 
June 24, 2016 3.92 1.42 
June 25, 2016 4.28 1.58 
June 26, 2016 4.57 1.14 
June 27, 2016 3.90 1.48 
June 28, 2016 3.46 0.68 
June 29, 2016 3.28 1.82 

As it can be seen from Figure 1, the improved method of cloud computing relative error detection pressure obtained is significantly lower 
than traditional methods,mainly becausethe characteristic parameters of the flow load pressure points are denoisedusing the nonlinear filtering 
in the algorithm method while discretingit to reject effectively the interfering factors in the detection process, sothe error is relatively small, the 
accuracy of detection is guaranteed and the relative errors of different algorithms are compared. The results are shown in Figure 1. 



Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016 22.4 
© 2016 DEStech Publications, Inc. 

doi:10.12783/issn.1544-8053/13/6/22 

Figure. 1 Comparison Chart of Error Detection Results with different Algorithms 

4.2 Experiment 2 

Using different cloud computing algorithms to detect the maximum pressure point, the accuracy of different methods of detection are 
compared. The contrast results are shown in Figure 2. 

Figure. 2 Comparison Tendency Chart of Detection Accurately Rate Using Different Algorithms 
In the maximum pressure point optimization detection process of cloud computing,if the relative errorsof the detection results are less 

than 3%, it can be shown that the higher accuracy of the algorithm is higher and can be optimized to meet the maximum pressure point 
detection applications.Figures 1 and 2 can be seen thatthe relative detection errorsof the traditional algorithm are higher than 3%, can be 
proved thatthe conventional algorithm cannot guarantee the accuracy of detection, cannot meet the application requirements to optimize the 
maximum pressure point detection.The relative errors of the improved detection algorithm are significantly lower than 3%, effectively 
demonstrated that the accuracy of the algorithm is high and can meet the application requirements to optimize the maximum pressure point 
detection. 

4.3 Experiment 3 

The contrast results of energy savings amount using different detection algorithms are shown in Figure 3. 

Figure. 3 The Energy Savings Amount Contrast Using Different Detection Algorithms 
Figure 3 shows that the energy savings amount using the improved algorithms is lower than the traditional method while in terms of 

energy consumption, it has a strong advantage for large-scale promotion. 
In summary,it can be shown that the improved genetic algorithm for calculating the maximum pressure point detection accuracy is higher 

than the traditional algorithm accuracy with powerful practicability. 
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5. Conclusion 

 
When using the current method for detecting, the maximum flow load pressure point is not obvious, there is a difficulty in modeling 

andthe detection accuracy is not high. For this purpose,a detection method of the cloud-computing maximum pressure point based on 
improved genetic algorithm is presented.In the controlled environment of cloud computing, this method, With this method, in a controlled 
environment based on cloud computing, by virtue of the system monitoring equipment,the characteristic signal of load pressure point at 
maximum flow is extracted with the detection equipment whilethe maximum pressure point is tested using the cloud computing of improved 
genetic algorithm proposed andthe parameters of the maximum load point are denoisedusing the method of nonlinear filtering, to discrete it 
and calculate the load factor.The genetic algorithm that the results use theblended elite selection strategy is optimizedto compare the 
optimization results with the highest coefficient threshold value. The simulation experiments have been proven that the improved genetic 
algorithm for calculating the maximum pressure point detection accuracy is higher than the traditional algorithm accuracy with powerful 
practicability. 
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Abstract: The G-L index and the MIIT index are used to comprehensively measure the development levels of Sino-Japan and Sino-Korea 
intra-industry trade of cultural and creative products. The research shows that the overall intra-industry trade level of Sino-Korea cultural 
and creative products is much higher than that of Sino-Japan ones. According to analysis, political relations have a profound influence on 
economic ties. Additionally, there are uneven intra-industry trade levels of subdivided categories of cultural and creative products, mainly 
attributed to various factor endowments. On this basis, factor-intensive products with their own advantages are developed to gain a 
competitive advantage in foreign trade. Such factors as economic openness, differences in income levels and industrial development scale 
are vital to affect Sino-Japan and Sino-Korea intra-industry trade levels of cultural and creative products. 

Keywords: cultural creative industry; intra-industry trade; G-L index and MIIT index; factors 

1. Introduction 

With the development of economic globalization, intra-industry trade, a counterpart of inter-industry trade, is increasingly becoming an
important part and a new form of international trade. The intra-industry trade means that a country imports and exports products of the same 
industrial sector concurrently over a given period. There exist specific demands for its trade partner, which must features similar factor 
intensity, similar production process and alternative consumption. The concept of cultural and creative industry contributes to mounting 
share of cultural and creative products in international trade. According to the statistics of United Nations Conference on Trade and 
Development (UNCTAD), exports of global cultural and creative products were valued at USD 336 billion in 2003, while 2012 saw a total 
export value of USD 624 billion, an increase of 85.7% over a decade. The intra-industry trade of cultural and creative products has been 
developing further. Actually, research on quantitative analyses of intra-industry trade can be traced back to the 1970s. In 1971, Herbert 
Grubel & Peter Lloyd put forward the GI index in their quantitative research to measure intra-industry trade of a particular industry, setting a 
precedent for the theoretical research. In 1993, Robert C. Shelburne first proposed the Marginal intra-industry trade index (MIIT index), 
which was widely applied after Marius Brülhart made a deep analysis and explanation of relevant parameters in 1994. The intra-industry 
trade was further subdivided into horizontal and vertical ones by D. Greenaway、R.C. Hine & C.R. Milner (1994), who also gave targeted 
measuring methods and calculation formulas. D. R. Davis (1995) drew on the experience of previous researchers and proposed a Heckscher-
Ohlin-Ricardo model to analyze intra-industry trade. In fact, from the history of trade theory, classical and neoclassical trade theories have 
restricted the explanatory power of intra-industry trade due to time backgrounds and various hypotheses. As a result, scholars continued to 
seek new ways to explore intra-industry trade that widely existed in visible and invisible trade. In China, the concept of creative industry 
was introduced and researched later than abroad, so there are less research results about the intra-industry trade of cultural and creative 
products. Peiyuan & XU Jing,Tang(2009) made an analysis of Sino-Japan intra-industry trade, failing to make cultural and creative industry 
an independent industry in his analysis. Zhong FANG &Huangrong Zhang (2011) used the GL index to research cultural and creative 
products respectively and analyzed intra-industry trade between China and major exporters of cultural and creative products, which 
remained to be further researched because there were flaws in the single use of the GL index. Xialing LI &Zeyong Tian(2014) analyzed 
Sino-US intra-industry trade of cultural and creative products and presented a vertical trade-oriented idea.  

   The study found that current major research on China’s intra-industry trade of cultural and creative products focused on the single-
index measurement of its development level, which mirrored the development level to some extent, but there was a lack of further 
exploration and analysis of reasons for such development. Therefore, proceeding from the actual situation of Sino-Japan and Sino-Korea 
relations in all aspects, this paper researches the Sino-Japan and Sino-Korea intra-industry trade of cultural and creative products. The 
research data mainly comes from UNCTAD which only updated statistical data till 2012, so the research period is a decade from 2003-2012. 
Furthermore, the GL index and the MIIT index are employed to measure Sino-Japan and Sino-Korea intra-industry trade level of cultural 
and creative products. On this basis, a corresponding model is established and effective analysis software is used to explore critical factors 
for Sino-Japan and Sino-Korea intra-industry trade of cultural and creative products. 

2. Measuring sino-japan and sino-korea intra-industry trade levels of cultural and creative products

2.1Selection of measures 

2.1.1 Static algorithm: the GL index 

This paper uses the GL index to measure and calculate the static level of Sino-Japan and Sino-Korea intra-industry trade of cultural and 
creative products. The GL index was proposed by Herb Grubel and Peter Lloyd in 1971 and today is still in the use of quantitative analysis 
of intra-industry trade. It can be expressed as: 

  

ii

ii
i MX

MX
GL

+
−

−= 1    0≤GLi≤1       (1)  

where represents the intra-industry trade level of a domestic industry, with a value of 0-1;  represents exports of goods in product 
category i in a certain country; and  is imports of goods in product category i in a certain country. If there is only export or import of an 
industrial product between two countries, then the GL index equals 0, which means that there is nothing but inter-industry trade between the 
two countries. Conversely, if the two countries have equal imports and exports of the industrial product, there is intra-industry trade between 
them. Then, based on the GL index value, intra-industry trade level can be divided into four ranges: 0.75≦GL≦1 means high-level intra-
industry trade, 0.50≦GL﹤0.75 means intra-industry trade, 0.25≦GL﹤0.50 means inter-industry trade and 0≦GL﹤0.25 represents high-
level inter-industry trade.  
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2.1.2 Dynamic algorithm: the MIIT index 
 
The GL index puts greater emphasis on the static level of intra-industry trade. But in case imports and exports of an industry increase or 

decrease by the same proportion at different times, the GL index will fail to indicate the realities of intra-industry trade. The development of 
intra-industry trade is highly dynamic, so single use of the GL index undermines its explanatory power. Therefore, on the basis of the GL 
index, Brulhart proposed the MIIT index which is to make a comparative analysis of the gap between imports and exports of related 
products in an industry over the research years, thus demonstrating the development level of its intra-industry trade. The formula of the 
MIIT index is given as follows: 

ii

ii
i MX

MXMIIT
∆+∆
∆−∆

=       -1≤MIIT≤1                                                                                          (2)  

where  is exports change of goods in product category i in a certain country over the research period and  represents its imports 
change. The MIIT index can not only better show the net import and export growth, but demonstrate the trade performance of the industrial 
sector. When the MIIT index is greater than 0, the industrial sector has a good trade performance and a relatively higher intra-industry trade 
level; and when MIIT=1, the industry is an entirely intra-industry trade. On the contrary, it suggested that the industry has a poor trade 
performance and a relatively lower level of intra-industry trade. When MIIT=0, the industry is an entirely inter-industry trade.  
 
2.1.3International competitiveness analysis: the TC index 

 
This paper uses the TC index to investigate advantage and disadvantage status of Sino-Japan and Sino-Korea intra-industry trade of 

cultural and creative products. It can be expressed as: 
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=         -1≤TC i≤1                                                                                          (3) 

where TCi is the international competitiveness level of product in a certain country over the research period,  represents its exports of 
cultural and creative product i in a certain country and  represents its imports. When the TCi is less than 0,the exports of product is less 
than imports and represents weak competitiveness in each other countries similar product; and When the TCi is greater than 0, the exports of 
product is greater than imports and represents strong competitiveness in each other countries similar product. However, whether the 
competitiveness of products is strong or weak, shows an unbalanced trade state. If the competitiveness of products is too strong or weak, its 
represents a higher inter-industry trade level. When TCi is close to 0, its represents a higher intra-industry trade level.  
 
2.2 Quantitative analysis 

 
2.2.1 Static analysis 
 
(1) The GL index analysis of Sino-Japan intra-industry trade of cultural and creative products:The relevant data of Sino-Japan cultu 
ral and creative products from 2003 to 2012 is used to calculate GL index, with Table 1 showing concrete results and Graph 1 showing 

intuitive expression. As can be seen from Graph 1, the overall GL index of cultural and creative products from 2003 to 2012 fluctuates 
between 0.2 and 0.4, with an annual average of 0.3. This suggests that trade ties between China and Japan are not close enough in terms of 
cultural and creative products, resulting in a much lower level of intra-industry trade level. From time period, 2007 saw a maximum value of 
0.37, while the period of 2003-2006 saw a shrinking bilateral intra-industry trade of cultural and creative products. As we know, for 
historical reasons, political factors exert a deeper influence on Sino-Japan economic ties. Prior to 2006, China and Japan had a strained 
political relationship. As Japan failed to become a permanent member of UN Security in 2006, the Koizumi Regime gradually broke down. 
The fact that Shinzo Abe came to power made it possible to warm up the bilateral relations. With the joint effort of both sides, Abe’s first 
visit to China was successful. As the bilateral political relations gradually warmed up, economic ties gradually became normalized and 
people-to-people exchanges became increasingly frequent. In this context, the bilateral intra-industry trade level of cultural and creative 
products was greatly enhanced in 2007. And then in 2008, the GI index of the bilateral cultural and creative products fluctuated under the 
influences of Asian financial crisis and international political instability. It finally hit bottom again in 2012. 
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Graph 1 2003-2012 year Sino-Japan cultural and creative products GL index 

In terms of industries, average value over the research period in Table 1 shows that Sino-Japan cultural and creative products have a 
relatively higher intra-industry trade level in audio-visual products, with the average GL index reaching 0.69 and displaying an obviously 
increasing trend. Products in publishing industry ranks second, with an average GL index of 0.62. Its value varies greatly. The period of 
2004 to 2008 saw a relatively higher level with the GI index greater than 0.7, while 2009 saw a decrease to 0.42. After a continuous decline 
to 0.38, it showed a gradual rise in 2011. The audio-visual products ranks third and the GL index also varies greatly, ranging from 0.29 to 
0.76. The last two is design products and visual-art products which have a lower GL index of intra-industry trade. In addition to 2003 when 
the GL index of design products exceeded 0.2 reaching 0.22, in other years both types of products had a GL index lower than 0.2, visual-art 
products in particular, the GL index of which fluctuated around 0.1. This is mainly because China’s design industry has been in an inferior 
position. With the exception of insignificant self-development, visual-art products such as antiques and sculptures were subject to various 
restrictions in import and export, hence greatly affecting the corresponding intra-industry trade level. Based on the four ranges of the GL 
index, the GL indexes of audio-visual, new media, performance-art and publishing products are at 0.5-0.75, which means that trade type of 
the above four cultural and creative products between China and Japan is intra-industry trade. But the GL index of art and artwork is at 0.25-
0.5, namely it belongs to inter-industry trade. Furthermore, the GL indexes of design and visual-art products are at 0-0.25, so they are high-
level inter-industry trade.  
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Table 1  2003-2012 year Sino-Japan cultural and creative classification of products GL index 
Year Art Crafts Audio 

Visuals 
Design New 

Media 
Performing 

Arts 
Publishing Visual 

Arts 
2003 0.40 0.76 0.22 0.09 0.61 0.58 0.07 
2004 0.46 0.58 0.16 0.15 0.61 0.77 0.09 
2005 0.44 0.29 0.15 0.12 0.56 0.75 0.07 
2006 0.42 0.65 0.13 0.66 0.48 0.77 0.06 
2007 0.41 0.57 0.11 0.94 0.45 0.73 0.06 
2008 0.43 0.57 0.10 0.63 0.66 0.75 0.11 
2009 0.40 0.50 0.08 0.84 0.77 0.42 0.10 
2010 0.42 0.46 0.08 0.68 0.89 0.38 0.14 
2011 0.40 0.50 0.07 0.81 0.95 0.46 0.08 
2012 0.34 0.75 0.06 0.26 0.90 0.63 0.06 

Average 0.41 0.56 0.12 0.52 0.69 0.62 0.08 

(2) The GL index analysis of Sino-Korea intra-industry trade of cultural and creative products:Likewise, the relevant data of Sino-
Korea cultural and creative products from 2003 to 2012 is used to calculate the GL index, with Table 2 showing concrete results and Graph 
2 showing intuitive expression. As can be seen, the overall GL index fluctuates between 0.5 and 0.8 and the annual average is 0.6, much 
higher than that of China and Japan. This means that Sino-Korea intra-industry trade of cultural and creative products has a higher level and 
China has closer economic ties with South Korea than with Japan. From the overall change trend of the research period, although the GL 
index of Sino-Korea industry trade of cultural and creative products displays a downward trend in fluctuations, the overall GL index keeps 
above 0.5 which means a relatively higher level of intra-industry trade. This would be impossible without the concerted efforts of leaders 
from many sectors of the two countries. Since China and South Korea established diplomatic relations in 1992, bilateral political relations 
have experienced smooth development. President Kim Dae-Jung visited China in 1998, then the two countries established a broad bilateral 
partnership oriented toward the 21st century. President Lee Myung-bak paid a visit to China in 2008 when both sides began to establish the 
strategic partnership of cooperation. So to speak, over the past decades, the friendly cooperation between China and South Korea has been 
flourishing in every filed. They have become important partners for each other, creating a harmonious political environment for boosting the 
bilateral intra-industry trade of cultural and creative products.  
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Graph 2 2003-2012 year Sino- Korea cultural and creative products GL index 
In terms of industries, average value over the research period in Table 2 shows that Sino-Korea cultural and creative products have a 

relatively higher intra-industry trade level in arts and crafts, with the GL index reaching 0.86 and 0.69 respectively. According to analysis, 
arts and crafts such as carpets, festive supplies, paper products, knitting and hand embroidery are labor-intensive products, which are 
China’s competitive products with greater export advantages in the international market. As Korean pop culture sweeps over China, Korean 
crafts and handicrafts have gained popularity in the Chinese markets and among the Chinese people, creating market demands for such 
products. As a result, the bilateral intra-industry trade of crafts and handicrafts has been at a higher level. As neighboring countries, they are 
Asian countries of Chinese languages, providing unique advantages of good timing, geographical convenience and harmonious human 
relations for the trade and distribution of publishing products. New media products rank third followed by audio-visual and performance-art 
products, with the GL index standing at 0.22 and 0.17 respectively. The GL index of audio-visual products shows an obvious upward trend, 
further indicating the realities of intra-industry trade of cultural and creative products under stable bilateral political relations. South Korean 
TV dramas and actors enjoy great popularity in China, contributing to the increasing import and export of audio-visual products that mainly 
include films as well as CD and tape and the rising intra-industry trade level. Based on the four ranges of the GL index, art and artworks are 
high-level intra-industry trade with a GL index of 0.75-1.0, publishing products belong to intra-industry trade with a GL index of 0.5-0.75, 
design, new media and visual-art products are inter-industry trade with a GL index of 0.25-0.75, and audio-visual and performance-art 
products are high-level inter-industry trade.  

Table 2  2003-2012 year Sino- Korea cultural and creative classification of products GL index 
Year Art Crafts Audio 

Visuals 
Design New 

Media 
Performing 

Arts 
Publishing Visual 

Arts 
2003 0.61 0.05 0.51 0.21 0.06 0.35 0.45 
2004 0.60 0.06 0.44 0.04 0.13 0.49 0.49 
2005 0.81 0.05 0.42 0.02 0.19 0.61 0.50 
2006 0.94 0.03 0.31 0.08 0.12 0.67 0.52 
2007 0.95 0.35 0.27 0.46 0.10 0.98 0.24 
2008 0.86 0.28 0.23 0.86 0.09 0.88 0.24 
2009 0.96 0.22 0.22 0.92 0.12 0.83 0.22 
2010 0.95 0.36 0.22 0.68 0.24 0.79 0.24 
2011 0.96 0.34 0.35 0.58 0.29 0.73 0.28 
2012 0.92 0.46 0.22 0.72 0.38 0.53 0.18 

Average 0.86 0.22 0.32 0.46 0.17 0.69 0.34 
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2.1.3 Dynamic analysis 
 
(1) The MIIT index analysis of Sino-Japan intra-industry trade of cultural and creative products:Given that the GL index is single in the 

measurement of intra-industry trade level, there is a need to use the MIIT index to further analyze Sino-Japan and Sino-Korea intra-industry 
trade of cultural and creative products, as shown in Table 3. Based on criteria for the MIIT index, China and Japan have a relatively higher 
level of intra-industry trade in art and crafts, design products, visual art and performance art, the MIIT indexes of which are closer to 1. Also, 
except in an individual year, the MIIL index value is almost positive, meaning that the intra-industry trade performance is relatively good. 
By comparison, the MIIT indexes of audio-visual, new media and publishing products are less than that of the above four industries, which 
means that the intra-industry trade levels are relatively low. Meanwhile, much more negative value means a poor intra-industry trade 
performance.  

Table 3  2003-2012 year Sino-Japan cultural and creative classification of products MIIT index 
Year Art Crafts Audio 

Visuals 
Design New 

Media 
Performing 

Arts 
Publishing Visual 

Arts 
2003-2004 0.17 -0.96 1.00 0.34 0.38 0.35 0.76 
2004-2005 0.75 -1.00 0.93 -0.83 1.00 -0.34 1.00 
2005-2006 1.00 1.00 1.00 -1.00 0.97 0.98 0.95 
2006-2007 0.66 -0.45 1.00 -0.12 0.66 -0.46 -0.88 
2007-2008 0.44 -0.39 0.92 1.00 -1.00 -0.16 0.20 
2008-2009 0.19 0.14 1.00 -0.82 -1.00 -0.97 -0.63 
2009-2010 0.03 -1.00 0.16 1.00 -1.00 -0.81 0.71 
2010-2011 0.67 1.00 0.94 -1.00 -0.18 1.00 1.00 
2011-2012 1.00 1.00 -0.83 1.00 0.73 1.00 0.97 

 
(2) The MIIT index analysis of Sino-Korea intra-industry trade of cultural and creative products:Likewise, analyzing relevant data on 

Sino-Korea cultural and creative products can derive the MIIT index, as shown in Table 4. The MIIT index of art and crafts and audio-visual 
products is relatively less from 2010-2011 which stood at 0.04, otherwise it was much greater. The absolute value reached 1 during the 
period of 2006-2010 and 2011-2012, indicating that China and South Korea are totally intra-industry trade with an extremely high level, 
which is consistent with the results of the GL index analysis. Moreover, the MIIT indexes of design and new media products are relatively 
greater and the value also tops 1 in some years, indicating a higher level of intra-industry trade. It is important to note, however, that design 
products had a much greater MIIT index value from 2003-2008, but that value gradually decreased since 2009. This means that Sino-Korea 
trade of design products was deeply influenced by Asian financial crisis. With regard to such cultural and creative products as performance 
art, publishing and visual art, the MIIT value is less than that of the previous industries, displaying a relatively lower level of intra-industry 
trade, but there existed a higher intra-industry trade level in some years. Overall, as shown in Table 4, whether the MIIT index value is 
positive or negative is intricate, which is consistent with realities of cultural exchanges between the two countries. As the mutual 
cooperation is promoted and relevant policies, measures and agreements are introduced in different years, changes have taken place in 
cultural openness. In 2015, China and South Korea continued to enhance cooperation in film and TV industry. The initial import quotas for 
films and television programs have been cancelled and all-round cooperation has been carried out, which is bound to boost the bilateral 
intra-industry trade.  

 
Table 4  2003-2012 year Sino- Korea cultural and creative classification of products MIIT index 

Year Art Crafts Audio 
Visuals Design New 

Media 
Performing 
Arts Publishing Visual 

Arts 
2003-2004 -0.55  -0.92  1.00  1.00  0.47  1.00  -0.42  
2004-2005 0.86  0.85  0.70  -0.95  0.71  0.21  0.49  
2005-2006 0.73  0.89  1.00  -1.00  0.99  0.01  0.42  
2006-2007 1.00  -0.54  1.00  -0.62  1.00  1.00  1.00  
2007-2008 1.00  -1.00  1.00  0.34  -0.81  1.00  0.76  
2008-2009 -1.00  0.61  -0.69  0.87  -1.00  0.05  -0.48  
2009-2010 -1.00  1.00  0.81  -1.00  -0.05  0.36  -1.00  
2010-2011 0.04  -0.77  0.38  -0.59  0.59  0.51  0.59  
2011-2012 -1.00  0.41  0.47  1.00  -1.00  -0.89  0.94  

 
2.1.4The Analysis on International Competitive Advantages Based on TC Index 

 
(1) The TC index analysis of Sino-Japan trade of cultural and creative products：The relevant data of Sino-Japan cultural and creative 

products from 2003 to 2012 is used to calculate TC index, with Table 5 showing concrete results. Combining with the basic economic 
connotation of TC index, it’s found that in the past ten years between China and Japan, three categories of cultural and creative products, art 
crafts, design and visual arts, showed obvious competitive advantages in intra-industry trade with the positive TC value. In other words, the 
three categories of products enjoyed the favorable balance of Sino-Japanese trade. Art crafts kept a TC value of about 0.6; in addition, 
design and visual arts both showed high TC index values, especially visual arts which kept a TC index value basically above 0.9. It indicates 
that China took an absolute advantage position in the foreign trade of products of design and visual arts with Japan. New media and 
performing arts didn’t show high TC indexes, but they were both in the positive positions, indicating China was still in a superior surplus 
position in the foreign trade of the two categories of products. In particular, new media’s TC index was always in a fluctuating state in the 
past ten years, showing a decline trend as a whole, and even presented a negative state in 2007. In fact, since entering into the new century, 
mew media technologies, such as smartphone, mobile network, microblog and WeChat, have developed the social influences running 
unprecedentedly high and applied widely in fields including society, economy, culture and politics. China’s new media have a great 
influence of public opinion. Besides, network hot spots are also projected onto traditional media, such as TV and newspaper, realizing the 
interaction and complementation of new network media and traditional media. However, in the early 21st century, new media in Japan also 
developed fast, but, different from the situation in China, traditional media still took a dominant position in Japan. Therefore, China was in 
an absolute advantage position in the trade with Japan in the respect of new media products from 2003 to 2005. However, in 2006, Shinzo 
Abe visited China for the first time, starting the ice-breaking journey, which began to break the political gridlock and form the relative 
stability between China and Japan in politics. At the same time, Japan made breakthroughs continuously in the development of new media 
industry, especially in the application of new media, for which reason China’s trade surplus with Japan in new media products shrank 
gradually and competitive edge declined. However, in 2012, the situation showed an obvious uptrend. According to data, the Sino-Japan TC 
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index value was negative in terms of audio visuals and publishing products, indicating that China stayed in a deficit state in the trade of the 
two kinds of products with Japan and showed weaker competitiveness. 
 

Table 5  2003-2012 year Sino-Japan cultural and creative classification of products TC index 

Year Art Crafts Audio 
Visuals Design New 

Media 
Performing 
Arts Publishing Visual 

Arts 
2003 0.60  0.24  0.78  0.91  0.39  -0.42  0.93  
2004 0.54  -0.42  0.84  0.85  0.39  -0.23  0.91  
2005 0.56  -0.71  0.85  0.88  0.44  -0.25  0.93  
2006 0.58  -0.35  0.87  0.34  0.52  -0.23  0.94  
2007 0.59  -0.43  0.89  -0.06  0.55  -0.27  0.94  
2008 0.57  -0.43  0.90  0.37  0.34  -0.25  0.89  
2009 0.60  -0.50  0.92  0.16  0.23  -0.58  0.90  
2010 0.58  -0.54  0.92  0.32  0.11  -0.62  0.86  
2011 0.60  -0.49  0.93  0.19  0.05  -0.54  0.92  
2012 0.66  -0.25  0.94  0.74  0.10  -0.37  0.94  

 
(2) The TC index analysis of Sino-Korea trade of cultural and creative products：Likewise, the relevant data of Sino-Korea cultural 

and creative products from 2003 to 2012 is used to calculate the TC index, with Table 6 showing concrete results. Design, performing arts 
and visual arts all have a TC index above 0, indicating that China had competitive advantages of trade surplus in the foreign trades of the 
three categories of products. In addition, comparatively, the TC indexes of design and visual arts were rising continuously, indicating that 
China’s trade surplus of the two categories in the trade with Korea were rising continuously and competitive advantages were increasing. 
However, although the performing arts showed greater advantages in the early stage of observation, but it presented a decreased trend year 
by year, which was related to the increasing bigger Sino-Korea import & export trade openness of products of performing arts directly. A 
continuous analysis is impossible due to the lack of related data after 2012 in the UN, but since 2015, China cancelled the original quota 
system of Korean products of performing arts, which means the continuous deepening of Sino-Korea cooperation, so China’s trade surplus 
shall be weakened continuously. Conversely, in terms of art crafts, audio visuals and publishing products, China was in an inferior position 
relative to Korea, especially in the foreign trade of audio visuals in which China always had a negative TC value, indicating that China was 
always in a state of deficit. The observations on art crafts and publishing products show that even the TC value was greater than zero 
occasionally, the excess part was small. Cultural and creative products belong to knowledge-intensive service products, but relatively, it’s 
difficult for China to sustain the traditional resource advantage in the development of art crafts, audio visuals and publishing. In the 
competition with emerging market economics, such as Korea, and developed countries, such as Japan, China is mainly in the low end of 
value chain. Besides, industrial value-adding ability and limited space also result in the inferior position of the three sectors in the trade with 
Korea. 
 

Table 6  2003-2012 year Sino- Korea cultural and creative classification of products TC index 
Year Art Crafts Audio 

Visuals 
Design New 

Media 
Performing 

Arts 
Publishing Visual 

Arts 
2003 -0.39 -0.95 0.49 0.79 0.94 -0.65 0.55 
2004 -0.40 -0.94 0.56 0.96 0.87 -0.51 0.51 
2005 -0.19 -0.95 0.58 0.98 0.81 -0.39 0.50 
2006 -0.06 -0.97 0.69 0.92 0.88 -0.33 0.48 
2007 0.05 -0.65 0.73 -0.54 0.90 -0.02 0.76 
2008 0.14 -0.72 0.77 -0.14 0.91 0.12 0.76 
2009 0.04 -0.78 0.78 0.08 0.88 0.17 0.78 
2010 -0.05 -0.64 0.78 -0.32 0.76 0.21 0.76 
2011 -0.04 -0.66 0.65 -0.42 0.71 0.27 0.72 
2012 -0.08 -0.54 0.78 0.28 0.62 -0.47 0.82 

 
3. The empirical analysis on influencing factors of horizontal trade of sino-japan and sino-korea cultural and creative products 
 
3.1 Variable Selection 

 
Selection of Explained Variable：In the development of horizontal trade of cultural and creative products, various factors may have 

different degrees of influence. To better understand the constraining factors of horizontal trade of Sino-Japan and Sino-Korea cultural and 
creative products, the research selects the trade gravity model to make a comprehensive and systematic empirical analysis, aiming to 
understand the influencing factors of horizontal trade of cultural and creative products of China, Japan and Korea in depth and offer 
reference for the development of better foreign trade policies of cultural and creative products. In the process of data collection, the data of 
United Nations Conference on Trade and Development (UNCTAD) only updated to the year of 2012, and China’s cultural and creative 
industry started relatively late, so available data have limitations in the respect of time span, which affects the effect of G-L index reflecting 
international competitiveness of China’s cultural and creative products to a certain extent. Therefore, the paper selects the total trade 
volumes of Sino-Japan and Sino-Korea bilateral cultural and creative products to substitute for the G-L index as the explained variables of 
regression equation, which are recorded as BTJ (Bilateral Trade with Japan) and BTK (Bilateral Trade with South Korea), respectively. 

Selection of Influencing Factors：Openness of foreign economic. The foreign economic openness affects a country’s foreign economic 
activity directly, and the higher the economic openness is, the better it’s for the country’s foreign trade development. The foreign trade 
openness is generally measured with the country’s ratio of total volume of foreign trade to GDP, recorded as OFE (openness of foreign 
economic). The higher the OFE is, the more frequent the foreign trade activities are, and the higher the horizontal trade level is. Therefore, 
the paper expects that OFE has a positive influence on horizontal trade. Income levels differences. Swedish economist S·B·Liader proposed 
a demand preference similarity theory in foreign trade, believing that the demand similarity of different countries depended on people’s 
income level and degree of preference for consumer goods, and people’s income level decided consumption structure and realizable 
consumer preference. In the observation on the horizontal trade of cultural and creative products, the more similar the per capita income 
levels of countries are, the greater the tendentiousness consumption of certain category of products is, in which case the horizontal trade 
level of the products will increase accordingly. The factor is recorded as ILD (Income Levels Differences) and its influencing effect is 
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expected to be zero. Industrial scale differences. The industrial scale is mainly used to measure the production capacity of industry, i.e. the 
capacity offering social needs. Generally speaking, the smaller the industrial scale difference between two countries is, the closer the 
capacities offering similar products are, and then the greater the probability of horizontal trade is. The paper mainly observes the industrial 
scale through the dominant index of industrial added value, records the factor as ICD (Industrial Scale Differences) and expects the factor 
negatively correlated with horizontal trade. Trade imbalance degree. The trade imbalance degree can explain the superior position of trading 
country with the respect of certain product and then can help observe the country’s competitive capacity in the horizontal trade of product. 
The research measures the factor using the ratio of the absolute value of gap between imports and exports to the total volume of foreign 
trade of Sino-Japan or Sino-Korea bilateral trade of cultural and creative products, and records the factor as TID (trade imbalance Degree). 
If the trade imbalance degree of two observed countries is relatively lower, the products have a relatively high level of horizontal trade 
between two countries, so the influence of the factor on horizontal trade is expected to be negative. Foreign direct investment. The 
promotion of foreign direct investment to horizontal trade has been widely recognized in the academic circle (VENABLES, 2000). The 
paper measures the influence of foreign direct investment on horizontal trade using the proportion of foreign direct investment amount 
actually used in the total foreign investment amount, records the factor as FDI (Foreign Direct Investment), and expects that the factor has a 
positive influence on horizontal trade. The data involved are mainly collected using related statistical yearbooks. 

Source of Data Collected：The Chinese, Japanese and Korean GDP data used in the paper are mainly obtained through statistical 
yearbooks, World Bank Database and other channels. Related data about cultural and creative industry and service trade are obtained 
through UNCTAD. 

Establish the Measurement Models：The paper establishes the following models according to the analysis above:  
µβββββα ++++++= )ln()ln()ln()ln()ln()ln( 54321 FDIJTIDJICDJILDJOFEJBTJ  
µβββββα ++++++= )ln()ln()ln()ln()ln()ln( 54321 FDIKTIDKICDKILDKOFEKBTK  

Where , , ,  and  are the degrees of influence of five factors, including OFE, ILD, ICD, TID and FDI, on the 

development of horizontal trade of cultural and creative products,  is a constant,  is a random error term, and suffixes J and K are used to 
differentiate Japan and Korea.  

The Analysis on Empirical Results of ModelThe research makes a regression analysis on sample data using EViews7.0, and uses a 
successive sweep method for variables to improve the fitting effect of model.  

The Analysis on Results of Sino-Japan Model ：The preliminary regression results obtained through analysis show that TID and FDI 
fail to pass the t test and the new regression equation obtained after sweeping the variables is as follows:   

81.0)ln(48.0)ln(96.2)ln(063.0)ln( +−−= ICDJILDJOFEJBTJ  
In the equation, all three explanatory variables can pass the t test (1%); the equation shows a higher global fitting degree with the DW 

value of 2.18; besides, the residual has no autocorrelation. Analysis results show that the horizontal trade of Sino-Japan cultural and creative 
products is mainly influenced by OFE, ILD and ICD deeply of which ILD has the biggest influence reaching 2.96. That is to say, the 
horizontal trade level of Sino-Japan cultural and creative products will decline by 2.97% as ILD increases by 1%, verifying the prejudgment 
on the changing trend between them. ICD has less influence on foreign economic openness. Besides, the hypotheses about the changing 
trend between foreign economic openness and horizontal trade of cultural and creative products (0.063) and the changing trend between ICD 
and horizontal trade of cultural and creative products are also verified. TID and FDI haven’t been verified in the final results shows that the 
two factors have slight influences on the horizontal trade of cultural and creative products between two countries.  

The Analysis on Results of Sino-Korea Model ：In the same way, the research obtains the results similar to those from the Sino-
Japan model after the analytic operation of data of related data between China and Korea. TID and FDI fail to pass the t test and the new 
regression equation obtained after sweeping the variables is as follows:   

45.1)ln(82.0)ln(02.1)ln(11.0)ln( +−−= ICDJILDKOFEKBTK  
In the equation, the three explanatory variables, OFE, ILD and ICD, all meet t test (1%) with a high equation fitting degree and the DW 

value of 2.39. There is a small possibility about the autocorrelation of residual. The results show that OFE has a positive effect on the 
horizontal trade of Sino-Korea cultural and creative products, the horizontal trade level of Sino-Korea cultural and creative products will 
increase by 0.11% as OFE increases by 1%. Besides, ILD and ICD have negative influences on the horizontal trade of Sino-Korea cultural 
and creative products. The horizontal trade will decline by 1.02% and 0.82%, respectively, as ICD and ICD increase by 1%. The analysis on 
results also verifies the early judgments on the tendentiousness of influencing factors.  
 
4. Conclusions and suggestions 

 
The development of intra-industry trade can effectively introduce advanced technology, upgrade the domestic industrial technology and 

scale up specialized operation, hereby contributing to the overall industrial upgrading. Besides, giving impetus to develop intra-industry 
trade not only helps adjust and improve the market structure of consumer goods, but plays a positive role in enhancing the overall industrial 
competitiveness. In this paper, GL index and MIIT index are used to make a systematic analysis of Sino-Japan and Sino-Korea intra-
industry trade of cultural and creative products. The results demonstrate that Sino-Japan and Sino-Korea intra-industry trade levels are not 
high as a whole and inter-industry trade has gained dominance in the larger sense. On the other hand, intra-industry trade levels are 
relatively higher in such industries as art and crafts, new media and publishing, while audio-visual products and visual art have a relatively 
lower level of intra-industry trade. Overall, China holds advantages when developing intra-industry trade with Japan in terms of cultural and 
creative products. But when it comes to audio-visual and publishing products, China has been disadvantaged for a long time. China holds 
fewer advantages when developing intra-industry trade with South Korea. In addition to audio-visual and publishing products, the trade of 
and art and crafts is also China’s disadvantage. According to analysis, China’s foreign trade has always laid particular emphasis on the 
conventional resource advantages with low value added of products, which is the primary reason for low competitiveness. Moreover, 
whether China and Japan or China and South Korea fail to realize industrial production and enjoy complementary advantages in industrial 
division and cooperation, so there are no obvious effects of scale economy. It can be said that there exists a huge space for the development 
of Sino-Japan and Sino-Korea intra-industry trade of cultural and creative products. All three countries should continue to boost the mutual 
intra-industry trade and raise development awareness.  

For China, first, it should learn from the development modes of Japanese and Korean cultural and creative industries and pursue the 
diversity and characteristics of technology and products, creating creative products and services with Chinese characteristics. In the future, 
China will be committed to promoting its position in the value chain. Second, there is a need to carry out a deep and detailed investigation 
specially aimed at the demand markets of Japanese and Korean cultural and creative products. Efforts should be made to establish R&D 
bases in carefully selected cities with a striking advantage of geographical location. Meanwhile, efforts should be stepped up in terms of 
marketing and promotion, providing a strong backup force for making China’s cultural and creative products “go global”. Third, it is 
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imperative to improve the soft environment of industrial development as well as laws and regulations pertaining to intellectual property. In 
China, there have always been loopholes in laws pertaining to intellectual property, making excellent creativity be copied at a low cost. As a 
result, high-end products are impossible to be manufactured and product life cycle is greatly shortened. The creativity proposers are subject 
to a heavy blow, sluggard thinking featuring gains without pains is rampant, and the spreading effects of “bad money driving out good 
money” have an adverse influence. Finally, China’s foreign publicity of culture should be promoted and more large-scale expositions like 
Shanghai World Expo are encouraged to be held to raise world people’s awareness of Chinese culture. In this way, demands for China’s 
cultural and creative products can be stimulated, hence enhancing their competitiveness in the world. Furthermore, there is a need to add the 
advantages of geographic locations, so as to make considerable progress in the intra-industry trade of cultural and creative products between 
China and its neighboring countries with inherent logistics advantages.It should be noted that the process of horizontal trade of Sino-Japan 
and Sino-Korea cultural and creative products is mainly affected by OFE, ILD and ICD greatly, but TID and FDI have less influences on the 
development of horizontal trade of cultural and creative products of countries. The basic research results also show that OFE and ICD have 
negative correlations with horizontal trade level. Therefore, how to increase OFE, decrease ILD between China and Japan & Korea 
gradually and reduce ICD in the premise of ensuring economic security in order to realize the continuous upgrading of horizontal trade of 
Sino-Japan and Sino-Korea cultural and creative products can be considered as a thinking direction to promote the mutual development of 
horizontal trade.   
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Abstract: As a main part of the capital market, futures market occupies an important place in the modern financial system. In order to 
establish a safe, healthy and sustainable market, it has become an urgent issue to be solved about how to effectively prevent joint 
manipulation, regulate markets’ transactions, ensure the reality and effectiveness of price information and protect the rights and interests of 
traders. This paper, based on the perspective of the Evolutionary Game Theory, provides an economic analysis about the long-term 
existence of the joint manipulations in futures market. 

Keywords: futures; joint manipulation; Evolutionary Game 

1. Introduction 

In September, 1990, Zhengzhou Grain Wholesale Market introduced the futures trading mechanism for the first time, which was a
curtain-raiser to the development of futures trading market in China. After 20 years of construction and growth, China’s futures market has 
made great progress and trading behaviors have been more and more regulative. However, irregularities like joint manipulation or vicious 
market corners occurred many times during the development of futures market, such as 327 National Debt Futures Event, Suzhou Red Bean 
Futures Event, Shanghai Plywood Event, Guanglian Soybean Meal Event, Hainan Coffee Event and Zhengzhou Strong Gluten Wheat Event, 
etc. These joint manipulation behaviors seriously caused the distortion of price information in the trade of futures and greatly influenced the 
hedging function of futures market. In order to make the futures markets develops healthily, to protect the rights of investors, and to deeply 
study the evolution path of joint manipulation behaviors, it has been an urgent but important task to properly improve the supervisory 
system.  

Scholars at home and abroad have done many profound studies about the joint manipulation behaviors of futures market. Wang (1999) 
used Bayesian Estimation, under incomplete information, constructed the dynamic model of price manipulation and discussed the necessary 
condition for the existence of joint manipulation. Gilert (1997) observed the distortion degree of the term structure of futures prices, and 
based on which tell the futures market manipulation. Pirrong (2004) used a series of econometric approaches like Event-study Analysis, 
Conditional Heteroscedastic Model and Error Correction Model, to confirm the joint manipulation phenomenon in soybean futures markets. 
Zhu Guohua (1999) analyzed several classical models of joint manipulations and further put forward some methods to prevent joint 
manipulations. He also especially mentioned the functions of contract designs in preventing joint manipulation. Shi Xiaobo (2015) 
especially introduced the forms of joint manipulation behaviors in futures market of China. What’s more, he introuduced some methods to 
prevent joint manipulations in China’s futures markets. Based on the practice of China’s futures market and the cases of joint manipulation 
in recent years, Sun QiuPeng (2016) made some comments on the shortcomings of the regulatory authorities and put forward some 
improvement measures. 

In summary, foreign researches mainly focused on quantitative methods to tell whether joint manipulation behaviors exist or not. They 
seldom touched on the issues about the evolutionary direction of joint manipulation and supervision system arrangements. Domestic studies 
have explored the supervision system arrangements and prevention methods, but they were limited to experience introduction and cases 
study. Some conclusions were similar to each other. Because of the above reasons, this paper uses the bounded rationality of Evolutionary 
Game Theory, analyzes the endogenous evolution mechanism of joint manipulation behaviors and put forwards some improvements to 
regulation arrangements. There are two main characteristics of this article. On one hand, the hypothesis of bounded rationality is closer to 
reality. On the other hand, the conclusion based on the game model is of better universality and guiding significance. 

2. Materials and methods

2.1 The establishment of the model 

According to the features of joint operators’ behaviors in the futures market, this paper divides the joint operator group into two 
subgroups, i.e. initiator of joint manipulation (marked as Group M) and the facilitator of joint manipulation (marked as Group N). According 
to the subjective motives of the both parties who carry out joint manipulation, this paper divides individuals’ joint manipulation strategies 
into two categories, i.e. one of which is a strategy that members of Group M are willing to implement joint manipulation and members of 
Group N are willing cooperate with Group M to implement joint manipulation ( called "collusion" strategy) and the other strategy is that 
members of Group M are not willing to implement joint manipulation and members of Group N are not willing to cooperate with Group M 
to implement joint manipulation ( called "no-collusion" strategy). Therefore, Group M and N have the same strategy choice zone 
("collusion" and "no-collusion")  

Regulators successful joint investigation manipulate groups M, N the probability of a member of the implementation of joint 
manipulation obey distribution 

Hypothesis One：The probability of joint manipulation implemented by the members of Group M and N obey the probability 

distribution of [0, ]+∞ . The distribution functions are 
0

( ) ( )
M

w

mA w a t dt= ∫ and
0

( ) ( )
N

x

nA x a t dt= ∫ . 0 w< < +∞ and 0 x< < +∞ are 

respectively the internal information of the members of Group M and N owned by regulatory authority. Here ( ) 0ma t >  and ( ) 0na t > show 

that the greater is the information w  and x  owned by regulatory authority, the higher is the rate ( )
M

A w and ( )
N

A x  of joint manipulation 
carried out by members of Group M and N who are successfully investigated by regulatory bodies.  

Hypothesis Two: The joint manipulation rate of the conspirators selected form Group M and N also obeys the portability 

distribution [0, ]+∞ . The distribution functions are respectively 
0

( ) ( )
M

y

mB y b t dt= ∫ and
0

( ) ( )
N

z

nB z b t dt= ∫ . 0 y< < +∞ and 0 z< < +∞  are 

respectively the game counterparts’ internal information owned by the members of Group M and N. Here, ( ) 0mb t > and ( ) 0nb t >  show that 
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the greater is the amount of information y and z owned by members of Group M and N, the higher is the rate ( )
M

B y and ( )
N

B z  that the 
conspirators will be selected by the members of Group M and B. 

Hypothesis Three: When the members of Group M and N take the "no conspiracy" strategy at the same time, members of the group M 
can get normal earnings because of its normal business. Similarly, members of the Group N can get normal earnings. 

Hypothesis Four: When the members of Group M and N take the “conspiracy” strategy at the same time, Group M members achieve 
their envisioned goal of joint manipulation and obtain the illegal earnings MR′  because the counterpart provides convenience for their joint 

manipulation behaviors. After finishing the conspiracy, Group N’s members naturally will charge a payment, i.e. the illegal earnings NR′ . 

Regulatory bodies investigate the distribution of (1, ( ))
M

B A w and (1, ( ))
N

B A w based on the parameters of ( )
M

A w and ( )
N

A x and charge 

Group M’s and N’s members a penalty of MT and NT  which is several times more than their illegal earnings M NR R′ ′、 . M will obtain the 

earning of ( )(1 ( )) ( )
M MM M M MR R A w T R A w′ ′+ − − ∗  and N will get the earning of ( )(1 ( )) ( )

M MM M M MR R A w T R A w′ ′+ − − ∗ . Especially when 
regulatory bodies know nothing about the members of Group M and N, that is to say, when the internal 
information 0w x =, , ( ) 0

M
A w = , ( ) 0

N
A x = , even though the members of both groups take “conspiracy” strategy, the rate that they will be 

investigated by regulatory bodies is 0. They will respectively obtain the profits, M MR R′+  and N NR R′+ . Obviously, the rational choice 
must be “conspiracy”. But when the regulatory body knows everything about the members of Group M and N, and when they own the 
internal information w x →∞, , ( ) 1

M
A w =  and ( ) 1

N
A x = , that is to say, if both groups’ members choose “conspiracy” strategy, the rate that 

they will be investigated by regulatory bodies will be 1. Both of them cannot obtain any profits and also will suffer great loss M MT R′ and 

N NT R′ .  
Hypothesis Five: If p, a member from Group M, thinks that q, a member form Group N, may agree to help him to finish joint 

manipulation, then we can consider that p implements “conspiracy” strategy. But q rejects such trading because of some reasons (for 
example, q may think the risk that such behavior will be punished by the regulatory body is great), then we think that q implements “non- 
conspiracy” strategy. p will therefore suffers from some losses. On one hand, initial information searching costs will not be compensated. 
On the other hand, when q rejects offer relevant cooperation, the covertness of p’s action has been destroyed. These losses are monetized 
and discounted as (1 ( ))M MC B y− , then the profits that p obtains will be (1 ( ))M M MR C B y− − , and p’s profit is (1 ( ))M M MR C B y− − , while 

q still obtains the normal earning NR . Especially when p knows nothing about q, when the internal information owned by p is 0y =  

and ( ) 0MB y = , that is to say, if p takes “conspiracy” strategy, then he should suffer the greatest conspiracy cost MC ; When p knows 

everything about q, his internal information y →∞ , ( ) 1MB y = . If p chooses “conspiracy” strategy, he doesn’t have to bear any cost, 

(1 ( )) 0M MC B y− = . 
Hypothesis Six: q, a member from Group N, finds out that p who is a member from Group M may initiate joint manipulation. In order 

to obtain higher profits, p put forward that he can help q to start the joint manipulation. Such behavior means that N chooses “conspiracy” 
strategy. But if p does not want finish the joint manipulation by cooperating with q, or he does not want to take the joint manipulation at all, 
it means that p implements the “non-conspiracy” strategy, and q will suffer the loss. On one hand, he does not achieve the purpose of 
earning high returns after spending some searching costs. On the other hand, such trading itself should be covert, but another “outsider” 
knows q is a participant of the joint manipulation. Then the rate that q may be investigated and punished will be higher. These two types of 
losses can be monetized and discounted as (1 ( ))N NC B y− , then q’s profits is (1 ( ))N N NR C B y− − , while p still get the normal earnings MR . 

Especially when q knows nothing about p, and his internal information 0z = , ( ) 0NB z = , that is to say, when q chooses “conspiracy” 

strategy, then q will bear the greatest cost NC  because of his choice. When q knows everything about p, his internal information z →∞ , 

( ) 1NB z = , that is to say, if q chooses “conspiracy” strategy, he doesn’t need to bear the cost (1 ( )) 0N NC B y− =  caused by the choice. 
According to Hypothesis 3-6, the paired games between Group M and N may have four strategy combinations, so we can get that the 

benefit payments matrix under different strategies taken by Group M and N. Among which, when the two groups’ members take different 
strategy combinations ((conspiracy, non-conspiracy), (non-conspiracy, conspiracy)) or the two groups’ members take the “non-conspiracy” 
strategy at the same time (non-conspiracy, non-conspiracy), all of the strategy combinations are objectively beneficial to the occurrence of 
joint manipulation. These three combinations can be seen as a self-limiting process of the model. Only when the both groups choose 
“conspiracy” strategy (conspiracy, conspiracy) can ensure the successful completion of this behavior, which is the focus of regulatory bodies. 
The benefit payoff matrix is shown as Table 1: 

Table 1 The benefit payoff matrix from the game between the joint manipulation initiators and facilitators 
 Joint manipulation facilitators (Group N) 

Joint manipulation 
initiators  (Group 

M) 

strategy Conspiracy Non-conspiracy 
Conspiracy ( )(1 ( )) ( )

M MM M M MR R A w T R A w′ ′+ − − ∗  
( )(1 ( )) ( )

N NN N N NR R A x T R A x′ ′+ − − ∗  

(1 ( ))M M MR C B y− −  
NR  

Non-conspiracy (1 ( ))N N NR C B z− −  MR , NR  
 
2.2 Model solution and evolutionary equilibrium 

 
Suppose in Group M the proportion of individuals who choose “conspiracy” strategy accounts, and in Group N the proportion of 

individuals who choose “conspiracy” strategy accounts n. According to Table 1, we can list their expected earnings in different situations.  
In Group M, the expected earnings of the individuals who choose “conspiracy” strategy is： 

( )(1 ( )) ( )

(1 )[ (1 ( ))]
M MMC M M MM

M M M

A w nT A w

n R

n R R

y

R

C B

E ′ ′= +

+ − −

− −

−
                                                        (1) 

In Group M, the expected earnings of the individuals who choose “non-conspiracy” strategy is： 
(1 )MU M MC M n R RE nR + − ==                                                                                    (2) 
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The average earnings of Group M’s members: 

    
(1 )

( )) ( )

(1 )[ (

( )(1

1 ( ))] (1 )
M MM

M M M

M MC MUC

M M M

M

m
A w mnT

E mE E
mn R A w

m n R C

R

RB y m

R
=

′ ′
+ −

−

+ − − − −

+

+

= −                                                    (3) 

According to（1）,（2）,（3）, the replicate dynamic equation of Group M’s choice of the "conspiracy" strategy is: 

( )

(1 )[ ( )) ( )

(1 ( )) (1 ( ))]

( )(1
M MM

M

MC M

M M

M

M

M M M

A w nT A w

nR n

dm m E E
dt

m m n R R R

C B y C B y

−

− + −

= −

−

= −

−

′ ′+ −                                            (4) 

Similarly，in Group N, the expected earnings of the individuals who choose “conspiracy” strategy is： 
( )( ( )) (1 )

(1 )[ (1 ( ))]
NNC N N NN N

N N N

E m R A x mT A x

m R

R R

C B z

′ ′= + − −

+ − − −
                                                                        (5) 

In Group N, the expected earnings of the individuals who choose “non-conspiracy” strategy is： 
(1 )NU N NC N m R RE mR + − ==                                                                                       (6) 

The average earnings of Group N’s members: 

    
(1 )

( )) ( )

(1 )[ (

( )(1

1 ( ))] (1 )
N N N

N N N

N NC NUC

N N N

N

n
A x nmT

E nE E
nm R A x

n m R C

R

RB z n

R
=

′ ′
+ −

−

+ − − − −

+

+

= −                                                             (7) 

 
According to（5）,（6）,（7）, the replicate dynamic equation of Group N’s choice of the "conspiracy" strategy is: 

( )

(1 )[ ( )) ( )

(1 ( )) (1 ( ))]

( )(1
N N N

N

NC N

N N

N

N

N N N

A x mT A x

mR m

dn n E E
dt

n n m R R R

C B z C B z

−

− + −

= −

−

= −

−

′ ′+ −                                        (8) 

From（4）, we get:  
* 0m = ， * 1m = ， * (1 ( ))

( )) ( ) (1 ( ))( )(1
M

M M

M M M MM M MM

C B yn
A w T A w RR B yR R C′ ′+ −

−
=

− − + −
 

From（8）, we get:  
* 0n = ， * 0n = ， * (1 ( ))

( )) ( ) (1 ( ))( )(1
N

N N

N N N NN N NN

C B zm
A x T A x RR B zR R C′ ′+ −

−
=

− − + −
 

Mark： 
(1 ( ))M MC B yα = −  

( )) ((1 )( )
MM M M MM MA w T A w RR R Rβ ′+ − ′ −= −  

(1 ( ))N NC B zλ = −  

( )) ((1 )( )
NN N N NN NA x T A x RR R Rµ ′+ − ′ −= −  

So, the game evolutionary process of Group M and N can be described by the differential equation system constituted by （4）、

（8）and we can get 5 balance points * *( , )m n : (0,0) , (1,0) , (0,1) , (1,1)  and ( , )λ α
µ λ β α+ +

. The stability of the balance points can be 

worked out from the partial stability analysis of the corresponding Jacobian matrix. Use (4) and (8) to work out the partial derivatives of m 
and n, then we can get the Jacobian matrix J: 

( ) ( )

[ ( ) ] ((1 2 ) (1 )
(1 )( ) (1 2 ) ( ) ]( [) (

)

)

n

dm dm
dt dt

m m mm nJ
dn dn n n n
dt dt
m n

m
β α α β α
µ λ µ λ λ
+

∂ ∂

− − −∂ ∂= =
− + − + −

∂ ∂

∂ ∂

+
 

Then, judge the local stability of the five equilibrium points according by local stability analysis. The result is shown in Table 2: 
Table 2   Local stability analysis of equilibrium point 

Equilibrium Point J determinant and symbols J traces and symbols Local stability 
(0,0)  αλ ，+ α λ− − ，- ESS 
(1,0)  αµ ，+ α µ+ ，+ Unstable 
(0,1)  βλ ，+ β λ+ ，+ Unstable 
(1,1)  βµ ，+ β µ− − ，- ESS 

( , )λ α
µ λ β α+ +

 
( )( )

βµαλ
β α µ λ
−
+ +

，- 
0 Saddle Point 

Table 2 shows that, among the 5 equilibrium points, (0,0) and (1,1)  have local stability, which corresponds to the evolutionary 
stability equilibrium and evolutionary stability strategy (ESS) of the whole group (including Group M and N). (1,1) represents that when the 
whole group reaches evolutionary stability, individuals of both the two sub-groups use the "conspiracy" strategy, then “conspiracy” is the 
only evolutionary stable strategy; (0,0)  represents that when the whole group reaches evolutionary stability, individuals of both the two 
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sub-groups use the "non-conspiracy" strategy, then “non-conspiracy” is the only evolutionary stable strategy. (1,0) and (0,1) is the unstable 

equilibrium point of the evolution system, ( , )λ α
µ λ β α+ +

is the saddle point. The dynamic evolution process of the individuals’ paired 

games is shown in Diagram 1. 
 

 
Figure 1  Replication dynamic phase diagram of Groups M and N strategies choice 

 
 
Diagram 1 shows that the polygonal line (consisting of a saddle point E and two instability points D and E) is a critical line that Group 

M and N members choose different strategies when the dynamic evolutionary game reaches equilibrium. In Zone BEC and DEC, the system 
will converge to the (1,1)C  point, which is a zone that members of both Group M and N choose “conspiracy”. In Zone ABE and ADE, the 
system will converge to the (0,0)A  point, which is a zone that members of both Group M and N choose “non-conspiracy”. 

When the group reaches a stable equilibrium, all group members will either select the "conspiracy" (ESS) or "no conspiracy" (ESS). It 
shows that even though in a single game, Group M’s memebers may reject Group N’s, or Group N’s members may reject Group M’s, if 
other conditions remain unchanged, then during the long-term joint manipulation games, the trend may be Group M’s and N’s members will 
reach a tacit understanding or become estranged.  
 
3. Discussion 

 
Diagram 1 shows that joint manipulation groups’ evolutionary process may be influenced by the position of the saddle point 

( , )λ α
µ λ β α+ +

. And the saddle point ( , )λ α
µ λ β α+ +

 has exogenous variable α 、 β 、 λ and µ , whose changes will influence the 

position of the saddle point and influence the whole system’s evolutionarily stable equilibrium path and evolutionary stable strategy from 
the initial state. (1 ( ))M MC B yα = −  and (1 ( ))N NC B zλ = − respectively represents the losses caused by the two parties’ choice of “non-
conspiracy” and “conspiracy”, which is not the variables that can be directly influenced by regulatory bodies. In contrast, 

( )) ((1 )( )
MM M M MM MA w T A w RR R Rβ ′+ − ′ −= − , ( )) ((1 )( )

NN N N NN NA x T A x RR R Rµ ′+ − ′ −= −  respectively represents that after the regulatory bodies 

successfully investigate conspiracy behaviors based on the rates of ( )MA w and ( )NA x  and punish the illegal institutions with MT and NT as 

the punishment forces, the part that joint operators gain exceed the normal earnings is the excessive return. MT , NT , ( )MA w and ( )NA x  are 
some variables that can be directly controlled by the regulatory bodies. So the following part of the paper will mainly analyze the influence 
on the model stability caused by the change of β and µ . 
 
3.1 β and µ increase simultaneously 

 

If α and λ  maintain unchanged, when β and µ increase simultaneously, the two coordinate values of the saddle point λ
µ λ+

and 

α
β α+

will both decrease, which is shown as the horizontal and vertical direction get far away from (1,1)C  at a constant speed away and get 

close to (0,0)A . In this case the "conspiracy" area BEDC becomes bigger, and the “non-conspiracy” area ABED becomes smaller. So, if 
both β  and µ become bigger (regardless of how the ratio changes), the possibility of the initial state of the system in the "conspiracy" area 
will increase and the system may be more possible to reach (1,1)C . The final evolution stability strategy will be the only “conspiracy” 
strategy. So, as long as the party who are willing to implement the joint manipulation expects that his earnings will increase with the help of 
the counterparty, the number of individuals who choose “conspiracy” will increase as well. After the n round game, all individuals choose 
“conspiracy”, the whole system will reach the evolution stability state, and “conspiracy” will become the only evolutionary stable strategy. 
Both parties of the game have chosen the "conspiracy" strategy, which is the actual occurrence of the joint manipulation. The extreme case 
is when ,β µ →∞ , the saddle point E will be located on a vertical or horizontal axis. The whole system’s evolutionary zone will become the 
“conspiracy” zone (BEDC), and then the system will have a 100% chance to evolve towards (1,1)C . 
 

(0,1)D  

E  

(1,0)B  

(1,1)C  

(0,0)A  



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                                     24.5 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/24 

 

3.2 β and µ decrease simultaneously 
 

If α and λ  maintain unchanged, when β and µ  decrease simultaneously, the two coordinate values of the saddle point λ
µ λ+

and 

α
β α+

will both increase, which is shown as the horizontal and vertical direction get far away from (0,0)A  at a constant speed away and 

get close to (1,1)C . In this case the "conspiracy" area BEDC becomes smaller, and the “non-conspiracy” area ABED becomes bigger. So, if 
both β and µ become smaller (regardless of how the ratio changes), the possibility of the initial state of the system in the "non-conspiracy" 
area will increase and the system may be more possible to reach (0,0)A . The final evolution stability strategy will be the only “non-
conspiracy” strategy. So, as long as the party who are willing to implement the joint manipulation expects that his earnings will decrease 
because of the counterparty’s cooperation, the number of individuals who choose “non-conspiracy” will increase as well. After the n round 
games, all individuals choose “non-conspiracy”, the whole system will reach the evolution stability state, and the “non-conspiracy” will 
become the only evolutionary stable strategy. Both parties of the game have chosen the “non-conspiracy" strategy. Especially 
when ,β µ →∞ ,  the saddle point E will be located on a vertical or horizontal axis. The whole system’s evolutionary zone will become the 
“non-conspiracy” zone (ABED), and then the system will have a 100% chance to evolve towards (0,0)A . 
 
3.3 β increases and µ decreases  

 

If α and λ  maintain unchanged, when β  incases and µ decreases, the horizontal axis coordinate of the saddle point λ
µ λ+

will 

increase and the vertical axis coordinate α
β α+

will decrease. The horizontal direction will get far away from (0,0)A  and get close to 

(1,1)C ; the vertical direction get will get far away from (1,1)C  and get close to (0,0)A . Then the DEC zone in the “conspiracy” zone will 
be bigger and BEC zone will become smaller; AED zone in “non-conspiracy” will become bigger and AEB becomes smaller. So, the change 
of “conspiracy” Zone BEDC and the “non-conspiracy” Zone ABED depends on the amplitude of the increase of β  and decrease of µ . 

When 1d
d
β
µ

> , that is to say, the increase magnitude of β  is greater than the decrease magnitude of µ , “conspiracy” zone BEDC 

becomes bigger and the “non-conspiracy” zone ABED becomes smaller. The system will be more possible to develop towards “more and 

more joint manipulation”. When 1d
d
β
µ

< , that is to say, the increase magnitude of β  is smaller than the decrease magnitude of µ , 

“conspiracy” zone BEDC becomes smaller and the “non-conspiracy” zone ABED becomes bigger. The system will be more possible to 

develop towards “less and less joint manipulation”. When 1d
d
β
µ

= , that is to say, the increase magnitude of β  is equal to the decrease 

magnitude of µ , “conspiracy” zone BEDC and the “non-conspiracy” zone ABED remain the same. The system will remain in the primary 
stable state. 
 
3.4 β  decreases and µ  increases 

 
Similary, if α and λ  maintain unchanged, when β  decreases and µ  incases, the horizontal axis coordinate of the saddle point 

λ
µ λ+

will decrease and the vertical axis coordinate α
β α+

will increase. The saddle point along the horizontal direction will get far away 

from (1,1)C  and get close to (0,0)A ; the saddle point along the vertical direction get will get far away from (0,0)A  and get close to (1,1)C . 
Then the DEC zone in the “conspiracy” zone will be smaller and BEC zone will become bigger; AED zone in “non-conspiracy” will 
become smaller and AEB becomes bigger. So, the change of “conspiracy” zone BEDC and the “non-conspiracy” zone ABED depend on the 

amplitude of the decrease of β  and increase of µ . When 1d
d
β
µ

> , that is to say, the decrease magnitude of β  is greater than the increase 

magnitude of µ , “conspiracy” zone BEDC becomes smaller and the “non-conspiracy” zone ABED becomes bigger. The system will be 

more possible to develop towards “less and less joint manipulation”. When 1d
d
β
µ
< , that is to say, the decrease magnitude of β  is smaller 

than the increase magnitude of µ , “conspiracy” zone BEDC becomes bigger and the “non-conspiracy” zone ABED becomes smaller. The 

system will be more possible to develop towards “more and more joint manipulation”. When 1d
d
β
µ

= , that is to say, the decrease magnitude 

of β  is equal to the increase magnitude of µ , “conspiracy” zone BEDC and the “non-conspiracy” zone ABED remain the same. The 
system will remain in the primary stable state. 

Based on the above analysis, only when β and µ decrease simultaneously can the evolutionary game’s equilibrium develop towards 
the “non-conspiracy”. MR , MR′ , NR and NR′ respectively represents the normal earnings and illegal earnings of the joint manipulation 

initiators and facilitators. They are not controlled by the regulatory bodies. Only MT , NT , ( )MA w and ( )NA x  are the parameters that can be 
influenced by he regulatory bodies and the increase of them is useful for the decrease of β and µ . 
 
4. Conclusion 
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This paper establishes the evolutionary game’s model of the futures joint manipulation and analyzes its dynamic evolutionary process. 
Here is the conclusion: 

First, among the four strategy combinations of the paired evolutionary games, the combination that both the two parties choose 
different strategy can occur in a single game, but such case cannot extensively exist in the system. The trend of the long-term change must 
point to two results. The first result is that some people who have such behavior history reach and maintain a certain level of trust and 
understanding. The other result is that potential perpetrators have a certain degree of fear and such acts cannot be implemented. 

Second, the potential joint manipulation group’ evolutionary path and stability strategy towards the steady state is influenced by the 

position of the saddle point. Exogenous variablesα , β ,λ and µ will influence the relationship by influencing the position of the saddle 
point. This can be seen from the game’s replication dynamic diagram. System’s evolution path to equilibrium is generally nonlinear. 
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A visual measurement method on the parameters of gear tooth 
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Abstract: With the constant improvement requirement of gear accuracy in recent years, gear image detection technology is one of the 
effective means of measurement. Gear parameters measurement by non-contact method is more and more applied to the actual production 
and quality control link. In this paper a method for measuring the tooth profile of gear by machine vision is presented. This measurement 
system uses contour fitting method to measure the gear tooth basic parameters by event structure program. The system includes camera and 
a backlight source for lighting. It use LabVIEW graphical programming platform IMAQ module to analysis the collected gear image 
processed and analysis the measurement error. It can do real time calculation and display the error of measurement. Experimental results 
show that this system runs stably, good repeatability, high measurement precision. 
 
Keywords: gear parameters; machine vision; LabVIEW; IMAQ vision 
 
1. Introduction 

 
LabVIEW is the most common use of virtual instrument software, which contains a variety of requirements apply to all aspects of the 

toolkit and powerful function library, which can be used to accomplish many modular design [1-4]. IMAQ Vision Toolkit in LabVIEW 
software is a visual and motion module, which contains the image acquisition, vision tools, image processing and machine vision and many 
other parts. The system is designed by LabVIEW software platform, use IMAQ Vision module programming to design and implement a 
gear tooth profile parameter measurement system, and the result is added to the error analysis module. 

This paper describes a tooth image acquisition and processing, and a circular fitting measurement error analysis system. Experiments 
show that the system is fast, accurate, stable, the standard spur gear measurement error control in the ideal range. It can better meet the 
application of the gear tooth measurements. 

Gear is a sort of mechanical elements which can engage with the other one to transfer motion and power. Gear transmission is the most 
widely used type of transmission. As there is gear transmission, we need gear. There are many kinds of gear, straight spur gear, helical gears, 
spiral gear, bevel gear, etc. Because of its stable structure, easy to manufacture and greater transmission, straight spur gear is the most 
widely used one. The measuring object of this design is straight spur gear. 

Relevant parameters of standard straight spur gear [5]: Gear teeth, the number of teeth on the gear, expressed as Z; modulus equals to 
quotient of the pitch divided by π expressed as m, unit mm; the radius of circle between the top and bottom circle on the gear, expressed as d, 
unit mm; radius of the top circle, expressed as da, unit mm; radius of the bottom circle , expressed as df, unit mm. 

 
2. IMAGE ACQUISTION AND PREPROCESSING 

 
For effective measurement, clear picture of gear must be get, so this part is one of the key parts of the whole system. Design of this part 

includes system lighting, image acquisition and image preprocessing. 
 
2.1 Lighting design 

 
Choose bias lighting method which highlights the edge information. It is characterized by lighting from the back of the gear, to 

highlight the edge information of the gear’s shape. Lighting scheme shown in Figure 1. 

 
Figure.1 Lighting solution scheme. 

 
2.2 Image acquisition 

 
Using continuous acquisition function and AVI video function and while loop to realize  continuous acquisition. Realize real-time and 

continuous acquisition of video images and acquire disred images , specific procedure figure shown in Figure 2. Acquired gear image shown 
in Figure 3: 

Camer
 

Object 

Light 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                                      25.2 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/25 

 

 
Figure 2 Real-time image acquisition system program 

 

 
Figure 3 Gear images obtained 

 
2.3 Image preprocessing 

 
Histogram equalization: In image pre-processing, use the histogram of gray image to indirectly enhance the contrast of images. This 

method calls histogram equalization[6]. Histogram equalization principle is that the original image histogram is known, use the frequency of 
the gray scale pixel to generate adaptive transform function, obtain the corresponding histogram equalization [7]. Histogram equalization is 
used when an image is too dark or too bright. Histogram equalization block diagram is shown in Figure 4:  

 
Figure 4 Histogram equalization program block diagram 

Gaussian filter: Gaussian filter is a linear smoothing filter which chooses its weight according to form of Gaussian function. Gaussian 
filter has a good effect on weakening most of the noise, and has more obvious effect on removing the noise with normal distribution. In this 
paper, we use Gaussian filter to denoise. Filter processing program block diagram is shown in Figure 5: 
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Figure 5 Data-processing program block diagram 

  Images processed before and after by Gaussian filter the images are shown in figure 6, 7. 

             
Figure. 6 Before filtering processing.                                        Figure .7 After filtering processing. 

Image binarization: Gear binarization is to make gear gray value of image become 0 or 255, image binarization makes the image only 
black and white. Binarization image can not only reduce the follow-up amount of prossed data, but also highlight the useful target 
information, so that make the image simple and easy for the follow-up edge inspection. The core of threshold processing is to set a cut-off 
gray value, called threshold, then judge all the pixel with equal or greater gray value as the goal, the pixel gray with smaller scale value will 
be judged as background [8], and then the gray value of the two parts are set as 0 and 255. 

To select the threshold, the maximum inter-class variance method is used. Its basic principle is in accordance with the gradation 
characteristic of the processed image, the image is divided into two parts, use the size of the between-class variance between the two parts of 
the two parts of the image to highlight their differences [9], the threshold that makes the biggest difference is the desired threshold. This 
design of image edge detection uses this method obtains threshold automatically. Threshold processing program block diagram shown in Fig. 
8. The processed image is shown in Figure 9. 

 

 
Figure.8 Threshold processing program block diagram. 
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Figure.9 Binarized image. 

Edge detection: Edge is an important feature of an image. Edge information can be used in pllow-up image’s parameter calculation, 
testing, and recognition etc. When testing the gear, the useful information most commonly used is the edge of the gear. Through the image 
edge detection can extract the image edge and reduce the amount analyzed and processed data [10]. This design used the Edge Detection 
function IMAQ Edge Detection. This function’s role is to detect the edge through the acquired threshold and edge detection method. Select 
edge processing operator through the text drop-down list, the selectable operators include: Roberts, Differentiation, Gradient, Prewitt, Sigma 
and Sobel operator. Edge detection procedure block diagram is shown in Figure 10. Gear image edge detection was depicted as shown in 
Figure 11. 
 

 
Figure.10 Edge detection procedure block diagram. 

 

 
Figure.11 Image of gear after edge detection. 

 
3. Measurement mothod  
 
3.1 Calibration 

 
In measurement program the results in pixels, not the actual size of length. Therefore, we need to add a map to the pixel value 

dimension value, so that we can turn the length in pixels into actual length, this process of acquiring the mapping relationship is called 
system calibration. This system uses simple calibration method, calculation formula is: 

                         L0 = L/N                                                                                                 (1)  
L is the length of the actual size, N is the number of pixels. The calibration method for this article is as following: fix the camera and 

take a picture of the template , shown in the image, use the mouse to draw a pixel line ready to calibrate and then input the actual length that 
the pixel figure represents, operation the above formula and get the calibration results L0, used for the follow-up program. System 
calibration program design is shown in Figure 12. 
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Figure.12 System calibration procedure block diagram. 

 
3.2Measurement of addendum circle and dedendum circle  

 
After preprocessing of the images acquired through USB camera, use edge detection method to extract the gear tooth contour 

information, we can get a lot of edge feature points [11]. Then use fitting method, fitting the outermost edge points of toothed gear as circle 
to measure the gear addendum circle and root circle parameters. 

Give first round representation: 
222 )()( ρβα =−+− ii cr                                                (2) 

The contour fitted circle uses the least-squares fitting circle that fitting round must meet that the sum of squared distance of all point to 
this circular must be the smallest. Circle fitting includes following steps: (1) choose a few points can confirm a circle, such as three points; 
(2) according to the three points to construct a circle; (3) use the following formula to calculate the distance between the rest of the points 
and the crossover point of circle and the ligature to the center of the circle, continuous adding and get the sum of squares ,as formula 2. 
Until we find a circle which can make the minimum sum of squares, the circle is the desired one. (α、β) is the center of the circle, the origin 
of coordinates of the image. 

                  ))()(
1

222 ρβαε −−+−=∑
=

n

i

ii cr（                                         (2) 

When fitting circular we use control icon from IMAQ Find Circular Edge.vi (program flowchart > > visual and motion > > Machine 
Vision > > Local edges > > IMAQ Find Circular Edge.vi), input image after preprocessing, ROI Descriptor, fitting Circular parameter can 
be output.  

The control icon is just shown in Figure 13.  

 
Figure.13 Circle fitting controls 

We should pay attention to the right input of parameters: 
ROI Descriptor: defined as detecting the area at the edge of interest. This parameter can be get by IMAQ Construct ROI vi, input to the 

IMAQ Find Circular Edge.vi .  
Options：The set that show the test parameters and the results. The fitting parameters need to be set are: the search direction, edge 

detection method and gradient information search. 
Circle fitting module design program is as follows in Figure 14. 

 
Figure.14 Round fitting procedure block diagram. 

 
3.3 Measurement of module and dividing circle diameter  

 
The method of measuring tooth number is the intersection point measuring method. After measuring the root circle da and top circle 

df，make the gear center as the circle center, use dc (da<dc<df)as the diameter to obtain a auxiliary circle, shown in Figure 15, intersection 
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of auxiliary circle and gear tooth profile p, the number of teeth is measured. As there may be error in calculating p, every intersection should 
be confirmed by two auxiliary points. The intersection of auxiliary circle and gear tooth is obtained by IMAQ Caliper Tool. The vi (program 
flowchart > > visual and motion > > Mechine Vision > > Caliper > > IMAQ Caliper Tool, vi) control. Gear measurement program block 
diagram design is shown in Figure 16.  

According to the formula (3): 
da=m(z+2)                                                                                                         (3) 

    Get:                            
m=da/(z+2)                                                                                                       (4) 

                                       
Module of gear is obtained. 
According to the formula:         

d=mz                                                                                                              (5) 
Standard pitch circle diameter is known.  
 

 
Figure.15 Auxiliary circle diagram 

 

 
Figure.16 teeth measurement program block diagram 

 
4. Design results 

 
The system uses event programming structure. It can be achieved gradually by the function button to measure the parameters of gear, 

and displayed on the front panel. We can more intuitively see the measurement process. The system front panel is shown in Figure 17.   
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Figure 17 The front panel of parameters measurement 

 
5. Discussion 

 
This measuring system mainly use the circular fitting method measure the root circle and top circle diameter, and then calculate other 

parameters. So the main source of error is in measuring gear root circle and top circle diameter. 
Fitting error produced by circular can be expressed by the error in fitting radius and the maximum distance between the point on the 

gear and the center of the fitting circle. The fitting error of the radius is defined as the deviation of the highest point (xi, yi) to the center 
point (x, y) of the circle from radius r, then the error Δ as follows: 

( ) ( ) ryyxx ii −−+−= 22Δ                                                                                           (6)  
Figure 18 is fitting error calculation program. 

 
Figure.18 Fitting error calculation program 

 
6. Conclusion 

 
Machine vision measurement system is designed. IMAQ Vision Toolkit is used in image acquisition, use USB camera, workbench and 

lighting system to form visual measuring system, and then image preprocessing, fitting measuring gear addendum circle diameter and basic 
parameters of gear. Using LabVIEW platform to write software system based on the completion of the gear tooth Vision Measurement 
System. This system is efficient, visual, easy maintenance, etc. For standard spur gear tooth measurement, it has great use in gear production, 
quality inspection and other visual applications. 
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Data and Information Flow Optimization Design and Application for Power Network Planning Software 
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Abstract: In view of the practical difficulties of basic data in the power grid planning work, and combined with the present situation of 
information systems in power grid companies, this paper puts forward the ideas about how to design planning basic data storage, and the 
flow of various data in the planning management information system, with the systematic analysis method and system integration mind. 
Materials and Methods: First, the systematic analysis and multi hierarchy architecture method was employed to design and implement the 
power grid planning information system. Then the data flow theory was used to optimize the data flow within the panning system and the 
data inflow and data interfaces with external planning data source information systems. Finally, the organization architecture of the complex 
planning data was also designed finally. Results: By applying the above results, a basic database and its advanced functions have been 
constructed. Conclusion: Practical application shows that the research results of this paper can integrate the existing data resources 
effectively, and ensure the accuracy and timeliness of the basic data for planning, so as to support the advanced planning function efficiently. 

Keywords: planning management information system; basic database; power grid planning 

1. Introduction 

Power system information in China starts in the 1960s. After the extension to each field of power system between the mid-1980s and
the end of twentieth Century, now from 2005 Chinese 5 major power generation groups and 2 grid companies had planned to promote the 
integration of power system information successively, and thus the power industry information began to boom in China. 

Recently some primary production information systems have been put into operation as the deepening of information construction, 
such as energy management system (EMS), distribution management system (DMS) and so on, all of which have realized the function for 
data management in their own fields. However, data related to grid planning in these systems are stored dispersedly, requiring a lot of 
manual processing before its extraction. It results that on one hand planning staff and leadership of the company cannot grasp the real 
technical indexes, failing to know the severity and the location of the problems existing in the power grid, on the other hand massive data in 
each system are unable to be used fully, which causes a great waste of resources. Therefore how to solve these prominent problems above in 
the sharing and management of grid planning data, how to make full use of the existing data and how to integrate the existing resource has 
become the key point(Tao et al., 2006 and Luo et al., 2016). 

In contrast to the operation and management of power grid, planning is a more complicated system engineering, whose complexity 
manifests in following 3 aspects (Yu et al., 2001 and Wang et al., 2004): 

(1)Technical complexity of city grid planning itself.
(2)City grid planning involves large amount of data, complicated operation flow and numerous professional fields.
(3)Not only must the security, reliability, economy of operation and investment, and the balance of electric supply and demand be

fulfilled, grid planning also has to coordinate with the municipal planning departments to meet the need of the overall development of city. 
In some cases, planning even reflects the political or social intention. 

In faced with these difficulties in grid planning, it is necessary to study and construct a professional power grid planning information 
support system, which can accomplish grid planning analysis, planning management and project monitoring with the aid of computers, and 
produce a higher working efficiency and management level of grid planning. The primary task of this is to establish a perfect planning data 
platform information system (Yuan et al., 2009, Zhou et al., 2013 and Liu et al., 2010).  

The paper summarizes and optimized designs the transfer process of planning data in the planning management information system, 
and proposes the design idea of how to establish the planning basic database, based on the business requirements and combined with the 
present status of data in existing domestic information systems. It maintains the grid planning scientific and efficient at the data level, and 
lays the foundation for the stabilization of the accumulation of basic planning data and the construction of advanced planning functions. 

2. Materials and methods 

2.1 Introduction to the Grid Planning Information System 

The Grid Planning Information System has realized planning business management functions including basic data management, 
planning task management, planning archives management, monographic study management, preliminary project management, power plants 
and large user management, as well as planning assistant decision functions including power load forecasting, electric power and energy 
balance and grid structure design (Yu et al., 2000 and Luo et al., 2009). Its functions are shown in Figure 1. 
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Figure 1 Framework of Planning Management Information system. 

The planning business management module shown in Figure 1 involves most of the planning business at all levels of utilities, and it 
abstracts the planning business into work flow so that workflow management is realized. The planning business management module is 
constructed under B/S structure, and the assistant decision module is under C/S structure. The system is designed according to the 
requirements of data integration and business process integration, taking full consideration of the provincial company’s business 
characteristics, and uses advanced computer technology and scientific management. It provides an integrated platform for unified power 
system planning business management, and promotes the progress of the information construction of grid planning. 

 
2.2Overall design for planning basic database 

 
Grid planning information system contains widespread and abundant basic data, so it is able to support the advanced function 

application in the upper system strongly. Basic data could be divided into 8 classes, that is socioeconomic data, energy resource data, 
electric power supply and demand data, grid equipment data, grid operation data, geographic information data, typical parameters and 
electric power engineering data (Xiao et al., 2005, Chen et al., 2009  and Li et al., 2011). According to the practical information work in 
provincial grid companies, the basic data above mainly come from the following two sources: 

(1)From the electric power system internal. Such as those parts related to planning data of the production system, management system, 
and geographic information system.  

(2)From the external systems. Such as the socioeconomic system, meteorological system and so on. 
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Figure 2 Schematic diagram of planning foundation data sources. 
The sources of various data are shown in Figure 2. Basic data management module collects basic data automatically or semi-

automatically from other related systems through the interfaces between them. These basic data should comply with uniform standards and 
procedures when they enter the database from their own sources. Especially, the data responsibility in the process of data update and 
maintenance must be defined. Also some data verification should be applied in order to maintain the accuracy and effectiveness of planning 
basic data. 
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The basic data above have multiple forms in both time and space, which shows as different storage forms, different levels and different 
time stamp forms, needs to be organized effectively. The data organization structure for a region is shown as Table 1. 

Table 1 Basic Data Organization Structure of Grid Planning 
Data Category Data Organizing Form 

Socioeconomic Data Data table, annual data( from history years to current year through planning Years) corresponding 
to a field  

Energy Resource Data Data table, annual data( from history years to current year through planning Years) corresponding 
to  a field 

Electric Power Supply & Demand Data table, annual data( from history years to current year through planning Years) corresponding 
to  a field 

Grid Equipment Data Data packet, annual data( from history years to current year through planning Years) corresponding 
to  a packet 

Grid Operation Data Data packet, annual data( from history years to current year through planning Years) corresponding 
to  a packet 

Geographic Information Data Data packet, spatial data in each class corresponding to a series of data table 
Electric Power Engineering Data Data packet, dividing into multiple tables according to the  voltage level 
Typical Parameters Multiple data tables within the system 

Where: 
(1)Socioeconomic data: Organized by year and region (Refined to county for some tables), and stored in the form of data table.
(2)Energy resource data: Organized by year and region, and stored in the form of data table.
(3)Electric power supply and demand data: Organized by year and region (refined to county for some tables), and stored in the form of

data table. 
(4)Grid equipment data: Organized and stored in the form of data packet. The default is current year data, with a backup of historical 

year data available. Grid equipment data specially includes electric energy source equipment data, transmission equipment data, substation
equipment data and distribution equipment data. 

(5)Grid operation data: Organized by year and voltage grade, and stored in the form of data packet. The data here is corresponding to
the grid equipment data.

(6)Geographic information data: Stored in the form of data packet.
(7)Electric power engineering data: Stored as multiple tables classified by voltage grade.
(8)Typical parameters: Stored in the form of data table, and specially including electrical parameters, cost data, financial data and

historical statistical performance index. 
In the overall data storage, basic data is firstly classified by power supply region, then by time and data class in each region. The 

fundamental organization form of data is shown in Figure 3. 
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Figure 3 Diagram of Organization Form of Planning Foundation Data 

2.3 Planning data flow design 

Grid planning information system includes two parts, planning assistant decision subsystem and planning business management 
subsystem, and planning data information flow is throughout the two subsystems. Grid planning data is of great amount and large scale, and 
the planning data flow can be divided into 4 stages, as Figure 4 shows. 
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Figure 4 Flow Diagram of Planning Foundation Data. 

Stage 1: Original data acquirement. At this stage, the planning assistant decision subsystem acquires original planning data from the 
basic database server, in which the present situation of grid scale and operation status are possessed. The original data without any process is 
called “raw data”. 

Stage 2: Processed by planning assistant decision subsystem. Raw data entered into the planning assistant decision subsystem cannot 
fulfill the demand of planning work generally, it require some check and process to become “ripe data” that can be used directly by the 
subsequent planning business such as load forecasting, electric power and energy balance, and grid planning and design etc. The results data 
generated such as the load forecasting results and planning projects etc. can be exported respectively in the standard Excel format, which 
could satisfy the text compiling.  

Stage 3: Circulation in planning business management subsystem. Varieties of planning intermediate data and results data generated by 
the grid planning assistant decision subsystem can flow in the planning business management subsystem to accomplish the report, approval 
and issuance of the planning results. Besides the circulation of results data, the planning business management subsystem at all levels also 
realize its own project preliminary work and other management work according to the access gained. 

Stage 4: Database server backups data. Database backups the data in the grid planning information system regularly according to 
certain backup mechanism, including all the data generated by the planning assistant decision subsystem and the planning business 
management subsystem. 

Based on the actual needs of the grid planning management work, a storage form of planning basic database is also designed to store 
and manage the data by area and by type. The database shows each area in a tree structure on the interface to realize a navigation filter 
function. Also data is classified so that provincial companies and city power supply bureaus can manage and maintain the data by level and 
by classification. That is users at provincial level could maintain the entire province’s data, and each municipal user could only operate the 
bureau’s data. 

In the concrete derivation process, firstly the raw data enter the function modules in planning assistant decision subsystem to generate 
intermediate results such as predicted load, location and sizing of substations etc. Then the grid planning results is generated ulteriorly 
according to the intermediate result data. 
 
3. Results 

 
3.1 Application of planning data 

 
The application of planning data contains two levels: the application of planning basic data and the application of planning results. 
After summarizing and classification for the basic database of grid planning management information system, the planning basic data 

could be provided to related staffs in the development department of grid corporation headquarter and the planning department of each 
provincial or municipal corporations for developing various affairs. 

The application of planning basic data also contains two aspects: 
(1)Deeply explore and deal with part of the planning basic data in order to abstract various core indexes for leaders at all levels to 

analyze and make decisions.  
(2)Provide the dealt data to related planning staffs, then they would be able to analyze, estimate and plan the grid through the planning 

assistant decision subsystem linked with the client-side.  
As Table 2 shows, the grid planning results mainly contains three parts: the grid planning report, the planning project library and the 

planning data packet. 
 

Table 2 Data of Grid Planning Result 
Data type Data content 

Structured Data Planning Project Library 
Planning Data Packet 

Unstructured Data Grid Planning Report 
Documents 

Atlases 
Attached Lists 

When using the planning assistant decision subsystem to develop grid planning and design businesses, sometimes several client-sides 
firstly finish their own district planning, then the system combine and summarize the results of each district planning based on the district's 
boundary conditions. The process shows in Figure 5. 
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Figure.5 Schematic Diagram of Planning Data Combination. 

3.2 Application of the system 

Since the operation in Oct. 2010, the grid planning management information system has already become daily working platform for 
planning in 22 application units of Guangdong Power Grid Corporation (GPGC), including the provincial headquarter offices and 21 
municipal power supply bureaus. It has largely improved the efficiency of the basic data collection in grid planning work, which could be 
specifically embodied in aspects as follows: 

(1)The system accumulates the former basic data and planning results, so it reduces the possibilities of repeating data collection to the
utmost extent.  

(2)Using the existed data from other information system through data interface could decrease the manual labor intensity, and thus
would improve the working efficiency as well. 

(3)The release of authoritative and universal figures avoids the difficulties in working caused by incompatible data collection calibers.

4. Discussion 

Computer aided power grid planning is one of the data-intensive complex applications. How to organize the data flow within the
planning software system and the data inflows and data interfaces with external information systems is particularly crucial for the 
development of a computer supporting system for power grid planning. 

Traditional power grid decision-making softwares (Yu et al., 2000, Xiao et al., 2005, Luo et al., 2009  and Chen et al., 2009) and 
electrical analysis softwares do not always put emphasis on the data flow analysis and optimization from the perspective of power grid 
planning, which are often unpractical using by spot planners. In other words, the supporting tools for dealing with bulk and big planning 
data are needed most in all of the utilities in China now. That’s the very reason why the commercial planning software cannot put into wide 
applications, especially the ones developed by international big corporations with large amount users outside China. 

So besides serving power grid planners and developing the basic electrical analysis functions (Liu et al., 2010, Zhou et al., 2013 and 
Luo et al., 2016) such as power flow and the planning decision-making functions, for instance, load forecasting and substation locating & 
sizing, this paper paid more attention to the data flow design and its optimization. The illustration about how to organize all the types of 
planning data, how to design the data interface with the planning data source information systems, and etc. can be found in aforementioned 
sections. 

In addition, the developed grid planning management information system based on the work of this paper has been well and widely 
used in GPGC. The practical applications can also prove the effectiveness of design and optimization in this paper compare to other 
previous researches. 

5. Conclusion 

Combining the current situation of database in the existing domestic information systems, and based on the construction requirements 
and expected goals of the grid planning management information system, the paper puts forward the design idea of organizational structure 
of the planning basic database, and the derivation process of related data in the grid planning management information system. The article 
establishes a solid foundation for the research and development of grid planning management information system. Through the practical 
application of basic database and data flow, the grid planning management information system could largely reduce the workload of data 
collection in grid planning, and effectively ensure the correctness and timeliness of related data. So this article makes a contribution to 
improving the information level of the work in grid planning management. 
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Statistical study of the living garbage based on Gray Theory——Take Hangzhou as an example 
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Abstract: With the improvement of people's living standards in China, solid waste emissions increase sharply. In rural areas where most 
people live, domestic waste mainly deposited in the open air as one of the most important culprit of rural ecological pollution. Nowadays, a 
growing number of municipal solid waste has become a serious social problem which affects people's lives seriously. Based on the relevant 
data of statistical yearbook of Hangzhou, Zhejiang province, connected with the internal factors influencing the garbage output, and using 
the Method of Grey Correlation, this paper studied which is the top correlate indicator among the garbage production internal factors. By 
using the methods of Grey Prediction, and building forecasting model, the paper predicted the amount of cleared-up garbage after years. 
Besides, it provided the government and environmental protection administration with a lot of rationalization proposals in clearing up the 
rubbish and governing environment. 

Keywords: living garbage; internal factors; grey prediction; GM(1.1) 

1. Introduction 

According to the research and statistics from Hangzhou Municipal Environmental Sanitation Science Research Institute in recent years,
the amount of waste generated in recent years is in the growth stage, and the growth rate is much higher than the national average level. 
Waste treatment methods include recycling, landfill, incineration, composting, disposal of piling etc. Many scholars also made related 
research on garbage disposal . “The production of urban domestic waste in China is growing”(B.Wang et al 2006, P. He et al 2010, Y. 
Zhang et al 2011). What’s more, there are a lot of problems in garbage classification and recycling level of development lags behind other 
garbage disposal and management process. Therefore, promoting the garbage collection and other measures actively is an effective measure 
to alleviate the pressure of garbage disposal. 

In recent years, despite the success in life garbage disposal in Hangzhou, the speed of processing capacity is lagging behind the amount 
of waste generated. As shown in Fig. 1, it is the amount of city garbage transportation in Hangzhou. From 2008 to 2014, the number is 
increasing year by year, unexpectedly, even exceeded 12 million tons in 2014. In vigorously promoting front-end reduction, decoration 
garbage not included in the living garbage freight volume, Hangzhou city life garbage output is staying in a high position without going 
down. In this paper, we will use the Method of Gray Theory to study Hangzhou municipal solid waste internal factors and predict the future 
amount of garbage clean-up statistical. Besides, we also provide the government and environmental protection departments with some 
reasonable suggestions in cleaning up the garbage and governing environment. 

Figure 1 The amount of transportation (Million Tons) 

2. Analysis on the internal factors of the production of domestic waste 

2.1 Internal factor index 

“Internal factors, social factors, individual factors, natural factors are factors affecting output” (D. Wang et al. 2013), and internal 
factors are dominate. Considering the actual situation in Hangzhou as well as data sources, we use total population, annual per capita 
disposable income, annual per capita consumption expenditure, consumer price index , and GDP of the city and fixed assets investment as 
indicators to conduct research. See the specific table 1 and table 2. 

Table 1 The internal factor index of the production of domestic waste in Hangzhou 
Internal factors index mark 
Population quantity Total population X1 
Residents living standard Annual disposable income(yuan) 

Annual per capita consumption expenditure(yuan) 
Consumer price index 

X2 
X3 
X4 

Economic level GDP of the city X5 
Urban construction level Fixed assets investment X6 

Table 2  The internal factor index data of the production of domestic waste in Hangzhou 
year X1 (ten 

thousand) 
X2 

(yuan) 
X3 

(yuan) 
X4 X5 (100 

Million 
yuan) 

X6 (100 
Million yuan) 

Amount of municipal solid 
waste（Million Tons） 
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2008 677.64 24104 16719 104.9 4789.0 1882.3 806.78 

2009 683.38 26864 18595 98.6 5111.4 2195.2 925.60 

2010 689.12 30035 20219 103.9 5965.7 2651.9 954.78 

2011 695.71 34065 22642 104.8 7037.3 3100.0 1018.08 

2012 700.52 37511 22800 102.5 7833.6 3722.8 1048.01 

2013 706.61 40925 30659 102.5 8398.6 4263.9 1123.36 

2014 715.76 44632 32165 102 9206.2 4952.7 1229.05 
 

2.2 Grey correlation analysis of internal factors 
 
Because the different data series in Table 2 have different dimensional units, the dimension of correlation coefficient and correlation 

coefficient must be consistent. 
Order 

)1(/ iii xxX =′ = ( (1), (2), , ( ))i i ix x x n′ ′ ′ , ( 0,1, 2, , )i m=   
Through the Table 3, results is obtained by computing. 
 

Table 3 Initialization Data Sheet 

iX ′
 

X1 X2 X3 X4 X5 X6 X7 

2008 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
2009 1.01 1.11 1.11 0.94 1.07 1.17 1.15 
2010 1.02 1.25 1.21 0.99 1.25 1.41 1.18 
2011 1.03 1.41 1.35 1.00 1.47 1.65 1.26 
2012 1.03 1.56 1.36 0.98 1.64 1.98 1.30 
2013 1.04 1.70 1.83 0.98 1.75 2.27 1.39 
2014 1.06 1.85 1.92 0.97 1.92 2.63 1.52 

 
2.3 Grey correlation analysis 

 
According to the internal factors index data of the production of domestic waste in Table 2, we regard the garbage removal amount as a 

reference sequence )(0 kx′ , and internal factors as comparative series )(kxi′ . 
Correlation coefficient 
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M is the maximum difference between the two stage; m is the minimum difference between the two stage. 
Grey correlation degree 
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According to the formula (1) and (2), the calculation of the correlation degree as shown in Table 4. 
 

Table 4  The correlation degree of each index 
 X1 X2 X3 X4 X5 X6 X7 

Correlation degree 0.81 0.49 0.51 0.82 0.48 0.39 0.57 
From table 4, influence of the consumer price index and the total population on garbage disposal is bigger. 

 
3. Hangzhou municipal solid waste output forecast 

 
3.1 Method for predicting the output of domestic solid waste 

 
Predicting the production of domestic waste can provide the main parameters for the urban environmental planning and the total 

amount control of waste. Solid waste output forecast methods can be classified into two categories: one is qualitative forecasting method, 
mainly relies on prediction research and experience; the other is the quantitative prediction method, based on the statistical data, using 
mathematical method to predict, this kind of prediction is not only theoretical, but also the higher accuracy and wide application. In this 
paper, the Grey Forecasting Method is used to predict the waste. 

Grey Prediction Method is a small amount, incomplete information, the use of discrete random number as the number of new 
generation, number generation not only has a certain degree of randomness, and with regularity, the eventual establishment of a Grey 
Differential Model, make ambiguity, a long description of the law of development of things, less the amount of data, high accuracy can 
carry on the short-term, medium and long-term prediction, Grey Prediction in the most commonly used is the GM (1,1) model, by 
accumulating generation has a strong exponential and monotone sequence. 

 
3.2 Domestic waste output prediction model 
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Table 5 Garbage disposal in 2008-2014 

 2008 2009 2010 2011 2012 2013 2014 
Amount of municipal solid waste
（Million Tons） 806.78 925.60 954.78 1018.08 1048.01 1123.36 1229.05 

The First Step：The class-compare verification 
The establishment of time series of waste generation data is as follows, 

)0(x =(
(0)
1x ,

(0)
2x (0)

7, , x ) 
Calculate the level ratio 

)(/)1()( )0()0( kxkxk −=η  

( (2), (3),...., (7))η η η η= =（0.8716，0.9694，0.9378，0.9714，0.9329 ，0.9140） 

   Since all ]9714.0,8716.0[)( ∈kη ， 2,3, ,7k =  ，we can use )0(x as our satisfactory model GM（1,1）. 
 
The Second Step：Develop GM（1,1） 
 
Through the accumulation of the original data and the fitting calculation of the least square method，we conclude the differential 

equation： 

3248.8350567.0 )1(
)1(

=− x
dt

dx
 

 Found 
2.1474115548)1( 0566659.0)1( −=+ tekx  

 
The Third Step：Based on the sequence of generated column values 
 

)1()1( +kx Reduction sequence )1()0( +kx ， 
The fitting values for each year are shown in Table 6. 
 

Table 6 2014-2008 Fitting data and accuracy test data 

 
Table 7  Test grade of grey prediction model 

From table 6 calculated average relative error is 0.012, further calculation of the mean square deviation ratio is 0.1647 respectively, the 
small probability is 1. Table 7 provides the model test level test of the model, from which we know the model is of high precision, which 
can be used to predict. Using MATLAB to draw out the original value and fitted value of image, which is shown in Fig. 2. It intends to fitted 
roughly fall in the original value curve, which also showed that the model is used to predict the output of municipal solid waste is suitable. 

 

 
Figure.2 2008-2014 Predicted and Fitting value of domestic waste in Hangzhou. 

 
3.3 The amount of domestic garbage forecast 

Order Year Original value Model value Residual Relative error 
1 2008 806.78 806.8 0 0 
2 2009 925.6 906.5 19.1175 0.0207 
3 2010 954.78 959.3 -4.5524 -0.0048 
4 2011 1018.08 1015.3 2.8165 0.0028 
5 2012 1048.01 1074.5 -26.4456 -0.0252 
6 2013 1123.36 1137.1 -13.7387 -0.0122 
7 2014 1229.05 1203.4 25.6560 0.0209 

Grade Relative error Mean variance ratio Small error probability 
good ≤ 0.01 ≤ 0.35 ≥ 0.95 
better ≤ 0.05 ≤ 0.50 ≥ 0.80 

qualified ≤ 0.10 ≤ 0.65 ≥ 0.70 
bad ≥ 0.20 ≥ 0.80 ≤ 0.70 
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By the above established model to predict the production of municipal solid waste in Hangzhou from 2015 to 2019, the results can be 
shown in Table 8. 

Table 8 2015-2019 Hangzhou municipal solid waste output forecast(Million Tons) 
Year 2015 2016 2017 2018 2019 

Predicted 
Value 

1273.6 1347.8 1426.4 1509.5 1597.6 

4. Conclusions 
Through the internal factors Grey Correlation Degree analysis, the greatest effects observed are total population and the resident

consumption price in Hangzhou city life trash output, which also indirectly shows “the improvement of people's living standard is the reason 
for city garbage increase in Hangzhou in recent years, with the increase of population”(H. Li, et al. 2010). 

Through the Grey Prediction Model in 2015 to 2019, Hangzhou domestic garbage is increasing year by year, until 2019, even 
achieving1597.6 million tons. “Due to without considering the social factors and natural factors and promote the Province 12th five-year 
plan of circular economy policy”(D. Wang et al. 2013), the prediction value will be lower, but overall still maintains an upward trend. If 
effective measures are not taken, the environment is on the trend of further deterioration. 

5. Recommendations

5.1 Promoting the wide use of garbage collection and recycling 
By the gray correlation analysis of the internal factors, the results showed that the consumer price index of residents indirectly affected 

the output of domestic waste. With the improvement of people's living standard, household increased purchasing power and the phasing out 
of old items. “As a result, there is the rise in the output of municipal solid waste, although there are a number of companies and individuals 
of waste materials for recycling, recycling is basically the old newspapers, metal and other high profit in the scrap products”(Y. Zhang, et al. 
2011), but it is not reducing waste production resulting in the low recovery rate of waste. And public activity of garbage disposal is low, 
sorting and recycling have certain difficulties, but as  harmless means to promote the resource recycling, still in need to implement. 

5.2 Formulate and improve relevant laws, and play the role of government 
The prediction results show, in future, Hangzhou city life trash output overall still keep rising trend. “In terms of analysis of laws and 

regulations for urban waste management, the government should play the role of its functions, to develop and improve the related 
regulations and standards of life garbage treatment in the specific areas”(M. Wang, et al. 2012). The relevant departments should strengthen 
the management and the effective treatment of the life garbage. 

5.3 Updating urban domestic waste treatment technology 

Currently living garbage disposal are landfill, incineration and composting. The single processing technique in the actual processing 
will cause a lot of problems. The life trash output prediction of Hangzhou in the future few years using grey prediction method is a forecast 
based on the social factors and natural factors thhat are not considered. Accelerating the update of domestic waste treatment technology can 
get effective treatment and utilization of the waste and resources, and the output of municipal solid waste will be in the trend of further 
decline. “The classification of garbage collection should not be charged at present, when the relevant supporting measures have improved, 
the charge of garbage should be in accordance with the quality”(L. Chen, et al. 2014). 
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Research on Work Well-being of Knowledge Workers Based on the Perspective of Person-Organization 
Fit 
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Abstract: With knowledge workers as the research object, this paper explored the relation between person-organization fit and workers 
well-being at work, and the intermediating effect of organizational commitment on them. The empirical study got three findings. First, 
person-organization fit and its three dimensions have a positive correlation with work well-being with its two dimensions. Second, 
organizational commitment with its two dimensions has a positive correlation with work well-being and its two dimensions. Third, 
organizational commitment acts as an intermediary role in the relationship between person-organization fit and work well-being. 

Keywords: pore pressure; Person-Organization Fit; knowledge workers; work well-being; organizational commitment 

1. Introduction 

In the era of knowledge economy, human resources have occupied an important position in the components of enterprises’ core
competitiveness. Among them, high-quality human resources play an important role in promoting China’s rapid economic development. 
Knowledge workers are the backbone of high-quality human resources. Confronted with the constant changes and highly uncertain 
competitive environment, many enterprises endlessly require employees to devote themselves to the work. High strength and high-pressure 
work costs knowledge workers a lot of time and energy. However, few enterprises care about employees’ well-being at work, which causes 
a series of modern enterprise management problems, such as increasing conflicts between enterprises and employees, low working 
efficiency and high turnover rate. This paper surveyed knowledge workers about their well-being status at work and explored the influence 
of person-organization fit on employees’ well-being at work and the mediating role of organizational commitment. This paper aims to 
construct a new model of employees’ well-being, help enterprises to learn about knowledge workers’ demands and enrich relevant studies 
on workplace well-being. 

1.1 Researches on Person - Organization Fit  

The concept of Person - Organization Fit comes from Person-Environment Fit in Kurt Lewin’s Psychological Field Theory 
(Kurt·Lewin, 1951). He believes that individuals and their environments are interacting with each other, and individuals’ behaviors are 
affected individuals themselves and their surroundings. If persons match well with the organizations, both the persons and the organizations 
will benefit a lot. 

Dimensions division First, single-dimensional view. Scholars, who held this point of view, believed that an important basis for judging 
the degree of people-organizations fit is the similarity degree between employees’ and organizations’ values. Schneider(1987), in his 
“attraction-selection-attraction “model, pointed out individuals are easy to be attracted by the organization which has similar characteristics 
with them. Through the process of choosing and being chosen, they join an organization and finally choose the behavior of staying or 
leaving after a period of adaption to the organization. Second, double-dimension view. Caplan (Caplan, 1987), from the perspective of 
supply and demand relation, divided Person-Organization Fit into two parts, including supplies and demands, requirements and abilities. 
That is to say, organizations can satisfy the demands of employees, and employees’ working skills can meet the job requirements. Third, 
three-dimensional view. Kristof, (Kristof, 1996) thought that Person- Organization Fit includes three parts. They are value fit, needs-supplies 
fit，and demands-abilities fit. 

Researches on the effect of Person-Organization Fit Vancouver and Schmitt (1991) pointed out that the goals fit of individuals and 
organizations can promote the degree of organizational commitment. Michelle and Verquer（2003）thought that Person-Organization Fit 
degree has positive impact on organizational commitment. Wang Zhong and Zhang Lin (2010) in his research findings, put forward that 
Person-Organization Fit degree has positive impact on employees’ job satisfaction and negative impact on employees’ turnover intentions. 
Xu Naisheng (2011) pointed out that Person-Organization Fit can help to improve employees’ work performance. Zhu Qingsong , Hu 
Xiaodong and Xia Yanfang (2013) thought that employees-organization fit serves as a guide for enterprises’ core culture construction. Wen 
Yinli (2008) through an empirical research found that the higher degree is Person-Organization fit, the more loyal are employees to 
organizations.  

1.2 Knowledge workers’ well-being at work 

Connotation of knowledge workers：Peter·Drucker（1966）was the first one to define knowledge employees in the form of 
“knowledge workers”. He thought that knowledge workers can make a comprehensive study and be a thorough master of knowledge and use 
it well. They work by their own skills and abilities. They are mainly engaged in mental work, and have strong learning and innovation 
abilities. Domestic scholars, Zhao Lin (2015) pointed out that knowledge workers are the backbone of organizations’ innovation and have 
the characteristics of high turnover rate, high autonomy and high professional ability.  

Definition of knowledge workers’ well-being at work Fisher (2010) thought that employees working well-being includes two factors, 
i.e. cognition and emotions (job satisfaction, positive and negative emotions). Stephen Wood (2011, 2012) pointed out that employees’
experience and evaluation of working quality is employees’ happiness. Kooij et al (2013) thought that employees’ well-being their feelings
and experience towards work and organizations. Li Yanping and Xu Jia (2014) thought that workers’ well-being at work is constituted by
the affective well-being, which is workers’ affective experience. This article defines work well-being as the sum of workers’ positive
affective experience of subjective well-being and psychological well-being in the work.

Influencing factors on work well-being First, individual factors. Miao Yuanjiang (2009) thought that individuals’ personality traits and 
motives have an impact on work well-being of employees. Second, work factors. Sun Jing, Zhang Lin, and Fu Xiaoming (2010), in their 
research, pointed out that salaries and benefits are in direct proportion to work well-being. The higher pays, the higher work happiness. 
Third, organizational factors. Wei Lin and Li Guangcai (2010) thought that higher organizational commitment can enhance employees’ 
loyalty and responsibility, thereby increasing employees’ well-being at work. Yan Yuhong (2015) pointed out that fit between the individual 
and the organization is a new direction for the study on factors of employees’ well-being at work. Fourth, family factors. Dong Guilan, 
Zheng Liping and Li Xinfang (2011) pointed out that respect and understanding from family members can improve employees’ well-being 
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at work. Fifth, social factors. Liu Miao (2008) found that harmonious interpersonal relationships and higher social supports help to enhance 
people’s self-confidence and self-esteem, thereby enhancing the well-being of employees.  
 
1.3 The proposal of model 

 
The study uses Kristof’s three-dimensions divisions of Person-Organization Fit, which include value fit, needs-supplies fit, and 

demands-abilities fit (Kristof, 1996). Knowledge workers’ work well-being is divided into subjective well-being and psychological well-
being. Organizational commitment is constituted by ideal commitment and affective commitment. Mowday, Steer and Porter (1979) 
organizational commitment refers to staff’s sense of identity with the organization. Such emotions can affect their dependence on the 
organization. Xu Qian, Wang Ying and Zhou Yinghong (2013) pointed out that organizational commitment is in direct proportion to job 
satisfaction and job satisfaction plays an important role in improving well-being at work. Therefore, Person-Organization Fit degree can 
influence employees’ job satisfaction, thereby improving their work well-being. Based on this, we build a relational model of Person - 
Organization Fit and work well-being, as shown in Figure 1. 

 

 
Figure.1 relational model of Person - Organization Fit and work well-being 

 
1.4 Research Hypotheses  

 
Person-Organization Fit and employees’ well-being Wen Yinli (2008), through an empirical research, found that the higher degree is 

Person-Organization Fit, the more loyal are employees to organizations. The degree of Person-Organization Fit has a positive role in guiding 
employees’ positive behaviors and results, such as the improvement of job satisfaction and working performance and the decrease of 
turnover intensions. Such positive behaviors and attitudes can help to improve employees’ well-being at work. Based on the above statement, 
this paper proposes the following hypotheses. 

H1: Person-organization fit degree has a positive correlation with knowledge workers’ well-being; 
H1-1: Value fit has a positive correlation with subjective well-being; 
H1-2: Value fit has a positive correlation with psychological well-being; 
H1-3: Needs-supplies fit has a positive correlation with subjective well-being; 
H1-4: Needs-supplies fit has a positive correlation with psychological well-being; 
H1-5: Demands-abilities fit has a positive correlation with subjective well-being; 
H1-6: Demands-abilities fit has a positive correlation with psychological well-being 
Organizational commitment and knowledge workers’ work well-being: Kooij et al. (2013) thought that staff’s well-being is their 

feelings and experience towards their work and organizations. Wei Lin and Li Guangcai (2010) thought that higher organizational 
commitment can enhance employees’ loyalty and responsibility, thereby increasing employees’ well-being at work. Therefore, we propose 
the following hypotheses: 

H2: Organizational commitment has a positive correlation with knowledge workers’ well-being; 
H2-1: Ideal commitment has a positive correlation with subjective well-being; 
H2-2: Ideal commitment has a positive correlation with psychological well-being; 
H2-3: Affective commitment has a positive correlation with subjective well-being; 
H2-4: Affective commitment has a positive correlation with psychological well-being; 
Mediating effects of organizational commitment Xu Naisheng (2011) pointed out that better person-organization fit can help to 

improve employees’ work performance. Higher person-organization fit degree can help to produce incentives for employees, which can 
generate staff’s positive behaviors, attitudes and results. They can both enhance staff’s job satisfaction and performance and improve their 
organizational commitment and supports, thereby reducing the pressure on staff and their turnover intention to improve work happiness of 
staff. So, we propose the following hypotheses:  

H3: Organizational commitment mediates the relationship between person-organizations fit and knowledge workers’ well-being.  
 

2.MATERIALS AND METHODS 
 
Design of the questionnaires Questions of the questionnaires are selected from maturity scales of person-organization fit, workers’ 

well-being and organizational commitment. The questionnaire consists of four parts. The first part is respondents’ personal information, 
including sex, age, education level, length of service, as well as monthly income. The second part is a survey of person-organization fit 
degree. This part was made by modifying the Person-organization scale by Cable and De Rue (2002). The questions in Part Two were 
designed from three dimensions, i.e. value fit, needs and supplies fit, and demands and abilities fit. The third part is a survey about 
knowledge workers’ well-being. The questions were selected from 14 items in Miao Yuanjiang’s (2009) comprehensive happiness 
questionnaires. This part of study was conducted from two perspectives: subjective well-being and psychological well-being. The forth part 
is a survey about organizational commitment. The questions in this part were chosen from the Organizational Commitment Scale (with two 
dimensions, i.e. ideal commitment and affective commitment) made by Ling Wenquan (2000).  

 Questionnaires issuing and samples summary The study involves the following places: Fujian (Fuzhou, Xiamen, Zhangzhou, Sanming, 
Quanzhou, Ningde, Nanping), Hainan, Guangzhou, Hunan, Shandong, etc. 324 questionnaires were collected, of which 21 were invalid and 
303 were valid. (1) Sex: Among the respondents, 166 were male and 137 were female, who accounted for 54.79% and 45.21%respectively. 
The proportion of male was slightly higher than that of female. Male to female ratio was essentially flat. (2) Age: There were 126 
respondents under 25 year old and 91 were 25-30 years old, who accounted for 41.58% and 30.03% respectively. This shows that the 
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respondents were those knowledge workers who were under the age of 30, which accounted for 71.61%. (3) Education background: There 
were 242 respondents who were undergraduate colleges’ and vocational colleges’ graduates, who accounted for 79.87%. Working tenure: 
There were 227 respondents with less than 10 years’ tenure, who accounted for 74.92%. Positions: There were 251 level managers and 
ordinary employees, who accounted for 82.84% and were mainly the objects of this study. 

Reliability test Reliability of the questionnaire refers to the dependability and credibility, using the same method of repeatedly 
measurements the same objects in order to ensure the stability and consistency of the final results. In this paper, the commonly used 
Cronbach α coefficient table was used to measure the reliability of the questionnaire. SPSS was also used to analyze the questionnaire scales. 
The results were shown as follows. The Cronbachs of the overall scale and each subscale latitudes were all greater than 0.7, indicating that 
this scale has high reliability and stability. 

 
Table 1  The reliability test results 

Scale dimensions Cronbach αvalue 
Person-organization fit Value fit 0.856 

Needs-supplies fit 0.862 
Demands-abilities fit 0.845 

Work well-being Subjective well-being 0.821 
Psychological well-being 0.856 

Organizational commitment Ideal commitment 0.889 
Affective commitment 0.875 

The overall scale 0.918 
Validity test That validity refers to the accuracy and effectiveness of the results. The bigger is the validity, the higher is the fit degree of 

the measurement results and the observed projects or contents. This paper used SPSS’s KMO measure and Bartlett (Bartlett) spherical test 
methods to test the validity of the questionnaire, which is shown in Table 2, 3 and 4. From the three tables, we can see that all the KMO 
values are greater thatn 0.8 while Sig. P values are smaller than 0.001. There is a strong correlation between the variables so the scale’s 
validity is high. 

 
Table 2 The test results of the validity of person-organization fit scale 

Kaiser-Meyer-Olkin 0.894 

Bartlett Sphericity test Chi-square approximation 1508.610 
df 40 

Sig 0.000 
 

Table 3 The test results of the validity of knowledge workers’ work well-being scale 
Kaiser-Meyer-Olkin 0.925 

Bartlett Sphericity test Chi-square approximation 4295.312 
df 77 

Sig 0.000 
 

Table 4 The test results of the validity of organizational commitment scale 
Kaiser-Meyer-Olkin 0.962 

Bartlett Sphericity test Chi-square approximation 4520.541 
df 198 

Sig 0.000 
     Correlation analysis of person - organization fit and work well-being Before conducting the pearson correlation coefficient 

hypothesis testing, we proposed the hypothesis: if HO: P=0, the two variables are irrelevant. Table 5 shows that all the pearson correlation 
coefficients of subjective well-being and psychological well-being are greater than 0.5 and P values are all 0.000 and less than 0..1, which 
rejects the null hypothesis H0: P = 0. It shows that the three dimensions of person-organization fit and the two dimensions of knowledge 
workers’ work well-being have a positive correlation on the 0.01 level. Therefore, the independent variable (person-organization fit) and the 
dependent variable (knowledge workers’ work well-being) have a positive correlation. That is to say, the higher degree is the person-
organization fit, the stronger is knowledge workers’ well-being, and vice versa. From the above analysis, we know that H1，H1-1，H1-2，
H1-3，H1-4，H1-5，H1-6 are true.  

In the organizational commitment scale, the pearson correlation coefficients of the two dimensions (ideal commitment and affective 
commitment) and subjective well-being and psychological well-being are all greater than 0.6, P values are all 0.000 and less than 0.01, 
rejecting the null hypothesis H0: P = 0. Therefore, the two dimensions of organizational commitment and work well-beings two dimensions 
have a significant positive correlation on the level of 0.01. Therefore, organizational commitment, the mediating variable, has a significant 
positive correlation with the dependent variable, knowledge workers’ well-being. That is to say, the higher is the organizational commitment, 
the stronger is workers’ well-being, and vice versa. In summary, we found that H2, H2-1, H2-2,H2-3, H2-4 are true. 

 
Table 5 Pearson correlation analysis results of person - organization fit and work well-being 

 
 

 Value 
fit 

Needs-
supplies 

fit 

Demands- 
abilities 

fit 

Ideal 
commitment 

Affective 
commitment 

Subjective 
well-
being 

Psychological 
well-being 

Value fit pearson 
correlation 

Sig.
（Bilateral） 

 

1 
 

303 

0.569** 
0.000 
303 

0.385** 
0.000 
303 

0.489** 
0.000 
303 

0.575** 
0.000 
303 

0.519** 
0.000 
303 

0.532** 
0.000 
303 
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Needs-
supplies fit 

pearson 
correlation 

Sig.
（Bilateral） 

 

0.569** 
0.000 
303 

1 
 

303 

0.431** 
0.000 
303 

0.469** 
0.000 
303 

0.485** 
0.000 
303 

0.725** 
0.000 
303 

0.610** 
0.000 
303 

Demands- 
abilities fit 

pearson 
correlation 

Sig.
（Bilateral） 

 

0.385** 
0.000 
303 

0.431** 
0.000 
303 

1 
 

303 

0.495** 
0.000 
303 

0.455** 
0.000 
303 

0.679** 
0.000 
303 

0.701** 
0.000 
303 

Ideal 
commitment 

pearson 
correlation 

Sig.
（Bilateral） 

N 

0.489** 
0.000 
303 

0.469** 
0.000 
303 

0.495** 
0.000 
303 

1 
 

303 

0.765** 
0.000 
303 

0.675** 
0.000 
303 

0.654** 
0.000 
303 

Affective 
commitment 

pearson 
correlation 

Sig.
（Bilateral） 

N 

0.575** 
0.000 
303 

0.485** 
0.000 
303 

0.455** 
0.000 
303 

0.765** 
0.000 
303 

1 
 

303 

0.681** 
0.000 
303 

0.689** 
0.000 
303 

Subjective 
well-being 

pearson 
correlation 

Sig.
（Bilateral） 

N 

0.519** 
0.000 
303 

0.725** 
0.000 
303 

0.679** 
0.000 
303 

0.675** 
0.000 
303 

0.681** 
0.000 
303 

1 
 

303 

0.788** 
0.000 
303 

Psychological 
well-being 

pearson 
correlation 

Sig.
（Bilateral） 

N 

0.532** 
0.000 
303 

0.610** 
0.000 
303 

0.701** 
0.000 
303 

0.654** 
0.000 
303 

0.689** 
0.000 
303 

0.788** 
0.000 
303 

1 
 

303 

     Note：**. Significant correlation at the 0.01 level (bilateral) 
Mediation Effect of organizational commitment By examining person-organization fit’s regression to work well-being, and person-

organization fit’s regression to organizational commitment and organizational commitment’s regression to work well-being, we got the 
paths c, a and b which were Regression One, Regression Two and Regression Three. The test result of organizational commitment’s 
mediating effect is shown in Table 6. The mediating effect plot is shown as Figure 2. 
 

Table 6 The test result of meditating effect 

注：*** means P＜0.001，** means P＜0.01，* means P＜0.05 

 
Figure 2 Mediation Effect of organizational commitment 

From Figure 1, we found the conclusions: 
First, Regression One shows that the independent variable X (person-organization fit) has a linear correlation with the dependent 

variable Y (knowledge workers’ well-being). Standardized regression coefficients c is 0.613（P＜0.001）, which indicates that the 
independent variable has a significant positive correlation with the dependent variable. That is to say, the better person-organization fit, the 
higher workers’ well-being, and vice versa. 

Second, Regression Two shows that the independent variable X (person-organization fit) has a linear correlation with the mediating 
variable M (organizational commitment). Standardized regression coefficients a is 0.712(P＜0.001), which indicates that the independent 
variable has a significant positive correlation with the mediating variable. That is to say, the increasing of person-organization fit degree can 
help to improve knowledge workers’ organizational commitment. 

Third, Regression Three shows that the mediating variable M (organizational commitment) can help to predict the independent variable 
Y (knowledge workers’ well-being). Standardized regression coefficients b is 0.163 (P＜0.01) . It is known that both a and b are significant, 
rejecting the null hypothesis, so the mediating effect is significant. In addition, c'=0.497（P＜0.001）, so coefficient c' is significant 
(H0:c'=0 was rejected), which indicates that the effect of the independent X (person-organization fit) on the dependent variable Y 
(knowledge workers’ well-being) partially depends on the mediating variable M (organizational commitment) . That is to say, organizational 
commitment is incomplete mediating effect, which only partially serves as the mediating role on person-organization fit and knowledge 
workers’ well-being. 
 

Variables Regression One Regression Two Regression Three 
Work well-being(Y) Organizational 

Commitment (M) 
Work well-being (Y) 

Person-organization fit (X) .613***(c) .712***(a) .497***(c') 
Organizational Commitment(M)   .163**(b) 

R2 .376 .507 .391 
F 231.098*** 398.590*** 122.237*** 
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3. Conclusion 
 
First, person-organization fit and its three dimensions have a positive correlation with work well-being with its two dimensions. 

Organizational commitment with its two dimensions has a positive correlation with work well-being and its two dimensions. Through the 
data analysis of the 303 knowledge workers’ questionnaires, we got the findings that the higher is the person-organization fit degree, the 
stronger is knowledge workers organizational commitment and work well-being. The workers with higher organizational commitment have 
more positive affections, namely stronger work well-being. 

Second, organizational commitment acts as an intermediary role in the relationship between person-organization fit and work well-
being. Through the exploration about the intermediary elements of person-organization fit and knowledge workers’ well-being, we can find 
that under the premise of person-organization fit, higher organizational commitment leads to more employees’ happiness. On the contrary, 
lower organizational commitment leads to less employees’ happiness. 

So, the hypothetical model is consistent with the findings in this article. 
 
4. Management strategies 

 
Pay Attention to the selection of personnel and improve the person-organization fit When enterprises are selecting employees, they 

should not only care about whether the employees are excellent or not, but also pay more attention to the fit degree between employees’ 
values and the enterprises. When training new employees, in addition to the skills training, enterprises should attach more importance to the 
value fit between new employees and organizations, and needs-supplies fit as well as demands-abilities fit. What’s more, corporate culture is 
the core of the organization. So enterprises should pay attention to the promotion and building of enterprise culture, enhance the culture 
penetration to employees and improve their sense of belonging to enterprises. 

Enhanced organizational supports, and improve staff’s organizational commitment 
Enterprises should try their best to provide organizational supports for employees, active care about employees, and pay attention to 

staff development. In addition, enterprises should also attach importance to internal and external fairness building, strengthen corporate 
executives’ credible and reliable images and offer staff-desired salary and benefits, skill training, promotion space, working environment 
and other   humanistic concern within the scope of organizational capacity to increase employees’ sense of identity and recognition of of 
organization, and enhance their organizational commitment. 

Focus on staff emotional management and enhance employees’ well-being and job satisfaction Enterprises should not blindly require 
employees to contribute and to work overtime. Under the premise of ensuring the normal operation, enterprises should care about 
employees’ psychological changes and take corresponding methods for refreshment, such as afternoon-tea, working exercise or lunchtime 
music to improve their positive feelings and emotions, avoiding negative emotions. In addition, managers should offer appropriate 
delegation of authority, and arrange some creative tasks to knowledge workers as much as possible, and give them the autonomy to develop 
their initiatives. Enterprises should also improve the incentive mechanism, giving the excellent staff some moral and material reward, so that 
employees will feel that their pay can be rewarded. 
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Abstract: Dynamic environment for the strength of the NK model to build dynamic environment for innovation and business impact of 
ambidexterity innovation, and the use of Matlab software environment in the dynamic behavior of select innovative enterprise simulation, 
dynamic environment to explore how it affects the strength of the enterprise Select innovative behavior. The simulation results show that: a 
dynamic environment is weak, companies prefer the use of innovation and innovative use of positive regulatory innovation performance; 
highly dynamic environment, companies prefer to explore innovation and exploration innovation positive regulatory innovation performance. 
Finally, the introduction of business case simulation results were confirmed. 
 
Keywords: dynamic Environment; ambidexterity innovation; fitness landscape theory; NK model 
 
1. Introduction 

 
Economic globalization has made companies closely linked in a complex network systems, and makes each an integral body can 

quickly sense and respond to changes in the competition, enterprises are facing is not a relatively stable and predictable external 
environment, but increasingly complex and uncertain. In this environment, how to choose the right innovation behavior based on dynamic 
characteristics of the external environment has become every enterprise in the era of globalization is an urgent need to solve the problem. 

About ambidexterity innovation, since March (1991) first proposed the exploration and use of two kinds of organizational learning 
paradigm since the mutual tension and balance between the two gradually become the focus of domestic and international research. 
However, a large number of Western researchers showed more academic point of view on the differences. Gupta and Smith (2006) and 
others that have two innovative dual nature, the two are incompatible, even with resource conflicting, ideas and organization program, while 
the use of two innovative companies will reduce organizational innovation performance, while Jansen (2006) and others that the companies 
also choose two types of innovation strategy is necessary, an appropriate balance will bring greater organizational innovation performance. 

About Environmental Dynamism, the late 1980s early 1990s, a large number of scholars have conducted more thorough research. 
Alegre (1998) that the survival of the enterprise environment undergoing dramatic changes, manifested in two aspects: one is the uncertainty 
of the environment; one is the complexity of the environment. The complexity of the environment mainly for the rapid development of 
enterprise information technology and e-commerce; enterprise and industry boundaries increasingly blurred boundaries. Environmental 
uncertainty mainly for changing customer needs; government regulation of the market gradually relaxed; environmental issues; overcapacity 
problems, in short, enterprises are facing an environment undergoing rapid change. Aveni (1994) that the dynamics, uncertainty, complexity 
has become a common feature of all facing the industry. 

In this study, a detailed analysis of the impact of environmental dynamics of ambidexterity innovation for enterprise, reveals the 
influence of the dynamic mechanism of environmental innovation behavior of enterprises with binary choice, to make up for the lack of 
systematic research of the existing research is insufficient, better put forward dynamic environment under the policy of the enterprise search 
ambidexterity innovation. At the same time, this study environmental impact dynamic of two - innovative business simulation model with 
binary innovative behavior and external business environment will be simulation, providing research tools for further study how to choose 
the environment under dynamic enterprise innovation behavior, and forming with the existing methods supplement. 
 
1 Theory and model 
 
1.1 Basic theory 

 
On the basis of a comprehensive definition of many scholars, the present study suggests that the dynamic environment means that the 

degree of unpredictability and instability factors in the external environment changes, and has six dimensions: technological environment 
dynamic, demand environment dynamic, competitive environment dynamic resistance, policy environment dynamic, industry environment 
dynamic, economic environment dynamic. In six sub-dimensions in which two or both of the following changes, this study defined as less 
dynamic environment; changes in three or more is considered highly dynamic environment. 

Benner and Tushman (2003) divided the innovation into exploratory innovation and exploitative innovation. Wherein exploratory 
innovation is relying on the new knowledge brings new design, new markets or new distribution channels, in order to meet the new market 
demands; and exploitative innovation is relying on the existing business knowledge structure, emphasizing achieve improved efficiency and 
enhance innovation capability on the basis of existing capacities, aims to cater to both the needs of the market. On the relationship between 
exploratory innovation and exploitative innovation, first of all, have a mutually reinforcing relationship, namely there is interaction between 
them. Secondly, having competing between exploratory innovation and exploitative innovation, ie, there is competition between them. 
Enterprises need to address explore the relationship exploratory innovation and exploitative innovation, only limited resources can be 
sufficiently innovative to improve innovation performance. 

In this paper, that the choice for enterprise innovation behavior is affected by the combined effects of six dynamic environment: a 
dynamic environment is weak, companies prefer the use of innovation and innovative use of positive regulatory innovation performance; the 
more dynamic environment strong, companies prefer to explore innovation, and to explore innovation forward regulate enterprises' 
innovation performance. 

The theoretical model of the influence of environmental dynamism on the ambidexterity innovation is shown in Figure1. 
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Figure.1 Theoretical model. 
 
1.2 Model 

 
Fitness landscape theory is proposed by Wright in 1932, it has become the object of evolution graduate basic framework. It is built on a 

biological point of view, that the species continue to evolve in order to survive, while evolution is seen as a process of migration or 
migration of the peaks and valleys have a three-dimensional landscape. Landscape Each location represents a possible combination of genes, 
height represents the fitness of survival, "mountain" represents the combination of high genetic fitness, and "valleys" on behalf of low 
fitness. Since the adaptive value of different combinations of genes are different, and therefore it presents a rugged landscape of mountains 
and valleys, called this landscape as the fitness landscape. 

On this basis, Kauffman (1993) proposed NK model. NK model system described into N complex elements of the system, research 
questions can be transformed into an abstract view of the terrain, the complexity of the problem is studied by the plurality of dependencies 
between the elements in place, and the solution of the problem is converted to search strategy landscape terrain, Its basic idea is to use 
generecombination search to improve the adaptability of the gene in the fitness landscape..In the NK model, where the parameter N is the 
total number of alleles in the genome, the parameter K for the upper level of interaction or interaction between the number of genes 
(0≤K≤N-1). NK model consists of two distinct parts: the fitness landscape and search strategy. Fitness landscape N dimension, a dimension 
of each element of the representative system, elements 0 or 1 configurations. Each gives a combination of elements as the fitness value, then 
all the 2N fitness on the formation of a fitness landscape. Search strategy represents the way elements of variation, showing from a position 
(N dimensional dual space point) to another location of the mobile model, that from the existing configuration combinations variation of a 
new configuration combinations. 
 
2.Build model 
 
2.1 Innovation performance view 

 
According to the theoretical model and the basic idea of this article NK model proposed, N = 6 different dynamic behavior by the 

impact of environmental innovation, these dynamics form a dynamic vector V = (ki, ..., kn), wherein ki for the i-th dynamic values (0 or 1). 
Meanwhile, the paper set dynamic environment of the six sub-dimensions have two states, the status values are 0 or 1, where 0 is only seen 
as a logo, do not represent the true value of the elements. Each vector corresponds to a dynamic innovation performance, innovation 
performance of all possible to form the company's innovation performance landscape. K is the complexity of the (0≤K≤N-1) between the 
various environmental impacts of each dynamic ki will affect other kinds of dynamic K, denoted by k-i. Then the contribution of dynamic ki 
innovation performance can be produced divided by the value of self-generated and affect other dynamic value generated in two parts, 
denoted fij, fij randomly assigned a value in line with U (0,1) evenly distributed, innovative performance N = 6 is the dynamic nature of 
value creation and, and divided by the value of N = 6 innovation performance in the range [0, 1], to facilitate comparative analysis. 
Innovation performance P (v) is calculated as shown in equation (1). 

( ) ∑
=

=
N

i

ijf
N

vp
0

1                                                                                                            (1) 

 
2.2 Exploration and exploitation 
 
2.2.1 Modeling of exploration 

 
Exploration is disruptive innovation behavior of enterprises based on the new knowledge. In the model enterprise Exploration, every 

dynamic probability R will change. Only existing dynamic environment for business performance and competitive position of a threat, it 
needs to explore new innovation, generate new dynamics and vector performance. Enterprises with the original dynamic vector and 
performance compared to determine whether to keep the new vector and performance. 

For example, when N = 6, R = 0.5, the simulation at a time, dynamic enterprise A vector is 101010, when A carries outexploration, 
each with probability 0.5 dynamics have changed, suppose thefirst, second, fourth kinds of dynamic, the dynamic nature of the vector A 
becomes 011110. After exploration fitness contrast, when P (011110)>P (101010) and 011110 <101010 (dynamic environment weakens), 
the exploration wins, dynamic vector becomes 011110, this time on behalf of environmental dynamism degree; otherwise, exploration fails 
to keep the original dynamic vector performed exploitation 
 
2.2.2 Modeling of exploitation 

 
Exploitation is based on a slow, gradual innovative behavior basis of existing knowledge. When companies use the exploitation, 

changing the dynamic random vector in a dynamic form a new dynamic vector to obtain the corresponding performance from the 
performance landscape. If the new performance is greater than the original performance, the companies keep the new dynamic vector and 
performance, if not greater than the original performance, then keep the original dynamic vector. 
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For example, in the NK model, N = 6, at a time simulation, dynamic enterprise A vector is 101010, when the A use the exploitation,, 
changing the value of dynamic random vector or both of the following two formed the new dynamic vector, assumed to 011010, if and only 
if P (011010)>P (101010), the exploitation success, dynamic vector into 011010; otherwise exploitation failure, dynamic vector 101010 kept 
unchanged, performed exploration. 
 
2.2.3 Modeling of environmental change 

 
Environmental changes in NK model may be embodied as changes in business performance in the landscape position. Prior to changes 

in the environment, the enterprise is located on a high mountain, higher performance; as the environment changes, the enterprise no longer 
has the advantage of reduced performance, it can be considered a deviation from the original enterprise a higher position. Companies need to 
change their position to improve performance through innovation. 

Study binding Siggelkow et al. (2003), assuming enterprise before the environmental change is located Performance Landscape at the 
highest point, when the environment changes, by randomly changing the dynamic vector mobile business location, making it deviate from 
the performance of the landscape in the most excellent location. Environmental change may reflect a lesser extent for enterprises only need 
to change the dynamics of the vector in one or two attributes, you can return to the highest position before the change; and environmental 
changes are reflected in a greater degree of dynamic business needs change vector multiple attributes. In the model, the introduction of 
environmental change coefficient E, expressed the need to change the corporate dynamic attribute vector E to return to the position before 
the change (0≤E≤N). E represents small changes in the environment to a small extent, on the contrary it means drastic changes in the 
environment. 

For example, in a landscape of innovation performance, N = 6, the highest point of 010101. Before changing the business environment 
at the highest point B, dynamic vector 010101. When the environment changes, the dynamics of the vector B is changed, the position also 
moves. When E = 2, a small degree of environmental change, dynamic vector B may become 100101, that is, before the two properties is 
changed; when E = 5, the degree of change in the environment, dynamic vector B may become 100010, That is in addition to the first three 
properties, the remaining properties have changed. 
 
3 Experimental design and the results of discussions 
 
3.1 experimental design 

 
Based on the text of the previous modeling research questions, using Matlab software simulation model. In order to reveal the dynamic 

environment of the enterprise ambidexterity innovation impact mechanism, the experimental design, simulation companies according to the 
following dynamics change the entire dynamic environment consisting of six kinds of environments were used to explore the use of 
innovation and innovation to innovate, and to collect analysis of simulation results. 

(1) Setting the initial value of the variable 
Before the model simulation, the actual meaning of the characteristics and needs of the model variables, set the initial value of the 

relevant variables. Provisions dynamic business environment facing dimension N, the impact of each environment is K, environmental 
change coefficient E. 

In addition, enterprises with innovation performance index measures the global optimum (corporate average performance and the 
performance of the largest performance space normalized ratio).To avoid the simulation randomly generates uncertainties, experiments were 
performed every 20 times, each time step 100 the results of the experiment averaged 20 times. 

Protocol 
1) Determining an initial value of each variable in the experiment. 
2) According to N, K values, the first step in each test randomly generated six contribution fij averaging innovation performance as the 

initial value of the landscape. 
3) Exploitation simulation second random changes in the 6 contributionof the value of 1-2 recalculated innovation performance 

landscape value, if greater than the previous performance values, record the value, otherwise reject. 
Exploration simulation second random changes in the 6 contribution of the value of 3 to 6 contribution recalculated innovation 

performance landscape value, if greater than the previous performance values, record the value, otherwise reject. 
4) for both the intensity of Environmental Dynamism, respectively, companies have chosen to exploration and exploitation in both 

cases the simulation, each simulation was performed for 100 cycles. 
5) for each simulation in each cycle are calculated and output business performance (the global optimum index), as the simulation 

results. 
Wherein, In step 3, the present study conducted a total of 20 times simulation, each simulation cycle simulation 100. In one cycle, both 

the intensity of environmental dynamics have carried out two innovative activities. In one simulation cycle flowchart enterprise innovation 
behavior shown in Figure 3.1. Because concrete steps to exploration and exploitation has been discussed during the modeling process, there 
is not much to explain.  
 
3.2 Results discussion 

 
It was calculated two kinds of intensity dynamic environment, companies using the average performance of exploration and 

exploitation obtained innovation performance curves shown in Figure 2 and Figure 3. 

                                                       
Figure.2 dynamic environment of strong                                                    Figure.3 dynamic environment of weak 
performance when business innovation                                                      business innovation performance  
landscape .                                                                                                    landscape. 

It can be found in Fig.3 , when T = 100, dynamic environment is weak, companies adopt innovative performance exploration and 
exploitation of the obtained respectively 0.8526 and 0.8352; can be found in Figure 3.3, dynamic environment is strong , performers 
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exploration and exploitation obtained were 0.8396 and 0.8352. Description companies no matter what strength and dynamic environment in 
which the use of innovative behavior, innovation performance is obtained with time growing, but between innovation performance there is a 
big difference. 

It can also be found in Fig.4, dynamic environment is weak, when T = 25, companies have chosen to exploitation performance 
significantly higher than that obtained in exploration, 0.0523, when T = 100, explorationis a little higher than exploitation , to 0.0054, 
exploration beyond exploitation cycle time of 65, namely T = 65; can be found in Figure 3.3, dynamic environment is strong, when T = 25, 
the performance of companies have chosen exploitation to obtain slightly higher to exploration, 0.0062, when T = 100, exploration is 
significantly higher than exploitation, to 0.0306, exploration beyond exploitation, the time is 30 cycles, ie T = 30. Description dynamic in 
both environments, exploitation enterprises to adopt innovation performance obtained in a short period greater than exploration, with the 
growth cycle simulation, the performance of exploration gradually get closer to and beyond exploitation, but at different intensities 
performance gaps between two innovative and the time exploration catch-upexploitationis different. 

The experiment by constructing simulation models, environmental impact studies of the dynamic enterprise ambidexterity innovation, 
by comparing the two innovative companies have chosen behavior achieved in both strength under dynamic environmental performance can 
be found: 

Enterprise innovation performance according to the intensity of different dynamic environment select different innovative behavior 
made is different instructions to select enterprise innovation behavior is the combined effect of the dynamic environment that is six, and 
enterprises both exploration or exploitation innovation performance is obtained with time growing. Dynamic environment is weak, 
companies have chosen to exploitation performance is higher than the exploration, ultimately exploration approaches and beyond the 
exploitation described in the dynamic environment of weak background, business blindly in order to improve the current innovation 
performance to performed exploitation, neglect to explore new technologies and new knowledge will lose its long-term competitiveness, 
long-term development is very negative. So the dynamic environment of weak companies can not be a single exploitation, but should be 
supplemented by exploration for some time; dynamic environment is strong, companies have chosen exploration, performance can be 
obtained in a short period beyond the exploitation, indicating the strong dynamic environment, companies have chosen exploration and 
improving innovation performance. 

In both intensity dynamic environment, companies in the short term use of performance obtained by exploitation that are greater than 
exploration in the long-term use of performance exploration gradually get closer to and beyond exploitation. This is because for exploitation 
the existing knowledge and technology innovation on the basis of the change is small, so the success rate, faster performance improvement, 
but it is easy to fall into local peak performance landscape, reaching a low level of performance balanced; exploration by leaps and mobile 
avoid the premature fall into the plight of the local peak, get a higher level of performance, but it requires a lot of external knowledge and 
technology and changing amplitude, so the success rate is low, slow growth performance. 

In this study, to some extent, it enriches the research of some scholars. For example, Wang is based on knowledge transfer perspective 
to study the effects on innovation Innovation Network balance model, and another study based on the perspective of the network structure of 
the selection of the Network Enterprise Innovation balancing scheme carried out; there Yinhui Bin research environment dynamic regulation 
effect on exploratory learning and breakthrough innovation performance and so on. The present study is to conduct business innovation 
choice into the environment under dynamic background, a detailed explanation of the impact of changes in the strength of the dynamic 
environment of the six sub-dimensions of comprehensive environment, fully take into account changes in the external environment to reveal 
enterprises should choose how innovative behavior. 
 
4 Conclusion 

 
This paper focuses on how the dynamic environment affects the enterprise innovation behavior to choose this theme, and summarizes 

through the relevant domestic and international environmental dynamism, ambidexterity innovation and other related research, the 
integrated use of literature research method, mathematical simulation method, case analysis and other research methods, to study the effect 
of environmental dynamism on innovation of enterprises ambidexterity innovation. the main conclusions of this paper are as follows: 

(1) Based on the fitness landscape theory and NK model analysis, found the innovation behavior of enterprise with the fitness 
landscape movement biological characteristics; the NK model will be the solution to the problem is transformed into the landscape terrain 
search strategies can be used to construct the simulation model of enterprise dynamic environment under the selection of ambidexterity 
innovation 

(2) The comprehensive effect of enterprise innovation behavior choice by dynamic environment. When dynamic environment is weak, 
enterprises should choose exploitative innovation to keep the competitive advantage, But can not be a single innovation, in order to explore 
the long-term competitiveness should also be exploratory innovation during a period of time, namely when the dynamic environment weak 
enterprise should chooseex ploratory innovation and exploitative innovation during a period of time , and exploitative innovation positive 
regulation of enterprise innovation performance; when dynamic environment is strong, enterprises should be timely to product and process 
for exploratory innovation, namely dynamic environment, enterprises tend to choose exploratory innovation and exploratory innovation 
positively regulate enterprise innovation performance. 
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Abstract: Deadlock free scheduling is a critical problem in an extended  S3PR with correlated resource (ES3PR -CR), where the processing 
ability of each kind of resource equals 1, and there exist two kinds of resources interrelate. In this paper, a deadlock prevention method and 
its genetic based algorithm designed for ES3PR -CR are investigated. Firstly, the ES3PR -CR Petri net is characterized and defined, and then 
the modeling procedures are presented based on Petri nets. Secondly, based on the purposed deadlock prevention method, an algorithm for 
deadlock free scheduling is presented. The purposed method is based on net-structure that behaving polynomial complexity. As long as the 
initial objects distribution vector of the Petri net system satisfies the scheduling conditions, the controlled system will never enter a deadlock 
state, which guarantees that a controlled system has no deadlock while scheduling. Then, an optimal scheduling method based on genetic 
algorithm is presented, and locomotives dispatching system of underground coal mine is analyzed as an example to illustrate the validation 
of the purposed method. Compared with the existing literature conclusions, the purposed deadlock free optimal method is net-structured, and 
it can be realized without any controller places, which provides smaller size. 
 
Keywords: deadlock free; optimal scheduling; correlated resources; extended S3PR; Petri Nets 
 
1. Introduction 
 

Over the last two decades, a great deal of research has been focused on solving deadlock free scheduling problems in resource 
allocation systems (RASs), such as computer communication systems, flexible manufacturing systems (Li et al., 2008, Wu et al., 2007, Fanti 
et al., 2004, Li et al., 2012.), and workflow systems (Liu et al.,2015).  In such systems, every product usually corresponded to one or several 
manufacturing processes, and every process used a group of resources by a fixed and sequential order. These processes were not required to 
interact or collaborate with each other but to have to share some common resources.  

Deadlocks in resource allocation systems were extensively investigated in the literature (Golmakani et al., 2006, Uzam et al., 2007, 
Chen et al., 2014) by Petri net or the automaton theory, and had a wide variety of approaches. The methods derived from a Petri net 
formalism for dealing with deadlocks either preclude the possibility of deadlock occurrence by preventing some necessary condition or 
detect and resolve a deadlock when it occurs (Piroddi et al., 2008, Li et al., 2008, Li et al.,  2007, Jeng et al., 2005, Liu et al., 2013, Li et al., 
2009, Liu et al., 2010, Liu et al., 2013, Xing et al., 2011, Liu et al., 2014). Generally, these methods were classified into three categories, 
namely, deadlock detection and recovery (Jeng et al., 2005), deadlock avoidance (Chen et al., 2014, Li et al., 2007, Liu et al., 2014), and 
deadlock prevention (Li et al., 2008, Li et al., 2012, Uzam et al., 2007, Piroddi et al., 2008, Li et al., 2008, Jeng et al., 2005, Liu et al., 2010, 
Liu et al., 2013, Xing et al., 2011, Liu et al., 2014). The deadlock free scheduling method proposed in this paper is a kind of deadlock 
prevention. 

In order to realize deadlock free scheduling in AMSs or FMSs, it was usually assumed that the following two conditions should be 
satisfied ,which were 1) the  amount of resource that common in use were greater than 1, and 2) each kind of resource was independent with 
each other. However in real industrial applications, there exists some exceptions, for example, in underground coal mine dispatching system, 
the number of transporting line or section labeled in a given number usually equals 1, and some sections could interrelated with others, and 
the same scene takes place in shipping cooperative dispatching system. Once the existed deadlock free scheduling method using Petri net is 
applied in such systems, there will bring inhibitor arcs in Petri net models, which complicates the analysis process undoubtedly. 

Starting from the points of mentioned above, in this paper, for a subclass of FMS named extended S3PR with correlated resources 
(ES3PR-CR),  a new deadlock prevention method and an optimal scheduling genetic algorithm based on resource-transition circuit are 
proposed. In ES3PR-CR, there exist two kinds of interrelate resources, and the number of each kind of correlated resource can be dispatched 
at the same time equals 1.  

The paper is structured accordingly. Section 2 reviews some notions and notations. Section 3 defines ES3PR-CR, and presents the 
method constructing ES3PR-CR Petri net system. Section 4 proposes a net-structure-based deadlock free optimal scheduling method, and 
section 5 develops an industrial case for illustrating the validation of the purposed method. Section 6 concludes this paper. 
 
2. BASIC DEFINITIONS and NOTATIONS 

 
This section reviews some definitions and notations of Petri nets.  
A net is a 3-tuple , where  is a nonempty finite set of places,  is a nonempty finite set of transitions, 

 is a set of arcs, and . ,  and 

 are the preset and postset of , respectively. This notation can be extended to a set of nodes 

as follows: , , . 

A marking of  is a mapping , where .  indicates the number of tokens in  at , and 

 is called a Petri net system. 

A P/T net system is a six-tuple , where  are the same with those in the Petri net system 

, the capacity function is a mapping , and the weight function over arcs is a mapping 

, where . 

A transition  is said to be enabled in a P/T net system , denoted as , if the following 
conditions are satisfied: 
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Once an enabled transition  is fired at marking , a new marking  is generated, denoted as , such that 
 

. 
 
3.S3PR and ES3PR-CR SYSTEM 
 
3.1 Petri net system modeling of ES3PR-CR  

 
S3PR is a class of FMS in which a set of different types of products can manufactured concurrently and each step in one manufacturing 

process only needs one resource, such as a machine or a robot. Only independent resources can be used at a process stage of an S3PR, while 
in an ES3PR-CR of this paper, two kinds of interrelated resources to be used at a process stage is permitted. 

A FMS consisting of a set of resources  is taken into considered, for each resource , the resource processing ability 
 indicates the total number of resource  available in the system, where  denotes the set of positive integers. If 

, then the relationship between  can be interrelated or independent with each other. Resources set  is 
denoted as the other kind of resources that interrelated with the resources in . 

The finite set of products to be produced by the FMS is denote as . The operation sequence that produces a particular product results 
in a sequence of resource requirements. In this paper, we focus on the sequences of single resources or correlated resources corresponding to 
the critical resource requirements in the operation sequence, and therefore the operation sequences are broken into steps, where each step 
requires one resource or correlated resources. This sequence of steps in the operation sequence for a product is referred to the production 
sequence. 

The production sequence for each product  is modeled by a sequence of places  using 

Petri nets, where  is the length of the production sequence for product . For a given product , tokens in place  represent orders for 
product  waiting to be processed, and the tokens in  denotes completed orders for . The intermediate abstract places 

, represent individual steps in the production sequence for . 

The resource requirements for a product  are specified by a sequence of resources , each 

 ( ) is the resource required for the production step corresponding to place . When the production step 

corresponding to  requires only one resource in the system, then the place  can be simplified as an place , however, 

when the production step corresponding to  requires two kinds of interrelated resource  and , and for simplicity the dependent 

relationship between  and  is deduced as the form of  where , 

( ). Under this assumption, the place  corresponds to a couple of places representing the resources 

. Hereafter, in the phases of modeling and analysis, the subscript  is omitted for simplicity. 
In summarize, the Extended S3PR with Correlated Resources(ES3PR-CR) model is constructed by the steps as follows. 
Step1. Set an initial place  for each production . When the usage of the resources  for production  is over, a virtual 

state  is arrived, and all places  form the set . 

Step2.  The Petri net structure for the resource utilizing sequence  is shown in figure 1.  
Step3.  Transitions set denoted as . 
Step4. Set , , , . 
Step 5. The capacity function is defined as follows: if  is the place representing the resource that interrelated with other resources, 

then  , otherwise, , where  is a predefined integer. 

Step6. The constructed Petri net system  is obtained. 
A place-transition sequences model for ES3PR-CR is depicted in Figure 1. 
Specially, once all the resource sequence required by a production behave interrelated relationships, such as 

 , then the model can be simplified as the 
Petri net structure shown in Figure 2.  
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Figure.1 Place-transition sequence for the ES3PR-CR with . 
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...

...

......

 
Figure.2 A special case of ES3PR-CR. 

 
3.2 Scheduling rules in ES3PR-CR  

 
As for the resource requiring sequence like   

, there are two scheduling policies named L1-policy and L2-policy, which realize 

different resource dispatching methods for two interrelated resources  and . 
(1) In  L1-policy, when the last resource  of  in sequence  was being used by the scheduling object, the application for the 

next resource  was sent, and all the resource  of  kind in each  resource were applied in one-time 
application mode. 

(2) In L2-policy, when the last resource  of  in sequence  was being used by the scheduling object, the application for the 

next resource  was sent, and all the resource  of  kind in each  resource were applied in the same mode as 
resource , that is applies for use of  while occupying  . 

 
3.3 An example 

 
An industrial case is taken to illustrate the modeling process mentioned above. Locomotives scheduling in underground coal mine 

transportation is a typical resource allocation problem. There are two kinds of resources in this system, one is the path, the other is section, 
while a locomotive should use several paths and sections in sequence while transporting, and a path contains  sections. So in 
the underground coal mine transport system, locomotives scheduling problem can be deduced to the scheduling problem of ES3PR-CR 
mentioned above, where exists two kinds of resources interrelate, and processing ability of each resource equals 1. 

Let  and  ( ) are path resources set and section resources set 
respectively. The number of locomotives that a path and a section can hold are represented ( ) and 

( ). The type of a locomotive can be divided into empty and full, denoted as , where  
represents the locomotive is empty, and  represents the other. The total number of locomotives in the whole underground coal mine 
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transportation system is denoted as . Usually, a section can only hold one locomotive at the same time, and the 
number of a path can hold at the same time is decided by the scheduling policy. 

A path  and its containing sections  is denoted as , which means the sequential use 
of sections . The route of a locomotive is denoted as a plan list  
( ), and  is a resource use sequence,  

, ,  

,  . 
Figure 3 gives a haulage roadway of a coal mine by simple signal simplification, and the locomotives route plans is shown in table 1. 
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X9

13

 
Figure.3.  A haulage roadway graph of a coal mine 

 
Table 1 The route plan of scheduling locomotives 

Locomotive type Locomotive number Planning path list Corresponding section list 
X 1 {r1,r2,r3} {[2,12],[6],[9]} 
Y 1 {r4,r5,r6} {[8],[5],[12,1]} 
X 2 {r1,r2,r7} {[2,12],[6],[13,7]} 
Y 2 {r8,r5,r6} {[7],[5],[12,1]} 
X 3 {r9,r10} {[2,10],[4]} 
Y 3 {r11,r12} {[3],[10,1]} 

In Fig.4~Fig.6, places  represent path resources,  represent section resources, ,  

and  represent buffers between neighboring sections, ,  and  represent parking zones for 

locomotives directing for ,  and  respectively, ,  and  represent parking zones at mining area 

respectively. Transitions ,  and  represent the moving  action of locomotive, transitions ,  and  

represent entering parking area at three different mining area, transitions ,  and  represent entering underground parking zone. 

The places in dashed line denote the sharing places that with the same name. 
It is provided that the processing ability of each path and each section is 1, that is  . Let 

( ) means the maximum locomotive number of the -th transporting route, 

. 

 
4. The deadlock free optimal scheduling algorithm for ES3PR-CR 
 
4.1 The maximum marking boundary set algorithm  

 
The deadlock problem of FMS is analyzed in the work of Xing et al., 2011 and Liu et al., 2014, the relationship between system 

deadlocks and -circuit is exhibited. -circuit  is a directed loop of the Petri net system model, which contains only the resource 
places and the transition nodes.  represents all transitions in -circuit , and  represents all resource places in . If  

satisfies , then  is called -circuit depends on . If  satisfies , then  is called perfect -
circuit, denoted as -circuit. 
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(a) L1-policy                                  (b) L2-policy 
Figure 4 The ES3PR-CR subnet of locomotive 1 
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(a) L1-policy                                  (b) L2-policy 

Figure.5  The ES3PR-CR subnet of locomotive 2. 
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(a) L1-policy                                                                (b)  L2-policy 

Figure.6 The ES3PR-CR subnet of locomotive 3. 

Let  and  are two - circuit depends on , if  contains , that is  is the sub circuit of , then . Due to 
the union of any two - circuits depend on  still depends on , the inclusion relationship  is partial order relation defined in 
the on - circuit depends on , and has the only maximal element,  which is defined as maximal perfect -circuit . 
The transition  becomes an input (output) transition of , if the firing of  increases (decreases) in the number of tokens in , and the set of 
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all input and output transitions represented by  and  respectively. Given an - circuit  and a reachable marking 

, if  satisfies, then  is said to be saturated under marking , where 

means the operation preset of , and  represents the processing capacity of the resource . 

Let  is a -circuit, it is denoted that , , and  

 represent the operation preset of , the resource preset of , the resource preset of  respectively. 
 Let  represents the common  kind resource shared by several -circuits,  represents the common  kind 

resource shared by several -circuits,  is the vector of all scheduling objects, 

where  denotes the number of the -th object that can be scheduled concurrently,  is the total number of 
all scheduling objects. 

Algorithm 1 gives the resolving method of  and . 
ALGORITHM 1. The resolving method of  and . 
Input. The Petri net system of ES3PR-CR, its subnets for  productions are denoted as . 
Output.  and . 
Procedures. 
Step1: ， ;//  and  are resources of   and  shared by all net 

 respectively. 
for i=1 to l 

 is the -circuit of ,  is the subset of  in number ,where  
( ) is the -circuit that contains only one resource of  kind.  

Step2: ， ;//  and  are resources of   and  kind shared by . 
for j=1 to k 

  ; ; 

     if   then   
{  

; ; 

 ;   
} 
     elseif    then 

        ; 

     elseif  then 
           { 

; 

            if  then ; 

            else choose a , ; ; 
           } 
Step3: In model , , ; 

Step4: ; 

Step5: ; ; 

Step6: ; 

Step7: the end. 
Supposing the number of all places and transition in ES3PR-CR is , the resolving of   and  can be deduced to the problem 

solved in the work of Liao et al., 2010, and its algorithm time complexity is  (Liao et al., 2010). Furthermore, the time complexity of 

the nested for loops is , so the whole time complexity of the algorithm 1 is , which is also polynomial. 
For simplicity, the correctness of algorithm1 will be proved in other paper in detail. 

 
4.2 The optimal scheduling algorithm for ES3PR-CR 

 
Genetic Algorithm (GA) is an intelligent optimization algorithm, which can realize global search. GA operates on individuals 

representing some solutions, randomly generated initial population evolves during the evolutionary process by using some operations, and 
the final population probably includes the best task solution.  

In the modeling stage of section 3, the scheduling process of the objects in a variety of resources is similar to the FMS processing order, 
a feasible scheduling means that the processing order meets constraints without deadlock, and the corresponding chromosome coding using 
GA is a feasible coding. An optimal deadlock free scheduling algorithm is presented in this section based on the model constructed in 
section 3.  

(1) Coding and decoding.  
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The scheduled objects can be divided into  types, and the i-th type denotes as ( ), which satisfies that 
all objects using the same resources with the same quantity, and having the same scheduling process order with the same type. The 
occurrence times of a scheduling object  in type  represents the length of process sequence, denotes as , the -th occurrence of  
represents that the object  is in the -th process procedure, and  represents the number of scheduling procedure required by the -th 
object.  

For example, there are three object types  and  in Fig.4~Fig.6, the scheduling process order for  and  as following.  
:  

:  

:  
According to the deadlock free scheduling algorithm in section 4.1, the maximum marking boundary is [7,7,5,15], let [3,3,2,8] as the 

current locomotives setting vectors, the locomotives in number 1, 2 and 3 correspond to  type, the locomotives in number 4, 5 and 6 
correspond to  type, the locomotives in number 7 and 8 correspond to  type respectively. Then, in the scheduling sequence, the 
number 1, 2 and 3 would occur 10 times, number 4, 5 and 6 would occur 11 times, and number 7, 8 would occur 8 times respectively, 
therefore , , . The k-th occurrence of number q means the k-th process stage of object q , such as the 
7-th occurrence of number 1 means the transition  in fig.4 

(2) Feasibility detection and reconstruction of chromosome. 
The feasibility of a chromosome can be verified by checking whether the corresponding transitions sequence can be enabled and fired 

sequentially from the initial marking of the Petri net system. Assume  is a transitions sequence 
corresponding to a chromosome, and the initial marking of the Petri net system is , once , but 

 cannot be satisfied, then the chromosome reconstruction would be applied. In the chromosome reconstruction procedure, 
let  is the first transition of sequence , then the transition  is moved to the position preceding transition , and a new 
chromosome  is formed. Due to the scheduled system is deadlock free, any chromosome 
can become a viable chromosome by reconstruction, 

(3) Initialization of chromosome population. 
The initial population is made up of  chromosomes, and each chromosome can be a viable one by the feasibility detection 

and reconstruction operations.  
(4) Fitness function calculation. 

Two scheduling objectives are taken into consideration, which are time cost and resource cost, denoted as  and  respectively. 
   (equation 1) 

   (equation 2) 

 and  are correspond to coefficients,  is defined as the using time length of resource .  

Let  represents the time cost of the -th firing of transition , and ,  denote the corresponding time cost 

and resource cost respectively, , , where  represents the preceding resources set 
in  kind. 

The fitness function of chromosome  is calculated as following. 
 , .  

 (equation 3)  
(5) Evolution function. 
The evolutionary operation of genetic algorithm mainly includes selection, crossover and mutation.  
Selection operation means choosing the group of excellent individuals, and eliminating the poor individuals. The selection method used 

here mainly includes three steps. Firstly, saving the best individuals of each generation to the elite library, and then survival of the fittest 
using roulette method for each generation of individuals, and finally select the best individual from the elite library.  

Crossover operation is a key step in genetic algorithm. Generating a new individual of high quality can greatly enhance the search 
ability of genetic algorithm. The crossover operation used here also includes three steps. Firstly, two parent chromosomes  and  
are selected randomly, then three random integer number are generated, which denote two positions , , and a length 

 respectively. Finally, two new chromosomes  and  are generated, by exchanging the contents from position  in 
 with the corresponding contents in  from the position , with the same  gene units right forward, the crossover 

probability is set as . 
The new chromosomes created by crossover operation may not feasible, the infeasible chromosomes need to be repairing, which 

transform the infeasible chromosome to a viable one, the main steps of repairing are as follows. The processing stage  for each 
scheduling objects is calculated, if the number of stages of scheduled objects is greater than the limited value set by the Petri net model 
ES3PR-CR, then the number in this position would execute subtraction based on modular operation until the formed chromosome meets all 
the requirements. 

For example, as mentioned above, the number 1, 2 and 3 would occur 10 times, number 4, 5 and 6 would occur 11 times, and number 7, 
8 would occur 8 times respectively in fig.4~fig.6. If  of the i-th position in a chromosome, and the number 1 has occurred 11 
times, then  should be modified. Let the label of 8 locomotives arranged in a ring, that is 1, 2, 3, 4, 5, 6, 7, 8 forms a ring 

structure, then , the number 1 is replaced by the number preceding 1 in the ring, and so on, until the 
chromosome is a feasible one. 

Mutation operation is mainly change on some positions of the chromosome, by which the local search ability of GA can enhance. In 
this paper, the mutation operation is executed by following steps: Firstly, a parent chromosome is randomly selected, and then two random 
positions ,  are generated, finally, the corresponding content of ,  will be swapped, and the mutation 
probability is assumed as .  
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To summarize, the GA proposed here can be concluded as the following steps. 
Step1.  Input the ES3PR-CR Petri net model, and the resource constraints. 
Step2. Initial parameter setting, including evolutionary generations , population size , crossover probability  and 

mutation probability . 
Step3.  Population initialization, which includes  chromosomes. 
Step4.  Decoding, feasible checking, and reconstruction for chromosomes. 
Step5. Optimal chromosomes are saved to elite library, and the operations of selection, crossover and mutation are executed on the 

population of chromosomes. 
Step6.  Repeat Step3~Step5, until the loop termination condition is satisfied. 
Step7. Output the optimal chromosomes and the corresponding scheduling sequences. 

 
5. Case study 

 
Considering the ES3PR-CR Petri net model in fig.4~fig.6, assume [3,3,2,8] as the initial locomotives distribution vector, and 

locomotives in number 1~3 as  type, locomotives in number 4~6 as   type, locomotives in number 7~8 as  type, which is consistent 
with examples illustrated precious parts of this article. Let  and  in equation (1)~(3). The length of resource  is 
illustrated in table 2. The GA mentioned in 4.2 is implemented on the Matlab platform.  

The implemented GA is calculated under the parameters , , and the simulation results is obtained 
showed in table 3, where  represents the optimum result,  represents the worst result, and  denotes the average result. 

Table 2 The section length (unit: km) 
Section label 1 2 3 4 5 6 7 8 9 10 11 12 13 

Length 10 20 10 12 15 7 10 10 12 5 11 15 8 
Table 3. Scheduling results 

Scheduling policies paremetres    
L1-policy ,  1053.2 1283.4 1105.6 
L2-policy ,  896.4 1072.8 982.84 

From the obtained simulation results, it is manifested that the average performance is improved by 10% from L1-policy to L2-policy. 
The optimal scheduling algorithm can provide decision support for decision-makers. 
 
6. Conclusion 

 
In this paper, the deadlock free optimal scheduling method for a class of FMS, named ES3PR-CR is addressed, where existing two 

kinds of resources interrelate, and each kind of resource processing ability equals 1. Our contributions are exhibited in two aspects. The first 
one is that the modeling method and procedures for ES3PR-CR are formalized using Petri nets, and the second one is that a new deadlock 
prevention method with its algorithms based on GA is presented. In the purposed deadlock prevention method, it is manifested that if the 
initial distribution vector and the total number of scheduled objects are controlled as less than or equal as  and  
respectively, then the scheduled system never enter a deadlock or impending deadlock state, which constructs the technical innovation of 
this paper. 

Compared with the existing literature conclusions, the purposed deadlock prevention method is based on Petri net structure and current 
system marking, rather than depending on the reachability graph of the Petri net system, and without any controller places, thereby 
providing smaller size in computation. 

In future research, the multi-objective optimization for the subclass of resource allocation system for high efficiency would be 
investigated, which is expected to extend our presented method to more general FMS class. 
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Abstract: Type reconstruction as essential steps in reverse engineering is gradually being taken as seriously research. Although there are a 
lot of research on binary code reliability in general, the comprehensive reliability analysis and determination of obfuscated binaries are also 
a blind spot, especially the analysis on overflow, vulnerability monitoring, and malicious code of binaries is not perfect enough. This paper 
proposes a combined method based on qualitative and quantitative analysis, and we apply the new method to analyzing the reliability factors 
of obfuscated binaries, the proposed theoretical and experimental results show that the method proposed has a high accuracy of obfuscated 
binaries reliability analysis, and it can improve the binaries reliability. 
 
Keywords: obfuscated binaries; reliability analysis; qualitative and quantitative method 
 
1. Introduction 

 
All the data in binary code are in the form of bytes, and even integer and float also depend on how to interpret a byte sequence. 

Binaries cannot create and use a new type, as this concept of creating new type does not exist in binary code. At present, researchers 
proposed many types of remodeling and inference, in which well-known type inference algorithms include Hindley-Milner algorithm[1], the 
Cartesian product algorithm[2], iterative analysis[3], and abstract type inference[4] are all based on its group variable type semantics. And 
the entire above are called abstract type, the technology relies on Hindley-Milner type inference. The recently dynamic abstract type 
inference[5] proposed a new method of abstract executing inference. However, they are working at the source code level while we need the 
binary level. We are unable to obtain the source code in malicious code detection, forensics and other applications. 

Recent studies on binaries type reconstruction is not too much, except the Hex-ray plug-ins of IDAPro[6] and Boomerang decompile 
software, and there are a few other type reconstruction with related outcomes. The first step of data restore without program implementation 
is to try to identify all the variables location and to estimate value set which is called set-valued analysis[9], this method uses abstract 
interpretation to find (approximately) possible value set, tracking the value of the data object (in addition to hardware registers). VSA 
(value-set analysis) abstract field is represented on each program with each data object pointer, stored value set approximation. ASI[10] 
(aggregate structure identification) abstract structure recognition tried to divide the static memory array block structures and variables based 
on memory access.  

Rewards [9], based on dynamic analysis, is a research prototype of Purdue University. Given a binary executable file, Rewards 
performs a binary, monitor execution, aggregation and analysis of operational information, and eventually recover syntax and semantics of 
execution observed in the data structure. Rewards prototype applies type forwarding communication technologies to expand the coverage of 
program data structures. In memory image forensics, Rewards helps restore the semantic information from the memory dump binaries. In 
binary vulnerability mining, Rewards helps to discover the "suspects" of binary vulnerability.  
 
2 Analysis of obfuscated binary code 

 
At present, we are unable to obtain the source code when we conduct binary code analysis, malicious code detection and forensics. We 

need to reconstruct the type of machine language, including basic types and polymeric types; because advanced semantic deletion, type 
reconstruction becomes extremely difficult. For the static analysis and dynamic analysis, Rewards [10], VSA [11] and ASI [12] cannot solve 
the problems of code obfuscation.  

Firstly, we try to analyze obfuscated code and establish a disassembly type reconstruction method which binds Laika based on machine 
learning and control flow graph, and we try to use array type and stack pointer reconstruction at the same time. Programmers write 
obfuscated code to prevent manual or automatically reverse analysis, but the obfuscated code is often used by hackers to hide malicious 
behavior. 

Secondly, Howard [11], Rewards [12] and Laika [13] are current relatively well-known dynamic analysis tools, and their implemented 
results are depend on the code coverage at runtime---the data structure cannot be found in the unexecuted code. But it is not enough for 
reverse engineering data structure application. For the type reconstruction of obfuscated binary code, we refer to Laika and try to recognize 
the obfuscated code by features, using a digital fingerprint to identify each virus, which is usually a small sequence of instructions. When we 
find the program’s digital fingerprint during a virus check, it is classified as the corresponding versions of the virus. Because it is easy to 
prove to be the correct way to modify the program instruction stream, virus writers have created a polymorphic engine, with additional 
equivalence instruction calculation, replacing a set of instructions to confuse with the digital fingerprint processing. 

 
Figure.1 Type reconstruction process of obfuscated binary code. 

Thirdly, we scan the obfuscated binary code, which can be split into separate functions and it can be analyzed, and at the same time it 
can improve the performance at runtime. Then we get the start address of functions, and the simplest way is to extract the call instruction 
goals. When the linker generates a common executable file, the goals of function calls in binary text segment is the objective function 
binding to the actual address. Given invocation target and assumed most of the functions are actually another reference in binaries, it can get 
a fairly complete functions starting address. But this approach has two drawbacks, the first problem is that it requires a call instruction which 
has been identified, since the target of disassembler is to provide accurate information, but the call instruction is not available. The other 
problem is that confusion can redirect all calls to a single instruction branch function, and the branch function transfer control the correct 
target.  
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3 Qualitative and quantitative analysis to obfuscated binaries code 
 
3.1 QSIM algorithm 

 
  QSIM algorithm is a dynamic simulation algorithm proposed by Kuipers, from University of Texas, all the algorithm functions of 

QSIM are reasoning[7,8]. 
Definition 1: As to[ , ] *a b R⊆ , 

The necessary and sufficient conditions for f are a reasoning function on [ , ] *a b R→ are as follows: 
  1) F is continuous in [a, b] interval; 
  2) F is continuously differentiable on (a, b) interval; 
  3) There are a limited number of critical points whose first derivative equals to 0 for f in any bounded interval; 

  4) Unilateral limits 'lim ( )t a f t−> +  and 'lim ( )t b f t−> −  exist on *R , which can be used to defined boundary values 

for ' ( )f a  and ' ( )f b . 
  Definition 2: Signpost values set, also called qualitative values as reasoning functions vary according to system simulation time value, 

which is a binary packet at time t,  ( , )qval f t = [qmag(f, t), qdir(f, t)], and here qmag called qualitative measure and qdir  is 
qualitative change direction, expressed as 

          
1 1

, ( )
( , )

( , ), ( ) ( , )
i i

i i i i

l f t l
qmag f t

l l f t l l+ +

=
=  ∈

'

'

, ( ) 0
( , ) 0, ( ) 0

, '( ) 0

f t
qdir f t f t

f t

+ >


= =
− <

                                  (1) 

  Definition 3: The system could be composed of inference functions F = 1 2, , , mf f f
, they all have signpost value sets and 

distinguished time points. Distinguished time points of F are distinguished time points collections of f, qualitative state (QS) of system could 
be formed to a m-tuple based on single qualitative states:     

  1

1 1 1 1

( , ) [ ( , ), , ( , )]
( , , ) [ ( , , ), , ( , , )]

i i m i

i i i i m i i

QS S t QS f t QS f t
QS S t t QS f t t QS f t t+ + +

=
=




                                                               (2)  

 
3.2 QSIM algorithm constraints of obfuscated binaries reliability analysis  

 
  In the process of obfuscated binaries reliability analysis qualitative simulation, obfuscated binaries reliability analysis structure is 

usually described as a set of parameter constraints, which deduce the behavior of the obfuscated binaries reliability based on constraints. 
Relationship among variables of obfuscated binaries reliability analysis system can be represented by constraints (algebraic constraints and 
qualitative constraints) in QSIM algorithm. Common algebraic constraints include plus constraints, negated constraints, differential 
constraints and multiply constraints. In the function, the most common and important relationship is monotonic function, M+ represents 
single monotonically increasing relationship between functions , and M- represents single reduction relationship between functions. The 
relationship among influencing factors includes both M+ and M- in this paper to the predicted results of the study of the obfuscated binaries 
reliability analysis modeling. 
 
3.3 QSIM-based obfuscated binaries reliability analysis modeling 

 
Simulation modeling methods and algorithms can comprehensively analyze the influence of various parameters on obfuscated binaries 

reliability analysis, exploring the influence of different factors Pa, Pb, Pc……Pn on obfuscated binaries reliability analysis prediction based 
on quantitative forecasting results, which can be represented as R = Fun（Pa, Pb, Pc…Pn）+ Quan(R), here R representing the final 
prediction result, and Fun (Pa, Pb, Pc ...... Pn) representing the functional equation formed by different influence factors, Quan(R) 
representing the results obtained by means of quantitative prediction algorithm, so the data of this study mainly consider the relationship 
between the reliability issues occurred and fixed times and the time that program crashed.  
 
3.4 Reasoning and analysis of Obfuscated binaries reliability analysis qualitative modeling 

 
According to the qualitative modeling knowledge described above, we assume that there is a corresponding qualitative state QS (S, t i) 

to the obfuscated binaries reliability at each time point, and the qualitative state value is qval(v, t) = [qmag(v, t), qdir (v, t)] at the same time 
point. Here we mainly apply the means of qualitative spatial reasoning to analyze the obfuscated binaries reliability changing direction and 
the relationship with program crash numbers. 

Here the main means of reasoning method is qualitative spatial, in order to better analyze the relationship between the direction of 
change in each state and the reliability of binaries program errors point, two qualitative state transitions are introduced in this paper: one is 
qualitative state transition from one significant time point to other significant time point, which is called P-transfer; the other is qualitative 
state transition between significant time points to other significant time point, which is called I-transfer, the detailed description are as 
follows: 

  P-transfer: QS(f, t i）→QS(f, ti , t i+1) 
  I-transfer: QS(f, t i, ti+1) →QS(f, t i) 
  P-transfer: first assume that f is a parameter of a physical system, and qualitative state of f at time point ti is <qval(f, t i), qdir(f, t i)>=<lj, 

std>, here std means qualitative state remains unchanged, P1 transfer indicates that f in the next step from time point ti  to time interval (t i, 
t i+1), qval and qdir will remain unchanged, ; in other words, qualitative state of f in time interval (t i , ti+) is qval(f, (t i , ti+1)), qdir(f, (t i , 
t i+1)>=<l j , std>, in fact, P1 transfer stands for system qualitative state remained unchanged all the time. Qualitative state < l j , std > at time 
point t i to f from time point ti  to time interval (t i, t i+1) transferred to P2, qval increases from lj  to (lj , l j+1), and qdir value changes from the 
original stable state to increased state. 
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I-transfer: qualitative state of f in the time interval (t i , t i+1) is <qval (f, (t i, ti+1)), and qdir (f, (ti , t i+1) )>=<lj , std>, after I1 transfer, 
qualitative state of f at significant time point t i+1 is <qval (f,  ti+1)>, and qdir (f, ti+1)>=<lj , std>, namely qdir and qval keep constant, similar 
to P1 transfer, qualitative state also remains constant for I1 transfer. As to <qval (f, (ti , t i+1)), qdir (f, (ti , t i+1))>=<l j, inc>, here inc means 
increase, after I2 transfer <qval (f, t i+1)) and qdir (f, t i+1)>=<l j+1, std>, namely after transformation qval of f increase from (l j , l j+1) to lj+1, 
qdir changes from the increased state to unchanged state.  

The obfuscated binaries reliability qualitative states division is applied to take advantage of continuously differentiable of reasoning 
function; generally speaking, obfuscated binaries reliability system time would be represented as time series by significant time points and 
time intervals, and each qualitative system state parameter could be reasonable transformation analyzed through P- and I- transfer, achieving 
characteristics qualitative analysis to obfuscated binaries reliability system. 

According to P- and I- transfer, the obfuscated binaries reliability system change process according to the binaries program crash issues 
could be qualitatively handled combined with the definition of qualitative phase space. From the initial state, applying P4 transfer could 
infer that the binaries program of obfuscated binaries reliability system error occurred time points also stays at inc, after then using I3  
transfer can achieve the boundary position of adjacent interval, the error occurred time interval also increases as the number of program 
crash increases. Repeatedly using P- and I- transfer to analyze the change trend to each point, which could obtain the stream qualitative 
phase space of reliability system error occurred time points with binaries program crash issues. 
 
3.5 Quantitative experiment results 

 
Before malicious code samples for analysis, we will simply give malicious code analysis and evaluation indicators used in the 

experiment, the experiment will analyze the efficiency and comprehensive analysis of these two aspects of the performance of malicious 
code analysis methods were evaluated. 

Definition 4: Efficiency analysis is β. In unit time, defined as the ratio to complete the analysis of malicious code and malicious code 
samples Nfinish  and Ntotal total number of samples for analysis of malicious code efficiency β. Thus, the efficiency of the analysis can be 
represented as: 

100%finish

total

N
N

β = ×  

Definition 5: Comprehensive analysis is α. Malicious code analysis process, defined as the ratio of the number of execution paths P finish 
the total number of paths Ptotal  comprehensive analysis of α malicious code. Thus, a comprehensive analysis of α can be expressed as: 

100%finish

total

P
P

α = ×  

In a subsequent experiment, the malicious code by analyzing the efficiency of β and α comprehensive analysis of these two indicators 
of malicious code analysis methods were evaluated. 

Definition 6: OPpot  opaque predicate for measuring the degree of confusion factor is the total number of instructions in the program 
before the confusion, OPPbefore total number of obfuscated resolved correct instructions. OPPafter  the total number of such obfuscated 
resolved correct instructions to give OPpot  calculation formula is as follows:  

before after
pot

before

OPP OPP
OP

OPP
−

=  

So it can get obfuscated binary strength test indicators. 
Definition 7: OPres to measure the intensity of confusion confounding factor, OPRbefore total number of procedures for the opaque 

predicate, OPRafter  to resolve the correct total number of opaque predicate, so that can be obtained formulas calculate OPres follows: 

before after
res

before

OPP OPP
OP

OPP
−

=  

So you can get confused with binary code performance overhead of test indicators. 
Definition 8: OPcost time to measure the overhead of confusion factor, the sample program by entering a different test data can be 

obtained corresponding program run time overhead can be obtained is calculated based on the growth trend of the time the program runs as 
follows: 

( )
( )
( )
( )

cos

cos
cos

cos

cos

,

cos ,

,
, 1

p
t

p
t

t

t

t

dear OP O e

tly OP O eOP
cheap OP O n

free OP O

 =

 == 
 =
 =

 

This experiment used Qemu and SEtool respectively 300 malware samples analyzed within 10 minutes to give a complete and 
unfinished analysis of malicious code number of samples in Table 1 below. 

 
Table 1 analysis performance of two different tools 

Analysis tool Completed Uncompleted β 
SEtool 395 24 93.90% 
Qemu 278 96 65.50% 

As can be seen from the comparative experiments at the same time, malicious code analysis method based on symbolic execution tree 
in terms of the number of samples in the analysis is complete or the analysis efficiency is much higher than the analysis of multiple 
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execution paths based. With the increase of the volume of malicious code, the number of branches will continue to increase; the advantages 
of this method will become more apparent. 

This experiment used Qemu and SEtool respectively 300 malware samples for analysis, and the resulting path coverage distribution 
shown in Table 2 below. 

 
Table 2 Code distribution performance comparison 
α Sample size Sample distribution ratio 

SEtool Qemu SEtool Qemu 
95%~100% 287 96 84.32% 33.17% 
90%~95% 42 121 11.28% 37.41% 
85%~90% 8 63 4.40% 19.66% 

<85% 0 31 0 9.76% 
The results can be seen from Table 2, based on the use of the path coverage SEtool malicious code analysis of symbolic execution tree 

Qemu has considerably improved in comparison to a comprehensive analysis of malicious code, all samples analyzed in more than 85%, 
84.32% of the analyzed samples path coverage above 95%. Sample path Qemu analyzed coverage of over 95% only 33.17%, 9.76% and 
there is analysis of the sample path coverage below 85%. This is because Qemu has no optimization algorithm to optimize the 
implementation of the path, causing the execution path be repeated; coupled with the sharp increase in the number of branches of the path. 
Thus producing an explosion path, so that within a tolerable range cannot perform up to the path, thereby reducing the comprehensive 
analysis of malicious code. 
 
3.6 Qualitative experiments results analysis to obfuscated binaries reliability analysis   

 
According to the above introduction, α and β are a couple a contrary evaluation index, if it’s need to get a higher performance of β and 

then we need to run and do more experiments, which would cause α be greater and reduce the efficiency of obfuscated binaries reliability 
analysis. And as to another three index of OPpot , OPres and OPcost , we also get the same results, if we need to get a good performance of 
obfuscated binaries reliability analysis with lower cost, and then we may meet the problem is that OPpot , OPres may not be good. So 
according to this kind of contrast situation, we need to apply qualitative analysis method to get a satisfied result with good performance of 
obfuscated binaries reliability analysis result and low cost.  

The main content of this paper is to study the relationship between the number of obfuscated binaries reliability issues and obfuscated 
binaries reliability system error occurred time interval, which reflects an increase in cost and performance and they are obtained by 
qualitatively analysis and reasoning with the help of P- transfer and I- transfer. As to the qualitative prediction formula Fun (α, β, OPpot, 
OPres ,OPcost), not only the number of obfuscated binaries reliability issues, but also many obfuscated binaries reliability parameters, such as 
code length, load operation pressure, functional inline depth and function complexity, etc. could be modeled and analyzed through the same 
method, and here code length, load operation pressure, functional inline depth and function complexity correspond to Pa, Pb, Pc…Pn in 
Fun(Pa, Pb, Pc…Pn). Therefore, this research could be also applied to the qualitative analysis of simulation modeling on other factors that 
affecting obfuscated binaries reliability. 

Here we suppose Pa has positive effect to obfuscated binaries reliability and Pb has negative effect to obfuscated binaries reliability, 
while if increases the strength of Pa would cause Pb decrease, so thus could be described as below: 

( ( ), ),  a bFun P Pqval t = [qmag(Fun(Pa, Pb), t), qdir(Fun(Pa, Pb), t)] 

In a word, here Pa, Pb are a couple of contrast parameters and has different effect to obfuscated binaries reliability, according to the 
introduction in the above section, Pa, and Pb not only have quantitative effect to Fun(Pa, Pb) but also have qualitative effect, which could be 
displayed as below Figure 3. From Figure 3 we can see that if we want to get a good performance of obfuscated binaries reliability then we 
should adjust all of these parameters’ strength, not only limited to Pa, Pb but  all parameters such as Pa, Pb, Pc…Pn. 

 
Figure 3 relationship between Obfuscated binaries reliability and parameter strength 

In order to get an accurate result of obfuscated binaries reliability analysis based on quantitative and qualitative methods, we need to 
duplicate numerous experiments to decide the strengths of different parameters, and then we can set different values for each parameter’s 
strength. 
 
4 Conclusion 

 
 Based on a combination of quantitative and qualitative binary proposed obfuscated code reliability analysis method, it is possible to 

improve the accuracy and reliability of the safety analysis to a large extent, through comparative analysis of two existing tools commonly 
used in--SEtool and Qemu obfuscated binary reliability analysis of performance can be seen by the reliability analysis algorithm to optimize 
the execution path branches overhead and the number allowed on the basis of, can improve the comprehensiveness and accuracy of 
malicious code reliability analysis. Through qualitative analysis it can be seen, when a plurality of factors can confuse binary code reliability 
analysis time of impact, and its size needs tradeoff different factors each play, based on the qualitative impact and cost acceptable on an 
appropriate increase in the positive role of other factors, not only can improve obfuscated binary reliability analysis accuracy and reliability, 
but also to the depth of analysis the role of different factors each play. 

In order to better study and analyze binary obfuscated code identification and reliability can be several quantitative indicators of this 
study is further refined into a multi-level index system, combined with the qualitative simulation of various factors on different binary 
confusion generated code effect, at the same time can be the reliability and accuracy of a number of comparative tests to verify the algorithm. 
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Design of sliding mode surface for dynamical systems in variable structure control classroom teaching 
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Abstract: Six approaches have been given to design the sliding mode surface for dynamical systems in this paper. Based on the Hurwitz 
stability criterion, equivalent control, pole-placement method, optimum control, eigenvector method, several approaches have been obtained 
to design the sliding mode surface for MIMO dynamical systems, to make the sliding mode surface stable and set the stage for the variable 
structure controller design. 
 
Keywords: variable structure control; sliding mode surface; dynamical systems; delay 
 
1. Introduction 
 

The variable structure control method based on discontinuous control is an effective method to deal with the robust stability of the 
system (Shyu et al., 2005, Chen, 2006, Hua et al., 2006, Kau et al., 2005). It is well known that the design of variable structure controller has 
two important links: (1) designing the variable structure controller to make the systems states arrive and maintain on the sliding surface in 
finite time; (2) designing the appropriate sliding mode surface and controller to guarantee that the states which are transferred to the sliding 
mode surface move on the sliding mode surface and reach the origin in finite time. For Part 1, a large amount of research results have been 
reported, and a variety of reaching rate have been obtained to ensure that the systems states reach the sliding surface in finite time. A dead 
time input variable structure controller for linear systems has been designed in Bai et al.(2011). Niu et al. designed the variable structure 
controller for a class of systems with mismatched uncertainties, state and input delay (Niu et al., 2009). Xia et al. considered the variable 
structure control problem of linear systems with time-varying input and state time delay in Xia et al. (2009). A delay-dependent sufficient 
condition of the sliding mode surface design has been given to design the sliding model surface in terms of linear matrix inequalities. Liu et 
al. considered the stabilization problem of a class of nonlinear systems by using the global variable structure control method. A new robust 
controller is obtained to improve the robustness and stability of the systems (Liu et al., 2009). 

However, the premise of the controller design is the design of the sliding mode surface. In recent years, some results have been 
reported on the designing of the sliding mode surface. In Yu et al. (2012) the variable structure control problem of a class of MIMO systems 
has been studied, the pole-placement method had been used to design the sliding mode surface, and a improved exponential rate has been 
used to effectively reduce the chattering of the variable structure control systems. In Yan et al. (2009), a new output feedback variable 
structure control algorithm had been proposed for a class of discrete uncertain time-delay systems. Based on the LMI approach, the design 
method of the sliding mode surface had been given. However, on the sliding mode surface selection, the previous research results had not 
unified and effective approach, and the sliding mode surface design skills were strong, it is not conducive to grasp variable structure control 
for the beginners. Thus, this paper will give multiple approaches of the sliding mode surface design for the different systems. Based on 
summarizing previous studies, the optimal control method and feature vector method to design the sliding mode surface for the phase 
variables system and MIMO systems will be given so as to lay a good foundation for the variable structure control design, and provide help 
for beginners of variable structure control. 

 
2. Main results 

Lemma1 (Kau et al., 2005): symmetric matrices
11 12

12 22
T

S S
S

S S
 

=  
 

，where 11
r rS R ×∈ , the following three conditions are 

equivalent 
(1) 0S >  

(2) 11 0S > and 1
22 12 11 12 0TS S S S−− >  

(3) 22 0S > and 1
11 12 22 12 0TS S S S−− >  

 
2.1 Sliding mode surface design of phase variable system 

 
Consider the following n order phase variable systems 

1

1

( )     1, 2, , 1i i
n

n i i
i

x t x i n

x a x bu

+

=

= = −

= − +∑

 


                                                                              （1） 

where ( 1, 2, , ),  ia i n b=   are constants. 
Selecting sliding mode surface such as  

1 1 2 2 1 1n n nS c x c x c x x− −= + + + +  

where ( 1, 2, , 1)ic i n= −  satisfying Hurwitz condition. 

 
2.2 Design sliding mode surface with equivalent control  
  

Consider the following regular linear systems 
( ) ( ) ( )x t Ax t Bu t= +                                                                                       （2） 
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where ( ) nx t R∈ is the systems state， ( ) mu t R∈ is the systems control input，matrix ,n n n mA R B R× ×∈ ∈ are constant 

matrices, and
2

0
B

B
 

=  
 

is full rank matrix, 2
m mB R ×∈ is non singular matrix. 

Assumption 1: The systems (2) is controllable. 
Selecting sliding mode surface: 

( ) ( )S t Cx t=                                                                                            （3） 

where ( )n m nC R − ×∈  is a undetermined constant matrix. 
Substituting (2) into (3) and differentiating, we get 

( ) ( ) ( )S t CAx t CBu t= +  

If ( ) 0S t = ，the equivalent control will be obtained. 
1( ) ( ) ( )equ t CB CAx t−= −  

Substituting the above equation into (2), the sliding mode equation will be obtained  
1

1

( ) ( ) ( ) ( )
      [ ( ) ] ( )
x t Ax t B CB CAx t

I B CB C Ax t

−

−

= −

= −


 

According to above equation, the state feedback controller could be designed, so we assumed that the controller is  
( ) ( )u t Kx t=                                                                                    （4） 

where m nK R ×∈  is a undetermined constant matrix. 
Substituting (4) into systems（2）,we could get 

( ) ( ) ( )x t A BK x t= +  

According to assumption 1, namely ( , )A B is controllable, with the pole-placement approach, selecting the matrix K to make 

A A BK= +  stable. Supposing the n stable characteristic roots of the matrix A ： 1 1, ,m n m nλ λ λ λ− +  ，  i.e. 

1 1( ) { , , }m n m nAλ λ λ λ λ− +=   . 

So that we could select sliding mode surface matrix C and matrix W to satisfy 

1 1

2 2,   

n m

n m

m n

CA C AW W

λ λ
λ λ

λ λ

− +

− +

   
   
   = =
   
   
   

 
                         （5） 

Theorem 1 If the matrix C and W satisfying the condition (5)， then 0CW =  
Proof: Pre-and post-multiplying the inequality  

1

2

n m

n m

n

AW W

λ
λ

λ

− +

− +

 
 
 =
 
 
 


 

by multiplicities matrix C ，we obtain 

1

2

n m

n m

n

CAW CW

λ
λ

λ

− +

− +

 
 
 =
 
 
 


 

Substituting the formula

1

2

m

CA C

λ
λ

λ

 
 
 =
 
 
 


 substitute into the above formula, we obtain 
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1

2

m

CAW CW

λ
λ

λ

 
 
 =
 
 
 


， 

We can easily know 0CW = . 
 

2.3 Design sliding mode surface with the quadratic form optimal control approach 
 
Consider the following linear systems 

( ) ( ) ( )x t Ax t Bu t= +                                                                                    （6） 

where ( ) nx t R∈ are systems states， ( ) mu t R∈ are system control input，matrix ,n n n mA R B R× ×∈ ∈ is column full rank 
constant matrix。 

Selecting the quadratic form performance such as 

0
( ) ( )TJ x t Qx t dt

∞
= ∫                                                                                     （7） 

where Q is a Semi-positive definite symmetric matrix. 

Because B is column full rank constant matrix, there exists is a nonsingular matrixT to make 

2

0
TB

B
 

=  
 

. 

By giving a transformation system 
( ) ( )x t Tx t=  

We can obtain 
1

111 12

2 221 22

( ) ( ) ( )
( ) 0

      ( )
( )
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u t
x t BA A
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， 

Then, the sliding mode equation is 

1 11 1 12 2( ) ( ) ( )
( ) 0

x t A x t A x t
S t

= +
=


 

the sliding mode surface is  

1 1 2( ) ( ) ( )S t C x t x t= +                                                                                 （8） 

where 1C is a matrix with appropriate dimensions 
With the lemma 1, we can obtain  

1
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the performance (7) will be 
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−
∞

=

 −  
=    

  

∫

∫
 

For the sliding mode equation 
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1 1

11 1 12 2
1

11 1 12 2 22 21 1
1

11 12 22 21 1 12 2

( ) ( )
       ( ) ( )
       ( ) ( ( ) ( ))
       ( ) ( ) ( )

x t x t
A x t A x t
A x t A x t Q Q x t
A A Q Q x t A x t

−

−

=
= +

= + −

= − +

 

 

By using the optimum control, we obtain 
1

2 22 12 1( ) ( )Tx t Q A Px t∗ −= −  

Selection the Coefficient matrix of sliding mode surface 1
1 22 12

TC Q A P−= ，then the sliding mode surface （8）can be obtained 

1
2 22 12 1( ) ( ) ( )TS t x t Q A Px t−= +  

 
2.4 Design the sliding mode surface with pole-placement  

 
For systems （ 6 ）， with the column full rank constant matrix B , there exists a non singular matrix T ， by selecting 

( ) ( )x t Tx t= ，to make 
2

0
TB

B
 

=  
 

，where 2B is a non singular matrix, the systems will be transformed into  

1 11 1 12 2

2 21 1 22 2 2

( ) ( ) ( )
( ) ( ) ( ) ( )

x t A x t A x t
x t A x t A x t B u t

= +

= + +




 

Selecting the sliding mode face  

1
1 2

2

( )
( ) [   ]

( )
x t

S t C C
x t
 

=  
 

                                                                                         （9） 

where 1 2,C C are constant matrices with appropriate dimensions。 
The sliding mode equation is  

1 11 1 12 2( ) ( ) ( )x t A x t A x t= +  

For a given arbitrarily set of poles 1 2{ , , , }n mλ λ λ −Λ =  ，there exists a transform 2 1( ) ( )x t Kx t= ，to make 

11 12{ }A A Kλ + = Λ  

With ( ) 0S t = ，i.e. 1 1 2 2( ) ( ) 0C x t C x t+ = ，we can obtain 

1
2 2 1 1( ) ( )x t C C x t−= −  

where 1C  can be a arbitrary non singular matrix, such as the unit matrix 

If 1
2 1K C C−= − , 2C could be confirmed，so the sliding mode equation is 

1 11 1 12 2( ) ( ) ( )
( ) 0

x t A x t A x t
S t

= +
=


 

By giving a new variable 

11 1

1 2 2

0 ( )( ) ( )
( )( ) ( )

I x tx t x t
C C x tS t Cx t
      

= =       
       

 

the sliding mode equation is 

11 11 12 ( ) 0( )
( )

( ) 0( ) 0 0
x tx t A A

u t
S tS t

      
= +      

      




 

Therefore  
1

1 11 1 12 2 1 1
1

11 12 2 1 1

11 12 1

( ) ( ) ( )
       ( ) ( )
       ( ) ( )

x t A x t A C C x t
A A C C x t
A A K x t

−

−

= −

= −

= +



 

Carrying out the pole-placement of 11 12( , )A A ,we could obtain matrix K ，and solute the matrices 1 2,C C ，then the sliding 

mode surface can be confirmed. 
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2.5Design the sliding mode face with optimum control 

 
For system（6），selecting the performance such as  

0
( ) ( )TJ x t Qx t dt

∞
= ∫                                                                                            （10） 

where n nQ R ×∈ is a positive definite matrix 
Then, 

11 12 1
1 2

21 22 2

1 11 1 2 21 1 1 12 2 2 22 2

( )
( ) ( ) ( ) ( )

( )

                 ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )

T T T

T T T T

Q Q x t
x t Qx t x t x t

Q Q x t

x t Q x t x t Q x t x t Q x t x t Q x t

   
 =     

   
= + + +

 

where 11 22,Q Q are non singular matrices，and 12 21
TQ Q= . 

Selecting the transformations 

1 1
1

22 21 1 2

( ) ( )
( ) ( ) ( )

x t x t
U t Q Q x t x t−

=


= +
 

then, we have 
1

1 11 1 22 21 1 21 1
1

1 12 22 21 1
1 1

22 21 1 22 22 21 1

1 11 1

( ) ( ) ( ) ( ) ( ( ) ( )) ( )
                    ( ) ( ( ) ( )) ( ( )
                    ( )) ( ( ) ( ))
                 ( )

T T T

T

T

T

x t Qx t x t Q x t U t Q Q x t Q x t
x t Q U t Q Q x t U t
Q Q x t Q U t Q Q x t

x t Q x

−

−

− −

∗

= + −

+ − +

− −

= 22( ) ( ) ( )Tt U t Q U t+

 

So the sliding mode equation  

1 11 1 12 2( ) ( ) ( )x t A x t A x t= +  
will be transformed into 

1 11 1 12( ) ( ) ( )x t A x t A U t∗= +  

where 1
11 11 12 22 21 0Q Q Q Q Q∗ −= − >  

1
11 11 12 22 21A A A Q Q∗ −= −  

Therefore we can obtain an equivalent performance 

1 11 1 12( ) ( ) ( )x t A x t A U t∗= +  

0
1 11 1 22( ( ) ( ) ( ) ( )T T

t
J x t Q x t U t Q U t dt

∞ ∗= +∫  

The solutions are 

1
1

22 12

( ) ( )
T

U t Kx t
K Q A P−

=

= −
 

where P is the solution satisfying 
1

11 11 12 22 12 11 0T TPA A P PA Q A P Q∗ ∗ − ∗+ − + =  

With 1
22 21 1 2( ) ( ) ( )U t Q Q x t x t−= + ，and 1

1 22 12 1( ) ( ) ( )TU t Kx t Q A Px t−= = − ，we know 

1 1
22 12 1 22 21 1 2( ) ( ) ( )TQ A Px t Q Q x t x t− −− = +  

i.e.                      12 21 1 22 2( ) ( ) ( ) 0TA P Q x t Q x t+ + =  

If 12 21 22,TC A P Q Q = + ，we can get the sliding mode surface ( ) ( )S t Cx t= 。 

 
2.6 Design the sliding mode surface with feature vector method 

 
For system（6）, selecting the sliding mode surface such as 

( ) ( )S t Cx t=  

where C  is a constant matrix with appropriate dimensions. 

If ( ) 0S t = ，we can get the equivalent control 
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1( ) ( ) ( )equ t CB CAx t−= −  

Substituting the above equivalent control into systems（6）, we get 
( ) ( ) ( )x t A BK x t= −  

where 
1( )K CB CA−=  

If ( ) 0S Cx t= =  we know that the sliding mode will be in zero space of matrix C ，i.e. 

ker( ) ( )C N C=  
then 

( ) ( ) 0 ( ) ( )C A BK x t R A BK N C− = ⇔ − ⊆  

If the characteristic roots of ( )A BK− are  ( 1, 2, , )i i nλ =  ，if the eigenvectors of iλ are ( 1, 2, , )iv i n=  ，we 

can get       ( ) 0iC A BK v− =  

i.e.                               0i i i iC v Cvλ λ= =  

It is obvious that 0iλ =  or ker( )iv C∈ 。 

The dimension of the sliding mode equation is n m− . Supposing 

1 2( , , , ) ker( )n mSpan v v v C− =  
So  

0CV =                                                                                                （11） 

where [ ]1 2 n mV v v v −=   

The matrix C  can be solved from the equation （11）, but the solution is not unique. 

If 0CV =  is rewritten as 

[ ] 1
1 2

2

0
V

C C
V
 

= 
 

 

where 1 2,C C  are matrix with appropriate dimensions，i.e. 1 1 2 2 0C V C V+ =  

then                              1
1 2 2 1C C V V −= −  

So the coefficient matrix C of the sliding mode surface can be obtained 
1

2 2 1 nC C V V I− = −   

 
3. Conclusion 

 
Based on the basis of previous studies, various sliding mode surface design methods of the MIMO dynamical systems have been 

obtained. The sliding mode surface design approaches have been systematically summarized to pave the way for variable structure controller 
design and implementation, and provide help for beginners scholars of variable structure control 
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Automatic identification of enterprise operation risk based on data analysis 
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Abstract: The enterprise operational risk identification is the enterprise financing a key issue in the study of risk measurement and 
monitoring, in order to solve this problem, the paper on the study of the enterprise operational risk identification process with Logistic 
optimal regression extract significantly explain index, use K - Means cluster analysis to chosen for cluster analysis, the abnormal situation of 
enterprise risk group classification, analysis of the characteristicsof the index data within a group, according to explain the index variable 
data classification, so to conform to the index dataclassification discriminant operational risk of enterprise can normal. For enterprise 
operational risk classification is difficult to divide, further using the decision tree model and the CART model this group of enterprises were 
analyzed, and compared the model classification results of two methods of analysis, it is concluded that enterprise operational risk 
identification results in the end. 
 
Keywords: risk identification; logistic model; K-Means cluster analysis; neural network model; CART decision tree 
 
1. Introduction 

 
For financial institutions to traditional credit enterprise operational risk mainly through regular inspections, regular audit report, use and 

other means to find enterprises operating condition, but the excessive depends on the person's subjective discriminant method, lack of 
objectivity. Found a target enterprise operational risk is not clear. Many existing research is through acquisition risk monitoring indicators, 
such as the asset-liability ratio, operating profit margin, operating income growth rate and growth rate of total assets, data analysis model is 
set up, to real-time monitoring of risk status of the enterprise. According to the risk index data before and after the incident, to build the 
abnormal operating analysis model based on index weighting, realize condition monitoring business operation, measure operational risk, etc.  

The above diagnosis method of identifying risk, although can obtain certain business abnormal information, but as a result of access to 
data is to provide the existence of a certain enterprise own falsity, unable to achieve the objective accurately reflect the operating condition 
of the enterprise and measure the operational risk of the enterprise, the results of the model to measure the tends to make financial 
institutions. And take this approach when modeling, model input need to affirm the target weights of the experts knowledge and experience, 
has a great deal o f subjectivity, the measurement result is difficult to convince. Zhang Youtang(2011)research the early-waring and control 
system of enterprise finance based on identification of industry environmental risk. Xia De(2012) Research the lever of the Supply chain 
risk identification and risk management. Li Xiaohui(2012)Analysis the Recognition of Auditing Risks.  Xu Xusong(2013)research review 
on risk management of supply chain: risk identification. Shuang Yang(2014) In the standard system of large data , Improved data analysis 
model and used data analysis methods in the financial sector. Danyang Du(2014) Use big data analysis techniques to analyze China's real 
estate business, lay a good function for data applications. Ryan Burns (2015)explain that What’s so big about Big Data? Finding the spaces 
and perils of Big  Data. Introduce the data analysis related research status. Eberechukwu (2016) research A Collection of Perspectives on 
Data Sources, Measurement, and Analysis in the Economics and Outcomes. 

Given the shortcomings of traditional methods, based on improved risk screening data, this paper draw on relevant research results by 
using a combination of data analysis methods of risk identification. When measuring enterprise operational risk, the selection indexdata 
mainly comes from enterprises, tax departments and affiliatedenterprise, the indicators of enterprise tax data was obtained from the tax 
authorities and the associated business enterprise management data, enterprises pay tax data is the actual tax situation, has the absolute 
objectivity and accuracy, and associated enterprises operating data can effectively avoid the falsity of their own operating data.  
 
2. Risk identification process  

 
Select auto sales enterprise management, tax data, and associatedbusiness data as sample data, the sample data from TipDm, 

expert,after the completion of sample preparation needs to be divided into the test samples and training samples, randomly selected as the 
test sample 50% ,50% as the training sample, enterprise operational risk identification index variables as shown in table 1.Enterprise 
operational risk identification can implement, the classified prediction model is constructed to compare common classification of prediction 
model with Logistic regression model, neural network, and CART decision tree, each model has its own advantages,so the two methods was 
used to construct enterprise operational risk identification model, and choose the optimal classification model. Build neural network, and 
CART decision tree model output for operational risk identification. First we select Logistic model to select significant explanatory 
variables, instead of the traditional principal component analysis and factor analysis. 

 
Table 1 Operational Risk Identification Indicator Variables 

X1 Sales Type X9 Theoretical Tax Burden 
X2 Sales Model X10 Tax Control 
X3 Average Gross Margin Car Sales X11 Running Rate 
X4 Maintenance Margin X12 Each Office Licensing Fee Income 
X5 Cost margins X13 Agency Insurance Rate 
X6 VAT Tax X14 Premium Rate of Return 
X7 Inventory Turnover X15 Risk Observations 
X8 Enterprise Maintenance Rrevenue Accounted for the Proportion of Sales Revenue 

 
3. Screening of risk indicators 

 
Logistic model was carried out on the sample data regression analysis, here with the method of step by step optimization, gradually 

eliminate the dependent variable was not significant, eventually build model contains x10, x11, x13, the regression equation only keep 
important variables. Model analysis results are shown in table 2 below.  

 
Table 2 Logistic Model 

 Estimate Std.Error z value Pr(>|z|) 
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Intecept -1.4573 0.3602 -4.046 5.22e-05 
Tax Control 381.6093 70.0763 5.446 5.16e-08 

Running Rate -2.8562 1.4059 -2.032 0.0422 
Agency Insurance Rate 2.7063 1.2931 2.093 0.0364 

 
Through model analysis, found that provided by the enterprise itself index variables for data analysis of operational risk identification 

is of significance is not obvious, point out that thereliability of the enterprise itself provides the index data arerelatively poor, but from the 
tax portion of the index data andassociated enterprises business data is relatively more credible. Confusion matrix, as shown in the table 
show that Logistic modelof regression analysis model fitting effect is good, we further significant variable in Logistic regression models do 
clustering analysis, to study the distribution characteristics of indexdata.  
 
4. Risk group classification 

 
Choose K Means clustering analysis, and classification, clustering analysis is in the absence of a given category, according to amethod 

of similarity samples grouped data. And classification model need to use the different classes of training data tag samples form, clustering 
model can be built on no kind of tag data, is a kind of unsupervised learning algorithm. Clustering of inputis a set of samples are not marked, 
the distance or similarity clustering according to the data itself is divided into several groups of them, the principle of division is set to 
minimize the distance, the distance between the group and to maximize. 

Take is more pronounced in the Logistic model of index variable clustering criterion. Clustering results as shown in table 3, the 
probability density function of each index variable as shown in figure 1, 2, 3.  

 
Table 3 K-Means Cluster Analysis 

Grouping category Group 1 Group 2 Group 3 
Number of samples 19 16 89 

Accounting for the number of samples 0.1532258 0.1290323 0.7177419 
Cluster centers Tax Control 0.008221053 0.005368750 0.006978652 

Running Rate 0,39952105 0.56509375 0.01664157 
Agency Insurance Rate 0.87333158 0.20053125 0.01432809 
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Figure.1 Probability Density of the K-Means Group 1.                       Figure.2 Probability Density of the K-Means Group 2. 
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Figure.3 Probability Density of the K-Means Group 3. 

By the result of clustering analysis, we see that the great majority of the samples in group 1 risk value is abnormal, group 2 all risk 
value is normal, and not a clear value at risk characteristics of group 3. According to the distribution of the three indicators of enterprise data 
can estimate the characteristics belong to which a group, so that it can identify the risk status of the enterprise. In group 1 and group 2, the 
basic can identify the risk of enterprise in good condition, but relatively difficult for group 3 recognition, when we take the neural network 
and CART the discriminant model.  
 
5. Secondary risk identification 

 
Set chooses neural network model analysis ,neural network model of input node number is 3,output node is 1,number of hidden layer 

nodes is 10,attenuation parameter of the weights of 0.05 training sample modeling the confusion matrix as shown in table 4,classification 
accuracy is 93.204%  

 
Table 4 Neural Network Model Confusion Matrix 

Predictive value 
Actual value 

Abnormal Normal 

Abnormal 39 4 
Normal 3 57 

Selects the CART decision tree model analysis, the use of the training sample build CART decision tree model, the decision treemodel 
and get the confusion matrix as shown in table 5, the classification accuracy of 90.291%.  
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Table 5 CART Decision Tree Model Confusion Matrix 

Predictive value 
Actual value 

Abnormal Normal 

Abnormal 41 2 
Normal 8 52 

For the training sample, neural network, and CART decision tree classification accuracy were similar, were more than 90%. In order to 
further evaluate the performance of the model, the use ofsoftware on the model test evaluation, evaluation methods using ROC curve 
evaluation, a good classifier of the ROC curve shouldbe close to the upper left corner. Draw the neural network andCART decision 
respectively. Tree in the sample under test of ROC curve, as shown in figure 4.  
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Figure.4  ROC curve. 

After contrast found that neural network of ROC curve than the ROC curve of the CART decision tree is more close to the unita t the 
upper left of the square, neural network under ROC curvearea is larger, the classification of the neural network modelwith good 
performance and can be applied to the enterprise operational risk identification. Therefore chooses neural network modelto simulate the 
group three test again. So that it can improvethe accuracy of its operation.  
 
6. Conclusion 

 
Study of enterprise operational risk identification process gradually optimal Logistic regression was used to extract the significant 

explanation index, use K - Means significant explanatory variables cluster analysis to chosen for cluster analysis, abnormal situation to the 
enterprise risk group classification, according to explain the index variable data classification, so can preliminarydiscriminant classification 
results for the division of the corporate value. For enterprise risk classification is difficult to divide part, further using the decision tree 
model and the CART model at this group of enterprises were analyzed, and compared themodel classification results of two methods of 
analysis, it is concluded that enterprise operational risk identification results inthe end.  
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Abstract: It is very important that the thickness of the top protective coal seam is detected in real time, which can control and realize the 
operational parameter of the fully mechanized mining equipment intelligently on the coal mining face. It could not only improve the 
efficiency of coal mining, but also ensure the safety of the mine roadway. In order to detect the thickness of the top protective coal seam, it 
can place the ground penetrating radar(GPR) in the bottom of the coal mining face and then detect the thickness of the top protective coal 
seam on the coal mining face by using the loss characteristic of the wave propagation. The transmission pathway of the radio wave will start 
from the mixed anisotropic media such as the air, the dust and the mist to the top protective coal seam, and finally reflected from the rock on 
the edge of the coal seam. In such way it can start to reverse its transmission by measuring and calculating the received field strength on the 
path of both incidence and reflection and the radio wave loss of the emissive field strength, get the thickness of the top protective coal seam. 
The electrical parameters of the mixed anisotropic media are analyzed by using the second order linear interpolation method. The simulation 
result shows that the attenuation constant of the electromagnetic wave in the mixed gas increased as the proportion of the mist to the dust 
increased. As the gain of GPR is different, the maximum thickness that can be detected of the upper protective layer is 0.38m~0.7m. 
Therefore, using this detection method mentioned above, the detection range of the upper protective layer on the coal mining face can be 
0.03m~0.7m, which meets the practical needs of the upper protective coal seam detection. 
 
Keywords: GPR; top protective coal seam; wireless detection technology; wave propagation 
 
1. Introduction 

 
In order to protect the safety of the coal mining face in the process of coal mining, there will reservation a certain thickness top 

protective coal seam. If the top protective coal seam is too thin, the rock seam which is upper part of the top protective coal seam is easily to 
be damaged by fully mechanized mining equipment, this will not only affect the quality of the coal but also easily lead to accidents; And if it 
is too thick, the cost of secondary recovery is too high, in this case, it is easily to lead the resource waste and will decreased the economic 
benefit. Thus, if detecting the thickness of the top protective coal seam on the coal mining face in the process of coal mining in real time 
could be realized and operational parameter of the fully mechanized mining equipment could be controlled intelligently, then it can not only 
improve the efficiency of coal mining, but also ensure the safety of the mine roadway.   

However, due to the complex environment in the fully mechanized coal face which rich in coal dust and water mist, detecting the 
thickness of the top protective coal seam in real time is of great difficulty. GPR is an efficient and non-destructive detecting method when 
used in real time detecting, there are great advantages if applied GPR to detecting the thickness of the top protective coal seam in real time. 
There are seldom researches on detecting the thickness of the top protective coal seam by GPR at home and abroad, Strange A D et al.[1] 
aiming at the height attenuation and the short reach in the coal mining environment use the GPR reflection echo’s bispectrum feature to 
automatic recognition the thickness of the top protective coal seam which is less than 5cm or more than 5cm, however, this calculation 
method is particularly. 

According to loss characteristics in different medium, this article use the theory of electromagnetic wave loss to do a preliminary study 
on detecting the top protective coal seam and finally get the formula about the thickness of the top protective coal seam detecting in the coal 
mining face. The control system could use the real-time measurement results when the fully mechanized mining equipment is working to 
dynamic adjustment tunnelling place upward displacement or downward shift to realize the purpose of improve mining efficiency or ensure 
the stability of the rock structure. 

 
2. Transmission characters of electric magnetic wave in coal seam 

 
When using GPR to does the advanced detection of the top protective coal seam, the electromagnetic waves with different propagation 

path loss. The electromagnetic waves which emitted by GPR antenna has two main types of losses in the transmission path: Attenuation loss 
and reflection loss[2]. 

Seam medium is imperfect dielectric, therefore, assuming that the electromagnetic wave spread along the L direction, then the 
expression of electric field and magnetic field[3] is: 
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E0 and H0 represents the amplitude of electric field strength and magnetic field strength, α represents attenuation constant, 

β represents phase constant , the computational formula of  α  and β  expressed as follows[3]:  
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ω is the angular frequency of the electromagnetic wave, ε is the dielectric constant , μ is magnetic permeability medium, δ represents 
the electrical conductivity. 

Because the GPR is according to the reflection of different dielectric surface reflected wave frequency, amplitude and phase 
information for advanced detection of the top protective coal seam, the research of reflection wave for GPR is very important. It will use the 
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vertical incident as an example to discuss the electromagnetic wave reflection coefficient. When a sinusoidal plane wave normally incident 
on the interface of two media, the angle of incidence, refraction, reflection are zero, the relationship between Ei0 incident, reflected waves 
Er0 and refraction Et0 is: 
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η1  and η 2  represent respectively medium wave impedance of 1 and 2. When GPR used to do  
the advanced detection of the top protective coal seam, most of the coal and rock are non-conductive, non-magnetic media, so the 

impedance of the medium and the phase velocity of the electromagnetic wave expression are shown as (4) and (5):  
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3. The thickness theoretical model analysis of the top protective coal steam in the coal mining face 

 
The simplified model of the Electromagnetic waves emitted by ground penetrating radar for advanced detection of the top protective 

coal seam is show in Figure1. 
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Figure 1 Detecting model of GPR in coal seam 

 
Electromagnetic field of transmitter was Ef, E1 and E1t  denote respectively incident and reflected electric field intensity on the interface 

of the top protective coal seam and mixed gas in the coal mining face, E2 is the electric field intensity into the top protective coal seam, Es1 
is the received electric field intensity after decay in the mixed gas, according to the time difference t1 between transmitting antenna and the 
receiving antenna receives Es1 calculate the thickness d1 of the top protective coal face in Figure1: 

Vtd mix11 2
1

=

                                                                         (6) 

V mix

is the propagation velocity of electromagnetic waves in the mixed gas which consisting gas, mist, and coal dust,V mix

can be 

calculated by (5). 
According to the formula (1), E1 can be expressed as: 
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                                                                                       (7) 
E1t  and E2 are calculated according to equation (3) and (4): 
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E3、E4 denote respectively incident and reflected electric field intensity on the interface of the protective coal seam and the rock seam, 
E5 is the electric field intensity that arrived the interface of the protective coal seam and the mixed gas seam after E4 decay in the protective 
coal seam, E6 is the electric field intensity which E5 into the mixed gas, Es2 is the received electric field intensity after E6 decay in the 
mixed gas, among them, the calculation form of E3、E5、Es2 is similar to formula (7) and E4、E6 is similar to formula(8). Thus, the 
thickness of the top protective coal seam d2 can be expressed as: 
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Among which,α mix , α coal  denote respectively the attenuation constant of the electromagnetic wave in the mixed gas and the coal seam 

and can be calculated by the formula (2),  ε mix , ε coal , ε rock  denote respectively dielectric constant in the mixed gas , coal seam 
and rock seam in the mining face. 

 
4. Conductivity and permittivity characteristics analysis of the mixed gas in the mining coal face 

 
Informed from the analysis of the section two, in order to determine the thickness of the top protective coal seam in the coal mining 

face, it is necessary to know the relative dielectric constant and the conductivity of the mixed gas, coal seam and rock seam, the relative 
dielectric constant and the conductivity of the coal seam and the rock seam can be obtained according to the mine geological parameters, but 
the relative dielectric constant and the conductivity of the mixed gas is not easy to obtain. 

The mixed gas in the coal mining face is mainly composed of air, water mist and coal dust, their relative dielectric constants are 

expressed as ε 0 ,ε water ,ε coal , conductivity are expressed as δ 0 , δ water , δ coal , the relative dielectric constant and the conductivity of 

the mixed gas is represented asε mix ,δ mix . The following will describes a new method of how to exactly calculate the relative dielectric 
constant and the conductivity of mixed gas in the coal mining face based on finite difference method. 

When calculating the relative dielectric constant of the mixed gas, assuming that the proportion of the air, water mist, coal dust 

were wgas , wwater , wcoal  respectively, in this case, the relative dielectric constant of the mixed gas can be expressed as the product of the 
weight and the each components’ relative dielectric constant:  

εεεε coalcoalwaterwatergasmix www ++≈ 01                                         (10) 
Because the mixed gas in the mining coal face is mainly composed by air, water mist and coal dust, so there is: 

www coalwatergas ++=1
                                                                 (11) 

The above value obtained is first-order linear. However, due to the anisotropic characteristics of the mixed gas, there exists difference. 
This difference is nonlinear two-step difference, it can be expressed as: 
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Simplifying the above formula can get the following equation: 
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In this case, the relative dielectric constant of the mixed gas in the coal mining face could be expressed as the formula(14): 
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The formula(14) could be used to calculate the relative dielectric constant of the mixed gas in the mining coal face more exactly. 
Similarly, the formula for conductivity of the mixed gas in the mining coal face could be expressed as the formula(15):   
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The relative dielectric constant of the air, water mist and coal dust are set to 1, 81 and 4, according to the relationship shown in 
Equation (14), the relationship between the relative dielectric constant of the mixed gas and the weight of the air, water mist and coal dust is 
shown in Figure2. 

0
0.2

0.4
0.6

0.8
1

0

0.5

1
0

20

40

60

80

100

The proportion of gasThe proportion of water mist

R
el

at
iv

e 
di

el
ec

tr
ic

 c
on

st
an

t 
of

 t
he

 m
ix

 
Figure.2 The relationship between mixed gas’ relative dielectric constant and the weight of the Different components. 

Similarly, The air, water mist and coal dust’s conductivity are set to 8.85*10-12S/m, 0.15S/m[4] and 2*10-3S/m [5], according to the 
relationship shown in Equation (15), the relationship between mixed gas’ conductivity and the weight of the air, water mist and coal dust is 
shown in Figure3. 
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Figure.3 The relationship between mixed gas’ conductivity and the weight of the different components. 

 
5. The thickness of the top protective coal seam detection algorithms based on electromagnetic waves propagation loss 

 
 According to the electromagnetic wave propagation characteristics in the advanced detection of the top protective coal seam that 

analyzed at the section II, the realization steps about the thickness of the top protective coal seam of the mining coal face detection 
algorithm that based on the electromagnetic wave loss is as follows: 

Step1: According to the time delay t1 that form the transmitting terminal transmitted the Ef to the receiver received the Es1, the height 
of the mining coal face could be expressed as: 

Vtd mix11 2
1

=
                                                                                        (16) 

Step2: From the intensity of the emitted electromagnetic field and the loss in path d1, E1 could be expressed as: 
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Step3: The E2 is the refraction of the E1 on the interface of the mixed gas seam and the coal seam, E2 could be expressed as: 
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Step4: According to E2 and the path loss in d2, E3 could be expressed as: 
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Step5: The E4 is the refraction of the E3 on the interface of the coal seam and the rock seam, E4 could be expressed as: 
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Step6: According to E4 and the path loss in d2, E5 could be expressed as 
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Step7: The E6 is the refraction of the E5 on the interface of the coal seam and the mixed gas seam, E6 could be expressed as  
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Step8: According to E6 and the path loss in d1, Es2 could be expressed as: 
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Step9: From the above steps, the formula to the thickness of the top protective coal seam is: 
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Thus, the thickness detection of the top protective coal seam is complete. 
 

6. The research and analysis of the algorithm 
 
Through the smallest computation to solve a problem is the best way in practical application. If use formula (9) to calculate the top 

protective coal seam, it must deal with a large amount of calculation. Formula (9) has represented the relationship between the launch 
electromagnetic field intensity and the receive electromagnetic field intensity, find that when detection conditions are determined, it only 
need to compare the ratio of the relationship between the emission electromagnetic field intensity and receive electromagnetic field intensity, 
then can achieve the effect of detecting the thickness of the top protective coal seam, thus reach the purpose of reducing the computation. 

This paper mainly study on the application which detecting the top protective coal seam in the coal mining face by GPR. Therefore, in 
the process of electromagnetic wave spreading all mediums there are the common mediums in the coal measures strata. Once the mining 
area and detection conditions is certain, it just need to gather the dielectric constants of the common material and the composition of the 
mixed gas in the mining areas that the thickness of the top protective coal layer can be calculated.  

In practical production, the ideal thickness of the top protective coal seam should between 5 cm to 10 cm. Therefore, the vertical 
resolution of the ground penetrating radar which applied in detecting the top protective coal seam in the coal mining face should be better 
than 5 cm. When designing the GPR antenna, if the antenna’s center frequency chosen is equal to the antenna’s pass band, so the vertical 
resolution of ground penetrating radar (GPR) is λ/2[6],Combined with the formula (5), the vertical resolution can be represented as another 
form: 

     ε
λ

rf
c

2
2/ =

                                                                               (25)  
λ represents the wavelength of the electromagnetic wave of GPR antenna launching, c represents the speed of light, f represents the 

launched electromagnetic wave frequency, ε r  represents the relative dielectric constant of the target body. 
In this article, assume that d1 = 6 m, the relative dielectric constant of the rock layers is 5, the relative dielectric constant of coal seam 

is 4, the vertical resolution of ground penetrating radar (GPR) is set as 3 cm, then according to the formula (14) could get the center 
frequency of the GPR antenna is 2500 MHz.Set the electrical conductivity of air is 8.85 * 10-12 S/m, the electrical conductivity of water mist 
is 0.15 S/m, the relative dielectric constant of air is 1, the relative dielectric constant of water mist for 81, the dielectric constant of coal is 4, 
all medium magnetic permeability are all vacuum magnetic permeability. Take the attenuation coefficient of coal seam as 0.8Np/m.In order 
to study the impact of each ingredient to the mixed gas to the relationship between Es2/Ef and the top protective coal seam thickness, 
respectively from the following five situations: 

Case1 air is 100%; 
Case2 air is 80%，water mist is 10%，coal dust is 10%； 
Case3 air is 40%，water mist is 30%，coal dust is 30%； 
Case4 air is 20%，water mist is 40%，coal dust is 40%； 
Case5 water mist is 100%； 
According to the above five kinds of situations, we can draw the diagram of layer thickness and Es2/Ef  as shown in Figure 4: 
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Figure 4 the relationship between layer thickness and Es2/Ef 

 
Simulation result shown that the electromagnetic wave’s attenuation constant value in the mixed gases varies between Case1 and Case5 

and increased with the increasing percentage of water mist and dust mist. Different ratio of the constituent in mixed gas, its relation curve 
about the thickness of the top protective coal seam and Es2 / Ef are between Case1 curve and Case5 curve in Figure 4. 

With the gain of ground penetrating radar[7] changes, the minimum identifiable Es2/Ef  of the radar system is different. In the 
simulation situation, if the minimum identifiable Es2/Ef  in a given system is 0.075, according to the figure 4, the maximum detectable depth 
of the ground penetrating radar is between 0.38m and 0.7m, that is, under the condition of what are discussed in this paper, the detectable 
range of ground penetrating radar is from 0.03m to 0.7m, meet the practical need of detecting the protective layer. 
 
7. Conclusion 

 
According to the characteristics of the coal seam medium, the paper analyzed the electromagnetic wave propagation loss and the 

reflection loss in multilayered medium. By using the close relationship between the two losses and the relative dielectric constant and 
electrical conductivity of the media, according to the relationship between the electromagnetic wave propagation distance in different 
medium layer and the receiving electromagnetic field strength and launching electromagnetic field intensity, realize the purpose of detecting 
the thickness of the top protective coal seam. Considering the mixed coal are anisotropic characteristics, using the two-step difference to 
calculate the dielectric constant and electrical conductivity of mixed gas so to improve the accuracy of advanced detecting in the top 
protective coal seam. The simulation results shown that the proposed algorithms on the thickness of the top protective coal seam detecting 
method can effectively identify the thickness of the top protective coal seam, provides a feasible scheme for the automation of coal mining 
safety and economy.  
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Abstract: With the fast development of e-commerce, most people have begun to buy things online, and the recommendation system 
equipped by many online stores has greatly promoted the sale of commodities. However, currently most recommendation systems are based 
on the collaborative filtering algorithm, which needs a lot of user ratings to work and can hardly get accurate recommendation for new users 
who has rated few items. To solve this problem, this paper proposes a recommendation method based on analyzing customer comments, 
where a user who has commented briefly on only one product will receive accurate recommendation. At the core of the proposed method is 
a missing value complement mechanism based on Bayesian Network, where each known value corresponds to a user’s sentiment regarding 
a product feature. The proposed method is tested against plenty of real comment data collected from an online smart phone store in China 
and has achieved satisfactory result compared with alternative methods. 
 
Keywords: recommendation; comment; missing value complement; bayesian network; sentiment analysis 
 
1. Introduction 

 
With the unstoppable development momentum of electronic commerce, more and more consumers have chosen the online shopping 

way to buy things. At the same time, many consumers would post their comments about the things they bought on the e-commerce websites 
such as Amazon and Taobao. There is a lot of valuable information in these comments. For consumers, they can refer to other consumers’ 
comments to appreciate the features of a product and decide whether to buy the product or not. For e-commerce enterprises, through mining 
the consumer preferences from the comments, they can understand the personal need of a customer and recommend him/her commodities 
they will probably buy. As commodity recommendation has the potential to increase sales beyond the current need by the consumers, 
various recommendation systems have been studied by researchers and applied by enterprises. For example, the long-existed project 
GroupLens was established to provide a public data base for people to test various recommendation methods [1]. Generally, 
recommendation techniques can be categorized into three types, which are the collaborative filtering (CF) methods, content-based filtering 
(CBF) methods and mixed methods [2]. The CF methods use a group of users’ ratings on a collection of commodities to make 
recommendation [3]. The idea behind CF is that people liked similar things in the past will probably like the same things in the future [4]. 
Although CF-based methods have been widely used and have achieved many practical successes recently, they still face two major 
difficulties, namely the ‘‘cold start’’ problem and the ‘‘data sparseness’’ problem [5]. Cold start refers to that any newly added item cannot 
be recommended until it is rated by at least one user [6]. Data sparseness refers to that when the number of required user ratings compared to 
the number of available items is very small, the quality of recommendation will be affected [7]. The theory of CBF is that a person’s taste 
will persist and he will like things similar to those he has liked [8]. Following this idea, the “just-in-time information recommendation” 
proposed by [9] and [10] uses the keywords extracted from a user’s focused documents to retrieve potentially interesting information. 
Although simple, CBF often suffers from the problem of over-specialization, which means the user is limited to being recommended items 
similar to those already liked [11]. As CF and CBF methods both have limitations, mixed methods have been proposed to combine the 
advantages of the two and avoid drawbacks of them [12,13]. In recently years, the utilization of user comments in recommendation systems 
has been widely proposed [14-16]. By analyzing the textual content of comments, recommendation systems can understand the reasons why 
a user likes or dislikes a product, and then adjust their recommendations to better meet the need of customers. 

For cellphone recommendation which is chosen as the example of online shopping recommendation in this paper, the accumulated 
online comments are tremendous and thus provide the detailed description of the commodity’s “content”. A single hot model of cellphone 
can receive more than 10,000 comments in large scale e-commerce platforms such as Amazon and JD.com. But in contrast, one customer 
usually has very few comments on products as the buying period of expensive goods such as cellphone is very long. The conventional 
recommendation algorithm, such as CF, requires many ratings of a single customer to produce accurate recommendation, which makes it 
hardly applicable in the situation discussed in this paper. For traditional content-based recommendation, it requires a complete description of 
the product features in order to assess the similarity between a product liked by the user and the products to be recommended. 

To solve the above problem, this paper proposes an improved content-based recommendation method. The method can recommend 
products to a customer who has commented on only one product, and in the comment only mentions a small portion of all the features of the 
product. The first step for this is to mine the sentimental expressions of the users in their natural language comment. After transforming the 
phrasal expression of sentiment into quantitative measurements of product feature assessment, the core step of the proposed method is to 
user Bayesian Network to infer the missed assessment of product features in the user comment. At last, through assessment similarity 
computation under the constraint of price, we realize the recommendation of cellphones to users who have positively evaluated a similar 
phone.  

 
2. Proposed Methods 

 
The recommendation algorithm proposed by this paper consists of four parts, which are the extraction of commented features, the 

identification and clustering of comment polarities, Bayesian network-based missing value estimation, and similarity-based commodity 
recommendation. The relationship between the four parts is illustrated in Figure 1. 

 
2.1Feature-assessment pair extraction 

 
This is to extract from each comment the features of a cellphone that are appraised by the buyer. The extracted information will show 

as “feature-assessment” pairs. We choose some frequently used Chinese grammar patterns to extract these pairs, and some verb-based 
patterns have been added and used by this paper. The 14 standard cellphone feature words are acquired from www.jd.com, which is the 
leading 3C e-commerce website in China. We manually build a synonym word base for the 14 features, so as to solve the nonstandard use of 
feature words by the commenters.  
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Figure.1 The flowchart of comment-based cellphone recommendation. 

 
2.2Identification and clustering of comment polarities 

 
Polarity means the positive or negative degree of a user’s attitude to a product feature. The positive-negative adjective word base used 

by this paper is extracted from the semantic dictionary HowNet. Each adjective discovered as the assessment of a cellphone feature will be 
first matched with the adjective word base to decide its polarity. If it does not match any word in the base, then its polarity will be assessed 
using the SO-PMI method. The adverbs and negates modifying the adjectives will also be considered when calculating the integral polarity 
of the phrase. To regularize the polarity value, all the assessments’ polarity values will be clustered into five categories, each stands for the 
“worst”, “bad”, “normal”, “good” and “best” level and is assigned score of 1, 2, 3, 4 and 5. 

 
2.3Bayesian network-based missing value estimation 

 
Usually in one comment a user will comment on only a small portion of all the 14 features. This can lead to significant inaccuracy 

when calculating the similarity between two user tastes. In this paper, the Bayesian network is used to fill in the blank assessments in each 
comment, so as to improve the accuracy of similarity calculation. The Bayesian network will be trained using the quantified assessments of 
each comment. Despite the missing values in these assessments, Bayesian network still has the power to learn the dependencies between the 
presented assessments, and it can then be used to fill in these missing values through a predictive run. 

 
2.4Similarity-based commodity recommendation 

 
If a buyer is satisfied with a cellphone he bought, then he may be interested in buying another cellphone with the similar features. 

Although the similarity between cellphones can be directly computed by comparing the explicit data of the product such as the screen size 
and cup speed, practical buying experience tells us that our impression of a product feature depends on many things other than the simple 
figure. For example, two phones having the same CUP can run with significantly different speed due to the operating system and interface 
design, and the feeling of large screen can be degraded by wide screen margin. So this paper is to recommend cellphones that are 
“perceived” to be similar but may not be indeed similar. 

 
2.  Implementation 
 
2.1 Feature-assessment pair extraction 

 
To analyze the user comments, we have to first acquire the comment materials from websites. We use a web crawler to obtain the 

comment texts from four largest e-commerce websites in China: Taobao, JD.com, 1688.com and Amazon. Table 1 shows the number of 
comments acquired from each of the four websites, and the total number of comments is 218888. The comments are about 20 models of 
cellphones. Their appearance time is between May 2015 and Jan 2016. 

 
Table 1 Comment source data obtained from websites 

E-commerce platform Number of comments 
Taobao 59800 
JD.com 55096 

1688.com 53762 
Amazon 50230 

Before extracting features and assessments from the comment, Chinese text needs to be segmented word by word. This task is 
performed by the ICTCLAS segmentation tool developed by Chinese academy. It is one of the most often used and accurate Chinese 
segmentation tool, whose accuracy achieves 98%. 

In most of the comment sentences, the appraised features of a product usually are nouns or noun phrases, and the assessments of 
features are mainly adjectives or adjective phrases. So the part-of-speech tags can be used to extract the feature-assessment pairs. After a 
careful examine of the many cellphone comments, we summarized the grammar patterns as shown in Table 2 to extract feature-assessment 
pairs 

 
Table 2 Grammar patterns for extracting feature-assessment pairs 
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Pattern Assessed feature Assessment 
n (or n+n or n+n+n etc.) +a n (or n+n or n+n+n etc.) a 

n+c+n+a two n beside c a 
n+u+n+a two n beside u a 

n (or n+n or n+n+n etc.) +d+a n (or n+n or n+n+n etc.) d + a 
n+c+n+d+a two n beside c d + a 
n+u+n+d+a two n beside u d + a 

(d+) a+u+n (+c+n…) n (two n beside c) d + a 
v (+d)+a first n on the left of the pattern (d) + a 

(d+)a+u+v first n on the left of the pattern (d) + a 
 
In the listed grammar patterns, if the part-of-speech tags in the parentheses appear, then the extraction of features or assessments 

follows the way denoted with parentheses in the same line. For the last two patterns, we look for nouns in the left hand side of the pattern, if 
found, then we choose the noun closest to the pattern as the feature to be extracted. After extraction, the nouns obtained as features will be 
replaced by the 14 standard feature words. 
 
2.2 Identification and clustering of comment polarities 

 
This paper uses the SO-PMI (Semantic Orientation using Pointwise Mutual Information）method proposed by Turney [17] to 

determine the polarity of assessment of features. The Pointwise Mutual Information (PMI) is a very useful measurement of information 
relatedness. Suppose word1and word2 are two words in a corpus, their PMI is calculated as following:  

1 2
1 2 2

1 2

( & ), log
( ) ( )
p word wordPMI word word

p word p word
 

=  • 
（ ）

                                                 

（1） 

Where )&( 21 wordwordp  is the probability that 1word  and 2word  co-occur in a text piece of the corpus. If these two words are 
completely independent of each other, then the co-occurring probability of them is 1 2( ) ( )p word p word• . The ration of 1 2( & )p word word  

to 1 2( ) ( )p word p word•  is a measurement of the dependent degree between the two words. If the two words tend to co-occur often, the the 

PMI value will be greater than zero, else it will be less than zero. The probability of ( )p word  can be assessed by counting the times that 
the word appears in the corpus, which is denoted as )(wordHits . 

To apply SO-PMI, we choose from HowNet 282 sentimental words to comprise the initial assessment word base. In the word base, 
positive words are denoted as Pword, and negative words are denoted as Nword. The formula to calculate the initial polarity of a word is: 
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According to equation 2, if a word co-occurs with positive words often and co-occurs with negative words rarely, it will have a positive 
SO-PMI value and be treated as a positive word itself. And in the opposite case the word will be deemed as a negative word. For adverbs 
modifying the assessments, we enumerate the frequently used adverbs and give each of them a multiplier modifier to adjust the absolute 
value of the SO-PMI, for example, the modifier for the Chinese word of “very” will be 1.5. For the negate modifier such as “never”, the SO-
PMI of the corresponding assessment will be multiplied by -1. With the calculated polarity values of assessments, we use K-means 
clustering algorithm to classify the assessments into five grades, and from the most negative cluster to the most positive cluser they are 
assigned the value 1, 2, 3, 4 and 5 respectively. 
 
3.3 Bayesian network-based missing value estimation 

 
Usually customers only give the assessment on several product features that they concern the most, and the majority of the product 

features are not commented on at all. For example, a typical Chinese comment reads “屏幕/n 清晰/a， 照相/vn 效果/n 还/d 可以/v ， 但是

/c 真心/d 费/v 电/n”, which means “screen is clear, camera performance is good, but consumes electricity really much” in English. In this 
comment, only 3 of the 14 features of cellphone are commented on, and the other 11 features have no evaluation information. If another 
comment has assessments regarding some of the 11 features and misses all the 3 commented features, then the comparison between these 
two comments will be in vain. If we assume there are some dependence between the product features, such as a good camera can imply a 
clear screen (a bad screen can make a good photo seems bad, and the consumers may not know the real cause of the bad photos before they 
export the photos to other display devises), then we can use the cumulative comments to complement each other and obtain the most 
probable assessments of the missed features.  

Bayesin Network is used in this paper to learn the dependence relations between customer assessments and fill in the missing values of 
assessments. Bayesin Network is a graph-based probability model [18]. It uses directed acyclic graph to model the conditional independence 
between a set of random variables. Nodes in the graph represent random variables, the directed arcs between nodes denote the conditional 
dependence between variables, and the nodes that are not connected by arcs are conditional independent. Each node in the graph has an 
associated probability function, which outputs the probability of each value that the node can take on given the state of all its parent nodes. 

To establish the structure of the Baysian Network used in this paper, we consider the following relations between cellphone features as 
shown in Figure 2. 
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Figure.2 Dependence relations between cellphone features. 

The Netica software is used to establish the Bayesian Network model for missing assessments filling. The input data table takes the 
form of the first 5 rows of Table 3. After training, we get the network parameters as shown in Figure 3. At this time we input the data table 
with missing values to the network again, and then obtain the completed data table as shown by the last 5 rows of Table 3. 

 
Table 3 The input and output of Bayesian Network training 

ID Screen Camer
a 

CPU SD card Appeara
nce 

Memory Workma
nship 

Speed Battery Sound Logistic Service Price Function 

Before filling 
1 * * * * * * * * * * 4 * * * 
2 5 *  * * * 5 4 * * * * * 5 
3 * * * * * * * * * 4 * * * * 
4 4 * * * * * * * * * * * * * 
5 * * * * * * 4 * * 4 4 5 * * 

After filling 
1’ 4 5 4 2 4 2 4 4 2 4 4 4 1 4 
2’ 5 5 5 4 5 2 5 4 4 4 5 4 4 5 
3’ 4 5 4 2 4 2 5 4 2 4 4 4 1 2 
4’ 4 5 4 5 5 2 5 4 4 4 4 4 2 4 
5’ 4 5 4 2 4 2 4 4 2 4 4 5 1 4 
 

 
Figure.3 Bayesian Network trained for missing value completion. 

 
2.4 Similarity-based commodity recommendation 
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For content-based recommendation algorithms, the most often used method to calculate the similarity between two items is the cosine 

similarity method [5]. To use this method, the content of two items are represented as two vectors. In this paper, the elements of vectors are 
the 1~5 scaled user assessments of cellphone features. Suppose the assessment vector of two cellphones are i  and j , then the cosine 
similarity between the two is 

   
ji

jijijisimilarity
•

•
== ),cos(),(                                                                              （3） 

In the recommendation process, we first calculate the average assessment of each cellphone from all of the comments on the phone, by 
taking the arithmetic mean of each feature after filling the missing values. For a comment that has average assessment score equal to or 
above 4 (across different features before filling the missing values), we select the phones that have price within 80% - 120% of the 
commented phone as candidates. Then we calculate the cosine similarity between each candidate phone and the commented phone, and from 
the results we select the phones with the highest similarity score to recommend them to the user who contributes the comment. In this 
fashion a customer who has bought a satisfactory phone will be recommended phones than have similar feature impressions by other people. 

 
3. Experiment Result 

 
This section uses Precision and Recall-based performance measurements to evaluate the recommendation method proposed. As we 

cannot invite the real consumers who have commented on the websites to evaluate the recommended items, we assembled 50 students as 
subjects, each one writing a comment on the cellphone that they recently liked. Then among the 20 cellphone in the recommendation pool, 
each student selected the phones that they also like. If a recommended phone is in the selected phones of a student, then it is counted as a hit. 

In the experiment, we recommend 4 phones to a subject at a time, and the experiment is carried out 9 times, in which the missing 
assessments’ proportion varies from 10% to 90% with an increment of 10%. The final recommendation results in terms of precision, recall 
and F1 value are shown in Table 4. 

 
Table 4 Recommendation results for different rate of missing values 

 
Missing ratio 

Unfilled Filled 
Precision（%） Recall（%） 

1F (%) Precision（%） Recall（%） '
1F (%) 

10% 15.0 33.3 20.8 15.5 33.8 21.3 
20% 14.3 29.4 19.2 15.3 30.5 20.4 
30% 12.7 25.2 16.9 14.6 27.4 19.0 
40% 10.9 21.6 14.5 12.4 24.2 16.4 
50% 8.8 18.9 12.0 11.5 21.1 14.9 
60% 7.1 17.4 10.1 10.7 20.0 13.9 
70% 6.5 16.2 9.3 9.6 18.9 12.7 
80% 6.2 13.8 8.6 8.9 16.3 11.5 
90% 5.5 13.2 7.8 6.2 15.2 8.8 

From Table 4 we can see that with the increment of missing assessments of phone features, both of the filled and unfilled 
recommendation results suffer from a performance loss. For the unfilled recommendation, it is easy to understand as the missing values 
disables the comparison between the corresponding cellphone features and thus makes the similarity based recommendation inaccurate. For 
the filled experiment, it is because the Bayesian Network-based missing value filling is affected by the amount of information fed to the 
network, the more information is input, the better the network is able to learn the internal relationships between the feature assessments. 

It should be mentioned that because the number of liked products by a subject is usually one or two, the hit rate in a recommendation 
list is diluted by the products that can never be right, so the overall accuracy of recommendation is not high. In this sense, the advantage of 
the proposed method is evidenced by the improvement of performance achieved by the filled experiment against the unfilled experiment. 

 
Figure.4 F1 scores of filled recommendation and unfilled recommendation. 

From Figure 4 we can see that when the missing value proportion amounts to 60%, the distance between the two curves becomes the 
largest. The F1 value of the unfilled method is 10.1%, while the F1 value of the filled method is 13.9%. Considering that in real cases the 
missing feature assessments in customer comments amount to 70%-80%, the proposed missing value filling method is 1.3 times more 
effective than the unfilled method. This shows that to estimate the missing feature assessment with probability models in content-based 
recommendation is useful for improving the recommendation results. 
 
4. Conclusion 
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This paper studied the comment-based recommendation of cellphones and proposed an improved content-based recommendation 
algorithm to deal with the many missing feature assessments in comments. It uses natural language processing, information extraction and 
sentiment analysis to acquire users’ assessments of product features, and then produces recommendations by finding products with 
assessments similar to the one liked by a user. The key trait of the proposed research is the using of a probability model to automatically fill 
in the missing values in product assessments by learning the conditional dependency between product features. The comparison between 
experiments with filled assessments and experiments with unfilled assessments has shown the effectiveness of our proposed method. 
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A Method for Information System Vulnerability Identification Using Semantic Networks 
 

Chen Wei 
 

Guang Dong Peizheng College, Huadu District, Guangzhou , China  
 
Abstract: In spite of the fact that many methods have been presented for detecting Information System Vulnerability quickly and efficiently, 
but these methods have not been accepted widely. Our target in this paper is to provide a Method which is expected to be more quickly for 
detecting the Vulnerability in Information System through multi-agents Using Semantic Networks. In order to improve the Method by 
developer, an Information System graphical user interface has been developed that allows input content to detect Vulnerability. The 
presented Method provides a dynamic Vulnerability Identification method where a Vulnerability range is detected. The presented Method is 
set up through a comparative study quickly and efficiently, including the presented Method and some familiar models for Information 
System Vulnerability Identification. 
 
Keywords: information system; vulnerability identification; semantic network; multi-agents  
 
1. Introduction 
 

Information System quality concerns require our gradually increasing attention, especially in view of our ever increasing dependency 
on Information System to conduct routine business of life. In particular, business goals of most organizations, being targeted towards 
customer satisfaction and profitable growth, are being met through increasing use of Information System. A minor Vulnerability, or even 
inefficiency, in the Information System may lead to not only loss of millions of dollars, but loss of customer base. In view of the potentially 
harmful consequences of Vulnerability leakage for the reputation of the product and to the supplier, its reduction in the production 
environment is extremely vital to achieve such goals of business. In spite of meticulous planning and well documented processes, 
occurrences of certain Vulnerability are inevitable. The Information System Vulnerability may lead to degradation of the product quality 
which may lead to failures leading to customer dissatisfaction. In today’s cutting edge competition, it is necessary to make conscious 
efforts to control and minimize Vulnerability in Information System engineering processes. However, these efforts require organizations not 
only to spend large amount of money, time and resources but also Vulnerability Identification Information System based on appropriate 
model [3]. These efforts could help the project manager to take preventive actions, thereby saving time and cost apart from delivering high 
quality Information System. Also, the development and use of a Process Performance Model (PPM) that includes Vulnerability 
Identification model has been identified as one of the high maturity practices in SEI CMMI model. This falls under the process areas of 
Organizational Process Performance (OPP) and Quantitative Project Management (QPM). Organizations attempting for CMMI L5 appraisal 
have to showcase the process improvements by making use of such Identification models [4]. In the Information System Development Life 
Cycle, early Identification of Vulnerability has always been, though highly desirable yet, a challenging task for the developer. Developing 
fault-free reliable Information System is a daunting task in the current context, when Information System is being developed for problems 
with increasing difficulty with more and more complex problem domains that involve constantly increasing constraints like requirement 
ambiguity and complex development processes. 

In respect of Information System, apart from the quality consideration, the time of delivery is also an important factor. Implementing 
Quality reviews are time-consuming and if unplanned, they could delay the delivery of an Information System. Automated tools are used to 
accelerate the review process. The assessments, through reviews, check whether the Information System has reached the required quality 
threshold or not and also highlight areas which still need attention [5]. This is the task of Information System Vulnerability predictors that 
are used as tools for the purpose of 1) identifying parts of a Information System requiring further examination before release and 2) finding 
relative priorities among these parts. 

In most projects, information collected during testing and Vulnerability Identification phases is analyzed to help predict Vulnerability 
for similar types of projects. However, since it is found that so far, each of the models of Vulnerability Identification has areas where it does 
not function satisfactorily; the search for one model that can predict Vulnerability satisfactorily in a wide range of projects is still on. This 
justifies the investigations reported through this communication. 

The paper is organized as follows. Section II provides a brief overview of Semantic Networks, Section III reviews the existing 
literature on the subject, Section IV describes the presented Method, Section V discusses the results as obtained through use of the presented 
Vulnerability Identification Method vis-à-vis some other relevant models/Methods and finally Section VI concludes the presented work. 

Our investigations are based on statistical pattern classification of Vulnerability. Recent advances in learning algorithms using artificial 
Semantic Networks and parallel computation have led to renewed research in the area of statistical pattern classification. Artificial Semantic 
Networks, simply called ASNs or Semantic Network, have been applied both to time varying patterns as well as static patterns. In this 
respect, in the next section we briefly discuss some basic concepts, the structure and functions of a Semantic Network. 
 
2. Semantic networks 
 

The strength of Semantic Networks is their capability to learn from patterns. A Semantic Network learns patterns by adjusting its 
weights. When the Semantic Network is properly trained, it can give correct, or nearly correct, answers for not only the sample patterns, but 
also for new similar patterns [6] [7]. The terminology of neuron and interconnection etc is used in the similar sense in ASN. In Figure 1, a 
circle denotes a neuron, and a straight line denotes interconnection. Generally, group of neurons are arranged in layers—as shown in Figure 
1 in the form of vertically arranged set of neurons. There is one layer for the input variables, and one for the output. There can be one or 
several layers between these two which are referred to as hidden layers. The signal or input given to one neuron is passed to all the neurons 
to which it is connected in fractions equivalent to the weight between these neurons. Each neuron calculates its output based on a function 
which can be sigmoid, step or some such suitable function. Prevalent view of human brain is that it is a sort of Semantic Network: A 
networks of about 100 billion neurons, each neuron being connected, on the average, to about 1000 other neurons. A neuron is the basic 
constituent of brain, a sort of elementary processor having small local memory and capable of localized information processing. Artificial 
Semantic Network (ASN) is a sort of a method to computation or is a model of processor/computer based on human brain. To a connection 
between a pair of neurons, called interconnection, is associated an adjustable weight indicating the strength of the connection.  
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Figure. 1 Semantic Networks. 

 
The decision about using Semantic Network based Method for modeling Vulnerability Identification, was taken after diligent literature 

review of success of Semantic Networks regarding Information System metrics models [11]-[12], and also, in view of the fact that Semantic 
Networks have been found effective in situations where data relationships may not be known, as normally happens in the case of 
Vulnerability Identification. Also, there is sufficient evidence in support of applying Semantic Networks in Information System effort 
estimation. Next, we give an over view of the relevant literature. 

The application of Semantic Networks is to diverse fields range from autonomous vehicle control [8], financial risk analysis to 
handwriting recognition [9]. During the previous decades, Semantic Network method has emerged as a promising technology in applications 
which require generalization, abstraction adaptation and learning. Therefore, it is only natural that the Semantic Network technology can be 
exploited to solve different Information System engineering problems. For example, Semantic Networks have been earlier applied in 
dynamic Information System reliability modeling [10]. 
 
3. Review of literature 

 
For the reasons mentioned earlier, Information System Vulnerability Identification is a very active research area in Information System 

engineering. Researchers have presented new Vulnerability Identification algorithms and/or new metrics to effectively predict Vulnerability. 
The historical data of Information System systems is a valuable asset used for research ranging from Information System design to 
Information System development, Information System maintenance, Information System testing, etc. Recently, there has been an increase in 
the use of computational intelligence in the field of Information System engineering. Computational Intelligence (CI) includes technologies 
of fuzzy logic, Semantic Networks, genetic algorithms, genetic programming, and rough sets. Only a very small fraction of the activities 
involved in Information System design and development can be automated using Information System tools; most of the activities necessarily 
require human involvement. In view of the fact that each model of Vulnerability Identification has its own set of advantages and 
disadvantages, it is hard to decide which model should be used for a particular type of project scenario, specially, as every project tends to 
be unique. 

In [8], it is suggested that an under development module with same or similar metrics properties of a Vulnerability module developed 
in the same environment, would have the same level of Vulnerability proneness. For the purpose of Vulnerability-Identification in 
Information System programs, the authors have designed Adaptive Resonance Semantic Network having 29 input nodes and two output 
nodes. The network is trained with data extracted from Promise dataset. The network improves the recall (true positive) rate in detecting 
whether a module is conflictive or not [10]. 

However, the human involvement, especially in view of the human judgment being imprecise and uncertain, characterizes many of the 
challenges including those observed in Information System Vulnerability Identification. Incorporation of computational intelligence into the 
various phases of Information System development and analysis helps in addressing the problems arising due to imprecise measurement and 
uncertainty of information. 

In [6] a method is described for static reliability modeling, and for modeling of Information System reliability from Information System 
complexity in terms of the predictive quality and the quality of fit. The performance of a model based on the method is compared with more 
traditional regression modeling techniques. For the purpose, the data have been taken from an Ada development environment for the 
command and control of a military data link communication system, in which Sensor and regression analysis techniques were employed. It 
was found that the Semantic Network model is superior to traditional regression based techniques and also had a smaller standard error. 
General principles/methods/steps which have been found useful so far in handling the difficult task of Information System Vulnerability 
Identification, along with the relevant literature, are summarized below: 

This paper describes a Method, for applying Semantic Networks, for formulating models for Vulnerability Identification early in the 
Information System life cycle. A series of empirical experiments are conducted based on input and output measures extracted from “real 
world” project subsystems. The experiments establish the efficacy and superiority of the method. Next section describes the presented 
Method. 

A Vulnerability Identification model based on an enhanced Multilayer Perception Semantic Network technique using data mining is 
presented and explored in [10], in which comparative analysis of modeling of Vulnerability proneness Identifications using dataset of 
different metrics from NASA MDP (Metrics Data Program) was performed. The presented MLP Semantic Network model gave better 
results, when compared with the existing techniques like Dynamic Tree, classification and regression trees (CART) algorithm, and Bayesian 
logistic regression. 

This study uses data gathered from the PROMISE repository of empirical Information System engineering dataset. The dataset uses the 
CKOO (Chidamber and Kemerer Object-Oriented) metrics. The study concludes that for detecting the Information System Vulnerability, the 
Levenberg-Marquardt (LM) Semantic Network based algorithm provides better accuracy (89.02%) as compared to each of polynomial 
function-based Semantic Networks (pF-NNs), linear function-based Semantic Network (lf-NN) and quadratic function- based Semantic 
Network (qf-NN) respectively. 
 
4 The presented method 
 

This historical data has served as a training data to build the presented Method and then the Semantic Network so obtained is used to 
predict the Vulnerability for all new projects. As waterfall model is the oldest among the models used for Information System development 
and which is still widely practiced, it tends to be the standard against which other development methods are compared. As mentioned earlier, 
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the objective in our study is to develop Identification Method based on Semantic Network for forecasting the Vulnerability. In this section, 
first we explain the assumptions made about the presented Method. Then we describe the structure of the presented Method and functions of 
major components of the Method. The results and other related issues are discussed in the next section. 

The presented Method requires user to enter the planned effort data of five BDSDLC phases, namely, Requirement Gathering, Analysis, 
Design, Coding and System integration testing (SIT). The data is provided with breakup of planned effort allocated to production effort, 
review effort, rework effort and prevention effort. If the data provided by the user matches with eligibility criteria of given range then 
Vulnerability are estimated using Vulnerability Estimation System by Semantic Network Technique. We have considered along with the 
production effort, the prevention effort, review effort and rework effort as components of input in our Semantic Network based 
Vulnerability Identification Method in view of support for the fact that as voluntary costs of Vulnerability prevention are increased, the 
involuntary costs of rework decrease by much more than the increase in prevention costs, thus leading to overall lower total costs, and better 
quality. 

For this purpose we use the actual runtime historical data set that is fed into the system during training of the presented network. The 
historical data of Information System systems is a valuable asset used for research in all phases of BDSDLC ranging from requirement 
gathering, analysis, Information System design, coding, to system testing and maintenance. The experiments reported here involve data set 
taken from 46 real projects from an Information System organization. The actual Vulnerability data is taken from completed projects based 
on Java technology and waterfall life cycle model. 
 
4.1 Structure of the presented semantic network 
 

Vulnerability Identification system consists of five parallel Semantic Networks with different configurations and parameters for each sub 
phase. Only first phase that is for Requirement Gathering is having 5 hidden layers & remaining phases have 10 hidden layers in their 
architecture. The selection of number of hidden layers is done in order to optimize the regression value for attaining the best performance. 
Although more neurons require more computation, and also have a tendency to over fit the data when the number is set too high, but at the 
same time, they allow the network to solve more complicated problems. Input data of 45 real time projects is divided dynamicly in three 
parts before training with it is initiated: Training (70%), Validation (15%) and Testing (15%). 

Levenberg Marquardt back-propagation optimization method is used for training the network. It is the fastest among methods available 
for the current scenario of Supervised Learning. It also requires less memory. Like the quasi-Newton methods, the Levenberg-Marquardt 
algorithm was designed to method second-order training speed without having to compute the Hessian matrix. When the performance 
function has the form of a sum of squares (as is typical in training feed forward networks), then the Hessian matrix can be approximated as: 

 
and the gradient can be computed as: .. 
Where J is the Jacobian matrix that contains first derivatives of the network errors with respect to the weights and biases, and e is a 

vector of network errors. Regression R Values measure the correlation between outputs and targets.  
 
4.2 User interface for testing the method with new projects 
 

A user interface tool has been developed using Matlab to help in testing the Method design. The Identifications thus achieved can be 
used to prioritize testing efforts, to plan code or design reviews, to allocate human and infrastructure resources, and to plan for risk 
mitigation strategy. 

One of the primary goals of our project is to present the Identification information to developer in the most user friendly manner. 
Developer should not be required to understand the mathematics behind the Identification model. To make the Identifications easily 
accessible to its users, a GUI based tool has been designed and implemented that asks for only the most basic information from users, and 
returns a straightforward output of the Vulnerability Identifications. 
 
4.3Working of vulnerability identification user interface 
 

The project manager can plan multiple preventive actions, like multiple review gates, usage of tools, increasing review effort etc to 
mitigate the higher probability of Vulnerability leakage. 

The Method is designed to autocorrect itself. After phase completion, user feeds the actual count of Vulnerability data. If actual 
Vulnerability are lower than predicted then Vulnerability leaked to the subsequent sub phase are auto corrected. 

For example, it may happen that there is higher amount of Vulnerability predicted in design phase but due to multiple preventive actions 
taken by the project manager, the actual Vulnerability count identified is less. As soon as the project manager enters the actual Vulnerability 
into the presented Method based Identification model, the model corrects the Identifications of future phases accordingly. 

For any new project, the Information System project manager will provide the inputs required to the UI. 
Based on these inputs, the Method will forecast the number of Vulnerability that the project manager could expect to be discovered in 

various BDSDLC phases in the project. 
The Vulnerability is forecast in a range based manner. The Method would provide the minimum, maximum and the mean number of 

Vulnerability. 
The forecast would enable the project manager to plan prevention activities for the phase where the Method is projecting higher number 

of Vulnerability. 
The inputs would be the phase wise efforts planned for the project. 
Apart from production effort, the planned review effort, planned prevention effort and the planned rework effort are also required as a 

feed to the Method. 
Method provides graphical analysis for each sub phase to analyze the input eligibility. Based on historical data the Method would also 

provide a warning message to the project manager if planned effort is less for review, rework or engineering activity for a particular phase. 
There could be specific scenarios where project manager might want to go ahead and ignore the warning. Example of such cases could be 
planning for a higher prevention effort for projects based on lesson learned from past projects or cases which might need a higher review 
effort since requirements from previous vendor could be incomplete or unavailable. 

 
5. Result and discussions 
 

The quality of fit and the predictive quality found for each of the data sets have given very optimistic results. The Identification results 
indicate that the net (based on the presented Method) tries to track the behavior of the full data set and sometimes its predicted value is more 
than the actual and sometimes less. The data set itself is an instance of dynamic behavior. But what the net predicts is the number of faults 
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that should occur, given the input variables based on the pattern it recognizes in the training data. The training data is the only data for the 
net to base its conclusions on, since that is the only information the net receives from the outer world. 

In our experiments, the data sets with different network architectures have been used. The actual Vulnerability data from 45 completed 
projects was taken and used as a training data. Later, the Method was also tested for Identification of Vulnerability for newly started projects. 

In this paper, presented Vulnerability Identification Method has been validated on 15 real time projects of the same kind (based on Java 
technology and waterfall life cycle) and found that actual Vulnerability lie inside the range of predicted Vulnerability. Although there is a 
small deviation in some projects but that is well within the tolerance band of 2% to 5%. It is being evident that the actual Vulnerability are in 
line with the predicted Vulnerability. For the test results of pilot conducted on 15 projects, our presented Method has accuracy of close to 
90% . 

 
5.1Method comparison 

 
The same data set has also been compared with the linear regression based Identification model used in one of the large Information 

System development organization. Linear regression based Vulnerability Identification model revealed an accuracy of 66% and only 10 
projects from the sample of 15 were able to meet the Identifications, where, as mentioned earlier, the presented Sensor based Method has an 
accuracy of close to 90%. 

Results were also compared with the ones obtained in [7], where evolutionary Semantic Network has been used to predict fault prone 
modules taken from a large Information System development project for which uniform crossover was used. The results even from best 
ENN Classifications were found to be close to only 75% of accuracy. 

The results of accuracy of close to 90% obtained by the presented Method are comparable with, and even better than, the results with 
accuracy of 88.09% as using public PROMISE library and Levenberg-Marquardt (LM) algorithm based Semantic Network for detecting the 
Information System Vulnerability. Also, the data set used in our presented Method is quite recent (year 2015) and the chosen technology 
(Java) is the widely used one in most Information System development scenarios. 

  
6. Conclusion 
 

It is expected that the presented Method can be customized to suit other Information System development life cycle models like 
iterative and incremental development, agile etc. The investigation in those respects will be reported in subsequent communications. Results 
from our experiments suggest that the presented Method based on Semantic Network method possesses good properties from the standpoint 
of model quality of fit and predictive capability. Our conclusions are based on investigations of Information System development projects 
using java programming language and following waterfall life cycle model. 
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An Experimental Study of the Mechanical Properties of Unsaturated Remolded Loess from the Site of 
Wuritiangou Bridge 
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Abstract: In order to obtain the mechanical properties of the loess from the site of Wuritiangou Bridge, a triaxial shear test was performed 
on the unsaturated remolded loess obtained from this site to study its deformation characteristics, critical state, strength parameters and 
suction characteristics for different initial suctions, different dry densities and different net confining pressures. The results indicated that the 
volumetric strain of the unsaturated remolded loess was significantly affected by its dry density, and the samples with a large dry density 
first contracted and then dilated, and that the matric suction and dry density of the unsaturated remolded loess had significant effects on its 
strength but had insignificant effects on its angle of internal friction. In addition, the cohesion, , of the unsaturated remolded loess increased 
linearly as its suction increased, and the angles of internal friction of the remolded samples with dry densities of 1.5g/cm3, 1.6g/cm3, and 
1.7 g/cm3 were calculated to be 6.16°, 8.47° and 10.59°, respectively. The shear strength equation for unsaturated soil proposed by Fredlund 
was found to be applicable to the test performed in this study. It was numerically corrected in this study and can be used for reference for 
actual engineering. 

Keywords: unsaturated remolded loess; triaxial test; Suction; deformation; strength parameters 

1. Introduction 

With the continued implementation of the Great Western Development Strategy, engineering construction has extended to big-
thickness loess sites [1]. The Wuritiangou Bridge to be built at the site from which soil was taken for this experiment is located in the gully 
region of the Dongzhi loess tableland of Longdong and spans Wuritiangou. This region is a typical area in China where loess is most widely 
distributed. Due to its unique loess structure, this region has become a focus of current engineering construction studies for the selection and 
safety of construction engineering foundations 

Different from general loess sites, the Dongzhi loess tableland of Longdong with stable loess structure is a primary construction and 
engineering site [2]. However, few studies have focused on it for a number of reasons, and major foundation design schemes have used 
Shaanxi as a reference based on experience. As a result, construction in Longdong faces considerable security risks. 

Based on an analysis of the survey data about the loess site of the Wuritiangou Bridge, a triaxial shear test was performed to study the 
deformation and strength characteristics of the unsaturated loess from the Dongzhi loess tableland of Longdong. The study results can be 
used for reference for actual engineering. 

2. Research method 

Unsaturated loess is distributed widely and has a great number of types. Different types of unsaturated loess have different
characteristics [2]. Many studies have indicated that the soil strength of loess is primarily reflected by its shear strength generated under 
deviatoric stress, and is affected by pore water content, stress level, stress path, loading time and rate [3-5]. Chen Zhenghan [6-7] tested 
unsaturated Q3 and Q2 loess for their deformation, strength, yield, and water content characteristics using the triaxial apparatus for 
unsaturated soil developed by itself to study the special mechanical properties of unsaturated remolded loess, and corrected the yield 
conditions for an increased suction. 

In addition, the shear strength of undisturbed and remolded loess have found to be different significantly under the same conditions [8]. 
Therefore, their changes differ whether in an analysis of the shear strength of loess based on Bishop’s effective stress or in an analysis of the 
shear strength of loess based on the net stress and matric suction proposed by Fredlund. In order to study the structural characteristics of the 
unsaturated loess from the Dongzhi loess tableland, this study focused on the mechanical properties of the remolded loess from Longdong, 
following a previous experimental study on the mechanical properties of its unsaturated undisturbed loess. 

2.1 Properties of soil samples 

The experimental soil samples were taken 7~9 meters below the engineering site of the Wuritiangou Bridge in the Dongzhi loess 
tableland of Longdong. They were Q3 loess which was homogeneous, tan, and mostly clay particles with mesoporous structure, containing a 
few wormholes and snail shells and scattered concretions and sheet mica. The basic physical indicators of the undisturbed soil from this site 
are shown in Table 1. 

2.2Sample preparation 

       The soil taken from the site was made into cylinders with a diameter of 39.1 mm and a height of 80 mm. The rest of the soil was sieved 
using a 5-mm sieve after being dried and crushed, and then its water content was kept within the required range. The samples were prepared 
in five layers, using soil of equal mass and based on the designed dry densities. The prepared samples were then covered The soil taken from 
the site was made into cylinders with a diameter of 39.1 mm and a height of 80 mm. The rest of the soil was sieved using a 5-mm sieve after 
being dried and crushed, and then its water content was kept within the required range. The samples were prepared in five layers, using soil 
of equal mass and based on the designed dry densities. The prepared samples were then covered with plastic wrap and placed in a 
moisturizing chamber for at least 48 hours in order to ensure uniform moisture.  

Table 1 The basic data of the undisturbed test soil sample 
w（%） ρ（g/cm3） ρd（g/cm3） GS e WL Wp 
13.22 1.62 1.43 2.71 0.895 19.34 29.52 
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2.3Experiment 
 

Three dry densities, 1.5 g/cm3, 1.6 g/cm3, and 1.7 g/cm3, were selected for the consolidated drained triaxial shear test performed in 
this study. In the test, suction and net confining pressure were controlled simultaneously; the confining pressure was controlled at 50 kPa, 
100 kPa and 200 kPa, respectively, and the initial suction was controlled at 50 kPa, 100 kPa, and 200 kPa, respectively. There were 27 
samples in total, with 3 samples tested under each group of conditions. 

In the consolidating process, the samples would be considered stable when they drained less than 0.01cm3 of water within 2 hours. The 
rate of the triaxial shear was 0.016 mm/min. The samples would be considered failed when their axial strain reached , and the shearing 
process would then be ceased. The shearing process lasted 12.5 hours, and it took not less than 3 days for each sample. 
 
3. Results of the triaxial test on unsaturated remolded loess and analysis of the results 
 
3.1 Stress-strain properties 
 

Figures 1-3 show the (σ1-σ3)-ε1 curves for the unsaturated remolded loess with different dry densities and different controlled suctions 
and net confining pressures, (σ3-ua). 

 
（a） 350 1.5 /ds kPa g cmρ= =，                                                        （b） 350 1.6 /ds kPa g cmρ= =，  

 
（c） 350 1.7 /ds kPa g cmρ= =，  

Figure.1 Stress-strain curves of unsaturated remolded loess when s =50kPa 

 
（a） 3100 1.5 /ds kPa g cmρ= =，                                                    （b） 3100 1.6 /ds kPa g cmρ= =，  

 
（c） 3100 1.7 /ds kPa g cmρ= =，  

Figure. 2 Stress-strain curves of unsaturated remolded loess when s =100kPa 
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（a） 3200 1.5 /ds kPa g cmρ= =，                                             （b） 3200 1.6 /ds kPa g cmρ= =，  

 
（c） 3200 1.7 /ds kPa g cmρ= =，  

Figure. 3 Stress-strain curves of unsaturated remolded loess when s =200kPa 
 
(1) As indicated in the figures, the deviatoric stress of the unsaturated remolded loess with a certain dry density increased as its net 

confining pressure, (σ3-ua), increased (Figures 1~3). As the axial strain, ε1, of the unsaturated remolded loess was small, its deviatoric stress, 
(σ1-σ3), increased quickly and changed alternately, and the structure of the remolded loess did not fail. 

(2) As shown in the figures, the deviatoric stress, (σ1-σ3), of the unsaturated remolded loess with a certain net confining pressure, (σ3-
ua), increased as its water content increased. The (σ1-σ3)-ε1 curve for the samples with a small net confining pressure, (σ3-ua=50 kPa), 
softened slightly as the dry density increased, and decreased in the later period. At the end of the test, the samples were found to produce 
significant inclined cracks.  

(3) As shown in the figures, the deviatoric stress, (σ1-σ3), of the samples with a certain net confining pressure, (σ3-ua), varied 
significantly with dry density, especially at a small axial strain, ε1. The deviatoric stress, (σ1-σ3), of the samples increased quickly as the 
dry density increased, indicating that a higher dry density results in stronger resistance to deformation. 

(4) An analysis of the test results revealed that the remolded samples with a certain suction and a certain net confining pressure 
expanded as their dry density increased. In the testing process, the samples exhibited dilation and strain softening, with an obvious shear 
zone. 

(5) As shown in the figures, the stress-strain curves for the samples with a large dry density, a small net confining pressure, (σ3-ua), 
and a certain suction softened, and declined when the samples approached their ultimate state, reflected by brittle failure; the stress-strain 
curves for the other samples hardened, reflected by ductile failure. 
 
3.2 Variations in volumetric strain and axial strain 

 
（a） 350  1.5 /ds kPa g cmρ= =，                                                    （b） 350  1.6 /ds kPa g cmρ= =，  

 
（c） 350  1.7 /ds kPa g cmρ= =，  
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Figure.4 The 1vε ε− curves of unsaturated remolded loess with different dry density and different net confining pressures when s =50kPa 
 

 
(a) 3100  1.5 /ds kPa g cmρ= =，                                                 (b) 3100  1.6 /ds kPa g cmρ= =，  

 
(c) 3100  1.7 /ds kPa g cmρ= =，  

 
Figure.5 The curves of unsaturated remolded loess with different dry density and different net confining pressures when s =100kPa 

 
(a) 3200  1.5 /ds kPa g cmρ= =，                                                        (b) 3200  1.6 /ds kPa g cmρ= =，  

 
(c) 3200  1.7 /ds kPa g cmρ= =，  

Figure.6 The curves of unsaturated remolded loess with different dry density and different net confining pressures when s =200kPa. 
As shown in Figures 4-6, the volumetric strain of the samples with a certain suction level and a certain net confining pressure increased 

as their dry density increased; however, the volumetric strain of the samples with a certain dry density changed constantly as their suction 
and net confining pressure changed. When the samples had a small dry density (ρd=1.5 g/cm3) and a large net confining pressure (σ3-
ua=200 kPa), εv was insignificantly affected by suction and increased linearly with ε1. The εv of the samples with a large dry density 
(ρd=1.7 g/cm3) and a small net confining pressure (σ3-ua=50 kPa) was significantly affected by suction, and as suction was increased, their 
εv were first positive and then negative as ε1 increased, indicating that the samples first contracted and then dilated in the testing process.  

As shown in Figure 7, the samples with a small dry density (ρd=1.5 g/cm3) swelled in their center when reaching their ultimate state 
(Figure 7(a)). The corresponding Figure 5(a) indicated that the volumetric strain, εv, increased linearly as ε1 increased, indicating that the 
samples contracted considerably when reaching their critical state. As the dry density increased (ρd=1.6 g/cm3), the samples showed many 
small inclined cracks when reaching their critical state, as shown in Figure 7(b), and the cracks developed into a shear zone as the dry 
density continued to increase (ρd=1.7 g/cm3), as shown in Figure 7(c). The corresponding Figures 5(b) and 5(c) indicated that the 
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volumetric strain, εv, first increased rapidly and then slowly decreased to a negative value as ε1 increased, meaning that the samples first 
contracted and then dilated. The two figures also showed that the samples with a larger dry density dilated more significantly. 

 

        
  (a)ρd =1.5 g/cm3                              (b)ρd =1.6 g/cm3                                (c)ρd =1.7 g/cm3 

Figure.7 Damage characteristics of samples with different dry density when s=100kPa，σ3-ua=50kPa 
 

4 Analysis of the strength properties of unsaturated remolded loess 
 
4.1 Shear strength criterion and failure envelope 
 

.According to the Mohr-Coulomb criterion, the shear strength equation for unsaturated loess can be expressed as: 
( - tanaf c uτ σ ϕ′= + ）                                    (1) 

( ) tan ba w sc c u u cϕ τ′ ′= + − = +
                  

(2) 

( ) tanaf sucτ σ ϕ τ′ ′= + − +
                      

(3) 

The above equation indicates that the shear strength of unsaturated soil is jointly borne by the effective cohesion, c′, the frictional 
strength, ( ) tanauσ ϕ− ′ , and the unstable cohesion, ( ) tan-a w bu u ϕ  

. 
 

Figure. 8 The schematic diagram of failure analysis envelope in plane. 
 

 The stress of each sample, and , at failure in the triaxial shearing process were calculated according to the Mohr-Coulomb strength 
criterion, and then plotted as  coordinates. After that, the total cohesion, c, and the effective angle of internal friction, φ′, of the 
unsaturated loess in the coordinates were calculated. Finally, the effective cohesion, c′, was calculated based on the relationship between 
cohesion and suction. 

 Mohr-Coulomb strength criterion (Figure 8.) 
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4.2 Analysis of the test results 

 
In this paper, different ultimate states were selected for the failure modes of the samples analyzed above, and the stress of each sample 

in each of these states was called its stress at failure. The stress at brittle failure was defined as the stress corresponding to the peak point on 
a stress-strain curve, and the stress at ductile failure was defined as the stress corresponding to an axial strain, , of 15%. The stress, , at 
failure, of each sample obtained from the triaxial shear test and calculated according to equations (10) and (11) were listed in Table 2, and a 
curve was plotted for the relationship, as shown in Figure 9. 

 
（a） 3 1.5 /d g cmρ =                                        （b） 3 1.6 /d g cmρ =  

 
（c） 3 1.7 /d g cmρ =  

Figure. 9 Strength envelope of remolded loess in p-q plane. 
According to Figure 9 and Table 2, the cohesion of the unsaturated soil increased linearly as suction increased, and the angle of internal 

friction of the unsaturated soil was insignificantly affected by suction and can be approximately considered a constant; the cohesion of the 
unsaturated soil increased linearly as dry density increased, and dry density also had an insignificant effect on the angle of internal friction 
of the unsaturated soil. This conclusion was highly consistent with that drawn by Shen Chunni [10], and the difference lied simply in values, 
which was possibly due to the loess from different regions. 

 
Table 2 The strength parameters of unsaturated remolded loess 

 g/cm3 s 
/ kPa 3 auσ − /kPa fq

 
/kPa 

fp  
/kPa 

tanω  ξ  
c  

/kPa 
ϕ′ /° ϕ′  

/°average 

1.5 

50 
50 200 116.67 

86.58 0.953 40.98 24.28 

25.89 

dρ 100 262 187.33 
200 408 336.00 

100 
50 229 126.33 

98.48 1.036 46.80 26.21 100 310 203.33 
200 467 355.67 

200 
50 263 137.67 

120.3 1.077 57.32 27.16 100 370 223.33 
200 519 373.00 

1.6 

50 
50 235 128.33 

97.28 1.106 46.44 27.84 

29.21 

100 340 213.33 
200 501 367.00 

100 
50 260 136.67 

109.7 1.182 52.69 29.59 100 407 235.67 
200 559 386.33 

200 50 318 156.00 142.6 1.209 68.67 30.21 100 480 260.00 
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200 629 409.67 

1.7 

50 
50 270 140.00 

120.0 1.052 57.09 26.59 

28.30 

100 341 213.67 
200 511 370.33 

100 
50 340 163.33 

148.3 1.142 71.00 28.67 100 412 237.33 
200 612 404.00 

200 
50 396 182.00 

179.3 1.185 86.15 29.66 100 490 263.33 
200 689 429.67 

The  -c s and -sϕ′  relationships were plotted in Figures 10 and 11, respectively. According to Figure 10 and Table 2, the cohesion, , of 
the samples under a certain net vertical stress increased as the dry density increased. Within the suction range of the test, the cohesion,, 
increased linearly as the suction increased (Figure 11). The angles of internal fraction of the remolded samples with dry densities of 1.5 
g/cm3, 1.6 g/cm3, and 1.7g/cm3 due to suction were calculated to be 6.16°, 8.47°, and 10.59°, respectively. 

The relationship between the angle of internal friction,, and dry density were expressed as a curve, as shown in Figure 12. According to 
this figure, the angle of internal friction of the unsaturated remolded loess increased linearly as its dry density increased, and their 
correlation coefficient reached 0.999. 

 

 
Figure. 10The -c s curves of unsaturated remolded loess             Figure. 11The dc-ρ curves of unsaturated remolded loess 

 
Figures. 12The

d-b ρϕ curves of unsaturated remolded loess 

The above analysis reveals that the strength of unsaturated remolded loess is significantly affected by its matric suction and dry density, 
as reflected by the significant effects of its matric suction and dry density on its cohesion and the insignificant effects of its matric suction 
and dry density on its angle of internal friction. The relationship between the cohesion and the matric suction of unsaturated remolded loess 
can be expressed as:  

tan bsc c ϕ′= +
                       

(12) 

8In this equation,  and  represent the effective cohesion of saturated soil and the angle of internal friction that arises due to suction, 
respectively, which is reflected by the intercept and slope, respectively, of the straight line and can be obtained using the least square method, 
and s represents suction. and  for different dry densities were listed in Table 3. 
 

Table 3. The value of and  with different dry density 

dρ  g/cm3 c′ （kPa） tan bϕ  

1.5 35.72 0.108 
1.6 38.45 0.149 
1.7 49.50 0.187 

dρ , c′  and tan bϕ  were fitted linearly using the least square method. The curve describing their relationship is shown in Figure 13, and 

their relation is as follows: Fig13. The relation curves of , and  
69.0168.9 dc ρ′ −=

                        
(13) 

0.484tan 0.395b dϕ ρ −=
                  

  (14) 

http://dict.cnki.net/dict_result.aspx?searchword=%e5%ba%94%e5%8a%9b-%e5%ba%94%e5%8f%98%e5%85%b3%e7%b3%bb%e6%9b%b2%e7%ba%bf&tjType=sentence&style=&t=stress-strain+curves
http://dict.cnki.net/dict_result.aspx?searchword=%e5%ba%94%e5%8a%9b-%e5%ba%94%e5%8f%98%e5%85%b3%e7%b3%bb%e6%9b%b2%e7%ba%bf&tjType=sentence&style=&t=stress-strain+curves
http://dict.cnki.net/dict_result.aspx?searchword=%e5%ba%94%e5%8a%9b-%e5%ba%94%e5%8f%98%e5%85%b3%e7%b3%bb%e6%9b%b2%e7%ba%bf&tjType=sentence&style=&t=stress-strain+curves
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（a）   dc ρ′ −                                                         （b） b dtanϕ ρ−  

Figure. 13The relation curves of dρ  , and tan bϕ  
Using the shear strength equation for unsaturated soil proposed by Fredlund [11], this equation can be corrected to:  

       
( ) ( ) ( )( )w68.9 69.01 tan - 0.395 0.484a af d du u uτ ρ σ ϕ ρ= − + − + −′

      （15）
 

In this equation, ( )auσ −   represents the net normal stress on the failure plane,  ( )w-au u  represents the matric suction, and   

ϕ′represents the angle of internal friction of the saturated soil. Equation (15) can simultaneously reflect the effects of the dry density, dρ  

the net normal stress, ( )auσ −  and the matric suction, ( )w-au u  on the strength of unsaturated soil and can be used for reference for 
actual engineering.  
 
5. Conclusion 
 

(1) In the triaxial shear test performed in this study, the remolded samples with a certain suction level and a certain net confining 
pressure expanded as their dry density increased. Dilation and strain softening occurred in the testing process, accompanied by an obvious 
shear zone.  

(2) The volumetric strain of the samples with a certain suction and a certain net confining pressure increased as their dry density 
increased; however, the volumetric strain of the samples with a certain dry density changed constantly as their suction and net confining 
pressure changed, reflected by their contraction and dilation. 

(3) The strength of the unsaturated remolded loess was significantly affected by its matric suction and dry density, reflected by the 
significant effects of its matric density and dry density on its cohesion and their insignificant effects on its angle of internal friction. 

(4) Within the suction range of the test, the cohesion, , increased linearly as the suction increased. The angles of internal fraction of the 
remolded samples with dry densities of 1.5 g/cm3, 1.6 g/cm3, and 1.7 g/cm3 due to suction were calculated to be 6.16°, 8.47°, and 
10.59°, respectively. 

(5) The shear strength equation for unsaturated soil proposed by Fredlund was found to be applicable to the test performed in this study. 
This equation was numerically corrected in this paper and can be used for reference for actual engineering. 
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Forecast of the Employment Trend in Ningbo City Based on Radial Basis Function Network 
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Abstract: As the social structure is undergoing profound reforms, employment situation is quite grim. In this study, based on in-depth 
investigations and combining the conditions of human environment, characteristics of industrial structure, and the local employment 
situation in recent years, the future employment trend in Ningbo City was forecast using a model established on the radial basis function 
(RBF) network algorithm. Based on the forecast results, some policy-related suggestions on promoting the employment of Ningbo City were 
presented. 
 
Keywords: radial basis function (RBF)；employment trend；forecast 
 
1. Introduction 
 

Being the vitality of people's livelihood and concerning everyone in every family, employment is the foundation of social stability. The 
problem of improving employment, as a concern of government, society and all people, urgently requires a solution. Several essential 
challenges impacting employment are directly related to the scope of opportunities and amount of employment. The development of society 
and economy reveals that, the fundamental means of broadening employment opportunities nationwide is to promote economic development. 
In this article, the interactions between employment and a number of macroeconomic factors are comprehensively analyzed with the aid of 
radial basis function (RBF) network algorithm. The findings are applied to the empirical research on the complex nonlinear problems of 
employment in Ningbo City, aiming to provide a scientific forecasting method, as well as references in the desicion-making of Ningbo 
municipal government. 
 
2. Establishment of  indicator  system 
 
2.1 Principles for constructing the indicator system 
 

The design of indicator system lays the foundation for forecasting the eco-environmental security. The adequacy of indicator selection, 
data accessibility, as well as the soundness and maturity of the conceptual model of indicators all directly influence the accuracy and 
reliability of the forecast results. Due to diversified characteristics of regional development, the specific conditions of different regions 
should be given due consideration during the screening of indicators for employment trend forecasting. When it comes to the selection of 
indicators that are in line with the characteristics of the employment situation in Ningbo City, the following principles should be followed: 
(1) Systematicness: Employment situation involves a complex social-economic system, and therefore, the selection of indicators should be 
conducted within an all-inclusive range so that the panorama and interaction of the complex regional social-economic system can be 
portrayed. (2) Operability: The acquisition and update of the quantitative data should be convenient. (3) Scientificity: Scientific and solid 
theoretical ground is imperative in the selection of indicators, and the normalization, analysis, comparison and integration of indicators 
should be performed on the basis of scientific method. In this way, the conditions of economy, society and ecological environment can be 
reflected comprehensively. 
 
2.2 Indicator system for forecasting the employment trend of ningbo city 
 

To comprehend the employment trend of Ningbo City, it is essential to construct an indicator system that gives full expression to the 
regional characteristics of Ningbo City and a scientific model for predicting the local employment. The pressure-state-response (PSR) 
conceptual model proposed by the European Environment Agency was employed in this study. Through social investigations and review of 
the literatures related to employment and by referring to the existing methods for predicting employment trend, the indicator system for 
employment trend forecasting was established (see Table 1), with the profound influence of social and economic activities on employment 
considered. 

 
Table 1 Indicator system for forecasting the employment trend of Ningbo City 

Type     of     indicator Content of indicator Value of indicator 
Pressure Total population (10 thousand) X1 

GDP (100 million yuan) X2 
Gross output of industrial enterprises (10 thousand yuan) X3 

Fixed asset investment (100 million yuan) X4 
Total retail sales of consumer goods (10 thousand yuan) X5 

Number of college students (10 thousand) X6 
State Price index X7 

Business climate index X8 
Response Number of employees (10 thousand) Y1 

 
3.  Forecasting  model 
 

The employment data of Ningbo City from 2006 to 2013 were collected from Ningbo Statistical Yearbook, as shown in Table 2. With 
the use of the DPS14.50 software, the raw data after arrangement were analyzed, Establishment of forecasting model and forecasting of the 
employment in 2015-2016. 

 
Table 2 Employment data of Ningbo City from from 2006 to 2013 

Year 
Indicator 2006 2007 2008 2009 2010 2011 2012 2013 

Total population (10 560.45 564.56 568.09 571.02 574.08 576.40 577.71 580.15 
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thousand) 
GDP (100 million 

yuan) 2874.44 3418.57 3946.52 4329.30 5163.00 6059.24 6582.21 7128.87 

Gross output of 
industrial enterprises 
(10 thousand yuan) 

61879133 77890140 87463573 82728469 108535474 120447699 121550760 130100892 

Fixed asset investment 
(100 million yuan) 1502.77 1597.54 1728.24 2004.22 2193.28 2385.50 2901.43 3422.95 

Total retail sales of 
consumer goods (10 

thousand yuan) 
8879552 10450094 12532605 14344121 17045103 20188617 23292590 26357078 

Number of college 
students (10 thousand) 12.13 12.76 13.04 13.75 14.08 14.14 14.54 14.90 

Price index 101.8 103.3 107.1 98.8 103.9 105.7 101.8 101.0 
Business climate index 137.90 139.23 113.07 115.85 141.90 134.05 124.20 124.85 
Number of employees 

(10 thousand) 429.80 437.80 439.90 443.86 476.51 493.83 501.58 503.36 

 
The most commonly adopted basis function in RBF network is the Gauss function, which means that for any input vector   (Rn is the 

input sample set), the expression is as follows: 

 ，i=1,2, …r 
where Ri(x) is the output of the i-th neuron node of the hidden layer; x is the n-dimensional input vector; Ci is the central point of the 

Gauss function of the i-th hidden node;  is the normalized parameter of the i-th hidden node; r is the number of nodes in the hidden layer. 
The learning of the RBF network is completed through two stages, i.e., the unsupervised learning and supervised learning. K-means 

clustering algorithm is employed in the stage of unsupervised learning to perform clustering on the input of the training sample. In this way 

the clustering center Ci and parameter  are found. After that, the supervised learning is carried out. Since the input and output of the RBF 

network are converted to a system of linear equations after the determination of Ci and , least square method is adopted in supervised 
learning to solve the output weight Wj, and the procedures are specified as follows. 

1) Through the min-max normalization, attributes are normalized to processable range of the network. 
2) The output Yh of the hidden layer is calculated using the radial basis function. 
3) The output Yj of the j-th neuron in the output layer is solved with the following formula: 

 
where Yhi is the output of the i-th neuron in the hidden layer; Wji is the weight from the i-th neuron in the hidden layer to the j-th 

neuron in the output layer; the function f takes the form of Sigmoid, namely, 

 

4) The error ΔYj of the output layer is calculated with the following formula: 

 

where  is the real value of the j-th neuron. 
5) An adjustment is made to the weight coefficient ΔW to satisfy the requirement of error of the network. The following formula is 

used for the adjustment. 

， 

 

where  is the adjusted weight; ε is the rate of learning. 
After the clustering center (Ci) and weight (Wj) of the network are determined, forecast can be conducted with the aid of the trained 

model, and the output corresponding to a given input is solved. 
 

3.1 Principle for the determination of network parameters 
 
1) Settings of input parameters in this study, the number of neuron nodes in the input layer of the network (arguments) is 8, and the 

number of that in the output layer is 1. During the process of training, the number of nodes in the hidden layer is compared and finally 
determined as 7. 

2) Settings of the parameters for training The rate of training is set to be 0.1 (the default value 0.15 is commonly adopted), and the 
number of weighing seed is set as 2. The parameter in Sigmoid is 0.45 (value range being 0.01-0.99), and weight Wji 0.2. 

3) Training control settings: Iteration times is set as 100, and error precision is controlled at 0.01. 
 

4.    Data calculation  and  analysis 
 

A set of employment samples of 2006-2013 were trained by the RBF network algorithm in the DPS14.50 software, and using the 
network data after training, another group of employment samples of 2014-2016 were forecasted. The values of indicators of the 2015-2016 
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samples were obtained through RBF, and the values of samples in 2014-2016 are listed in Table 3. The training and forecasting results are 
displayed in Table 4 and Table 5, respectively. Figure. 1 presents the comparison between the real value of employed college students in 
2006-2016 and the fitted value and forecasted value. From these findings, it can be seen that the moderate uptrend in the results of 
employment forecasting is consistent with the development trend and patterns of the employment situation of recent years in Ningbo City. 

 
Table 3 Forecasted values of indicators in 2014-2016 

Year 
Indicator 2014 2015 2016 

Total population (10 thousand) 560.45 564.56 568.09 
GDP (100 million yuan) 2874.44 3418.57 3946.52 

Gross output of industrial enterprises (10 thousand yuan) 61879133 77890140 87463573 
Fixed asset investment (100 million yuan) 1502.77 1597.54 1728.24 

Total retail sales of consumer goods (10 thousand yuan) 8879552 10450094 12532605 
Number of college students (10 thousand) 12.13 12.76 13.04 

Price index 101.8 103.3 107.1 
Business climate index 137.90 139.23 113.07 

 
Table 4 Training results of samples 

Year 
Indicator 2006 2007 2008 2009 2010 2011 2012 2013 

Real value of employment 429.8 437.8 439.9 443.86 476.51 493.83 501.58 503.36 
Fitted value of employment 426.43 431.26 439.74 458.07 484.73 491.33 493.56 501.31 

Relative error (%) 0.78 1.49 0.04 -3.2 -1.72 0.51 1.6 0.41 
 

Table 5 Forecasted employment in Ningbo City in 2014-2016 
Year 

Indicator 2014 2015 2016 

Employment 510.68 522.93 535.72 
Growth compared with the previous year (%) 1.45 2.3 2.4 

 

 
Figure 1 Comparison between the real value of employment in 2006-2016 

 
5. Conclusion 
 

The employment trend of Ningbo City from 2014 to 2016 was forecasted with the grey forecasting model. The number of employed 
people in Ningbo will reach up to 5.3572 million in 2016, increasing by 2.4% from the previous year. Through the comparison with real 
value and fitted value, it was confirmed that the employment forecast using the RBF network is accurate and easy to operate. According to 
our study, satisfactory results can be obtained through conducting the forecast within the range of trained samples. 

However, there are also some limitations in the simulation and forecast function of the neural network. Specifically, its precision 
depends on the large-sample training. With the accumulation of employment data and extension of the sample range, higher precision and 
wider range of employment trend forecasting using the RBF network can be achieved. 

As the employment is influenced by multiple factors, a highly effective and accurate method for the medium- and long-term forecast of 
employment situation in Ningbo City is still in need. Therefore, the exploration of such a method should be one of the topics in the research 
on employment forecasting. Whether an indicator system is comprehensive and effective is crucial to the conformity of forecasting results 
with the real conditions of the region, yet under the influence of multiple factors, some data are scarcely acquirable, leading to incomplete 
coverage in the selection of indicators. Thus the soundness of the indicator system may be compromised. Hopefully, this problem will be 
solved in subsequent studies. 
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Abstract: The evolution trends of energy intensity(EI) is relating to the implementation of national energy strategy. The empirical analysis 
of regional energy intensity convergence for 30 provinces from 1997 to 2011 and the influences of economic convergence, industry 
structure, foreign direct investment(FDI) and energy prices on the energy intensity convergence in China were conducted. Conclusions are 
as follows. Firstly, regional energy intensity significantly tends to converge in the process of decrease, and the convergence rate reached 
14% per year. Secondly, the regions with higher energy intensity have lower per capita income, industrial structure level and FDI scale, but 
larger energy price rises. Thirdly, the upgrading of industrial structure and expansion of FDI can significantly enhance the declining rate of 
energy intensity, and then accelerate the process of energy intensity convergence between regions. Fourthly, the economic convergence 
process to a certain extent will enhance the declining rate of energy intensity in high energy intensity regions, but this acceleration effect for 
energy intensity convergence is not significant. Fifthly, rising energy prices will slow down the declining rate of energy intensity in high 
energy intensity region, while the deceleration effect is not obvious yet. 
 
Keywords: energy intensity; convergence; determinants; spatial econometrics. 
 
1. Introduction 
 

During minimizing the differences in regional development, the efficiency and trend of energy consumption has been most crucial to 
the sustainable development of economy and society. It is now considered a wise choice for the undeveloped regions to implement energy 
conservation ra-ther than energy extension in pursuit of more developed re-gions. It is proposed that regional economic convergence, when 
implemented not at the cost of consuming more energy, can lead to the energy intensity convergence to some extent. But in this case, can the 
energy-saving economic convergence be achieved? 

In recent years, the convergence of energy intensity(EI) has brought about attentions from foreign and domestic scholars. According to 
regional economic convergence, Markandya et al.[1] has proposed early a hypothesis for the convergence of energy intensity while was able 
to prove it with data from members of EU. After that, Liddle[2], Pen and Sévi[3] used different econometric methods to conduct empirical 
analyses with data from multiple countries, and showed continuous or regional convergence of energy inten-sity. Other than that, Liddle[4], 
Meng et al.[5] also verified distinct energy intensity convergence occurred in OECD (Organization for Economic Cooperation and 
Development) countries. And in light of economy sectors, Mulder and de Groot[6] confirmed energy intensity convergence is faster in 
service industry than manufacturing industry. However, based on the study of   and   convergence of energy in tensity in some countries 
during 1971 to 2007, Mohammadi and Ram[7] found that the overall convergence was not significant, what’s more, conditional   
convergence was of better fit than absolute   convergence. Addressing China’s energy intensity convergence issues, Qi and Luo[8], Shi et 
al.[9], Qi et al.[10], Qi and Li[11] have brought forward typ-ical discussions, with the conclusion that the convergence not only existed in 
per capita income difference between the east and west of China, but also in energy intensity differ-ence. Recently, Zhao et al.[12] detected 
distinct regional difference within China’s energy intensity convergence, which the central and western regions showed ‘club-convergence’, 
and similar to the findings of Qi and Luo[8], internal convergence in the west of China was not significant. 

For the factors that affect energy intensity convergence, some widespread discussions have been made, focusing on the issues of 
economic convergence, industrial structure up-grade, foreign direct investment(FDI) and energy price fluc-tuation. 

Firstly, in light of economic convergence and energy in-tensity convergence, Zhao and Fan[13] found that the effects economy growth 
had on energy consumption was non-linear, asymmetric and intermittent, with two positively correlated, based on internal compliance 
between economy growth and energy consumption. Rühl[14] et al. analyzed the evolution patterns of both short term and long term of 
energy intensity in industrialization during two centuries and found that, with the specialization of composite fuel and accelerated 
convergence in economic sectors and technology, energy intensity would actually rise, and decreasing the dependency on any single energy 
source. Nevertheless, the findings of Qi and Luo[8], Qi et al.[10], Qi and Li[11] suggested the income per capita convergence and energy 
intensity convergence co-existed, with different rates at which they converged. Thus, there is close relationship and influence between 
economic convergence and energy intensity convergence. 

Secondly, in light of industrial structure upgrade and en-ergy intensity convergence, Shi[15] argued that energy den-sity would vary 
with different industry, and the effects of the evolution of industrial structure on energy intensity should not be ignored. This was also 
proven, with the study on ex-amples from Spain and Lithuania, by Mendiluce et al.[16], Baležentis et al.[17] with the findings that 
transportation had higher energy consumption in both countries. The findings of Mulder and de Groot[6] were even more convincing, which 
indicted the energy intensities in manufacturing sector and service sector are of different decreasing trends, but the structural evolution of 
economic sector had more and more explanatory power for the dynamics of overall energy inten-sity. Recently, based on the trend of 
Japan’s energy intensity, Okajima and Okajima[18] argued that the worsening of energy intensity had a great deal to do with the low energy 
efficiency of the industrial and service sectors in the 1980s. Marrero and Ramos-Real[19] showed the transformation of energy intensity was 
closely related with the drop in propor-tion of the 2nd industry and the rise in that of the 3rd indus-try based on the study of EU countries. 
Regarding China, Fisher-Vanden et al.[20] suggested industrial structure evo-lution did have significant effects on China’s variation of 
energy intensity, based on the regression using data of Chi-na’s industry sector from 1997 to 1999. However, Wu[21] suggested that China’s 
energy intensity was declining in general based on the study of regional data, which was a result of rising energy efficiency. But the 
transformation of the economic structure was only partly effective to the ener-gy intensity, and leading to the conclusion that China still had 
huge potential for lowering energy intensity in future transformation of economic structure. 

Thirdly, in light of FDI and energy intensity convergence, Shi[15] believed that, the open policy and international flow of factors 
correlated highly with energy intensity. Jiang and Li[22] argued that, one of the most important reason was that FDI can better investment 
returns, introduce advanced technology and promote human resource, bringing about direct technological and management effects, while 
being quite demonstrative to other enterprises. Qi et al.[10] showed the technological progress can indeed promote energy efficiency, 
lowering energy intensity. Thus, according to the logical relations among FDI, technological progress and energy intensity, it is concluded 
that FDI might indirectly reduce the energy intensity or its growth rate through technological progress, and then affect the convergence of 
energy intensity. 

Since the reform and opening-up, China has seen huge reduction in energy intensity, and this was attributed to tech-nological progress 
and structural upgrade by most scholars. However, Cornillie and Frankhauser[23] noticed the effects energy price could have on energy 

efficiency. Their empirical research on middle and eastern European countries found that, energy price was the most crucial factor in affe 
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cting the energy efficiency. Fisher-Vanden et al.[20] argued that, the energy price effects could explain the reduction of 54.4% in 
overall energy intensity of China. Han et al.[24] and Qi et al.[10] had also confirmed the negative relationship between energy price and 
energy intensity. Thus, a rise in energy price can actually lower the energy intensity in a region. 

In general, the literatures on energy intensity convergence showed the cross-country or cross-sectorial comparisons, and it was 
generally accepted that the greater energy intensity convergence existed between regions with strong economic relationship. However, 
regarding the study of en-ergy intensity convergence, the scholars did not seem to have paid enough attention to implicit spatial connection, 
or merely consider it with regional division. This somehow ignored the importance of energy intensity spatial connection which is inherently 
implicit in present research, and this issue exists also within the analysis of factors that affect energy intensity convergence. Due to tight 
connections among different regions in China, current status might not be compliant to the developing trend of energy intensity, which could 
indicate some convergences in the regional energy intensity of China. Thus, this article attempts to explore the methodological pathways 
based on present researches, internalizing spatial connections into spatial panel data models, and analyzing empirically the overall regional 
energy intensity convergence in China. But differing from present researches, this article emphasizes the effects on regional economic 
convergence, when discussing the factors affecting energy intensity. 
 
2. The model 
 
2.1 Model building and settings 
 

According to the findings of Liddle[2], Ram and Mohammadi[7], the convergence of energy intensity can be expressed as follows: 
( ) ( ), , 1 , 1 ,ln lni t i t i t i tEI EI a b EI u− −= + +                                                                     (1) 

where ,i tEI  is expressed as the energy intensity at period t  in region i , reflecting the level of energy consumption per unit of output, 

and can be calculated through total energy consumption divided by regional GDP in the same year. ( ), , 1ln i t i tEI EI −  is expressed as the 

energy intensity growth rate that period t  compares with period 1t −  in region i . And a  is a constant, b  is a coefficient of energy 
intensity at last period, ,i tu  is a random error. 

According to Model (1), if 0b < , the energy intensity growth rate will negatively correlated to previous energy intensity level at the 
same region. Thus, if a region has high energy intensity, its energy intensity growth rate will be lower, vice versa. This means that energy 
intensity in different regions will tend to the same level. 

It follows that the energy intensity can be affected by economic development, industrial structure difference, foreign direct investment 
and energy prices, and then the energy intensity convergence is also impacted by the regional economic convergence, industrial structure 
upgrading, foreign direct investment expansion and energy price fluctuation. Therefore, we give the following variables as the control 
variables of energy intensity convergence: 

Regional economic convergence: according to Markandya[1], we use ( ), ,ln i t a ty y , where ,i ty  is the per-capita income in region i  and 

,a ty  is the average per-capita income in all regions at the same period, to evaluate the level of regional economic convergence. If the 

regional economy tends to converge, the gap between per-capita income in region i  and average per-capita income in all regions will be 
reduced, and thus the absolute value of ( ), ,ln i t a ty y  will be decreased 

Industrial structure upgrade: according to Qi et al.[10], we take the proportion of third industry’s added value to regional GDP, noted as 

( ),ln i ts , to measure the regional industrial structure. In a region, the higher proportion the third industry get, the higher the industrial 

structurization degree is, and the greater the extent of third industry upgrading is, the greater the variable value of the industrial structure 
upgrade is. 

Foreign direct investment expansion: we use ( ),ln i tFDI , where ,i tFDI  is the total amount of foreign direct investment at period t  in 

region i , to express the scale of regional FDI. 
Energy price fluctuation: we use ( )1ln t tp p − , where tp  is energy consumption price index at period t  and 1tp −  is energy 

consumption price index at period 1t − , to measure the level of energy price fluctuation. If the energy consumer price index of this period 
is higher than the last one, the energy price fluctuation is positive, otherwise it is negative. 

According to Model (1), using the above control variables, the conditional convergence model of energy intensity in China can be 
expressed as follows: 

( ) ( ) ( ) ( )
( ) ( )

, , 1 , 1 , , ,

, 1 ,

ln ln ln ln
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i t i t i t i t a t i t

i t t t i t
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− −
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= + + +

+ + +
                                            (2) 

The energy resources are distributed in geographical space and the energy intensity has spatial association, thus it may be a better 
choice that using spatial econometrics to construct a model. Similar to the view of Baltagi[25], a fixed effects model may be more suitable to 
study energy intensity convergence of specific Chinese provinces. In a fixed effects model, main control effects include two aspects, time 
effect and space effect. Accordingly, we can analyze the influence of contextual variables on steady-state level in two different situations, 
which separately controlling time effect and space effect or simultaneously controlling these two effects. Therefore, the fixed effects spatial 
econometric model of regional energy intensity convergence can be built as follows: 
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where   and   are expressed respectively as time fixed effect and space fixed effect,  reflects spatial dependence or spatial self-correlation 
about the growth rate of energy intensity,   measures error correlation brought from the heterogeneity of space units,    is the weight of space 
distance,   is random error, and   is  (independent identically distributed). If   is significantly equal to zero, Model (3) can be simplified to a 

http://cn.bing.com/dict/search?q=It&FORM=BDVSP6&mkt=zh-cn
http://cn.bing.com/dict/search?q=follows&FORM=BDVSP6&mkt=zh-cn
http://cn.bing.com/dict/search?q=that&FORM=BDVSP6&mkt=zh-cn
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fixed effects spatial error model(fixed effects SEM). But if   is significantly equal to zero, Model (3) can be simplified to a fixed effects 
spatial autoregressive model(fixed effects SAR model). 

For the study of regional energy intensity convergence in China, we need verify the suitability of general panel data model (2) and 
spatial panel data model (3) based on the spatial correlation test of OLS regression residuals. If these residuals have spatial dependence, the 
spatial autoregressive term or spatial error term cannot be neglected and in this case Model (3) is more suitable than Model (2), and vice 
versa. Main indicators about spatial correlation of panel data include Moran’s I index, LM-lag, LM-error, Robust LM-lag, Robust LM-error 
and so on. Moran’s I index can test directly the spatial dependence of energy intensity growth rate, and other four indicators provide the 
basis for the choice of specific spatial econometric panel data model. When the LM-lag and LM-error indicators are not significant, the OLS 
regression estimate using Model (2) is suitable. If LM-lag is significant but LM-error is not significant, a spatial autoregressive model is 
more suitable, and conversely if LM-lag is not significantly but LM-error is significant, a spatial error model is more appropriate. When 
LM-error and LM-lag indicators are significant, the choice depends on the significance of Robust LM-lag and Robust LM-error. When 
Robust LM-lag(or Robust LM-error) is significant, a spatial auto regressive model(or a spatial error model) is relatively better. 

 
 
2.2 Data and description 
 

In this paper, we collect empirical data from China Sta-tistical Yearbook and China Energy Statistical Yearbook in 1998-2012 . The 
research objects are comprised of thirty provinces in China, except for Tibet, Hong Kong, Macao and Taiwan. All regional GDP data are 
adjusted on the basis of the value in 1997, and then these GDP values are divided by the population at the year-end to obtain regional per 
capita income level under unchanged prices. For Ningxia province, total energy consumption data in 2001 is lacking and this data is filled 
through interpolation calculation using the average of last and next year. Similarly, for Qinghai province, FDI data of 1998 and 2000 is 
missing, and the same methods are used to fill these data. The energy consumption price index is measured through water, electricity and 
fuel constituents in regional resident’s consumer price index. And for the lack of data from 1998 to 2000, the fuel constituents in regional 
retail price index are used. In addition, we take 0-1 adjacent normalized matrix as spatial weight matrix, and set the weight to 1 considering 
that Hainan province is adjacent to Guangdong and Guangxi provinces. 

 
3. Experimental result and analysis 
 
3.1 Statistical description 

 
In order to understand the evolution about energy intensity growth rate, energy intensity, per-capita income, industrial structure level, 

FDI and energy price fluctuation from 1998 
 

Table 1. The average values of each indicator in Chinese 30 provinces. 

 energy intensity 
growth rate energy intensity per-capita income industrial structure 

level FDI scale energy price 
fluctuation 

1998 -8.2253 2.0484  0.7347 0.3598 16.3167 -2.5367 
1999 -5.7451 1.9471  0.7942 0.3746 14.8251 0.2267 
2000 -2.6443 1.8897  0.8436 0.3817 15.1040 16.7767 
2001 -5.4466 1.8075  0.9167 0.3925 17.0592 3.5575 
2002 1.4144 1.8112  1.0070 0.3947 20.0970 4.0167 
2003 2.0537 1.8784  1.1184 0.3861 23.2319 5.9629 
2004 1.8815 1.9134  1.2553 0.3697 24.0685 7.3158 
2005 0.2850 1.9141  1.4054 0.3992 28.6339 8.6707 
2006 -2.5254 1.8674  1.5729 0.3947 35.0891 5.8921 
2007 -4.1845 1.7920  1.7784 0.3931 43.2860 3.4419 
2008 -5.4896 1.6929  1.9669 0.3841 50.3311 7.1301 
2009 -5.3717 1.6023  2.1706 0.4116 53.2632 -0.3778 
2010 -8.5413 1.5128  2.4136 0.3997 62.3106 5.1711 
2011 2.1861 1.5199  2.6800 0.3978 73.9354 3.4550 
Note: The units of indicator are respectively set to: energy intensity, 10 thousand tons of standard coal per 100 million yuan; per-capita 

income, 10 thousand yuan per person; FDI scale, 100 million dollars; energy intensity growth rate and energy price fluctuation, %. And per-
capita incomes calculated on basis of the unchanged prices in 1997, and the levels of regional energy price fluctuation are based on the data 
of last year.to 2011, we calculate respectively the average of 30 provinc-es’ indicators in different years and show results in Table 1. 

From Table 1, it can be seen that most regional energy intensity growth rate is negative, and even the average de-clines is more than 
8% in 1999 and 2000. With overall nega-tive growth of energy intensity, the energy intensity is re-duced from about 20000 tons of standard 
coal per 100 mil-lion yuan in 1998 to about 15000 in 2011(as shown using black thick lines in Figure.1. On the whole, the average of energy 
consumption per unit of output decrease about 25% in all regions. This shows that in China, the efficiency of energy utilization has been 
increased and the quality of eco-nomic development has been improved on the process of economic growth in recent years. 
In Figure. 1, it can be shown that in some provinces, pre-vious energy intensities are relatively higher but the intensity has fell down in 
recent years. In 1997, for 70% of provinces, the energy intensities are between 0.5 and 2.5, but in 2011, for 77% of provinces, the energy 
intensities are between 0.5 and 2.0, and the number of provinces with higher energy intensity than the average decreased from 12 in 1997 to 
9 in 2011. Even more, the evolutions of energy intensity shows that the drop degree is relatively limited in the provinces which previous 
energy intensity is relatively low, and vice versa. This means that the growth rate (specifically decrease rate) of energy intensity is 
negatively related to initial value of energy intensity, and the convergence of the regional energy intensity is very obvious. 
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Figure. 1. The evolution trends of energy intensity in Chinese 30 provinces from 1997 to 2011. 

 
Figure. 2 The mean value and evolution trend of per-capita constant income in Chinese 30 provinces form 1997 to 2011. 

In light of per-capita income index, the average of re-gional per-capita income on the basis of unchanged price in 1997 maintains a 
certain rate of growth. The average of regional per-capita income rose from 7347 yuan in 1997 to 26800 yuan in 2011, and total growth rate 
is 265% and the average growth rate is 9.68%(as shown by black thick lines in Figure. 2. The evolutions of the per-capita income under 
unchanged price from 1997 to 2011 for 30 provinces are shown in Fig. 2, and the per-capita income of each prov-ince has kept a similar 
exponential growth trend. There are two representative curves. The topmost curve represents Shanghai, and the per-capita income increases 
from 23062 yuan in 1997 to 61470 yuan in 2011, total growth rate is 166.54%, the average growth rate is 7.25%. The downmost curve 
represents Guizhou, and the per-capita income in-creases from 2199 yuan in 1997 to 9775 yuan in 2011, total growth rate is 344.52%, the 
average growth rate is 11.24%. As seeing from these two typical curves, the annual growth rate is faster of the province having a low initial 
per-capita income than the province having a high initial per-capita income. As the majority existing studies have proved, the regional per 
capita income has a certain convergence. Com-pared Figure. 2 with Figure. 1, we can find that the convergence of regional energy intensity 
tends to a lower level, but the convergence of regional per-capita income tends to a higher level, and the convergence speed of energy 
intensity is faster than the per-capita income. 

From the industrial structure level measured by the pro-portion of third industrial added value and GDP, we can find that the 
average level of industrial structure is gradually raised from 1998 to 2002, but the level has a fluctuating trend from 2002 to 2011. For the 
FDI index, the average scale of foreign direct investment has a trend of expansion. Specifically, FDI has increased from 1631.67 million 
dollars in 1998 to 7393.54 million dollars in 2011, the total growth rate is 351.13%, and the average growth rate is 12.33%. However, the 
energy price underwent a great fluctuation. For example, the energy price indexes have declined in 1998 and 2009 but have rose in other 
years compared to the previous year, and specially the growth rate of regional energy price is more than 16% in 2000. 

. 
3.2 Optimal model 
 

Due to the spatial correlation of energy intensity and the necessity of controlling the fixed effect, the methods of OLS and spatial 
correlation test are used in this part. Based on the panel data, Model (2) is estimated respectively through the mixed effects panel data model, 
the regional fixed effects panel data model and the bidirectional fixed effects data panel data model. The results are shown as Table 2. 

According to Table 2, the statistical test results of the mixed effects, regional fixed effects and bidirectional fixed effects panel data 
models show that the fixed effects panel data model is the best model. The adjusted goodness-of-fit   of mixed effects panel data model is 
only 0.57%, and it is far less than 8.20% of regional fixed effects panel data model and 6.90% of bidirectional fixed effects panel data model. 
And the log likelihood function value LogL of regional fixed effects panel date model and bidirectional fixed effects panel date model are 
higher than the ratio of mixed effects panel data model. In light of these two indica-tors, it is more fitting to study the energy intensity 
conver-gence using regional fixed effects panel data model and bidi-rectional fixed effects panel data model than using mixed effects panel 
data model. Furthermore, the comparative results of statistical index show that the log likelihood function value of bidirectional fixed effects 
panel data model is slightly higher than regional fixed effects panel data model, but the goodness-of-fit of regional fixed effects panel data 
model is 1.3% higher than the one of bidirectional fixed effects panel data model. Overall, similar to Baltagi[25], we need control the fixed 
effects, and it means that the regional fixed effects panel data model is more fitting. 

 
Table 2. The results of traditional panel data model estimation and spatial correlation test. 

Variable Mixed effects panel data model Regional fixed effects data panel 
data model 

Bidirectional fixed effects panel 
data model 

Intercept -0.6101 
(-1.1673)   

( ), 1ln i tEI −  -0.0179** 
(-2.2176) 

-0.1350*** 
(-6.2513) 

-0.1301*** 
(-5.674) 

( ), ,ln i t a ty y  -0.0034 
(-0.1807) 

-0.0862 
(-0.9803) 

-0.0639 
(-0.7523) 
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( ),ln i ts  -0.0203 
(-0.4713) 

-0.1664* 
(-1.9394) 

-0.1514 
(-1.6357) 

( ),ln i tFDI  -0.0086 
(-1.5484) 

-0.0177** 
(-2.409) 

-0.0057 
(-0.4482) 

( )1ln t tp p −  0.1324 
(1.1813) 

0.1069 
(0.9886) 

-0.2107 
(-1.1468) 

2Ad R−  0.0057 0.0820 0.0690 
LogL 302.4246 323.1351 342.0666 
D-W 1.8072 1.8387 2.0095 

Moran’s I 0.0865*** 
(2.7871) 

0.0750** 
(2.3546) 

-0.0198 
(-0.5635) 

LM-lag 7.2842*** 6.0847** 0.2770 
Robust LM-lag 6.6575*** 3.1244* 0.0939 

LM-error 6.4363** 4.8409** 0.3373 
Robust LM-error 5.8096** 1.8806 0.1543 

Note: In Table 2, the values in bracket is   statistical values; ***, **, and * respectively represent 1%, 5% and 10% significant level. 
According to Table 2, the significant spatial correlations are existed. For the mixed effects panel data model, the spa-tial correlation 

indexes including Moran’s I index, LM-lag、LM-error, Robust LM-lag and Robust LM-error are all sig-nificant at 1% level, and this 
shows that the energy intensity convergence has significant spatial correlation and neglected spatial dependence. The spatial correlation 
statistical test results of regional fixed effect panel data model fitting for this study show that Moran’s I index, LM-lag and LM-error are 
all significant and the spatial correlation also cannot be ignored. Furthermore, for Robust LM-lag and Robust LM-error of regional fixed 
effects panel data model, only Robust LM-la is significant at 10% level. The original hypothesis of Robust LM-lag is that the growth rate of 
the energy intensity has not spatial autocorrelation, and the original hypothesis of Robust LM-error is that the growth rate of the energy 
intensity do not exist the spatial error correlation. This means that it is necessary to control the regional effects about the energy intensity 
convergence and pay attention to the spatial correlation about the growth rate of regional energy intensity. Therefore, considering the space 
effects, the spatial autoregressive model (the SAR model, also called by spatial lag model) in the spatial econometrics model (3) is better 
than the general panel data model (2) in the study of the energy intensity convergence. On the whole, the regional fixed effects SAR model 
is best choice for the study of energy intensity convergence. 
 
3.3 The analysis of energy intensity convergence 
 

Table 3. The estimation results of regional fixed effects SAR model about the conditional convergence of energy intensity. 
Variable regional fixed effects SAR 

ρ  0.1110* 
（1.7018） 

δ  -0.3156 
（-0.0757） 

( ), 1ln i tEI −  -0.1323*** 
（-6.1962） 

( ), ,ln i t a ty y  -0.0846 
（-0.9732） 

( ),ln i ts  -0.1681** 
（-1.9833） 

( ),ln i tFDI  -0.0172** 
（-2.3654） 

( )1ln t tp p −  0.0872 
（0.8143） 

2R  0.1212 
2corr R−  0.0925 

LogL 325.1440 
Note: In Table 3, the values in bracket is   statistical values; ***, **, and * respectively represent 1%, 5% and 10% significant level. 
 
For the spatial correlation of regional fixed effects SAR model, the spatial autocorrelation coefficient   is 0.1110 and is significant at 

10% level, which indicate that the growth rate of energy intensity has a significant positive spa-tial correlation. This implies that the growth 
rate of energy intensity in adjacent regions can bring the synclastic effects for the growth rate of energy intensity in local region. That is, the 
decline of energy intensity in adjacent regions also can lead to the decline of energy intensity in local region. There-fore, the growth rate of 
energy intensity has a very signifi-cant regional assimilation. 

For the fixed effects control of regional fixed effects SAR model, the regional fixed effects coefficient   is -0.3156, which shows that on 
the whole, every region has its own characteristics, and the growth rate of energy intensity in some regions even exit certain initial 
disadvantages. How-ever, this coefficient cannot be tested by the significance in 10% level, and thus the regional fixed effects is not obvious, 
the initial disadvantage does not impact strongly on the growth rate of energy intensity. 

For the coefficient estimation of initial energy intensi-ty , the coefficient   of Model (3) is -0.1323 and is significant at 1% level. It 
means that it is a negative corre-lation between the initial energy intensity and the growth rate of energy intensity, and the results are the 
same to Fig. (1), the energy intensities of 30 provinces in China have a good convergence between 1997 and 2011. When the initial energy 
intensity increase 1%, the growth rate of energy in-tensity will decrease 0.13%. According to actual situation of China from 1997 to 2011, 
the energy intensity of most re-gions has shown a declining trend, that is, the growth rate of energy intensity is negative. Therefore, for the 
region having higher initial energy intensity, at first the declining speed of energy intensity is fast. But with the gradual decrease of the 
absolute level of energy intensity, this declining speed would slow down. On the contrary, for the region having lower initial energy intensity, 
at first the declining speed of energy intensity is slow, and would be slower with the decrease of the absolute level. In this case, the energy 
intensity of all regions will tend to converge. According to Markandya et al.[1],   is denoted as  , where   represent the speed of convergence. 
The time interval of this study is one year, so it can be estimated that   is 0.1419 by . At present, most studies of economic convergence 
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showed that the speed of regional economic convergence is about 2%, but a few studies suggested that the speed is faster than 2%. It follows 
that the energy intensi-ty in China not only has a significant convergence, but also converge at a speed of 14.19% per year, and this conver-
gence rate is significantly faster than others. 

For the indicator of regional economic convergence  , its coefficient is -0.0846 and not significant. This indicates that the process of 
economic convergence has a weak but inapparent influence on the convergence of re-gional energy intensity. Specifically, when the per-
capita income of one region is lower than the average of all regions, the economic convergence can lead to a result that the growth rate of 
per-capita income in this region is faster than the growth rate of all regions’ average in the next period. The estimated results showed that 
when the gap of per-capita income between this region and all regions decrease 1%, the extra growth rate of regional energy intensity will 
increase about 0.08% in this region. For each region, if the speed of convergence to the average value is 2% per year, the extra growth rate 
of regional energy intensity will be 0.16%. It is assumed that the per-capita income of   region is less than the one of   region which is close 
to the average level, and then if the economy of   region has converged to the ap-proximate level of   region, the effects of regional econom-
ic convergence on the growth rate of energy intensity will be disappeared. The correlation tests between the initial energy intensity and the 
regional economic convergence of 30 prov-inces in 1998-2011 indicate that the correlation coefficient is -0.5062 and the   statistical value is 
-12.0016, that is, the correlation is significant at 1% level. This shows that the higher the regional initial energy intensity is, the smaller the 
regional economic convergence index is, and the greater the gap between per-capita income of this region and the average of per-capita 
income. Thus, when the economic convergence of one region which having low per-capita income to the average level, the index of the 
economic convergence will be raised, and the growth rate of energy intensity will be decreased accordingly. The negative correlation 
between energy intensity and regional economic convergence also shows that the region with a lower per-capita income has a higher energy 
intensity. Therefore, the convergence of regional economy can slow down the growth rate of energy intensity, and even lead to a negative 
growth of energy intensity. That is to say, the process of economic convergence promotes the convergence of energy intensity. 

For the indicator of regional industrial structure level  , its coefficient is -0.1681 and it is significant at 5%level. Thus, if the economic 
structure level measured by the ratio of added value of third industry and the total output increase 1%, the growth rate of its energy intensity 
will de-crease 0.16%. This shows that if the faster development of third industry is achieved, this industry will be able to play out its 
advantages for energy consumption and promote the further decline of energy intensity. In particular, the average level of regional economic 
structure has rose from 35.98% in 1998 to 39.78% in 2011, the added value is 3.8%, the growth ratio is 10.56%, and the growth ratio of per 
year is 0.78%. With the 0.78% growth of industrial structure per year, the overall growth rate of energy intensity will reduce about 0.12%. 
On the other hand, the correlation tests between initial level of energy intensity and the level of economic structure at 30 provinces in 1998-
2011 indicate that the correlation coefficient of two indexes is -0.1894, and the   statistical value is -3.9427, the correlation is significant at 
the 1% level. This means that the economic structure of one region with a high energy intensity is relatively low. Therefore, for the region 
with high energy intensity, the way of upgrading industrial structure is reducing the declining speed of energy intensity and then promoting 
the decline of absolute energy intensity level and the achievement of regional convergence. 

For the indicator of foreign direct investment scale  , its coefficient is -0.0172 and it is significant at 5% level. Similar to the upgrade of 
regional economic struc-ture, the FDI scale of one region rise 1%, and the growth rate of its energy intensity will decrease 0.01%. FDI can 
effec-tively reduce the regional energy intensity indirectly through technical effects and management effects. Between 1998 and 2011, the 
FDI scale has rose 12.33% per year and thus the average declining rate of the energy growth rate is 0.12% per year. The correlation tests 
between the initial energy intensity level and the foreign direct investment scale at 30 provinces in 1998-2011 indicate that the correlation 
coefficient of two indexes is -0.6956, and the   statistical value is -19.7929, the correlation is significant at the 1% level. This means that the 
region with high energy intensity has a relatively low FDI scale. Therefore, for the region with high energy intensity, the growth of FDI 
scale can push rapidly the declining speed of energy intensity, and thus promote the decrease of absolute energy intensity level and the 
convergence of regional energy intensity. 

In light of the indicator of regional energy consumption price fluctuation , its coefficient is 0.0872. This shows that the energy price 
fluctuation increases 1%, the growth rate of its energy intensity will rise 0.08%, but this same direction growth between price fluctuation and 
energy growth is not obvious. In general, the energy price fluctua-tion of every year has different range and even different direction in each 
region, and this leads to different fluctuation range of regional average energy price index. The energy price index undergo an increase in 
most years but a decrease in a few year. In the findings of most existing researches, there is a negative correlation between the level of 
energy price and the level of energy intensity, that is, the higher the level of energy prices is, the lower the energy intensity will be. However, 
the positive value of statistical coefficient shows that the upward fluctuation of energy prices do not play a role in reducing growth rate of 
energy intensity. The study of this paper shows that the growth of energy prices has even bring a weak and insignificant growth of energy 
intensity. On the whole, the current energy price mechanism do not play a substantial role in the decline of energy intensi-ty. This negative 
correlation between energy prices and energy intensity may be only a superficial reflection between the growth of overall energy prices and 
the decline of overall energy intensity. It is unrealistic to explain that the growth of the energy price will bring the decline of energy intensity. 
Probably the decline of energy intensity is attributed to some other key factors. At present, the overall growth rate of ener-gy intensity is 
negative, and the energy price increases along with positive growth of energy intensity. Therefore, the energy price mechanism has not 
played the role of promot-ing the decline of energy intensity, but has played a certain role in slowing down the energy intensity. Furthermore, 
the correlation tests between the initial level of energy intensity and the index of energy price fluctuation at 30 provinces from 1998 to 2011 
indicate that the correlation coefficient is 0.0949, the   statistical value is 1.9488, and the correlation is significant at the 10% level. This 
shows that the growth of energy price is more obvious in the region with high energy intensity currently. Therefore, under the same 
conditions, with the rise of energy prices, the declining speed of energy intensity in one region with high original energy intensity become 
slower. That is, current energy price mechanism slows down the speed of energy intensity convergence. 
 
4. Conclusion 
 

In general, the energy intensity convergence should coex-ist with economic convergence, and this can be very impor-tant to 
sustainable development of the economy and society. In minimizing the regional difference in developing the economy, the industry 
structure upgrade and FDI implemen-tation should be stressed in under-developed regions with higher energy intensity. In this way, we can 
expose the po-tential for lowering the energy intensity, promote a complete energy price mechanism, lower the energy intensity in pro-
moting regional economy and minimizing regional differ-ence, enhance the cooperation between regional economy and energy intensity as 
in the convergence, and ultimately solve the energy and resource conflicts hindering the devel-opment of economy and society.  
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Abstract: In this paper, we made a review on some existing SaaS evaluation  models, and suggested the SaaS evaluation model focused on 
from maturity to quality. We proposed a new evaluation model based on competitive advantage.  This model consist of 3 levels, namely 
economic costs of software distribution model, alignment of business model with technology distribution model and alignment of customer 
needs with business model. This model will help companies to evaluate the competitive advantages of SaaS. 
 
Keywords: software as a service(SaaS); soft evaluation model; software maturity model; competitive advantages 
 
1. Introduction 

 
Software as a Service (SaaS) is a newly emerging business model in the software industry.[1] SaaS is a model of software deployment 

where an application is hosted as a service provided to customers across the Internet. By eliminating the need to install and run the 
application on the customer's own computer, SaaS alleviates the customer's burden of software maintenance, ongoing operation, and support. 
[2]Conversely, customers relinquish control over software versions or changing requirements; moreover, costs to use the service become a 
continuous expense, rather than a single expense at time of purchase. [3] 

The growing  speed  of  SaaS  is  fast.  According  to  Gartner’s  study,  “By  2011,  25  percent  of  new business software will be 
delivered as Software as a Service.” (IBM, 2007).Since there are many choices of IT Business service on SaaS models, how to evaluate 
them is a problem. In this paper we make a review on existing SaaS evaluation models and  proposed a new evaluation model based on 
competitive advantages. [4][5] 
 
2. Existing saas evaluation models reciew  
 
2.1 Saas simple maturity model by microsoft corporation (2006) 
 

In 2006, Microsoft introduced a model on single packaged application. It is focused on SaaS Application Architecture. This model 
defined three key attributes of an software architecture as below shows.[6] 

Configurability: Metadata used to configure the way the application behaves for customers;   
Multi-tenant Efficiency: Maximizing the sharing of resources across tenants;  
Scalability: Maximizing concurrency, resource efficiency. 
This model can be divided into 4 maturity levels as the table1 shows: 

Table 1 4 maturity levels of Microsoft model 
Maturity Level Instances Configurability Multi-tenant Efficiency Scalability 

Level 1 Multiple different instances - ASPModel    
Level 2 Multiple identical instances- code sharing X   
Level 3 Single instance - configurable  metadata X X  
Level 4 Multiple identical instances with tenant load balancer X X X 

 
2.2 Model by forrester research (2008) 
 

In 2008, Forrester Research proposed an evolution model on SaaS applications, which guidance on realistic strategy transformation for 
software vendors and services providers considering an SaaS business model. It focused on SaaS application domain.[7] It can be divided 
into 6 maturity levels as the table2 shows: 

Table 2 6 maturity levels of Forrester Research 
(C-Configurability; M-Multi-tenant efficiency; S-Scalability) 

Maturity 
Level Definition Single/Multiple Applicationy C M S Equivalent Level in MS 

Level0 Outsourcing Single app to one client     

Level 1 Manual ASP Similar apps to multiple 
clients    Level 1 

 
Level 2 Industrial ASP Configured apps to many clients X   Level 2 
Level 3 Single-app SaaS One packaged app to many clients X X  Level 3 

Level 4 Business-domain SaaS Configuration of multiple packaged apps and custom extension X X X Level 4 + custom 
extension 

Level 5 Dynamic Business Apps-as-
a-Service 

Dynamic composition of user-specific  apps based on packaged 
and custom business apps X X X Level 4 + dynamic 

composition 
 
2.3 From Saas maturity model to Saas evaluation model 
       

Both perspectives of service provider and service customer are needed in SaaS maturity model (not just the service provider). It also 
need a focus on the business relationship between provider and customer.The relationship can be defined as follow.  

Internal Provider Organization Relationship (Conformance Quality): Marketing Maturity Models (see refs) dealing with business 
relationships between marketing and production in a producer organization to meet or succeed market performance expectations.  

Provider to Customer Relationship - (Gap Quality): SERVQUAL/Gap Models used to  determine and assess customer QoS 
requirements as a basis for service improvement.  

Internal Customer Organization Relationship - (Functional Quality): Functional Roadmaps, Business Modeling tools, frameworks and 
approaches.   

Customer to Provider Relationship - (Value Quality) ROI, Business case analysis, risk-based analysis.  
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It also can be divided into 5 maturity levels as the table3 shows: 
Table 3 Maturity Levels of Business Relationship in SaaS 

Maturity 
Level 

Business 
Relationship 

Service Customer Service Provider Quality Approaches 

Level 1 Ad-hoc 
transaction 

Functionality achieved Static service delivery  

Level 2 Repeatable 
transaction 

Reliability and other 
quality requirements 

guaranteed 

Service delivered with 
stable capability 

QoS requirements/ basic SLAs 

Level 3 Configurable transaction Monitoring on service 
quality 

Service delivered with 
configurable capability 

SLAs, Survey 

Level 4 Long-term 
relationship 

Continuous evaluation 
on service quality 

 
Integrated delivery with 

customer extension 

Survey, Balance Scorecard 

Level 5 Strategic 
partnership 

Governance of service 
(e.g. risk prevention) 

Dynamic delivery with 
change management 

ROI, Value analysis 

 
3. Evaluation momel based on competitive advantages  
 

The existing SaaS evaluation models are base on  the software maturity model and evaluate the quality of SaaS. But what truly 
distinguishes SaaS from software? How should it be priced, sold and serviced? Is it possible to succeed with a hybrid approach where a 
vendor offers both software and SaaS versions of a product? In this paper, we suggested a new evaluation model based on competitive 
advantages of SaaS. Handling  multiple  business  models  almost  always  entails  increased  organizational complexity  and  heightened  
internal  politics.  It  is  often  essential  to  separate  organizational  functions (e.g., sales, marketing, engineering, etc.) or even entire P&Ls 
(e.g., divisions, spin-offs, etc.) in order to achieve the right cost structure and culture required to be successful in each line of business. In 
short, it is death to a severely resource constrained company. 
 
3.1 Economic costs of software distribution model 
 

The  most  common  software  technology  distribution  models  arise  naturally  from  the  economics  of information goods. Computer 
software does three basic things: copies data, transforms data, and moves data. But, the unique thing about software (unlike hardware) is that 
it just happens to be made up of data itself. Why is this important? Because the costs of copying, transforming and moving data around is 
decreasing every day, and in many circumstances it is economically equivalent to zero. This is why  so many  Internet  applications  are  free!  
The  more  a  software  application  lends  itself  to  this  sort  of  self-referential automation, the lower its distribution  cost. Pretty 
theoretical, so here it is in plain English. Custom  applications  are  hard  to  deploy  through  automation  (copy  and  transform)  and  fat  or  
data-intensive applications are hard to deliver over the Internet (move).   

 
Figure 2 Time and temperature at maximum pore pressure in 10 mm depth. 

 
3.2 Alignment of business model with technology distribution model 
 

The  more  you  can  align  your  business  model  with  the  underlying  economics  of  the  technology,  the greater value created and 
the stronger your competitive position. Perfect alignment is rarely achievable, because  your  customers  will  pull  your  business  in  one  
direction,  while  your  technology  will  pull  it  in another. For example, your application may be very lightweight and easy to delivery as 
SaaS.  But, your customers may  be  used to  getting  their  special  needs  met  through  resellers,  and  may  not  be  used  to buying  online  
or  willing  to  give  up  their  bells  and  whistles  for  lower  TCO,  even  if  their  special requirements  deliver  very  little  economic  value  
in  the  end.    So,  choose  your  customers  and  your technologies wisely.[8] The picture below depicts how the most common software 
business models line up with the most common software delivery technologies above.  



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                                      40.3 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/40 

 

 
Figure.2 Aligning the business with the distribution model 

Note that business model encompasses not only the technology of application delivery, but also operational characteristics such as 
communication, purchasing and support. In short, the more SaaS  product  delivery  can  be  leveraged  into  a  complete  on-demand  
business,  where  operations  are naturally  automated  and  delivered  over  the  Internet  through  an  online  presence  that  is  seamlessly 
integrated with the application itself, the stronger the alignment of technology distribution (SaaS) with the business model (on-demand), and 
the greater the potential for long term competitive advantage.  

 
3.3 Alignment of customer needs with business model 
 

Now let’s say you’ve done everything right. You’ve built it, but will customers come?  Ultimately, it is the alignment  between  
your  total  service  offering  and  your  customers’  needs  that  will  determine  your business success. Even if you follow all the Top Ten 
Dos and Don’ts of SaaS Success, but you offer an on-demand product that no one wants to buy or use over the Internet, then you still have 
a clear recipe for  failure.  Alternatively,  selecting  the  approach  that  best  fits  your  customers’  needs,  but  then  failing  to execute  on  
critical  business  and  technical  dimensions  of  your  chosen  model  can  lead  to  an  inferior competitive position and poor profitability. 
Success depends on first choosing the right customers, then choosing  the  right  business  model  for  those  customers  and  finally  
achieving  coherent  alignment between your customers, your business and your technology.  Confusion usually arises when you start with 
the technology, but it doesn’t align coherently with your chosen business approach or your chosen customers, i.e., we have this cool new 
technology, let’s find someone who needs it, and then see if we can get them to pay for it. It’s OK to start with the technology first, that 
is the nature of innovation, but the customer need and business model economics should be vetted prior to writing a single line of code. 

 
Figure 3 Customer needs determine the natural business  

A comparison of the horizontal dimensions of the previous charts implies that customers that have custom requirements (e.g., unique 
processes, tight integration, etc.) will value the vendor’s services as much or more than the application itself. These applications may be 
delivered as SaaS, but the business model will not be on-demand, and therefore the business will not achieve  as strong  of  a competitive 
advantage over on-premise alternatives. The primary source of competitive advantage under a managed services model is the vendor’s 
expertise and capabilities; the method of software delivery is an afterthought. [9] 

Along the vertical dimension, customers that have a strong preference to keep an application internal, (e.g., it provides competitive 
advantage,  entails  high  risk,  and  is  easily  managed  by  IT  staff)  will  be reluctant  to  use  SaaS. Applications  characterized by high 
ancillary  services  and  high  resistance  to outsourcing  fail  on  both  dimensions  and  are  simply  poor  candidates  for  SaaS. However,  
the  bar  is always moving.  As the costs of data replication, transformation and distribution continue to decrease, the economic pressure to 
move applications online will continue to increase.   

 
 4. Discussion 
 

Despite the benefits of SaaS, not all companies are rushing to implement such application models. And some who have implemented it 
are starting to reconsider its usage as its adoption spreads inside the organization. Industry analysts are in agreement about why: in the minds 
of potential users, the two biggest challenges to SaaS are security and integration — and to some extent, both of these concerns have validity.  
It is important to note, however, that even when a company (most likely the IT department) is voicing these concerns, adoption of SaaS 
applications is still happening at the departmental level, driven by the business users, often without the knowledge or oversight of IT.  It is 
IT that is justifiably raising these concerns when viewing SaaS from the perspective of the entire organization. 
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5. Conclusion  
 
        In this paper, we made a review on some existing SaaS evaluation  models, and suggested the SaaS evaluation model focused on from 
maturity to quality. We proposed a new evaluation model based on competitive advantage.  This model consist of 3 levels, namely economic 
costs of software distribution model, alignment of business model with technology distribution model and alignment of customer needs with 
business model. This model will help companies to evaluate the competitive advantages of SaaS.  
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Abstract: Based on complex network theory, an urban “bus-metro” public traffic network is built, which take Beijing as an example, 
analyzes the public traffic network’s topology structure and cliquer. The results show that Beijing’s public traffic network is a “small world 
network” with relatively small average path length and relatively large cluster coefficient. Given a certain clique, it can be found some 
nodes-set of the direct route between nodes in the network. Combined with its nature and social factors, this research might open a window 
to provide some tools to improve our public transportation system. 
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1. Introduction 
 

As an important part of the urban transportation, urban public transportation system is an organic unity constituted by multiple urban 
public transportation means. Generally speaking, bus, tramcar and trolleybus are main transport facilities in small and medium-sized cities, 
while in modern big cities, facilities such as the rapid tramcar and Underground Railroad have been developed into the backbone of urban 
transportation. These public transportation means have been strengthened in large bearing capacity, high transport efficiency and low energy 
consumption, pollution, and transportation cost. For these grounds, the urban public transportation has become an important aspect of the 
urban construction and exerted a great influence on the development of urban political economy, cultural education, and science and 
technology, etc. 

The complex network is a powerful tool to describe and delve into the topological structure and behaviors of the complex system [1, 2]. 
As the graph theory and computer technology develop rapidly, many scholars have applied the graph theory and complex network theory 
into topological structure of complex system [3, 4], so some progress on the quantitative analysis of urban public transportation network 
structure were made. Lam, Schular [5] analyzed topological structure of public transportation by using graph theory. Gattuso and Miriello [6] 
firstly applied the graph theory to the analysis of the topological structure of urban rail transportation network, and proposed to use influence 
area by nodes and network coverage for reflecting transfer effects of various stations. Afterwards, numerous research fellows from home 
and abroad conducted deeper studies on the urban public transportation and subway network [7-10]. For instance, Sienkiewicz [11] made an 
analysis and research on topological structure of the public transportation network in 22 cities in Poland, whose result turned out that the 
network degree distribution of public transportation network complied with exponential distribution. Latora [12] delved into the subway 
network in Boston, whose result turned out that the local subway network is characterized as a “small-world” in complex 

 
2. Construction for the urban public transportation network model 
 
2.1 Construction principles 
 

In this paper, the urban public transportation network is based on urban road transportation network and constructed by taking the bus 
routine network. Ferber et al. [13] analyzed the structural characteristics of urban bus line network in Berlin, Germany and Paris, France, 
showing that in the L and P space, the degree distribution of the public transportation network in these cities complied with exponential 
distribution. Ziyou GAO et al. [14] delved into the scale-free properties and the degree distribution of bus line network and made an 
empirical analysis of the public transportation network in Beijing. Chen ZHANG [15] set up Shanghai public transportation as well, 
employed complex network theory for analysis of its topology characteristics, and found property of stochastic network in Shanghai public 
transportation network and “small-world”. 

It can be seen from existing literatures, domestic and international scholars have made some certain progress on studies for urban 
public transportation network. The research subject is mainly the public transportation network or subway network, and its network 
construction manner was mainly made on the basis of bus (subway) routes, bus (subway) stations and bus (subway) transfers. However, 
there are still few studies on urban public transportation network based on the “bus-subway” transfer idea. With the acceleration of China’s 
urbanization process, more and more cities would build the subway to satisfy the demand of people’s travel. At the same time, for transfer 
convenience, the Department of Urban Planning and Transportation Planning needs to give sufficient consideration to the transfer 
relationship between bus and subway when setting subway and bus stations. For these grounds, by employing complex network theory, 
adopting sample data of Beijing public transportation network, as well as taking advantage of the graph theory and complex network theory, 
this paper constructed the network model for urban public transportation network based on the “bus-subway” transfer idea. At the same time, 
the analysis for Beijing public transportation network from 2003 to 2013 not only can represent the systematicness and structural 
characteristics as a whole, but also can better reflect the features and variation tendency of the urban public transportation network, 
providing theoretical foundation for future public transportation planners. 

as the linear network. It deems the bus and railway stations within urban areas as nodes as per graph theory and nonstop (transfer) 
relationship between stations as edges. In this way, a graph   constituted by collection of nodes and collection of edges is made, whose 
concrete construction principles are shown as below: 

(1)The collection of nodes  is constituted by all the bus and railway stations within the city, wherein ; 

(2)The collection of edges is constituted by the edges for nonstop (transfer) relationship between stations between bus stations and 

bus stations, bus stations and railway stations, as well as railway stations and railway stations. If station and station have an nonstop 

(transfer) relationship, then there would exist an edge , i.e. ; If station and station do not have an nonstop (transfer) 
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relationship, then there would not exist an edge , i.e. . Due to the symmetry for the nonstop (transfer) relationship between bus 

stations and railway stations, it would be generally expressed as . Here, . 
(3)For more concrete description of urban public transportation network model, the form of distance matrix can be used to describe the 

solid network structure. The relational matrix of the urban public transportation network can be expressed in the following form: 

 

Here, is the number of nodes in the network, element ije
represents the edge between the station iv  and jv

. If there’s an edge 

between every stations, then ije
=1, or ije

=0. The network construction is to probe into the nonstop or transfer relationship between different 
stations. In this process, closed-loop status of bus or subway was left out of account, i.e., the nonstop relationship of the station itself was 

left out of account. For this reason, the diagonal element of its relational matrix is
0iie =

. 
 
2.2 Construction steps 
 

The urban public transportation network stations constructed in this paper include both bus stations and subway stations. Therefore, 
other than the construction principles stated above, the model should also abide by the following 4 assumed conditions. (1) To neglect the 
difference in ups and downs of the bus and subway lines and abstract the urban public transportation network to a non-directed and non-
weighted network. (2) The bus line and railway line have the same properties and both of them include stations for only; the railway stations 
are connected to the bus stations near 500m. (3) For the difference in up and down stations, the lines of up direction shall prevail. (4) To 
deem the stations of same name as one stopping station and neglect the difference caused by the same station name but different positions. 

There are four concrete steps to construct a relational matrix of urban public transportation network: 
(1) To collect the information of each line, find out all the station names, and the collection of all nodes would thus be found out. 
(2) To connect every two nodes on each non-stop line to form several small networks. 
(3) To superpose and remove the weight of all the networks (the whole network formed by network superposition would be passively 

weighted). 
(4) To merge railway network and bus network as per the connection between buses and subways. 
The relationship between the urban public transportation stations is bidirectional and the selection for public transportation (bus and 

subway) by passengers often depends on the station number from place of departure to place of destination, rather than the concrete distance 
between stations. Hence, here the relational matrix is a non-directed and non-weighted graph. Generally speaking, employing the non-
directed and non-weighted graph would not affect the analysis result of the network structure. For this ground, this paper used the non-
directed and non-weighted network graph as the foundation for analysis of the urban public transportation network. 

 
3 Complexity analysis of beijing public transportation network structure 

 
In the complex network theory, the indexes used for depicting statistical characteristics of network structure are mainly degree with 

nodes, degree distribution, mean nodal degree, average path length, network density and clustering coefficient, etc. This paper also delved 
into structural characteristics of urban public transportation network mainly by probing these network characteristic indexes. 

 
3.1 Network structure characteristic value 

 
In the urban public transportation network, the degree of node refers to the number of stations that are directly connected with the node , 

the larger is, there would be more non-stop relationships between bus and other stations are, showing that the influence in the whole network 
is relatively large. The shortest path length between any node and in the urban public transportation network refers to the smallest number of 
edges connecting these two stations. The average path length  in the whole urban public transportation network refers to the transfer number 
between any two nodes, and if is quite small, it indicates the good network accessibility and high operation efficiency of the while network. 
The clustering coefficient of urban public transportation network refers to the degree of clustering between one node and other nodes in the 
network, wherein larger clustering coefficient refers to more network neighbors and easier transfer. As a most commonly used measurement 
for the social network analysis, the network density describes the closeness between different nodes in one graph. The more ligatures 
between fixed-scale nodes, the more the network density would be. In this case, we normally think that they have kept a close connection 
due to the larger density of urban public transportation network and larger influence on the node attitudes and behaviors by network. 

Following the principle constructed for urban public transportation network and based on the related data of Beijing public 
transportation stations (including Beijing bus lines and urban railway line data, i.e. names of all the stations on each line) from 2003 to 2013, 
this paper constructed the Beijing public transportation network. Besides, it calculated topological structure characteristic values for Beijing 
public transportation network from 2003 to 2013 by UCINET software according to the constructed network relationship proofing, as shown 
in Table 1. 

 
Table 1 Topology Characteristic Value of Beijing Public Traffic network from 2003 to 2013 

year Nodes Degree Average degree average path length network density clustering coefficient network efficiency 
2003 3641 643872 176.8393299 2.65705 0.048582 0.66341 0.19578 
2008 3860 724984 187.8196891 2.64892 0.048671 0.65385 0.19675 
2013 4217 773624 183.4536 2.73201 0.043514 0.65197 0.19241 

According to the network topological structure characteristic values shown in Table 1, it can be seen that: 
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(1) The sum of station number and node degree from 2003 to 2013 presented the tendency increasing year by year, showing that the 
gradually enlarged scale of Beijing public transportation network. But the amplification for mean nodal degree of Beijing public 
transportation network is not great, about 180, which further verified that the scale of Beijing public transportation system is enlarging, but 
the connectivity between one station and other stations is not greatly improved. From this perspective, the public transportation system in 
Beijing is not perfect and remains to be further improved. 

(2) In the urban public transportation network, the average path length of network represents the depth of public transportation 
operation, which means that two nodes in the transportation network should be connected as few as possible. The smaller the average path 
length is, the smaller number of transfer between any two nodes in the network would be. The average path length of Beijing public 
transportation network from 2003 to 2008 was approximately 2.6, while the average path length in 2013 was 2.7. As the year increases, the 
transfer number does not be reduced between any two nodes in the network, speaking volume for that the road construction of Beijing public 
transportation has not be fully improved. 

(3) In the urban public transportation network, the density of the whole network represents closeness between stations, wherein larger 
density represents closer nodes. From observing the network density of Beijing public transportation network from 2003 to 2013, its whole 
network density is very small, at approximately 0.04, and almost has no increase over past ten years. 

(4) From 2003 to 2013, the clustering coefficient of Beijing public transportation network was about 0.65, showing that the whole 
network has a relatively large clustering coefficient. This paper found that most nodes had larger clustering coefficients and few nodes had 
smaller clustering coefficients when calculating the clustering coefficient of nodes. That is to say, in the whole public transportation system, 
the clustering degree of some stations is quite large, which are situated at the core position in the whole system, while the clustering degree 
of some stations is quite small. 

(5) In the urban public transportation network, the network efficiency refers to the network validity, representing the traffic capacity of 
the urban public transportation network. The network efficiency in Beijing public transportation network was very small from 2003 to 2013, 
which does not exceed 20%, especially the network efficiency from 2008 to 2013, reduced from 19.67% to 19.24%. It can be seen that, the 
network scale of Beijing public transportation system is enlarging, but its network validity and the traffic capacity of the whole public 
transportation are reducing. In other words, the robustness and anti-attacking performance of Beijing public transportation network is quite 
weak. In case of any road accidents, the whole public transportation would be paralyzed. 

The degree distribution of nodes is an important statistical property. The degree refers to the number of that node connecting to other 
nodes. Similar to that of ER random network, the node connectivity of small-world network can be represented by Poisson distribution, 
which has a peak value at degree mean《k》and then declines rapidly and exponentially. A lot of researches conducted over recent years 
showed that, most degrees of many actual networks are distributed exponentially. Hence, the network with exponential distribution is also 
known as the small-world network. If the degree distribution for network nodes presents as a straight line with a negative slope in dual-
logarithm coordinates system, then the degree distribution would be distributed exponentially, i.e.: 

 
Figure 1 Degree Cumulative Probability Distribution Fitting Graph of Beijing Public Traffic Network from 2003 to 2013 

From the degree distribution situation of Beijing public transportation network from 2003 to 2013, it can be seen that Beijing public 
transportation network is distributed widely and has a relatively good exponential distribution characteristics. Again, is over 0.99 and the 
degree distribution situation is double logarithmic; correlation coefficient is over 0.98, speaking volume for a relatively good data fitting. 
Beijing public transportation network has a relatively small average path length and relatively large clustering coefficient with the degree 
distribution complying with the analysis of index. It can thus be seen that Beijing public transportation network is characterized in “small-
world”. We could clearly see from Figure 1 that, the node degree distribution diagrams of 2003, 2008 and 2013 present a good “small-
world” performance. 

 
3.2 Network faction 

In a binary relation network, “faction” often refers to a sub-swarm in the network. In other
( ) ~ γ− kp k Ce

 
This paper discussed the degree distribution situation of Beijing public transportation network from 2003 to 2013; the concrete fits are 

shown as below: 
Node degree distribution of Beijing public transportation network in 2003: 

0.012 2( ) 1.084 ( 0.995)kp k e R= × =  
Node degree distribution of Beijing public transportation network in 2008: 

0.011 2( ) 1.053 ( 0.995)kp k e R= × =  
Node degree distribution of Beijing public transportation network in 2011: 

0.011 2( ) 1.038 ( 0.995)kp k e R= × =  
words, the relationships between all nodes in a sub-swarm formed in the network are reciprocal and no node can be increased in the 

network, otherwise the basic properties of “faction” would be changed. 
When analyzing the faction of Beijing public transportation network, this paper found that Beijing public transportation network was 

constructed by using the Space-P method. In other words, all the nodes on each line (bus line and railway line) are connective, and these 
nodes on each line in this way form a complete sub network. But this may mislead the faction analysis, so the faction node threshold value is 
set to be over the number of bus (subway) stations. According to the data collected, the station number of most effective lines was less than 
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45 (accounting for 97%). For this reason, the node number of limit value for selected faction scale was selected as 45, 50, 55, 60, and 65 
when making the faction analysis of Beijing public transportation network. The analysis results are shown as below: 

 
Table 2 Clique Analysis of Beijing Public Traffic network from 2003 to 2013 

Year Clique Subgroups 

2003 

45 62 
50 35 
55 27 
60 14 
65 6 

2008 

45 88 
50 42 
55 27 
60 16 
65 7 

2013 

45 92 
50 42 
55 32 
60 16 
65 7 

 
It can be seen from Table 2 that, when the faction scale was 45~55 from 2003 to 2008, the increased number of network subgroups was 

relatively large, 30, 7, and 5, respectively; when the faction scale was 60~65, the number of network subgroups basically had no change; 
when the faction scale was 60 and 65, the number of network subgroups from 2003 to 2008 only increased 2 and 1, while from 2008 to 2013, 
the number of network subgroups had no change, which were 16 and 7, respectively. Again, the number of network subgroups in various 
faction scales had no obvious change from 2008 to 2013. Specifically, when the limit value of faction scale was 55, 60 and 65, the total 
number of all subgroups was relatively small (nodes in the subgroups accounted for about 5%~10% in all nodes). These subgroups have a 
large overlapping degree and low capacity in the whole network structure. When the limit value of faction scale was 45 and 50, the nodes in 
the subgroups accounted for about 31% and 25% in all nodes. These subgroups have a small overlapping degree, which could ensure the 
convincing network structure. From the shared group clustering analysis matrix, we also can see that there were some overlapping cases 
between subgroups in Beijing public transportation network. Figure 2 shows the number of subgroups with the faction scale of 50 in Beijing 
public transportation network from 2003 to 2013. 

 
It can be seen from Figure 2 that, when the faction scale was 50, the number of subgroups for Beijing public transportation network in 

2013 was larger than that in 2003, and so did the overlapping cases between subgroups (the part circled by the square in Figure 2). It was 
due to the newly developed stations, bus and railway lines, increasing the number of complete subnetworks and included stations in the 
whole network, satisfying the passengers’ travel demand as well as reducing the travel cost and time. The number of subgroups of Beijing 
public transportation network in 2003 and 2013 as well as the number of stations included in each subgroup were the same. That is to say, 
from 2003 to 201, the increase in station and line number of Beijing public transportation network was mainly finished from 2003 to 2008, 
while the scale of Beijing public transportation network from 2008 to 2013 had almost no change, which also accords with the concrete 
reality. So far, the scale of Beijing public transportation network has been perfectly development, covering mostly the Beijing downtown 
and greatly satisfying the travel need of different passengers. 

It can be seen from the faction analysis of Beijing public transportation network that, giving certain faction scale, we could distinguish 
the complete subnetwork (faction) above the lower limiting value and thus find the collection of nodes with non-stop lines. For further 
visualization, this paper adopted the faction scale of 50, slected subgroup 14, 15, 16 of Beijing public transportation network in 2003 and 
subgroup 17, 18, 19 of Beijing public transportation network in 2008 to constructed a subgroup network diagram of Beijing public 
transportation network, as shown in Figure 3. 
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Figuer 3 the Structural Graph of Subgroups of Beijing Public Traffic Network from 2003 to 2013 
In Figure 3 (2003), the subgroup 14 has 52 stations, subgroup 15 has 54 stations, subgroup 16 has 52 stations, and there were non-stop 

lines between nodes of three subgroups. There were 14 overlapped stations in subgroup 14 and 16 (nodes circled in red ink Figure 3), but 
there were no overlapped part in subgroup 14 and 15 nor 15 and 16. In Figure 4 (2008/2013), the subgroup 17 has 56 stations, the subgroup 
18 has 51 stations, subgroup 19 has 56 stations, and there were non-stop lines between nodes of three subgroups. That is to say, passengers 
could directly arrive in any two stations of these three subgroups without any transfer. There were 27 overlapped stations in subgroup 17 and 
18, 13 overlapped stations in subgroup 17 and 19, 9 stations overlapped in the subgroup 17 and 18, (nodes circled in red ink Figure 3). It can 
thus be seen that, as the bus stations, bus lines, and subway lines increase from 2003 to 2013, the number for overlapped parts between the 
complete sub networks in Beijing public transportation network has been increasing. It verified the further development of the Beijing 
public transportation network, greatly satisfied passengers’ travel demand, and also greatly reduced transfer time and cost between stations. 

 
4. Conclusion 

 
Relying on the analysis method of complex network, this paper set the urban public transportation network model based on “bus-

subway” transfer idea and analyzed the structural characteristics and faction of Beijing public transportation network. The conclusions are 
shown as below: 

(1) The sum of station number and node degree from 2003 to 2013 presented the tendency increasing year by year, its degree 
distribution follows the exponential distribution, and its averagepath length is approximately 2.6. in other words, the transfer number of any 
two stations is not reduced and there are relatively large clustering coefficients, showing Beijing public transportation network performs the 
“small-world” performance. The network efficiency in Beijing public transportation network was very small from 2003 to 2013, which does 
not exceed 20%, especially the network efficiency from 2008 to 2013, reduced from 19.67% to 19.24%. It can be seen that, the network 
scale of Beijing public transportation system is enlarging, but its network validity and traffic capacity of the whole public transportation are 
reducing. 

(2) It can be seen from the faction analysis for Beijing public transportation network from 2003 to 2013 that: as the bus stations, bus 
lines, and subway lines increase from 2003 to 2013, the number for overlapped parts between the complete sub networks in Beijing public 
transportation  

network has been increasing. It verified the further development of the Beijing public transportation network, greatly satisfied 
passengers’ travel demand, and also greatly reduced transfer time and cost between stations. 
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A Semantic Modeling method for Data Warehouse
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Abstract: For the complexity and uncertainty of the data warehouse modeling under the Big Data environment, this paper proposes a data 
warehouse modeling method based on BWW ontology, which dividing the data warehouse concept modelling into two stages: the problem 
domain modeling and the feature object modeling. Through this method, a concept model with semantic information is set up, which makes 
the user demands of the problem space and the data model of the solution model communicate and connect effectively. Finally, a multi-
dimensional data warehouse for freeway traffic safety knowledge discovery is set up by applying this method. 

Keywords: data warehouse modelling; BWW ontology; big data; traffic safety 

1. Introduction 

Because of the appearance of Big Data, DW (Data Warehouse) becomes the hotspot in Data Management and Analysis again[1]. 
Compare to traditional DW analysis, Big Data analysis appears in changed business environment and possesses the characteristics like 
uncertain, huge quantity, complexity in query[2],[3]. Therefore, the modeling of DW should be able to describe system construction 
abstractly, respond to the changed requests very quickly and process regulation according to the theme. Besides, it should also provide 
semantic interpretation without ambiguous in research area, which can improve its reusability. Presently, DW modeling can be divided into 
two classifications: data driven and goal driven. Data driven means that modeling should base on data analysis according to quantity and 
quality of business data, while goal driven means that modeling should be able to figure out the real problem according to real request of 
business and locate scope and frame of system[4],[5],[6]. Data driven modeling simplifies the procedure of data cleaning, but it cannot suit 
for changed environment quickly, which may cause the delay of analysis, since the changed requests may lead to the reset of entire 
procedure from data source to knowledge acquirement. Goal driven modeling can suit for changed environment, but there is a map between 
system requests and present business data, which may cause difficult of data cleaning[7],[8],[9],[10]. In sum, mixed DW modeling becomes 
the hotspot of DW modeling presently[11]. 

This essay divides DW modeling into two steps: problem area modeling, object modeling. The first step builds up DW system 
construction based on customer’s requests. It can expend BWW ontology according to DW’s characteristics and realize the highly abstract 
construction modeling of DW system, which can quickly adapt to the changes of analysis themes and adjust DW construction. The second 
step, object modeling, is based on data source and combines ontology in order to set up domain ontology and provide semantic explanation 
without ambiguous, figures out the semantic problems among huge quantity of data, improves its reusability. Therefore, building up the DW 
modeling with semantic information based on Big Data can offer the effective communication and relation between customer’s requests and 
data modeling and cut down the delay of analysis. 

2.DWCM (DW concept modeling) based on eBWW 

2.1 Definition of eBWW(extended BWW) 

Recently, scholars around the world gradually utilize ontology or model support information system concept to build up models[12]. 
One of the most representative is BWW(The Bunge-Wand-Weber) ontology school[13],[14],[15]. It has been tried to utilize in the area like 
system analysis and grammar design compare, data quality, systemic modeling etc[16],[17].     

Research found that BWW model has incompleteness in grammar, so when it is used to build up model element method, it should be 
extended and concept mapping according to application[18]. There are two main problems when it is applied in DW concept modeling:    

(1)From the basic component of BWW represented model, one can find that BWW emphasizes modeling of system construction,
organization relationship between each system, interaction between system and environment and transition of system states. DW possesses 
popular characteristics of system, but the purposes of DW are to integrate data and provide multi-dimension data supports for decision 
analysis. Therefore, more attention should be put on the semantic description function when talking about BWW.     

(2)BWW only defines the coupling relation and two-dimension relation among events. Some relations such as inheritance, hieratical
are not defined exactly.    

To solve the problems above, this essay extends BWW ontology from two aspects: ①basic components extension  ②adding new 
BWW components according to Perez et al.’s[19] concept modeling, including ontology basic primitives (Class, or called Concept, 
Relations, Functions, Instances and Axioms). BWW’s main components and relations are as fig 1. Ellipse represents concept, and connector 
represents relations between concepts, relation name is signed above the connector, each definition is as below: 
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Figure. 1 eBWW concept and relations figure expression 

Definition 1. System: DW is a system made up by several domains. There are coupling relations among these domains. 
Definition 2. Domain: Domain is the sub system of DW. Each Domain contains several themes. 
Definition 3. Pt short for Part-of: Part-of is one of the relations between domains. Pt(x,y) means y is contained by x and x is a part of y. 

For example, ( , )Pt Domain Dw means Domain is one of the components of DW. 
Definition 4. T, short for Theme: Theme is a thing that the relation with Domain is ( , )Pt T Domain . T can be represented by a six-

tuples T=(D,R,P,F,S,L). Among them: 
①D, short for Dimension , represents sets that used to describe some theme. 1, ..., , ..., ,i nD D D D=< >  all the examples contained in D  

are represented by I . Take the accident analysis theme as an example, this theme can be describe by drivers 1D , vehicles 2D , road 3D , 
environments 4D . Therefore, this theme can be depicted as 1, 2 3 4, ,D D D D D=< > . 

② R is binary relation sets. R T T⊆ ⊗ . For instance, relation between truck and heavy-duty truck is integrated relationship between 
parent and child. 

③ P is sets represented features. Feature sets can describe the common feature in one set, while different characteristics assignments 
can instantiate different objects in the same classification. For example, each road in the road sets possesses features like shape, number, 
name etc. Different numbers and names represent different road examples. In the meantime, one object can possess several feature sets and 
each feature set is describing the object in different aspects. For example, a driver can be modeled according to ‘natural environment’, which 
included certification, driving license, driving age etc. And he can also be modeled according to ‘driving state’, which included whether 
fatigue, whether drunk etc. 

④ F  represents feature function sets. 1, ..., , ..., ,i nF F F F=< > . ( ) { | ,1 }i i i iF P v v D i n= ∈ ≤ ≤  means feature function. iD  represents the range of the 
feature value of number i. 

⑤ S  represents state of things 
1 1( ) { | , ..., , ..., , ( ), ... }i n i i nS X V V v v v v F x V D D= =< > = ∈ ⊗ ⊗  

⑥ ( )L V  represents state rules sets of things and their relations. 1( ) { stable  unstable| , ..., , ..., ,i nl V or V v v v= =< > 1 ... , ( ) ( )}nV D D l v L V∈ ⊗ ⊗ ∈  
⑦ ( )LS V  represents state space of things: Instable state is a transitional state for DW system. Its final state is stable state. When the 

needs of user are changing and the external events happens, the stable state will be broken and turn into instable state. However, the system 
will return to stable state with the changing, development and the consumption of external influences. Therefore, according to the definition 
above, the things’ states space can be described as:  

1( ) { | , ..., , ..., , ( ) ( ) ( )}L i n i iS V V V v v v v F P and l v L V= =< > =   ∈  
Definition 5. C, short for classification, maps to the Property component of BWW. Classifications of each dimension are utilized to 

depict this dimension. 
Definition 6. Depict , ( , )Depict x y means x depicts y, ( , )Depict D T  means D depicts T. 
Definition 7. Kind of− , Kn  means inheritance relationship. For example, Kn(heavy truck, truck) represents heavy truck is a sub-

class of truck. 
Definition 8. Instance of− , In  means the relation between instances and classes. For example, In(G25, Highway) means G25 is an 

instance of Highway. 
Definition 9. Property of− , Pr  means property function. 
Definition 10. Level of− , Lv  means hieratical relationships. For example, Lv(year, time) means year is the description of time from an 

aspect. 
Definition 11. Pf of− , pf  means property function. According to the rules, it is a mapping function that characteristic of things is 

mapped to a value. 
Definition 12. Couple with− , Cp  means coupling relationship. If there is a coupling relation between two objects, they can constitute a 

system.  
 

2.2 DWCM (DW Concept Modeling )Steps Based on eBWW.  
 
Step 1: the porblem domain modeling  
DW system is a complex system. DW is regarded as a sub-class of system. As a synthesized, integrated system, DW focuses on 

designated problems analysis in designated domain. Therefore, according to different purposes and functions, DW system can be divided 
into several sub-systems, called domain. One DW can contain several domains. Therefore, domain can reflect to sub-system components in 
BWW and it is a sub-system of DW. Through the business communication with decision maker, it can be decided about domains of DW. 
Each domain possesses multiple themes and all the themes constitute the domain of DW modeling. Theme can be regarded as a complexity 
made up by a thing or several things. Each theme is able to be depicted in multiple dimensions and each dimension can be divided into 
several classifications. Classification can describe features of dimensions and it is hieratical. Dimensions have lots of characteristics. 
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Step 2: the feature object modelling 
On the stage of object feature modeling, we build up the domain ontology facing specific area to describe the relation among the 

specific concepts. All the dimensions and classification involved by each theme in DW are come data from different platform (different 
internet, system, data device, data structure), which means the data is multi-sources and isomeric. However, we can deal with these isomeric 
problems through describing dimensions, classification, other objects’ features and their relationship by adding ontology components like 
new class, classification, relations according to eBWW. 

Figure 2 shows ontology relation figure of DW concept model. On the stage of object feature modeling, we should process domain 
ontology concept modeling according to specific application. 
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Figure. 2 ontology relation figure of DW concept model 

 
3.Application Example 
 
3.1 High-way traffic security DW concept modeling based on eBWW 
 

The following is modeling method using the concepts above, which is based on background of an oriented high-way traffic security 
risk analysis and distributed, multi-DW construction program. 

(1) Domain modeling 
Domain can be divided into lots of themes according to High-way traffic security knowledge. Figure 3 shows DW themes, which 

include traffic block, traffic flow, traffic accident, emergency resource, staff, vehicle, road, environment. If new theme is added, one can add 
a new thing, or combine with the old theme in order to create a new theme. 
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Figure. 3 HTBMDW theme 
 
Then, take “traffic block factor analysis” theme to do the concept modeling as an example. The core of “traffic block theme” is to 

analyzing the influences of factor, like people, vehicles, road, environment, management, traffic flows etc., on traffic block accidents. 
Environment can be divided into two parts: natural environment, human environment. Natural environment includes bad weather like rain, 
fog, snow etc, geological disaster like flood and landslides, problems produced by maintenance work on environment. Human influences 
contain two classification: driver physical factors and human quality factors, such as visual characteristics, light adaption, response, fatigue 
driving, drunk driving, illegal operation. Traffic block caused by vehicle factor is mainly mechanical faults like tire fault, bad driving 
condition. Road factors are mainly about linear design, road construction, anti-dazzle facility, bad road condition etc. Traffic flow factors are 
mainly about dynamic traffic flow parameters of driving. Management factors refer to the traffic control department of the road patrol, 
monitoring, scheduling etc.. Therefore, “ traffic block analysis” theme can be described by six dimensions: human, vehicle, road, 
environment, traffic flows, management. 

Definition 2-9. _T Block : refer to block analysis theme. _ _ , _ , _ , _ , _ , _T Block D d D r D a D e D t D m=< > .  _D d refers to drivers, 
_D r refers to road, _D a  refers to vehicle, _D e refers to environment, _D t refers to traffic road, _D m refers to management(Figure 4). 

 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                                      42.4 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/42 

 

Risk Analysis of Road 
Operation

T

D

T_block

D_d D_r D_a D_e D_t D_m

pt

Depict Depict Depict Depict Depict Depict

kn

kn knknkn kn kn

Domian kn

pt

Depict
 

Figure. 4 Block analysis theme ontology concept model 
 
(2) Object feature modeling 
On object feature modeling stage, each object model’s feature modeling should be done. Due to the limited space, this essay only 

introduce road modeling procedure. 
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Figure. 5 Road ontology 

 According to high-way survey analysis and "the people's Republic of China public safety industry standard -- the scene of road traffic 
accident information code" GA17 series of documents, this essay sums up nine attributes of road. Therefore, road dimension is defined to 9 
dimensions as figure 5. 

Classification depict specific information of dimensions and dimensions can be described by multiple aspects. Hence, normally, each 
classification is a set. For example, time dimension can be described through different level like year, season, month, day etc. (Figure 6) 
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Figure. 6 Time level 

Through analysis of classification and dimensions, road feature model like Table 1 has nine rows represented nine dimensions. Detailed 
information on each dimension is represented by its classification, which is the rows in the table. 

Table 1  Road feature model 
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Through object feature modeling, we can construct the relevant domain ontology, which may realize the need of transforming user 

decision to semantic concept model and help us to combine with the field of historical data model. 
 

3.2 Knowledge discovery with data warehouse 
 
Facing traffic block theme, we analyses its data cube by OLAP. This data cube has 17 dimensions, like time, vehicle type, road linear, 

road condition, driver type etc. The quantity of traffic block accidents is variable.  
(1)Data slicing 
Choosing “H1”(heavy truck) and “H31”(heavy lorry) means slicing the data on the dimension of traffic type, which can display the 

quantity of traffic accidents of heavy trucks and heavy lorry in other conditions. 
(2)Data dicing 
Based on the above data slice, a data slices is got by setting the accident grade dimesion to “XX freeway”. 
(3)Data drilling 
Dimensions are hierarchical. Data drilling is observing data from higher dimension down to lower dimension. Figure. 7 shows the data 

drilling of quantity of traffic block accidents in general trucks and heavy trucks on different visual level.  
 

 

Figure. 7 Data drilling example 
 
4. Discussion 

 
Multidimensional conceptual modeling is the core of data warehouse[20]. Data warehouse design methods have adopted the OO 

paradigm (UML and OCL) to date,which encompass classical phases of design, development and implementation[21][22].The OO method are 
not good for knowledge sharing ,and lack of the consistency of the scope of ontology and knowledge during decision making. 

In this paper, we introduces the ontology theory into conceptual modeling, and propose a sematic DWCM model which unifies the 
notion of domain and object feature. 

On one hand, This model can describe various data warehouse structures by extending and implementing BWW model. In domain 
modeling,DWCM divided the user needs into domain, theme, classifications, etc.. while, the object feature modeling starts from a detailed 
analysis of the data sources. According to this approach, the eBWW is proposed，which implements and extends the BWW representation 
constructs. For each BWW construct, there is at least one corresponding construct in eBWW，like class of thing, state, event, etc.. 
Forthmore, according to Perez et al.’s[19], some new BWW components are added in ebww ,which including ontology basic primitives 
(Class, or called Concept, Relations, Functions, Instances and Axioms).Therefore,DWCM are ontologically complete according to Wand 
and Weber definition[14]. It realizes the user interests to be understood in semantic level. 

On the other hand，the DWCM is a bottom-up and  top-down hybrid driven DW model approach.The hybrid approach makes use of 
both data sources and user requirements , solving incompatibilities by accommodating both requirements and data sources in a single 
conceptual model before implementing the DW[23] [24]. The experment shows that the DWCM can formalize the users’ needs into a 
conceptual model with semantic information. Conceptual model quality has a great impact on overall quality of data warehouse.[25] The 
DWCM can effectively associate the problem space with the solution space by sematic data model, which effecively improving the quality 
of the DW model. 

 
5. Conclusion 

 
This essay extends BWW ontology’s basic component content and adds new BWW ontology components according to the need of data 

warehouse concept modeling, which in order to produce DW concept modeling application’s extended BWW ontology model—eBWW 
(entended BWW). This model can abstractly represent users’ need, build up semantic concept model and realize a multiple dimensions DW 
concept model of highway traffic security risk analysis. 
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Abstract: A very small number of researches have been made in Cloud Service character evaluation to shorten the time a Cloud Service 
access the content sent by the web and then feedback the content to server. Cloud Services have an important influence in calling on a lot of 
nodes to find the content needed by the user with the development of the Network. In this paper, a simple distributed method is used to 
express the Cloud platform in order to show how to apply the given method. We present an Intelligent Evaluation Method, The method uses 
the Intelligent Component Method to get web response time to deal with a content come from a server and priority method to analyze the 
connection between the server and the webs. We developed a conceptual Evaluation Method to measure the time interval and priority in a 
Cloud Computing Platform system and to research the Cloud Service character. 
 
Keywords: cloud service; IEM; character method; character evaluation; cloud computing; priority method 
 
1. Introduction 
 

In the design of a high character Cloud Service system the challenge is to keep response-time to a minimum and the generated data as 
up to date as possible by providing more frequent updates. The server responds to the multiple webs by sending Web nodes such as HTML 
documents and linked objects (images, videos, etc.). The millions of users surfing the Network, are unwilling to spend more than few 
seconds waiting for a Web page to be displayed. The number of contents met per second by a Cloud Service is one of the major metrics to 
be considered to a high character Cloud Service system. Because the content of the Web is fluid and sites change frequently, keeping up to 
date content is challenging [1-3]. However, for such a system to function efficiently and cost-effectively requires that the system 
development be based upon careful character evaluation, because slowness can have far reaching consequences and implications in the 
Network-computing. Response time is calculated from the moment the server receives the content until the web starts receiving the answer 
back from the server. To keep the response time to a minimum, first, we need to identify the major components of it which is accomplished 
by applying a conceptual, Evaluation Method called, Intelligent Evaluation Method (IEM). The shorter the response-time is the better the 
character. Despite the popularity of the Cloud Services, a very negligible number of character evaluations have been done. In this paper, we 
have reported a partial result of a continuing research which addresses the challenging issue of measuring the response-time and finally 
identifying the bottlenecks due to connection and priority in a Cloud Computing Platform system.  

An essential component of Internet is the Cloud Service which is a large computer and a program responsible to serve the HTTP 
contents from the webs. The most common form of web is a Web browser. With the development of the “Cloud Computing Platform” and 
our increasing reliance on the content and services provided by it, indicates that the services must be offered with superior character to retain 
the current users and attract new ones. For example online banking, stock exchange, remote surgery, bill payment must be secure, efficient 
and fast enough to be widely accepted. One of the vital aspects of the Network business is the character issue of the Cloud Service.  

The presented character evaluation is divided into two parts: we used: 1) priority method to research the network architecture, which 
includes the server’s content handling method. 2) IEM (Intelligent Evaluation Method) to calculate the deal with time cost of server deal 
withes; We will analyze the content handling within the server, as well as the connection between the server and the web, etc. At the system 
level we are interested in determining the time it takes for the server to connect, receive, and analyze a content sent by the web and then 
sending the answer back to it. This is a simple method for the Cloud platform. Researching a full Cloud platform is beyond the scope of this 
paper. Our goal is to show applying our presented evaluation method to predict quantitative metrics describing the server character. In this 
paper, to analyze the character of a web-server system, we have measured a single server with multiple webs as shown in Figure 1. 

 
Figure.1 A single server and multiple webs model. 

In Chapter 5, we get the response-time equations which include both the deal with time as well as the time for connection between the 
server and the webs. In Chapter 6, we conclude. The paper is organized as follows: In Chapter 2, we discuss the related research. In Chapter 
3, we describe the main components of the system architecture. In Chapter 4, we get the equations to compute the deal with time cost 
(without the connection time) of the content, only, using IEM evaluation. The present paper developed a conceptual, Evaluation Method to 
measure the time interval and priority in a Cloud Computing Platform system. The IEM got equations will be used to determine the 
character bottle neck which lies in the system architecture. 
 
2.Related research  

 
The advantage of this method not only lies on the fact that it gives an insight of the software system but also it provides plenty of 

details. However, the mathematics involved may be complex. [10] make use of user method to get the software optimization. [5] and [11] 
present techniques for deriving the time cost of parallel computations. In the present paper we have used the IEM evaluation in which during 
the design phase, one builds a mathematical method to describe the system behavior. Then the character method equations are given as a 
function of different design parameters. 

Simulations are prototypes of the real system that provide a fairly accurate character measurement, but are often time consuming and 
difficult to construct. Analytic Method which exercises techniques such as queuing networks [1,4], Markov methods [4] state charts and 
IEM [5-9], is the least expensive because hardware and software do not need to be implemented. It also provides insight into the variable 
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dependencies and interactions that are difficult to determine using other methods. IEM: There are three principal methods for computer 
character evaluation and evaluation: direct measurement, simulation and analytic Method. Besides, the motivation of character engineering 
is to find the character bottle-neck at the design phrase, so one can avoid an efficient design at the earliest time. Direct measurement is the 
most accurate of the methods, but requires the system to be implemented first in order to collect specific character content. 

To the best of our knowledge there is little to no published work that presents a comprehensive evaluation of character for Cloud 
Service systems. Below we briefly review the previous work on the character evaluation of Cloud Service. Webserver: With the increased 
popularity of Cloud Services, recently Cloud Service character Method and evaluation has become an active area of research.  

[8] describe a queuing network method based on detailed measurements of an intelligent system. Interested readers may refer to [6] for 
further detail about priority method and its application. [6] expresses a conceptual method using priority method which involves advance 
mathematics. [6] provides a classification of Cloud Service software architectures and studies the pool size behavior using queuing networks 
method. [5] present a theoretical method to control overload of a 3-tiered Web sites. [6] use a multi-station queuing center to method each of 
the 3-tiered Web services architecture including the Web, application and database servers. [12] present Evaluation character methods to 
characterize the interaction of HTTP with several transport protocol layers. The later presents an end-to-end priority method for the 
character to research the impact of web workload characteristics, as well as connection protocols and interconnect topologies.  

Crawlers [2], another popular search engine, are similar to Google’s, except that they are implemented in Java, instead of Python. In 
principle, first they fetch a URL from a shared server called the “frontier”, which is then fetched and deal withed. By distributing the work 
in hundreds of worker threads in each of the five or more machines, Mercator achieved an impressive crawler page rate of 112 nodes per 
second. The hardware given at the time, three Google crawlers were able to collect an average of about 48.5 nodes per second while the 
Indexer was just fast enough to finish analyzing the data before new crawler results arrived [2]. With the development of modern high speed 
hardware the character bottleneck of Web crawler system has shifted from hardware deal with power to connection network latency and 
speeds. Their discovery shows that on an average, Apache spends about 22%-26%, 34%-52%, and 24%-42% of the total CPU time, on user 
code, kernel system calls and interrupt handling, respectively. For systems with small RAM size, the Cloud Service character is limited to 
the disk bandwidth. For systems with reasonably large RAM size, the TCP/IP stack and the network interrupt handler are the major 
character bottlenecks. By using two deals with per machine running at 532 MHz and 2 GB RAM, the bottleneck shifted from deal with 
power to network speed and latency, which in this small setup already averaged at 1688 KB/s. Also, at this point, the DNS lookups became 
more and more frequent, so local DNS caches were implemented. First generation Web crawlers of Google (developed at Stanford), the 
most popular search engine were implemented in python and Cloud Computing in a LAN or WAN reporting to a centralized evaluation 
server that performed all the indexing functionality on the data collected. Hu et al. measure and analyze the behavior of the popular Apache 
Web [3] server on a system and a 4-CPU SMP Symmetric Multi-Deal with system running the IBM AIX operating system. They also 
suggest new character improvement metric of the Apache Cloud Service. 

A limited amount of research has been done in character evaluation of Cloud Service, and to the best of our knowledge this is the first 
method in applying hierarchical IEM Method technique. In New-Star’s case, the network line speed was the limit later on. There are several 
limiting factors such as, connection network delay, to the character and scalability of complex systems like New-Star yet to be addressed. 
New-Star is another Web crawler that incorporates meaningful character improvements [1] over the past two cases described where the 
spiders were always controlled by a central instance that coordinated the crawling deal with. 
 
3.System description 

 
3.1Server architecture 

 
Figure 2 Main Functions of the Server. 

If modified then the message contains the status line “HTTP/1.1 OK” and the contented file is included in the message body. Otherwise, 
a response message contains the status line “HTTP/1.1 304 Not Modified” and an empty body will be sent. If the web sends a HEAD 
message, then the response will be based upon whether the contented file is found in the current directory or not. If yes, the response 
message contains the status line “HTTP/1.1 200 OK” and an empty body will be sent. If the contented file is not found, then a response 
message contains the status line “HTTP/1.1 404 Not Found” and an empty body will be sent. Figure 2 depicts the main functions of the 
server and the web which are the two major components of the system architecture. If the contented file is not found, then a response 
message contains the status line “HTTP/1.1 404 Not Found” and an empty body will be sent. If the web sends a conditional GET message, 
then the response will be based on whether the contented file has been modified since the specified date or not. A prototype of the server 
application, which respond to the different contents sent by the web is developed using C language. If the web sends a regular GET message, 
then the response will be based upon whether the contented file is found in the current directory or not. If yes, the response message contains 
the status line “HTTP/1.1 200 OK” and the contented file will be included in the message body.  

The main functions of the server as shown in Figure 2 are illustrated below:  
1) listen(): The deal with is done in two steps: first listen(), then accept().sockfd is the usual socket file descriptor from the socket() 

system call. backlog is the number of connections allowed on the incoming queue. Incoming connections are going to wait in this queue 
until accept() and this is the limit on how many can queue up. The limit is about 20 for most systems.  

2) bind(): This function comes after creating the socket to associate this socket with a port number on the local machine. The port 
number is used by the kernel to match an incoming packet to a certain socket descriptor.  

3) socket(): The function socket described as the interface between the application and the transport layer. The domain should be set to 
PF_INET. The type argument tells the kernel what kind of socket is and set protocol to ’0’ to have socket() choose the correct protocol 
based on the type.  

4) recv() and send(): These functions are used to receive contents from the web and send a response back according to the specified 
content. The sockfd is the socket descriptor one intends to send data to (it’s the one returned by socket()) , msg is a pointer to the data to be 
sent, and len is the length of that data in bytes. Just set flags to 0. The recv() call is similar to send() in many respects; sockfd is the socket 
descriptor to read from, buf is the buffer to read the content into, len is the maximum length of the buffer, and flags can again be set to 0. 
recv() returns the number of bytes actually read into the buffer, or −1 on error.  
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5) accept(): The accept() call will try to connect() to the machine on a port that one is listening on. Their connection will be queued up 
waiting to be accept()ed. One calls accept() and tell it to get the pending connection. It will return a brand new socket file descriptor to use 
for this single connection. Suddenly there will be two socket file descriptors, the original one is still listening on the port and the newly 
created one is finally ready to send().This is where the content about the incoming connection will go and then one can determine which 
host is calling from which port.  

6) close(): This function will be used to close the socket connection just simply by writing close.  
 
3.2Web architecture 

 
If no option is included, the server will send the contented object. Then the program will be able to write the response into an output 

text file. The functions of the web are omitted here, as the present paper is dealing with the server character. The web application will 
content a Web page from a Cloud Service by using a command line including an URL with either of the two different options: “-h” and “-d”. 
The “-h” option will content a Web page from the Cloud Service using the HEAD command, which sends only the header lines without the 
object, whereas the “-d” option will content a Web page from the Cloud Service using the GET command, which sends only the object file if 
it has been modified according to a given date. A persistent TCP connection will be used to connect a web deal with to the server.  
 
4.The IEM of the system 

 
The CFG is a directed graph that can be used to method any computation (task). The CFG shows the way in which different subtasks fit 

together in a task. It is a common tool for Method the control flow of a computation, and is used to organize the calculation of computation 
execution time (the time a program will take to complete). The CFG consists of nodes (elements) that express action in the computation that 
consume time, and edges that depict how the thread of execution reaches these nodes. Each node is given a time cost (a single value or a 
distribution) and a control flow count.  

The presented method is based on a priori character method called Intelligent Evaluation Method (IEM) [11] which describes the 
detailed time-execution behavior of computations. A IEM is a set of two directed graphs: the Data Flow Graph (DFG) and the Control Flow 
Graph (CFG). These two graphs, together, method the time and space requirements of a computation. The DFG is used to method the 
storage requirements of a computation, and the CFG is the expression of the execution paths of a computation. The focus of the paper is on 
the execution time behavior, so we will not consider the DFG any further.  

Probability distribution of execution time: Applying these ideas in an orderly algorithmic manner, one can obtain the overall 
distribution of execution time of a computation with the following form: 

 

 
A task will take any one of time  with associated probability  to execute. Next, we describe the Computation Structural Method of 

the present system. The IEM uses Control Flow Graphs (CFG), and Spanning Trees to method the flow of a system mathematically [5,11], 
which is then used to get the cost expression of the system. Time equivalent CFG transformation steps: A method is described in [11] that 
provide a set of transformation steps which can be used to transform a given CFG, composed of elements and control flows, into a simpler, 
time equivalent CFG. The transformations steps are termed as time equivalent transformation steps, because, two CFG segments expressing 
the “before” and “after” of a presented transformation step have equivalent execution time distribution. Rules are defined to make sure that 
the execution time probability distribution of the two CFGs will be identical. The control flow through an element is defined as the number 
of times that the element is activated, on the average, for each execution of the computation expressed by the CFG.  
 
4.1Server control flow graph  

 
Once a new connection is established, the main deal with first performs a few light weight operations, for example logging the time of 

the incoming connection etc. A child deal with is then created to serve the content. While the child deal with is serving the content, the main 
deal with continues in parallel to clean up the unneeded resources, for example open ports, go back to listen to new connections, etc. Each 
child deal with start with a few initialization operations, then proceed to analyze the server content, clean up and terminate. The software 
(counts over 500 lines of C/C++ code) developed to express the server is simplified into the CFG. The CFG shows only the groups of 
continuous lines of code in a single node, as long as there is no probabilistic factor, meaning a loop or an if-else conditional statement within 
the groups. After performing the initialization part which is depicted as integer, the program proceeds to an infinite loop, where it keeps 
listening to any new incoming connections.   

 
4.2Spanning tree and mathematical method 
 

 
Figure.3 The main server system tree. 

We usually added a virtual link (edge) between the end node and the start node. However, this program does not have an end node for 
the main deal with. In order to find the cost of one cycle, we will place a cut along link (edge) e7, where we will place an end node at the 
end of the link and place the virtual link (e0) between the end and the start node. The web part has six CFGs: five child functions, namely: 
content, parse, command, address and message, in total and one main function. We have calculated the execution time contributions from 
each of the functions separately in detail (which is omitted due to space limitation), using IEM technique, as shown in Section 4 for the main 
server function. In order to get a mathematical method for the system, we first need to get a spanning tree from the CFG and then use it to 
get the cost expression. Figure 3 shows the spanning tree that corresponds to the main server system. With the spanning tree, we can use the 
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flow balance equation:  from Kirchhoff law to get the cost expression. This normalizes the network flow and assures 

that the sum of the input flows would be equal to the sum of the output flows. Using this method, we end up with the following independent 
variables e0, and e4, and the following dependent variables: 

 
 

 
 

 
Using the above flow, the cost expression can be written as: 

  (1) 

 

Note , is the deal with time of a content sent by a web to the server as mentioned in Section 5. Where  and  is the cost 
of fork. Using this method, we have got the equations for the complete system. 
 
5.Web-server-connection 

 
Webs make connection to the server through a connection port (channel). All connection goes through the Network Interface Card 

(NIC) of the machine running the Cloud Service application. Although the NIC might buffer (queue) data received from webs before 
feeding it to the server application, but for the purpose of this evaluation and the sake of simplicity, we will not consider this queue. This is a 
method with multiple sources and multiple connection channels. Where N is the maximum number of child deal withes that are allowed to 
run simultaneously at a given time. Therefore the system to analyze is an M/M/N/N, assuming that the arrival and departure rates follow 
Poisson deal with.  

The average response time of a content , expressed as 

 
Where,   is the connection time between the server and the webs, and  is the time to deal with the content. Here we drive 

equations to compute  and , respectively. First, we get , the deal with time of a content from any arbitrary web j. We assume a 
single deal with server method. Contents from all of the j webs form a single deal with queue, our objective is to evaluate  as a function 

of different parameters. Let  be the utilization factor for the deal with queue. We assume that the utilization factor for both the deal with 
and connection queues add up to 1.  

Therefore, 

 
From Little’s law, we have 
  

Where,  is the average length of the deal with queue. λis the average arrival rate into the deal with queue, and 
 

Where,   is the mean deal with time (Equation (1)) and is the average waiting time in the queue. W Note,  can be get using IEM 
technique as mentioned in Section 4.2 (Equation (1)). 

Once a content is received, the main deal with creates a child deal with to serve the content and the connection channel is therefore 
passed to the child deal with. The parent deal with has nothing to do with this particular web anymore. We illustrate the sequence of 
connection between the server and the web. The web initiates the connection with the server by contenting a resource (Web nodes). All 
connection goes through the server main deal with which listens to incoming contents continuously. With this method, each web will be 
served by a dedicated child deal with which terminates after serving its web. No child deal with will serve more than one web at a time.  
 
6.Utilizing the evaluation method during cloud service design phase 

 
The goal is to find the best design-architecture combination that minimizes the average response time. Furthermore, the design can 

write the equations in a spread-sheet. This gives him a tool to research the effect of different design parameters to the objective function (the 
average response time in this case). It is also possible to make the research for different design alternatives using a given set of architectures.  

The get equations above describe the character (the average response time) of the Cloud Service as a function of the used architecture 
(the Cs values in Equation (1) and the link capacity R for each class of users), the statistical properties of each class of users (the flow rate, 
the message size m, etc.) and the algorithm of handling different users’ contents (flow rate in Equation (1)). The designer can utilize the 
Evaluation equations in two different ways:  

1) Compare different designs for the same architecture and a given set of webs’ classes.  
a) Repeat the deal with for each design alternative and research the system behavior with different workloads.  
b) Each design is expressed by the flows in equation #1. The given architecture provides the Cs values and the Rs values.  
c) Evaluate the average response time for each design given the statistical properties of webs’ classes (input flows, message sizes).  
2) Compare different architectures for the same design and a given set of webs’ classes.  
a) For each architecture, evaluate the average response time for the given design and the properties of webs’ classes.  
b) It is also possible to evaluate the average response time as a function of the system workload (the total input flow) and repeat it for 

each architecture.  
c) Each architecture is expressed by a set of operations’ execution time Cs and links’ capacities.  

 
7. Conclusion 

 
The equations get from the IEM and the priority methods offer far more insights in the deal with time cost of a content made by a web 

to a server, than a simple complexity evaluation expression could provide. For instance, the expression from complexity evaluation would 
reveal the polynomial running time of the system as a whole in terms of big O notations which can give a high level idea of the system 
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timing in general. However, by applying IEM, we developed a detailed mathematical cost expression for the content deal with time from 
which one can identify the bottleneck in the system and suggests further improvements. The Evaluation method can also be utilized to select 
the best design-architecture combination for the Cloud Service that minimizes the average response time. In this paper, we have reported a 
partial result of a continuing research which addresses the challenging issue of measuring the response-time of a web-server system. We 
have measured a Cloud Service with multiple webs and worked through the steps of deriving the character equations to deal with content, by 
utilizing Hierarchical Intelligent component Method (IEM). Moreover, priority method evaluation has been used to get equations for 
connection between server and webs.  
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The Cause for Storm Water logging  in Luoyang and Countermeasure 
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Abstract: Through reasonable allocation of new-built and reconstructed storm drainage system, accurate determination of designing parameters, 
conducting city construction engineering with the consideration of reducing storm runoff, and rechecking urban storm drainage design using 
storm water-logging forecasting early-warning system, it can radically avoid storm water logging in Luoyang; Through proper modification of 
rainwater pipe network at water logging area, straightening out the link between rainwater pipe network and urban river canal, performing timely 
desilting, checking and repairing leakage of rainwater pipe, and examining the pipes with forecasting early-warning system, the water logging 
hazard in Luoyang can be eliminated. 
 
Keywords: rainwater pipe network; storm runoff; water logging 
 
1. Introduction 
 

Located at east longitude from 111.8′ to 112.59′, northern latitude from 33.35′ to 35.05′, Luoyang is a transitional zone from 
subtropical zone to temperate zone with mean annual precipitation of 601.6mm including most rainfall from end of June to early of Sep [1]. 
When storm occurs, the phenomenon of water logging exists. Around 9pm on July 18th, 2013, a storm appeared and caused severe areas of water 
logging, which are shown in Figure 1 [2]. 

 
(1)                                                                                                (2) 

Figure.1 Photo of storm water logging in Luoyang on July 18th, 2013 
 

2. Cause analysis for storm water logging in Luoyang 
 
According to the statistic in 2012 that there are totally 32 storm water logging sites in Louyang downtown. After investiga-tion and research, 

it can be known that the causes for water logging mainly include: 
 

2.1. Short duration and strong intensity of storm 
 
Due to influence of geographical and climatic factors, rainfall concentrates from end of June to early of Sep in Luoyang, and each rainfall is 

featured by short duration and strong intensity. According to the formula of rainstorm intensity  [3]. 

167 Hq
t

=                                                                                                                (1) 

In the formula， q - rainfall intensity, L/(s·hm2); 
t - duration of  rainfall, min. 
Therefore, the rainstorm intensity is strong and rainfall runoff is large, making it difficult to timely drain overland runoff out with limit 

rainwater pipe network and thus resulting in water logging. 
 
2.2. The special topography 

 
This influence displays obviously in old urban area of Luoyang. Since Luo River locates in the south of such area and the Mang Mountain 

locates in the west of such area, the old urban area is higher in north lower in south, west higher in west and lower in east; In addition, the east-
west length of such area is longer than its north-south length. Jiudu road is one of main roads through east-west direction and locates in the south 
of such area; therefore there are 7 water logging sites out of the total 32 water logging sites, and most of the 7 sites locate in the east of the Jiudu 
road at the intersections between Jiudu road and other south-north directional roads. For example at the intersections between Jiudu road and  
Qiming south road, Jinye road, Glass plant road, Nanchang road, water logging hazards are more likely to appear. On the other hand, at Jiudu 
road overpass area, Chan river district committee, the gate of Adventure World, phenomena of storm water logging also appear due to the 
relatively lower topographies. 
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2.3. Improper rainwater system design 
 
In the design of rain system, the problems below are the basic causes for storm rain logging. 

 
2.3.1 Incorrect set location and number of inlets for storm water 

 
In recent years, numerous urban roads in Luoyang city have been reconstructed, in particular, some intersections have been repeatedly 

reconstructed. However such reconstruction is mainly conducted for traffic situation, the construction of inlets for storm water is normally 
ignored. As figure 2 shows [4]. As the first sites where rainwater enters into rainwater system, the inlets for storm water play a vital role in 
controlling water logging. If incorrect set location or/and number of inlets for storm water are set, water logging will be always resulted in no 
matter how large the rainwater pipe section is. In particular at some road intersections, the set location and number of inlets are more important. It 
is reported that of all 32 water logging sites, 16 are road intersections. In addition, for streets where the road condition is poor and litters are 
deposited or vegetable market area where no storm water inlets with catch-basin are set, the phenomenon of storm rain water logging has been 
caused as well. 

 

neighbour1 neighbour2 neighbour3

1
2

3
4

 
Figure 2   Schematic diagram of the storm water systems. 

1 inlet; 2 rainwater connecting pipes; 3 storm water manholes; 4 rainwater pipeline 

 
2.3.2 Incorrect water flow calculation for rainwater pipe network design 

 
The calculation formula for rainwater design discharge flux is as below [5]: 

sQ qFψ=                                                                                                                 (2) 

In the formula, sQ -rainwater design discharge flux, L/s; 
ψ - runoff coefficient; 
q - rainfall intensity, L/(s·hm2); 
F - catchment area, hm2. 

According to above formula, it can be known that the designed discharge capacity of pipe network is related to the value of ψ , q  and F . 
Through investigation, it finds that the previous rainwater pipe network design of Luoyang suffers the problems below： 

① low value of runoff coefficient ψ  
In former design, the rainwater runoff coefficientψ  of Luoyang is normally set to 0.60, however with the increasing pace of urbanization 

process, if the ψ  is still set to 0.60 without the consideration of increased number of urban hard pavements, increased building density, and 
significantly increased actual runoff coefficient ψ , it will lead to a lower ratio of designed runoff coefficient and actual runoff coefficient, 
resulting in storm water logging. 

②Problem in determination of storm intensity 
Calculation formula for storm intensity of Luoyang 

0.884
336(1 0.827 lg )q

(t 14.8)
P+

=
+

                                                                                             （3） 

In this formula, q -storm intensity, L/(s·hm2); 
P - designed recurrence period, a; 

 t - duration of rainfall, min. 
Storm intensity q is related to designed recurrence period P  and rainfall duration t . 
According to the newest outdoor drainage standard (2014 Edition), the designed reoccurrence period P  is set to 2-3 years. For major roads, 

areas or areas where terrible results will be caused by short period of water logging, the designed reoccurrence period is set to 3-5 years [6]. 
However according to former outdoor drainage standard (2011 Edition), the designed reoccurrence period P  is generally set to 1-3 years [7]., 
and even 0.5-3 years prescribed in earlier standard [8].. According to former standard, the designed P  value of rainwater pipe network is usually 
set to 1 year, however due to the combined influence of global warming and sea level rise in recent years, storms with over 10 years of 
reoccurrence period appear occasionally; On this basis, the storm intensity calculated by formula (2) is relatively lower, which thus leads to a 
smaller designed rainwater flow calculated by formula (1) and inevitable water logging phenomenon. 

According to outdoor drainage standard (2014 Edition), rainfall during t  can be calculated by follow formula 

21 ttt +=                                                                                                       (4) 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                                                       44.3 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/44 

 

In this formula, t - rainfall duration, min; 

1t - concentration time, min; 

2t - time of flow, min. 
However, according to former standard, there is  

1 2t t mt= +                                                                                                               (5) 
In this formula, m - reduction coefficient; for subsurface drainage pipe, m =2,open channel m =1.2;At steep area subsurface drainage pipe 

m =1.2～2. 
t ， 1t ， 2t  are the same as before. 
Therefore, in former rainwater system design, t  value is general large. However the relative lower values of storm intensity q  and designed 

discharge flow sQ , which are calculated through formula（2）and（1）, are one of basic causes for storm water logging of Luoyang.  
③Incorrect determination of catchment area F  
Some designers conducted division and calculation of catchment area only based on topographic map without performing practical 

exploration on engineering site, which will undoubtedly lead to some errors. In addition, due to the change of surrounding roads, terrains and 
surface features, the actual catchment area of some pipe sections will be larger than its calculated catchment area, thus leading to water logging. 
 
2.4. Limitation of current rainwater pipe network 

 
As Luoyang is an ancient city, combined pipe network exists in some sites, and sewage is of certain influence to rainwater discharge; On the 

other hand, due to increased number of hard roads, increased building density and topographical change at some sites, the rainwater runoff 
increases accordingly, which entails the requirement of enlarging the dimension of rainwater pipe. However some sites are forbidden to be 
reconstructed due to some reasons. For example, Zhongzhou Road, crowned as "the first road in ancient capital", is the longest east-west direction 
main road in downtown with total length of 15.108 km, covering 4 districts. Due to the limited underground space under such road, the dimension 
of rainwater pipe is impossible to be enlarged, and water logging is likely to occur. 
 
2.5. Leakage of pipe during maintenance and management of rainwater system 

 
Since each year in Luoyang, the rainwater mainly concentrates from end of June to early of Sep, while during other period, the pipe network 

is in long unused state. Leakage of pipe is sometime failed to be checked out in time, dust and other depositions caused by improper behavior of 
city cleaners and street vendors accumulate at inlet areas, the water absorption will be reduced and rainwater connecting pipes will be even 
blocked. Since rainwater connecting pipe serve as vital role for the whole rainwater system and its section size is small, which is only 
200~300mm, making it easy to be blocked by sewage. In addition, the limited rainwater pipe network may be of some leakage, catch-basin 
deposit cannot collect overland runoff in time, and connecting pipe is block, therefore the water logging will be surely caused when a storm 
comes. 
 
2.6. No consideration of reducing rainwater runoff has been taken into rainwater system-related urban construction 

 
During urban construction of Luoyang, there are following aspects reflecting the ignorance on reducing rainwater runoff: 
① Near all building roofs are not afforested. With the increase of urban building density, it will not only enhance heat island effect, which 

will increase the storm amount, but also increase the actual runoff coefficientψ  and decreases water logging time 1t . 
②The material used for constructing urban roads, squares, and parking lots are of small permeability coefficient and large runoff 

coefficientψ . 
③During reconstruction of urban roads, the area of green belt decreases. For example, Xingshu Road was reconstructed at the expense of 

removing the green belts on both sides to increase its traffic capacity. Such pattern of reconstruction only increases the actual runoff 
coefficientψ , but also decreases or radical eliminates the original infiltration rainwater amount; In addition, since the elevation of existing green 
belt in generally higher than that of roads, it fails to give full play to the infiltration capacity of green bels. 

When calculation according to formula (2) and (1), the actual runoff will be increased. When actual runoff is larger than the designed runoff, 
water logging will be inevitably occurring. 
 
2.7. Original urban canals fail to fully exert flood discharge function 

 
In Luoyang downtown, there are 4 rivers including Luo River, Yi River, Jian River and Chan River, covering total length of 83 km; there are 

6 canals including Zhongzhou Canal, Daming Canal, Qinling Flood Protection canal, White Horse Temple Flood Protection canal, Mang 
Mountain Canal, and Railway Flood Protection Canal, covering total length of 100.36 km. In new district, there are "four canals nine river branch 
and three lakes" with landscape water system of total 70km. The Sports Center Lake, Exhibition Center Lake, Sui & Tang Dynasties Relics 
Artificial Lake are distributed within, from which we can see an abundant water system in urban section. Through recent years of management, 
there canal dams become more solid, showing a smooth drainage function. However, due the improper connection of pipe system, the flood 
protection functions of this water system have not been fully exerted. For example, there is a section of Kaixuan Road lying beside Jian River, 
morevoer the west end of Xingshu Road is adjacent to Jian River at Kaixuan Bridge area. It is worth noting that rainwater on the both roads are 
not discharged to Jian River directly, and the elevation of Kaixuan Road is way higher than that of the intersected Xingshu Road, leading to the 
possibility of water logging at Xingshu Road. 
 
3. Countermeasure for solving Luoyang waterlogging phenomenon 

 
According to the cause for Luoyang storm water logging, following methods are recommended to overcome the water logging phenomenon: 
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3.1. Rainwater system reconstruction at low-lying areas 
 
Under the condition where road surface, underground space and economy are favorable, it is suggested to perform radically reconstruction 

including substituting old pipes with new rainwater pipes of larger diameter, increasing number of rainwater inlets, determining the optimal 
locations of rainwater inlets, and performing pump reconstruction if pump station is given; However if the conditions are not favorable, it is 
suggested to increase the number of rainwater inlets, or at least to enhance the maintenance and management of this section of road. 
 
3.2. Enhance the maintenance and management of rainwater pipe network 

 
It is suggested to regularly conduct leakage checking, damage repairing, and deposition cleaning for rainwater pipes, especially for branch 

pipes. Although the branch pipes have smaller rainwater conveying capacity, they are easily to be blocked and hard to be cleared for its tiny 
diameter. Therefore the branch pipes should be kept in smooth condition, so as to guarantee there will be no water logging at its water absorption 
area when a storm comes. Before rainy season comes, it is also suggested to radically clean the deposition at all rainwater inlets and connection 
pipes, so as to avoid blocks of pipes and water logging. 
 
3.3. Improve Related Urban Facilities of Luoyang City based on Construction of “Sponge City” 

 
Sponge City means the city has good flexibility in adapting to environmental change and responding to natural hazard caused by rainwater, 

internationally what is called “Low Impact Development for Rainwater System Construction”. The key factor of establishing this system 
engineering is building “Sponge Body”, which not only includes natural river, artificial stream, lake, pond, but also includes urban public 
facilities, such as greenbelt, garden, permeable pavement and square, greening roof, etc. The construction of Sponge City not only greatly reduce 
the water logging possibilities and hazards caused by storm, but also the water absorbing, storage, seepage and purifying can be conducted in 
rainfall, and the stored water can be “released” and utilized when water is needed, thus making the water circulation in city accord with natural 
law better [9][10].  

Jinping Xi, Chinese President, emphasized “the storage of limited rainwater and natural force drainage should be preferentially considered in 
improving urban sewerage system, and sponge cities of natural storage, natural permeability and natural purification should be built” in “Central 
Urbanization Work Conference” on December 12, 2013; the central finance offers a special fund to pilot project for construction of “Sponge 
City”. This shows Chinese government not only pays much attention on construction of “Sponge City”, but also provides financial support. 
According to construction requirements of “Sponge City” and specific circumstances of Luoyang City, the following suggestions are proposed 
for reasonably storing and utilizing storm runoff, and avoiding storm water logging. 
 
3.3.1 Change Urban Planning, Rainwater System Planning and Design Concept of Luoyang City  

 
The urban planning and rainwater system planning and design of city has insisted the principle of “quick collection and quick elimination” 

for a long time, which causes less accumulation of rainwater in city, and needs gutter inlet for rainwater collection and storm sewer system and 
rainwater pumping station for conveying and eliminating rainwater, and problems in any above link will cause storm water logging. If the 
designer participating in urban planning and rainwater system planning and design of city changes the planning and design idea, uses the concept 
of “Sponge City” to conduct the urban planning and rainwater system planning and design, the storm water logging phenomenon will be 
eliminated consequentially from the source, and benign development of water cycle in Luoyang City will be improved. 
 
3.3.2 Fully utilize the flood storage capacities of existing rivers, canals and lakes 

 
Through field investigation of current situation of rainwater pipe network and figuring out the links between rainwater pipe and urban canals 

and rivers, the storm rain runoff can be reduced. In particular for Luo River, of which the section in urban area is 25km long, through recent years 
of management, the flood control standard has been increased to 100-year frequency. The river bed is 550～800 in width and equipped with 
level-5 rubber dam, so that it can store approximately 30,000,000 cubic meters of water, playing as a huge flood storage capacity after being 
discharged empty before storm season comes. 
 
3.3.3 The reduction of rainwater runoff should be fully considered during urban construction 

 
Currently, the engineering construction of Luonan new district has yet to be finished, while engineering construction of Yibin district has 

started from 2008. In old district, urban road reconstruction and extension as well as other urban constructions take place each other. As the 
builders, designers, and constructors of these engineering constructions, we should do construction work with the consideration of reducing 
rainwater runoff, for example, greening building roofs, increasing the area of green belts at both sides of road and setting the elevation of green 
belt lower than that of surrounding road surface, following the principle of reducing urban runoff coefficient when using materials and setting 
materials mixed ratios for constructing urban roads, squares and parking lots, and setting rainfall regulative pools in conditional residence 
communities, enterprises and public institutions, and urban public land. 
 
3.4. Accurately determine all design parameters and increase design standard as much as possible 

 
In rainwater pipe network design, ψ  and P  should be increased in proper degree; Regarding large-scale engineering at complex terrain, 

different value of 1t  should be set for different sections of road according to actual situation, in particular for the road section of large slope, 

1t should be lower properly; At road intersections or areas of topographic relief, the location and number of rainwater inlets should be reasonably 
set; for streets where the road condition is poor and litters are deposited or vegetable markets, it should set rainwater inlets with catch-basins.  
 
3.5. Verification of urban planning, construction, rainwater pipe network design based on urban storm water logging simulation 
predicting system, and management of rainwater pipe network and related municipal engineering 
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With the rapid development of computer soft and hard ware, GIS （Geographical Information System), with functions of collection, storage, 
management, operation, analysis, display and description of geographic distribution data of the whole or partial epigeosphere (including 
atmosphere) space, has been widely used in urban storm water logging simulation prediction [11][12]. In addition, the GIS-based storm water 
management model(SWMM) as well as dynamic urban storm water logging simulation prediction system and Unity based on both technologies 
play a vital role in dynamic urban storm water logging simulation prediction. Designing institutions and municipal administrative departments 
should actively promote and apply there advanced technologies, so as to achieve  verification of urban planning, construction, rainwater pipe 
network design based on urban storm water logging simulation predicting system; Moreover, municipal administrative departments can search 
water logging sites through such system and take timely measure to cope with and manage pipe network repairing, preventing before storm 
comes and eliminating the damage caused by storm water logging hazard[13]. 

(1)Function of GIS 
GIS system can store factors influencing storm water logging of city, including climate and geography, terrain, current situation of rainwater 

pipe network, capacity of draining off floodwaters of present rivers and canals, etc., to geographic map, and combine the basic theory of 
hydraulics and hydrology and urban storm model on this basis, the maximum water logging depth of ground, inlet time and water logging depth 
changes of city during storm can be obtained, thus the inundated range and damage caused by storm in different circumstances can be calculated, 
so the optimal solution will be provided for helping decision makers to formulate scheme of solving water logging and reduce the loss to central 
cities caused by storm water logging.  

(2)Function of SWMM 
SWMM is a dynamic simulation model of rainfall and runoff, mainly used for simulating the single rainfall event or long-term water yield 

and water quality modelling of city. This model can trace and simulate the water quality and yield of runoff in each substream at any moment of 
different time steps, and flow, water depth and water quality of each pipeline and river, etc.  

(3)Function of Combining GIS and SWMM 
Some researchers conduct the programming and nest to GIS and SWMM, form the integration frame of GIS and SWMM, thus the model of 

city’s water logging is got, and the visual area of water logging is realized. 
(4) Function of Unity  
Unity3d combining SWMM and GIS not only can conduct the three-dimensional dynamic analogue simulation predication of ground water 

logging, but also can realize three-dimensional animation in real time and the three-dimensional dynamic analogue simulation to storm water 
logging of city based on different rainfall, moreover, this method is simple, rapid, has rich environment elements, good vision effect, and less 
input, so it is the new development for water logging simulation prediction of city at present.  
 
4. Conclusion 

 
In all, the storm water logging hazard of Luoyang city can be reduced by taking following measures: 
 (1) Enhancing urban greening urban planting, selecting paving material of larger permeability coefficient, setting rainfall regulative pools, 

fully utilizing the flood storage capacities of urban rivers, canals and lakes to reduce urban storm runoff; 
(2) Properly increasing the value of ψ and P in design of new-built and reconstructed and extended rainwater pipe network, properly 

reducing 1t  at areas of larger slop, reasonably allocating location and number of rainfall inlets, setting catch-basin-integrated rainfall inlets at 
areas where litters are likely to be accumulated; 

(3) Enhancing management of rainwater pipe network and reconstructing the rainwater pipe network at low-lying areas 
(4) Verification of urban planning, construction, rainwater pipe network design based on urban storm water logging simulation predicting 

system, and management of rainwater pipe network and related municipal engineering 
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Abstract: University is a knowledge community; the construction of the university is a typical example of knowledge creation. However, 
the current university knowledge innovation presents a low efficiency phenomenon, with many competitors, it is difficult to continue the 
monopoly position in the "knowledge market" . Therefore, how to promote the appreciation of the University's knowledge assets, improve 
the level of education and basic research, foster the academic master, heritage and shaping the university culture has become the core issue 
of the university. The creation of knowledge is the primary impetus for the development of universities. From the perspective of social 
network, the study takes the 72 colleges and universities belonging to the Ministry of education, the Ministry of industry and the Chinese 
Academy of Sciences as a sample, and studies on the influence of social relations network on university knowledge resources. The empirical 
results show that: the University's internal network, University and government social relations network have a positive effect on the 
knowledge resources of the University. The university has a positive effect on the knowledge resources of the university system. From the 
perspective of social network, this paper reveals the relationship between social network and knowledge resources, and reveals the influence 
of social network on the value of university knowledge assets, and provides a useful supplement to the social network. 
 
Keywords: university social network; independent knowledge resources; systematic knowledge resources 
 
1. Introduction 
 

Drucker, master of management, said in his Managing for the Future: From now on, the most critical is knowledge. The world is 
becoming less labor intensive, not material intensive, not energy intensive, but knowledge intensive. With the advent of the era of 
knowledge economy, the core of the competition is not the possession of capital, equipment and other tangible resources, but gradually to 
the competition between technology, intelligence and knowledge, knowledge resources have become the scarce resources of the 
organization development, but also the source and power of the value added value of organization. University as a knowledge community, 
the whole activity of the university is to connect with knowledge, knowledge is the content of the University, and the University's 
construction is a typical example of knowledge creation. Therefore, the core of competition among universities is not the possession of 
tangible resources, such as capital, equipment and other resources, but the competition of knowledge resources of the group of knowledge 
and knowledge. However, the current university knowledge innovation presents a low efficiency phenomenon, with many competitors, it is 
difficult to continue in the "knowledge market" on the monopoly position. Therefore, how to promote the appreciation of the University's 
knowledge assets, improve the level of education and basic research, foster the academic master, heritage and shaping the university culture 
has become the core issue of the university. 

In the last 20 years, social network has gradually become a new research paradigm of social structure. It is widely used in the fields of 
sociology, economics, management and information technology, more and more scholars pay attention to the social network to knowledge 
innovation[1~3]. Social networks are conducive to promoting team innovation performance, knowledge transfer, intellectual capital creation, 
because social networks can effectively promote the combination and exchange of tacit and explicit knowledge, as well as information, 
knowledge and resources[4~6]. As mentioned above, how the mechanism would be after the University's knowledge creation process is 
embedded in social relations network? In fact, all those good universities are actively in different ways to absorb a variety of internal and 
external resources to help the school. Experience tells us that those outstanding universities generally have a high level of international 
academic exchange platform, a high level of student training programs, as well as all kinds of outstanding teaching, scientific research and 
innovation team[7,8]. In general, the creation and appreciation of knowledge comes from the positive efforts of the members of the 
organization. On the other hand, it also needs to be organized in an open attitude to obtain the "negative entropy" from the outside. At 
present, it has not been found that the combination of social Social network  theory and the creation of university knowledge resources is 
considered, and it is clear that there is a theoretical gap[9,10]. To this end, this paper intends to carry out the research on the relationship 
between the university social relations network and the university knowledge resources. 

University social network is the network owned by university and its derivative, embedded in these relationships, the network could be 
obtained through the relationship between the actual and potential resources combined. The university social relations network not only 
contains the network itself, but also contains the assets, which could be transferred through network. In this paper, the research on the 
university social network is not only concerned with the nature of the relationship, but also concerned about the characteristics and contents 
of the embedded in the network. University social networks are provided by the University's internal academic network, the external 
academic network, Social network between university and government, social network between university and enterprise, they provide the 
university with a wider and more timely information access, more financial or material resources to obtain the channel as well as more 
attention, legitimacy or asylum. 

 
2. The  relationship between university social network and knowledge resources 

 
2.1 University internal academic network and knowledge resources 

 
University internal social network is a kind of relation network with strong joint and several attributes. From the viewpoint of social 

network theory, this strongly associated network can enhance mutual understanding and trust, which is also conducive to creating high 
performance cross business cooperation. From the perspective of information processing theory and social network theory, it is possible to 
create more strong relationships among business groups to achieve high performance cross business unit cooperation, which is considered as 
a way to improve communication and coordination. Therefore, we put forward the hypothesis: 

Hypothesis 1: university internal academic network is conducive to the creation of knowledge resources. 
 
2.2 University external academic network and knowledge resources 

 
In the current environment, any organization could not possession of all resources of knowledge innovation needs, are inevitably 

absorbed knowledge from outside the organization. University exists limitation in the knowledge resources, a lot of scientific research 
personnel in the development process of the knowledge is not from the organization, but from other organizations to conduct external 
knowledge search. Therefore, the university through the external academic network of formal and informal external knowledge search, at 
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the same time to increase the knowledge acquisition, effectively promote the external knowledge integration, for the integration of internal 
resources to provide a supplement. Therefore, put forward the hypothesis: 

Hypothesis 2: university external academic network is conducive to the creation of knowledge resources. 
 
2.3 Social network between university and government and knowledge resources 

 
Government through a series of policies and regulations to protect the intellectual property rights, and to protect the University's 

technology transfer; the government through the foundation and other agencies to guide and support the University's scholars to promote 
cooperation between universities, research institutions and industrial enterprises, and strengthen exchanges and cooperation between the 
University's scientific research personnel. Therefore, put forward the hypothesis: 

Hypothesis 3: Social network between university and government is conducive to the creation of knowledge resources. 
 
2.4 Social network between university and enterprise and knowledge resources 

 
Enterprise is the main body of the technology commercialization, and the enterprise is one of the main body of the national independent 

innovation. As can be seen from the past history, the external impetus to the university reform is greater than its internal, but also the 
relationship between the University and enterprise. The research shows that, with the excellent, the resources, the rich experience of the 
combination of the cooperative organization to help the organization benefit from the relationship. The establishment of a consortium of 
people in the central position of the more extensive industrial network, and the combination of a variety of partners to create the same can 
provide information, flexibility and resource advantages, which helps to improve the performance of knowledge innovation. Therefore, put 
forward the hypothesis: 

Hypothesis 4: Social network between university and enterprises is conducive to the creation of knowledge resources. 
 
2.5 The moderating effect of university resource capture capability 

 
The fundamental of the resource capture is to achieve the purpose of the flow or transfer of resources through a certain way, and finally 

to reach the resource needs, the actors are the individual. With the high level of Resource capture Capability, it is not only able to identify 
and evaluate the non redundant information that has important value in time, but also can effectively digest and utilize these non redundant 
information, which is conducive to the promotion of social networks. As a kind of dynamic ability to identify and acquire new knowledge, 
the ability of organization resource capture is also the effect of knowledge management. Therefore, put forward the hypothesis: 

Hypothesis 5: the resources capture capability has a moderating effect on the relationship between university social network and 
knowledge resources. 

Through literature review, we can see that the university social network can promote the creation of university knowledge resources; 
the theoretical model is shown in figure 1. 

 
3. Research design 

 
3.1 Research model 

university internal 
academic network

university external social 
network

-external academic 
network
-social network 
between university and 
government
-social network between 
university and enterprise

University social 
network

University knowledge 
resources

-independent 
knowledge resources
-systematic 
knowledge resources

Univesity 
status

Resource capture 
capability

 
Figure.1 Theoretical Model. 

 
3.2 Research variable 

 
The variables of this study include the independent variable "university internal social network", "external academic social network", " 

social network  between university and government ", "Social network between university and enterprise"; the dependent variable 
"university knowledge resources" - independent knowledge resources and systematic knowledge resources; and the moderating variable 
"university resource capture capability" and "control variables". 

The research objects of this study are 72 universities belonging to Education Ministry, the Ministry of Industry and the Chinese 
Academy of Sciences (CAS). Research data comes from the basic situation of 2011-2013 in various colleges and universities. At the same 
time, the weight of each index and the conversion coefficient is completely according to the evaluation index weight of the subject of the 
education department, so as to ensure the scientific and reasonable research. 
 
3.3 Research method 

 
In order to verify the influence of university social Social network  on college knowledge resources, this paper uses multiple regression 

analysis method; the empirical analysis of this study is divided into two stages. In the first stage, the central processing of the variables is 
carried out. In the second stage, with the help of hierarchical regression model, the university social relations network as the independent 
variable, the knowledge resource as the dependent variable, the university Resource capture Capability as the adjustment variable, the 
university status as the control variable. The above analysis is done by SPSS17.0. 
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4. Data analysis 
 
 
As shown in Table 2, independent knowledge resources are used as dependent variables, and the regression analysis results in the main 

effect variables, the adjustment variables, the interaction effect variables and the control variables are analyzed. As can be seen from table 2, 
the University's internal academic Social network , University and government social relations network have a positive effect on the 
knowledge resources. Hypothesis 3a, hypothesis 1a is verified. University Resource capture Capability has a positive moderating effect on 
the relationship between the University's internal network and the knowledge resources of the University. Assuming 5A is partially verified. 

 
Table 1 Independent Knowledge Resources as a Result of Regression Analysis of the Dependent Variable 

Variable Model1 Model2 Model3 Model4 

Control Variable University Status .675*** .216* .114 .102 

Independent 
Variable 

University Internal Academic Social 
network 

 .287* .258 .340* 

University External Academic Social 
network 

 .073 .106 .018 

 Social network between university and 
Government 

 .321* .272 .242 

 Social network between university and 
enterprise 

 -.002 -.006 .002 

Moderating 
Variable 

 

Resource capture capability   .184 .212* 

Interaction 
Variable 

Resource capture capability×University 
Internal Academic Social network 

   .345** 

 Resource capture capability×University 
External Academic Social network 

   -.179 

 Resource capture capability×Social 
network between university and 

Government 

   -.109 

 Resource capture capability×Social 
network between university and enterprise 

   .056 

R2 .456 .659 .671 .707 

ΔR2 0.456 0.203 0.012 0.036 
Sig. of ΔR2 .000 .000 .128 .145 

Sig. of Model 0.000 0.000 0.000 0.000 
***. P<0.01, **. P<0.05, *. P<0.1 

 
As shown in Table1, the knowledge of the system is used as a dependent variable, and the main effect of the system is the regression 

analysis results of the main effect variables, the moderating variables, the interaction effect variables and the control variables. As can be 
seen from table 2, social network between university and enterprise have a positive effect on the knowledge resources of the university 
system, the university internal academic social network , university external academic social network , social network between university 
and government to university systematic knowledge resources is not significant. Assuming 4 is verified. 

 
Table 2 Regression analysis results of System’s Knowledge Resources 

Virable Model1 Model 2 Model 3 Model 4 

Control 
Variable 

University Status .426*** .154 .313 .218 

Independent 
Variable 

University Internal Academic Social 
network 

 .101 .146 .055 

University External Academic Social 
network 

 -.072 -.123 -.131 

 Social network between university and 
Government 

 .131 .206 .334* 

 Social network between university and 
enterprise 

 .630*** .635*** .672*** 

Moderating 
Variable 

Resource capture capabilit   -.287 -.239* 

Interaction 
Variable 

Resource capture capability×University 
Internal Academic Social network 

   -.169 

 Resource capture capability×University 
External Academic Social network 

   -.079 

 Resource capture capability×Social 
network between university and 

Government 

   .231 

 Resource capture capability×Social 
network between university and enterprise 

   .113 

R2 .181 .648 .679 .694 
ΔR2 0.181 0.476 0.031 0.015 
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Sig. of ΔR2 .000 .000 .018 .587 
Sig. of Model 0.000 0.000 0.000 0.000 

***. P<0.01, **. P<0.05, *. P<0.1 
 

5. Results discussion 
 
This paper, based on the literature review of the relationship between university social network and knowledge resources, puts forward a 

model of the relationship between university social network and knowledge resources. In addition, this paper analyzes the characteristics of 
knowledge resources, divides the university knowledge resources into two categories. It can make the research more accurate, and it is 
helpful to prevent us from making fuzzy inference. Therefore, the relationship between university social network and university knowledge 
resources can reveal the influence of university social relation network on the University's knowledge assets. The model can better reveal the 
influence of university social network on the University's knowledge assets. 

The empirical analysis results show that university internal academic social network of has a significant positive effect on the knowledge 
resources. The university has a significant positive effect on the knowledge resources of University. The interaction effect between 
university Resource capture Capability and the university internal academic social network  have a significant positive effect on the 
knowledge resources. The university knowledge resources creation is a combination and exchange process, and the University of internal, 
external social networks through the influence of process combination and exchange to promote the creation of knowledge resources, 
network attributes in each of the different, the influence of knowledge resources and knowledge resources on the system of university 
independent of the different network, university internal academic network of "strong joint" property in favor of the complex knowledge 
transfer, because interaction to provide joint by the strong, is very important for the absorption of non encoding knowledge; and university 
external academic social network  is conducive to knowledge search, because of a "weak ties" and other departments through the network 
can not only enjoy from the connected position the benefits, also can be avoided due to excessive pressure of the network is unfavorable; 
social network between university and government, social network between university and enterprise can provide resources to the university, 
but the former focuses on technology exploration, the latter focus on technology exploitation. From the empirical results, we can see that the 
University's internal and external social network have different effects on two kinds of knowledge resources. The research results not only 
have some theoretical development on the relationship between university social relations network and university knowledge resources, but 
also have certain reference significance to the university. 

At present, there are more and more attention paid on how to improve the competitiveness of Chinese universities, but there is little 
research on the social network theory and the university knowledge resources. This study uses regression analysis method to analyze the 
mechanism of university knowledge assets appreciation from the perspective of social network, and provide guidance for college if it can 
provide knowledge resources through the network. 

 
Acknowledgement 

 
This research was supported by 'Service Innovation Mechanism of Manufacturing Enterprises based on the Adaptive Theories' of 

National Natural Science Foundation of China under grant No. 71372089 and ' Construction and Empirical Research on the theory of 
Organization Cycle ' of National Natural Science Foundation of China No. 71372090. 

 
References 
 [1] Phelps, C.,Heidl, R., Wadhwa, A. Knowledge, Networks, and Knowledge Networks: A Review and Research Agenda. Journal of 

Management. 2012, 38(4), pp. 1115-1166 
[2] Baer, M., Evans, K., Oldham, G.R.,  Boasso, A. The social network side of individual innovation: A meta-analysis and path-analytic 

integration. Organizational Psychology Review. 2015,5(3), pp. 191-223 
[3] Wang, C.L., Rodan, S., Fruin, M.,Xu, X.Y. Knowledge Networks, Collaboration Networks, and Exploratory Innovation. Acadmy of 

Management Journal. 2014,57(2), pp. 484-514 
[4] Funk, R.J. Knowledge, Making The Most of Where You Are: Geography, Networks, And Innovation in Organizations. Acadmy of 

Management Journal. 2014,57(1), pp. 193-222 
[5] Li, M.X. Social network and social capital in leadership and management research: A review of causal methods. Leadership Quarterly. 

2013,24(5), pp. 638-665 
[6] Forti, E., Franzoni, C., Sobrero, M. Bridges or isolates? Investigating the social networks of academic inventors. Research Policy. 

2013,42(8), pp. 1378-1388 
[7] Tsui, E., Wang, W. M., Cai, L.L.. Knowledge-based extraction of intellectual capital-related information from unstructured. Expert 

Systems With Applications. 2014, 41(4), pp.1315-1325 
[8]  Lopez-Ruiz, V.R., Alfaro-Navarro, J.L., Nevado-Pena, D..Knowledge-city index construction: An intellectual capital perspective. 

Expert Systems With Applications. 2014,41(12), pp. 5560-5572 
[9]  Majchrzak, A., Jarvenpaa, S.L., Bagherzadeh, M. A Review of Interorganizational Collaboration Dynamics. Journal of 

Management.2015,41(5), pp. 1338-1360 
[10]  Zhou, K.Z., Li, C.B. How knowledge affects radical innovation: Knowledge base, market knowledge acquisition, and internal 

knowledge sharing. Strategic Management Journal. 2012,33(9), pp. 1090-1102 
[11]  Miller, D., Shamsie, J. The Resource-based of the Firm in Two Enviroments: The Hollywood Film Studios from 1936 to 1965 [J]. 

Academy of Management Journal. 1996, 39(3), pp. 519-543 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                                       46.1 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/46 

Study on the Energy Consumption of a Solar-House Installed with Air-Source Heat Pump Auxiliary 
Heating System 

 
Yuqing Zhao*, Bing Lv, Jimeng Guo, Tao Yu 

 
Department of Civil Engineering, North China University of Technology, Beijing City, China 

 
Abstract: To improve the indoor thermal environment of the rural house, this paper puts forward a combination of active and passive 
heating system in a solar house attached sunspace. The passive heating comprised solar house attached sunspace, and the active heating 
system consists of the solar heating system and auxiliary air-source heat pump(ASHP). The running performance of each system was 
analyzed by thermal calculation and experimental test. The results show that the heating method can satisfy the requirement of the indoor 
temperature and greatly reduce energy consumption of heating in winter. This study provides reference for the solar house heating system 
design. 
 
Keywords: active and passive solar-house; solar collector; air-source heat pump; energy saving. 
 
1. Introduction 
 

In rural areas of northern China, the main ways of heating in winter are traditional gravity circulation heating, heated brick bed and coal 
stove. Heating room has partial low temperature and poor thermal comfort, which is difficult to meet the required thermal comfort [1]. 
Traditional way and equipment of heating not only have low efficiency, but also use non-renewable energy heavily. According to statistics, 
the coal consumption for heating in rural China is about 190 million tons per year, and presents the fast growth trend. It is predicted that the 
northern rural house heating needs at least 300~400 million tons coal commercial energy in 2020 [2]. China has abundant solar energy 
resources and solar irradiation quantity is more than 5000 MJ/m2 per year over two-third of area, which provides an excellent natural 
conditions to utilize solar energy [3].Many scholars do studies on the passive solar house at room temperature and load characteristic 
through theory, experiment and simulation [4]-[10], but few of them is about sunspaces with auxiliary heating facilities in countryside, 
especially using floor radiant as a terminal device. This paper puts forward a kind of combined heating system of active and passive with 
air-source heat pump as auxiliary heat source, which include two systems, the passive part is solar house attached sunspaces and active part 
is the solar heating system and auxiliary heating source system (an air-source heat pump as the auxiliary heating source). This heating 
method is mainly supplied by sunspace and solar collector, and its shortfalls is given by the air source heat pump. Through experimental 
tests, the heating method can satisfy the requirement of the indoor comfort, and has good energy saving. This study provides reference for 
the solar house heating system design. 

 
2. Thermal performance analysis of active and passive solar system 

 
2.1. Introduction of Solar House and Heating System 

 
Experimental buildings are two single-floor houses(solar house and contrast house),located at Beijing, china, whose building materials 

and construction layout are the same and ground is made of reinforced concrete slabs overhead. The storey height is 3m and total floor area 
is around 60 m2,facing the south. 

The south transparent glazing area of solar house is 18.2 m2, as shown in Figure 1. The building envelope parameters of solar house 
and contrast house are shown in Table 1. 

The integrated heating system of the study house is shown in Figure 2, and low temperature radiant floor heating is adopted as a 
terminal device. Space heating source is supplied by three parts: solar heating of sunspaces, solar collector heating system and air source 
heat pump heating system. The solar collector is vacuum tube with water tank, which is arranged on the roof with 45degree angle. The 
collecting area is 10 m2, water storage capacity is720L.Auxiliary ASHP’s power is 1.8 kW, water storage tank volume is 800L. According 
to the set temperature, heating system will automatically operate under the set program. When the passive solar house’s temperature is 
below indoor temperature set point 16℃, the solar collector heating system will operate to supply as heating system, when the temperature 
of the solar collector is below 30 ℃, the air source heat pump system will operate. 

 
Figure.1 Building layout of solar house and contrast house. 
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Figure 2 The combination heating system details of active and passive. 

 
Table 1 The building envelope parameters of solar house and contrast house. 

Component Structure characteristics 
Heat transfer 

coefficient 
(W/m2·K) 

Area 
m2 Remarks 

East wall 370mmbricks+50mm extrusion plastic insulated board 0.4 15  
West wall 370mm bricks+50mm extrusion plastic insulated board 0.4 15  

North wall 370mm bricks+50mm extrusion plastic insulated board 0.4 19.4  
Public wall 370mm bricks 1.55 19.6  
South door Single Plastic-Steel+3mm glass 5.7 2  
North door Single Plastic-Steel+3mm glass 5.7 4  

South window Single Plastic-Steel+3mm glass 5.7 5.4  
North window Double Plastic-Steel+6mm double glass 3.1 3.6  

Roof 120msteel reinforced concrete 
+150mmpolyphenylpranule+waterproof layer 0.82 45  

Floor Prestressed concrete hollow slab+5cm extrusion plastic 
insulated board 0.59 45  

Sunspaces 

South windowⅠ 5.7 19.8 day 
South windowⅡ 5.1 19.8 night 

South insulated windowⅠ 0.33 3.9 day 
South insulated windowⅡ 0.27 3.9 night 

Roof 0.82 7.24  
East wall 0.4 2.34  
West wall 0.4 2.34  

Floor 0.59 7.24  
 
2.2. The Calculation of Annual Auxiliary Heating Energy Consumption 

 
Heating energy of the integrated heating systemis based on solar energy in winter. Since the influence of the weather and other random 

factors such as cloudy or outdoor temperature is relatively,solar energy heating of sunspace cannot provideadequate heat in buildings in 
these conditions, and auxiliary heat sources areneeded. Thequantity ofauxiliary heat source and the thermal performance of solar house have 
a direct relationship. Steady state heat transfer method is used in determining the annual heating load of auxiliary heat source. The minimum 
design temperature of the solar house is 16 ℃, which can satisfy the occupants’ comfort. This paper analysesthe energy consumption 
characteristics of the solar house on three factors,the auxiliary heat consumption, solar energy saving rate, indoor air temperature and other 
indicators. 

1)Thermal balance equation of solar house in heating decade: 

                                                                             (1) 
Qc----- The daily average heating gain by solar collector, kJ/d, 
Qaux---The dailyaverageauxiliary heating gain by auxiliary equipment, kJ/d, 
Qin----The daily averageindoor heating gain by human, lighting and non-heating equipment,kJ/d, 

, --The indoor and outdooraverage temperature, ℃; 
The monthly solar heat gain ratio of the solar house, SLRMis presented as Eq. (2): 

                                                                                                      (2) 

SM-----The monthly radiation energy gained by sunspace,kJ/m2d; 
DDM---Monthly heating degree day, ℃· d; 
The netheating load coefficient in winter(NLC)is presented as Eq. (3): 

                                                                        (3) 

----Area of building envelope , m2; 

----Heat transfer coefficientof building envelope ,W/m2· ℃; 
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 j-------Number of each room’s external structure; 
n------Airexchange rate of room,h-1, 0.5 times/h; 

-----density of outdoor air,Kg/m3; 
----specific heat of air,KJ/(kg· ℃). 

The net heating load coefficients of solar house and contrast house is 9225 KJ/ ( ℃· d) and 14684 KJ/ ( ℃· d), respectively. 
Monthly effective solar heating SMis presented as Eq. (4): 

                                                                                               (4) 

In that case, is effective absorption coefficient,for 0.76;  is effective area coefficient, for 0.8;  is total area of heating collected 
window. is the average daily solar total radiation through the glass into the interior, by the literature[11]. 

SLRM can be calculated by eq.(2),(3) and(4). 
2) Auxiliary heat calculating equation of the solar house: 

                                                                      (5) 
In the eq.(5), SHF is solar energy heating ratio. According to literature [11], there is a certain functional relation between solar heating 

rate and solar heat gain (SLRM), and the heating ratio of solar house can be calculated by its curve relation.  
The monthly auxiliary heat calculating results of solar house and contrast house is given in Table 2. 

 
Table 2 The monthly calculating results of auxiliary heat of solar house and contrast house. 

Component Item Character Unit Nov. Dec. Jan. Feb. Mar. Year total 
Monthly auxiliary 

heating 
Solar house QAUX,M GJ 1.45 3.10 3.65 2.68 1.45 1.23 

Contrast house QAUX,M GJ 4.88 8.17 9.00 7.11 4.87 3.40 
Monthly effective 

solar heating 
Solar house SM GJ 3.67 3.79 4.06 3.63 3.49 1.86 

Contrast house SM GJ 1.20 1.24 1.33 1.19 1.14 6.11 
 
2.3 The temperature prediction of solar house with integrated heating System 

 
From Eq. (1): 

                                                                                                     (6) 

Where, QAUX represents the daily average auxiliary heating gain by auxiliary equipment, kJ/d; 
Thermal calculation of solar house is given in table 3. 
When designing the auxiliary heating system,heating energy value should be chosen according to the heat load of the coldest monthand 

under the conditions of the cloudy days.From the above-mentioned thermal calculation, the total value of auxiliary heating load of the 
coldest January the solar house and the contrast house is 3.65GJ and 9GJ, respectively. 
 
2.4 Heat load simulation of the solar house  

 
The heat load simulation result of the solar house is shown in Fig.3 according to the DeST[12] software. The maximum hourly heat 

load of the solar house and the contrast house is 4.2kW and 5.95kW, respectively. The heat load of the solar house’s auxiliary air-source 
heat pump is arranged withheating capacity of 4.2kW. During the heating period, the accumulative total heat load of the solar house and the 
contrast house is 23GJ and 30GJ, respectively, and energy-saving rate of the solar house is 23.6%. 

 
Table 3 Results of thermal calculation of solar house. 

Component Solar house Contrast house 
Building area,m2 59.5 59.5 

Net heating load coefficient,kJ/( ℃· d) 9225 14684 
Solar heating ratio,% 34% 4.38% 

Annual auxiliary heating consumption, kJ 1.23X107 3.45 X107 
The average predicted temperature in heating 

decade, ℃ 16.27 16 
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Figure 3 The heat load simulation of the solar house and the contrast house 
 
3. Experimental measurement and result analysis 
 
3.1 Test content 

 
In order to verify the accuracy of the thermal performance calculation result of the passive solar house for the monthly heat SM, 

monthly auxiliary heating QAUX, M and indoor temperature prediction, we made an on-site test for the solar house heating system during 
the coldest period (1 Feb.8-January 16) in the coldest month of January. In that case, QAUX,M includes two parts: solar collectors heating 
and air-source heat pumpheating. 
 
3.2 Calculation method for heat 

 
(1) Heat supply value of active solar collector heating system： 

                                    (7) 
WhereQuerepresent heat supply valueof active solar collector heating system, J, mhsrepresent circulating water flow value of solar 

collector heating system, m3/h. tf,inandtf,outrepresent floor water inlet and outlet temperature of solar collector heating 
system,℃,respectively. 

(2) Heat supply value of auxiliary air-source heat pumpsystem 

                                                                 (8) 
where,Cpw----Water specific heat of auxiliary air-source heat pumpsystem,KJ/Kg·℃; 
mhp----Circulating water flow value ofauxiliary air-source heat pumpsystem,m3/h; 
th,in-----Floor water inlet temperatureof auxiliary air-source heat pumpsystem,℃; 
th,out----Floor water outlet temperatureof auxiliary air-source heat pump system,℃. 
(3) Heat supply valueofthesunspace 
Thesunspace absorbs the sun’s radiant heat in day time,and at the same time and it exchanges heat from surroundings. The process of 

heat transfer is complex. This paper usesthe combined method of DeST load simulation and practical measurement tocalculate the net heat 
of thesunspace. 
 
3.3 Test Results and Analysis of Energy Consumption 

 
(1)To study the effect ofthe indoor temperature of solar house attached the sunspace, we made a temperature test between thesolar-

house attached sunspaces and the contrast room before heating, which wascarriedfrom December 3 to 8. The average temperature of the 
solar house is 8℃ while the contrast house is 4.5℃, indoor temperatureof the solar-house increased by 3.5℃, as shown in Figure.4. The 
experimental tests show that the indoor temperature of the study house with no auxiliary solar heating facilities cannot reach 16℃,which is 
the lower limit of indoor thermal comfortable environment.  

 

 
Figure 4 Room temperature of the solar house and the contrast house. 

 

 
Figure 5 The average temperature of the solar house in heating period. 

 
(2)The testing time of integrated heating system is from January 8 to 16 in 2015.During the test period,the average outdoor temperature 

is -6.3℃ while the solar houseis 16.2℃, as shown in Figure.5,which canmeet the designtemperature of 16 ℃, and is consistent with the 
calculated results of predicted indoor temperature. 

(3)Analysis ofEnergy Consumption 

http://dict.youdao.com/w/eng/complex/#keyfrom=dict.basic.discriminate


 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                                       46.5 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/46 

During the 8 days’ testing period (from January 8 to 16,2015), it were all sunny days and the daily solar radiation intensity was 
similarly.The average daily solar irradiance rate is 425W/m2,the average outdoor temperature is -6.3℃,the maximum temperature is 4.5℃, 
and the lowest temperature is -13.3℃. 

In order to realize the operating feature, we choose Jan 10 as the representative day. The test result of January 10is shown in Fig.(6). 
The operation of the other seven days of heating system is similar to January 10. Fig.(6) shows that the solar collector heating system 
operated for 130 minutes,and the heating tank of air-source heat pump water running time was14 hours. The water tank’s temperature of 
heat pump and solar collector are recorded as shown in Fig.(7).When the room temperature is below 16℃, the use of solar collector has 
priority for heating, the heating temperature value is greater than 30℃.When the temperature is below 30℃, it is time for starting the heat 
pump to heat. 

During the 8 days’ test period, the total auxiliary heat is 1.69GJ, including solar collector heating system 0.3GJ, auxiliary air-source 
heat pump heating 1.39GJ.The heatproportion of the passive and active system is shown in Fig. (8).The average heating load of sun house is 
43.2 W/m2. Compared to the calculate result of Table 2, the auxiliary heat of ASHP system is 7.0GJ in January,proportionately, the heatload 
of 8 days test period is 1.8GJ. The heat difference between testing and calculation is 1%,as shown in Table.4. 

 
Figure.6 The heating system running timeof solar house(Jan10.). 

 

.  
Figure.7 Temperature changes of solar water tank(Jan. 10). 

 
Figure.8 Heat proportion of the passive and active heating system. 

 
Table 4 Energy consumption values of the solar house comparison between measured and calculated (Jan.8-16). 

Component The experimental value Calculation value of SLR method Difference 
Auxiliary heating load , GJ 1.79 1.8 1% 

 
4.Conclusion 

 
1)The heating energy difference between SLR thermal calculations and experimental load values is within 1%. The SLR method could 

provide reference for the solar house design of the heat and the auxiliary. 
2) Compared with the contrast room which has same configuration, solar-house attached sunspaces have better energy efficiency. 

Energy-saving rate of the passive solar house is 23.6%. 
3)Test result shows that the solar energy heating system accounted for37%(passive solar heat: 19%,solar collectors: 17%) of the total 

heat supplied to the building, while the auxiliary air source heat pump accounted for 63%. 
4) The solar house with integrated heating system have better indoor thermal environment and can save energy significantly. To 

maximize energy savings, the heating system should be developed on the solar collector’s area and ASHP heating system, so as to reduce 
the ASHP running time and increase the solar collector’s heating energy. 
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Abstract: Low duty cycle of wireless sensor network (WSN) is an effective means to extend the life cycle of existing wireless sensor 
networks. But there are a lot of delay and packet loss rate of the existing low duty ratio in the wireless sensor network. Without fully 
considering the transmission link quality problems in the current low duty cycle of wireless sensor network (WSN) algorithm. This paper 
proposes a node dormancy scheduling algorithm LDW based on link quality and LQI  in order to solve these two problems. LDW algorithm 
can effectively reduce the network latency and packet loss rate, and the simulation results show that compared with the traditional algorithm. 
 
Keywords: low-duty-cycle WSN; link quality. LQI; LDW ode dormancy algorithm. 
 
1. Introduction 
 

Wireless sensor network (WSN) is a combination of wireless communication technology, embedded computing technology, sensor 
technology, distributed data processing, etc[1]-[3].Generally, sensor network need maintain a long life cycle, even for a few years. The main 
factors affecting the service life of the node is wireless nodes transceiver and listening through massive experiments show time[4].However, 
Energy problem is constrained sensor networks continue to work one of the key factors. Therefore, it is an effective method to save energy 
that make  the nodes in a state of low duty cycle , and as much as possible into sleep mode.  

The duty cycle of nodes is normally a few percent in low duty cycle in the wireless sensor network (WSN), this way in extending the 
network lifetime, at the same time also made communication delay become bigger between neighbor nodes, which affect the validity of data 
transmission . For many high real-time requirements of wireless sensor network application has a great influence, such as military applica-
tions, disaster forecast system, etc. Existing research shows that the link quality has a great influence on network laten-cy[5][6],This paper 
proposes a node dormancy algorithm based on link quality LDW for low duty cycle of wireless sensor network.  
 
2.Related work 
 
2.1 LEACH and PEGASIS routing algorithm 

 
Compared with other routing protocol, LEACH has a simple quick routing path selection, low-energy and a long  network life 

cycle.But if each time selects much cluster heads, far from the base station of cluster heads will con-sume more energy when direct 
communication with the base station; If cluster heads are less,ordinary node communica-tion consume more energy with distance cluster 
head. And it does not take into account about residual energy of cluster heads  and geography of the place  when choosing cluster heads. 
Randomly generated cluster heads maybe make part  of cluster heads the premature death , some nodes lose monitoring, network total 
energy will consume too fast[7]-[10]. 

PEGASIS routing protocol is the improvement of LEACH routing protocols, it avoids  a large amount of communication overhead 
because of the frequent selection of cluster heads in LEACH routing protocols,reduce data transmission times and signalling traffic and 
reduce energy consumption. But PEGASIS routing protocols in integration and transmission of data will cause delay. single-stranded makes 
cluster heads become key , if there is a cluster head fails, the data transmission will be failure, resulting in routing failure[10]-[14]. 
 
2.2 Estimated LQI value of the node in a certain time 

 
Link quality evaluation mechanism  now is based on sending a large number of the packet and calculate the packet Received rate of the 

link (PRR), which can intuitively reflect the current link quality. But this kind of statistical methods will waste a lot of bandwidth and 
energy which needs to send a large number of data packets, that is not suitable for application in wireless sensor networks. With the 
development of hardware technology, a kind of received signal strength indicator (RSSI) and link quality indica-tor(LQI) can also provide 
link hardware detection. In the literature of the experimental results show that the value of  PRR and LQI has a strong linear correlation, as 
shown in figure 1. 

 
Figure.1 Statistical LQI value relationship. 
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Figure. 2 Statistical LQI value relations with PRR 

Because the node LQI value comparison conforms to the linear regression relationship in waking moment. So can  estimate the next 
round of LQI value by using node LQI value of last time round and at the moment. 

Design formula: 
)1()()1()1( −×−×+=+ nLQIanLQIanLQI (0<a<1)                                                                      (1) 

 
2.3 Work scheduling table  

 
Sensor nodes in WSN is divided into two kinds of work and sleep. Node has basic communications functions such as perception, 

sending and receiving data when in a state of work ,and in idle listening when there is no data communication. Node will be shut down in 
addition to the timing function of function when nodes are in a sleep state[7]. 

So can use F  means a cycle of  node i  work scheduling table, if use t means the  node i  working state of time and use b means  the 
node duration of  the work. With the time of work and sleep  being separated into some periods, Each time period is the same size, see figure 
3. We can use a two-dimensional array (tj, b)  represent the node moment of awakening and work time.   If the number of node i wake up in 
a cycle of n times, and  the formula for job schedulin g table to node i: 

)},(),(),,{( 21 btbtbtF n=                                                                                     (2) 

 
Figure.3 Node scheduling work table. 

 
3.The system model 
 
3.1 model assumption 

 
This model is based on the following setup assumptions: 
(1) Node job scheduling is cyclical. Each node has a unique ID number; 
(2) Nodes randomly choose the work scheduling table before deployment, node will update work schedule at the end of in each work, 

the node will start a new work scheduling table in the next round; 
(3) All nodes in the network are time synchronization, this paper used FTSP protocol to ensure synchronization[8] ; 
(4) Regardless of the conflict between the nodes when the transmission of data. 
3.2 Nodes sleep scheduling policy 
Each node has a LQI table, see Table 1,save LQI value of  itself  and other nodes in communication range. Use the formula (1) to 

calculate LQI (n + 1) after node waking up, save in the LQI table, Replace the last calculated the LQI (n + 1) values. Then node broadcast 
their LQI value to other nodes  in communication range, and receiving LQI value and save to itself LQI table of the other nodes. 

 
Table 1 LQI Table 

 
 
 
 
 
 
 
The entire network should increase number of work time slot after node waking up to reduce the delay. After comple-tion 

communication of the nodes i and j, and before the node j entering the sleep. Node j will broadcast itself LQI (n + 1) the value to all nodes 
which waking up in communication range. After node i receive node j LQI value, compared with itself  LQI value. If the node j LQI value is 
maximum, node i sent itself LQI table to node j, node j update LQI table to add a slot of work time in next waking up, then node j into 
dormancy. Node j table scheduling according to the original work. If the node j LQI value is not the biggest of all. 

When the node k waking up, if it does not  have  a  data  needing transfer, and the node k broadcast LQI (n + 1) value to other nodes in 
communication range, node I check itself  LQI table after receiving node k LQI (n + 1) value. If  all LQI value in the node i table is below 
expectations, notice node k to add a slot of work time in next waking up. If node k listen a slot and  without any data needs to be transmitted, 
node k into dormancy. LDW node dormancy strategies work process show as below  figure. 

 

LQI Table 

LQI(n+1)value Node number 
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Figure.4  Dormancy strategies work process 
 

4. Performance analysis 
 
This article chooses NS2 to simulate LDW node dormancy algorithm. According to the CC2420 chip information, in this paper, the 

simulation experiment of LQI value choice in the [60,100] of the random number. Each data transfer cycle is 100 seconds, every second to 
send 20 data in each cycle, data  time interval is  10 seconds to test the entire network latency and packet loss rate. See Table 2. 

Table 2 Detail Design of Experiment 

 
 
LDW ensure that the entire network link quality in a good condition by increasing data transmission time which node link quality is 

good,. Decrease the number of retransmission for node receive and transmit data through t a good link quality, so that can ensure the success 
of data transmission. Figure 4 show that when LDW node dormancy algorithm transmit less data, Because node need broadcast LQI value 
So that has  high delayed. However, when node transmit larger data, LDW node dormancy algorithm could effectively reduce the network 
latency. LDW node dormancy algorithm ensure that node can have plenty of time to receive and transmit data and reduce the data 
transmission delay because of node dormancy by increasing slot of  working time. We can increase sending packets step by step in each 

The simulation node number           10 

LQI random value                             [50,110] 

Time slot size/S                                1 

Packet payload/Byte /Byte               115 

Node work cycle/S                           100 

Number of test cycles                       10 

Send packets in each cycle               1000 

Send the packet interval /S               10 

The node initial energy/J                  2000 
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cycle, and detect node receiving delayed . Results show that LDW algorithm can reduce about 20% of the delayed when sending large 
amounts of data. Figure 5 show  that LDW node dormancy algorithm can reduce the rate of packet loss in low duty cycle network, a good 
link quality can ensure that the data transmission of node success . At the end of each cycle calculate rate of packet loss, and increase the 
number of sending packets in next cycle, we need tests of 10 cycles. The results show that LDW algorithm can reduce about 10% rate of 
packet loss. Although figure 6 shows that the LDW node dormancy algorithm increases slot of  working time and  node energy consumption, 
but LDW algorithm can obviously reduce the retransmission of data transmission between nodes, so that reduce the node energy 
consumption. Statistics all nodes the rest of the energy at end of each cycle, the results showed that LDW node dormancy algorithm can 
make up for energy consumption because of  the increasing node slot of work time and other communications through reduce the number of 
retransmission, so that avoid the network consume too much energy. It is feasible that LDW algorithm uses more energy to ensure that the 
entire network data transmission reliability compared with the traditional low duty cycle network dormancy strategies. 

 

 
The number of sending packets of each cycle 

Figure.5  Statistical network delay time 

 
Packet loss rate of each cycle 

Figure.6 Statistics Network rate of packet loss 
 

 
Statistics node energy consumption of each cycle 

Figure.7 Statistics of the node energy consumption 
 

5. Conclusion 
 
Because node communication quality in the real environment is variable, We can select a good path of communication quality for the 

data transfers through the evaluating path link quality of the whole network. LDW node dormancy algorithm uses LQI value and the 
correlation of link quality, which selects a good communication quality of nodes and increase slot of working time,   to ensure the link 
quality of the whole network communication path is in good condition. A good link quality decrease the number of retransmission for 
communication between  nodes, so that can reduce the network delay , energy consumption and packet loss rate. LDW reduce the energy 
consumption used to make up for other communication energy consumption and ensure that the entire network of energy consumption in an 
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acceptable range. Therefore, for LDW, it is feasible that exchange low latency and packet loss rate of the whole network and providing 
reliable data transmission with appropriate energy consumption. 
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Abstract: The testing and calibration of high voltage electrical equipment partial discharge detection device play a crucial role to the safe 
and reliable operation in power system. In this paper, the overall structure design of ultrasonic and UHF partial discharge detection devices 
is build, and the power amplifier module, high-speed data acquisition module and filter module are designed, and wavelet transform method 
is adopted to improve the interference of noise. The test system put forward in this paper is instructive to the research of ultrasonic and UHF 
partial discharge detection device. 
 
Keywords: high voltage equipment; ultrasonic sensor; detection device; calibration system 
 
1. Introduction 
 

Partial discharge is an important technical index of high voltage insulation situation, and is commonly used in the performance test of 
the high voltage electrical equipment. IEC60270, GB7354 and the production test standard of high voltage equipment prescribe the test 
methods and qualified indicators. But these standards mainly prescribe the test methods of below 1MHz pulse current method and the 
production specification of instruments [1-3]. 

With the development of technology, for GIS test, in addition to the traditional pulse current test at present, ultrasonic wave and 
ultrahigh frequency can also be adopted to test the GIS partial discharge in operating condition. However, types of GIS partial discharge test 
of ultrasonic wave and ultrahigh frequency are variable, and functions and performance are different. The professional of the partial 
discharge test products is strong, but there is no a special device to test and verify this kind of product. 

In order to research the partial discharge that brings a series of problems to the electric insulation, some research institutions built the 
large GIS laboratory to research the law of its discharge and test and the effective method. The electric discharge model is put in the GIS for 
research, which can effectively resolve the accuracy of the electric discharge type research. But the portability and replication of findings are 
poor, it is necessary to build the large GIS laboratory. Defects can be duplicated through the electric discharge of high pressure, which 
increases the technical difficulty, the difficulty of personnel technical level and the investment cost of equipment [9, 10]. 

So developing a set of test and calibration system that can produce various electric discharge signals has the important significance on 
significantly improving the technology level of the GIS operation maintenance. This article conducts the overall design of ultrasonic test 
calibration system as well as the circuit design of amplifying, filtering and other main modules,  and adopts the wavelet transform method to 
lower the noise. 

 
2 The  structure design of the overall system 

  
This system can simulate to produce the electric discharge waveform, interference waveform and the mixture waveform of electric 

discharge waveform and interference waveform through software; control the phase, amplitude and frequency of the simulation waveform; 
it can handle and store the collected electric discharge waveforms or regard them as the template of electric discharge waveform for research 
or launch in the future; control the collected electric discharge waveforms or waveform templates and launch in the form of electromagnetic 
wave regularly or irregularly. 

Through processing and analysis of the electric discharge waveform received, it can distinguish and analyze the typical GIS discharge 
fault. The overall structure of the system is shown in figure 1. 

 

 
Figure. 1 Structure diagram of system. 

 
The system produces the ultrasonic wave and ultrahigh frequency signals through simulating the partial discharge, and is used in partial 

discharge on-line monitoring device (ultrasonic wave and ultrahigh frequency method). The system adopts the modular design. 
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High speed data acquisition module: This module adopts the data acquisition card of high speed, and convert the electric discharge of  
the received ultrasonic wave and ultrahigh frequency into the digital signals to achieve the display and edit of the partial electric discharge 
waveform; 

The module of simulating electric discharge waveform: This unit can launch the required waveform into space to simulate the electric 
discharge waveform; 

Power amplifier module: Amplify the power of electric discharge waveform and launch in the form of electromagnetic waves; 
Band-pass filtering: Through controlling the crossbar switch, conduct the configuration of band-pass filter, and select the different 

transmission bands and different signals of frequency bands. 
Data processing unit: This unit can handle and show the data from the data collection part and the waveform generation part; it includes 

the processor and displayer; 
 

3 System module design 
 
The calibration system functions of the ultrasonic partial discharge test device are to launch the amplitude and frequency adjustable 

ultrasonic signals according to the requirements of system, to ensure that the ultrasonic sensor (ultrasonic test device) under test can well 
receive the above ultrasonic signals to conduct the test and calibration of partial discharge test device. The main functional modules in the 
system are designed as follows. 

  
3.1 High speed data acquisition module 

 
The high speed data acquisition module is an important part of the partial discharge test system, mainly responsible for converting the 

analog signals from the sensor into the digital signals, and transmits the digital signals to the control system to achieve the collection and 
transmission of partial discharge signals. It consists of high speed data collection and storage circuit, including the high speed A/D convertor, 
address generator, RAM memorizer, the clock signal circuit, control circuit, etc. Among them, the clock signals pass through the sampling 
control circuit to produce the square signals with the same phase that can alter with the change of swept-frequency signal frequency, which 
can ensure that A/D convertor adopts the same sampling points in each frequency band of swept-frequency signal change, and avoid the 
error arisen from the swept-frequency signal and the phase shift of sampling trigger pulse, and simplify the storage and processing of data 
collected. 

 

 
Figure 2 Data acquisition module 

 
3.2 The module of simulating the discharge waveform 

 
In the course of ultrasonic simulation discharge waveform, there are higher requirements on the sensor: In terms of the coverage of the 

sensor chip, make it easy to accept the ultrasonic wave as far as possible. In terms of test sensitivity, if you ignore the ultrasonic attenuation 
in the material, the sensitivity will decrease with the increase of the distance between the tested object and the sensor. In addition, selecting 
the straight probe or angle probe also depends on the defect position and orientation of the device under test; the inherent frequency of 
mechanical vibration of the piezo-electric crystal depends on the test frequency band of the sensor, and is equal to the frequency of the 
signal transformed. Therefore, the maximum width of center frequency band of the ultrasonic wave sensor selected by the system is 80kHz-
150kHz. 

Due to indefinite partial discharge type in electrical equipment, arbitrary waveform of ultrasonic wave signals and very wide frequency 
bend, the ultrasonic wave simulation unit should not only generate the sine wave, square wave, triangle wave, sawtooth wave and other 
regular waveforms, but also generate the arbitrary waveforms of irregular waveforms. Output waveform should have the features such as 
wide band, low noise, high stability and fast switching. At the same time, this module can achieve the storage and reappearing of real partial 
discharge waveform under the control of the system according to the actual discharge waveform. Therefore, the ultrasonic simulation unit of 
partial discharge in this system mainly adopts the arbitrary waveform generator to achieve. At present, the DDS technology is achieved 
mainly through FPGA programming. Since this mode is limited by the features of the device, the signal frequency scope is narrow relatively, 
with larger spurious output and not strong practicality. Combined with the emerging special DDS chip, it can effectively achieve the features 
of wide band, low noise, high resolution and low power consumption to meet the requirements of the ultrasonic simulation unit of partial 
discharge [7-9]. 

According to the overall design scheme of the system, combined with the card form of the special DDS chip, the simulation generation 
unit adopts the field-programmable gate array (FPGA) technology on the basis of PCI bus. It consists of PCI interface module, arbitrary 
waveform generator module, signal adjusting module, ultrasonic wave sensor, etc. 

 
3.3 Power amplifier module 

 
The partial discharge signals from the sensor are very weak. After they should be subject to power amplification, they can be sent to the 

high speed data collection unit to conduct the modulus conversion. Therefore, the signals should be amplified in order to enable the 
amplitude of signals to meet the A/D requirements. In the course of the design of the power amplifier circuit, it is necessary to consider two 
main problems. Firstly, the weak signals are amplified, and the noise of the amplifier circuit should be reduced. Do not let the noise drown 
the useful signals out; secondly, ensure that the sampling circuit can gain the enough bandwidth of signals. In general, the band width of the 
amplifier should be more than ten times greater than the maximum frequency of the useful signals. 
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Although there are a variety of integrated programmable amplifier chip (such as: AD625, INA111) at present, the band width is low 
generally, and the slew rate is too low. They are not suitable for the amplification of partial discharge signal. So this system uses the 
integrated operational amplifier to constitute the amplification circuit. The operational amplifier in the circuit adopts AD8129. The unity-
gain bandwidth of this chip can reach 270MHz, and the slew rate reaches up to 1060V/μs. This operational amplifier belongs to high speed, 
broadband, low noise of operation amplifier. 

 
Figure 3 Power amplifier module 

 
In the course of system application, you can also consider the following measures to control the system interference arisen from the 

power amplification. 
(1) Reasonable wiring method: The input line and output line of the amplifying circuit and the AC power line should run separately. 

Try to cross wiring. Do not arrange the parallel wiring. 
(2) Add the shunt capacitor: In order to reduce the interference caused by the voltage fluctuation of DC power supply, increase 0.1μF 

capacitors at the pin and ground of power supply to prevent the interference of high frequency. 
 (3) System mask: A metal shielding box is added outside the amplifying circuit with good grounding to effectively shield the 

interference of electrostatic field and magnetic field from the outside world. 
 

3.4 Band-pass filter module 
 
The signals that are collected by the sensor on the site are inevitably affected by the electromagnetic interference signals from the 

outside world. The sensor and amplifying circuit itself may also generate some noise. When noise is serious, the signals under test will be 
submerged. If the signals are directly input into the sampling holder, the collected data will have errors; even the correct conclusion cannot 
be gained. Therefore we need to conduct the filtering processing of the signals collected, control the spurious interference signals, and 
improve signal-to-noise ratio of the system. 

According to the output impedance of piezoelectric vibrator, impedance matching and high-pass filter circuit are designed in this article 
to improve the strength of the ultrasonic signal. The low frequency signals with the higher amplitude in the interference signals pass through 
the high-pass filter to conduct the preliminary interference processing to obtain the required signals. The electronic circuit is shown in the 
following figure. This circuit can also use the single power supply. The positive input end of the operational amplifier is connected with 
1/2V+, and the lower end of the resistance R2 is connected with the positive input end of the operational amplifier. 

 

 
Figure. 4 Band-pass filter module. 

 
3.5 Sampling trigger module 

 
The sampling trigger circuit conducts the signals amplification, rectification, filtering and AD transition, and then sends the signals to 

the single chip microcomputer. The single chip microcomputer compares the signals with the set threshold value. If the signal value is 
greater than the set threshold voltage, there is the phenomenon of partial discharge. The single chip microcomputer will trigger the high-
speed sampling circuit, and conduct the high speed data collection and storage for the partial discharge signals. 

On the contrary, if the value of sampling signal is less than the set threshold voltage, there is no the phenomena of partial discharge in 
the circuit. The single chip microcomputer will not trigger the sampling circuit, and the high-speed data collection module will not conduct 
the data collection and storage. The design of sampling trigger circuit in this article is shown in figure 5. The amplified signal is input from 
Vin end. After capacitor filtering, it is rectified by the diode 1V2. After the filtering of capacitor C and the resistance R, it is added to the 
analog voltage input end of serial AD. P2.5, P2.6 and P2.7 of the single chip microcomputer implement the read of TLC549. 
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Figure. 5 Sampling trigger module. 

 
4.Wavelet transformation noise reduction 

 
In the ultrasonic test of partial discharge of electrical equipment and transmission line, the ultrasonic signal is a kind of broadband 

signal that is modulated by the ultrasonic sensor center, and is a kind of non-equilibrium signal of time domain limited. Wavelet analysis is 
the time-frequency analysis method of handling the time-varying signal, with the ability of the good time-frequency localization. 

Wavelet transform is used in the ultrasonic test of partial discharge, and use the stretching transformation of basic wavelet to achieve 
the dynamic filtering. Thus the required frequency component can be separated from the signal. The results show that the wavelet transform 
can effectively control interference and improve the test accuracy. 

Given a square integrable signal )(tf , the wavelet transform can be defined as: 

 
In the formula, Ra∈  and 0≠a ， b  is the continuous variable, so this formula is also called the continuous wavelet transform 

(CWT). The wavelet transform ),( baWf of visual signal )(tf are the functions of a and b . Among them, a is the scale factor, and denotes 
the stretch relevant to frequency. b  is the time shift factor, and )(tψ is basic wavelet or mother wavelet. )(, tbaψ  is the function that is 
obtained through translation and stretch of mother wavelet, and is known as the wavelet basis function, or called the wavelet basis for short. 
So the above wavelet transform can be understood as the inner product of the signal )(tf and a wavelet basis. 

In actual engineering, useful signal usually manifests as the low frequency signal, and the noise signal is the high frequency signal 
usually. Through the multi-level decomposition of the signal, after the decomposed wavelet coefficient is subject to the threshold processing, 
the signal is reconstructed in order to remove the noise interference in the signal and to retain the low frequency component in the signal, 
namely the true signal. The implementation steps are as follows:  

 (1) Select the wavelet, and compare it with the signal at the analysis period; 
 (2) Calculate the continuous wavelet transform coefficient C at this moment. C shows the similar degree of this wavelet and the signal 

waveform in the period of analysis. The more C shows the higher similarity of two waveforms. The wavelet transform coefficient depends 
on the selected wavelet. Therefore, in order to test the signal of certain specific waveform, choose the wavelets with similar waveform to 
analyze; 

 (3) Adjust the parameter b, adjust the analysis period of the signal, move right, repeat the step (1) ~ (2) until the analysis period has 
covered the whole supporting range of the signal; 

 (4) Adjust the parameter a, conduct the scale expansion, repeat the step (1) ~ (3); 
(5) Repeat the step (1) ~ (4), calculate all scales of the continuous wavelet transform coefficients. 

 
5.Conclusion 

 
This article puts forward the overall design framework and modules design of the test and calibration system of the ultrasonic wave and 

UHF partial discharge test device. The system can achieve the collection and analysis of real discharge waveform, atlas storage, atlas sigal 
launch, the analysis of fault type and other functions, achieve the reduction of the discharge signal in digital way so that the test device can 
restore the typical discharge signals without building the large-scale GIS test model, and enable the test equipment to have the good 
portability. 
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Abstract: The "three violations" data is an important basis for the design of coal mine safety signs. This paper studies one of the design 
basis, which is, “three violations”, for the reason and application process, get the following conclusion: according to mine "three violations" 
data in coal mining face, for example, the coal mining working face is divided into six parts, namely mobile substation jobs unit, pumping 
operations unit, scraper conveyor operations unit, belt operation unit, coal mining operations unit and ends, advance support operations unit. 
In coal mining operations unit, for example, the coal mining operations unit staff is divided into eight types, namely, drilling workers, 
blasting workers, caving workers, haul workers, frame shift workers, shearers drivers, clean coal workers. The mining operations units and 
types of violations correspondence. Based on the above design eight mine safety signs, are prohibited underground sleep, prohibited get in 
ban car until car complete stop, prohibit sit explosives boxes, must clear float coal, must wear masks, must hold relevant certificates and 
must open spray, must use U steel clamp. 
 
Keywords: "three violations" data; Mine. safety signs; Design; Effect 
 
1. Introduction 

 
Regarding the assessment and evaluation of safety signs, Waterson et al. Patrick (2014) establishes a set of guidelines for the design 

and evaluation of safety signs. Michael et al. (1996) studied the subjects workers from four factories and found that personal factors such as 
age, work experience, training, education, have identified a positive association with the effectiveness of the safety signs.Tom, s et al. (2013) 
from the color, shape, logo word perspective studies on the effectiveness of safety signs for mines, and the evaluation of the safety signs, 
also confirmed that the different colors and shapes, signs will have different effects to the workers. 

As for the understanding ,cognition and recognition of the safety sign, etc., Emilia Duarte et al. (2014) carried out a comprehension test 
to graphic symbol (symbol), shape, background color, (shape-color) as the carrier to explore different physical condition of adult awareness 
for safety sign based on a set of the safety sign. Dewar and Ells found that Canadian students' understanding of safety sign in Europe is far 
lower than the locals', so in safety signs design should fully consider the object of the differences in cultural background, the concept of life, 
the environmental and safety habit. Choong and Salvendy (2009) studied the Americans and Chinese on the computer alphanumeric and 
patterns of cognitive accuracy and reaction time, found that Americans of alphanumeric mode than the pattern response better, and Chinese 
people reflect on the pattern than the letters to reflect to sensitive. AL - Madani H (2002) to 9000 drivers from five countries made a basic 
situation of questionnaire survey, found that safety sign recognition rate is only 56%, at the same time proved that the driver's understanding 
ability and safety signs’ characteristics are related conclusions.  

On the attributes and characteristics of safety signs, Christopher, Wogalter, Laughery, and others who conducted research on various 
types of property safety signs through different perspectives. After a study of the safety signs in different combinations in colors and frame, 
Wogalter and Laughery came to the "Border weakening effect", that is the color of improper settings affect safety signs border identity. 
McDougall et al. (2005) experimented and compared the semantic closeness, concreteness, simplicity, familiarity and expression of safety 
signs, and found that five characteristics of the safety signs are not the same important, relationship between the semantic close and 
understanding for the safety signs are the most significant; for the different cultural backgrounds, semantic closeness for the safety signs’ 
design is the most important feature, followed by the expressive, concreteness, familiarity and simplicity. Under normal circumstances, the 
use of the five design features more reasonable, the higher the degree of the safety signs understanding, at  the same time, the memory time 
of staff for safety sign, the longer the more conducive to the safety sign play its function.  

For the role of safety signs, including the impact on people's behavior, Wei Guan et al. (2014) developed a model to illustrate the 
influence of traffic safety signs for reduction behavior, found that the deceleration behavior depends not only on traffic safety signs 
information usefulness, but also on the confidence level of safety signs. Chy-Dejoras (1992) through the comparison of different companies, 
found that employee’s personal characteristics, economic characteristics, educational environment, training and organizational environment 
does not directly affect the accident, but will affect the employee's thought, understanding, knowledge, awareness , which will indirectly 
affect the behavior of employees. Rogers et al. (2000) found that compliance with safety signs is affected by several factors, especially the 
impact of organizational factors. 

At present, there are some specific studies about safety signs, such as warning signs, UrsicMe et al. (1984) through the experiment 
found that warning signs on the effect of human behavior and awareness, but does not affect people's memory to the safety signs. 

Gender, education and so on which influent the safety signs also have corresponding research. Goldhber et al. (1989) found that men 
are more likely than women to pay attention to the safety signs, but men perceive risk lower than women, he also found that the high school 
students are lower than those of junior middle school students for risk perception, diving the long history have the lower risk perception and 
so on. 

For the study of the safety sign, the first begin from safety sign itself characteristics, then gradually expand to the effect of the safety 
sign cognition, assessment, understanding and influence on behavior, etc., but for the research on the safety sign seldom involved in the 
design basis, this paper studies the role of "three violations" data in coal mine safety sign design, has very good practical value. 

Coal mine safety sign design basis 
Safety signs laws and regulations, risk analysis, "three violations" data, accident analysis and visual management are coal mining enter 

prises safety signs design basis. Coal mine safety signs design basis, see figure 1. 
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Figure 1 The basis of coal mine safety signs design 

Following a detailed explanation of "three violations" data is the reason of coal mine safety sign design basis and specific application 
process. Due to limited space, the reason of other safety signs design basis and specific application process in figure 1 are not described in 
this paper. 

 
2. Statistics basis of workers' “three violations " data 

 
2.1 The scope and content of "three violations" data statistics 

 
"Three violations" "means the on-site worker illegal command, illegal operation, violation of labor discipline. Specific to the coal mine 

is the violation of operating procedures, violation of operating procedures, in violation of the coal mining operation labor discipline [15], 
which is illegal behavior. 

Illegal command refers to the job site operation commander or directly related to operation and management level personnel not in 
accordance with specific provisions of the coal mine safety regulations, operating procedures and coal mine safety regulations for technical 
operations, illegal command operations personnel perform an operation behavior, resulting in this behavior possible cause the accident. 
Illegal operation is for on-site personnel, operation personnel at the scene in violation of the operation procedures and operation process are 
belong to the category of illegal operation.  

Violation of labor discipline refers to the operating personnel within the workplace does not comply with the relevant departments, 
units’ rules and regulations, and other work regulations and charter systems to ensure the operation smoothly [16,17]. 
 
2.2 The role of "three violations" statistical analysis in safety signs design 

 
In coal mine production, "three violations" operation usually leads directly to the accident. Statistics "violation" of the specific 

circumstances, in obtaining first-hand information, at the same time, can have more detailed statistics and understanding for the unsafe 
behavior of the production site for the operating personnel, management personnel, clear unsafe behavior causes, unsafe act kinds for field 
operations. 

Unsafe behavior is one of the important reasons for the accident, which has important influence on the design of safety sign. The 
important aim of safety sign design is to warn and guide the unsafe behavior, to express the dangerous and harmful factors in the 
environment, so as to achieve the purpose of reducing the accident. Through the analysis of "three violations" data for the operating 
personnel, can has a more specific understanding on the unsafe behavior on the job site. Mean while, "three violations" statistical results 
provides detailed information for safety signs design, make sure the coal mine safety signs design that what are the operational areas, what 
are the working point, the working face, which section, what kind of jobs, what type of work should set up the safety sign, and according to 
the "three violations" data analysis, can make sure what kind of safety signs should set in the work area, the content of the safety signs, warn 
against what kind of personnel. So, the "three violations" data is one of the important basis for safety sign design. 
 
3. "Three violations" data specific application process in the design of coal mine safety signs 

 
Through the statistics of a coal mine in 2014, part of "three violations" statistical results are shown in Table 1. Statistics in table 1 are 

the locations of the illegal behavior and through analysis on the location of the illegal behavior, it can carry on the division, due to the 
limitation of space, will not divide the whole division in the coal mine in table 1, only in mining face, for example, divide the illegal 
behavior in coal mining work face involved in table 1, by analyzing the violation behaviors in table 1for the mining coal working surface, 
coal mining working face classification results, as shown in Figure 2. 

 
Table 1 Part of a coal mine "three violations" statistical results 

compare 

guide reference 

coal mine safety sign design basis 

national standard 
for safety signs 

 

"three violations" 
data statistics 

accident statistics hazard statistics 

unsafe actions unsafe conditions 

kinds of workers location range category boundary post 

visual management 

coal mine safety sign design 

research on safety signs in other 
industries and countries 
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No. act in violation of regulations occurring position for act in violation of regulations 

1 sleep in underground belt, deputy lane, lane, coal, electricity, water storage, tools, signal real, pumping 
stations, the scraper conveyer headpiece, shearer, a bracket 

2 violation of regulations belts, scraper, drainage, welding, shearer, pouring, powder keg door, caving, roof tank, 
slip cans, hanging pulley, hit signal, forklift shoveling coal, winch 

3 dry drill without wear masts and 
open water curtain  

working face, coal pillar, water bin, deputy lane, exploration lane, deputy lane agent, 
transport lane, refuge chamber, return wind lane 

4 bolt preload is not in place  

5 workers left before machine 
without power 

scraper machine, spraying machine, rake rock machine, belt, winch, maintenance 
switch, return air lane switch 

6 replace U steel clips with wire deputy lane, high pressure pipe mixer, wind pipe, hydraulic pipe 
 
As we can see from figure 2, by analyzing the position of the violation took place, the coal mining working face is divided into six parts, 

namely mobile substation operations unit, pumping operations unit, scraper conveyor operations unit, belt operation unit, coal mining 
operations unit and ends, advance support operations unit, so for different violations, you can design the appropriate safety signs, and place 
it in the corresponding working unit, which determines the scope and boundaries of safety signs. 

 
Figure 2  Division map of coal mining face 

Dividing the work area of the coal mining face, you can study workers in each area, coal mining operations unit, for example, the work 
unit contains the type of workers and personnel see Figure 3 below. 

 
Fig. 3 Coal mining operations unit personnel analysis chart 

 
Coal mining operation unit of workers and illegal behavior for one to one correspondence, so to design the safety signs and warning 

different people against one-to-one correspondence, that is, the different type of work have different traffic violations, according to different 
illegal behavior to design different safety signs, safety signs on the work site to warn different types of workers. 

 
Table 2 Coal mining operation unit violation behavior and type of workers corresponding table 

Working unit No. Category of violation Type of workers Corresponding safety 
sign 

the coal 
mining face 
unit 

1 Dry drilling in working 
face 

drilling workers must open spray 

2 Sitting on dynamite 
boxes 

drilling workers，blasting workers prohibit sit explosives 
boxes 

3 Do not wear masks 
drilling workers, blasting workers, caving workers, 
haul workers, shift workers planes, shearers drivers, 
clear coal workers 

must wear masks 

4 Underground sleep 
drilling workers, blasting workers, caving workers, 
haul workers, frame shift workers, shearers drivers, 
clear coal workers 

prohibited underground 
sleep 

5 Replace U steel clips 
with wire 

frame shift workers must use U steel clamp 

6 Driving without a 
license 

shearers drivers, blasting workers must hold relevant 
certificates 

7 Not clear float coal clear coal workers must clear float coal 

coal mining face unit 

shearers 
drivers 

drilling 
workers 

blasting 
workers  

caving 
workers 

haul 
workers 

frame shift 
workers 

clear coal 
workers 

analysis results of the "three violations" data  

coal mining working face  

mobile substation 
operation units 

pump station 
operation units 

scraper conveyor 
units 

advance support 
operation unit 

coal mining operation 
and end units 

substation 
operation units 

belt operation 
units 
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8 get in ban car before 
car complete stop 

haul workers prohibited get in ban 
car until car complete 
stop 

 
Depending on the violations and for the type of workers, you can design safety signs and identify safety signs into the different 

categories. According to the regional and jobs, safety signs can be designed and placed in the right position, such as sitting dynamite box, 
involves blasting work and drilling work, appropriate safety signs can be placed on blasting work and drilling workers’ working area. This 
identified specific safety signs for the staff, the ranges , borders and location are located. 

According to the specific behavior of the coal mining operation, the safety signs are designed and shown in Table 3 below. 
 

Table 3 Design safety signs for coal mining operations unit 
No. Meaning Safety sign No. Meaning Safety sign 

1 

prohibit sit 
explosives 
boxes 

 

 
 

5 must clear float 
coal 

 

2 
must wear masks 

 

6 must hold relevant 
certificates 

 

3 
must open spray 

 

7 prohibited get in 
ban car until car 
complete stop 

 

4 prohibited 
underground 
sleep 

 

8 must use U steel 
clamp 

 

 
4. Conclusion 

 
Above all, get the following conclusion:  
(1) "three violations" data is one of the important basis for coal mine safety signs design.  
(2) according to the coal mine "three violations" data to coal mining face, for example, the coal mining face is divided into six parts, 

namely mobile substation operation unit, pump station operation units, scraper conveyor units, belt operation unit, coal mining operation 
unit and end, advance support operation unit.  

(3) in the coal mining operation unit, for example, staff in coal mining operation is divided into eight types, namely, drilling workers, 
blasting workers, caving workers, haul workers, frame shift workers, shearers drivers, clear coal workers. 

(4) the mining operations units and types of violations correspondence. 
(5) on the basis of coal mines "three violations" data statistical analysis, designed and obtained eight safety signs, are prohibited 

underground sleep, prohibited get in ban car until car complete stop, prohibit sit explosives boxes, must clear float coal, must wear masks, 
must hold relevant certificates and must open spray, must use U steel clamp. 
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Abstract: By taking “Heinong #38” soybean as a test material, this paper studied response of moisture regulation and control on net 
photosynthetic rate, yield, water consumption and water use efficiency of soybeans at different growth stages, and Jensen models and fuzzy 
comprehensive evaluation decision models were established based on water consumption and yield indexes. The result shows that the net 
photosynthetic rate and water consumption of soybeans have remarkable effects on yield under different moisture regulation and control, the 
water consumption has remarkable negative and positive effects on net photosynthetic rate, yield and water consumption of soybeans, net 
photosynthetic rate, water consumption and yield can be increased along with increase of water irrigation, and can be decreased if the water 
is less than 80% of the field capacity. Therefore, based on the indexes, reasonable soil-moisture control indexes can be obtained under ideal 
conditions, that is, the water content shall be 60-70% of the field capacity at the seedling stage, 70% at the branching stage, 80% at the 
flowering and pod formation stage and 80% at the seed filling stage. 
 
Keywords: soybean; irrigation; net photosynthetic rate, water use efficiency; water consumption; Jensen model; yield; fuzzy comprehensive 
evaluation decision model 
 
1. Foreword 

 
Soybean is one of hydrophilic crops, the sowing area is more than 1/3 of that of the whole province, and the soybean yield is in the 

leading position of the country. The study shows that 600-800g of water can be used to make every 1g of dry substances, about 2m3 of 
water shall be used to produce 1kg of soybeans, the yield is greatly affected by different moisture regulation and control, and study on 
soybean water demand regulation and irrigation systems to confirm the optimal water demand for high yield is one of the purposes of 
effective water-saving irrigation. To improve the agriculture water use efficiency, in addition to advanced irrigation techniques, water 
demands and optimal irrigation time for different crops at different growth and development stages shall also be studied, scientific irrigation 
systems shall be made, and organic combination of scientific irrigation systems and advanced irrigation techniques shall be achieved. For 
example, Song Yingshu studied the relationship of soil moisture change and growth, development and yield of soybeans. 

Different moisture regulation and control aims to both meet crop water demand and water conservation, and by supplementing proper 
amount of water to soil, the moisture in soil in living areas of crop root systems can be at appropriate water content level and optimal 
nutrient level. For example, Zou Wenxiu, Han xiaozeng, etc. analyzed the effects of different moistures on soybean and water use efficiency. 
In many factors affecting the crop yield, optical energy is the sole energy source for photosynthesis, utilization of other resources are 
directly affected by optical energy, and yield of crops can be increased by efficiently developing and utilizing optical energy, so that high 
photosynthesis rate is one of the significant factors for crop yield increase. At the same time different moisture regulation and control can 
affect  aerobic activity of soybean roots and promote or inhibit growth of crops, appropriate irrigation amount is helpful for maintenance of 
photosynthesis of soybeans and increase of dry substance accumulation of plants. Zhou Xin, Guo Yafen and other searchers studied the 
effects of moisture on net photosynthetic rate, transpiration rate and water use efficiency of soybeans, Gen Wei, Wang Chunyan, etc. studied 
chlorophyll content, photosynthesis and fluorescence parameter change of soybeans with pot culture. This paper studied the effects of 
different moisture regulation and control on net photosynthetic rate, dry substance formation and water use efficiency of soybeans, and the 
water demand critical value for the highest yield of soybeans was sought. 

The test studied the effects of different moisture regulation and control on soybean net photosynthetic rate, yield and water use 
efficiency, and aimed to reveal the deep relationship of photosynthesis, yield and water use efficiency of soybeans and confirmed an optimal 
irrigation system. 

 
2. Materials and methods 

 
2.1General situation of test areas 

 
The test was implemented in the gardening culture rooms of the Northeast Agricultural University in 2015, the test area is located at 

northern latitude 45°42 and east longitude 128°44, the average annual precipitation is 458.5mm, the average temperature of a whole year is 
4.9°C, the frost-free season lasts for 143d, it is cold temperate zone continental monsoon climate, it rains mainly in July to September, it 
barely rains in spring but is dry and windy, so that spring drought can be easily caused. The test soil is black soil with the basic features of 
organic matters 28.56g/kg, total nitrogen 1.45g/kg, total phosphorus 0.78g/kg, total potassium 20.76g/kg, available nitrogen 115.82mg/kg, 
rapid available phosphorus 54.3mg/kg, rapidly available potassium 182.6mg/kg, PH=6.52, and soil field capacity 31.6%. 

 
2.2 Design of experiments 

 
The test was carried out in the gardening test stations of the Northeast Agricultural University with pot culture. Recyclable sealed 

buckets were used as test pots with the upper mouth diameter of 30cm and the height of 30cm, and every pot could be filled with 15kg of 
soil. In the test, soybean growth stage was divided according to plants at seedling stage, branching stage, flowering and pod formation stage 
and seed filling period. Soybeans at the single growth stage, continuous growth stage and total growth stage were treated with different 
moisture contents, 20 moisture contents (see table 1) were set up, and treated for 3 times for each moisture content. Practical water 
consumption for each treatment was tested at 8:00am by using a weighing method. When the relative water content of treated soil was lower 
than designed level, replenished water with measuring glass to the design control level, and recorded the water irrigation amount each time. 
 

Table 1 Moisture treatment scheme for soybean at different growth stages 
Treatment No. Treatment name Moisture treatment at different growth stages 

Seedling stage   Seedling stage 
1 Seedling stage 50% 1 Seedling stage 50% 
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2 Seedling stage 60% 2 Seedling stage 60% 
3 Seedling stage 70% 3 Seedling stage 70% 
4 Branching stage 80% 4 Branching stage 80% 
5 Branching stage 80% 5 Branching stage 80% 
6 Branching stage 80% 6 Branching stage 80% 
7 Flowering and pod formation stage 80% 7 Flowering and pod formation stage 80% 
8 Flowering and pod formation stage 80% 8 Flowering and pod formation stage 80% 
9 Flowering and pod formation stage 80% 9 Flowering and pod formation stage 80% 

10 Seed filling period 80% 10 Seed filling period 80% 
11 Seed filling period 80% 11 Seed filling period 80% 
12 Seed filling period 80% 12 Seed filling period 80% 
13 Seedling stage, branching stage 50% 13 Seedling stage, branching stage 50% 
14 Seedling stage, branching stage 60% 14 Seedling stage, branching stage 60% 
15 Seedling stage, branching stage 70% 15 Seedling stage, branching stage 70% 
16 Total growth stage 50% 16 Total growth stage 50% 
17 Total growth stage 60% 17 Total growth stage 60% 
18 Total growth stage 70% 18 Total growth stage 70% 
19 Total growth stage 80% 19 Total growth stage 80% 
20 Total growth stage 90% 20 Total growth stage 90% 

 
2.3Sampling and test:Index test 

 
 Tested with portable optical tester LI-6400, there were 3 plants in each pot, tested the top compound leaves of plants, the tested leaves 

were middle small leaves of selected compound leaves, and tested within 9:00-12:00. Tested the water consumption of soybean, the 
moisture change of each pot shall be tested with electronic scales according to the weighing method at 8:00am every day, and replenished 
the water to the control standard by using measuring glass until the crops were mature. Yield test: by taking 3 plants as samples in each 
moisture treatment, reaped with the ground, dried in an drying oven of 115℃ in laboratory, and respectively weighed the net seed weight of 
each pot of soybeans with the electronic scales (correct to 0.01g). 
 
2.4Data statistics and analysis 

 
Related software such as Excel, SPSS17.0 and Matlab7.0 was used for data treatment and statistic analysis on photosynthetic rate, 

water use efficiency, water consumption, yield, etc. of soybeans. 
 
3. Test result and analysis 

 
Effects of moisture regulation and control on net photosynthetic rate of soybeans at different growth stages:At different stages, the net 

photosynthetic rate change of soybeans under moisture regulation and control in the total growth stage was generally accordant, had the 
tendency of increase from the seedling stage to the flowering and pod formation stage, and at the flowering and pod formation stage, the net 
photosynthetic rate had the peak value, and along with growth of plants, soybeans were declined and till the seed filling stage, the net 
photosynthetic rate started to be decreased because of leaf withering. 

As shown in Fig.1-6: under different moisture regulation and control at the seedling stage, the net photosynthetic rate under 70% water 
treatment was slightly greater than that of other two water treatments, as the flowering and pod formation stage is the key period for water, 
plants were sensitive for water, the other growth stages had no remarkable difference in water content, and the CK tendency was also 
generally identical without great difference, it means that rewatering at the seedling stage had no great effects on the net photosynthetic rate; 
compared with CK, , the net photosynthetic rates of three different water treatments at the branching stage were greatly decreased to 
14.98%-27.60%, the curve of the 70% water treatment was higher than those of 50% and 60% water treatment at the branching stage to the 
flowering and pod formation stage, it means that moisture regulation and control at the branching stage was more beneficial for plants for 
photosynthesis, at the stage, as the soybean leaves and leaf areas were rapidly increased, the photosynthetic rate was enhanced and water is 
the carrier of photochemical reaction, high water treatment was more beneficial for growth. The treatment at the flowering and pod 
formation stage showed that the net photosynthetic rate at the stage was 31.15%, 27.20% and 22.13% lower than that in CK treatment, the 
net photosynthetic rate of soybean was greatly affected, it was not beneficial for synthesis of organic matters and accumulation of dry 
substances, and the data showed that along with increase of water irrigation, the decrease amplitude can be reduced from 12.68% to 18.63%. 
At the seed filling stage, the net photosynthetic rate was slightly affected in different treatments. The net photosynthetic rate at the total 
growth stage was greatly higher than those in 70% water irrigation at the seedling stage and the branching stage, compared with CK, the net 
photosynthetic rates at the flowering and pod formation stage were reduced by 5% and 5% higher than that at the branching stage, it means 
different moisture treatments at multiple growth stages were prior to single growth treatment. The water irrigation at the total growth stage 
was 50%, 60%, 70% and 90% of the field capacity, The net photosynthetic rate in different treatment in the whole growth period was 
smaller than those of control groups, it means that low/high water treatment at the total growth stage was not beneficial for growth of 
soybeans, photosynthesis of leaves could be inhibited, synthesis of organic matters was reduced, and accumulation of dry substance was 
affected. 

 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                                       50.3 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/50 

 

            
Figure. 1 Different moisture treatments at seedling stage.                  Figure. 2 Different moisture treatments at branching stage. 

           
Figure 3 Different moisture treatments at flowering-poding stage.           Figure. 4 Different moisture treatments at seed filling stage. 

 

         
Figure. 5 Different moisture treatments at seedling stage and branching stage.          Figure. 6 Different moisture treatments at total growth stage. 
Effects of moisture regulation and control on yield and water use efficiency of soybeans at different growth stages:The soybean yield is 

the final embodiment of crop growth and development features under different moisture regulation and control, soybean yields under 
different irrigation modes were compared and analyzed, and the result was showed in table 2. 

Compared with control CK, the soybean yield under moisture treatment at different growth stages had different increase and decrease 
tendency, but different treatments had different difference. Compared with CK, the yield of three different treatments at the seedling stage 
was decreased by 23.17% if the water irrigation was only 50%, the yields of other two water treatments were decreased by about 3%, the 
reason could be that severe water shortage at the seedling stage was not beneficial for root system growth of soybean and not beneficial for 
absorption of nutrient substances in soil to accumulate organic matters at later stages. The irrigation increase in different moisture treatments 
at the branching stage, flowering and pod formation stage and seed filling stage had positive correlation with monotone increasing of yield, 
but was lower than the control CK 7%-40.38%, and the branching stage and the flowering and pod formation stage were the key periods for 
leaf growth and pod accumulation of soybean. As previously mentioned, the photosynthetic rate was increased along with growth of plants, 
the net photosynthetic rate reached the peak value at the flowering and pod formation stage, and as water is an important carrier for 
photosynthesis, moisture regulation and control at the stage can definitely affect photosynthesis of soybean, and organic matter 
accumulation can be degraded and the yield can be decreased because of photosynthesis degradation. However, the yield was slightly 
decreased in 70% treatment at the branching stage, namely, the decrease amplitude was only 9%, it means the treatment moisture had slight 
effects on plants. The yield decrease amplitude in different treatments at the flowering and pod formation stage was higher than 15.75%, that 
is, the yield was greatly affected, and the three moisture treatments were all not beneficial for growth of soybeans. The seed filling stage is 
the key period of water for soybeans, and compared with other two water treatments, the 50% treatment was not beneficial for increase of 
soybean yield. The yields under simultaneous moisture regulation and control at the seedling stage and branching stage were approximate to 
that in different treatment at the branching stage, it means the effect of water treatment at the branching stage is greater than that at the 
seedling stage. The yields in50% and 60% treatment at the total growth stage were greatly decreased, that is, as high as 52.75%, 44.88%, 
and the yield of soybean was greatly affected. The yields in 70% treatment at the total growth stage and seedling stage were decreased by 
14.87%, it means the yield of soybeans can be decreased when 70% of water is irrigated at the flowering and pod formation stage and the 
seed filling stage. The yield was not increased but was decreased instead in high water treatment at the total growth stage, it means soybean 
growth can be affected by too much water, and the reason of yield decrease could be that soil had too much moisture and light water-logging 
was caused. 

 
Table 2 Yield and water use efficiency of soybeans in different moisture treatments 
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 Treatment Yield  
g/each 
pot 

Water 
consumption 
L 

Water 
use 
efficiency 

 Treatment Yield  
g/each 
pot 

Water 
consumption 
L 

Water 
use 
efficiency 

        
Seedling 
stage 
treatment 

1 7.73 21.17 0.322 Seed 
filling 
stage 
treatment 

11 8.05 18.42 0.437 
2 

8.56 22.49 0.380 
12 

8.26 19.44 0.424 

3 8.54 20.16 0.423 Seedling 
stage and 
branching 
stage 
treatment 

13 6.86 14.44 0.475 
        
Branching 
stage 
treatment 

4 6.93 18.27 0.379 14 7.06 17.48 0.403 
5 

7.66 19.43 0.394 
15 

8.07 18.83 0.428 

6 8.02 19.12 0.419 Total 
growth 
stage 
treatment 

16 4.2 9.83 0.426 
 
Flowering 
and pod 
formation 
stage 
treatment 

7 5.3 18.60 0.284 17 4.9 12.35 0.396 
8 6.34 17.24 0.367 18 6.87 16.87 0.407 
9 

7.49 18.74 0.399 

19 

8.89 22.51 0.394 

 10 7.83 18.12 0.432 20 8.76 25.25 0.346 
 
Establishment and dissolution of moisture production function:The crop moisture production function can not only predict yield of 

crops under different irrigation levels, but also provide basis for studying irrigation systems of crops, and it describes the mathematic 
relationship of crop yield and irrigation amount. The test analyzed the effects of controlled irrigation amount on soybeans at different growth 
stages. When the moisture production functions were accounted, Jensen model which was reasonable and common in China and other 
countries were used, the Jensen model is a multiply model of static models of moisture production functions.  

Jensen model expression: λαα )(
1
∏
=

=
n

i ETm
ET

Ym
Y

 In the expression: λ represents sensitive indexes that yield is decreased because of water 

shortage at different growth stags of crops, i represents the growth stages, Ym represents yield under sufficient irrigation conditions, ETm 
represents water consumption, under sufficient irrigation conditions, Y ɑ represents yield under practical irrigation conditions, ET α 
represents practical water consumption in different treatments, and n represents treatment number of the test. In the test, seedling stage, 
branching stage, flowering and pod formation stage and seed filling stage were taken as the periods for establishing models, the obtained 
growth stage water demands and the final soybean yield were as shown in table 2, the indexes were substituted into the Jensen model 
equations to obtain moisture sensitive indexes and related coefficients at corresponding stages. 

 
Table 3 Moisture sensitive indexes and related coefficients at different growth stages 

 Seedling stage Branching stage Flowering and pod 
formation stage 

Seed filling stage Related 
coefficients 

Jensen 0.0524 0.1016 0.4759 0.0534 0.9229 
 
The soybean sensitive index reflects sensitivity of one same crop on moisture deficiency at different growth stages. As the moisture 

sensitive index of the i stage, λ reflected the sensitivity of the yield on moisture deficiency at the stage, the larger λ was, the greater the 
moisture sensitivity at the i stage was, and yield decrease could be caused by insufficient water irrigation at the stage. The moisture 
sensitivity indexes of the Jensen model were in the order of flowering and pod formation stage>branching stage>seed filling stage>seedling 
stage.  

0534.04759.01016.00524.0 )()()()(
ETm
ET

ETm
ET

ETm
ET

ETm
ET

Ym
Y ααααα

=
 

The sensitive index of the Jensen model showed the sensitivity on water deficiency at the stage, i.e. the larger the sensitive index was, 
the severer the yield decrease was. The related coefficient of the test treatment was R2=0.9229, it means the relevance was high, and the 
order of sensitive indexes at different stages was matched with physical features of soybean growth and development. To sum up, different 
fertilizers in soil were absorbed by crops to promote growth of crops and increase the yield. By appropriately increasing the moisture 
content of soil, nutrition absorption, rapid growth and yield increase of soybeans could be greatly improved. 

Optimal moisture treatment evaluation based on fuzzy comprehensive evaluation model:Fuzzy comprehensive evaluation is based on 
fuzzy mathematics and is a comprehensive evaluation method for quantifying factors which are not clear in boundary and not easy to 
quantify according to fuzzy relationship synthesis principles. 

 (1) Confirm factor discussion domain of evaluated target, i.e. M evaluation indexes: 
U={u1,u2,……,um} 
The following two points shall be considered in evaluation index setup: 
Necessity: the index evaluation shall directly touch the problem core of evaluated target, and necessary evaluation indexes shall be set 

up. 
Safety: the set evaluation indexes shall comprehensively reflect different main aspects of the evaluated target. 
 (2) Confirm evaluation set 

v={v1,v2,…..,vm}, i.e. grade set, each grade corresponds to one fuzzy subset. 
(3) Data normalization processing 

For indexes which are more optimal if they are larger: ( )
( )max

,
( , )

x i j
x i j

x j

∗

=  

For indexes which are more optimal if they are smaller: ( ) ( )
( )

min,
, j

x j
x i j

x i∗=  

In the formula:, ( )maxx j is the largest value of the jth index; 
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      ( )minx j
is the smallest value of the jth index; 

      ( ),x i j is the jth index of the ith sample. 
 (4) Establish single factor evaluation matrix: 
Establish single factor evaluation matrix, i.e.    

11 12 1

21 22 2

1 2

m

m
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here, rij  represents that when evaluating according to the ith evaluation index ix , iu  belongs to the measuring value of ju  of the jth 

evaluation type, and the value represents the quality of the sample. 
 (5) Comprehensive evaluation 
For weight ( )1 2, , , amA a a=  , max—min synthesis calculation is adopted, i.e. calculate B A R=  by using model ( ),M ∧ ∨  as follows: 

B A R=  = ( )1 2, , , ama a 

11 21 1
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Here, ( )( )
1

1, 2 m
n

j i iji
b a r j

=
= ∨ ∧ = ， is obtained from the jth calculation of A  and R , it means the membership degree of the 

evaluated target to the ju  grade fuzzy subset as a whole. With fuzzy comprehensive evaluation on net photosynthetic rate, yield, water use 
efficiency, water consumption in different moisture treatments, 20 membership degrees 

}{19 2 20 3 1 12 11 15 6 5 10 9 14 8 18 7 13 4 17 16A R = > > > > > > > > > > > > > > > > > > > of different moisture treatments can be obtained. As 
shown in Figure 7: 

 
Figure. 7 Membership degree of different treatment schemes. 

As shown in Figure 7, the membership degrees of three treatments at the seedling stage were not greatly distinguished, but the yield 
and water use efficiency in treatment 2, 3 were greatly higher than those in treatment 1, it means the irrigation treatment 2 and 3 were 
beneficial for growth; the membership degrees of treatment 5 and 6 at the branching stage were very close to each other, but the yield in 
70% moisture treatment was higher than that in 60%moisture treatment; the membership degrees of three treatments at the flowering and 
pod formation stage were increased along with increase of irrigation amount, it means the soybean was sensitive to moisture at the stage, 
and high water content was beneficial for growth of plants; the membership degrees at the seed filling stage and flowering and pod 
formation stage were changed alike, i.e. in monotone increasing; when moisture regulation and control was implanted at the same at the 
seedling stage and branching stage, the membership degree was also gradually increased but the increase amplitude was conspicuous; the 
membership degree at the total growth stage treatment 19 was the highest, and yield was the largest; the membership degree in high water 
treatment at the total growth stage was decreased, yield and water use efficiency were also decreased, it means too much moisture can also 
affect the membership degree and the soybean yield. 
 
 4. Conclusion 

 
 (1) The net photosynthetic rates at the total growth stage were generally changed alike under moisture regulation and control at 

different stages, were increased from the seedling stage to the flowering and pod formation stag, reached the peak value at the flowering and 
pod formation stage, and along with growth of plants, the net photosynthetic rate was decreased from declination of soybeans to the seed 
filling stage because of leaf withering. 

 (2) Water use efficiency under soybean control irrigation had no great difference with control treatment when soil moisture was high, 
it means relatively high water use efficiency can be achieved under appropriate soil moisture control; the water use efficiency of controlled 
irrigation soybeans was fluctuated along with soil moisture change at the total growth stage, and too high/low soil moisture was not 
beneficial for increase of the soybean water use efficiency; the water use efficiency of controlled irrigation soybeans had the change rule of 
increase firstly and decrease later. 

 (3) Classify according to moisture sensitive indexes, the sensitivity of soybean yield on moisture deficiency was: flowering and pod 
formation stage>branching stage, seed filling stage>seedling stage. The change tendency of water deficiency sensitive indexes of soybeans 
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at different growth stages was generally matched with the change rule of weather and temperature in the growth process, and also matched 
with water demand features of soybeans. 

 (4) With the combination of test on net photosynthetic rate, yield, water use efficiency, water consumption at different growth stages, 
the fuzzy comprehensive evaluation model was established, an ideal irrigation mode was obtained, that is, the water irrigation amount at the  
seedling stage was 60%-70% of the field capacity, 70% at the branching stage, 80% at the flowering and pod formation stage, 80% at the 
seed filling stage, and under the conditions, the net photosynthetic rate of soybeans was relatively large, the water use efficiency was the 
highest, and water conservation and high yield of soybeans could be achieved. 
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Abstract: Asymmetric information between logistics service demanders and logistics service providers may lead to poor service or high 
service price, and thus cause losses for logistics service demanders. However, a logistics contract is difficult to monitor as a service process 
in real time. In this paper, SLA management is introduced into business process management of third-party logistics services. Measurement 
methods for SLA metrics in logistics are analyzed and a monitoring mechanism is proposed as a control program whose main task is to 
realize the instantiation of SLA metrics. The mechanism is demonstrated by a typical transportation service process of a third party logistics 
service provider. The measurement process of an SLA metric is then described in detail and the compliance of the logistics SLA is also 
analyzed and discussed. In the end, the delivery process of a logistics SLA report is given. The proposed monitoring mechanism is an 
effective method for the monitoring of service level parameters to deliver a proper level of logistics service based on customer requirements. 
Quality of service can be monitored in real time. 
 
Keywords: web service; quality of service; service level agreement; third party logistics. 
 
1. Introduction 
 

Nowadays, more and more companies focus on their core competitions by outsourcing their entire or partial business processes to a 
service provider (SP). Intensive competition in the global market urges third party logistics service providers (3PL) to provide flexible 
customer service in short response time. That is only possible by applying IT infrastructure to support their business processes. But for both 
companies, i.e. the one who outsources their logistics business and the 3PL, quality of service (QoS) is the key business metric. Typically, 
service level agreements (SLA) are used to define QoS and manage the related service processes. 

SLA defines some none-functional attributes of a service such as service responsiveness. Companies have realized that one of the most 
important factors to their success is flexibility. Service Oriented Architectures (SOA) can integrate services into comprehensive business 
processes recursively by defining user friendly service interfaces and by virtualizing services. Thus, loosely coupled components enable 
business process reuse and service outsourcing. This architecture helps more and more companies focusing on their core competition and 
outsourcing their rest business processes to service providers. In this case, service provider and service demander (SD) reach a service level 
agreement in quality of related activities and none-functional attributes. Needless to say, SLA plays an important role in business process 
outsourcing (BPO) which allows companies to focus on their core business while supportive business processes are outsourced to 
specialized companies in their field. 

According to TeleManagement Form (TMF) which issued the most important standard GB917 in the domain of SLA, A Service Level 
Agreement (SLA) is a formally negotiated agreement between Service Provider (SP) and Customer, and is designed to create a common 
understanding of service quality, priorities, responsibilities, etc. [1].  An SLA is a written contract that exists between SP and service 
demander, and it prescribes responsibilities that an SP will provide with certain services in specific quality and within fixed time. An SLA 
can be established between two companies or even between two departments in a company [2]. A typical SLA includes parties, service level 
parameters (SLPs) and service level objectives (SLOs). SLPs are service attributes that can be measured or appointed (such as the type of 
service processed). Here we use QoS attributes as SLPs. QoS refers to none-functional attributes of a single service or of a set of services. 
QoS not only relates to usability and executability of service, but also relates to integrality, reliability and security of services. SLA is the 
formal contract between SP and SD after negotiation, and specifies a set of service quality metrics, responsibilities, objectives and processes, 
to reach or maintain certain QoS. It is noticeable that an SLA only concerns about those QoS which concern an SD most, but how to realize 
or guarantee QoS is not the area of SLA management. 

So far, research about SLAs applied to other application areas is relatively rare, and applied to logistics field even less. The purpose of 
this study is firstly to establish a logistics field oriented SLA model to achieve better management of logistics services, especially third-party 
logistics service. Based on a third-party logistics business process model by using a Business Process Modeling Notation (BPMN) tool, we 
try to find an SLA monitoring method to monitor logistics business activities and evaluate process performance. 
 
2. Related work 
 

There are a lot of research interests on SLA-based methodologies, but most of them are mainly applied in the areas of information 
technology, network technology and telecommunications services. Most researches focus on methods to guarantee bandwidth of network 
services, network connectivity, or describe the state of typical parameters (including network availability, transmission rate, etc.). 

Present static SLA templates cannot reflect the changes of market structures and cloud user requirements. Maurer et al. (2012) 
proposed an adaptive SLA matching method which allows users to define SLA mappings between their private SLA templates and a public 
SLA template [3]. To evaluate parameters of services, Bruneo et al. (2013) propose a Petri net method to design QoS-guaranteed Web 
services from WS-BPEL processes [4]. Kertesz, Kecskemeti, and Brandic (2014) think that adaptive and flexible SLA attainment methods 
are required for avoiding violations in SLA-based service, and they combine brokering, negotiation and deployment to achieve efficient and 
reliable service [5]. According to an empirical study of Becker, Widjaja and Buxmann (2011), clear definition of SLAs affected the 
evaluation and implementation of SOA applications in large German enterprises [6]. 

Tobias Unger et al. (2008) defined a method on how a service provider can aggregate the SLAs of individual services within a business 
process into a single SLA [2]. This method can provide a service provider with the capability to annotate the service that the business 
process implements with an appropriate SLA. They also proposed a framework that helps in carrying out the SLA aggregation within 
business processes. Branimir Wetzstein et al. (2008) introduced a stepwise approach for the management of SLA-aware service 
compositions based on process performance requirements specified as Key Performance Indicators (KPIs) [7]. The approach is based on 
process lifecycle which includes modeling, configuration and execution phases. They incorporated existing work on SLA modeling, QoS 
aggregation, and QoS-based service selection, and identify several problems specific to SLA-aware business processes. 

There are still concerns about performance such as availability, scalability and SLA violations in cloud applications (Benedict, 2013) 
[8]. Jararweh et al. (2014) presented a cloud computing experimental modeling and simulation environment CloudExp which can evaluate 
processing elements, SLA constraints, BPM, SOA [9]. Guarantees of service behavior and process performance are the most important 
concerns while designing a service-based application. Frankova et al. (2011) proposed a method to design a process based on a model at 
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early requirements analysis phase in form of BPELs and SLAs [10]. Milanovic and Milic (2011) introduced a method to assess process 
availability of service and business based on systematic modelling [11]. 

Any violation of SLAs will lead to lower customer satisfaction or penalty, so SLA compliance is extremely important for providers. 
Therefore, monitoring the QoS stated in an SLA is a vital procedure in a service-based environment [12, 13]. Leitner et al. (2013) present 
statistical data-driven methods in an integrated framework to forecast or predict SLA violations in business processes. The proposed 
approach was also evaluated in a case from the manufacturing area [12]. Okanovic et al. (2013) provided a monitoring approach on 
application level by using performance objectives specified in SLAs in a distributed application [14]. Sommers et al. (2010) presented a 
monitoring method to measure network performance in compliance with the targets described in SLAs [15]. Sidibe et al. (2008) proposed a 
cross-layer monitoring architecture by using a network QoS mapping framework at application level [16]. 

Automated SLA negotiation can help to define the requirements of QoS when service-based business processes are composed. 
Zulkernine and Martin (2011) proposed a negotiation framework which can perform adaptive bargaining of SLAs between provider and 
consumer of a service [17]. Comuzzi and Pernici (2009) proposed a framework to automatically define QoS dimensions of web services 
based on an extensible model for both domain-independent and domain-dependent applications. They also described algorithms to rank 
services and to configure negotiable parts of QoS SLAs [18]. 

Kaouthar Fakhfakh et al. (2008) proposed a comprehensive ontology-based approach for SLA obligations monitoring. They described a 
universal, semantically richer ontology-based model of SLA by analyzing existing SLA models [19]. This model uses the semantic web rule 
language (SWRL) to describe SLA obligations, and this language makes it convenient and effective to monitor processes and to detect 
violations. They used the model to generate semantic-enabled QoS obligations monitors and also developed a prototype which validated 
their model and monitoring approach. One of the deficits in their work is that they did not mention methods how to prevent SLA violations 
and system degeneration by using the QoS values measured. 

Hua Xiao et al. (2008) proposed a framework to verify SLA compliance in composed services [20]. The framework reuses information 
in business process models to simulate services and to verify non-functional requirements prior to service deployment. They built a 
prototype to demonstrate their framework by using a commercial process simulation engine, and integrated it into a commercial service 
composition tool. They also demonstrate their framework and prototype in composing services while considering the non-functional 
requirements through a case study. 
       Martin and Bagnoud (2009) discussed business process interoperability for the setting of logistics and supply chain. They created a 
scenario of a simple transportation process of logistics and established its business process management notation (BPMN) model. They 
solved the integration problem between small and medium sized enterprises (SMEs) and large enterprises that already run business process 
management systems (BPMS) by creating and calling related web services. But they did not introduce methods how to monitor the process 
and how to evaluate the process performance [21]. 
 
3. Measurement Methods for Logistics SLA Parameters 

 
To judge whether an SLA is being complied or enforced, we need to monitor the management process of SLAs. The main purpose of 

SLA monitoring is to effectively collect and analyze performance data to measure the quality of services provided. An SP needs to use 
specific QoS parameter values to illustrate their commitment to serve the actual fulfillment to the SD. SLA monitoring needs to select 
appropriate data acquisition cycles, which are generally defined by the SP and the SD in SLAs during their negotiation phase. 

In the business execution process of third-party logistics services, we need to measure service performance parameters. Analysis and 
simulation in a later phase are based on the data obtained in the former phase, so if the measured data does not reflect the real situation or 
the data quality is not high enough, any kind of analysis and simulation is meaningless. The purpose of measurement is to obtain data for 
relevant parameters during the execution of a service, to convert the data into corresponding service quality data, and ultimately to achieve 
the goal of service quality management. 

Measurement methods are mainly divided into active and passive measurement methods. In active measurements, an SLA manager (e.g. 
a 3PL) uses logistics information equipment such as GPS to track, monitor and record logistics services. This method has the advantage that 
it is possible to control the measurement categories according to different scenarios, such as sampling frequency, category size, types and so 
on. On the other hand, the surveyors are able to sample and measure in accordance with their own intentions, therefore it is easy to simulate 
scenarios to meet QoS requirements specified in an SLA. But there are also other disadvantages related to active measurement methods. 
Surveyors need to be equipped with corresponding logistics equipment, and therefore measurement consumes human resources, material 
and other resources. Relying entirely on active measurement to get relevant parameter data may lead to high SLA management costs. In 
addition, measurement data obtained by active methods to some extent, is based on the position where the surveyors stand, and may not 
fully reflect the actual situation. 

In passive measurement methods, an SLA manager needs feedbacks from other players (such as SD, SP, end users and other parties), 
and records related information. Using this method, the surveyors do not need to invest into much more resources. After comprehensive 
consideration according to feedback from other parties, it is conducive to get the actual measurement data. But there are situations in which 
some parties provide false feedback for their own interests. Therefore, in actual measurements, we need to select different measurement 
method according to different measurement parameters. To carry out a full range of logistics service performance monitoring, we need to 
combine active measurement and passive measurement methods. 
 
4.Monitoring mechanism for Logistics SLA 
 

Implementation of SLAs is a long and arduous work. Solving the problem of lack of resources is the key to ensure a smooth 
implementation of SLA operation. The lack of resources mainly refers to the lack of physical resources and tools in the process of SLA 
implementation, monitoring and evaluation. During the execution of an SLA, the SD is at a relatively disadvantageous position in the 
mastery of both technology and information, so the SP needs to establish an SLA system to balance information asymmetry between the two 
parties. 

In actual SLA monitoring, options for monitoring objects are also a big problem. For example, some SP does not monitor its own 
quality of service (no monitoring object); while others monitor their own status of services provided (monitoring object is their own). There 
are also some SP who will grant their monitoring permissions to third parties, but there may be some mutual interests between them. 
Because of these different conditions, an SD will not learn the real implementation of the service, or not easily believe in the results of 
monitoring. Therefore, we can introduce another party which has not mutual interests with an SP and their SD, such as fourth party logistics 
enterprises into the business of third-party logistics service. In this way, we can use the SLA monitoring system to monitor the whole 
process of service delivery. The SD can understand the actual situation of service execution in real time, and by comparing the resulting 
relatively objective information and the corresponding provisions of agreement in SLA, they can analyze if the results meet their SLA 
requirements. Meanwhile, the SP can also quantify the service quality by the monitoring system which helps them understand their own 
strengths or weaknesses for better improvements. 
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Monitoring of SLA relies on relevant software. There are several tracking and reporting applications used for network levels of service, 
such as Concord Communications Company's Network Health Reporter, InfoVista Corp’s InfoVista Systems, Response Networks’s 
Veriserv, Hewlett Packard’s HPFirehunter and etc. The most important factors that restrict the smooth implementation of SLA are that 
existing technology is still not mature enough. While some international organizations are actively studying and promoting SLAs in none-
functional areas, there is no uniform standard on SLA monitoring. So, we cannot correctly and justly monitor the real situation of services 
provided. Therefore, there is an urgent need to propose an SLA monitoring methods. 

In the third-party logistics service process, to eliminate information asymmetry that exists between LSD and LSP and to increase the 
ability of LSD to understand the entire business process of service, are mainly reflected in the monitoring of the SLA. By monitoring SLAs, 
the monitoring body can find problems in the ongoing process and can take appropriate measures to prevent the occurrence of irregularities, 
thus reducing the risk of non-compliant SLAs. In the implementation process of SLAs, how to monitor the implementation of SLAs and 
how to deal with potential violations are important issues that need to be addressed. SLA monitoring is mainly reflected in QoS monitoring. 
According to the relevant requirements of the SLAs, we can monitor business performance, and compare monitoring results with SLA 
metrics. Once the requirements are not met, appropriate measures (such as price discounts and other punitive measures) can immediately be 
taken. We propose an SLA monitoring mechanism as shown in Figure 1.  

 
Figure 1. An SLA monitoring mechanism. 

As shown in the figure, the control program is a basic interface that provides for SLA managers or associated parties to submit an 
instantiation of an SLA model. SLA Metric Measurement can automatically instantiate each measurement value defined in an SLA, trigger 
corresponding measurement instructions by pre-set frequency, and then the specific Metric values are saved in the Business Management 
Record. SLA Parameters Measurement can also instantiate SLA parameters automatically, obtain and calculate the measurement values 
from the Business Management Record. SLA Responsibilities Monitoring, another part in the mechanism, can automatically instantiate each 
responsibility in the agreement, check out if it meets the conditions of SLA responsibilities according to the value from SLA parameters. 

Take a 3PL service scenario illustrated in Figure 2 as an example. From the moment when the Producer accepts an order from the 
Retailer, the entire process is triggered. A demand for a logistics service is emerged after the production process is completed and the 
product in the order is ready to be delivered to the Retailer. In this example, the 3PL is regarded as an LSP providing the Producer required 
warehousing, transportation or distribution services. The Producer is an LSD, while a 4PL is responsible for monitoring the implementation 
of the entire process. Assuming that the monitoring object for the logistics service is response time (Response Time), and the SLA metrics 
specified in the SLA is less than 30s, the 4PL will be responsible for sending a violations message to both parties who signed the agreement. 

Retailer Producer (LSD) LSP

SendOrder ()

RequestTransport ()

ConfirmTransportation ()

NoticeDelivery ()

LoadingReady ()

ConfirmLoading ()
DeliveryConfirmation ()

ShippingNotice ()

ConfirmRecieve ()

CheckResources ()

ConfirmRecieve ()

Document ()

 
Figure 2. A UML sequence diagram of typical 3PL transportation service process. 

Response Time as a Metric will automatically be instantiated as Response Time Measurement based on the SLA monitoring 
mechanism shown in Figure 1. It will be obtained from the logistics service Response Time values every hour and these values will be saved 
into the local Business Management Record. SLA Parameter Measurement average response time will be generated automatically to 
calculate the SLA parameters. By reading historical data previously measured and stored in the Business Management Record, SLA 
parameter values will be obtained by calculating the data with a specific function (in this case, the function is calculation of the average 
response time). The LSD will judge whether the LSP provides pre-agreed quality of service based on these parameter values. If an exception 
is found, the LSD will notify the LSP and negotiate with the LSP to take appropriate measures preventing further expansion of mistakes, and 
avoiding unnecessary losses. The calculation process of SLA parameters is shown in Figure 3. 
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Figure 3. An SLA parameters calculation process flow chart. 

During the SLA parameters calculation process as shown in Figure 3, when the monitored new performance data arrives, the 
calculation scope of the threads where the performance data is, should be queried in database, as well as the calculation formula of the SLA 
parameters, and then all variables of the formula will be replaced. The new parameter values calculated will be stored in the database, and 
will be compared with the alert thresholds set in the database to determine whether the alert threshold is reached. If the new value reaches 
the alert threshold and the violation threshold, then a violation message is generated and sent; if the new value reaches the alert threshold, 
but does not reach the violation threshold, then an alert message is generated and sent; and if the new value does not reach the alert threshold, 
then it is not required to judge on the violation threshold, and it will move to the next parameter determination process. After all parameters 
in the flow come through the similar process, then next business performance parameters will be processed. When all business groups have 
been processed over the thread, it can be determined whether the SLA cycle has ended; if yes, then an end message of the SLA cycle will be 
sent, otherwise a refresh message of the network cycle will be sent. Thus, the SLA parameter calculation process ends.  
 
5. Compliance of Logistics SLA 
 

An SLA compliance analysis is part of the SLA evaluation phase to calculate and analyze the collected data and monitoring situation in 
the SLA implementation phase to determine whether the SLA indicators are consistent with the content of the agreement. LSDs are 
classified into several levels and each level contains the corresponding SLA measurement thresholds which will be selected specifically 
while the LSD actually signs a service contract with an LSP. Time intervals in the SLA compliance analysis can be adjusted according to 
need or to values specified in the SLA agreement. During a certain time period, if the SLA parameter values in a time granularity required 
are within the corresponding threshold range, then they are consistent; otherwise, it can be determined that the actual quality of service does 
not fully comply with the provisions of the SLA.  

Actual charges of an LSP can be decided according to the SLA compliance situation. As for the compliance degree of an SLA, it can be 
calculated using Equation (1): 
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 Equation 1 can be used in the situation that the measurement time interval is one month and the time granularity is one hour. In the 
equation, there are m SLA parameters and n days in a time interval. λ i  is the weight of each SLA parameter, i.e. means the significance of 
SLA parameters, and 
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The values of λi are included in an SLA. ||I|| represents the number of elements in a collection. Hi is the threshold of the SLA parameter 

numbered i. 

{ }( ) , , 1, 2,..., 24ij i ijk iI H k x H k= ∝ =
                                                     

Where xijk is the measurement value of the SLA parameter numbered i at hour k on day j of the said month. ∝ means that the value 
met the requirements of the threshold. 

In practical applications, some of the data cannot be directly measured (such as ratio), or the data measured cannot meet the 
requirement of specifications (For example, the granularity of a measurement cycle is one hour, but it takes a day or a month to get it, so 
they need to aggregate performance data in short cycle granularity to SLA data in larger cycle granularity). For these reasons, the calculation 
of the SLA parameters may involve relatively complicated calculation processes. The logistics SLA parameter calculating flow as described 
in Figure 3 is the core part of the SLA data processing. The processing flow can generate the QoS data specified in the SLA by analyzing, 
sorting, calculating and integrating the raw QoS data periodically. Since the amount of calculation of SLA parameters may be relatively 
large, multi-thread and parallel processing methods are used in this process. Each thread handles one business group so that the calculation 
speed of parameters can be effectively improved. 
 
6. SLA report in Logistics service process 
 

Logistics SLA reports mainly have two forms: internal report and external report. In an internal report, i.e.a QoS report, an LSP reports 
according to performance data collected in each time interval. Internal reports can serve as a reference when an LSP makes internal 
diagnostics of the performance of logistics services. At the same time it is also the foundation for generating external reports. Here we need 
to distinguish between data collecting cycle and reporting cycle. The former is the calculation cycle for each parameter in the calculation 
process of SLA parameters, while the latter is the time interval used to further calculate parameters and to generate an SLA report. Generally, 
the time interval of the data collecting cycle is shorter than that of the reporting cycle. For example, a data collecting cycle is generally 
defined as 1s, 1min or 24h, and the reporting period can be defined as once a week, once a month etc. Logistics internal reports are generally 
used internally by an LSP, so the specific reporting format can be set according to the actual needs of the LSP instead of the same form 
specified in an SLA. 

Unlike internal reporting, external reporting needs to be provided to an LSD for a specific reporting period and in a certain format, and 
must provide information about the actual level of service conditions. In addition, the period of external reporting is generally shorter than 
that of an internal report cycle because an LSP needs to adjust their services constantly accounting to the analysis of internal report. The 
generation process of logistics SLA reports is shown in Figure 4. 

 
Figure 4. Logistics SLA Reports Generation Process 

In Figure 4, the generation process of an SLA report is divided into three layers: Data Collection Layer, Service Layer and User Layer. 
The low-end Data Collection Layer is mainly used to process the raw performance data collected and to convert it into service performance 
data which is required by the intermediate service layer. These service performance data is the foundation to generate QoS analysis reports, 
and the QoS analysis report in the middle layer is an internal logistics SLA report. By monitoring the entire SLA operation process a QoS 
analysis report is obtained which can be integrated to generate an SLA report for the user layer on the top. It should be noted that, the User 
in User Layer here refers to an LSD. 

Generally, logistics SLA reports are provided by an LSP. If the SLA is managed by a fourth party logistics enterprise, then the report it 
mainly provided by the 4PL. In addition, the LSD will submit related feedback reports. Logistics SLA reports can be delivered in the form 
of Email, Fax, Web pages, proprietary interfaces or other means. In addition to receive information about logistics SLA reports in a regular 
way, the LSD can always query relevant information on the status of service implementations. 

 
7. Conclusion 
 

An SLA model is rarely used in application oriented areas, so we introduced an SLA model into the service monitoring process of 3PL 
in this paper. Based on an analysis of measurement methods for logistics SLA metrics, we established an SLA monitoring architecture to 
monitor the quality of service of logistics activities by evaluating process performance in real time. We also propose an SLA compliance 
analysis according to the results of monitoring, and provide reporting forms for the logistics SLA reports. After fully understanding and 
analyzing requirements of logistics operation, especially the requirements of third-party logistics services, business flexibility, customer 
satisfactory and shorter response time can be improved based on the introduction of SLA models and related technologies, and the level of 
logistics services can finally be improved. 
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Abstract: Course-scheduling is one of the important tasks in academic management of colleges. With the continuous expansion of 
enrollment, the shortage of classrooms and faculty resources as well as the increasing individual requirements of colleges, teachers and 
students, the original course scheduling system requires an immediate improvement. Thus, a new automatic scheduling system is designed 
to generate automatically a reasonably-structured and highly-satisfied curriculum through computers, which makes courses scheduled more 
scientific and high-effective. It is highly meaningful for academic departments in universities. 
 
Keywords: colleges course scheduling system, course scheduling problems, course scheduling algorithm, priority level, database 
 
1. Introduction 
 

In other countries, Research on scheduling system began in the 1950s. Researchers started just on issues like the existence of solutions, 
mathematical models and computer algorithm. In 1962, Gotlieb proposed a mathematical model of curriculum scheduling, making it a 
common subject for the computer software application specialists and mathematicians to study on[1]. However, the research, due to various 
problems encountered in practice, made no success. In 1976, Bondy regarded the scheduling as a Graph Edge-Coloring and put forward his 
algorithm. Nevertheless, the various constraints in actual teaching activities made this algorithm powerless. Since the 1990s, curriculum 
issues have been studied persistently, and some scheduling algorithms have also been developed. Such algorithms include Genetic 
algorithms, simulated annealing, annealing algorithm, greedy algorithm, ant colony algorithm, hybrid intelligent algorithms, neural networks, 
local search, constraint programming, evolutionary computation, tabu-search technology and mixed optimization algorithm. 

In China, research on course scheduling started relatively late, which was first carried out in the early 1990s. Then, various systems 
turn out to be flourishing[2]. All these systems have something in common, that is, they imitate the manual process scheduling process, 
considering "class" as a unit, and using heuristic functions to arrange courses. Moreover, these systems tend to be limited to their school 
education system and cannot be widely promoted. 

Course Scheduling software commonly available in the market now include ZhengFang(ZF) Scheduling System, Star Intelligent 
Scheduling System, etc.. To some extent, they help improve the efficiency of scheduling, avoid conflicts of teaching venue, teacher and 
class arrangement, thus enhancing the accuracy of scheduling. However, these systems still remain in the secondary stage. In other words, 
course scheduling in universities is still “semi-manual”. Most of them are only able to deal with objective conflicts and fail to meet the 
specific needs of teachers or administrators. As a result, the curriculum scheduled remains unsatisfactory. Problems are as follows[3]. 

1) Poor applicability. For different universities, scheduling system needs to modify codes in a large scale according to their own 
situations. It is a time consuming process and will also increase the cost. 

2) Inconvenient modification. When errors are found after the scheduling is completed (such as course names, teaching venue 
arrangements, etc), they cannot be partially modified and all have to be reset. 

3) Random scheduling. It appears once that one teacher was scheduled to unreasonably give 7 or 8 lessons on a single day. 
4) Imperfect successive course setting. For example, such issues as whether computer theory courses and hands-on lessons should be 

on the section or distributed should be based on different course requirements. Yet it cannot be set in advance. 
5) Imperfect Priority Setting. The systems fail to coordinate the time arrangement of professional and elective courses. 
6) Lack of humanization and satisfaction. Teachers’ individual requirements cannot be met and well dealt with. For instance, teachers 

living distantly hope to leave out the first two lessons in the morning and external teachers want their lessons to be centralized at the same 
period of time. 
 
2. Optimization of University Course Scheduling 
 

As a complex and multi-change issue, course scheduling has been studied by researchers from both at home and abroad for years[4]. 
Various scheduling algorithms have been put forward. All of them have their own strengths and their problems as well. If these algorithms 
can be combined and complement each other, unexpected results may be achieved. In this paper, the author makes reference to the concept 
of fitness evaluation to satisfaction in genetic algorithms, and also refers to the method of backtracking algorithm in rearranging courses 
when the operation is not reasonable, which tries to optimize the new scheduling system designed to offer a scientific, rational, effective and 
integrated automatic optimization scheduling implementation for academic departments[5]. 

The entire scheduling process is performed in units of classes. After allocating the periods, as long as all of the class instructors are put 
in the collection mentioned above, the pairing will be formed[6]. 

J2EE platform is applied in the essay to achieve the functionality of scheduling. Some key arrays are defined as bellow. 
Time Array:  the weekly scheduled courses for one class mapping arrays as shown in following: 
Morning array unit T1 {11, 12, 21, 22, …, 52}； 
Afternoon array unit T2 {11, 12, 21, 22,…, 52}； 
Evening array unit T3 {11, 21, 31, 41, 51} ； 
Class Array: C{c1, c2, c3, c4…cn}. This set of arrays contains all the courses involved in this scheduling system for the current class. 
Teacher Array: Scheduling is worked out on the basis of class unit. N classes are corresponding to N teacher arrays. 
Course scheduling array: the scheduling is performed in units of time period, so the array is represented as PK {CnJ11, CnJ12, CnJ13, 

CnJ21, CnJ22…CnJn1, CnJn2…CnJnN}. This array holds all the teachers’ class sessions of the current classes involved. 
Specific procedures are shown in Figure 1. 
Step 1: Classes were randomly arranged according to random number function, assumed to be C {C3, C9, Cn… C2}. 
Select an unscheduled class and arrange its time arrays T1, T2, T3 in a random order respectively as follows. 
The random arrangement of array T1, T2, T3 will present many possibilities. Once the operation is completed, however, the positions 

of the elements in the three arrays are relatively fixed and remain unchanged in the whole scheduling process. Suppose, after the random 
arrangement, T1、T2、T3 become  

T1’{41, 11, 12, 21, 32…}; 
T2’ {31, 11, 22, 21, 41…}; 
T3’ {21, 31, 51, 41, 11}; 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                                       52.2 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/52 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Working process 
Step 2: Code teachers’ tasks, set their requirements on time and sort the teachers in accordance with their priority level[7]. 
1) The teacher array of the current class is obtained according to the priority level, which is assumed to be Jn {j3, j5, j1, jn…j9}. 

2) Course Scheduling array is assumed then: PKn{CnJ31,CnJ32,CnJ51,CnJ52, CnJ53,…,CnJ9n} 

3) Each teacher’s class scheduling information is coded in the form of {course name, teacher’s name, number of class periods per 
week, requirements on time}, e.g. {College Chinese Language and Literature, Joe Smith, 10 periods, morning}. 

Step 3: Detect time requirements and arrange courses randomly based on these requirements. 
Pre-arrange the selected scheduling unit into any time unit of T1, T2 or T3, using a random number function. Pay attention that the 

random number function can only randomly decide the data filled in T1, T2 or T3, but as to T1, T2 or T3, all the data are sequentially 
written with no randomness.  

Step 4: Detect whether there is any conflict between the scheduled time and the teaching venue. The operation is shown below. 
N: If scheduled time and teaching space conflict, the random scheduling should be restarted in the way shown in Step 3. If conflicts still 

exist among the nodes in line with the time requirements, these requirements need to be canceled and empty nodes without conflict in 
teaching venue should be filled up. 

Y: If scheduled time and teaching venue do not conflict, the teacher’s class arranging results are generated and put into the 
responding scheduling unit, assumed to be T1 (41), and written into the curriculum. 

Step 5: Check whether the class curriculum arrangement is completed, which is shown as follows. 
N: If all the courses of the class have been arranged, go back to Step 1 and arrange the timetable for the next class. 
Y: If the timetable is not finished, continue to run down. 
Step 6: Check the successive course setting information and detect in the database whether this teacher’s courses in the next arranging 

unit should be successively set. 
Y: If “T” is detected, courses in the next section are pre-arranged in the next two classes, that is, they are put into T1 (42). 
N: If “F” is detected, return to Step 3 and re-arrange the timetable for this unit. 
Step 7: Detect conflicts between time and teaching venue. 
N: If the node of T1 (42) has been arranged or related place has been occupied, successive classes cannot be achieved. Then return to 

step 3 and re-arrange the timetable for this unit. If conflicts still exist among the nodes in line with the time requirements, the requirements 
need to be canceled and empty nodes without conflict in teaching venue needs be filled up. 

Y: If T1 (42) node is empty, and the place needs to be used is unoccupied, Mr. Joe Smith’s scheduled classes of the next arranging 
unit can be assumed as {College Chinese Language and Literature, Joe Smith, T1 (42), the relevant site} 

Step 8: Return to Step 5 and continue to schedule the classes. 
Step 9: When all the classes are arranged, the scheduling process ends and the school curriculum is finally generated. 
 

3. Function Realization 
 

Theories are guidance to actions, but discussing theories only is like indulging in empty talk. It is the focus of this study how new 
algorithms are applied to the course scheduling system[8]. Scheduling system is achieved through the following two steps. First, create a 
database for the system applying SQL Server and administrate the large amount of data in the scheduling system. After that, by using JAVA 
language, the new algorithm is applied in the scheduling program, truly realizing the scheduling functions. 

Scheduling is a large and complex system. The one designed in this paper possesses the following basic functions[9]. 
1) Basic personal data input, including information of administrators, teachers and students. Preliminary work is done for different 

users to log in. 
2) Basic teaching data input, including teaching programs of each major and discipline information. 
3) Teaching task arrangement, such as the setting of the department, class and subject of every teacher. 
4) Special setting for teachers and courses like priority level setting and successive scheduling. 
5) Personalized setting for teachers’ or courses’ requirements based on certain circumstances, including time scheduling and 

successive scheduling. 
6) Automatic arranging function after the procedure above is achieved. 
7) Manual adjustment in scheduling that helps improve satisfaction level of the curriculum. 
8) Query function: academic staff, teachers and students can log in with a different identity and have access to relevant information 

required. For instance, teachers can search for their teaching tasks, timetable, and class schedule while students are able to check their class 
schedule, etc.. 
 
4. Conclusion 
 

According to research results and practical application, courses scheduling systems developed by researchers around the world are still 
less than ideal. Reasons vary. On the one hand, as a complex and large-scale system, scheduling receives too many complicated constraints 
as well as ever-changing demands. It indicates the practical implementation to be a far more difficult task. On the other hand, the presence of 
various universities with their respective specificity makes it tough to generally apply the same automatic scheduling system. 
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Abstract: Employed a differential column capacitor, a novel tilt angle sensor is developed for level detection and tilt angle measurement. 
The tilt angle sensor is composed of a set of differential column capacitor which uses 2-half cylindrical surfaces as both fixed electrodes and 
mercury in the column hermetic chamber as a motion electrode. The capacitance of the 2 differential capacitors changes inversely when tilt 
angle is varied. A capacitance digital converter AD7150 is employed to acquire digital value from capacitance analog value. And then, the 
data are processed by a microprocessor to obtain the relation between the differential capacitance and tilt angle. The theory and experiment 
show that there are good linearity, wide range, and better precision. The error is less than ±0.30°. The tilt angle sensor is insensitive to 
common temperature. 
 
Keywords: tilt angle sensor, differential column capacitor, liquid motion electrode. 
 
1. Introduction 
 

Level detection and tilt angle measurement are very useful in many fields. For example, motion state observation for aircraft or air 
vehicle and robots, mechanical level adjusting, slope monitoring in tunnels and embankments, level determination for experimental devices 
1, 2. There are many existing tilt sensors, such as fiber bragg grating tilt sensor 1, 3-6, differential pressure obliquity sensor of mercury 7, 
micro-electro-mechanical tilt sensor 2, 8-10. There are some shortages in the tilt angle sensors above mentioned, such as structural 
complexity, high cost, low measurement range, and so on. In this paper, a new tilt angle sensor is presented, which consists of differential 
column capacitor with liquid motion electrode. The structure and principle of the tilt angle sensor are introduced as followed. 
 
2. Structure and principle of tilt sensor 
 
2.1 Structure of Tilt Sensor 
 

As shown in figure 1, the tilt angle sensor is composed of a set of differential column capacitor which consists of fixing electrode I, 
fixing electrode II, liquid electrode, cylindrical surface, front plate and back plate. The cylindrical surface, front plate and back plate, which 
are made of plastics with uniformity of thickness, form a hermetic cylindrical chamber. Two pieces of metal foils are mounted on the outer 
surface of the cylindrical chamber symmetrically to form a fixing electrode-I and a fixing electrode-II. The inner radius of the cylindrical 
surface is r , outer radius is R , width is l. 

The conductive liquid (mercury) is injected into the hermetic cylindrical chamber and occupies half volume of the cylindrical chamber. 
The conductive liquid and fixing electrode-I form a capacitor C1, the same, the conductive liquid and fixing electrode-II form another 
capacitor C2. When the fixing electrode-I and the fixing electrode-II are exactly placed in left and right symmetrically, it is can be known 
that C1= C2. 

 
2.2Capacitance Calculation 
 

According to the equation of the column capacitor, the capacitance value can be calculated by following equation, 

r
R

r lC
ln

2 0επε
=  

Where R is external electrode radius, r is internal electrode radius, l is the width of cylindrical surface, εr is relative dielectric constant 
of the cylindrical surface, ε0 is permittivity of vacuum. When the part of cylindrical surface is effective for capacitor, the capacitance value 
can be expressed by equation (2). 

r
R

r lC
ln

0θεε=  

Where  is effective angle for capacitor. 
As shown in figure 2, the tilt angle sensor is in horizontal state, the capacitor C1 and C2 possess the same angle () which is effective for 

capacitance, so C1= C2= C0,  

r
R

r lC
ln2

0
0

εεπ
=

 

When the tilt angle sensor is inclined at an angle of , the capacitance of the both capacitors (C1 and C2 ) are respectively expressed by 
equ. (4) and equ. (5), 

）（ θπεε
∆= -

2ln
0

1
r
R

r lC  

）（ θπεε
∆+=

2ln
0

2
r
R

r lC  

According to equ. (4) and equ. (5), differential capacitance () of C1 and C2 can be expressed by equ. (6) 

θ
π

∆=−=∆ 012
4 CCCC  

Where， 2
- π

< θ∆  < 2
π

，-2C0 <ΔC < 2C0, the sign of  indicates the tilt angle direction, when the sensor is clockwise rotation 
from level position, the value is positive, else the value is negative. Known from equ. (6), the relationship between θ∆  and  C∆ is linear, tilt 
angle can be calculated by equ. (6) from C∆ . 
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2.3 Measurement Circuit 
 

The capacitance value of C1 and C2 of the tilt angle sensor are very small, the range is from 0 to 5.0 pF in our example. A capacitance-
to-digital converter chip AD7150 and a microprocessor STC12LE5404 are employed to detect the capacitance for getting a high resolution 
and precision. The capacitance value of C1 and C2 are converted into digital by AD7150 and then are transferred to microprocessor and 
displayer. The measurement circuit is shown in figure 3. The chip LCD1602 is utilized as the displayer, and its connection mode is 4bit data. 
 
3. Calibration of tilt sensor 
 
3.1Calibration Experiment 
 

In this experimental tilt angle sensor, the outer radius of the cylindrical surface ( R ) equals 7.8mm, the inner radius ( r ) 7.0mm, width 

( l ) 6.0mm. The relative dielectric constant of the cylindrical surface rε =3. When θ = 2
π

and θ∆ =0，C1 equals C2 in theory, 

== 21 CC
r
R

r lC
ln2

0
0

εεπ
= =2.313pF 

In fact, C1 doesn't absolutely equal C2, because the shape parameter of the both fixing electrodes is difference for workmanship, and 
the initial position of the sensor is not horizontal completely. There are other reasons to affect initial capacitance of C1 and C2, such as 
fringe effect and distributed capacitance. 

When θ∆ =0, surroundings temperature is 22 ℃, the measuring results of the initial capacitance are respectively as following, 

C10=3.471pF, C20=3.445pF,  

Let 
ΔC0 = C10-C20 = 0.026pF   
According to equ. (6) and equ. (7), the relation of the tilt angle and differential capacitance can be expressed by equ. (8), 

ΔC = θ
π

∆04C -ΔC0 

 

3.2Angle detection experiment 
 

At temperature of 22 ℃, the designed tilt angle sensor i              rom -90° to 
90°. C1, C2 are detected by the measurement circuit when tilt angle of the plane is changed at the step angle of 10° from -90° to 90°. The 
relation between capacitance and tilt angle is shown in figure 4. 

The figure 4 shows that, at temperature of 22 ℃, the capacitance value of C1 an           -70° to 70°. 
When >70° or <70°, capacitance increment is smaller. When tilt angle at the range of -70°-70°, the relation of the differential value on C1 
and C2 vs. the tilt angle of sensor is shown in figure 5, the least square fit is employed for getting the curvilinear relationship. 

304.01035.0 −∆=∆ θC  
262.1752.28 +∆=∆ Cθ  

Where equ. (9) and equ. (10),  is differential value of capacitance,  is tilt angle to be measured. 
 

3.3 Error Measurement 
 
At temperature of 22℃, the tilt angle range -70° to 70°, the error measurement experiment for tilt angle are conducted in step of    

10° range from -70° to 70°，the measuring value of tilt angle which is calculated by equ. (10) is compared with pre-arranged reference 
angle, as shown in figure 6. 

As Known in figure 6, the error is random and less than ±0.3°. The resolution of the chip AD7150 is 2fF, according to equ. (10), the 
tilt angle sensor’s resolution is 0.06° . The measurement error can be decreased through improving workmanship and advancing 
experimental operant technology. 

 
3.4 Temperature Drift Experiment 
 

Shown in figure 2, because of liquid's dilatation coefficient is great than solid's, the mercury level of the sensor rises or falls when 
temperature rises or falls. However, C1 and C2 get the same increment at any inclination angle, so the differential capacitance between C1 
and C2 are the same value when same inclination angle. A verification experiment is completed for getting relation of capacitance difference 
value and temperature, as shown in table 1. 

2 sets of experiment at level and tilt angle of 30° are finished when the temperature is changed from 20℃ to 30℃. The data indicate it 
is very small that the differential capacitance is impacted by temperature, in other word, the tilt angle sensor is insensitive on temperature. 
 
Figure captions 
Figure 1. Structure of Differential Column Capacitor. 
Figure 2. While Tilt Angle is  
Figure 3. Schematic Circuit Diagram 
Figure 4. Relation of Capacitance Value vs. Tilt Angle 
Figure 5. Relation on Differential Value of Capacitance vs. Tilt Angle 
Figure 6. Measurement Error of Tilt Angle 
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Figure 1. Liu et al. 

 
1. fixing electrode-I, 2. fixing electrode-II, 3. liquid electrode, 4. cylindrical surface,  
5. front plate, 6. back plate 

 
Figure 2. Liu et al. 

 
Figure 3. Liu et al. 

 

Figure 4. Liu et al. 
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Figure 5. Liu et al. 

 

(a) Comparison for measuring value and reference value 

 

(b) Measurement error from -70° to 70° 

Figure 6. Liu et al 

Table captions 

Table 1. Temperature characteristics of differential value of capacitance 

T 
℃ 

Δ   θ=0° Δ   θ=30° 

C1 
pF 

C2 
pF 

ΔC 
pF 

C1 
pF 

C2 
pF 

ΔC 
pF 

20 3.46
3 

3.43
6 

0.02
7 

3.13
9 

4.13
0 

0.99
1 

22 3.47
1 

3.44
5 

0.02
6 

3.14
9 

4.13
9 

0.99
0 

24 3.48
0 

3.45
4 

0.02
6 

3.15
8 

4.14
8 

0.99
0 

26 3.49
0 

3.45
5 

0.02
5 

3.16
8 

4.15
7 

0.98
9 

28 3.50
1 

3.46
4 

0.02
7 

3.17
7 

4.16
8 

0.99
1 

30 3.51
1 

3.47
5 

0.02
6 

3.18
5 

4.17
7 

0.99
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4. Conclusion 
 

A tilt angle sensor is designed in this paper, which employs differential column capacitor and a liquid motion electrode. The calibration 
experiment and error measurement are conducted in laboratory at the temperature of 22℃. The temperature drift experiment is also carried 
out from 20℃ to 30℃. The least square method is utilized for acquiring the relation of the tilt angle of the sensor and the differential value 
of capacitance. The mathematics model is set up from using two methods of theoretical analysis and experimental study for tilt sensor. The 
experiments demonstrate: 

(1) Theoretically, the range of the tilt sensor is -90° to +90°. In fact, it possesses good linear relation only at range from -70° to    
70° for C1, C2 and ΔC vs. tilt angle. 

(2) At the range from -70° to +70° the tilt angle error is less than ±0.3°. 
(3) The temperature influence on the tilt angle sensor is cancelled out from theory analysis. A temperature experimental results show 

that the influence of the differential capacitance is very small, in other words, the tilt angle sensor is insensitive on temperature.  
Because the differential column capacitor is manufactured by man-made technology, the workmanship becomes main sources of error 

tilt angle sensor. The measurement error will decrease from improving technology and experimental operant level in the future. 
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Abstract: Online supply chain finance is the financial development background in the Internet in recent years, based on new trends in the 
financial industry and industrial entities supply chain management, collaboration and development through information technology in 
supply chain finance. On the one hand, online operation brings commercial banks a great convenience to carry out financial services supply 
chain. On the other hand, it also brings new operational risk. This paper analyzes the characteristics of Internet transactions linked supply 
chain finance and build e-commerce transactions, financing transactions online, stage four transactions based on online payment transactions 
and online transactions according to business flow of logistics, information flow, capital flow and logistics, these four aspects operational 
risk identification were constructed operational risk classification catalog. While establishing a combination of qualitative and quantitative 
operational risk based on the four key stages of the transaction evaluation system established by the method of operation of the final risk 
assessment model, to achieve an assessment of each transaction stage operational risk, operational risk management is provided. 

Keywords: online supply chain finance; operational risk; risk evaluation; analytic hierarchy process (AHP) 

1. Introduction 

In recent years, make full use of the characteristics of the supply chain and SMEs developed with the supply chain finance financing 
model has been rapid development, has become an effective way to solve the financing difficulties of SMEs. According to prospective 
network data, in 2014 the supply chain finance market size has more than 10 trillion, is expected to reach nearly 20 trillion in 2020, the stock 
market space is large enough. With the combination of the Internet and the financial industry is growing, the traditional supply chain finance 
business also accelerated the pace of online operation. In simple terms, the Internet supply chain finance is the commercial banks to use 
mature Internet and IT technology to build a network platform for connecting the entire supply chain. Internet supply chain finance realize 
seamless connection between the bank financial services platform and supply chain node enterprises ERP system, convenient information 
exchange and data collaboration, effectively achieve integration of business flow , logistics, capital flow and information flow . It can 
effectively collect and integrate various resources in the supply chain resulting from transactions among enterprises, to provide more 
efficient and convenient financing, financial management, settlement and other financial services to supply chain enterprise, so that the 
whole industry chain obvious economic benefits. 

With the gradual development of the Internet supply chain finance business, the risks they face, like just the same as the rise of the 
Internet banking gradually exposed. The complexity of the operation and operation of the Internet supply chain finance are significantly 
higher than the traditional loan business, and the operational risk will spread to the whole supply chain. Operational risks should be the main 
financial risk faced by the Internet supply chain. However, due to the current domestic online supply chain model is not yet mature, the 
commercial banks to carry out supply chain finance is also fragmented, is not yet formed a unified standard and norm, unable to achieve the 
Internet supply chain finance collaborative operation and co-regulation. So the management of the risk of the financial operation of the 
supply chain is the key and difficult point of supply chain financial risk control. 

2. The concept of operational risk related supply chain finance 

2.1The meaning of the online supply chain finance 

Online supply chain finance is based on the financial industry and the traditional supply chain management of the entity industry. 
Online supply chain finance is a complex and innovative financial product. With the cooperation of Internet information, the online supply 
chain finance has become a new trend in the development of supply chain finance. 

Online supply chain finance includes a plurality of links, such as e-commerce transactions, online payment, transaction information and 
logistics management. It transforms materialized capital flows into online data. Its core of financing payment can be seamlessly embedded 
in real-time with the electronic business platform, logistics supply chain management and payment platform such as financing settlement. 
Through the electronic commerce platform docking, no de enterprises and core enterprises can online orders, financing, payment, repayment 
and other business activities. Docking of the financing platform and the logistics supply chain management plat form can also provide 
mortgage or pledge, storage, stock redemption and other online services for inventory financing enterprises. At the same time, the logistics 
supervisor (general Logistics Enterprises) can realize the unified management of the collateral or pledge by the system, strengthen the 
cooperation relationship with the banks, and protect the information symmetry of the bank and the logistics supervisor. In addition, due to 
online supply chain finance and banking online payment platform are closely connected, the bank can monitor and control the financial risk 
at any time by monitoring the trends and security of capital flow. Thus online supply chain will closely link to business transactions and 
financial activities of participants. Realize data integration and real-time sharing of business flow, capital flow, logistics flow and 
information flow. Banks based on information to provide core enterprises and node enterprises in the supply chain with a full range, whole 
process and multi levels of online financial services. 

2.2 The connotation and classification of the operational risk of online supply chain finance 

The experimental set-up developed by Kalifa et al. was employed, as shown in Figure 3a. Thermal load was applied on one face of the 
concrete specimen by means of burning liquefied natural gas. The heating pattern is according to ISO 834-1 fire curve, as shown in Figure 
3b. In order to investigate the fire spalling and pore development of SCC, the specimen was just exposed to the maximum temperature of 
600 oC and lasting for 120 min. 

According to the definition of the operational risk in Basel New Capital Accord, online supply chain financial operational risk is 
defined as: In the whole operation process of supply chain, the risk of commercial banks is caused by imperfect or failure internal control, 
human error, system failure and external events. By definition, operational risk mainly includes human factor, business process, information 
system and external environment. These four factors are often intertwined with each other, leading to operational risk events. 

(1) Personnel risk refers to the risk of loss to the commercial banks due to the factors of the personnel in the process of the supply chain 
finance operation. Personnel risk mainly includes two aspects: First, the personnel operational risk. Different from the traditional supply 
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chain finance, online supply chain finance is completely transferred to the online. Staff through the computer network system operation 
financing, financing approval, online payment, credit management, logistics supervision and other links. Not only increases the operational 
aspects of the business, but also improves the level of the operation of the personnel. Make the possibility of error rate of bank employee 
increase in daily business operations. Second, fraud risk, the risk of personnel fraud refers to the collusion between the bank's internal staff 
and the external staff. They use the loopholes in the operation to carry out fraud, resulting in bank losses. 

(2) Business process risk is the risk that may exist in the process of the design and operation of the supply chain finance. Supply chain
finance business to achieve the information system of the supply chain enterprises docking, to improve the financing efficiency, to reduce 
the cost of financing. To achieve these purposes, standardization is a key problem to be solved. At present, in China, only part of the 
commercial banks to launch online supply chain finance business, most commercial banks are still in the exploratory stage. This will make 
the online supply chain finance business process design imperfect, making the business process operation risk. In addition, online supply 
chain finance business has a large number of participants, and many business operations, operational risk is easy to occur in business process 
operation. In the case of business process design is not perfect, the probability of business process risk will be further increased. 

(3) Network system risk, Comparison between online supply chain financial business and traditional supply chain business, the most
important point is that the online supply chain financial services need to use computer network system. But over reliance on computer 
networks has brought a risk to the operation of online supply chain finance. Once the computer network system failure, it may bring huge 
losses to the bank. Risk of network system of the online supply chain finance includes two aspects: hardware and software. In the hardware, 
the risk is likely to suffer from natural disasters such as fire, earthquake, etc. In the software, there are two kinds of risk: First, the computer 
software system itself may have loopholes or defects, this will give opportunities for internal or external staff to fraud, resulting in the 
occurrence of network fraud. 

(4) External event risk, this kind of risk refers to, in the online supply chain finance operation process, because of the external factors
of commercial banks, the risk of loss caused by commercial banks. Online supply chain finance business involves a wide range of supply 
chain, including commercial banks, core enterprises, the upstream and downstream enterprises, third party logistics and other major and 
many links, regardless of which the main or part of the risk event, the impact may be affected by the entire supply chain, and ultimately 
causing losses to commercial banks. There are a lot of external risk events, including external fraud, bankruptcy, money laundering, political 
risk, terrorist incidents and natural disasters, etc.. 

2.3 The characteristics of the risk of the financial operation of the online supply chain 

Most of the risk of online supply chain finance operation exists in all aspects of the financial operation of the online supply chain. 
Because of the complexity of the online supply chain finance products and the many participants, it not only has the characteristics of 
general operational risk, but also has its own unique features. 

(1)The conductivity of the operational risk 
Online financial supply chain is composed of e-commercial transactions， online-payment transactions，online information trading,

and logistics transactions. There are multi-participants involved in financial supply chain, which integrates commerce flow, information 
flow, capital flow, and logistics flow. In a word, it is transactional financial operations. The conductivity of operation risk has great 
influence on the supply chain operation of the financing enterprise. Once serious operational error occurred, the resulting damage may be 
spread along the four major network. Operational risk is one of the important reasons for conducting online supply chain finance 
"catastrophic risk". 

(2)The susceptibility of operation risk 
Online supply chain financial operation risk incentives have a lot of. Due to the large number of links in the four large transactions, any 

one small system operation vulnerabilities or personnel management loopholes are likely to make the logistics or cash flow from banking 
supervision, resulting in the occurrence of online supply chain financial operation risk. Because each business operation period is short, for 
the purpose of real-time monitoring and control, it will be more high risk management requirements. 

(3)The controllability of operational risk 
Online supply chain finance operational risk is controllable. Because of the visualization of its information, in addition to the general

operation of risk control means such as internal control, capital allocation, risk mitigation, we can also use technical means to prevent and 
control the daily high frequency and low loss of operational risk points. According to the line of supply chain finance operational risk has 
the characteristics of high and low frequency loss, for some caused by non -resistance external events external operational risk, we can take 
withholding loss reserve financial control technology for prevention and control, to ensure the continuous and efficient operation line of 
supply chain finance. 

(4) The decisive of operational risk 
The operation mode of the online supply chain finance determines the operational risk has risen above the credit risk as the main risk.

For the traditional bank financing business, the extra income that the bank obtains from taking the operational risk is not obvious in the short 
term, but the online supply chain finance is just the opposite. Operational risk is effective control and management, is the impact of online 
supply chain finance is the key factor to be able to profit. 

3. Online supply chain financial operation risk evaluation index system 

The risk factors of the financial operation of the online supply chain are complex, and the operational risk events are various. Some of
the risk events may cause huge operational risk loss. To prevent these low frequency and high risk of operation, we must regularly assess the 
risk of the online supply chain financial risk. To build a precise evaluation index system of the key risk, through the index system to carry 
out regular monitoring, it can accurately reflect the risk of the financial operation of the online supply chain. The choice of key risk 
indicators should follow the principle of risk sensitivity, high availability, high practicality, reasonable index range and so on. In this paper, 
basis of the characteristics of the trade linkage of the online supply chain financial transactions. From the business flow, information flow, 
capital flow and logistics to build four aspects of operational risk evaluation index. And then control the operation risk of the four stages, 
such as electronic commerce transaction, online information transaction, online payment transaction, logistics transaction. 
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Fig.1 .key evaluation index structure of the financial operation risk of the online supply chain 

 
From Figure 1, we can see that the risk of online supply chain financial operation consists of four stages: e-commerce transactions, 

online information exchange, online payment transactions, logistics transactions. Separately risk index analysis of operational risk caused by 
personnel, system, process and external events in each phase. 

 
3.1The evaluation index of operational risk in the electronic commerce transaction 
 

Considering the operational reasons of the risk, the operation risk of e-commerce transactions is divided into two categories: the risk of 
the order protocol and the risk of B2B e-commerce system. The risk of the order agreement mainly includes false orders, non-standard 
orders, improper transactions, data entry errors, and the existence of unresolved disputes between the two parties. The B2B e-commerce 
system risks mainly include system failure, system vulnerabilities, system update error, etc. The operational risk of the electronic commerce 
transaction stage is subdivided, as shown in table 1.The two level index is determined by qualitative and quantitative indexes. After the 
operation risk management system collects the evaluation index regularly, the quantitative index can automatically judge the index data, and 
score the index. 

 
Table 1 operation risk evaluation index of electronic commerce 

First level index Two level index Qualitative 
index 

Quantitative index 

 

Electronic commerce 
transaction stage operation 
risk 1 

Risk of order A11 

Abnormal 
trading; 
Abnormal 
order contract; 
Abnormal 
trading data 

False or improper trading;  
Trading dispute occurrence rate and occurrence; 
Substandard order; 
Data entry error rate 

B2B system risk A12 

System 
running 
exception; 
System update 
exception 

System failure time, error rate; 
Business interruption loss amount 

 
3.2 The operational risk evaluation index of online information exchange 
 

Considering the reasons of the operational risk, the operation risk of the online information exchange is mainly divided into the risk of 
information delivery, the risk of principal-agent, and the risk of information system. Risk of information transmission mainly includes 
internal information communication and information transformation risk. If internal information is not smooth, the utility and value of the 
information is reflected, the external information flow between the nodes of supply chain is affected, and the stable operation of the supply 
chain is harmful, which leads to the decline of the overall efficiency of the supply chain and the decline of competitiveness. Information 
transformation risk is the risk of information distortion in the process of information processing, including the integrity, availability and real. 
Information transformation has a very high requirement to the information technology, if it is used improperly, it will affect the accuracy 
and completeness of the information. 

The risks caused by the principal agent include the risk of adverse selection, the moral hazard and the risk of hiding information. The 
business of supply chain finance is a kind of principal-agent relationship, the supplier is the agent, the buyer is the principal part, and theme 
chanism of cooperation and negotiation between the client and the contractor is formed. Because of the asymmetry of information, the 
principal-agent relationship often leads to the risk of adverse selection. The client is often in a more disadvantageous position than the agent, 
the enterprise often through increased information asymmetry, from the partner where to get more benefits. The moral hazard of the joint 
venture is that in the process of the supply chain finance, because the interests of the enterprises are exclusive, the enterprises have their own 
different development goals and interests. Once the interest relationship conflict, members of the enterprise will start from their point of 
view, they will take advantage of the information advantage and take some measures against the overall interests of the supply chain finance 
or supply chain financial interests of other members of the enterprise. Hidden information risk is the principal of the enterprise or the agent, 
from their point of view, they will hide some of the core confidential information. This has a negative impact on the running speed and 
stability of the whole supply chain financial system. 

The risk of information system mainly includes the system failure, system vulnerabilities, etc.. On the stage of the online information 
exchange operation risk level indicators are subdivided, which may be as follows Table 2 of the two level indicators. The two level index is 
also reflected by the qualitative and quantitative indexes. 

 
Table 2  operation risk evaluation index of online information exchange 

First level 
indicator Two stage index Qualitative index Quantitative index 
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Online information 
exchange stage 

operational risk A2 

Information transfer risk 
A21 

Internal 
information is not 

smooth 
Abnormal 

information 

Information error rate; 
Delay times and loss amount of information; 
Loss of information and the amount of loss 

Principal-agent risk A22 

Cooperative 
partner adverse 

selection 
Enterprise moral 

hazard 
Hidden information 

risk 

Number of adverse selection; 
Node enterprises not to fulfill the responsibility of the 

number and amount of 

Information system risk 
A23 

System running 
exception 

System update 
exception 

System failure time, error rate; 
Business interruption loss amount 

 
3.3online payment transaction stage operational risk evaluation index 
 

Comprehensive consider raising the risk of operational reasons, online payment transaction stage operational risk include the account 
payment risk, payment systems and payment risks. The payment of the risk is mainly in the payment of data entry error, payment of the 
payment of an error. The risk of payment includes payment in accordance with the provisions of the time of payment, payment confirmation 
due to cash flow transactions. On the online payment transaction stage of the operational risk level indicators are subdivided, which can be 
as follows table two of the 3 indicators. The two level index is reflected by the qualitative and quantitative indexes. 

 
Table 3 the operational risk evaluation index of online payment transactions 

First level indicator Two stage index Qualitative 
index 

Quantitative index 

Online payment 
transaction stage 
operational risk A3 

Account payment 
risk A31 

Abnormal 
payment data; 
Abnormal 
account 

Error rate of data entry; 
Accounting error rate and amount; 
Payment of an error rate and amount; 
Payment loss 

Cash payment 
risk A32 

Abnormal 
return; 
Pay cooperation 
exception 

The error rate of payment accounts and losses; 
Payment confirmation to the bank under the single / delivery 
time interval 

Online payment 
system risk A33 

System running 
exception 
System update 
exception 

System failure time, error rate; 
Business interruption loss amount 

 
3.4 Operational risk evaluation index of logistics trading stage 
 

Comprehensive consideration of the causes of the operational risk, the logistics operation risk is mainly divided into the risk of 
warehouse supervision, delivery and delivery risk and logistics trading system risk. Warehouse supervision risks include warehouse fraud or 
exchange collateral bank fraud, pledge the damaged goods. The risk of delivery of the goods is not in time in accordance with the 
requirements of the bank's instructions and requirements of delivery lead to loss. Logistics trading system risk mainly refers to the system 
failure, system vulnerabilities. The operational risk level of the logistics trading stage is subdivided, which can be listed as the two level 
indicators in table 4. The two level index is reflected by the qualitative and quantitative indexes. 

 
Table 4 operational risk evaluation index of logistics trade 

First level 
indicator Two stage index Qualitative index Quantitative index 

Operational risk 
in 

logistics trading 
phase A4 

Warehouse 
regulatory risk 

A41 

Abnormal warehouse; 
Warehouse unexpected 

events; 
Pledge 

mortgage anomaly 

The amount of false receipts; 
The number and amount of major emergencies occurred 

in warehousing; 
Loss rate, damage rate and amount of collateral and 

collateral 

Logistics 
trading system 

risk A42 

System running 
exception; 

System update exception 

System failure time, error rate; 
Business interruption loss amount 

 
4. Online supply chain finance operational risk assessment model building 
 

Using fuzzy evaluation model to construct the risk assessment model of online supply chain finance operation 
 

4.1 Building risk evaluation index set 
 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                                       54.5 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/54 

    We have already established the key risk index of the online supply chain financial operation risk, so the operational risk of each 
trading stage can establish their own risk evaluation index set, which can be expressed by the formula, ( )1 2 3 4X ,X , ,XXX= . Each 
element of ( 1, 2,3, 4)iX i = represents a risk evaluation index, and each iX is also a collection of two risk 

indicators 1 2( , , )i i i ipX x x x=  , where ipx  is the two level risk index of iX , p  is the number of iX . 2X is the online 

information exchange phase of operational risk, the risk of information transfer 
21X , the risk of the principal-agent risk is 

22X , the 

information system risk is 
23X . 

4.2 Determining Rating language 

Rating language is the evaluation results of the experts according to the actual situation of the enterprise. Operational risk level is divided 

into five levels, each level represents the possible degree of operational risk. Design, element ( 1, 2,3, 4,5)jy j = said the results of the 

evaluation. 1y said high security, 2y  said security, 3y  said the level of security in general, 4y  said the risk, 5y said it is very 

dangerous. Set Y to: 1y =100, 2y =85, 3y =70, 4y =40, 5y =55.The maximum value is 100, the minimum value is 40. The results are 

close to 100, the risk of operation is small. 

 
4.3 Determining the weight 

 
Weights can be set according to the analytic hierarchy process. According to the expert's judgment, the influence degree of the same 

level factor is given, and the corresponding weight is given by the following table. Using the importance of comparison between the 
standard to evaluate the value of each layer, the importance of the meaning of the elements as shown in table 5: 

 
Table 5 Comparison of the importance of the matrix 

Scaling Definition Meaning 

1 Equally important Represents the two elements that have the same importance 

3 Slightly important Said the two element is a little more important than the other 

5 Obviously 
important 

Indicates that an element is significantly more important than the other element in 
comparison to the two element 

7 Strongly important Indicates that an element is more important than the other element in comparison 
to the two element 

9 Extremely 
important 

An element is more important than the other element, representing the two 
elements 

2,4,6,8 Adjacent scale median Indicates the scale of a compromise between two adjacent scales 

The reciprocal of 
scale 

Opposite comparison 
 

Element n is 1/x of the element x, and vice versa for M 

 
4.4 The construction of risk evaluation index weight set 
 

The weight of the first level risk evaluation index set is represented by W, and the weight of the two level risk evaluation index set is 
represented by iw . The risk evaluation index is more important in the evaluation, and the greater the weight value is. Risk evaluation index 

is more important, the greater the weight value.
1 2( , , )iW w w w=  ，

1 2( , , )i i i ipw w w w=  , 
ip  is the two level risk 

evaluation index of 
iX , iw  is the weight of the risk evaluation of the trading stage, and 

iipw is the weight of the two risk evaluation 

index. Meet the conditions of 0iw ≥ , and
1

1
m

i
i

w
=

=∑ ;
iipw ≥ 0;

1
1

ip

iq
q

w
=

=∑
 

Then the relative importance of each factor is calculated by using the method of root square method. As shown below: 

4

4

1
∏
=

=
j

iji KW
 

4

1

( 1, 2,3, 4)i
i

i
i

Wa i
W

=

= =

∑
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Among them: —Represents the relative importance of the relative index of A 
—Represents the normalized scale value； 

 —Represents the weight 

Table 6 construction examples of evaluation matrix 

 A B C D （i=A,B,C,D） ia  

A 1 4 5 8 3.56 0.60 
B 1/4 1 7 2 1.37 0.23 
C 1/5 1/7 1 6 0.64 0.12 
D 1/8 1/2 1/6 1 0.32 0.05 

 
4.5 Determination of membership matrix 
 

Using expert evaluation method, according to the degree of importance of factors, each factor index and other similar indicators to get a 
set of scale value, thus can construct matrix.The membership vector of Y is, 
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4.6 Comprehensive evaluation.  
 

     The weight of ijx to 
iX . is . The weight of  to Y is . And

1 2( , , )i i i iqA a a a=  ，
1 2 m( , , )A a a a=  . The 

fuzzy comprehensive evaluation can be divided into two levels, which can be obtained by the B of the Y's membership vector , which is 
normalized by . 
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⊗ is a fuzzy matrix composite operator symbol, and the fuzzy comprehensive evaluation method can get the membership matrix of 

on the evaluation set Y. 
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and RAB ⊗=  

The membership vector of X for Y, B can get the evaluation results of the enterprise. Using X membership vector of Y, using the 
weighted average method can get the final evaluation results. According to the maximum membership degree principle, the evaluation grade 
of the maximum value of B is the final evaluation result. 
 
4. Online supply chain finance operation risk empirical research 

 
Rongxintong financial services platform of Beijing Shengda Raycom Information Technology Co. Ltd. around the industry supply 

chain, design a set of financial services covering all aspects of the supply chain. Achieve online financing, online full repayment or part of 
the repayment, credit limit cycle use and other financial services, effectively improve the efficiency of the use of funds. Rongxintong 
financial services platform through the docking ERP, the financial system and the core enterprise, reflect the trade information. 

The platform provides payment, settlement and financing services to the supply chain through the effective integration of information 
flow, logistics and capital flow between enterprises in the supply chain. It can improve the convenience of enterprise financing, ease the 
pressure on the flow of the enterprise, stabilize the operation, reduce transaction costs, and expand production and management capabilities. 

Now according to the company's Rongxintong financial services platform actual evaluation case, select the enterprises in the logistics + 
supermarket industry as a case, through the questionnaire survey was conducted on the enterprise supply chain financial practitioners, the 
operational risk using quantitative risk evaluation model, risk factor analysis, risk prevention measures. 
Establish judgment matrix with analytic hierarchy process. The evaluation system was evaluated by the supply chain finance expert. 

( )0.24,0.53,0.07,0.15A = ；Then determine the index weight of each index layer, risk weighting matrix in the electronic commerce 

transaction stage ( )1 0.2,0.8A = ，Similar, can be obtained 

2 (0.67,0.10,0.23)A = ；
 

3 (0.12,0.60,0.28)A = ；
 

4 (0.83,0.17)A = ；
 

50 professional staff are invited to score the risk rating of a single factor, as shown in Table 7: 
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Table 7 evaluation of risk assessment factors 

First level indicator Two stage index 
Evaluation results 

Low Relatively low General Relatively high High 

Electronic commerce 
transaction stage risk 

Order protocol risk 0.1 0.2 0.5 0.1 0.1 

B2B system risk 0.1 0.1 0.3 0.4 0.1 

Online information 
exchange stage risk 

Information transfer risk 0.1 0.1 0.3 0.4 0.1 

Principal-agent risk 0.2 0.4 0.2 0.1 0.1 

Information system risk 0.1 0.4 0.2 0.2 0.1 

Online payment 
transaction stage risk 

Account payment risk 0.1 0.4 0.3 0.1 0.1 

The risk of payment 0.1 0.2 0.4 0.2 0.1 

Payment system risk 0.1 0.2 0.2 0.4 0.1 
Logistics transaction 

stage risk 

 

Warehouse supervision 
risk 0.1 0.1 0.3 0.4 0.2 

Logistics system risk 0.1 0.2 0.5 0.1 0.1 

From table 7 can be obtained, the electronic commerce transaction stage risk evaluation matrix 
1

0.1 0.2 0.5 0.1 0.1
R

0.1 0.1 0.3 0.4 0.1
 

=  
   

Other three stages of risk evaluation matrix： 

2

0.1 0.1 0.3 0.4 0.1
R 0.2 0.4 0.2 0.1 0.1

0.1 0.4 0.2 0.2 0.1

 
 =  
 
 

 

3

0.1 0.4 0.3 0.1 0.1
R 0.1 0.2 0.4 0.2 0.1

0.1 0.2 0.2 0.4 0.1

 
 =  
 
 

 

4

0.1 0.1 0.3 0.4 0.2
R

0.1 0.2 0.5 0.1 0.1
 

=  
 

 

Then, the fuzzy evaluation of the risk of the electronic commerce transaction stage: 
( )1 1 1R 0.1,0.12,0.34,0.34,0.1B A= ⊗ =  

Similarly, the fuzzy evaluation of the other three stages is respectively: 
 

2 2 2 (0.11,0.20,0.27,0.32,0.10)B A R= ⊗ =  
3 3 3 (0.13,0.25,0.36,0.16,0.23)B A R= ⊗ =  

4 4 4 (0.10,0.12,0.33,0.35,0.1)B A R= ⊗ =  
1

2

3

4

0.1 0.12 0.34 0.34 0.10
0.11 0.20 0.27 0.32 0.10
0.13 0.25 0.36 0.16 0.23
0.10 0.12 0.33 0.35 0.10

B
B

R
B
B

   
   
   = =
   
   

  

 

And (0.20,0.20,0.11,0.31,0.01)B A R= ⊗ =  

( )1 1

100
85

0.1,0.12,0.34,0.34,0.1 66.7070
55
40

Ty B Y

 
 
 
 = ⊗ = =
 
 
 
 

 

2 2

100
85

(0.11,0.20,0.27,0.32,0.10) 68.5070
55
40

Ty B Y

 
 
 
 = ⊗ = =
 
 
 
 

 

3 3

100
85

(0.13,0.25,0.36,0.16,0.23) 77.4570
55
40

Ty B Y

 
 
 
 = ⊗ = =
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This can be known, the overall operation of the Internet supply chain finance risk assessment 62.15y = results between the general 
safety and lower security, belonging to the high risk. As a result, we can understand the operational risk state of the Internet supply chain 
finance in real time by evaluating the results. According to the formula T

i iy B Y= ⊗ , the minimum value is
4 66.45y = , and the 

second is
1 66.70y = .Shows that the main risk is the risk of logistics trading stage, the risk of e-commerce transactions is also more 

obvious. 
 

4.Summary 
 

This paper deeply analyzes the operational risk of the financial operation of the supply chain, puts forward the transaction linkage 
model based on the risk characteristics, and builds the operational risk evaluation index system and the evaluation model. Building the risk 
assessment model for the online supply chain finance operation, including the construction of the evaluation model, the calculation of the 
index weight, determining the evaluation set, and according to the model of empirical research. Empirical results show that in the present 
situation, the operation risk of the online supply chain finance is still at a high risk level, we should strengthen the continuous monitoring of 
operational risk. In this paper, the risk of logistics transaction is the most significant in the four major trading stages, which requires that the 
practitioners focus on the risk of the transaction. 

For operational risk of logistics transaction stage, logistics enterprises need to establish effective supervision and warehouse 
management system, improve the commodity inspection system, strengthen management and warehouse receipt pledge, improve the 
management level of network information, providing better storage equipment. Logistics enterprises are participants in the direct contact 
with the collateral in the supply chain finance. Logistics enterprises are the key factors to control the operational risk, the management level 
of logistics enterprises will directly affect the operational risk of the online supply chain finance. 

Assess the risk of online supply chain finance in all stages of the transaction, not only to understand the risk of different stages of the 
transaction, but also to understand the overall risk situation, and timely make operational risk management decisions. 

 
This paper presented an experimental study on pore pressure development in fiber reinforced self-consolidating concrete during fire 

exposure. Steel fiber, micro polypropylene fiber, macro polypropylene fiber and their hybridizations reinforced self-consolidating concrete 
were investigated. The following conclusions can be drawn from this study. 

Micro polypropylene fiber is more effective in reducing pore pressure than macro polypropylene fiber or steel fiber. Steel fiber plays 
some roles in pore pressure reduction in deeper regions, while the macro polypropylene fiber has a better effect in shallow regions than in 
deep regions during fire exposure. The positive hybrid effect in pore pressure reduction of steel and micro polypropylene fiber is better than 
that of steel fiber hybrid macro polypropylene fiber reinforced SCC. The pore pressure in SCC exposed to fire is obviously lower than that 
of other concrete exposed to electric heating. Larger internal destruction in SCC during fire exposure maybe explains this phenomenon. 
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Abstract: This paper interprets the connotation of a famous international cultural tourism City from the following aspects: internationality, 
cultural city and tourism city. The thought of building Kaifeng up into a famous international cultural tourism city is from touring to having 
fun, making tourists feeling at home, activities plus action, paying attention to external side and internal side. The specific methods are 
composed of the following: build a civilized city by improving the overall quality of residents, construct sound infrastructures by putting 
emphasis on comprehensive tackling of environment, enrich the content of Kaifeng city through displaying the Song cultures, promote the 
development of industries with Imperial Song Cultural Industrial Zone as a platform, help large–scale enterprises go public to form an 
agreeable pattern and create difference spaces by encouraging innovations of cultural institutions. 
 
Keywords:  cultural tourism, city, development, measures 
 
1. Introduction 
 

In recent years, emphasis has been put on cultural orientation of tourism, i.e. cultural tourism which is nevertheless not a new concept, 
for various tours of different purposes can have their own cultural connotation. As a matter of fact, cultural tourism is reversion to learning 
function of traveling activity. The so-called “learning tour” by the ancients is the earliest form of cultural tour. It serves the purpose of 
learning while playing so that the people concerned can broaden their horizons and enhance their knowledge by studying culture, history, 
allusions, customs, and so on and so forth. 

It was Sutcliffe who laid the foundation of cultural tourism by interpreting the connotation, theory and judgment criteria of cultural 
tourism. He defined culture as the past surviving mode and environmental belief that man cam see while tourism only described that people 
can search for some resources from which the relations with the past can be found. [1] In Sutcliffe’s times, cultural tourism became the 
classical model of exploiting local heritage resources but this model was questioned owing to problems it lead to. While admitting that 
tourism can give a way out for the traditional handcrafts and art performance, Tillotson [2] thought that tourists had slim chance to buy 
handcrafts of high quality in tourist destination because it was likely that these exquisite handcrafts are in the possession of the locals. 
Besides, the excessive dependence on tourism can bring about unanticipated economic, social and cultural change, for example, seasonal 
unemployment and accidental fluctuation of economy. MacDonald and Jolliffe [3] pointed out that tourism had become a new development 
tool in many rural areas and some more remote areas to supplement the declining traditional industries. Richards [4] held that cultural 
tourism was experiencing change, one of trend of which was from sightseeing to creativity but this change called for new methods and tools. 
Rodzi, Zaki and Subli [5] studied the relationship between tourism and intangible cultural heritage and summarized the positive and 
negative effects the latter on the former. By dint of large sample data, Richards and van der Ark [6] analyzed the cultural consumption of 
different tourists by way of multiple correlation method, finding that it seemed that the holiday structure affected the cultural consumption 
of tourists. In order to find out the attraction of Australia to the Chinese tourists, Packer, Ballantyne and Hughes [7] investigated the 
similarities and differences between Chinese and Australian tourists as regards nature animal and environment. According to Ruoss, Alfare 
and Ruzin [8], sustainable tourism need to combine heritage site program and the development strategies of the nation and the local 
government. Shafaei, Mola & Mohamed [9] used the analytical framework of Choi & Sirakaya (2006) to investigate the indicators 
influencing on sustainable development of historical-cultural tourism in Kerman city in Iran. Liu [10] studied the roles of events in 
developing cultural tourism of cities and pointed out that the roles embrace constructing experience, strengthening city image, etc. Kotollaku 
and Margariti [11] surveyed 300 tourists to Gjirokastra and then made a descriptive analysis on cultural tourism of Gjirokastra. The recent 
advance means that sustainable development of cultural tourism in cities has aroused general interest of researchers 

The paper mainly talks about how to build an international cultural tourism city depending on cultural tourism. First, the connotation of 
international cultural tourism city is put forth on the basis of summarizing the orientation of some cultural tourism cities in China; then, the 
development strategies of building an international cultural tourism city out of Kaifeng city are put forward and finally specific measures of 
building an international cultural tourism city which are being carried out to varying degrees are proposed. 
 
2. The Connotation of Famous International cultural Tourism City  
 

To build a famous international tourism city, we have to have a clear understanding of its connotation. Different cities have their own 
orientations. We will first review them and then summarize their commonalities. 

 
Table 1.  Cities aiming at building international tourism cities in China 

City Aim Time 
proposed Presenter Orientation 

Kaifeng Famous international 
tourist city Jan,2012  Qi Jinli Classical externally, fashionable internally 

Luoyang Famous international 
tourist city March, 2011  Mao Wanchun Oriental god city, the holy city in China 

Dengfeng Famous international 
tourist city 2010  Zheng Fulin The middle between Heaven and Earth 

Dunhuang Famous international 
tourist city July, 2012  Wang Sanyun Pearl on the Silk Road 

Datong Famous World’s tourist 
city 2012  Geng Yanbo Frontier pearl, charming Datong 

 
Apart from the above mentioned cities, Harbin city also proposes to build itself up into a famous worldwide icy tourism city during the 

tenth "five-year plan" in 2001. Yichang city proposes to build itself up into a worldwide hydroelectric tourism city in twenty years in 2003. 
Both Dalian and Tianjin propose to build themselves up into an international coastal tourism city in 2001. Huanshan city proposes to build 
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itself up into an international tourism city in 2006 and Mudanjiang city an international commercial tourism city in the north-east Asia in 
2007. Suifenhe city proposes to build itself up into a tourism city in developing international business and commerce; Qinhuangdao city an 
international tourism city in 2009; Xi'an city a worldwide historical relic tourism city in 2009; Guilin city a modern international tourism 
city in 2010 and Huangzhou city an international recreational tourism center in 2011.  

 
Civilization 

Figure. 1 The development path of building a famous international tourism city in Kaifeng 
In reality, there are many countries or cities oriented in developing cultural tourism in the world. Canada has constructed a creative city 

network loaded various information of cultural cities or creative cities. Mexico has been one of the countries with the largest cultural 
tourism in the world because it owns attractive cuisine, architecture, traditions, and so on. International cultural tourism has been an 
important growth factor in national and regional economics [12] 

Some commonalities can be seen in terms of the above statements: First, the majority of them possess their tourism resources. Some 
boast their rich historical and cultural resources and some their characteristic natural scenery; second, most of them have their own places in 
the Chinese history, some being ancient capitals, some lying beyond the frontier and some being tourist attractions in modern times; third, 
the majority of them are faced with the transitional problems. Some of them were independent on resources and industries in economic 
development in the past but now they are looking for a way out with the drying-up of resources and the decline of industries. 

In view of these features, we can summarize the connotation of a famous international tourism city: Fist, the city should be an 
international city, to be specific, it is characterized by its tolerance, the increase of the ratio of foreigners, the reserve space of its 
infrastructure, high –quality service and well-qualified inhabitants; second, it should a famous cultural city, to be specific, it has long 
history, rich ancient architectural heritage, inherited non-physical cultural heritage, diversified culture, celebrity and famed residences and 
development of cultural industries; and third, it should be a famous tourism city, to be specific, it owns celebrated tourism attractions, 
convenient tourism guiding service, sound comfortable infrastructure, feature  tour products and souvenirs 
 
3. The development path of thought of building a famous international cultural tourism city 
 

The benign development of Kaifeng’s cultural tourism and the excellent methods by other cultural tourism cites can serve as 
beneficial references to Kaifeng in its effort to build a famous international cultural tourism city. On the one hand, some good actions, ideas 
and proposals should be summarized in practice and then be spread throughout the city of Kaifeng; on the other hand, some restraining 
factors in the process of building Kaifeng city up into a famous international cultural tourism city should be envisaged. We should work and 
pull together, take all efforts, persist, overcome sorts of difficulties to plunge into this job with high morale, unyielding spirit and a new look. 
The specific train of thought is shown as Figure 1. 
 
3.1 From “Touring” to “Playing” 
 

Although tourism focusing on tourist groups can increase ticket proceeds, tourists can not have access to reach the inner of the city due 
to their time limit. In the long run, it is imperative that the tourism should transfer from touring to playing. In other words, effort should be 
made to turn Kaifeng into a city of fun. Having fun means relaxation and integration and the exploration to the unknown world. Only by 
arousing the interest that tourists are willing to play, we can extend their stay time in Kaifeng city and provide them with a chance to have a 
thorough understanding of Kaifeng. 
 
3.2 To Feel at Home 
 

It is suggested that every tourist in Kaifeng should experience cordiality. When feeling the warmth, they can imagine that they had 
come back their own nests. To make tourists feel at home is a requirement for the city construction and also the function of the city. Kaifeng 
belongs to the inhabitants, but to the tourists as well. The tourists will love to reserve and recall the memories the city grants when they 
receive the warmth of home and comfort of home. The beautiful memories the tourists possess will help them to repeat their journeys and 
also bring more tourists to Kaifeng by the diffusion of reputation mechanism.  
 
3.3 Activities plus Action 
 

Since holiday is after all very short, the excessive dependence on holiday will lead to the fluctuations of tourism with holidays. To 
realize the stable development, we have to resort to diversified activities. For example, by introducing various sorts of activities such as 
exhibition, festivals, root-searching, learning, we can greet tourists one group after another. If the design can not be put into practice, 
however perfect it is, it cannot take effect. Therefore, it is necessary that the local government, enterprises and residents alike forge ahead to 
make concerted efforts to turn design and plan into reality. 
 
4. Specific measures to build a famous international tourist city 
 

Taking into consideration the restraining factors of building a famous international tourism city and the thought related with it, it is 
necessary to adopt effective measures and take actions so as to realize the strategic goal of "in pursuit of fine strength of cultural tourism 
industry to build Kaifeng up into a famous international tourism city". 

 
4.1 Improving the Quality of Residents to Construct a Civilized City 

 
It is a step-by-step progress to improve the quality of the residents. First of all, we should strengthen the education on civilized 

behaviors among primary and middle schools students to help them foster a correct understanding of the importance of the effect of 
civilization on themselves and on the city development. Teach them to start from the trivial so that we can make a next generation of 
civilized citizens out of them. Because the primary and middle school periods are critical for the formation of their values, the education to 
them will be beneficial in return to act in a civilized way in future. Second, launch the activity of "love and respect the job" among job 
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applicants to strengthen their responsibilities so as to make them dedicate themselves to their work, improve their work efficiencies and 
service qualities. Only when they assume their responsibilities with high awareness can they provide higher quality service. Third, it is 
recommended to select and set as an example of moral pacesetters. The residents will be brought along unconsciously by the moral model to 
change some of their uncivilized behaviors. Last, take full advantage of the influences of the media. Kaifeng Daily and Kaifeng TV can 
wage a war against uncivilized low-quality behaviors. It is suggested that the people should be encouraged to expose some low-quality 
residents and their low-quality behaviors. In this way, the general public can be aware of the negative effects of the uncivilized behaviors so 
that they will pay heed to their own behaviors and fight against the uncivilized behaviors. We should persevere in this job by taking five or 
more years to upgrade the quality of the residents and improve the civilization degree of the city. 

 
4.2 Put Emphasis on a Comprehensive Environmental Control to Improve Infrastructures 

 
Environment is closely linked to people's life. Good environment delight people while bad environment will not only affect people's 

mood but also the development of tourism. As one of the main instruments of upgrading the image of a city, the comprehensive 
environmental control constitutes an important part of the city' soft power. First, to achieve the goal of comprehensively controlling 
environment of the city, the management should maintain the public roads around travel passages. Working efficiencies are needed and the 
quality of the roads should be ensured. Great importance should be attached to the maintenance of the roads: roads will not only affect the 
efficiency of the traffic, but also affect the image of a tourism city. Second, some unauthorized constructions must be pulled down according 
to the law. It is important to regulate and supervise them. The people concerned should be advised not to construct illegal houses and if they 
refuse to listen, they should be punished. Illegal houses, on the one hand, affect the image of the city and on the other hand, they occupy the 
public resources to narrow the public space and bring about bigger problems to the further development of the city. Third, resist and 
supervise roadside stall business and chaos wiring. Roadside stall business will obstruct traffic to cause traffic jam and even destroy the 
public road. Chaos wiring can not only give rise to electricity stealing and leakage and even fire accident, but also endanger the life of 
passengers and inhabitants. Therefore, they must be resisted and got rid of. Fourth, launch an overall cleaning program across the city. It is 
advised to set up a day as "The Cleaning Day". The city dwellers should be called upon to clean the street and pick the rubbish at the foot of 
the city wall, in the weeds, emphasis should be put on tackling some dangerous objects like broken glasses, medicine bottles and chemical 
products. At the same time, the dustbins should be enough and be placed properly to make it convenient for the tourists to desert rubbish. 
Fifth, some large underground parking lots should be set up on Jinming square and the east suburbs to evacuate the tourists during holidays 
and relieve the traffic bottleneck. The parking lots should be planned along the streets and outside of the stores. Some special personnel 
should guide the parking and the voluntary parking should be avoided. Road signs should be marked to provide convenience for the tourists. 

 
4.3 Enrich the City Content by Displaying the Song Culture 
 

 
 

Figure. 2 Kaifeng’s Imperial Song Cultural Industrial Zone 
 
Cultural tourism should have its own features. The Song culture is one of the biggest features of Kaifeng' cultural tourism. Kaifeng's 

cultural tourism has made full use of the Song culture. Qing Ming Riverside landscape Garden, Kaifeng-fu, Dragon pavilion, Bao Zheng 
Memorial Hall and Xiangguo Temple are closely connected with the Song culture. The performance of "Grand Song, Dreamy 
Magnificence” is deeply impressive. However, more efforts are called for to develop the Song flavor. First, the service personnel in the 
scenic spots can learn the rules of etiquette of the former Song dynasty. It seems weird to see that they wear Song Clothes but sneakers. 
Therefore, it is considered necessary to combine rules of etiquette and costume. In this way, the tourists can really experience the feeling of 
living in the Song Dynasty. Second, the public places, such as the railway stations, bus stops, billboards and washrooms should be 
reconstructed to embody more flavors of Song dynasty. Otherwise, the tourists will be disappointed to catch sight of some bare cement 
buildings. Third, the politics, the economy, the culture, the science and technology and the martial arts of the Song dynasty should be 
carefully studied and investigated to be integrated into the performance and products of Kaifeng and to be spread in the scenic spots. Fourth, 
hold international seminars of Song culture. The influences of Song culture will be broadened if the seminars are held to attract historians, 
cultural scholars and tourists alike from all over the world. Last, though Song culture is the advantage culture of the city, other cultures 
should not be overseen. Jin dynasty reined in Kaifeng for a hundred year and Yuan dynasty also has a great influence here. So, we should 
take a broader perspective to make a good use of the cultural relics of these dynasties. As a result, a layer distribution of the cultures will be 
witnessed by introducing other cultures in Song culture. 

 
4.4 Promote the Industrial Development with Imperial Song Cultural Industrial Zone as a Platform 

 
As a national cultural industry District, Kaifeng’s Imperial Song Cultural Industrial Zone (as shown by figure 2) brings opportunities 

as well as pressures to Kaifeng. What Kaifeng should do is taking the Imperial Song Cultural Industrial Zone as a platform, unearthing in 
depth the traditional cultural resources and accelerating the transformation of resources so as to promote the development of cultural 
industries and create spillover effect to other industries. What distinguishes the Imperial Song Cultural Industrial Zone from the industrial 

The Cultural Tourism Holiday Resort of Qing Ming Riverside City 
Tourism Holiday Resort of Qing Ming Riverside City 

The City- over –city Song 
Cultural Museum  

The Imperial 
Song Cultural 
Industrial Zone 

Kaifeng city proper 

Kaifeng County 
The National Ecological Tourism 
Demonstration Area in Zhuxian 
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districts is that it combines tourism attractions and sites by breaking the special limitation of traditional districts. Specific mention should be 
given to the creative cultural industrial district which displays tolerance and extends the border of the Imperial Song Cultural Industrial Zone. 
The quintessence of the Imperial Song Cultural Industrial Zone is “the form disperses, the spirit lingers on” while the connotation of the 
Imperial Song Cultural Industrial Zone is the respect of cultural diversity. The Imperial Song Cultural Industrial Zone promotes the 
development of cultural tourism by the construction of the zone. What enter into the zone include not only the scenic spots displaying the 
characteristics of Song culture, but also some modern scenic spots. Therefore, we may say the flavor of the imperial Song is historical as 
well as modern. The construction of the Imperial Song Cultural Industrial Zone on the one hand, depends on projects.  A large scale of new 
projects such as River systems phase II and III, the reconstruction of Drum Tower, City–over–city museum will definitely add luster to 
the Imperial Song Cultural Industrial Zone. On the other hand, it depends on cultural content. The kernel of the Imperial Song Cultural 
Industrial Zone is constituted by scenic spots, view spots, tourism souvenirs and non-physical cultural heritages. The construction of the 
Imperial Song Cultural Industrial Zone serves the purpose of expanding cultural tourism to provide a better platform for the development of 
Kaifeng’s cultural tourism. 

 
4.5 Promote Large Cultural Enterprises to be on the Market so as to Form an Agreeable Pattern 

 
With the development of cultural industries, some enterprises are capable of going public. It is advisable that Qing Ming Riverside 

Landscape Garden is supported to go public first to mobilize other enterprises. Going public can not only resolve the problem of capital 
shortage, but also can help enterprises to operate on a better and wider platform to relieve their financial risks. Other scenic spots can be 
bonded with similar kinds of enterprises to go public. They can establish cross-region, cross-industry enterprise groups to facilitate the 
speedy accumulation of their capital so as to go public. Some minor scenic spots can be integrated to realize scale growth or they can 
cooperate with some cultural manufacturers like Bian embroidery enterprises and Song Palace porcelain enterprises to achieve horizontal 
integration. By way of integration and cooperation, Kaifeng's cultural tourism can be strengthened to improve their abilities of meeting tour 
groups and coordination between regions. A set of large-scale cultural enterprises will rise and become well-known in the field of cultural 
industry at home and abroad. "A famous international cultural tourism city" will deserve the title owing to these large-scale cultural 
enterprises 

 
4.6 Encourage the Innovations of Cultural Institutions to Create Different Spaces 

 
Innovation, as the motive force of economic growth infuses life and energy into enterprises. Without innovation, the enterprises will 

dry up sooner or later while with innovation, the enterprises will be infused energy to enable their timely upgrade. This is especially true in 
the cultural industries. Cultural enterprises as well as cultural institutions all call for innovations. Among the scenic spots, cultural producers 
and cultural managing enterprises, there exists homogeneous competitions among them which will lead to price wars, aesthetic fatigues of 
tourists and finally to the declining comprehensive revenues. Small cultural enterprises are reluctant to innovate, for they can ill afford the 
risks of innovations. At the same time, the fruits of innovation can not be totally captured by them due to spillover effects of innovation. In 
Figure 3, PE0 refers to the private marginal revenue brought about by innovation to the innovator; SE1 refers to the social marginal revenue 
brought about by innovation to society. We can see that thanks to the spillover effect of innovation (the shade of SAE0P in Figure 3), the 
social revenue is higher than the private revenue and the equilibrium quantity reached by private innovation is lower than the quantity 
needed by the society. Nevertheless, medium and large enterprises are willing to make innovations because they have fund, so they should 
also have motivations to innovate and experiment. By embarking on innovation, the innovation revenue will make up for the innovation cost, 
thus solving the problem of shortage of driving forces the cultural enterprises are faced with from quantity expansion to connotation 
expansion. In the long run, creating difference spaces through innovations is an important vehicle of increasing attractions of cultural 
enterprises. Preferences of tourists would change with the transferring of social trend. So enterprises will lose customers if they refuse to 
make corresponding changes. 

 
The number of innovation 

Figure. 3 The spillover effect of innovation 
 

5. Conclusion 
 
Some cities in China are faced with the pressure of economic transition which facilitates their efforts to build international cultural 

cities. The present paper defined an international cultural tourism city with the city of Kaifeng as an example, and put forward the train of 
thought and specific methods to build itself up into a famous international cultural tourism city 

The relevant researches are under exploration. It is yet to be studied what standards should a famous international cultural tourism city 
reach, what kind of relationships there are between building a famous international cultural tourism city and other constructions and what 
effects will be brought about by building a famous international cultural tourism city to the local economic development and the lifestyles of 
local inhabitants. 
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Abstract: Transition of land use is an important component of global transition. This article analyzes the characteristics of space-time 
transition of land use in Huitengxile region over the last 15 years quantitatively and qualitatively with model of land use type transition, area 
transition process of land use types and space-time transition model of land use grade upon support of RS/GIS technology based on data of 
ETM images in 1995/1999 and SPOT5 images in 2005/2010 of the research area. The research shows that: Transition of land use in the area 
has greatly changed, among which the largest transition is the reduction of steppes, up to 440.84 hectares, developed to wind farms, tourist 
recreation areas and roads. The increase of farmlands is slowing down over time, and some of the isolated farmlands have been wasted. 
Land use dynamic degree of fan area is the most active with over 60% for every time period. Lakes in the area are seasonal, short of stable 
water supply and sensitive to changes of climatic condition, such as precipitation, etc. Area of the lakes, which is also greatly affected by 
changes of climatic condition, has reduced 32.80%, seriously diminishing self-regulating ability of the local ecosystem. Area of tourist 
recreation areas has increased by 71.13 hectares due to development of local tourism, and the sharp increase of tourists has become large 
pressure towards the fragile carrying capacity of the local ecosystem. The research shows that human activity in the area has threatened the 
stability of ecosystem, and establishment of scientific and reasonable method of developing and utilizing natural resources must be enforced. 
 
Keywords:  transition matrix, land use, RS/GIS 
 
1. Introduction 
 

As global problems, such as global warming, ecological imbalance and shortage of resources occur, trend of land use and land 
plantation is becoming an important and urgent research topic, being closely researched Weifeng Q, Yehua S, Bin F, & Yahua W. (2013) by 
native and foreign academics in recent years. In 1995, “Land use and land cover change” (LUCC) research plan proposed jointly by 
International Geosphere-Biosphere Programme (IGBP) and Human Dimensions of Global Environmental Change Programme (HDP) made 
land use transition research the cutting-edge and hot topic of current global transition research Damla, U. A. Z., & Sunar, F.( 2015). At 
present, application of transition matrix includes the following two aspects. (1) Perform overlay analysis to phase-2 land use map with GIS 
technology to obtain land use transition matrix, make research on transition situation between phase-1 and phase-2 of every land use type, 
comprehend wastage trend of various land type in the beginning of period and source/component of various land type at the end of period, 
usually combining with indicators such as land use amount transition, use degree transition and space transition, etc. for analysis Feng, H., 
Zhao, X., Chen, F., & Wu, L.(2014); Pournamdari, M., Hashim, M., & Pour, A. B.(2014);Lamchin et al.  C. H. ,(2015) . (2) Calculate 
transition probability matrix of regional land use structure in certain period with land use transition matrix of the period, and predict 
transition trend of land use structure in coming years with Markov method; or predict space pattern distribution Bonansea, M. et 
al.(2015);Mittal, V., Singh, D., & Saini, L. M., (2015); Chen, F., Tang, L., Wang, C., & Qiu, Q.,(2011).  of land use with land use raster map 
combining Markov model and CA model. Upon reference to generous relative documents, we realized that most of existing researches are 
analysis of transitions over various land type in the beginning and at the end of period based on transition matrix of single period, which are 
short of analysis of regular patterns of regional land use trend based transition matrix of continuous period, high time resolution and high 
space resolution, as well as deep mining of transition matrix informationYu, J., Chen, P., Tang, D., & Qin, C. (2015);Amer, R., Kusky, T., & 
Mezayen, A. E.( 2012). (3)this article takes the example of Huitengxile wind farms to particularly analyze transition situation of local land 
use with transition matrix method by using phase-4 images of continuous period (1995-2010) and high time/space resolution, as it is 
important to make research on the effect and transition trend that local economic/social development brings to ecological environment Stow, 
D. A. et al. (2004). 
 
2.  Basic facts of the research area 
 

Huitengxile Steppes is located on the boundary between Chahar Right-middle Banner and Zhuozi County, Ulanchabu City, Inner 
Mongol, at longitude 112°33′ to 112°42′ east, latitude 41°05′~41°12′ north. The total proportion is approximately 300km2, and 
the average altitude is approximately 2100m. Huitengxile Steppes is an open steppe on Daqing Mountain of the Yinshan Mountains, and a 
typical cold plateau in hilly area. The steppes is well placed 430km away from Beijing, 110km from Hohehot, and 67 km from Ulanchabu . 
Under the effect of cold air from Siberia and Mongolia Plateau, Huitengxile Steppes is cold in winter and cool in summer, with highest 
temperature of 28.2°C, lowest temperature of -39.9°C and average temperature of -1.3°C all over one year. The annual precipitation is 
385mm. The annual frost-free period is approximately 100 days. Due to high altitude and annual average wind speed of 8.8m/s, wind source 
in this region is ideal for wind farm construction. Huitengxile Steppes has the world’s largest capacity of single farm, and the first county 
with wind power capacity of more than 1,000,000kw. The annual temperature is low, and the evaporation is small, forming approximately 
100 small lakes with seasonal water level at low-lying positions on the steppe. Huitengxile Steppes has large amount of natural lakes, which 
is called “Ninety-nine Springs” . Huitengxile Steppes has rich plant resources, and according to investigations, there are 413 kinds of 
vascular plants in 63 families, 229 genuses and more than 10 of national or Autonomous Region specified protected species. Huitengxile 
Steppes is a well preserved high mountain steppe, which is rare all over the world, providing great potential of tourist resouce development. 
Development in 2005 focuses on scenic spots of Huanghuagou and Ogdai. 8 unique feature spots are developed, including Ogdai 
Commander Stage, Huanghuagou Ecological Park, etc., and 12 large reception centers are constructed, including Resort of Ogdai Khan 
Palace, Huanghuagou Ecological Club, etc., which are able to receive 20000 tourists and accommodates 7000 tourists per day Xiping Wang 
& Tao Zhang.(2014) . 
 
3.  Data and Method 
 
3. 1 Source and Process of Data 
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Main documents selected in this research are remote sensing images of 4 periods, including ETM satellite remote sensing documents 
with 15m of panchromatic band resolution and 30m of multispectral resolution in 1995 and 1999, and SPOT5 satellite remote sensing 
documents with 2.5m of panchromatic band resolution and 10m of multispectral resolution in 2005 and 2010. 

 
Figure. 1 Remote sensing images of Huitengxile 

 
3. 1. 2 Process of Data 

 
Perform pretreatment to acquired remote sensing images with ENVI 5.2 software and remote sensing images in 2010 as reference base 

images to perform radiation correction and unification of coordinates and projections, and perform precise calibration to SPOT remote 
sensing images in 2010 with 25 signspots of field investigation to register phase-4 images Lillesand, T.M., & Kiefer, R. (1994). After image 
registration, categorize the land use situations in the images with man-machine interactive explanation upon support of Arc GIS10.2 
software Loveland, T. R., & Pierce, L. L. (1995) . After the categorization, perform overlay analysis to phase-4 images in adjacent years to 
obtain land use transition data of the adjacent periods for analysis. 

 
Figure. 2 Technical route map 

 
3. 2 Category of Land Use and Land Cover Change (LUCC) 

 
Land categorization is the basis of land use situation analysis Smith, A. M. et al (2014). This research refers to the categorization 

system in “Land Use Situation Categorization” of National Standard GB/T 21010-2007 combining with land use, use method, plantation 
characteristics and ecological type of the research area, and set 9 categories for land use in Huitengxile region, including farmland, water 
area, road, grassland, rural residential area, fan occupation area (“fan area” for short), fan overhaul route, forest and tourist recreation area. 

Fig. 3 Category graph of land use situation for four periods 
 

3. 3 Analysis method of Land Use Situation Transition 
 
Land use transition matrix represents information of dynamic process that area of land types in the beginning and at the end of certain 

period transit to each other during the period in certain region, including static area data of land types at certain time point in certain region, 
as well as abundant information of changing out area of land types in the beginning of the period and changing in area of land types at the 
end of the period. The general form of land use transition matrix is as Vasilyev, Alexander, V., Seroukhova, Olga, Pozdnyakov, & 
Dmitry.( 2014) : 
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In the formula: S stands for area, n stands for land use type amount before and after the transitions, i/j (i,j=1,2,...,n) stands for the land 
use type before and after the transitions, and Sij stands for the area that transited from land type i to land type j. Each line of elements in the 
matrix stands for the information of transition direction from land type i to other types, and each column of elements in the matrix stands for 
information of transition source from other types to land type j. The land use type amount before and after the transition may be different, 
while the numbers of lines and columns in Sij are also different in such cases. For the convenience of research, same category system and 
accuracy are used before and after the transitions, so Sij becomes a square matrix of order n with same number of lines and columns. Land 
use transition matrix contains abundant information of conversions between various land types in the beginning and at the end of the 
research period with great statistical significance. 

 
3. 4 Land Type Transition and Land Use Dynamic Degree 

 
3. 4. 1 Land Type Transition 

 
(1) Net change (NC) of land type 
Net change is the absolute transition amount of land type amount, that is, the absolute value of the difference between the new area of 

one certain land type at the end of the research period and the reduced area of the land type in the beginning of the period. For land type a, 
due to: 
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Therefore, the net change is still the absolute value of the difference between the new area of one certain land type at the end of the 
research period and the reduced area of the land type in the beginning of the period. As land use has spatial stationarity and conversibility, it 
is difficult to fully and correctly represent the actual transition of land types by analysis of land type net change only. One certain land type 
may transit to other types in a certain region, but be transited from other types in in other regions, showing small or none of net change with 
actually large transition amount. Therefore, the land use transition degree is greatly underestimated simply with net change Liu, D., Zhang, 
W., Chen, Y., & Yan, J. (2014). 

(2) Swap change (SC) of land type  
Swap change of land types considers that one certain land type transits to other types in certain area, while in other areas transited from 

other types at the same time. This indicator shows information contained in land type transition, and accurately represents land type 
transition situation Houborg, R., Fisher, J. B., & Skidmore, A. K. (2015). The formula of swap change for certain land type is as below: 

SCa=2×min(Ia,Da) 
(3)Total change (TC) of land type  
(4)The summation of new propotion in one certain land type and reduced propotion in the land type becomes the total change of 

landscape of the land use type. For land type a, due to: 
TCa=NCa+SCa= |Ia-Da|+2×min(Ia,Da)=Ia+Da 

Therefore, the total change is the summation of net change (Ia) and swap change (Da). 
 

3. 4. 2 Land Use Dynamic Degree 
 

Single land use dynamic degree (LUDD). In existing researches, the ratio between the summation of area that one land use type 
transitions to other land use types and the area of the land use type in the beginning of the research period is defined as single land type 
dynamic degree, representing the active degree of the land type during the transition period. However, the indicator considers only simple 
transition processes that land type i transits to other types, neglecting transition processes that other land types transitions in land type i on 
other space during the research period, which is a severe defect. Dynamic transition degrees of the land use types with slower conversion 
and quicker growth are greatly underestimated (oody, G. M. 2014) . Therefore, the indicator is modified with the following formula: 

That is, the ratio of total change (TCi) of one certain land type and the summation of total change (TCi) and unchanged amount (Sii). 
This model is able to effectively resolve the defect described above 

 
4. Analysis of Result 

 
4. 1 Analysis of Land Type Transition Amount 

 
Perform overlay process to land use category result of two period in adjacent years to perform statistical analysis to landscape pattern 

with mathematics model of transition matrix, and clearly analyze landscape pattern conversion trend of land use and transition situation of 
landscape type area in Huitengxile region during the 15 years in order to further analyze the effect of natural and human driving force 
towards landscape pattern development of land use. The area transition situation of land types in Huitengxile wind farms region from 1995 
to 2010 is shown in Table 1 to 3. 

 
Table 1 1995 - 1999 Huitengxile type of land use transfer matrix(hm2) 

Land type 

1999 
Total in 

1995 Farm land Water 
area Road Grass Residenti

al area Fan Fan overhaul 
routine Forestry 

Tourist 
recreation 

area 

1995 

Farm land 2393.58 0 0.25 455.59 0.28 0 0 0 0.09 2849.79 
Water area 0 300.22 0.42 101.57 2.07 0 0.06 0 0 404.34 

Road 0.83 0 80.95 11 0.35 0 0 0 0 93.13 

Grass 938.57 65.86 51.07 36050.36 70.86 2.2
6 54.39 20.87 11.09 37265.33 

Residential 
area 0.72 0 0.56 40.88 100.7 0 0 0 0 142.86 

Fan 0 0 0 0 0 0 0 0 0 0 

%100
ii
×

+
=

STCi
TCiLUDDi
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Fan overhaul 
routine 0 0 0 6.7 0 0.0

1 1.14 0 0 7.85 

Forestry 0 0 0 20.79 0 0 0 119.47 0 140.26 
Tourist 

recreation area 0 0 0 1.52 0 0 0.19 0 0.24 1.95 

Total in 1999 3333.7 366.08 133.25 36688.41 174.26 2.2
7 55.78 140.34 11.42 40905.5 

 
 

Table 2 1999 - 2005 Huitengxile type of land use transfer matrix (hm2) 

Land type 

2005 
Total in 

1999 Farm land Water 
area Road Grass Residenti

al area Fan 
Fan 

overhaul 
routine 

Forestr
y 

Tourist 
recreation area 

1999 

Farm land 2824.23 0 4.47 505.23 0.07 0.02 0 0 0 3333.7 
Water area 0 276.98 0 89.14 0 0 0 0 0 366.08 

Road 0.36 0 114.16 18.76 0.08 0 0 0 0 133.25 
Grass 622.85 56.06 56.37 35768.36 58.65 11.94 64.83 36.59 12.46 36688.41 

Residential 
area 0.1 0 0.04 31.39 142.74 0 0 0 0 174.26 

Fan 0 0 0 1.13 0.06 1.04 0 0 0 2.27 
Fan overhaul 

routine 0 0 5.47 31.38 0.1 0.1 18.79 0 0 55.78 

Forestry 0 0 0 84.94 0 0 0 55.39 0 140.34 
Tourist 

recreation area 0 0 0 3.39 0 0 0 0 8.01 11.42 

Total in 2005 3447.93 333.02 180.51 36538.32 196.43 13.02 83.82 91.98 20.47 40905.5 
 

Table 3 2005 - - 2010 Huitengxile type of land use transfer matrix (hm2) 

Land type 
2010 Total in 

2005 Farm land Water 
area Road Grass Residenti

al area Fan Fan overhaul 
routine  Forestry Tourist 

recreation area 

2005 

Farm land 2193.78 0 19.39 1225.39 1.97 2.36 5.04 0 0 3447.93 
Water area 1.33 109 0 220.99 0 0.1 1.47 0 0.13 333.02 

Road 19.65 0 17.83 135.39 2.85 0.12 3.76 0.34 0.57 180.51 
Grass 1076.96 60.04 208.9 34545.34 122.52 151 285.39 40.35 47.82 36538.32 

Residential 
area 5.2 0 3.45 77.87 105.2 0.52 0.23 0 3.96 196.43 

Fan 0.04 0 0.06 11.65 0 0.76 0.51 0 0 13.02 
Fan overhaul 

routine 0 0 0.26 72.38 0 0.27 10.39 0 0.52 83.82 

Forestry 0 0 0 0 0 0 0 91.98 0 91.98 
Tourist 

recreation area 0 0 0 8.23 0 0.15 0.23 0 11.86 20.47 

Total in 2010 3296.96 169.04 249.89 36297.24 232.54 155.28 307.02 132.67 129.72 40905.5 
 

4. 2 Analysis of Land Use Dynamic Degree 
 

Table 4 Single land type dynamic degree in three periods (%) 
 Farmland Water area 

1995-1999 0. 06 -0. 87 
1999-2005 -0. 22 -6. 73 
2005-2010 0. 10 -38. 21 

 Farmland Water area 
1995-1999 0. 06 -0. 87 
1999-2005 -0. 22 -6. 73 
2005-2010 0. 10 -38. 21 

 Farmland Water area 
1995-1999 0. 06 -0. 87 
1999-2005 -0. 22 -6. 73 
2005-2010 0. 10 -38. 21 

 
According to Table 4, the top 3 of active degrees in land types are fan, fan overhaul route and tourist recreation area, and the degrees 

are all above 30% in every period, showing great development of wind power and tourism within 20 years in the region. Also, we noticed 
that active degree of water area, which has the greatest effect to ecological environment, was increasing, especially in the recent ten years. 
Sharp reduction of water area shows that the local ecological environment is severely threatened. Rural residential area was showing a trend 
of slow growth, and forestry was not changing much overall, which was not affected much by human activities and natural condition in 
recent years. The transition characteristics accords with the progress of local development and construction. 
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4. 3 Analysis of Land Use and Land Cover Transition Amount 
 

Table 5 1995 - - 2010 land use statistics Huitengxile area 

Year Farmlan
d 

Water 
area Road Grass 

Rural 
residentia

l area 

Fan 
overhau
l routine 

Fan 
area 

Forestr
y 

Tourist 
recreatio

n area 
Total 

1995(hm2) 3893.12 276.69 153.42 36254.5
7 250.04 0 0 167.91 0 40995.7

4 

1999(hm2) 3895.57 274.29 165.51 36153.3
9 258.44 46.63 4.19 167.91 27.42 40995.7

4 

2005(hm2) 3887.08 256.99 168.2 36098.8
7 283.73 79.55 11.32 168.08 41.28 40995.7

4 

2010(hm2) 3891.13 185.95 190.35 35813.7
3 286.01 316.71 72.13 168.14 71.13 40995.7

4 
1995-1999 

2.46 -2.4 12.09 -101.18 8.4 46.63 4.19 0.01 27.42 \ change(hm2
) 

1999-2005 
-8.49 -17.3 2.69 -54.52 25.29 32.92 7.13 0.18 13.86 \ 

change(hm2) 
2005-2010 4.05 -71.05 22.15 -285.14 2.28 237.15 60.82 0.06 29.84 \ 
 
According to Table 5, there are several points below about the land use transition situation from 1995 to 2010. Area of grassland 

reduced for 440.84 hectares. During the 15 years, area of farmland was transited from 3893.12 hectares to 3891.13 hectares, reducing for 
1.98 hectares, which shows no significant change. However, during field investigation, we noticed that plenty of farmland were wasted after 
2005, so the actual cultivating farmland was reducing. Water area kept reducing from 276.69 hectares in 1995 to 185.95 hectares in 2010, 
which reduced for 32.80%. Especially in 2005 to 2010, the reducing speed of water area was more than 5 times comparing with the speed 
before. Lakes in Huitengxile wind farms region are mainly seasonal lakes without stable water supply but only supplied by precipitation and 
underground water. Therefore, proportion of lakes shows the transition situation of local precipitation, transpiration and water table. Fan 
area is taking small area, however, construction of wind farms generates permanent spaces including: Fan base, cabinet base, cable laying 
route, control center, substation and overhaul routine, etc. Permanent space changes the original land use, and such effect to land use is 
irreversible. Research shows that the rotation of fan leaves in wind farms had significant effect on the climate in the farms (mainly 
precipitation and temperature) , and large amount of wind farm construction will certainly affect ecological environment in the region, 
causing ecological imbalance. Development of tourist projects brought sharp increase of population pressure tourist seasons as well as 
consumption amount of surface water and shallow underground water. Therefore, water area in the region was sharply reducing in recent 
years, and during field investigation, we noticed that many lakes have completely dried up, while water level of the remaining lakes have 
also reduced greatly. The shrinkage of water area was threatening the diversity of local species. Comparing the transition trend of area of fan 
overhaul route and tourist recreation area from 2005 to 2010, we noticed that construction of fans, development of tourism resource and 
shrinking speed of water area in the region arre surprisingly consistent, which shows that the current development and construction have 
been beyond the carrying ability of the natural environment in the region and further development will irreversibly destruct the natural 
environment. 

Figure. 4 Trend map of land use transited from other types in part of Huitengxile region in 1995 and 2010 
 
Land use transition trends (except grass and farmland) in this 15 years is clearly shown in Fig. 4, and the research shows that: Area of 

roads and rural residential area was growing steadily, while area of fan, fan construction route and tourist recreation area was growing 
rapidly, especially sharp from 2005 to 2010. Water area is showing a trend of shrinking, especially sharp similarly from 2005 to 2010. Area 
of forestry was maintained without significant change. There are two reasons that grass and farmland are not included in analysis of land use 
transition trend. First, grass and farmland area takes great proportion, whose summation is more than 90% of the total area. If they are 
included in the analysis, transition situation of other land types will not be clearly shown. Second, the main effect to climatic change in the 
region is land use transition due to human activities. Therefore, it is more significant to research on separate analysis of transitions on the 
seven land types. Sharp reduction of water area and continuous construction of fan had greatly affected microclimate of the region , and the 
ecological environment had been destructed. The continuous research clearly shows the land use transition situation during the 20 years. 

                             
Figure. 5 Scale map of various land types in Huitengxile area in 1995    Figure.6 Scale map of various land types in Huitengxile area in 2010 
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Fig. 5-Fig.6 clearly shows the land use transition between 1995 and 2010. Due to development of tourism and construction of wind 
farms in recent years, area of grassland has greatly reduced by 440.84 hectares over 15 years. Most of the distinguished steppes transited to 
construction sites for tourist recreation area and wind farms. There was no significant change of farmland area, however, during field 
investigation, plenty of farmland had been wasted, so the actual cultivating area has reduced. The steppe of the region is high mountain 
steppe with fragile ecological stability, which would be difficult to recover once destructed. If protection of ecological environment is not 
taken seriously, grassland in the region will be irreversibly destructed, and the ecological environment will be deeply affected. In recent 
years, the sharp increase of fan area and wind power overhaul route area was due to construction, maintenance and operation of wind farms, 
among which fan overhaul route is destructive to the grassland and hard to recover. At the same time, many tourist recreation area was 
constructed close to lakes, which is also making the recovery of grasslands harder. Therefore, it is recommended that construction plans of 
wind farms should select reasonable location with as few fan overhaul routes as possible to maximize the utilization of roads in steppe 
region 

As a low-carbon energy, wind power development should benefit the whole nation and the people, however, if capacity is blindly 
pursued and the construction is much too fast beyond the carrying ability of the local ecosystem, the fragile ecological environment will be 
irreversibly destructed. For reasonable and scientific wind power development, we should use the experience of mature foreign technology 
systems to build working teams of wind power resource investigation, wind power plan, wind farm project evaluation, device development, 
test and certification of wind power assembly, operation and maintenance of wind farms, and performance evaluation of wind farms, etc. 
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Abstract: For the expansive soil slopes of the middle-route of South-to-North Water Transfer Project, the influence law of seepage of slope 
is investigated by soil condition, initial pore water pressure, rainfall intensity and duration by using SEEP/W. The results show that, 
infiltrated rate is directly related with soil type. The saturated area of medium expansive soil slope is smaller, and the conductive area and 
wet area of strong expansive soil slope are smaller. The depth of rainfall infiltration is inversely proportional to the initial pore water 
pressure of the shallow slopes. It is easy for surface soil to get saturation with heavy rainfall intensity, but the water can easily seep into the 
deep soil when the duration is long and intensity is weak. 
 
Keywords:  expansive soil; slope; seepage 
 
1. Introduction 
 

Expansive soil is widely distributed in the middle route of South - to - North Water Transfer Project. The presence of expansive soil 
results in difficulties during channel survey, design and construction, and it also leaves a big security risk for channel running. Therefore, the 
need for in-depth study of expansive soil slope water retention characteristics and seepage characteristics will be of great significance to the 
project construction 

In this paper, for the strong expansive soil of the middle route of South-to-North Water Transfer Project area, using the unsaturated 
seepage software SEEP/W, the influence law of saturated-unsaturated seepage of expansive soil slope was investigated by soil condition, 
initial pore water pressure, rainfall intensity and duration of rainfall. The study provided the theoretical basis for water conservancy project 
construction, disaster prevention and control. 
 
2. Review of literature  
 

Soil seepage characteristics, saturated and unsaturated seepage based on Richards control equation has been studied extensively and it 
is successfully used in geotechnical engineering practices[1], hydraulic engineering, environmental engineering and other fields[2-5]. The 
distribution of slope seepage field under different soil conditions, initial state, and rainfall patterns has also been studied[6-8]. At present, the 
research on the slope seepage characteristics are very little concentrated on strong expansive soil 

 
3.Materials and methods 

 
For the expansive soil slope of the middle-route of South-to-North Water Transfer Project, using non-saturated flow calculation 

software SEEP/W and by Richards infiltration model, slope seepage field characteristics and its influencing factors under rainfall infiltration 
are calculated and analyzed. 

 
4.Numerical model and calculation conditions 

 
Calculation model is established under actual working conditions shown in Fig. 1. The slope ratio is 1:2. 10 layers of surface unit are 

created in the surface, the thickness of each layer is 0.2 m. Quadrilateral element which is suitable for the simulation of surface is used, and 
a combination of triangular and quadrilateral element is used for the other regions of the model. The surface of the slope is taken as the flow 
boundary. Both sides of the model border below the water table is treated as head boundary and zero-flow boundary above the groundwater 
level. 

 
Figure. 1 Numerical model of expansive soil slope 

Saturated volumetric water content of expansive soil is 45%, the strong expansive soil saturated permeability coefficient is 1.125×10-
8m/s, and it is 3.185×10-7m/s for medium expansive soil 

In order to study the influence of soil type, initial pore water pressure, rainfall intensity and duration to slope seepage characteristics, 
specific calculation condition is shown in the Table 1. 

 
Table 1 Calculation condition 

Soil type Maximum matric suction (kPa) Rainfall duration (d) Rainfall intensity (mm/d) Rainfall 
(mm) 

Strong expansive soil 
 

 

40 24 5 

120 
60 24 5 

80 

2 60 
4 30 
8 15 

24 5 
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Medium expansive soil 80 5 24 

 
5. Results 

 
5.1Transient characteristics of slope seepage 

 
Considering uninterrupted rainfall, rainfall intensity has been maintained at 5 mm/d, which is light rain according to the criteria of the 

meteorological department for the classification of rainfall intensity. After 24 days continuous rainfall, then total rainfall is 120 mm. 
In order to analyze water infiltration in different positions, four typical calculation sections are selected (See Fig. 2). Fig. 2 shows the 

water infiltration situation of each section after a 120 mm rainfall. 

Slope foot
section

1/3
slope
height
section

Slope shoulder
section

A

B

C

D

1/2 slope
height section

Expansive soil slope

 
Figure. 2 Typical calculation sections and the water infiltration 

It can be seen the curve shape of volumetric moisture content versus depth gradually slows from slope shoulder to slope, indicating that 
in the vertical direction within the depth of 2 m, the greater the height along the slope is, the greater the moisture gradient is. The soil 
volumetric moisture content is 45 % which is saturation in the 0m depth of each section. Wetting front is the deepest in slope foot, and with 
the slope height increasing, the depth of the wetting front gradually reduces to the minimum in slope shoulder 

As shown in Fig. 3, the relative height of the slope foot and slope shoulder respectively is 0 m and 10 m, and the larger the relative 
height is, the larger the water infiltration depth is. The soil volumetric moisture content has increased in 2 m depth in slope foot. The depth 
of volumetric moisture content changing reduces to 1.6 m in 1/3 slope height section. With the slope height increasing, the soil moisture 
content has not changed below 1.4 m in the middle section, while this depth reduces to 1.2 m in the slope shoulder. The depth of the 
saturated area is also large in slope foot. Taking the depth of 95 % saturation of soil for an example, the depth is about 1.0 m in slope foot, 
and it has little difference in the other parts of the slope, the value is about 0.7 m. 

 
Figure. 3 The infiltration and saturated area depth 

 
6. The evolution of seepage field during the rainfall 
 

Slope seepage field is changing during the rainfall. With the process of rainfall and water infiltration, soil moisture contents in different 
parts and different depths of the slope change over the time are different 

Fig. 4 shows the soil volumetric moisture content changes in a certain depth of slope foot, slope center and slope shoulder during the 
course of rainfall. After one day rainfall, moisture content of slope surface 0.2~0.3 m increases significantly, the depth of water infiltration 
in slope foot is slightly large. With rainfall for 8 days, 1.2 m depth of soil moisture content changes in slope foot, and 0.8m and 0.7 m in 
slope central and slope shoulder. After 24 days rainfall, there is 2.0 m depth of infiltration in slope foot, and about 1.5 m and 1.3 m 
respectively in slope central and slope shoulder. Therefore, at the slope foot, the depth of water infiltration is increasing during the rainfall, 
which is significantly larger than those of other parts of the slope, and water infiltration is in average for the other parts of the slope 

                                                      
(a) Slope foot                                (b) Slope center                        (c) Slope shoulder 

Figure. 4 Volumetric moisture content changes in different parts of the slope 
 

7. Different soil slope seepage characteristics 
 
The seepage characteristics of different expansive soil have significant difference. The water-holding capacity of medium expansive 

soil is weak, and its permeability is strong. Therefore, with the same rainfall condition, the seepage characteristics of medium expansive soil 
and strong expansive soil is difference in the depth of the water infiltration, soil moisture content and saturated area. 

Fig. 5 shows the transient seepage field distribution of different expansive soil slope under the condition of rainfall intensity for 5mm/d 
and total rainfall for 120mm.Fig. 6~7 show the infiltration in the foot and central part of slope under the condition of rainfall at 120mm. It 
can conclude that the depth of water infiltration of strong expansive soil slope is small after the rainfall, and the value is about 1/3-1/2 to 
medium expansive soil slope, while its surface soil can reach the state of saturation. 
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(a) Strong expansive soil                               (b) Medium expansive soil 
Figure. 5 The transient seepage field distribution of expansive soil slope 

 
Figure 6 The infiltration in the slope foot 

 
Figure. 7 The infiltration in the central part of slope 

After the infiltration of rainfall, the underwater level of medium expansive slope with strong permeability increased significantly. At 
the foot the slope, the seepage field is affected obviously by underwater. The moisture content of medium expansive soil slope in surface is 
less than that in the deep areas. In the middle of the slope, saturated area, conductive area and wet area are formed in slope from the surface 
to the deep areas. The surface of medium expansive soil slope can’t reach the state of saturation, formed a wide range of conductive area 
and wet area 

 
8. Influence of initial pore water pressure to slope seepage characteristics 

 
Slope initial moisture distribution has a certain impact to slope seepage field. In natural state, matric suction of cohesive soil is about 

dozens of kPa. Therefore, in the calculation of seepage field, the initial slope matric suction should be set within this range 
For strong expansive soil slope, assuming the maximum matric suction of slope surface are 40, 60 and 80 kPa, Fig. 8 shows the water 

infiltration situation in slope shoulder after a 120mm rainfall with the same rainfall intensity (5mm/d). 

 
Figure. 8 The water infiltration in slope shoulder of different slope maximum matric suction 

In the case of the different initial pore water pressure, the slope water infiltration situation is different. The smaller the initial pore water 
pressure is, the greater the matric suction is, and the shallower the infiltration is. This is because the expansive soil infiltration capacity is 
poor, the greater the soil matric suction is, the smaller the initial infiltration capacity is, and water infiltration will be more difficult. 

 
9. Influence of rainfall intensity and duration to slope seepage characteristics 

 
The rainfall models of the same rainfall (120mm) but different rainfall intensity and rainfall duration are considered in order to study 

the impacts of different types of rainfall on slope seepage. According to the criteria of the meteorological department for the classification of 
rainfall intensity, rainfalls are torrential rain (60mm/d), heavy rain (30mm/d), moderate rain (15mm/d) and light rain (5mm/d) 

After strong expansive soil slope experienced rainfalls, the distribution of transient volumetric moisture content of the soil is shown in 
Fig. 9. After the end of the rains, the slope foot and slope shoulder soil volumetric moisture content changes with depth are shown in Fig. 10. 
Rainfall intensity under various rainfall conditions is greater than the saturated soil infiltration capacity 

It is can be seen from the calculation results, for low saturated permeability coefficient slope, that water infiltration in different parts of 
the slope under different rainfall conditions is quite similar. When the rainfall intensity is greater than the infiltration capacity of the soil, the 
total rainfall is the same, the longer the duration is, and the greater the depth of infiltration is. For different rainfall conditions of storm, 
heavy rain and moderate rain, the water infiltration and the saturated soil infiltration capacity are always similar. A region of higher 
saturation will be formed in slope surface, but the area ranges little in different conditions. And surface soil under the largest rainfall 
intensity rainstorm has the highest soil saturation. For light rain, the rainfall intensity is close to the soil infiltration capacity in value, the 
water infiltration is the most significant, and soil deep below the surface has reached a higher degree of saturation. 
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(a) torrential rain                                             (b) heavy rain 

 
 

(c) moderate rain                                             (d) light rain 
Figure 9.The distribution of transient volumetric moisture content after rain 

 
Figure 10.The slope foot soil volumetric moisture content change with depth 

 
10. Discussion 

 
Under the conditions of rainfall infiltration, water infiltration in slope foot is the deepest, due to gravity and surface runoff, infiltration 

depth gradually decreases along the slope which is the shallowest in slope shoulder. The depth that the wetting front reaches is different in 
slope foot and the other parts of the slope, infiltration depth has nonlinear correlation with the relative elevation of the slope, indicating the 
water and infiltration is the most significant in slope foot. In addition, because of the expansive soil properties, the saturated area of the 
slope is shallow for rainfall infiltration, only the surface soil is saturated in most parts of the slope. 

During the rainfall, water infiltrate gradually from the surface, the depth of water infiltration is increasing significantly in slope foot, 
which is significantly larger than those of other parts of the slope, and water infiltration is in average for the other parts of the slope. 

Unsaturated seepage of expansive soil slope is influenced by soil condition, initial pore water pressure, rainfall intensity and duration of 
rainfall. Soil infiltrated rate is directly related with expansive soil type, which lead to different seepage fields. Strong expansive soil slope 
infiltration is shallower, and its surface soil is easily to reach saturation. The saturated area for medium expansive soil slope is smaller, the 
conductive area and wet area for strong expansive soil slope are smaller. Because of the weak infiltration capacity of expansive soil, the 
rainfall intensity is generally greater than its permeability, and the depth of rainfall infiltration is inversely proportional to the initial pore 
water pressure of the shallow slopes. The saturation state of surface soil and the depth of rainfall infiltration are influenced by different 
rainfall intensity and duration of rainfall. It is easy for surface soil to get saturation with heavy rainfall intensity, but the water can easily 
seep into the deep soil when the duration is long and intensity is weak 
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Abstract: With daily regulating storage of cascade hydropower station group as the object of research, Studied under time-sharing 
electricity price, traffic delay, meet the daily load power generation and power supply, and other complex constraints, and combined with 
the characteristic of power plant, establish the mathematical model of the daily regulation of cascade hydropower station generating 
economic benefits maximum ,the successive approximation algorithm combined with the dynamic programming algorithm and the 
successive approximation algorithm combined with POA are respectively Programming calculated and compared to verify. Through the 
actual simulation of the cascade hydropower station group of Sichuan Mingxing electric power company, the results show that the obtained 
strategy can meet the needs of the dispatching of cascade hydropower stations, and can achieve better economic benefits. It is a practical and 
feasible scheduling method and strategy 
 
Keywords: Daily regulating storage, Complex constraints, Cascade hydropower station group, Short-term optimal scheduling, Improved 
successive approximation algorithm 
 
1. Introduction 
 

As the large-scale cascade development of the river basin and the cascade hydropower stations are growing more and more, the power 
grid companies and river basin development companies pay more and more attention on the efficient use of water resources. The 
requirement of combined dispatching of cascade hydropower stations is getting higher and higher. Some domestic power enterprises 
consider power market competition mechanism, and they implement sub time electricity price of electricity generation and power supply. At 
the same time, the enterprise itself have the dual function of generation power and power supply in certain regions. The cascade hydropower 
stations of the enterprise directly supply electricity to certain areas, the insufficient part from the large power grid, the comprehensive 
benefits of electric power enterprises must consider the benefit of power generation and power supply. In this case, the optimal operation 
issues of cascade hydropower stations which belong to the enterprise must be considered at the same time to meet the requirements of daily 
load of power supply area. Taking into account sub time electricity price of electricity generation and power supply, rational use of cascade 
hydropower station group's regulating ability, and Flow lag property of cascade hydropower stations, under so many restrictions, how to 
reasonably develop power station operation plan make optimization of the cascade hydropower station group becoming more complex 

This paper takes the scheduling problem of four cascade hydropower stations group which are subordinate to Sichuan Mingxing 
electric power company when they put into operation as the background. Combined with the actual situation of Suining City power grid 
dispatching, so we propose Optimal scheduling method for cascade hydropower stations ‘daily regulation ,which aims at increasing the 
most comprehensive benefit of enterprise. In order to ensure the maximization of economic benefits of the hydropower station and meet the 
needs of daily load, the successive approximation algorithm and the principle of water deciding power are used to conduct dynamic solution 
and generate daily generation scheduling. Calculated scheme is simulated harmoniously by the hydropower station and power grid of 
Sichuan Mingxing electric power company. The results show that the scheme is feasible, which can improve the actual economic benefits of 
the hydropower station. 
 
2. Optimal scheduling modle  
 

The optimization scheduling of Daily regulation of cascade hydropower stations group aims at maximum efficiency of daily [* LI 
Yanpin. PhD, Research interests: Economic operation of hydropower station ,and research and development of hydraulic machinery for 
energy reuse. E-mail: liyanpin@ncwu.edu.cn. ]power generation. The purpose is to meet the requirements of the power grid load, make full 
use of water resources, and as far as possible decrease the leakage flow and increase system energy storage. At the same time, Sichuan 
Province has been the introduction of time-sharing electricity price policy and generate more electricity as far as possible to create higher 
economic benefit in the peak period of electricity prices. 

 
2.1 Objective function 

 
24

, ,1
( ) ( )i j Rj i jj

W a N a b N N
=

= Σ ∗ + − ∗ −
 

Type: —Sold electricity price; — Purchase price from a large network; —generating capacity of power station in  period; —The 
Predicted required load of Suining city during period. 

 
2.2Conventional constraint conditions 

 
2.2.1 Water balance constraint 

 

 
Type: ,i jV —The storage capacity of the i  reservoir at j time; ,i jQ —the inflow of i Reservoir at j time; ,1i jQ —Water 

consumption for electricity generation of i Reservoir at j time ; ,2i jQ — i the discharge of water from i  reservoir at j time; 
 

2.2.2 Power flow constraints 
 

min maxQ Q Q≤ ≤  
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Type:  ,i jQ —Water consumption of the unit j of the i  power plant; min ,i jQ —the minimum water consumption of the unit j of 

the i  power plan; max ,i jQ —the largest water consumption of the unit j of the i  power plan; 
 

2.2.3 Reservoir water level constraint 
 

,min maxi i j iH H H≤ ≤  

Type: ,i jH — i Reservoir water level at j  time; min iH — i reservoir allowed the lowest water level; max iH — i reservoir 
allowed the maximum water level. 

 
2.2.4 Output constraint of power station 

 
, , ,min maxi j i j i jP P P≤ ≤  

         Type: ,i jP — The real-time generating power of j Unit of i power plant ; ,min i jP —a minimum generating power of  j Unit of 
i power plant; ,max i jP —a maximum generating power of  j Unit of i power plan 

 
2.3 Mathematical models of key problems 

 
2.3.1 Flow lag problem: three aspects of the problem 

 
Flow balance formula： 

∑
=

−=
m

1
j1,-, )(

j
ini tQtQ τ）（

 
      ）（tQ ni, —the flow reaches the Number n reservoir of the Number i  level at t time; )(1-i τ−tQ —the discharged flow of the 
Number j reservoir of the Number i-1 level at τ−t time; m—the number of all reservoirs of the Number i-1 level which can inflow into  

the Number j reservoir of the Number i  level;τ —the time of flow delay  
A model based on the periodic variation of daytime flow: 
This paper studies the short-term optimization of cascade hydropower stations group with periodic T. Taking into account the 

scheduling cycle is short, usually depending on the season, the traffic flow has a certain continuity, stability and periodicity in a short period 
of time. So we decided to use the periodic continuation compensation method. The water discharge of the first reservoir in one cycle of is 
the inflow of the second reservoir during this period which is ττ +T~ , then we shall supply inflow of the second grade station during 
this period which is  τ+TT  to this period which is τ~0 ,by parity of reasoning, this solve time inconsistency in calculating the 
comprehensive economic benefit. 

The mathematical model is established: 
)(tfQ =  

)()( tTftf +=  
Q—the flow in the reservoir at the t time; T - optimal scheduling cycle 
Delay time determination: 
The river of all levels of hydropower station is different, and the time when water reaches next hydropower station is different under 

different flow, the lag time determined mainly on the basis of the relationship between measured flow and velocity of all levels of 
hydropower stations. By calculating and arranging obtains the relationship between the flow rate and the lag time. 

)( ,, jiji Qf=τ  
       jiQ , —the discharge of i level Hydropower Station at j; ji,τ —the needed time when the discharge of class i Hydropower Station at j 
arrive class i+1 Hydropower Station. 

 
2.3.2 Sub-time electricity price problem 

 
As the weight coefficient of the Hydropower Station economic benefit calculation, the sub-time electricity price plays a very important 

role. 
As is known to all, electricity prices in various industries of the society is not the same. Such as industrial electricity and civil 

electricity, and in different periods, electricity price is not the same, which requires us to collect a lot of data from the local electric power 
bureau. Then we make a comprehensive analysis, according to the principle of Statistics, finally we will get corresponding to the purchase 
price from all walks of life in each period of electricity consumption. Firstly we will calculate the proportion of the various industries in 
different periods electricity consumption account for total electricity consumption. Finally, multiplied by the purchase price, we will get the 
average price of the various industries in different period. The result is as shown in Tab. 1 and Fig. 1.  

At the same time, star in Sichuan electric power company as the sale of various companies, not only the power station itself for Suining 
City daily needs, but also the need from the net to buy electricity to supplement its power is insufficient demand caused by the shortage. 
Therefore, we collected the company in different periods from the net to buy the electricity tariff table. 

 
Table 1 Selling price 

Project Normal river flow period Peak water phase Drought period 

Daily flat （yuan/kW.h） 0.7031 0.6552 
0.7989 
1.0864 
0.5115 

Daily peak （yuan/ kW.h） 0.9426 0.8708 

Daily valley （yuan/ kW.h） 0.4636 0.4396 
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Table 2. Net buying price 
Project Normal water period Peak water period Drought period 

Daily flat（yuan/ kW.h） 0.5015 0.4558 0.5928 

Daily peak（yuan/ kW.h） 0.7299 0.6613 0.8669 

Daily valley （yuan/ kW.h） 0.2732 0.2503 0.3188 
 

2.3.3 To meet the needs of the daily load of power supply area to determine the generated output and net power 
 
In order to meet the needs of daily load demand in the power supply area, the hydropower station needs to generate electricity. But 

insufficient load needs to buy from a large network in various periods, which is the net load. So the daily load consists of generation load 
and load of the network 

The relationship between daily loads ND, generation load NG, and load of the network NN is as follows: 
NNNN += GD

 
The corresponding power balance diagram is as Fig. 2: 
In the optimization process, the determination of the power of the cascade generated output and net power 
In the optimization process, because the selling price after power generation of the cascade hydropower station is far greater than 

selling price of after the net, namely, the weight gains that power generation produces is greater than the weight gains of that electricity is 
bought and then sold, and electricity price of peak period is higher than the usually and valley electricity price. At the same time, peaks, flat 
and valley each account for one-third of the time throughout the day. So hydropower station as much as possible generates electricity, 
meanwhile keep peak generating capacity account for a higher proportion of all day generating capacity, flat generating capacity is little, and 
valley generating is the least amount. Then according to generating capacity of power plant at different periods, insufficient part of daily 
load can gain from lower power network. 

 
3.Model solving algorithm 

 
This research mainly uses two kinds of algorithm to carry on the contrast verification, respectively is the successive approximation 

algorithm (DPSA) combined with the dynamic programming algorithm and the successive approximation algorithm (POASA) combined 
with POA. 

The difference of the two algorithms is that the core of the DP and POA algorithms on the single library optimization, the overall 
solution is consistent. 

Taking the optimization problem of two cascade hydropower stations as an example to illustrate the overall solution process, assuming 
that there are two cascade hydropower stations, each of the reference flow in a scheduling period, the scheduling period is not a total of a 
period of time. Two hydropower stations in the first scheduling period of the reference flow rate, the total efficiency in the first scheduling 
period determined by the objective function, to seek the maximum efficiency of the water allocation scheme of cascade hydropower stations 
in the entire scheduling period. 

If you select a stage, so it contains the n-stage ( )1 2i n= ⋅⋅⋅，， ， , 
the objective function is                        : ( ) ( ) ( ) ( ){ }1 1 1 2 2 2max i i i n n nf x y f x y f x y f x y+ + ⋅⋅⋅+ + ⋅⋅⋅ +、 、 、 、  
Constraint conditions are: 
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For the solution of the two-dimensional problem, the first step is to choose a one-dimensional variable such as Xi assured them, then 
solving other variable Yi of the ideal solution; the next step is for fixed Yi new Xi, will continue to cycle, until convergence to get the 
optimal results. Specific steps are as follows: 

The first step: first in two variables a second election as a known value, assuming it is a fixed value, in the state of all of the decision 
variables known, which is also a group of fixed value, then unknown state variables and decision variables are only a group, so two-
dimensional variable to a one - dimensional problem. For example, the reservoir a state variables and decision variables are set to a fixed 
value and get an optimization scheme, then the discharge amount of the reservoir scheduling each time is known and meet the constraints, so 
11 objective function conversion: 

( ) ( ) ( ) ( ){ }0 0 0 0
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For this one dimensional problem, the optimal solution can be obtained as: 

( )0 0 0 0
1 2, y , , yi ny y= ⋅⋅⋅

 
So, a library is known scheduling process, the B library to obtain the optimal scheduling process 
Second step: fixed B library scheduling process, that is, the best results fixed, and then the first fixed to the variable as a new variable, 

and then the best results. At this time, the objective function is converted to: 

( ) ( ) ( ) ( ){ }0 0 0 0 0
1 1 1 2 2 2max i i i n n nf x y f x y f x y f x y+ + ⋅⋅⋅+ + ⋅⋅⋅ +、 、 、 、

 
Constraint conditions are: 

1
0

n

i i
i

x X x
=

= ≥∑
 

And the optimal solution is obtained: 

( )1 1 1 1
1 2, , ,i nx x x x= ⋅⋅⋅

 
At this time, we also obtained the optimization of the A library scheduling line. 
The third step: take this as an example, repeat the first step and the second step, and then take turns to choose the best, until either 

variable, convergence in the two adjacent operations. 
The fourth step: do not meet the requirements, to continue to optimize the calculation; to meet the requirements, to stop the calculation, 

the output results. 
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The above process can be expressed as follows through the flow Fig. 3: 
 

4. Example simulation and analysis 
 

4.1 Engineering background 
 
Sichuan Star power companies located in Suining City, it has four hydroelectric power station, were Guojundu power station, Sanxing 

power station, Longfeng power station and Xiaobaita power station, respectively 
Power distribution in the form of Guojundu, Longfeng, Xiaobaita parallel and Sanxing series, as shown in Figure 4 
 

4.2 Example simulation analysis 
 
In this paper, we select the data of 14 in June 2011 as a typical case, the data collected for 24 periods of time to flow and daily load as 

shown in Table 3 
Suining City with the fastigium of electricity consumption equates to the peak price the period of time for 7 to 11, 19 to 23, usually 

price in the period of time for 11 to 19,The rest of the time as valley price .In 2011 for flat water years, tariff as shown in Figure 5. 
The comparison results between the original data and the optimized algorithm are shown below: 
(1)The guojundu hydropower station before and after optimization scheduling level comparison chart 6: 
(2)The Sanxing hydropower station before and after optimization scheduling level comparison chart7: 
(3)Comparison of before and after optimization of the guojundu and Sanxing overall power generation diagram 8: 
(4)Similar to the results obtained by DPSA and POASA algorithms, the results of the selected DPSA algorithm and the original running 

data are compared and analyzed: 
(5)Water power station after periods of peak electricity price electricity price in Figure 4-3 and 4-4 can be seen two power stations in 

the peak hours are actively by discharging water power in valley period is water, and when the price trend is consistent. The figure 4-5 
shows can be clearly seen in the optimization of the overall generating capacity was significantly higher than that before optimization of 
power, in the valley and the parity time generating capacity is lower than that before optimization, mainly is used for water storage in peak 
power, we found 2 points and 3 points for low price periods however, due to the flow of time lag effect, Guojundu peak power consumption 
in the period just arrived In the downstream of the Sanxing power plant, in order not to produce disposable water, sanxing power plant is 
still selected for power generation. 

(6)The optimization is calculated in accordance with actual the same story level, with flat water years selling price was calculated on 
June 14, 2011, the actual income generating about 80.156 million yuan, after optimization of generating revenue is about 83.843 million 
yuan, the economic benefits of the enterprise growth 3.687 million yuan, the growth of about 4.6%. 

 
Figure. 1 Selling price chart 

 
Figure. 2  Power balance chart 
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First fixed the first i+1 to the N reservoir of the scheduling curve, the single 
library optimizationAlgorithm optimization of the first I reservoir, get the 

scheduling curve of the first I reservoir

The characteristic parameters of the cascade hydropower 
station, the flow rate and the daily load of 24 hours

Update the scheduling curve of the first I reservoir, i=i+1

Whether convergence?

OutPut

NO

Yes

Yes

NO

Begin

Whether to traverse all the reservoirs?

After optimization, the optimal curve of each reservoir is 
saved, and the total economic benefit is calculated

Save optimized stat

Single library optimization algorithm for the initialization of all cascade 
hydropower stations

 
Figure. 3 Calculation flow chart 

 
Figure. 4 Power distribution 

Table 3 Fujiang River cascade each hydropower station parameters table 

Table 4 stream data and daily load 
Period Of Time Q（m3/s） Daily Load（MW） 

 

Period Of Time Q（m3/s） Daily Load（MW） 
1 258.4 115.75 13 258.4 142.75 
2 258.4 112 14 258.4 136 

3 258.4 106.75 15 258.4 141.25 
4 258.4 105.75 16 258.4 145 
5 258.4 101 17 258.4 145 
6 258.4 107.5 18 258.4 145 
7 258.4 110.75 19 276.16 144.5 

8 258.4 100.75 20 276.16 144.75 

9 267 117.25 21 276.16 161.25 

10 258.4 129.75 22 276.16 158.25 
11 258.4 143.5 23 276.16 135 
12 258.4 160 24 276.16 123 

 Longfeng Xiaobaita Guojundu Sanxing 
Basin area/km2 27850 27850 28237 

Average annual flow/m3/s 462 464 462 
Normal water level/m 282 275.5 262.5 

Dead water level/m 276.5 275 261.5 
Normal water level capacity/km3 235 7600 6920 

Total storage capacity/ km3 235 7697 6920 
Regulating storage thousand/ m3 31.5 660 500 

Adjusted performance run-of-the-river Daily regulation Daily regulation 
Adjusted performance/MW 5×3.2 +2×3.25 2×22.5 3×17.1 

Guaranteed output/MW 18.064 11.5 9 
Design head/m 21.4 20 11 11.2 

Maximum flow through the unit/ m3/s 41.6 92.5 464.48 514.5 
Average annual energy output / hundred 

million kW.h 
0.5 1.0 1.5 2.2 

Power station spacing/km 80 20 23 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                                       58.6 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/58 

 

0

0.2

0.4

0.6

0.8

1

1.2

0 5 10 15 20 25 30

se
ll

in
g 
el

ec
tr

ic
it

y 
pr

ic
e

（
yu

an
/de

gre
e）

Time（h）

Electricity Price Of Level Period

 
Figure. 5 Electricity price of Level period chart 
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Figure. 6 The guojundu hydropower station before and after optimization scheduling level comparison chart 

 
Figure. 7 The Sanxing hydropower station before and after optimization scheduling level comparison chart 

 
Figure. 8 Comparison of before and after optimization of the guojundu and Sanxing overall power generation diagram 

 
5. Conclusion 

 
With the rapid development of cascade hydropower stations, considering how effectively use water resources, rapidly and accurately 

get the optimal operation scheme of cascade hydropower station to create greater economic benefits for the power plant, in the conditions of 
TOU price and flow delay are meet the needs of daily load and the constraint caused by power station and river basin characteristics, has 
become an urgent problem. 

The actual plant and network coordination simulation analysis of four cascade hydropower stations in Sichuan Star electric power 
company shows that this strategy can meet the daily load requirements, make full use of the laws of TOU price, reduce or avoid the waste 
water, bring greater economic benefits for the power plant, and provide a practical guidance scheme for the optimal operation of cascade 
hydropower stations. 
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comprehensive evaluation method 
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Abstract: University counselors are not only the students' daily ideological and political education workers, but also the organizers, 
practitioners and instructors for management work. They shoulder the important responsibility for properly dealing with some unexpected 
occurrences in the colleges or universities. This paper aims at evaluating objectively the working capability of university counselors for 
dealing with some emergencies that frequently occurs. Based on the fuzzy comprehensive evaluation method, we formulate a fuzzy 
comprehensive evaluation model to judge the working conditions of counselors when they face unexpected occurrences. Then, we develop 
Matlab to program and compute this model. Finally, our results show that the proposed model can give an impersonal assessment to the 
counselors' abilities for treating emergencies. The goal of this paper is to provide a theoretical guideline and valuable reference in evaluating 
the capability. 
 
Keywords:  emergencies. university counselors.  fuzzy comprehensive evaluation. matlab programming 
 
1. Introduction 
 

With the development of higher education, emergencies and crises occurring at a greater frequency  bring a great deal of negative 
effects on stability and development of colleges. School crisis management has become an important issue in school management. As an 
important part of the teaching body and the management team, to maintain colleges' stability and development is one of the responsibilities 
of the collegiate counselors'. They  play an important role in management of emergent incidents 

In recent years, there are many researches on the emergencies and crises in higher learning institutions. Particularly,  Peng et al. (2005) 
define school crisis management and classifies school crises. They proposes six basic principles to school crisis warning and treatment, 
according to relevant theories on crisis management. Feng (2008) points out that collegiate counselors should play an important role in 
management of emergent incidents in higher learning institutions. Huang and Fang (2011) state that counselors, as the important managers 
and defenders for the campus stability, must clarify the causes of college student emergencies, ascertain responsibilities which they should 
bear. Geng (2011) makes a few suggestions to deal with emergencies for counselors. It is imperative to enhance Counselors’ working 
capability in response to emergency accidents in universities to effectively deal with emergency accidents in universities(Zhang and 
Chen,2012). Dong (2013) proposes the principles, methods and measures college counselors should follow when dealing with emergencies. 
Zheng and Ning (2013) propose that there are several factors affecting the frequency of students' emergencies in higher vocational colleges.  

University counselors should improve their own quality, develop their skills to deal with the emergencies, and establish an early-
warning mechanism, so that to take on the important task of dealing with students’ emergencies(Li and Qian, 2014). 

In this paper, a fuzzy comprehensive evaluation model to judge the working conditions of counselors when they face unexpected 
occurrences is formulated. Furtherly, the results show that this model can give an impersonal assessment to the counselors' ability for 
treating emergencies. Moreover, the goal of this paper is to provide a theoretical guideline and valuable reference in evaluating the 
capability 
 
2. Preliminaries  
 

In this section, we delineates the variables and their explanations  (see Table 1) 
 

Table 1 Variables and their meanings 
Variable Description Variable Description 

U  the evaluation index set 
23U

 
divert students 

1U
 

routine work 
24U

 
early warning 

2U
 

deal with emergencies 
25U

 
self ability 

11U
 

daily management S  the weighting coefficients for 1U - 2U  

12U
 

pay attention to students' life ( )1, 2iS i =
 

the weighting coefficients for 11U - 16U  or 21U - 25U  

13U
 

student cadre team R  the eigenvalue matrix of  U  

14U
 

student party members team ( )1, 2iR i =
 

the eigenvalue matrix of  ( )1, 2iU i =  

15U
 

guidance and coordination for 
teaching H  the comprehensive evaluation of  U  

16U
 

visit the dorm staff ( )1, 2iH i =
 

the comprehensive evaluation of  ( )1, 2iU i =  

21U
 

intervention events F  the score of  U  
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22U
 

report events ( )1, 2iF i =
 

the score of  ( )1, 2iU i =  

 
3. Multilayer comprehensive evaluation index system 

 
The evaluation index system of the counselors' ability for treating emergencies is a complex system consisting of a number of 

individual subsystems.  In fact,  a single-aspect evaluation simply do not reflect the overall counselors' ability. It will be even less 
comprehensive if a combined index is used. In order to provide an effective evaluation on the counselors' ability, it is necessary to establish 
a systematic, comprehensive index system. 

The objectives for developing the Multilayer comprehensive index system are as follows: 
1.The index system must be able to reflect every aspect of the counselors' ability for treating emergencies 
2.The data for the indexes must be able to be collected from the reliable sources and be consistent. 
3.The index system must be able to accommodate the relationship between the evaluation indexes and the evaluation criteria, especially 

to generate corresponding evaluation indexes based on evaluators' criteria. 
According to these objectives, a three-layer comprehensive evaluation index system is proposed  (see Fig.1). This index system 

considers the overall the counselors' ability for treating emergencies. 

 
Figure. 1 The three-layer comprehensive evaluation index system. 

 
4. Fuzzy multicriteria evaluation model of counselors 

 
 In this section,  we will evaluation the counselors' ability for treating emergencies. To this end, we need decide weighting coefficients 

of the multicriteria evaluation model. 
 

4.1 Determining weighting coefficients of the multicriteria valuation model 
 
In complex counselors' ability for treating emergencies systems, decisions are usually semi-structured or unstructured. The multicriteria 

weighting coefficients assigned to such decision structures always reflect decision makers' preference and knowledge. To some extent, such 
coefficients determine the degree of combining multicriteria. The determination of weighting coefficients includes the following steps: 
determination of the initial value of the weighting coefficient; consistency test; normalization and adjustment. In order to allow the decision 
makers to assign weighting coefficients to the criteria subset or index subset with various characteristics, the analytical hierarchy process is 
used to determine  S , 

1S and 
2S  (see Table 2 and Table 3). 

 
Table 2 Weighting coefficients of the multicriteria evaluation  model 

Weighting coefficients Weighting coefficients vector 
S  ( )0.4, 0.6S

 

1S
 1 (0.4, 0.25, 0.15, 0.1, 0.05, 0.05)S

 

2S
 2 (0.3, 0.3, 0.2, 0.1, 0.1)S

 
 

Table 3 The number of experts who evaluate the working capability of  counselors 

Evaluation index Excellent Good Normal Bad 

11U
 

7 1 1 1 

12U
 

7 2 1 0 

13U
 

5 3 2 0 

14U
 

6 2 1 1 

15U
 

6 3 1 0 

16U
 

7 2 1 0 

21U
 

6 2 1 1 

22U
 

8 1 1 0 

23U
 

7 2 1 0 

24U
 

7 2 1 0 
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25U
 

4 3 2 1 

 
4.2 Evaluation the counselors' ability for treating emergencies 

 
Those major factors affecting the counselors' ability for treating emergencies have been classified into a number of subsystems 

according to their contribution to the criteria. Now, we evaluation the counselors' ability for treating emergencies by means of fuzzy 
multicriteria  evaluation model. 

 
4.2.1 Formulate the single factor evaluation matrix of  - 

 
The text should include references to all figures. Refer to figures in the text as Figure 1, Figure 2, etc., not with the section number 

included, e.g. Table 3.2, Figure 2.3, etc. Do not use the words “below” or “above” when referring to the tables, figures, etc. 
From the table 3,  following that 

1

0.7 0.1 0.1 0.1
0.7 0.2 0.1 0
0.5 0.3 0.2 0
0.6 0.2 0.1 0.1
0.6 0.3 0.1 0
0.7 0.2 0.1 0

R

 
 
 
 
 
 
 
  
 

=
 

then, we get the comprehensive evaluation matrix of 
1U  

1 1 1

0.7 0.1 0.1 0.1
0.7 0.2 0.1 0
0.5 0.3 0.2 0
0.6 0.2 0.1 0.1
0.6 0.3 0.1 0
0.7 0.2 0.1 0

(0.4, 0.25, 0.15, 0.1, 0.05, 0.05)H S R

 
 
 
 
 
 
 
  
 

= ⋅ = ⋅
 

where,  denotes  fuzzy matrix multiplication. We obtain that . In the same way, it follows that . Normalizing the and , we will get 

( )1 0.417,0.235,0.176,0.118H ∗ = ( )2 0.429,0.286,0.1425,0.1425H ∗ =  

 
4.2.2 Formulate the evaluation matrix of  U  

 
Use only Type I fonts for the lettering in illustrations. Do not use illustrations taken from the Internet. The resolution of images 

intended for viewing on a screen is not sufficient for the printed version of the journal. If you are incorporating screen captures, keep in 
mind that the text may not be legible after reproduction (using a screen capture tool, instead of the Print Screen option of PC’s, might help 
to improve the quality) 

E denotes the evaluation matrix of U , then E S H= ⋅ , where ( )1 2, TH H H= . By calculating, 

( )0.4,0.2,0.15,0.1E = . By normalizing 

( )0.471,0.235,0.176,0.118E∗ =  

 
4.2.3 Calculate the score 

 
The sore of 1U  

1 1

90
80

80.59
70
60

F H ∗

 
 
 = =
 
 
 

 

In the same way, it follows that . 
The process about evaluation the counselors' ability for treating emergencies can be realized by means of Matlab. Therefore, we  

develop Matlab to program and compute this model. 
 
5.  Conclusion 

 
This paper aims at evaluating objectively the working capability of university counselors for dealing with some emergencies that 

frequently occurs in our universities. Based on the fuzzy comprehensive evaluation method, we formulate a fuzzy comprehensive evaluation 
model to judge the working conditions of counselors when they face unexpected occurrences. Then, we develop Matlab to program and 
compute this model. Finally, our results show that the proposed model can give an impersonal assessment to the counselors' ability for 
treating emergencies. Moreover, this paper provides a theoretical guideline and valuable reference in evaluating the capability 
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Abstract: Currently, classification of chicken’s quality is used generally by manual work. The method takes time and energy, have a lower 
efficiency and easily influenced by subjective factors. To guarantee poultry classification processing quality and im-prove the level of 
poultry processing automation, this study aims to design a method of detecting chicken wing’s quality based on machine vision technology. 
First, extracting color features from RGB, HSI and Lab color models respectively, choosing B, H, S, a and b as color recognition vectors, 
and extracting the features of the percentage of congestion area in the images. Combining these two kinds of features as effective vectors of 
congested wings. Then, using three layers Back-Propagation neural network to classify and predict. Experiments showed that the 
classification accuracy of the method for detecting quality of chicken wings can reach above 98%. The study verifies that the method of 
distinguishing colors and de-tecting the quality of chicken wings based on machine vision technology is feasible. This method can be further 
expanded to field of the health care and daily diet. 
 
Keywords: matlab, chicken wings, detection, neural network, color, recognition 
 
1. Introduction 
 

In resent years, poultry meat products have experienced a rapid development. Chicken wings are popular among consumers as an 
important poultry meat product. With the development of society, the quality of people’s life has been improving gradually so that the 
demand of poultry meat product is higher and higher, people hope that poultry meat product is not only health but also fresh and 
delicious. There are many factors that can affect the quality of chicken wings, in addition to the environmental factors such as chicken 
breeds and herding way, slaughtering processes and post-slaughter processing also have certain influence on quality of chicken 
wings[1]. In order to improve the work efficiency and temporize the tide, it is no time to delay to employ machine vision technology 
instead of the way of human eye detection. The development of machine vision technology started late in China, but with the 
development of science and technology. The machine vision technology has been developing rapidly in food non-destructive 
measurement with the advantage of high procession-precision, better suitability and high flexibility, which make it possible to realize 
the automatic quality detection of chicken wings. And the analysis of quality detection is the key of this automation. This paper aims to 
batch capture, handle and analyze chicken wing images using machine vision technology to find out the optimal way of image 
processing, extracting effective recognition vector, classify the image of chicken wings by BP neural network and identifying 
unqualified chicken wings with blood clot. The study can provide theory basis for quality automatic detection classification of chicken 
wings. 

 
2. Image acquisition system 
 

In this study, 200 normal chicken wings and 200 abnormal chicken wings are chosen respectively to collect the images at the same 
experimental conditions. Images are collected by using CCD camera in the middle of two incandescent lamp under static conditions, 
keeping a distance 20cm between the camera and chicken wings. Images should be saved and image acquisition library should be 
established. Part of image collection is shown in Fig. (1). To capture image easily, CCD industrial camera is connected to the computer 
via USB. 

 
Figure. 1 Image acquisition system of chicken wings. 

 
3. Image preprocessing 
 
3.1 Image gray processing 
 
In order to reduce calculation amount and improve processing speed, transform color image into gray image with information of brightness 
only. Gray processing methods include maximum method, component method, weighted average method and mean value method. This 
experiment uses the weighted average method. Give different weights R, G and B according to three primary colours’relative spectral 
energy distribution and human’s senses in transformation, etc. The output of gray level is the brightness information for Y channel, 
expressed as 

Y=[r g b]·[R G B]T                                                                               (1)     
Where r=0.299, g=0.587, b=0.114[2]. 

 
3.2 Image Enhancement 
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In this study, after contrasting several image enhancement methods, finally adopted the method of contrast enhancement in advance, 

then median fitering. Median filter can remove the enhanced noise, and protect the edges of the image at the same time, and it is helpful for 
further processing[3]. Direct contrast enhancement can make the target and background produces obvious contrast, and it can be in favor of 
doing more processing. The contrast effect of several image enhancement methods is shown in Fig. (2). 

     
(a). Histogram equalization.    (b). The Mean filtering. 

    
(c). Median filtering.    (d). First contrast enhancement, then median fitering. 

Figure. 2 Contrast figure of image enhancement method. 
 
3.3 Morphology denoising and images segmentation 
 

Image binaryzation is a process that filtering background information and save target information. In order to extract target image from 
multivalued grayscale, set a threshold θ to divide values of grayscale into two parts. The formula is: 

                                                                     (2) 
Where F(x, y) is on behalf of image date that after binarization process, f(x, y) is on behalf of grayscale image data, x, y represents 

abscissa and ordinate respectively. The threshold θ can be obtained by two-peak method, iterative method and OTSU method, etc. As the 
doublet of gray histogram of chicken wings is conspicuous, so by comparing the two-peak method and OTSU method, finally obtains the 
best threshold value of target image as a global threshold to segment.  

There were some noise points in the binary images after binarization. A method of morphological opening operation is provided to 
weaken narrow part, remove thin tip and smooth images[4]. The binary images and effective extraction of figure are shown in fig. (3). 

    
(a). Binary image.               (b). Binary iamge after morphology. 
 
 
 

 
 
 

(c). Chicken wing.               (d). Congested chicken wing. 
Figure. 3 Binary images and effectively extractive images. 

 
4. Feature extraction andclassification 
 
4.1 Feature extraction 
 

In this study, the percentage of the area of extravasated part against the entire wing is chosen as a characteristic in the images. The 
formula is: 

                                                                                 (3) 
Where P is on behalf of the percentage of the area of extravasated part against the entire wing, Sa is on behalf of the pixel area of 

extravasated wing, Sb is on behalf of the pixel area of entire wing.  
RGB color model is best known and most widely used color spaces. HSI color space is more aligned with the visual characteristic of 

people’s perception of color, describing color characteristics with hue, color saturation and brightness. Wide color gamut of Lab color model 
make up for the deficiency of uneven color distribution of RGB color model[5].  

9 characteristic values of color including R(red), G(green), B(blue), H(hue), S(saturation), I(luminance), a(red and green product), 
b(yellow blue product) are extracted, which are the pixels’mean value of each wing in every component[6]. I and L merge as they represent 
the same characteristic parameter. Variation coefficient do not have dimensional constraint and can objectively reflect dispersion degree of 
data set. In order to reduce characteristic redundancy and improve recognition rate, the mean value, mean-square deviation and variation 
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coefficient of multiple samples are counted and find that the variation coefficient of B, H, S, a and b is large, which means large 
deviation degree between normal chicken wings and gore chicken wings, so it is more effective for Identification[7]. So B mean value, 
H mean value, S mean value, a mean value and b mean value are chosen as effective color features. The statistics of color characteristic 
values are shown in Table 1, and part of the sample characteristic values are shown in Table 2. 

 
Table 1 Statistics of color characteristic values. 

Features Average Value Mean Square Error Variance Coefficient 

R 0.91 0.13 0.14 

G 0.82 0.18 0.22 

B 0.77 0.20 0.26 

H 0.04 0.04 0.91 

S 0.09 0.08 0.86 

I 0.83 0.17 0.20 

a 7.21 6.26 0.89 

b 9.81 7.71 0.79 
 

Table 2 Part of the sample characteristic values. 
Serial Number B H S a b P(%) 

1 0.83 0.09 0.06 4.48 6.45 13.37 

2 0.81 0.07 0.07 4.14 7.92 14.89 

3 0.78 0.10 0.08 5.36 9.94 11.25 

4 0.73 0.12 0.10 9.68 9.52 17.87 

5 0.70 0.09 0.10 7.34 10.61 19.09 

6 0.73 0.10 0.09 6.62 9.36 15.82 

7 0.73 0.12 0.07 5.64 7.36 18.01 

8 0.74 0.11 0.08 5.50 8.55 12.50 
 
4.2 BP neural network classification 
 

BP neural network is a kind of back propagation multilayer forward neural network with 3 layers or more than 3 layers[8-9]. Once 
some scholar pointed out that two hidden layer neural network could be applied to any form of classification problem, and a single 
hidden layer BP network can approximate any continuous function in the closed interval[10]. And increasing hidden layer will further 
increase the amount of calculation model, so the three layers BP neural network is adopted in this paper. 

 
4.2.1 BP Neural network Training 
 

The sample data is from 100 normal wings and 100 congested wings and the rest of the images are used for prediction. The data is 
divided into three parts that are training data set, validation set and test set by using BP neural network. And this method prevents over-
fitting effectively. Set network training error 0.01, the learning efficiency 0.02, the training steps 10000, the interval number of showing 
training results 100, the training function ‘traingdm’[11]. Smaller learning efficiency (generally the range of 0.01 ~ 0.8) is chosen to 
guarantee the stability of the system although the training time is long and the convergence is slow. The method of determining the 
optimal number of hidden layer units in this paper: first determining the scope of hidden layer units by empirical formula, then training 
several times the network using each of hidden layers, finally confirming that the number of ultimate hidden layer unit is 11 by 
checking the sample error curve, the gradient variation and the regression curve under each hidden layer. The graphs are shown in 
fig.(4). The process of mse decreasing with training epochs adding could be seen from the error curve, eventually the mse of the defined 
network reaches best and target value after 5762 steps. From the graph of gradient variation, error gradient decreases slowly and less 
than the target value, result in stopping the network training. Regression curve shows the relationship between the output and the target 
by the regression R. 

 
(a). Error curve of training. 
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(b). Gradient variation. 

 

 
(c). Regression curve. 

Figure. 4 Relation between limit water content and lime ratio when quicklime is added. 
 
4.2.2 Network Classifition and Results Analysis 
 

New data is forecasted and classified, and the result is as shown in fig. (5). The results show that classification accuracy is 98%, which 
could meet the requirements.  

 
Figure. 5 Predicted classification figure for new data set. 

5. Conclusion 
Take integrated analysis of the above test results, and the following conclusions can be drawn: 
(1) The method of histogram equalization in advance and median filtering later is employed to realize image enhancement, which not 

only enhances the image contrast but also protects the image edge, laying the foundation for image segmentation for the next step. 
(2) When extracting the features, analyzing the characteristics of color and choosing more effective color features for classification and 

recognition firstly, then combining characteristics of effective color with percentage characteristics of congestion area, guaranteeing the 
validity of the input data. 

(3) Building the 6-11-1 BP neural network of single hidden layer, employing advanced training function of gradient descent method, 
and the classification rate reaches above 98%. This method can be further expanded to field of the online identification, health care and 
others. 
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Abstract: The construction and measurement of the quality evaluation system of urbanization development is an important part of the 
theory research of the urbanization. This can measure the level of urbanization development quality. And this is practical significance to 
guide the construction of urbanization in China. According to the connotation of the quality of urbanization, the thesis construct the quality 
index system of urban economic development. The situation and characteristics of the quality of urban economic development in China are 
analyzed. 
 
Keywords: evaluation system; economic development; empirical analysis    
 
1. Introduction 
 

Development is the eternal topic of human society. The degree of development, the path of development, and the outcome of 
development need to judge and evaluate. Evaluation of development is to determine whether the development is in line with the prevailing 
social conditions and long term development requirements. With the development of human society, people's understanding of development 
is continuous deepening and evoluting process. The method and criteria about evaluation of development are also continuous evolution and 
perfect process. 

A. G. Champion put forward urbanization in 1989[1]. Urbanization is an important economic and social phenomenon in the world 
today.Urbanization is the historical process of the transformation from rural to urban in the way of human production and life. Ray M. 
Northman carried out a systematic study to use index about level of urbanization [2].Then a large number of scholars have carried on the 
research of the urban economy[3]-[9]. To study the development of China's urban economic development, ten sub-provincial cities  are 
chosen to serve as the samples of economic evaluation. 
 
2. Research material 
 

Economy system of the citys is complicated system. It is combined system that some direct economic factors and associated economic 
factors mutually promote and restrict. Through different levels, some direct  data of index and indirect direct  data of index embody 
economic development situation at different angles. The economic influence degree is very different among some economic factors. And 
some data of index can be obtained, some data of index  cannot be obtained on the contrary. Thus there is a definite rule of selecting index 
before constructing  economic subsystem. 

In the paper, according to the rules of comparability, representative and availability of data, ten sub-provincial cities are chosen to serve 
as the samples of economic evaluation . Ten sub-provincial cities are Guangzhou(GZ), Shenzhen(SZ), Xi'an( XA) , Jinan (JN), 
Nanjing(NKG), Hangzhou(HGH), Ningbo (NB), Wuhan(WUH), Xiamen(XMN), and Harbin(HRB). 

In the paper, statistical data of current statistical yearbook (Statistical yearbook of China cities in 2013 and Statistical yearbook of sub-
provincial cities in 2013) are chiefly used. Missing data  are supplied with other documentation. 

Statistical data of cities is in Table 1. 
 

Table 1 Statistical data of Ten sub-provincial cities in 2013 

No SCt Ct GZ SZ XA JN NKG HGH NB WUH XMN HRB 

1 

X1 
 

X11 105909 123247 51205 69444 88525 88985 86228 79878 77340 45810 

2 X12 13405 51533 4987 6251 11480 12277 12558 10084 22153 3571 

3 X13 16342 54400 7506 7574 12056 12249 14340 10646 24133 6479 

4 X14 51766 186227 16844 26315 43046 45543 54873 38989 60969 11353 

5 X15 104795 250588 28643 43033 60238 55977 47395 46648 74274 24203 

6 
X2 

X21 38054 40742 29982 32570 36322 37511 37902 27061 37576 22498 

7 X22 16898 10000 11442 11786 14786 17017 18475 11190 13455 11443 

8 X23 13 42 10 9 13 14 15 13 29 8 

9 
X3 

X31 103.0 102.8 102.8 102.4 102.7 102.5 101.7 102.8 102.1 103.2 

10 X32 34 36 36 31 38 37 38 40 36 33 

11 

X4 

X41 10.5 10.0 11.8 9.5 11.7 9.0 7.8 11.4 12.1 10.0 

12 X42 15.2 16.5 15.5 14.9 15.4 15.5 15.4 16.0 10.2 15.7 

13 X43 10.6 7.3 12.4 9.7 11.0 9.1 6.0 13.7 12.8 8.3 

14 X44 3.3 -18 6.0 4.7 4.9 2.5 1.6 4.5 0.4 9.2 

15 X45 10.1 12.3 26.6 20.4 21.3 20.1 21.6 20.0 18.1 31.1 

16 X46 11.1 12.3 12.2 10.1 11.8 10.1 10.9 10.0 11.7 9.4 

17 

X5 

X51 8.1 11.4 9.1 7.9 10.2 11.0 11.1 10.4 15.0 7.8 

18 X52 9.9 12.1 13.7 9.6 10.7 10.1 12.7 10.9 16.4 14.1 

19 X53 1.6 0 4.5 5.3 2.6 3.3 4.1 3.8 0.9 11.1 

20 X54 63.6 55.7 52.2 54.5 53.4 50.2 42.0 47.9 50.3 52.8 

http://www.iciba.com/cannot
http://www.iciba.com/Xi'an
http://www.iciba.com/Jinan
http://www.iciba.com/statistical_data
http://www.iciba.com/statistical_data
http://www.iciba.com/statistical_data
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21 X55 45.8 52.3 24.8 12.2 41.3 49.6 28.5 44.4 17.8 19 

22 X6 X61 95 99.1 98.3 99.8 92.2 92.8 99.4 99.6 93.7 91.7 
 

Where : SCt is sub criteria, Ct is criteria. 
X1 is economic gain of per capita. X11 is GDP of per capita. X12  is government receipts of per capita. X13 is fiscal expenditure. X14 is 

industry added value of per capita. X15 is total output valve of service sector of per capita. 
X2 is economic benefits. X21 is urban disposable income of per capita. X22 is rural net income of per capita. X23 is the ratio of local 

fiscal revenue to GDP. 
X3 is economic running quality. X31 is the total index of resident consumer prices(last year=100). X32  is Engel's coefficient of resident. 
X4 is rate of economic growth. X41 is growth rate of GDP. X42 is growth rate of total social retail sales. X43 is growth rate of industrial 

added value. X44 is growth rate of primary industrial gross output. X45 is growth rate of investment in the fixed assets. X46 is growth rate of 
tertiary industrial gross output. 

X5 is economic structure. X51 is the ratio of fiscal revenue to GDP . X52 is the ratio of fiscal expenditure to GDP. X53 is the ratio of 
primary industrial added value to GDP . X54 is the ratio of tertiary industrial added value to GDP. X55 is the actually utilized foreign capitals. 

X6 is sustainable development. X61 is comprehensive utilization rate of industrial solid wastes. 
 
3. Research Methodology 
 
3.1 The method about marking of evaluation index 

Before evaluation index is marked, evaluation index is firstly confirmed to influence on economy development. Thus an appropriate 
method marking may be adopt. In Table 1, the negative index is Engel coefficient of resident，the optimal interval index is total price index 
of residental consumption, the moderate index is growth rate of GDP, growth rate of investment in the fixed assets, the ratio of fiscal 
revenue to GDP, the ratio of tertiary industrial added value to GDP, the ratio of primary industrial added value to GDP, and the ratio of 
fiscal expenditure to GDP. The other index is positive index. 
 
3.2 To mark positive index 
 

Such as GDP of per capita, positive indexs reflect that economic and social development is better, when index value is bigger. The 

formula of positive indexs ( kix )[10]  is as follow. 

( )
( ) ( )

1 1

1
1 1

11

min

max min
ki kii n

ki
ki kii ni n

V V
x

V V
≤ ≤

≤ ≤≤ ≤

−
=

−
                                                                                          (1) 

Where kix  is ith evaluation object and kth normalized index scores,  kiV  is ith evaluation object and kth index value, kiV  include 4 

subfield, 1
kiV  is a set positive indexs, 2

kiV  is negative index, 3
kiV  is moderate index, 4

kiV  is optimal interval index, n is the number 

evaluation object. 
Such as GDP of per capita, firstly, we seek out the maximal value(Shenzhen 123247) and the minimum value(Harbin 45810) , then 

Nanjing GDP of per capita 88525 in Table 1 is substituted in formula (1) . Thus normalized index scores of GDP of per capita may be 
obtained. The calculation result is as follow. 

11 (88525 45810) / (123247 45810) 0.5516d = − − =  
Thus the normalized index scores is filled in Table 2. 
Likewise, GDP of per capita about the other cities in Table 1 is substituted in formula (1). Thus normalized index scores of GDP of per 

capita may be obtained about the other cities. And the normalized index scores is filled in Table 2. 
According to above method, normalized index scores of the other positive index may be obtained. And the normalized index scores is 

filled in Table 2. 
 
3.3 To mark negative index 

 
Such as Engel coefficient of resident, negative index reflect that economic and social development is better, when index value is 

smaller. The formula of negative indexs ( kix )[10]  is as follow. 

( )
( ) ( )

2 2

1
2 2

11

max

max min

ki kii n
ki

ki kii ni n

V V
x

V V
≤ ≤

≤ ≤≤ ≤

−
=

−
                                                                         (2) 

Firstly, the maximal value(Wuhan 40) and the minimum value(Jinan 31) are  seeked out, then Harbin Engel coefficient of resident 33 in 
Table 1 is substituted in formula (2) . Thus normalized index scores of Engel coefficient of resident may be obtained. The computing result 
is as follow. 

32d = (40 33) / (40 31)− − =0.7778 
Thus the normalized index scores is filled in Table 2. 
Likewise, Engel coefficient of resident about the other cities in Table 1 is substituted in formula (2). Thus normalized index scores of 

Engel coefficient of resident may be obtained about the other cities. And the normalized index scores is in Table 2. 
According to above method, normalized index scores of the other negative index may be obtained. And the normalized index scores is 

filled in Table 2. 
 
3.4 To mark the moderate index 
 

Such as growth rate of GDP, the moderate indexs reflect that economic and social development is better, when index value is close to a 

given value. The formula of the moderate indexs ( kix )[10]  is as follow. 

http://www.iciba.com/economic_gain
http://www.iciba.com/Jinan
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The moderate indexs need be confirmed the ideal value. In the paper, according to authoritative document of authoritative institution, 
the deal value of the moderate indexs is given. 

According to http://www.eas.ae.en/html/Dir/2002/04/19/6153.htm.2001.3.15[11], the deal value of growth rate of GDP is 7%. 
According to http:// www.stats-fj.gov.en/tongjinianjian/dz06/html/2113.2004  [12], the deal value of the ratio of fiscal revenue to GDP 

is 25.3% , and  the deal value of the ratio of fiscal expenditure to GDP is 27.1%. 
According to 《the reasonable growth rate of investment in fixed assets is 18% in future》[13] , the deal value of the ratio of primary 

industrial added value to GDP is 10%, and the deal value of the ratio of tertiary industrial added value to GDP is 60%. 
Such as growth rate of GDP, firstly, we seek out the maximal value(13.0%) and the minimum value(7.8%) , then Harbin growth rate of 

GDP 10.0%  in Table 1 and the deal value of growth rate of GDP 7% are substituted in formula (3) . Thus normalized index scores of 
growth rate of GDP may be obtained. The computing result is as follow. 

41d =1 (0.10 0.07) / max[(0.07 0.10), (0.13 0.07)]− − − − =0.5 
Thus the normalized index scores is in Table 2. 
Likewise, growth rate of GDP about the other cities in Table 1 is substituted in formula (3). Thus normalized index scores of growth 

rate of GDP may be obtained about the other cities. And the normalized index scores is filled in Table 2. 
 
3.5 To mark the optimal interval index 
 
The optimal interval index is that a value is reasonable index in a interval. Such as the total index of resident consumer prices, the ideal 

value is in a interval [101%，103%][14]. The formula of the optimal interval indexs (
kix )[8]  is as follow. 
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                        (4) 

Where P is left border of the optimal interval, Q is right border of the optimal interval. 
In Table 1, the total index of resident consumer prices is the optimal interval 101%一 103% except for Harbin and Dalian.     According 

to formula (4), the normalized index score is 1. The total index of resident consumer prices about Harbin and Dalian exceed right border of 
the optimal interval. They are respectively substituted in the second term of formula (3). Thus normalized index scores may be obtained. 
And the normalized index scores are filled in Table 2. 

So far, all indexs have finished normalization. All normalized index scores are in Table 2. 
 

Table 2 All normalized index scores of  ten sub-provincial cities in 2013 

No SCt Ct GZ SZ XA JN NKG HGH NB WUH XMN HRB 

1 

X1 
 

X11 0.776 1 0.070 0.305 0.552 0.558 0.522 0.440 0.407 0 
2 X12 0.205 1 0.030 0.056 0.165 0.182 0.187 0.136 0.387 0 
3 X13 0.206 1 0.021 0.023 0.116 0.120 0.164 0.087 0.368 0 
4 X14 0.231 1 0.031 0.086 0.181 0.196 0.249 0.158 0.284 0 
5 X15 0.356 1 0.020 0.083 0.159 0.140 0.102 0.099 0.221 0 
6 

X2 
X21 0.853 1 0.410 0.552 0.758 0.823 0.844 0.250 0.827 0 

7 X22 1 0.172 0.345 0.386 0.746 1.014 1.189 0.315 0.587 0.345 
8 X23 0.289 0.035 0.116 0.058 0.289 0.347 0.405 0.289 0.786 0 
9 X3 

X31 1 1 1 1 1 1 1 1 1 0.5 
10 X32 0.6 0.4 0.4 0.9 0.2 0.3 0.2 0 0.4 0.7 
11 

X4 

X41 0.417 0.5 0.2 0.583 0.217 0.667 0.867 0.267 0.15 0.5 
12 X42 0.794 1 0.841 0.746 0.825 0.841 0.825 0.921 0 0.873 
13 X43 0.438 0.124 0.610 0.352 0.476 0.295 0 0.733 0.648 0.219 
14 X44 0.785 0 0.883 0.836 0.843 0.756 0.723 0.829 0.679 1 
15 X45 0.397 0.565 0.344 0.817 0.748 0.840 0.725 0.847 0.992 0 
16 X46 0.647 1 0.971 0.353 0.853 0.353 0.588 0.324 0.824 0.147 
17 

X5 

X51 0.028 0.215 0.085 0.017 0.147 0.192 0.198 0.158 0.418 0.011 
18 X52 0.017 0.143 0.234 0 0.063 0.029 0.177 0.074 0.387 0.257 
19 X53 0.16 0 0.45 0.53 0.26 0.33 0.41 0.38 0.09 0.89 
20 X54 0.805 0.768 0.578 0.703 0.643 0.470 0.027 0.346 0.476 0.611 

http://www.eas.ae.en/html/Dir/2002/04/19/6153.htm.2001.3.15
http://www.stats-fj.gov.en/tongjinianjian/dz06/html/2113.2004
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21 X55 0.324 0.381 0.142 0.032 0.285 0.357 0.174 0.312 0.081 0.091 
22 X6 X61 0.407 0.914 0.815 1 0.062 0.136 0.951 0.975 0.247 0 

 
3.6 The method about the weight of the criterion layer in the sub criterion layer 

Firstly, according to multiple feedback of expert judgment, the scaling of the sub criterion layer kia  may be obtained. This included in 
Table 3. 

Then, the relative properties of the sub criterion layer are calculated. The per capita economic results  are taken as an example of the 
quantum and economic benefits. 

In Table 3, the datum of second rows and third columns is 1 1
2l

= , namely l=2 . 2β =  may be select. Then l and β  are substituted 

into the following formula (5). 
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Then, the relative properties of sub criterion layer may be obtained as follow. 

21
1 1 0.2

1 2 2 1
u

βl
= = =

+ × +
 

Finally, 21u  is put into Table 3. 

Then the next, and so on.The other kia  may be obtained. 
Finally, the weight of each sub criterion layer with respect to the criterion layer is calculated. The per capita economic results are taken 

as an example. The weight kv  of sub criterion layer 1X  relative to the criterion layer may be obtained . 

In Table 3, relative attribute kiu  and number of sub criteria (M=6) are substituted into the following formula (6) . 

kv = ∑
=−

M

i
kiu

MM 1)1(
2

                                                                                    (6) 

Then, the weight kv  of sub criterion layer 1X  relative to the criterion layer may be obtained. 

1v = 2 (0 0.8 0.857 0.889 0.909 0.923) 0.2919
6 (6 1)

+ + + + + =
× −

 

Then the next, and so on. The other kv  may be obtained. 
 

Table 3 Scale kia   of six sub criteria, Relative attribute kiu   and weight kv  . 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) 
 aki X1 X2 X3 X4 X5 X6 uki X1 X2 X3 X4 X5 X6 Vk 

1 X1 1 2 3 4 5 6 X1 0 0.8 0.857 0.889 0.909 0.923 0.2919 
2 X2 1/2 1 2 3 4 5 X2 0.2 0 0.8 0.857 0.889 0.909 0.2437 
3 X3 1/3 1/2 1 2 3 4 X3 0.143 0.2 0 0.8 0.857 0.889 0.1926 
4 X4 1/4 1/3 1/2 1 2 3 X4 0.111 0.143 0.2 0 0.8 0.857 0.1407 
5 X5 1/5 1/4 1/3 1/2 1 2 X5 0.091 0.111 0.143 0.2 0 0.8 0.0897 
6 X6 1/6 1/5 1/4 1/3 1/2 1 X6 0.077 0.091 0.111 0.143 0.2 0 0.0415 

 
3.7 The method about weight calculation of index layer to the sub criterion layer 

The same method is used to calculate the same weight about the criterion layer in the sub criterion layer. Weight calculation of index 
layer to the sub criterion layer can be obtained. Weight data are in Table 4. 
 

Table 4 Scale aki  of the sub criterion layer, Relative attribute uki   and weight j
kv′  

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
1 

X1 

aki X11 X12 X13 X14 X15 — uki X11 X12 X13 X14 X15 — jv1′  
2 X11 1 3 4 5 6 — X11 0 0.9 0.923 0.937 0.947 — 0.3707 
3 X12 1/3 1 2 3 4 — X12 0.1 0 0.8 0.857 0.889 — 0.2646 
4 X13 1/4 1/2 1 3 4 — X13 0.077 0.2 0 0.9 0.923 — 0.21 
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5 X14 1/5 1/3 1/3 1 2 — X14 0.063 0.143 0.1 0 0.8 — 0.1106 
6 X15 1/6 1/4 1/4 1/2 1 — X15 0.053 0.111 0.077 0.2 0 — 0.0441 
7 

X2 

aki X21 X22 X23 — — — uki X21 X22 X23 — — — jv2′  
8 X21 1 3 4 — — — X21 0 0.9 0.923 — — — 0.6077 
9 X22 1/3 1 2 — — — X22 0.1 0 0.8 — — — 0.3 

10 X23 1/4 1/2 1 — — — X23 0.077 0.2 0 — — — 0.0923 
11 

X3 
aki X31 X32 — — — — uki X31 X32 — — — — jv3′  

12 X31 1 2 — — — — X31 0 0.8 — — — — 0.8 
13 X32 1/2 1 — — — — X32 0.2 0 — — — — 0.2 
14 

X4 

aki X41 X42 X43 X44 X45 
X4

6 
uki X41 X42 X43 X44 X45 X46 jv4′  

15 X41 1 3 5 6 7 7 X41 0 0.9 0.937 0.947 0.955 0.955 0.3129 
16 X42 1/3 1 3 4 5 5 X42 0.1 0 0.9 0.923 0.937 0.937 0.2531 
17 X43 1/5 1/3 1 2 3 3 X43 0.063 0.1 0 0.8 0.857 0.857 0.1785 
18 X44 1/6 1/4 1/2 1 2 2 X44 0.053 0.077 0.2 0 0.8 0.8 0.1287 
19 X45 1/7 1/5 1/3 1/2 1 1 X45 0.045 0.063 0.143 0.2 0 0.5 0.0634 
20 X46 1/7 1/5 1/3 1/2 1 1 X46 0.045 0.063 0.143 0.2 0.5 0 0.0634 
21 

X5 

aki X51 X52 X53 X54 X55 — uki X51 X52 X53 X54 X55 — jv5′  
22 X51 1 3 4 6 7 — X51 0 0.9 0.923 0.947 0.955 — 0.3725 
23 X52 1/3 1 2 4 5 — X52 0.1 0 0.8 0.889 0.909 — 0.2698 
24 X53 1/4 1/2 1 2 3 — X53 0.077 0.2 0 0.8 0.857 — 0.1943 
25 X54 1/6 1/4 1/2 1 2 — X54 0.053 0.111 0.2 0 0.8 — 0.1164 
26 X55 1/7 1/5 1/3 1/2 1 — X55 0.045 0.091 0.143 0.2 0 — 0.0479 
27 

X6 
aki X61 — — — — — uki X61      jv6′  

28 X61 1 — — — — — X61       1 
 
3.8 The method about weight calculation of index layer to the criterion layer 

After the above calculation process, the weight of index layer to the criterion layer kρ  may be obtained according to the following 
formula (7). 

j
kρ = kv × j

kv′                                                                                  (7) 

GDP of per capita is taken as an example to calculate the weight of the economic development criterion.  1v =0.2919 in Table 3, 
1

1v′ =0.3707 in Table 4 .Then 1
1ρ = 1v × 1

1v′ =0.3707×0.2919=0.1082. 

The other weight of index layer to the criterion layer kρ .  kρ may be obtained in same method. Then 

j
kρ = 1 2 5 1

1 1 1 6( , , , , , )ρ ρ ρ ρ   
=（0.1082,0.0772,0.0613,0.0323,0.0129,0.1481,0.0731,0.0225,0.1541,0.0385,0.0440, 

0.0356,0.0251,0.0181,0.0089,0.0089,0.0334,0.0242,0.0174,0.0104,0.0043,0.0415） 
 
4. Result and discussion 
 

In Table 5, comprehensive index of  economic gain of per capita kz  may be obtained according to the following formula  (8). 

j
k

j
kjk xz ρ∑=                                                                                 (8) 

Such as Guangzhou,  comprehensive index of  economic gain of per capita 1z  is as follow. 
j

j
jxz 111 ρ∑= =0.7761×0.1082+…+0.356×0.0129=0.1245 

Likewise, the other comprehensive index may be computed about Guangzhou. The comprehensive index may also be computed about 
the other cities. Thus all comprehensive indexs are in Table 5. Fnally, the comprehensive indexs may be sorted. 
 

Table 5 All comprehensive indexs of ten sub-provincial cities in 2013 

N Ct GZ SZ XA JN NKG HGH NB WUH XMN HRB 

1 X1 0.1245 0.2919 0.0124 0.0426 0.0875 0.0898 0.0904 0.0698 0.1086 0 

2 X2 0.2059 0.1614 0.0886 0.1113 0.1733 0.2038 0.2211 0.0665 0.1830 0.0252 

3 X3 0.1772 0.1695 0.1695 0.1888 0.1618 0.1657 0.1618 0.1541 0.1695 0.1040 

4 X4 0.0811 0.0746 0.0817 0.0866 0.0804 0.0910 0.0923 0.0883 0.0513 0.0780 

http://www.iciba.com/economic_gain
http://www.iciba.com/economic_gain
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5 X5 0.0139 0.0203 0.0230 0.0172 0.0189 0.0193 0.0191 0.0186 0.0302 0.0288 

6 X6 0.0169 0.0379 0.0338 0.0415 0.0026 0.0056 0.0395 0.0405 0.0102 0 

7 CI 0.6195 0.7556 0.4090 0.4880 0.5245 0.5752 0.6242 0.4378 0.5528 0.2360 

8 sort 3 1 9 7 6 4 2 8 5 10 

 
Where CI is comprehensive index. 

 
5. Conclusion 
 

According to Table 5, the maximal comprehensive index is Shenzhen(0.7556). next is Ningbo (0.6242), Guangzhou (0.6195). The 
minimal comprehensive index is Harbin(0.2360). In ten sub-provincial cities, It indicates that the best of economic development is Shenzhen, 
Ningbo ,Guangzhou, the worst of economic development is Harbin, the middle of economic development is Qingdao and Nanjing. 
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Abstract: Almost all of the existing dynamic task scheduling algorithms adopt the strategy with firstly scheduling and then migrating. 
However, the task migration tends to produce heavier spending sometimes according to load balancing criteria. To solve this problem, 
according to application signal of task and value of the implementation cost for task, the paper proposes the TUPEC algorithm with 
establishing the relationship between the processor cores and tasks in mapping more accurately to avoid task migration. In order to make the 
processor load be balanced as far as possible, the TUPEC algorithm uses the task replication technology to short the empty waiting time of 
processor core. Aimed at the problem of task competition, TUPEC algorithm assigns the task to a processor core which has smaller length of 
local queue at the current time. The results show that the algorithm has much improvement in the performance of overall competing time, 
and the speed-up ratio. 
 
Keywords: dynamic task scheduling; TUPEC algorithm; task competition; task duplication 
 
1. Introduction 
 

At present, due to the improvement in increment of transistor speed, reduction of power consumption and decrement of chip area is 
smaller, single-core processor is almost impossible with the improvement of technological methods to further improve processor speed 
significantly. The emergence of multi-core processors (chip multiprocessors, CMPs) which integrate many processor cores on a same chip 
solves the bottleneck of the development of single-core processors temporarily. In 2006, IBM introduced the first commercial homogeneous 
dual-core processor POWER4.Subsequently, a number of chip manufacturers introduced series products. According to Amdahl Law, 
increasing homogeneous multi-core processors can improve the efficiency of parallel execution program, and cannot improve the efficiency 
of serial parts [1]. As a result, when the efficiency of parallel execution program is close to the peak, increasing some homogeneous 
processors is unable to significantly improve the execution efficiency of multi-core processors. Meanwhile, the requirements of different 
programs for calculating the core performance are different. Driven by these factors, the computer goes into the era of heterogeneous multi-
processor. 

Based on the contact between processor cores, heterogeneous multiprocessor can be divided into two categories: one is master-slave, 
one is fully associative. The master processor (referred to primary core) of master-slave processor has a complete function [2], it is 
responsible for the task assignment to the slave processor (referred to auxiliary core), while the auxiliary core is responsible for a variety of 
application operations. Master-slave multiprocessor is used to Soc system, the most typical is the Cell BE processor developed by Sony, 
Toshiba and IBM. Each core of fully associative multi-core processor can share cache or has their own private cache, the characteristics of 
its structure are that the connection between each processor is same, but the status and performance of processor is not consistent. Each core 
operates independently according to their unique control and calculation functions, without disturbing each other and work together. This 
study expands around fully associative multi-core processor. 

Each processor core of heterogeneous multi-core processor is responsible for achieving different functions, in order to play the 
advantages of each core, the accurate scheduling of operating system must be realized. In other words, the computing capability and 
communication capability of processor core with the tasks to be assigned should match the computing and communication requirements of 
the tasks. Task scheduling of heterogeneous multi-core processor is usually divided into static and dynamic. Static task scheduling 
determines the mapping method with predictive techniques to achieve task assignment, so it has been determined the whole process of task 
scheduling before scheduling. While dynamic task scheduling completes scheduling dynamically and real-timely according to scheduling 
rules, available resources of processors and the nature differences of parallel tasks, and executes task migration between different processor 
cores by combining the indicators such as load balancing, the minimum execution time. Obviously, dynamic task scheduling can adjust in 
real-time according to the situation of task scheduling, so it can play a more effective performance of heterogeneous multicore processor. 

Common dynamic task scheduling algorithms based on task migration time can be divided into two categories. One is the delay 
migration: to reallocate tasks not executed on the processor core according to the requirements, the tasks can be selected according to factors 
such as load balancing. Based on delay task migration, Weimin Zheng, Tsinghua University Professor, proposed a method of task allocation 
then reallocation [3], when the processor is idle, applying non-empty local queue last task of other processor cores to migrate to this queue. 
Although this method is effective in maintaining the load balancing of processors, reducing the task migration between cores, but it does not 
consider the properties of tail task and the dependencies between tasks. The other way is immediate migration: several tasks are scheduled to 
the processor core in batch, the core migrates the task to the appropriate processor core according to the task properties. Based on this 
strategy, Pengcheng Nie, Xidian university, proposed a scheduling algorithm of AS4AMS [4], through the establishment of two-stage queue 
to achieve scheduling some tasks one time, according to the processor judgment of task properties, the task is constantly migrated to the 
appropriate processor core, achieving task load balancing dynamically, but constantly task migration will cause extra overhead of processor 
core. 

Dynamic task scheduling algorithm mainly includes two parts: task assignment and task migration [5]. Task assignment is scheduling 
tasks to processor cores according to the state of cores. Task migration refers to migrating task between different processor cores according 
to load state of processors. Throughout the process of scheduling, dynamic task scheduling algorithm always adjusts the optimization of 
performance according to state information and task information of cores. If the algorithm is too complex, it will generate a lot of overhead, 
and it is not conducive to task scheduling. Therefore, the algorithm should be simple, and can use the necessary forecasting techniques to 
determine the properties of tasks in order to reduce unnecessary task migration. The most typical algorithms using this strategy are MET 
(minimum execution time) and MCT (minimum completion time) [6]. When heterogeneous multi-core processor performs different tasks, it 
not only considers load balancing of processors, but also requires to judging the task properties, at the same time should understand the 
dependencies between tasks and task particle size and other factors. Thus selecting a scheduled task only from scheduling strategy and 
migration opportunity of tasks may cause the processor with strong calculation ability to execute communication intensive tasks. More 
accurate task assignment can reduce the extra overhead of task migration, in order to avoid the extra overhead, this paper proposes TUPEC 
algorithm based on heterogeneous multi-core processor, on the premise of making processor cores to obtain suitable tasks as much as 
possible, maintaining load balancing of processors. 
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2. Processor Model 
 

TUPEC algorithm is based on heterogeneous multi-core processors of fully associative, the computing capability of each processor 
core is not all the same, the communication speed between cores is also not all the same. Since the task may be assigned to any processor 
core, and there are dependencies between tasks, resulting in computing overhead of tasks and communication overhead between tasks are 
different. In order to find an optimal scheduling strategy in these differences, according to processors and task characteristics, task model 
can be formally described as a six-tuple M, in order to achieve scheduling strategy by this six-tuple. six-tuple is represented as: 

M={P,T,TD,CSP,CMT,CMP} 
Among them, the meaning of each parameter is as follows: 

P represents the set of processor cores with number m, 1 2 mP { , , }p p p= …, ; 

T represents the set of tasks with number n, 1 2 nT { , , , }t t t= … ; 

TD represents the calculation set of tasks with number n, 1 2 nTD { , , }td td td= …, , itd  (0 <i <n + 1) represents the calculation 
amount of i-th task; 

CSP represents the calculation speed set of processor cores with number m, m1 2CSP={ , , }pp pcs cs cs…, , jpcs  represents the 
calculation speed of j-th processor core; 

CMT represents a set of traffic between tasks with number n, 1, 1, 1, 2, i1, i2, , , 1, n, nCMT={ }t t t t t t tn t t tcm cm cm cm cm…， … …， , 
ti1,tn2cm  (0 <i1 <n + 1,0 <i2 <n + 1) (task i1t is a precursor task of i2t , ti2, ti1cm doesn’t make any sense, its value is 0), if i1 and i2 are 

equal, the value of ti1, ti2cm is 0; 
CMP represents the set of communicate speed between any two cores on m processor cores, 

1, 1, 1, 2, 1, 2 , 1, n, nCMP={ }p p p p pj pj pn p p pcm cm cm cm cm…， ，…， …， , pj1,pj2cm  (0 <j1 <m + 1, 0 <j2 <m + 1) ( pj1,pj2cm  and pj2,pj1cm  all 

represents the communication speed of processor core j1p  and j2p , their values are equal), if j1 and j2 are equal, the value of pj1,pj2cm  
is 0. 

In order to quantitatively analyze scheduling strategy, this paper uses IN (instruction number) to represent the particle size of tasks 

calculation. Thus, the execution time of task it  on processor core jp is equal to the ratio of instruction number of it  and calculation speed 

of jp ,that is i / pjtd cs , CTpj, ti is the execution time of it  on jp , there is a Eq. (1): 

CT = i i
pj, ti

pj pj

td IN=
cs cs                                                                                                 (1) 

Similarly, the communication time of task i1t on processor core j1p and task i2t on processor core j2p can be written as 
CMTpj1, pj2, ti1, ti2 (communication time), j1p  and j2p  are two different cores, there is Eq. (2): 

2CMT = ti1, ti
pj1, pj2, ti1, ti2

pj1, pj2

cm
cm                                                                                           (2) 

It is noteworthy that, if the task i1t on processor core jp is an independent task, it indicates that i1t  doesn’t need to communicate 
with other tasks, its communication overhead is 0. 
 
3. TUPEC Algorithm 
 
3.1 Basic algorithm 
 

TUPEC algorithm includes two parts: the urgency of task scheduling and implementation cost of processor cores. The two parts are 
recalculated before each processor core schedules task, the task scheduling is decided by the calculation results. Before introducing TUPEC 
scheduling algorithm, first giving the scheduling model which is depended by TUPEC scheduling algorithm. Classic dynamic task 
scheduling algorithm is to maintain a global task scheduling queue, the head element of queue has the highest priority. And if only 
maintaining a global task scheduling queue, at this time a processor core which is idle executes task scheduling. This demand scheduling 
method doesn’t consider performance of processor cores and task characteristics, it obviously violates a fundamental principle that 
heterogeneous multi-core processor schedules correct tasks to correct cores, because scheduling the head element of queue to idle core may 
not meet the shortest execution time of all tasks. To solve this problem, this paper proposes a two-level scheduling structure: global list 
structure and local scheduler queue of processor cores. Global list stores all the tasks which wait to be scheduled on processors, each core 
has a local scheduler queue which stores the set of tasks that has been scheduled to cores. Specific scheduling process is shown in Figure 1, 
in which the arrow indicates the direction of task scheduling: 
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Figure. 1 Task scheduling graph 

When a new task is generated, it is inserted in the tail of global list. Tasks in the global list at this time have not been assigned a variety 

of resources and are in waiting state. While the new task it  is inserted into the list, it sends application signals of waiting to be scheduled to 

all processors, is  represents the application signal, 0s represents its initial value. Processor core records the number of task it , the 

application signal is  and the initial value 0s . is  issued by it  reflects the urgency of task desired to be scheduled, the value of application 

signal is is larger, so the urgency of task desired to be scheduled is higher. is  of task it  is related to application signal initial value 
0s ,waiting time iwt  and priority ipr  of task it . 

 0 i isi s wt pr= + +                                                                                         (3)    

Parameter iwt in Eq. (3) represents the waiting time of task it  after entering the global list, the value of 0s is shown below. 

The priority ipr  of task it  depends on the number of task dependencies. To facilitate comparison, the priority ipr  of task it  is 

equal to the product of task average execution time CT and iDTN (Depend Task number), that is: 
i i= *pr CT DTN                                                                                             (4) 

From Eq. (4), as time increases, the number of dependent tasks may increase, the priority of task also increases, while waiting time of 
the task increases with the increment of time, so the degree of task expects to be scheduled is greater. 

Each processor core maintains a value vector of implementation cost, processor core calculates implementation cost of every task in 
global list and stores them in the value vector of implementation cost. Tasks once generate and immediately enter the global list, then issue 
task scheduling application signal. Processor core computes task application signal at present time and stores it in the corresponding fields 
according to Eq. (3), while inserting the task value of implementation cost into the end of the value vector and setting it to -1, which means 
the core doesn’t compute the implementation cost value of tasks. For ease of description, the implementation cost value vector of processor 

core jp  is jθ .If the current global list has m tasks, so { }j j, 1 j, i j, mθ = θ θ … θ，， ，… ， , j, iθ represents the implementation 

cost value of jp to task it . The value vector of implementation cost depends on the computation overhead and communication overhead. 

The computation overhead of it  on jp  is shown in Eq. (1). 
In this paper, the task calculation and communication between tasks both use off-line analysis techniques HASS, proposed by Shelepo 

et al, they are speculated on the basis of the code segment architecture properties before the program runs [7] [8].About techniques of offline 
analysis and online scheduling, Ozturk O et al proposed that different scheduling mechanisms could be designed according to the system 
requirements [9], this does not go into detail. 

Now assumed that task it need communication with k (1 <k <m) tasks, with tiCMT represents the sum of communication overhead 

between it and k tasks, it can be expressed as 

1

CMT /
m

ti ti, tk pj, ph

k

cm cm
=

= ∑
                                                                              (5) 

Among them, kt  represents the tasks which communicate with it , hp represents the processor core that task kt  is scheduled, if it  

and kt  on the same core, the communication overhead between it  and kt  is 0. 

The implementation cost j, iθ of task it  is determined by CTpj, ti  the calculation overhead of it  on the processor core jp and 
tiCMT  the communication overhead with the other processor cores, it can be further expressed as: 

= + CT + CMTj, i tipj,tiθ δ α β                                                                      (6) 

Among them,δ α β、 、  are all parameters, δ generally takes 0, if communication and calculation of task it  are equal, then it  is 
defined as a common task, the Eq. (6) can be simply written as: 

=CT +CMTj, i tipj,tiθ                                                                                    (7) 

If task it  is a compute-intensive task, in order to make it  to be scheduled to a processor core with stronger calculation ability, in the 

case of β  with normal value, the probability of scheduling is usually increased by reducing the value of α .To avoid the proportion of 

tasks computation overhead reduces too much, under normal circumstance, the value range of α  is from 0.5 to 1.0. From Eq. (6), 
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CTpj, ti of processor core with stronger calculation ability is smaller, the weight of CTpj, ti can be reduced by giving smaller value to α , 
thus facilitating the tasks with large calculation be scheduled to processor cores with stronger calculation ability. 

If task it  is a communication-intensive task, in general, it is scheduled to the processor core with weaker calculation ability or stronger 

communication ability. Under normal circumstance, α is a normal value, the range of β  is from 1.0 to 1.5. Due to the weight of 

communication overhead β  increases, the communication overhead of processor core communicated with jp  at a larger rate increases in 

a lesser extent, so it  is easier to be scheduled to a processor core which communicates with jp  at a larger rate. In the case of the same 

communication rate, the difference of processor cores with stronger and weaker calculation ability for the implementation cost of it  is less. 
If the computing-intensive tasks or common tasks are to be scheduled, the processors with stronger calculation ability priority select these 
tasks. 

When a task enters the global list, to avoid extra overhead generated by interrupting processor core, the processor core does not 
immediately calculate the implementation cost value of task until the core schedules tasks, and scans global list to calculate the value, for the 
tasks which has been known the value are not recalculated. Processor cores based on the scheduling rule schedule tasks, and wake up other 
cores to calculate the implementation cost value of tasks in global list. When the task is scheduled to the local queue of processor core, the 
processor clears the implementation cost value of scheduled tasks and notifies other processors to clear the value of the task. 

It is worth noting that the implementation cost value of task in every processor core is -1 when the task enters the global list. If the task 
dependencies are not scheduled to the local queue of processor core, then the implementation cost value of the task in every processor cores 

is still -1.When the implementation cost value of task it  in the vector of processor core jp is - 1, it represents it  cannot be scheduled, it 

can avoid task it  is scheduled to processor core prematurely, leading to wait for the execution of task dependencies. 

When the processor core jp schedules task it , it notifies the other processor cores of updating the implementation cost value of tasks 

which depends on it . If the dependent task kt also depends on task k1t , and k1t is not scheduled, so the implementation cost value of 

dependent task kt  is still -1 and not to be updated. 

If it is an independent task, it represents it does not communicate with other tasks, when processor core jp  schedules task it , 
jp only requires to calculate the implementation cost value of the task, the Eq. (6) evolves into 

=CTj, i pj,tiθ                                                                                        (8) 
Processor core schedules the task of global list into the processor core local queue according to the implementation cost value and 

application signal of task. Assumed that processor core jp  needs schedule tasks, for task it  which meets the scheduling condition in 

global list, if the implementation cost value of jp to task it  is smaller, the application signal of it  is larger, so the probability of it  which 

is scheduled to jp  is greater. In order to quantitatively analyze the probability that task it is scheduled, the probability of it  scheduled to 
jp  is P( , )j, i isθ , P( , )j, i isθ can be further described in detail as: 

+
P( , )= i

j, i i
i j, i

ss
s

θ
θ                                                                                 (9) 

When the processor begins task scheduling, this time is time 0, if the initial value 0s is 0, so application signal value is  is 0, the task 
scheduling probability of each processor is 0, it cannot reflect the related information about task scheduling. To this end, when the task 

enters the list, the initial signal 0s is set to 1, so the probability of initial moment is not 0. 
In order to ensure the processor core in spare time can take the initiative to accept tasks and in busy time can stop receiving tasks, for 

processor core local task scheduling queue, setting the enqueue threshold inL and stop enqueue threshold stopL , and 
in stopL L≤ . inL represents the minimum execution time of processor local scheduling queue, when the total execution time of processor 

local scheduling queue is less than inL , the processor must schedule tasks, otherwise the processor is idle. stopL represents the maximum 
execution time of processor local scheduling queue, when the processor executes task scheduling, if the total execution time of task 

scheduling is greater than stopL , then stopping task scheduling. In order to facilitate the calculation, the execution time of task only 
includes the calculation time of processor core, does not include the communication time between tasks and the calculation time of the task 
being executed currently. 

The length of processor core local queue determines the final scheduling effect of TUPEC algorithm, therefore the value of inL  and 
stopL is critical. In order to simplify scheduling, it is assumed that inL  and stopL  of each processor core are equal. The selection of inL  and 
stopL  should base on the actual situation. Considering the various calculation rate of each processor core, the value of inL  should be greater 

than or equal to the execution time of tasks with maximum calculation on processor core with weakest calculation ability, it guarantees any 

processor core at any time can maintain a task that waits to execute, but the value should not be too large. The selection of stopL should be 
moderate, if the value is too small, the processor core executes task scheduling in smaller interval and switches frequently for task 
scheduling, resulting in the waste of processor resources. If the value is too large, it leads to scheduling too many tasks at once, due to the 
scheduled task is no longer reallocated, it may lead to some unreasonable task scheduling, the results of scheduling cannot satisfy the change 
of processor core status and the relationship between tasks. 

3.2 Tasks Competition 
According to task scheduling rules, the processor core selects task according to the task scheduling probability, here two or more cores 

may select the same task to schedule. If the tasks scheduling probabilities are not equal, the processor core with larger scheduling probability 
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will priority schedule task; if the probabilities are equal, then the processor core may occurs tasks competition. To solve the problem of tasks 

competition, this paper introduces the concept of LBD (Load Balance Degree). The jLBD of processor jp is defined as follows: 
=j Pj pj, tiLBD CT CT+                                                                               (10) 

PjCT represents the total calculation time of tasks to be executed on jp , pj, tiCT represents the calculation time of task it executing on jp . 
When the tasks competition occurs, the first step is to calculate load balance degree of competing processor cores, if the value is larger, 

it represents the task calculation of processor cores is larger. Therefore, it is necessary to assign tasks to processor core with minimum load 
balance degree, thus balancing the load of processors. The minimum load balance degree of the processor core is calculated as follows: 

1 1
min{ } min{ }

p p
j Pj pj, ti

j j
LBD CT CT

= =
= +

                                                                (11) 
In which, p represents a set of competing processors, | |p  represents the number of competing processors, | | |P|p ≤ ( | |p represents the 

total number of processor cores). If a number (greater than or equal to 2) of load balancing degree is equal, then a random method is used to 
select one. 

3.3 Tasks Duplication 

If processor core jp  is ready to execute task it , but communication exists between task it and task kt which is ready to be executed 

by processor core hp . hp  cannot execute task kt until task it is executed completely. In order to short the empty waiting time of hp , it 

is necessary to ask whether the tasks on other processor cores wait for communicating with it or not before task it  is executed. If the tasks 

on other processor cores communicate with task it , then considering whether it  can be copied directly to the other processor cores (not 
into the processor core local queue)[10]. Without considering the cost of task duplication, two kinds of situations are discussed according to 

the properties of task it : 

(1) if it  is an independent task, it needs to consider the relationship between the execution time of it  on core hp  and the 

communication time of task it  and kt , that is, to compare CTph,ti with CMT hpj, p ,ti,tk : 

If CMT hCTph,ti pj, p ,ti,tk< , task it  is copied to processor core hp , otherwise, it is not copied. 

(2) if it  is a dependent task, it needs to consider the communication overhead of tasks which are copied to core processor hp  and 

dependent tasks of it , if it  is copied to hp , then the sum of communication overhead of it  and its predecessor task and calculation 

overhead of it on processor core hp  is less than communication overhead of task it  and kt , that is 

 

k

j

ph, pj, ti, tk ph, ti pj, ph, ti, tkCMT CT CMT+ <∑
                                                           (12) 

So copying the task to processor core hp , otherwise it is not be copied. 
Algorithm 1 algorithm of processor core computes the scheduling probability  
1）task entries the global list 
makeTask() 
inGlobalLinkedList(task) 
2）initialize the processor cores 
for j in processors 
record(task) 
initS(task, j) 
initCT(task, j) 
3）calculate the scheduling probability 
if(CTj<Lin) 
  Loop：for i in tasks 
Calculate S(ji); 
Calculate CT(j, i); 
Calculate P(j,i);  
task max=maxTaskP(j); 
4）judge whether there is tasks competition 
Task t, Processors p=getOtherProcessor(); 
if（max==t） 
Ldb=CalculateLDB(P) 
Save(Ldb) 
for ldb in LDBS 
Processor [] p=chooseMinLdb(); 
if  p.size() is 1 
Peocessor minP=minProcessors.eachfist() 
then 
Peocessor minP=random(p) 
5）schedulea task to a processor core 
scheduleTask To Processor(j, i) 
delete the application signal on processor cores 
if Lp>Lstop //stop scheduling 
for j in processors              

javascript:void(0);
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for i in tasks //tasks represent the set of task scheduling  
remove S(j, i) 
7）update the local queue tasks of processor cores 
for j in processors              
for i in processor Queue 
           update S(j,i); 
updateCT(j,i); 
update P(j, i);  
Algorithm 2 algorithm of tasks duplication 
1）task i is scheduled to processor core pj and prepares to be executed 
for pm in processors 
if pm is empty()&&!CMTi, pj, n, pm 
if i is independent&&CTi, pm<CMTi, pj, n, pm 
Duplication Task(i, pm) 
if i is dependent &&CTi, pm<CMTi, pj, n, pm+Sum(CMTi, pj, i-k, pi-k) 
Duplication Task(i, pm) 

 
4. Experiments 
 

In order to better compare the effect of task scheduling, the classic algorithms MET, MCT and TUPEC use the same enqueue threshold 

inL and stop enqueue threshold stopL . The settings of inL  and stopL  should be based on the number of tasks, the dependence 
relationship between tasks, the calculation and communication capabilities of processor cores and other factors. To simplify the discussion, 

in this paper inL ensures that there is at least one task waiting to be executed on any processor core, except for the executing task. 
stopL depends on the number of tasks . 

 
4.1 performance evaluation parameter 
 

TUPEC algorithm uses two-stage structure for task scheduling, when the local queue length is less than inL , task scheduling is start, 
and the algorithm uses task duplication to reduce the empty waiting time of processor cores, so the absolute value of local queue length and 

the average queue length is in range of inL  and stopL , the processor basically is in load balancing [11]. In order to evaluate the 
advantages and disadvantages of TUPEC algorithm, the speedup ratio is used as the performance evaluation parameter in the paper. 

Speedup ratio Speedup: the ratio of the minimum sum of calculation overhead of all tasks serial executed on the processor core whose 
calculation ability is equal to average and the total time of tasks makespan [12]. Speedup is defined as follows: 

1
( , )

n

i j
i

compute t p
Speedup

makespan
==
∑

                                                                        (13) 
 
4.2 experiment comparison 
 

The experiment in this paper is based on simics experimental platform of linux system, modifies the linux2.6.21 kernel to realize 
TUPEC algorithm, and compares the results got from the simics with MET algorithm, MCT algorithm. The heterogeneous characteristics of 
multi-core processors are reflected by calculation speed of processors, and the calculation speed of processor is adjusted by adjusting the 
basic frequency of the processor core. The CCR (Communication to Computation Rate) is set to 1.0. In this paper, the experimental data 
uses TGFF to generate dependent task graphs, the number of generated tasks is respectively 20, 40, 60, 80, 100, 120, 150 the eight DAG 
graph, each group generates 200 DAG graphs. 

According to task properties, the task is divided into 3 kinds: compute-intensive task, communication-intensive task and common task. 
To study the influence of task properties on algorithm, first setting the processor core parameters, it is assumed that the number of processor 
cores is four, the implementation rate and communication rate of each processor is set as shown in Table 1. 
 
4.2.1 Speedup of Common Task   
 

The ratio of average computation overhead and average communication overhead to the common task is between 0.5 and 1.5. In order 
to compare the experimental results reasonably, the random value randomly generated from 0.5 to 1.5 is used as the parameter of DAG 

graphs generated by TGFF tool. The parameters α β、  in Eq. (6) are set to 1.The generated task set is the input, respectively executes the 
algorithm of TUPEC, MCT and MET, according to experiment results finding out the Speedup of three algorithms. The Speedup of three 
algorithms in different number of tasks is shown in Figure 2. 

 
Table 1 System setting 

 
 Computation Resource Processing Speed/MIPS Communicating Speed/MIPS 

Core 1 3000 3000 
Core 2 4000 4000 
Core 3 5000 5000 

Core 4 6000 6000 
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Figure. 2 the Speedup of common task in different number 

 
 
As can be seen from Figure 2, Speedup of three algorithms gradually increases with the number of tasks increases, in which the 

increment of TUPEC algorithm is more significant, because it not only considers the ratio relationship between communication and 
calculation of tasks, but also can further optimize task scheduling according to task dependencies. Because MET only considers the 
calculation overhead of the current task, and the dependencies between tasks are more complex with the number of tasks increases, it is 
likely to cause the processor core appear empty waiting, so the Speedup increases slowly as the number of tasks increases. MCT algorithm 
considers the communication relationship between task and its predecessor tasks, thus it is better than MET algorithm. 
 
4.2.2 Speedup of communication-intensive task 
 

The average communication overhead of communication-intensive tasks is 1.5 times larger than the average computation overhead. In 
order to obtain a better comparison, the ratio parameter of average communication overhead and average computation overhead is set to 2.0, 

using TGFF to generate DAG graphs. In Eq. (8),α  is set to 1, β  is set to 1.5.Running the three algorithms, the result is shown in Figure 3. 

 
Figure. 3 the Speedup of communication-intensive task in different number 

As can be seen from Figure 3, the Speedup values of MET algorithm and TUPEC algorithm gradually increase with the number of 
tasks increases. when the number of tasks is smaller, the dependencies between tasks is relatively simple, and task computation is less than 
or much less than the communication between tasks, the calculation time of task produces a smaller impact on the total execution time of 
task, and TUPEC algorithm adjusts task scheduling sequence according to the number of tasks which are depended on, so the scheduling 
results of TUPEC algorithm may not guarantee the total completed time of current tasks is minimum, the speedup should be less than MET 
algorithm. With the number of tasks increases, the dependencies between tasks become more complex, if not considering the effect of 
successor tasks to task scheduling sequence, it may lead to the processor core appears empty waiting, so Speedup of TUPEC algorithm is 
larger than the other two algorithms. Due to the average communication between tasks is larger than the calculation of task, MCT only 
considers the task calculation overhead, it may cause the processor core to wait for a long time, with the number of tasks increases, even 
there appears the case of speedup is less than 1. 
 
4.2.3 Speedup of compute-intensive task  
 

Average calculation overhead of compute-intensive tasks is 1.5 times larger than average communication overhead. In order to get a 
better comparison, the ratio parameter of average calculation overhead and average communication overhead is set to 2, using TGFF to 

generate DAG graphs. In Eq. (8),α is set to 0.5, β  is set to 1. Running the three algorithms, statistical results, the results are shown in 
Figure 4. 

As can be seen from Figure 4, with the number of tasks increases, the Speedup values of three algorithms gradually increase. When the 
number of tasks is less, MCT algorithm allocates tasks with larger calculation to processor core with stronger calculation ability, and to 
some extent, it accelerates the speed of task execution. As the number of nodes increases gradually, the communication relationship between 
tasks becomes complex, TUPEC algorithm considers the communication between task and its precursor tasks, optimizes task scheduling 
sequence from be dependencies, so Speedup of TUPEC algorithm increases obviously, its speedup is greater than the other two algorithms 
in a number of tasks. And MET algorithm only considers the complete minimal time of current tasks, due to not considering the 
communication relationship between the successor tasks and current tasks, thus the time may not be the current minimum execution time, 
the Speedup of TUPEC algorithm is larger than MET algorithm. 
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Figure 4. the Speedup of compute-intensive task in different number 

 
5. Conclusion 
 

The paper uses global list and processor core local queue as the scheduling structure of heterogeneous dynamic task scheduling 
algorithm, uses task application signal and the implementation cost value of task as a criterion of task scheduling, according to the 
relationship of processor core local queue length and local queue enqueue and stop enqueue values decides task scheduling time, it can 
dynamically schedule tasks from the global task list to the processor core local task scheduling queue. Experimental results show that, 
compared with MCT and MET algorithm, when the number of tasks is larger, the TUPEC algorithm has a great improvement in the 
performance of total completion time and speedup. 
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Abstract: In network optimization process, firstly the corresponding radio propagation model is selected based on the wireless communica-
tion environment of the prediction area, then the pass loss of base station signal strength in estimated area is estimated according to the 
parameters in radio propagation model. Therefore, the choice of wireless propagation model directly affects the accuracy of network 
optimization. A correction method for the wireless transmission model and an estimation method for path loss of base station signal strength 
are provided in this paper. Firstly, the radio propagation model corresponding to the typical regional type according to the belongingness of 
the prediction region is selected. Secondly, the parameters of the selected radio propagation model are calculated to get the modified radio 
propagation model based on the transmitted power of base station in prediction region, the signal strength of measuring point, the distance 
between the base station and the measuring point in the direction of radio propagation path, and the selected wireless propagation model. 
Finally, the signal strength of measuring in the direction of the modified wireless propagation pass is estimated based on the transmitted 
power of base station, the distance between the base station and the estimated  point in the direction of radio propagation path, and the 
modified wireless propagation model. The above method can accurately simulate the radio propagation environment of the predicted area, 
and improve the prediction accura-cy of the signal strength path loss of the base station which is close to 100%. 
 
Keywords: Radio propagation model; pass loss; station signal strength; transmitted power; wireless network optimization 
 
1. Introduction 
 

In the building process of wireless communication system, on one hand, the operators undertake a large amount of infrastructure 
construction funds for wireless network. On the other hand, the performance of the wireless network will changes along as the building and 
operation of wireless network alters through the whole building process of the wireless network[1-3]. Therefore, in order to reduce the cost 
and improve the network performance based on the guarantee of the access of operator to the wireless network and the network performance, 
it is necessary to make accurate and effective network optimization. In the processing of network optimization, firstly the corresponding 
radio propagation model is selected based on the wireless communication environment of the prediction area, then the pass loss of base 
station signal strength in estimated area is estimated according to the parameters in radio propagation model. Therefore, the choice of radio 
propagation model directly affects the accuracy of network optimization. The radio propagation model is defined as follows. Corresponding 
to different wireless propagation model, under the condition that several typical regional types are selected, the mathematical relationship 
which is used to describe the relationship among the wireless transmission path loss, the frequency, the distance and the antenna height is 
obtained by the statistical analysis and induction based on a lot of measured results[4-5]. The radio propagation model provides simulation 
for the wireless propagation environment. Due to the fact that different prediction regions have different wireless propagation environments, 
the above method can make precise simulation for the wireless propagation environment of prediction region only when the prediction 
region belongs to the typical regional types[6]. So, the above method cannot make precise simulation for the wireless propagation 
environment of prediction region in the atypical regional type, which will lead great error when estimate the pass loss of base station in 
prediction resign. 
 
2. Traditional path loss estimation methods 
 

Focus on the problem that it is necessary to improve the simulation accuracy of the wireless propagation environment of prediction 
region in the atypical regional type, the processing theory of traditional methods is to make local modification for the wireless propagation 
models of typical regional types. And the pass loss of base station in prediction resign is estimated based on the modified wireless 
propagation environment[7-10]. The specific amendment method is described as follows. Firstly, the typical regional type of the prediction 
region is determined and the corresponding radio propagation model is selected according to the specific landform and the number of base 
stations in the prediction region. Secondly, in the prediction region, the undetermined parameters in the radio propagation model are 
calculated based on the multiple signal strength measured values of several measured points through the receivers. Namely, the correction 
factors are obtained by averaging the weighted average of the measured values. Thirdly, the modified radio propagation model is applied in 
the measured points in the prediction region to make signal strength estimation for the measured points, which estimates the path loss of 
signal strength of base station in prediction region[10-16]. 

The disadvantage of the above modified method is that different pass loss can occur when the signal strength of base station propagates 
in the direction of different wireless propagation paths. Because it has complexity for the signal to propagate in wireless propagation paths 
in wireless environment, the signal transmitted by the base station propagates through different radio propagation paths and reach the 
receiver after linear propagation, reflection or scattering, which lead to the path loss of the base station signal is different in the direction of 
different radio propagation paths. However, the existing correction methods are applied to modify the same correction factor, which obtain 
the same modified radio propagation model. So, it cannot make accurate simulation for the radio propagation model of prediction region, 
which makes great error of the estimated pass loss of signal strength of base station. 
 
3. Path loss estimation methods 
 

Firstly, select the radio propagation model corresponding to the typical area type to which the estimated area belongs. The typical area 
types include urban area, rural area and regional specific terrain. The unknown parameters in the selected radio propagation model are 
calculated based on the transmitted power of base station, the signal strength of measured point, the distance between the base station and 
the measured point in the direction of radio propagation path and the selected  radio propagation model to obtain the modified radio 
propagation model. If the estimated point of one path is located in the propagation region which is formed by two adjacent radio propagation 
paths, then judge if the included angle between the direction of the path and one direction of the two wireless propagation paths is beyond 
the preset accuracy range. If not, the modified wireless propagation model of the current wireless propagation path is selected for the 
estimated points on the path. Otherwise, the modified wireless propagation model of the other wireless propagation path is selected for the 
estimated points on the path. 
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Then, the signal strength of every estimated point in the direction of the selected radio propagation model is estimated according to the 
transmitted power of base station , the distance between the base station and the measured point in the direction of radio propagation path 
and the obtained modified radio propagation model. And then judge if the signal strength of every estimated point in estimated area in all 
direction of the propagation path are obtained, if not, continue to perform the above steps, otherwise, finish the current processing flow. The 
specific flow chart is shown as Fig.1. 

Select the radio propagation model 
corresponding to the typical area type to 

which the estimated area belongs

The unknown parameters in the selected radio propagation model are 
calculated based on the transmitted power of base station, the signal 

strength of measured point, the distance between the base station and the 
measured point in the direction of radio propagation path and the selected  
radio propagation model to obtain the modified radio propagation model

The signal strength of every estimated point in 
the direction of the selected radio propagation 
model is estimated according to the obtained 

modified radio propagation model

 
Judge the signal strength of 
every estimated point in 
estimated area in all 
direction of the propagation 
path are obtained

End

Yes

No
 104

 103

 102

 101

 
Figure. 1 flow chart of the estimation of estimated point signal strength 

In the above method, make modification for the same selected radio propagation model in all the directions of the radio propagation 
path when calculating the coefficients in the radio propagation model, or make modification for more than one and different selected radio 
propagation models. In the processing of modification, set more than one measured point according to the different distance to base station 
in the direction of the same radio propagation path to make interval division by the obtained distance between the adjacent two measured 
points. And then, the above radio propagation model is modified within the interval. 

Among them, the specific modification operation for the factor in radio propagation model is as follows. The unknown parameters in 
the selected radio propagation model are calculated based on the transmitted power of base station in the prediction area, the signal strength 
of the measured point within the interval in the direction of radio propagation path, the distance between the base station and the measured 
point, and the selected radio propagation model to obtain the modified radio propagation model. Or the unknown parameters in the selected 
radio propagation model are calculated according to the transmitted power of the previous measured point, the signal strength of the 
measured point within the interval in the direction of radio propagation path, the distance between the previous measured point and the 
current measured point, and the above radio propagation model to obtain the modified radio propagation model. 

Finally, the obtained signal strength of all the measured points in the estimated area are used to generate the signal coverage area of the 
base stations in the prediction area. 

The proposed method consider the fact that the base station signal propagates in the direction of different radio propagation model will 
lead to different path loss when estimating the path loss of signal strength of base station, and then set one measured point for the path 
direction of every radio propagation model to modify the radio propagation model, namely, in the direction of different radio propagation 
path, the correction factors in different direction of the radio propagation model are obtained by the signal strength of each measured point 
measured by the receiver. The modified radio propagation model in different direction which is corrected by obtained correction factors can 
accurately reflect the wireless propagation environment corresponding to different radio propagation path in different direction. 

Set more one measured point to make modification within different interval in the direction of every radio propagation model in the 
prediction area. Namely, the correction factors of radio propagation model within different interval are obtained by the signal strength of 
every measured point with different location in the base station which is measured by the receiver in the direction of the same radio 
propagation path. After then, the modified radio propagation model within different interval which is achieved by the correction factors can 
accurately reflect the radio propagation environment which is in the direction of the same radio propagation path and are located in different 
place of the base station. 

To sum up, the above method can accurately simulate the wireless propagation environment of the estimated region, thus improving the 
accuracy of the path loss estimation of the signal strength of the base station. 
 
4. Concrete implementation methods 
 

The fundament thought of the proposed method is as follows. Firstly, Considering the specific circumstances that different path losses 
can be obtained when the base station signals propagate in different radio propagation paths, the typical area type to which the prediction 
area belongs is determined based on the specific landform of prediction area and the number of base stations, and then the wireless 
propagation model is selected corresponding to the determined typical area type. Secondly, by making use of the receiver to measure the 
signal strength of each measured point in the direction of the radio propagation path, the correction factors of wireless propagation model 
are gotten according to the antenna angle gain, the transmitted power of base station, the signal strength of measured points and the distance 
between the base station and the measured point in the direction of radio propagation path. Thirdly, the radio propagation model obtained 
from the modified coefficient is used to estimate the signal strength of each predictor in the direction of the radio propagation path[17]. 
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The above method is achieved by modifying the wireless propagation model in one direction of the wireless propagation path according 
to the modification factor. And then, by utilizing the modification method, the wireless propagation model in the direction of the entire 
wireless propagation paths in the prediction area is obtained and the signal strength of prediction point in the direction of every wireless 
propagation path is calculated to get the path loss of the signal strength of base station in the prediction area and the signal strength coverage 
of the base station[18]. 

As shown in figure1, the same selected wireless propagation model is modified in the direction of entire radio propagation path in the 
prediction area when a measured point is set in the direction of a wireless propagation path. At the moment, the method for estimating the 
path loss of the signal strength of the base station comprises the following steps. 

Step 101: the wireless propagation model 
({ })if a

is selected corresponding to the typical area type to which the prediction area 
belongs. The typical area types include two major categories, namely, the urban areas and the rural areas. The urban areas include three 
types, namely, the dense urban areas, the common urban areas, and the suburban areas. Specific description is as follows. 

The dense urban areas are the region in which the average height and average density of buildings are significantly higher than those in 
the urban area, the terrain is relatively flat, and most architecture is mid-high rise buildings. 

The common urban areas are the towns in which the average height and average density of buildings is the same as those in the urban 
area, the economic is more developed, there are many buildings. 

The suburban areas are the small towns which are located in the urban fringe area. There are fewer buildings, and most architecture is 
low rise buildings. The economic is ordinary, and there are some buildings. 

The countryside areas are the isolated villages. There are few buildings and many pieces of open land. 
In addition to the above four types, the typical regional types include the specific terrains such as the region of mountains, forests, lakes, 

seas and islands. The specific terrain of each region exist the corresponding wireless propagation model. 
Step 102: when the same wireless propagation model is selected in the direction of the entire radio propagation path in the prediction 

area, the transmitted power of base station, the signal strength of measured point, the distance between the base station and the measured 

point in the direction of radio propagation path are input into the selected wireless propagation model
({ })if a

 and the undetermined 
parameters and correction coefficient in the wireless propagation model are calculated . Among them, the undetermined parameters which 

need calculating are expressed as ia
, 1, 2,3i n=  , n  is the number of the undetermined parameters. 

Among them, the transmitted power of the base station in the prediction area is tP
, the signal received by receiver in the measured 

point is rP
 when the base station signal reach the measured point by attenuating in the direction of the radio propagation path, namely, the 

signal strength of the measured point is rP
.In the direction of the radio propagation path, the distance between the measured point and the 

base station is d , 
( , , )t rg P P d

 is the inverse function of 
({ })if a

. And then, the transmitted power of the base station in the 

prediction tP
, the signal received by receiver in the measured point rP

 and the distance between the measured point and the base 

station d are input into the above wireless propagation model, namely, the undetermined parameters ia
( 1, 2,3i n=  , n  is the 

number of the undetermined parameters.) are calculated by the formula 
{ }( )( , , )t r ig P P d f a⇒

, and then the modified radio 

propagation model 
{ }( )if a

 in the direction of the radio propagation path is obtained. 
Step103: the signal strength of each measured point in the direction of the radio propagation path is estimated based on the transmitted 

power of base station, the distance between the measured point and the base station in the direction of the radio propagation path and the 

obtained modified radio propagation model
{ }( )if a

. Among them, according to the radio propagation model
{ }( )if a

, the 

transmitted power of base station in the prediction area tP
, and the distance between each measured point and the base station 

jd
( 1, 2,3j m=  ) are input into the formula 

{ }( )1 , ,ri i t jP f a P d=
( 1, 2,3j m=  ) to calculate the signal strength of 

each measured point in the direction of radio propagation path. m is the number of the measured points. 
Step104: judge if the signal strength of every measured point in the direction of the entire radio propagation path are obtained. If not, 

go on carrying out Step101~Step103 until the signal strength of every measured point in the direction of the entire radio propagation path 
are obtained. Otherwise, end current processing flow. 

Utilize Step101~Step104 to obtain the path loss of base station signal in the direction of radio propagation path in the prediction area, 
and then the coverage of the signal intensity of the base station in the predicted area is obtained. 

More than one selected wireless propagation models are modified in the direction of entire radio propagation path in the prediction area 
when a measured point is set in the direction of a wireless propagation path. 

When the receiver carries out actual measurement along the predetermined path and the measured points in a moving path are located 
in the propagation area formed by the direction of the adjacent two radio propagation paths, the measured point is not set on the path 
according to the actual measurement requirement of the receiver. Therefore, the wireless propagation model cannot be modified according 
to the measured points. Furthermore, two wireless propagation paths corresponds to two modified wireless propagation models, and the two 
modified radio propagation models are different. Therefore, between Step102 and Step103, there is a step to judge which one is selected 
from the two modified wireless propagation models for each measured point in the direction of the path according to the preset accuracy 

range∆β and the included angle between the above two radio propagation paths, namely, the angular increment∆α corresponding to the 
direction of the above propagation path, and then the signal strength of each measured point is estimated based on the selected wireless 
propagation model. 
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Among them, the direction of the wireless propagation path is determined according to the accuracy. When the accuracy is 1 degree, it 
propagates in 360 directions. When the accuracy is 0.5 degree, it propagates in 720 directions. When the accuracy is 0.1 degree, it 
propagates in 3600 directions, and so on. 

The specific judgment operation includes the following steps. 
Step 105a:  judge if the included angle between the path and one wireless propagation path direction of the above two wireless 

propagation path directions ∆α  is beyond the preset accuracy range∆β . If not, carry Step105b. Otherwise, carry out Step105c. The 
process is shown in Fig.2. 

The selection of measured points in 
this path corresponds to the modified 

wireless propagation model in the 
direction of current wireless 

propagation path

 
Judge the included angle 
between the path and one 
wireless propagation path 
direction is beyond the 
preset accuracy range

The selection of measured points in 
this path corresponds to the modified 

wireless propagation model in the 
direction of other one wireless 

propagation path

No Yes

 105a

 105c 105b

 
Figure. 2 The implementation proces of a path is located in the direction of the two wireless communication path between the judgment and 

operation 
Step105b: the selection of measured points in this path corresponds to the modified wireless propagation model in the direction of 

current wireless propagation path. End current judgment operation. 
Step105c: the selection of measured points in this path corresponds to the modified wireless propagation model in the direction of other 

one wireless propagation path. 
For example, when the accuracy is 1 degree, there is one wireless propagation path whose propagation direction is in the 1 degree 

propagation direction and its corresponding modified wireless propagation model is
{ }( )'''

1 if a
, the other wireless propagation path 

whose propagation direction is in the 2 degree propagation direction and its corresponding modified wireless propagation model 

is
{ }( )'''

1 if b
. the preset accuracy range∆β is 0.5 degree. 

If there is one prediction point whose path does not have measured points and propagation direction is in the 1.2 degree propagation 

direction, the angle increment between the wireless propagation path of the prediction point and the wireless propagation path ∆α is 0.2 
degree which is not beyond 0.5 degree. So the specific propagation direction of the prediction point is 1 degree and the wireless propagation 

model is
{ }( )'''

1 if b
. 

Because the different distance between each prediction point and base station, the path loss of base station signal strength is different in 
the direction of same wireless propagation path. Therefore, furthermore, the proposed method sets more than one measured points in 
direction of every radio propagation paths to make interval modification, namely, correction coefficients of the radio propagation model in 
each interval are obtained based on the signal strength estimated by receiver in the direction of the same wireless propagation path of 
measured points which are located in different place of base station, which are used to modify the wireless propagation model. The modified 
wireless propagation model can accurately reflect the radio propagation environment of the prediction points which are in the same direction 
of the radio propagation path and located in different place of base station. 

In the practical application, the operation of the inter-partition modification includes the following two specific conditions: 
A specific case: 
Firstly, take the position of the base station as the reference point, the signal of the base station as the source of the signal, and the 

distance between the first measuring point and the base station as one partition. Apply the operation flow between Step101 and Step104 to 

make modification for the wireless propagation model 
{ }( )''' ( )if α

 according to the transmitted power of base station
'''

tP
, the signal 

strength of current measured point
'''
1rP

, and the direct distance between the base station and current measured point
'''
1d

.The signal strength 

of the other measured point are estimated by making use of the modified wireless propagation model 
{ }( )'''

1 ( )if α
. 

Secondly, in addition to the first measured point, as for the other measured points 
'''

riP
( 1, 2,3i n=  ) in the direction of the 

wireless propagation path, take the position of the base station as the reference point, the signal of the base station as the source of the signal. 
Along the direction of the wireless propagation path between base station and the measured point, a partition is divided according to the 
distance between current measured point and previous measured point, the distance information is expressed as 

''' '''
1j i id d d+∆ = −

( 1, 2,3 1,j n= … −  1, 2,3i n= … ). Apply the operation flow between Step101 and Step104 to make 

modification for the wireless propagation model 
{ }( )''' ( )if α

 according to the transmitted power of base station
'''

tP
, the signal strength 

of current measured point
'''

riP
( 2,3,i n=  ), and the direct distance between the base station and current measured 
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point
'''
id

( 2,3,i n=  ).The signal strength of the other measured point are estimated by making use of the modified wireless 

propagation model 
{ }( )'''

1 ( )if α
. 

For a concrete example, when meet the second measured point along the direction between the base station and the measured point, the 

signal strength of it is
'''
2rP

, so the current measured point is the second measured point, the previous measured point is the first measured 

point, a partition is divided according to the distance between them which is expressed as 
''' '''
2 1d d d∆ = −

. Apply the operation flow 

between Step101 and Step104 to make modification for the wireless propagation model 
{ }( )''' ( )if α

 according to the transmitted power 

of base station
'''

tP
, the signal strength of current measured point

'''
2rP

, and the direct distance between the base station and current 

measured point
'''
2d

.The signal strength of the other measured point in the divided partition whose prediction distance is
''' '''
2 1d d d∆ = −

 

are estimated by making use of the modified wireless propagation model 
{ }( )'''

1 ( )if α
. 

Another specific case: 
Along the direction of the radio propagation path between the base station and the measured point, take the position of the previous 

measured point as the reference point, the signal of the previous as the source of the signal, and the distance between the current measured 

point and the previous measured point as one partition, the distance is expressed as 
''' '''

1i id d d+∆ = −
( 1, 2,3i n= … ). Apply the 

operation flow between Step101 and Step104 to make modification for the wireless propagation model 
{ }( )''' ( )if α

 according to the 

transmitted power of the previous measured point
'''

tP
, the signal strength of current measured point 1riP + ( 1, 2,3i n= … ), and the 

distance between the current measured point and the previous measured point
''' '''

1i id d d+∆ = −
 ( 1, 2,3i n= … ).The signal strength 

of the other measured point in the partition are estimated by making use of the modified wireless propagation model 

{ }( )''' ( )i if α
( 1, 2,3i n= … ). Namely, the modified wireless propagation model can only be used to estimate the signal strength of 

the prediction point in the partition which is divided by the current measured point and the previous measured point. 
For a concrete example, when meet the second measured point along the direction between the base station and the measured point, the 

signal strength of it is
'''
2rP

, so the current measured point is the second measured point, the previous measured point is the first measured 

point, a partition is divided according to the distance between them which is expressed as 
''' '''
2 1d d d∆ = −

. Apply the operation flow 

between Step101 and Step104 to make modification for the wireless propagation model 
{ }( )''' ( )if α

 according to the transmitted power 

of the first measured point
'''
1rP

, the signal strength of current measured point
'''
2rP

, and the direct distance between the current measured 

point and the previous measured point
''' '''
2 1d d d∆ = −

.The signal strength of the other measured point in the divided partition whose 

prediction distance is
''' '''
2 1d d d∆ = −

 are estimated by making use of the modified wireless propagation model 
{ }( )'''

1 ( )if α
. 

 
5. The application of proposed method 
 

In this application, the base station in the region B, the region B can be set by the rectangular coordinate system or the polar coordinate 
system, said here using the polar coordinate system. Based on the polar coordinate system and the method, the coverage range of the base 
station signal is realized on the electronic map. As shown in Fig.3, the setup of the polar coordinate system is as follows. 
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Figure. 3 The equal power effect diagram of base station coverage 

Pole o in polar coordinates is used to describe the location of the base station. The base station which is not in pole will be move to the 
pole through translation. Wireless propagation path direction of the reference oa, namely angle of 0 degrees of the direction of propagation. 
Radio propagation path direction is described by the angle between the benchmark oa and base station. For example, the 1 degree 
propagation direction: rotate oa one degrees in the clockwise direction and the angle between the reference oa is 1 degree. According to the 
polar coordinate system and the method, the operation of generating the coverage of the base station signal on the electronic map includes 
the following steps. 

Step201: transform the paper map of the region b where the base station is located in into corresponding electronic map, or directly use 
the existing electronic map. 

In the electronic map, the position information of base station and each measurement point in the direction of the radio propagation 
path are introduced through the GPS. 

Collect signal strength of the base station in the direction of the radio propagation path and each measurement point using the receiver, 
and as a correction of the data source for the radio propagation model, at the same time, maintain files including location information and 
signal strength information. 

Step202: According to the typical region type of regional b, the model of wireless communication corresponding to the typical area is 
selected. 

Step203: The direction of all radio propagation paths in region b are chosen the same radio propagation model, according to the base 
station transmit power, signal strength of measurement point, the distance between the base station and the measuring point in the direction 
of radio propagation path, and select the wireless propagation model, calculate undetermined coefficients of radio propagation model, then 
get the corrected radio propagation model. 

Step204: According to the base station transmission power, distance between an estimated point in the direction of radio propagation 
path and a base station and the corrected radio propagation model, predict signal strength in direction of the radio propagation path. 

Step205: To determine whether to obtain the signal intensity of all the estimated points in the region b, if not obtained, then continue to 
perform step 202~ step 204; if get, then the current processing flow is finished. 

Step206: According to the path loss of the signal strength of the base station in the direction of all radio propagation paths in the area b, 
the coverage of the signal intensity of the base station in the region b is obtained. 

Fig.3 shows the application in the electronic map to generate coverage of the equivalent power effect diagram of base station. Figure 3 
is not a complete description of the base station coverage of power effect diagram, is simply a peer power renderings from the description, 
with different shades of linear representing different power curve, on behalf of the same type in the power curve of the same power, between 
the power curve and 5 dB for space division. 

In Fig.3, a wireless propagation path ob is consistent with the direction of the wireless propagation path according to the accuracy 
partition,  the angle 1 between the benchmark oa of the direction of the wireless propagation path is called αi-1, the direction of the radio 
propagation path refers to the direction of the αi-1 degree propagation, angle 2 between the reference oa of the direction of the wireless 
propagation path and αi-1 is αi, the direction of the wireless propagation path is the direction of αi degree. 

In the above application, the prediction point on path od is located between the propagation region which is formed by the directions of 
adjacent two wireless propagation path ob and t oc, and when the angle 3αi degree of directions of path ob between path oc isΔα, a step is 

added between step203 and step 204 which determines a specific propagation direction of path od according to the precision range of Δ β  
and Δα, and the selected the revision model of radio propagation. 

From a different angle of view, according to the station transmission power Pt of a base in an area, the signal strength PR of measure 
point of the propagation direction in a propagation path, the revised radio propagation model f ({ai}), by the formula d=f({ai},pt,pr) can 
estimate the distance information d between measurement point and a base station. 
 
6. Conclusions 
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The estimation method of the path loss in BS signal strength is designed in this paper. In the proposed method, firstly, the wireless 
propagation model is selected corresponding to the typical area type to which the prediction area belongs. Secondly, The unknown 
parameters in the selected radio propagation model are calculated based on the transmitted power of base station, the signal strength of 
measured point, the distance between the base station and the measured point in the direction of radio propagation path and the selected 
radio propagation model to obtain the modified radio propagation model. Thirdly, the signal strength of every estimated point in the 
direction of the selected radio propagation model is estimated according to the transmitted power of base station, the distance between the 
base station and the measured point in the direction of radio propagation path and the obtained modified radio propagation model. The 
above method can accurately simulate the radio propagation environment of the predicted area, and improve the prediction accuracy of the 
signal strength path loss of the base station which is close to 100%. 
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Abstract: In cognitive network, the primary user and cognitive users can not share the same band simultaneously, which brings lower spec-
trum utilization. Based on this fact, we proposed an interference alignment algorithm based on cognitive relay. We consider cognitive user 
as a relay, which transmit its own signal and the primary user’s signal. At receivers, they can separate their desired signals without 
interference. The primary link does not need to perceive the existence of cognitive link. This algorithm can lower the complexity of pre-
coding. Its process of pre-coding is implemented by the cognitive relay. In addition, analysis and simulation results show that the channel 
capacities of primary and cognitive link are better than those of traditional algorithms in both strong and weak correlation channel 
conditions. 

Keywords: interference alignment; cognitive relay; pre-coding; cognitive networks 

1. Introduction 

With the development of wireless communication technology, more and more wireless applications rely on scarce spectrum
resources. Traditional spectrum resources are statically allocated to different communication systems to support different wireless 
applications. This way can't meet the current business needs. This paper proposed an interference alignment algorithm which can 
improve the spectrum utilization of wireless networks. 

Researching on cognitive radio technology has become active now. It has two characteristics those are spectrum sensing cognitive 
radio and dynamic spectrum management, which make accessing to the spectrum more flexible. It is a key technology with high 
spectrum efficiency which will be applied to the next generation of wireless communication system [1]. 

In cognitive networks, the cognitive users can take advantage of the free spectrum accessing to the cognitive network. This way 
depends on the dynamic allocation algorithm of free spectrum. The literature [2] pointed out that the defect of spectrum auction 
algorithm based on the interference matrix, and put forward a false report of Anti-interference for spectrum auction algorithm. The use 
of free spectrum auction algorithm can optimize overall system bandwidth efficiency, but the cognitive users still can’t occupy the non-
free band of main users. The optimization problem of spectrum utilization is among a number of cognitive users. It is only when the 
main user authorized the free band, then we will consider the whole cognitive network system's utility function optimization problem to 
improve the system spectrum utilization. Thus, the total bandwidth utilization of the system is not optimal. 

Another cognitive user access mode is spectrum sharing in cognitive network. This way allows the cognitive users to share the 
same frequency band with main users and transmit the signal at the same time. The proposed interference alignment technique makes 
the overlay cognitive radio to be further developed [3].Interference alignment technique is a technique that can be used to decompose 
and reuse the useful signal and interference signal in spatial domain or time domain, so as to achieve the sharing of spectrum resources. 
The core idea of this technology is first proposed by Jafar. The literature [4]mainly solve the application of interference alignment 
technology to achieve MIMO system multi-user transmission, at the same time, the problem of interference caused by the signal and 
interference signal at the receiver is removed. Interference alignment technology not only applies to point to point MIMO wireless 
network, but also has a wider application, as in a relay MIMO network [5], cognitive MIMO network [6-7]. It could increase the 
freedom degree of the system. But the research on the application of cognitive network interference alignment technology can make 
overlay cognitive radio systems achieve primary and secondary users share the same frequency band transmission without interference 
at the same time. The literature [8-10] proposed the opportunity interference alignment algorithm applied to the wireless cognitive 
networks. The opportunity interference alignment algorithm uses the singular value decomposition of the main user' channel and uses 
the power water injection theorem to realize the transmission of the cognitive users' signal in the space free sub channel which is not 
occupied by the main user. The algorithm depends on the main user has full channel state information and according to the main users 
design to the cognitive users who intend to adopt the channel pre-coding matrix and the decoding matrix. This can be less achieved for 
the primary user. Meanwhile, the system’s capacity of this algorithm is nor the most optimal. And although [5-7] has given the relay 
MIMO network and the cognitive MIMO network are applied to the interference alignment technology so that the systems can achieve 
the upper limit of freedom. But it did not give how to design the specific channel pre-coding algorithm, decoding algorithm and the 
system scheme. This paper proposes a cognitive user as a relay interference alignment algorithm is applied to the cognitive network 
downlink communication system. The characters of this algorithm is that:(1)Based on the idea of relay, a new method of multi-user 
channel coding and decoding is proposed by using the cognitive users to transmit the main users’ signals.(2)Cognitive relay 
interference alignment algorithm is applied to the primary and secondary users of cognitive MIMO network, and it  does a 
corresponding comparison with the existing opportunities interference alignment algorithm in cognitive MIMO network's 
application[11] .It is concluded that the proposed relay interference alignment algorithm is superior to the existing algorithm in terms of 
algorithm complexity, implementation capacity and system capacity. Cognitive relay interference alignment algorithm is more suitable 
for wireless cognitive network system than opportunity interference alignment algorithm. 

2. System model 

The symbols in this paper is as follows: 1( )−⋅ ， ( )T⋅ and ( )H⋅ representing the inverse matrix, the transpose matrix  and the

matrix conjugate transpose; I and 0 represent the unit matrix and the zero matrix; ( )rank H  represent the rank of a matrix. We
consider a point to point MIMO channel with a primary user and cognitive user, as shown in Figure 1, the main user base is represented 
by PBS, cognitive user base represented by CBS, The main user and cognitive user are represented by PU and CU. The number of 

antennas located in the main base station is ,p tN ,the number of antennas in the cognitive base station is ,c tN ,The number of

antennas for the primary user is ,p rN ,The number of antennas for cognitive user is ,c rN .Consider the case of the main user occupy

all available bandwidth transmissions ,at this point, the cognitive user tries to share the same frequency band and transmit the signal to 
the main user. The above situation occurs in the traditional cognitive network, the main user and cognitive user inevitably exist mutual 
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interference and they can't achieve the normal communication. In fact, when the link between the main base station and the main user is 
exclusive frequency resources, the system must ensure that the transmission of the main chain on the road without interference. The link 
between the cognitive base station and the cognitive user, which we called an opportunity link, can ensure the main chain path without 
additional interference to share the same frequency band and transmit signal at the same time. Note that the emergence of cognitive users do 
not  have any effect to the primary user, namely the main user does not perceived if cognitive user is existing, multi-accessing interference 
for the primary user is only additive Gaussian white noise. 

From the base station to the user's channel transfer matrix are defined as follows , ,p r p tN N
pp

×∈H £ is downlink main 

chain; , ,c r c tN N
cc

×∈H £ is downlink cognitive link; , ,c r p tN N
pc

×∈H £ and , ,p r c tN N
cp

×∈H £  are downlink interference links from the 

main station to the cognitive user and from the cognitive base station to the main user. It is assumed that all the channel matrices are 
independent and identically distributed Gauss random variables and the amplitude obeys the distribution of the Les distribution. A order of 

the channel r tN N× matrix can be expressed as: 1
1 1LOS NLOS
κ
κ κ

= +
+ +

H H H , here LOSH  expresses Light-of-Sight; NLOSH  

expresses non-Light-of-Sight;κ is Les factor what shows the ratio of the power between the direct signal and the multipath signal. The 
elements in NLOSH  obey the Rayleigh distribution. Assuming the maximum transmission power of the primary base station and the 

cognitive base station are max_ PUP and max_ CUP ,Without loss of generality, We assume the maximum power of the two are equal, that is 

max_ max_ maxPU CUP P P= = .The whole transmission power of the primary base station and the cognitive base station are PUP  and 

CUP ,The power allocation matrix are defined as ,1 ,{ ,..., }
tPU P P Ndiag P P=P and ,1 ,{ ,..., }

tCU C C Ndiag P P=P .In order to 

simplify, Assuming that the primary base station and the cognitive base station are equal to power allocation, that is 

,1 ,2 ,1 ,2 , tP P C C P NP P P P P= = = = = =L L .The transmit power limit is limited to max_( )H
p SPU UpTr c Pa e ≤V P V and 

max_( )H
c SCU UcTr c Pa e ≤V P V , pV and cV are the pre-coding matrix which are sent form primary base station and cognitive base 

station. We will divide two parts to describe the relay interference alignment pre-coding algorithm and the corresponding decoding 
algorithm. 
 
3. Cognitive relay interference alignment pre-coding algorithm 
 

As shown in Figure 1, the downlink channel of the cognitive MIMO system model is using relay interference alignment algorithm. 
Assuming that the cognitive base station can obtain all the channel state information. (1)Acquisition of ccH :The method can be described as 
cognitive downlink by decoding the pilot signal of the cognitive base station, and then fed back the estimated value to the cognitive base 

station.(2)Acquisition of pcH :The downlink channel matrix pcH is estimated by the pilot signal of the cognitive user synchronization the 

main base station, and then feedback it to the cognitive base station [12].(3)Acquisition of cpH :The cognitive base station monitors the pilot 

signal which is sent to the main base station from the main user, and decode the channel matrix cpH from that.(4)Acquisition of ppH :From 

the main user synchronous main base station’s downlink pilot signal to estimate the downlink channel matrix ppH .The main base 

station  transmitted the main signal  has  been encrypted with the channel matrix ppH  to the cognitive base station. The purpose of the main 

signal encryption is to prevent the cognitive base station intercepting the main chain of effective communication information, the emergence 
of information leakage, user camouflage, interference, etc. The main signal and the channel matrix simultaneously in the form of broadcast 
to the cognitive base station is in order to use of relay interference alignment pre-coding technology followed. From this, the whole channel 
state information can be obtained from the cognitive base station. 

In the fast fading environment, it is assumed that the channel estimation has perfect time synchronization and frame by frame. We 
consider a block fading channel, which is independent of the variation of the channel in each frame, but it is fixed in each frame of the cycle 
[13]. 
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Figure. 1 Channel model of cognitive MIMO system. 
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The information symbol vector transmitted by the main base station is ,1 ,[ , ]
t

T
p p p Ns s=s L ; the symbol vector of 

information transmitted by the cognitive base station is ,1 ,[ , ]
t

T
c c c Ns s=s L .These two is mutually independent information 

symbol vector. We define P pp U= Ps s% and C cc U= Ps s% are represented the signal vector, which are transmitted after power 

distribution from the main base station and cognitive base station. In the process of signal transmission, the main base station sends its 
own signal vector to the main users in real time, which is not concerned with the cognitive base station and the cognitive users. And the 

cognitive base station is in a secondary position in the system, cognitive base station monitor the main user to send the signal ps% in 

real time, meanwhile,  ps%is a kind of encryption signal for cognitive base station. We assume the key isΓ , namely, the cognitive base 

station monitor the main base station sending the signal ˆp p= Γs s% in real time. The cognitive base station monitors the transmission 

signal ˆps of the main base station the same time, and make the cognitive base station as the main base station of the relay, meanwhile, 

cognitive base station completes the function of the relay and also send the signals ˆps from the main base station. Then it sent its 

intended signals cs% to the cognitive user signal. The above relay transmission mode can be summarized as: the main base station only 

sends its own desired signal ˆps , but the cognitive base station sends its own desired signal cs%and the encrypted signals ˆps by the 

main base station at the same time. According to the above model, we know that the main base station actually sends the signal ˆps , and 
the cognitive station has actually transmitted the signal  

ˆp

c

 
=  
 

s
s

s
%

%
                                                                                             (1) 

Let the primary base station and cognitive base stations have been pre-coded and then transmitted. Their pre-coding matrix are 

pV and cV .The signal sent by the primary base station and cognitive base station can be expressed as 

ˆp p p=u V s%
                                                                                         (2) 

c c=u V s% %
                                                                                           (3) 

Through the equation (2), (3), we complete the relay interference aligns pre-coding operation of the main link and cognitive link 
signals and then we give its decoding algorithm. 
 
4. The cognitive relay interference alignment decoding algorithm 
 

According to the second section, the main base station and the cognitive base station complete the relay interference alignment 
pre-coding algorithm to achieve the desired signal transmission. It is indicated by the figure (1) that the received signals from the main 
user and the cognitive user in the downlink can be expressed as  

ˆp pp p p cp c p= + +y H V s H V s n%
                                                                (4) 

ˆc pc p p cc c c= + +y H V s H V s n%
                                                                 (5) 

We have the following definitions and theorems. 
Definition 1: Relay interference alignment pre-coding algorithm in cognitive radio network is achieved by the cognitive base 

station sensing channel information and relaying main base station’s signal. Then the cognitive base station complete transmit the pre-
coding signals.So that it can realize the interference alignment algorithm at the receiver. 

Theorem 1: In the cognitive wireless network system, a major user with the main station communication and a cognitive user 
with the cognitive base station communication coexist. The design of pre-coding matrix of the relay interference alignment 
algorithm can make the receiving user realize the main link signal and cognitive link signal separate from each other. 

Proving: 
a. Combined and received the signal matrix. 
According to the Eq. (4) and (5), the two equations can be written in a unified matrix expression, as shown in the following Eq. (6). 

ˆ
ˆ

pp p pp
c

pc p pc

  
= = + +  

    

H V sy
y HV s n

H V sy
%

                                                  (6)    
(b). Design pre-coding matrix. 

   Assuming 
cp

cc

 
=  
 

H
H

H
is a combination of downlink cognitive channel matrix and downstream interference channel matrix. We 

define a matrix
pp p

pc p

 
=  
 

H V 0
Q

H V 0
, and let the pre-coding matrix is 1( ) ( )H H

c
−= −V H HH I Q . 

(c). Interference alignment reception. 
   Eq. (6) can be further written 
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1

ˆ
ˆ

ˆ
( ) ( )

ˆ

ˆ 0
ˆ 0

pp p p
c

pc p p

pp p p H H

pc p p

pp p p pp p

pc p p pc p

−

 
= + + 
  

 
= + − + 
  
   

= + − +   
      

H V s
y HV s n

H V s

H V s
HH HH I Q s n

H V s

H V s H V
s s n

H V s H V

%

%

% %
                                      (7) 

 
Put the equation (1) into equation (7), we can obtain: 

ˆ
ˆ

ˆ ˆ ˆ0
ˆ 0

ˆ ˆˆ
ˆ ˆ

ˆ

pp p p
c

pc p p

pp p p pp pp p

pc p p pc pc c

pp p p pp p pp

pc p p pc p pc

p

c

 
= + + 
  
      

= + − +      
         
    

= + − +    
       
 

= + 
 

H V s
y HV s n

H V s

H V s H Vs s
n

H V s H Vs s

H V s H V ss
n

H V s H V ss

s
n

s

%

% %

%

%
                                           (8) 

From the above theorem we can see that through the design of pre-coding matrix cV , the primary user and cognitive user can 

respectively receive the expected signals ˆps and cs% from the main base station and the cognitive base station without interference. It is 
worth noting that the process of receiving and decoding does not need to decode the matrix, that is, through the pre-coding process the user 

can separate and receive the signal without interference. Actually, the pre-coding matrix pV also can be removed. In the design process of 

the matrix Q and the pre-coding matrix cV , we can remove the matrix pV .Limited by the length of the paper, we won't say other things. 

On the other side, in the proof process, the pre-coding matrix is written by 1( ) ( )H H
c

−= −V H HH I Q , but it is not written 

by 1( )c
−= −V H I Q . Because we know from the matrix

cp

cc

 
=  
 

H
H

H
, the matrix H  is not necessarily a square matrix, so it does not 

have the inverse matrix. 
 
5. System capacity analysis 
 

We propose a novel cognitive relay interference alignment algorithm which is applied to the point to point MIMO downlink cognitive 
network. This algorithm allows the cognitive link to be involved in the information transmission process of the main user link in the way of 
relay. The cognitive base station in addition to having a relay function but also needing the pre-coding design to meet the requirements of 
interference alignment, thus at the receiving end realizing the main user signals and cognitive user signals are separated from each other, that 
is, without interference received. Compared with the existing algorithms, the proposed algorithm implementation is much easier and has 
obviously advantages in the complexity of pre-coding and decoding. Next the performance of the proposed algorithm will be compared with 
the existing algorithms in terms of system capacity. As Figure 1 shows the cognitive network environment, a main user link and a cognitive 
user link joint occupancy of the same band transmission information. The relay interference alignment algorithm of the system capacity can 
be written expression, as shown in (9) and (10). 

,2 2

1log
p t

H H
PU N pp p p ppPUC I

σ
= + H V HPV

                                                       (9) 

 
,2 2

1log
c t

H H
CU N cc c c ccCUC I

σ
= + H V HPV

                                                       (10) 
We use PUC  and CUC  respectively represent the main user channel capacity and the cognitive user channel capacity of the relay 

interference alignment algorithm. The main users link and the cognitive user link's transceiver are using MIMO technology, the main base 
station and cognitive base station downlink are all use the equal power transmission. And in the same cognitive network environment, then 
we give the system capacity of the space linear interference alignment algorithm [14-17] and the opportunity space orthogonal interference 
alignment algorithm. Space linear interference alignment algorithm is proposed by Jafar, which is also using the MIMO technology 

transmission, the transmission of pre-coding vector is set to ,{ }l l p c=V% ,The decoding vector is set to ,{ }k k p c=U% ,among them the subscript 

,l p c= represents pre-coding vector's main link and cognitive link, subscript ,k p c= represents the decoded vector of the main link 
and cognitive link. According to the space linear interference alignment constraint [15-18] proposed by Jafar, that is 
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0,H
k kl l l k= ∀ ≠U H V% %

                                                            (11) 

( )H
k kk k krank d=U H V% %

                                                             (12) 
Among this, klH represents interference channel matrix, kkH represents the main link and the cognitive link channel 

matrix; kd represents the matrices rank which is a positive integer [19-21] .We can get the main users’ channel capacity of the spatial 
linear interference alignment algorithm and the cognitive users’ channel capacity that are as follows (13), (14). 

            
,2 2

1log
p t

H H H
PU N p pp p p ppP pUC I

σ
= + U H V V H UP% % % % %

                                   (13) 

             
,2 2

1log
c t

H H H
CU N c cc c c ccC cUC I

σ
= + U H V V H UP% % % % %

                                   (14) 
Opportunities in space orthogonal interference alignment algorithm firstly makes the channel matrix singular value decomposition. 

According to [15] decomposition way, the channel matrix ppH and pcH  can be decomposed into separately as follows 

2

1
( ) ( ) ( )H H

pp pp pp pp pp pp pp
i

i u i v iλ
=

= Λ =∑H U V% %
                                   (15) 

2

1
( ) ( ) ( )H H

pc pc pc pc pc pc pc
i

i u i v iλ
=

= Λ =∑H U V% %
                                     (16) 

    ppU% and ppV% are the unitary matrix; ppΛ includes the ordered singular values ( (1) (2))pp pp ppλ λ λ≥  of the diagonal 

matrices. According to [15-22], as (17), (18) follows, we give the main users’ channel capacity and the cognitive users’ channel 
capacity formula of the space orthogonal interference alignment algorithm. 

2 22

2

2

ˆ log 1
(2) (1), (2

(1)

)
PU

pc pp pc

pp PU

CU

C
u u

λ

λ σ
= +

+

P

P
                                               (17) 

2

2 22 2
ˆ log 1

(2), (1)
cc

CU

cp pc pp

CU

PU

C
v v σ

=
+

+
P

P

H

H
                                               (18) 

 
6. Simulation results and analysis 
 

Fig. 2 - 3 are respectively simulated our proposed relay interference alignment algorithm, the classic space linear interference 
alignment algorithm and the opportunity space orthogonal algorithm are applied to the different channel environment system capacity 
of the cognitive networks[23-25] . Figure 2 shows the weak correlation of the channel conditions, so we can achieve the three different 
algorithms which are used to compare the main link channel capacity of the system. The system uses MIMO technology to transmit. 

The channel matrix ccH ， pcH ， pcH ， ppH  are all Rayleigh flat fading channel. Under the condition of weak correlation channel, 

it is affected by the distance of the antenna and the distribution of the scattered around the antenna. At this time, there is a large number 
of scattering bodies in space, which makes it easy to use MIMO technology to transmit. The main diagonal elements of the channel 
matrix and the sub diagonal elements are obviously different. Therefore, the SVD decomposition of the main user link is also different. 
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Figure. 2 Capacity of primary link in weak correlation channel condition 
From fig 2 we know that under this condition, the opportunity space orthogonal algorithm allows access to the cognitive user, but 

the user has the lowest capacity .The space linear interference alignment algorithm uses the optimal channel characteristic value to 
optimize the channel capacity, and its main link capacity is better than that of the chance space orthogonal algorithm. And the main link 
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capacity of cognitive relay algorithm proposed by us is higher than that of the other two algorithms. Figure 3 shows the strong correlation of 
the channel conditions, that is, we can achieve the three different algorithms which are used to the link channel capacity comparison of the 
main link. Under the strong correlated channel conditions, spatial scattering were fewer in number, the elements of the principal diagonal 
and diagonal elements of the difference of the main user link channel matrix is not obvious. Therefore, the channel matrix’s SVD 
decomposition characteristic value is not very different. Under the condition of the channel, when using spatial linear interference alignment 
algorithm and opportunities in space orthogonal algorithms, the cognitive user is difficult to access the channel, even if access to its capacity 
will be affected. As seen from Figure 3, the cognitive relay algorithm allows the cognitive user to access and its main link channel capacity 
is still better than the other two algorithms. 
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Figure. 3 Capacity of primary link in strong correlation channel condition 
 
7. Conclusions 
 

This paper proposed the cognitive relay interference alignment downlink algorithm. When the main base station downlinks 
transmission data, it does not need to pre-code. The cognitive base station forward the signal that the main base station expects to send and 
send its expected signal with pre-coding. At the receiving end, the main user and cognitive user do not need to decode the operation process, 
so that the complexity of the whole system is greatly reduced. The main base station and the main user can ignore the existence of the 
cognitive user and to do the normal communication. Finally, through the analysis and simulation, the channel capacity of the cognitive relay 
interference alignment algorithm is better than that of the existing space linear interference alignment algorithm and the opportunity space 
orthogonal interference alignment algorithm. 
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A kind of Improved Variable-Step Interpolation Algorithm 
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Abstract: The traditional variable-step method suffers from following shortcomings: The variation of interpolation error is great; Too many 
nodes and floating point numbers. Therefore, a new mathematical model for calculating the interpolation error is established, and the 
interpolation algorithm of the improved variable-step method are proposed. Then the non-circular curve is discretized by the discretization 
method. The problem that a large number of floating point numbers need to be dealing with is avoided. Through comparing with the 
interpolation method of the traditional variable-step method. It is proved that the interpolation error can be maintained in a stable state by 
using the improved algorithm. It also effectively reduces the number of nodes, so that the program generates more accurate and concise. The 
algorithm has strong practicability and generalization. 
 
Keywords: node; interpolation; variable-step; error; discretization 
 
1. Introduction 
 

Some non-circular curves often need to be machined in CNC machining process. Linear interpolation and circular interpolation 
are most common methods for fitting non-circular curves. The algorithm of linear interpolation is simple, but poor surface quality 
obtained after processing; the algorithm of circular interpolation is complexity, but good surface quality obtained after processing. 
Traditional linear interpolation method and circular interpolation method have two shortcomings: (1)A large number of nodes 
generated when using a line or arc to fit non-circular curves. It increased the burden of data transmission and storage; (2)Fluctuation of 
feed speed and poor machining accuracy caused due to a large number of small line segments[1]. At the same time, these algorithms 
have a common problem that the interpolation error has limitations, it is difficult to adapt to diversity requirements of machining error 
in different working environment. So the interpolation flexibility is poor, this is the disadvantage of CNC machining [2]. 

Equal space method, equal length chord method, equal error method and variable-step method are commonly used linear 
interpolation methods. Among them, variable-step method is a good fitting method, since its mathematical model is simple and high 
order nonlinear equations needn`t solving by iteration, tangent and curvature radius of the curve equation are also needn`t solving [3]. 
But the algorithm of variable-step method itself still has these disadvantages. When using this algorithm to calculate the interpolation 
nodes, interpolation error vary widely, the number of nodes is large, and it cannot be good to adapt to the change of the curvature of the 
non-circular curves. In this paper, an improved algorithm of variable-step interpolation is proposed. Using this method, the 
interpolation error is calculated more accurately, the number of nodes is reduced effectively, and it can be well adapted to different 
types of non-circular curves. 
 
2. Material and Methods 
 
2.1 The Deficiency of Traditional Variable-Step Method 
 

The algorithm of variable-step method has characteristics of simple and fast interpolation. It can also achieve high accuracy. But 
many deficiencies still exist when machining non-circular curves with changed curvatures. 
 
2.1.1 The Variation of Interpolation Error is Large 
 

How to calculate the next interpolation point accurately and real-time is the key to interpolation algorithm. When the curve is free 
curve and "parameter—arc length" is nonlinear. In order to obtain a more accurate analytical solution, the interpolation interval is often 
divided into several interpolation cycles [4]. 

As for traditional variable-step method, the interpolation error at the midpoint of the interpolation straight line segment is 
compared with tolerance in order to determine the next interpolation point. But when the curvature of non-circular curve is changing, 
the interpolation error of the midpoint of the interpolation straight line segment is not equal to the high error of the bow on the line 
segment of the interpolation. As shown in Figure 1, δ1 is the interpolation error of midpoint of straight line segment AB, δ2 is the chord 
error of straight line segment AB. The greater the curvature of the non-circular curve changed, the greater the difference between the 
interpolation error and the chord error which calculated by the method. Therefore, in the process, the actual processing accuracy is less 
than the accuracy given in advance. 

 
Figure.1 Principle of Fitting Non-Circular Curve with Variable-Step Method 

 
2.1.2 A Large Amount of Nodes Generated 
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When using straight line segments fitting non-circular curves, the greater the interpolation error, the greater the step-size, and the fewer 
nodes obtained. To some types of non-circular curves, since the interpolation error is much smaller than the allowable error value for 
traditional variable-step method, the number of nodes increased. 
 
2.1.3 Bad Stability 
 

Effective interpolation algorithm needs to be able to adapt to different types of non-circular curves. Traditional variable-step method 
adjusts the speed of node calculation by setting the reduction factor S1 and amplification factor S2. The faster the step-size increase and 
shrink, the faster the algorithm iterated, but the lower accuracy of calculation of the nodes obtained. The slower the step-size increase and 
shrink, the slower the algorithm iterated, but the higher accuracy of the calculation of the nodes obtained. When the reduction factor S1 and 
amplification factor S2 were determined, the interpolation effect is quite different when the algorithm is applied to different types of non-
circular curves. 
 
2.1.4 A Large Number of Floating Point Numbers Need to be Processed 
 

A large number of floating point numbers are generated when the numerical calculation is performed by traditional variable-step 
method. Since the NC system is controlled by the number of pulses, the floating point numbers need to be converted into a number of pulses. 
The precision of general CNC machine tool is 0.001mm/pulse. For instance, 1000 pulses need to be entered when the machine moves 1mm. 
Therefore, coordinate values need to be convert to pulses and rounded, then calculate the numbers of pulse of each part before the machine 
tool movement. For traditional variable-step method, numerical calculation is performed with the use of floating point numbers, this method 
needs to deal with a large number of floating point numbers, which reduces the computational efficiency [2]. 
 
2.2 Principles and Practices of Improved Variable-Step Method 
 
2.2.1 Interval Discretization 
 

For the problem that a large number of floating point numbers need to be processed in traditional variable-step method. This paper 
adopts a method for discretization of interpolation interval. As the accuracy of the general machine tool is 1mm/pulse, the interpolation 
curve can be discretized into points which the spacing of abscissa is 1mm. In this way, It`s not using the floating point numbers to calculate 
the step-size, but the number of points. For example, 1~10mm can be discretized into 1000 points by spacing of 1mm. At last, the discreted 
points are transformed into the corresponding numerical values, and the coordinates of the nodes are obtained. By using this method, the 
process of dealing with a large number of floating point numbers is avoided, and the speed of numerical calculation is improved. 
 
2.2.2 Error Calculation Method 
 

In CNC machining, the interpolation calculation of tool path is a basic and important function. The idea of calculating the interpolation 
error is to replace the arc with strings. Therefore, the interpolation error can be represented by the vertical distance from the point of the arc 
to the chord, which is called the radial error [5]. 

In this paper, the discussion of the error will focus on the radial errorδ ,δ  can`t change too strongly, otherwise it will affect the 
processing smoothness. The calculation method of interpolation error which based on advance and retreat method, using the iterative 
algorithm to calculate the maximum error within the interpolation interval. This method is suitable for unimodal function [6]. The basic idea 
is that due to the non-circular curve is divided into many small non circle curve segment according to the step-size, each segment can be 
considered as the unimodal function curve when solving the error with improved advance and retreat method. The error at both ends of the 

interval is zero, and the maximum error is at any point of interval. When calculating the error with this method, the error at the midpoint 0x  

of interval is calculated first, then the error at point 0x h−  and point 0x h+  are calculated, and compare the error at 0x h− , 0x h+  

and 0x . If the error at 0x  less than the error at any point of other two points, then assign larger coordinate value to 0x , and increase the 

error for the original two times. Exit the loop until the value of h  is less than the set value ε , then output the error of at point 0x . The 
specific algorithm is as follow. 

Interpolation error algorithm: 
Step1: 1

0 Rx∀ ∈ , Ax , Bx , step-size 0h > . accuracy 0ε > . 

Step2: calculate 0 ( ) / 2A Bx x x= + . 

Step3: assume 1 0x x h= + , 2 0x x h= − . 

If 1 Ax x< , set 1 Ax x= , or go to step4; 

If 2 Bx x> , set 2 Bx x= , or go to step4. 

Step4: calculate ( )0 0f f x= , ( )1 0f f x h= + , ( )2 0f f x h= − , if h ε≤ , go to step6. 

Step5: if 1 0f f≤ , and 2 0f f≤ , set 0.5h h= , go to step3. 

If 2 0 1f f f< < , set 0 0x x h= + , 0 2f f= , 2h h= , go to step4. 

If 1 0 2f f f< < , set 0 0x x h= − , 0 1f f= , 2h h= , go to step4. 

Step6: stop, output 0f . 
 
2.2.3 The Principle of Improved Variable-Step Method 
 

Node calculation is the core of interpolation algorithm, while node calculation is determined by the equation of curve, properties of 
curve and allowable error E. After the nodes were determined, CNC tools form a graph that based on these nodes [7]. 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                                       65.3 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/65 

 

Set starting point XA,finishing
 point XE,step-size S,Parameter S1，S2，

T，allowable error E

YA=F(XA)

XB=XA+S,YB=F(XB)

δ>E?

S=S*S1

XB>XE

Yes

XB=XE,YB=F(XE)

End

No

S=S*S2

No

For the first 
time δ>E?

T=1 T=0

T=1？

Yes

No

Yes

XA=XB

δ>E?Yes

No

Output XA,YA

Calculate the error 
δ

Output XE,YE

YesNo

Calculate the error 
δ

 
Fig.2. Flow chart of improved variable-step interpolation algorithm 

According to the conditional statement that whether the interpolation error δ   is greater than the allowable error E, traditional 
variable-step method determines whether or not exits the loop. The disadvantage of this algorithm is that when the curvature of the 
curve is larger, the interpolation error δ is much smaller than the allowable error E when it exits the loop. Although it can meet the 
requirement of precision when use this algorithm, a large number of nodes are obtained. It will not only make the program become 
more complex, but also a lot of velocity fluctuations generated in the process of machining, and influences the surface quality of 
workpiece. 

Improved variable-step method improved loop`s termination condition: When the interpolation error δ is less than the allowable 
error E, set the parameter 0T =  and expand the step-size. Until the first time the interpolation error δ is greater than the allowable 
error E, set 1T =  and reduce the step-size. Then exit the loop until the interpolation error δ less than the allowable error E again and 
output the node coordinates. The flow chart of the improved variable-step method is shown in Figure 2. 

By changing the loop termination condition, the interpolation error δ of each interpolation interval is very close to the allowable 
error E. Under the condition of satisfying the accuracy requirement, fewer nodes will be obtained with this algorithm. 
 
3. Experiments  
 
3.1 Comparing of Previous Method and Improved Method 
 

Select three different non-circular curves as examples. The interpolation calculation is carried out by using the traditional variable-
step method and improved variable-step method respectively, then compare the efficiency of interpolation. As for the parameters 
involved in the algorithm, set step-size 0.5S = , amplification factor 1 1.01S = , reduction factor 2 0.99S = , allowable error 

0.01mmE = . 
Non-circular curve 1:  

[ ]30.2 ; 1,10Y x x= =                                                                            (1) 

             
（a）Nodes of previous method    （b）Interpolation error of previous method 
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（c）Nodes of improved method  （d）Interpolation error of improved method 

Figure. 3 Nodes and interpolation error of curve 1 obtained by using previous method and improved method 
Non-circular curve 2: 

( ) [ ]0.5 1,20Y sin x x= =；                                                                                  (2) 

       
（a）Nodes of previous method   （b）Interpolation error of previous method 

      
（c）Nodes of improved method   （d）Interpolation error of improved method 

Figure. 4 Nodes and interpolation error of curve 2 obtained by using previous method and improved method 
Non-circular curve 3: 

( ) [ ]0.52 5 ; 0,10Y x x= =                                                                                   (3) 

                
（a）Nodes of previous method   （b）Interpolation error of previous method 

             
（c）Nodes of improved method （d）Interpolation error of improved method 

Figure. 5 Nodes and interpolation error of curve 3 obtained by using previous method and improved method 
 

3.2 The Influence of Reducing Factor S1 and Amplification Factor S2 on Interpolation 
 

This section analyzes the influence of the variation of the reduction factor S1 and amplification factor S2 on the interpolation. The 
reduction factor S1 and amplification factor S2 are the most important parameters, which are related to the interpolation precision and the 
interpolation speed of the algorithm. In NC machining, interpolation is the basis of generation of too path, interpolation precision directly 
affect the machining quality of NC system,  interpolation speed directly determine the machining efficiency of NC machine. So interpolation 
algorithm is the core of the whole NC system. Since the relationship between the arc length and parameters of non-circular curve is 
nonlinear, so the exact value x i+1 of the interpolation nodes often can`t be obtained, but the approximate value [8]. Through the improved 
algorithm, the interpolation nodes calculated are more accurate. 

In this example, the improved variable-step method was be used to carry out the interpolation of the free curve: formula 4 is for the free 
curve eq.4 

5 4 30.0085 0.2196 1.9756y x x x= − + −  27.0152x+  

7.4781 3.2667x− +                    （4） 
Set parameter 0∆ > , 1 1S = + ∆ , 2 1S = − ∆ ,  precision 0.01mmE = . 
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Figure 7 and figure 8 show the change trend of the number of nodes and the average error δ  as the change of the step length 
∆ increase. 

 
Figure. 6 Relationship between the number of nodes and the change of step length 

 
Figure.7 Relationship between the average error and the change of step length 

 
4. Results and analysis 
 

By comparison: 33 points are obtained when interpolation algorithm applied to curve 1 with previous method, while 25 points 
with improved method; 37 points are obtained when interpolation algorithm applied to curve 2 with previous method, while 27 points 
with improved method; 106 points obtained when interpolation algorithm applied to curve 3 with previous method, while 16 points 
with improved method. The error variation is larger when the interpolation operation is carried out by using the traditional variable-step 
method. While using the improved variable-step method, the error is more uniform, and the change is very small. 

Non-circular curve can be divided into several different circular segments. This requires interpolation algorithm have good 
interpolation effect when applied to different types of curves. Traditional variable-step method need to constantly adjust the 
amplification factor S1 and reduction factor S2 to achieve the best interpolation effect in different segments of the curve. After the 
amplification factor S2 and reduction factor S1 are determined, applying improved variable-step method to different kinds of curves, 
then analyses the adaptability of algorithm of improved variable-step method when apply it to different kinds of curves. By comparing 
figure 3, figure 4 and figure 5. It is found that the improved variable-step method can obtain more stable interpolation error when 
applying it to these three different types of function curves. At the same time, the number of nodes is effectively reduced, so the 
algorithm has good adaptability. 

Through the analysis of figure 6 and figure 7, it is found that when degree of change of step-size ∆  close to zero, the least 
number of nodes are obtained, and average error δ closet to the allowable error E. Node number increased gradually with the increase 
of degree of step length, while less variation in the number of nodes; Average error δ  decreases with the increase of degree of step 
length changed ∆ , while less variation in average error δ . 
 
5. Discussion 
 

From the results and analysis of the previous section, the authors observed that fewer nodes and more stable interpolation errors 
can be obtained when the improved variable-step method is applied to different types of non-circular curves. And when ∆  approaches 
to zero, the advantage is more obvious. The reason is that when the curvature of the curve varies greatly, the step size should be 
enlarged many times to make the interpolation error close to the allowable error. But in the previous method, on condition that the 
interpolation error is smaller than the allowable error, the step size is only enlarged once to determine the next node. 

By improving the error calculation method of variable-step method, the error calculation is more accuracy and the machining 
accuracy is guaranteed. Through the optimization of the iterative algorithm of calculation of interpolation points, the interpolation of 
the interpolation error is relatively uniform. Through the analysis of the stability of the algorithm, it is concluded that the algorithm has 
a good interpolation effect when it is applied to different types of non-circular curves. Through the study on the influence of reducing 
factor S1 and amplification factor S2 on interpolation, it is conclude that when the variation degree of the step-size is close to zero, the 
least number of nodes are obtained, and the average error δ  is most close to the allowable error E. When the change of step length 
increased, the average error δ decreased and the number of nodes became larger, but the change is relatively stable, so the stability of 
the algorithm is better. 
 
6. Conclusion 
 

This work presented an improved variable-step interpolation algorithm. By improving the error calculation method of variable-
step method, the error calculation is more accuracy and the machining accuracy is guaranteed. Through the optimization of the iterative 
algorithm of calculation of interpolation points, the interpolation of the interpolation error is relatively uniform. Through the analysis of 
the stability of the algorithm, it is concluded that the algorithm has a good interpolation effect when it is applied to different types of 
non-circular curves. 
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At the same time, taking the spine curve for instance, the influence of the amplification factor and the reduction factor on the 
interpolation precision and the number of nodes are studied. The improved variable-step method overcomed problems include the change of 
interpolation error is large, more interpolation nodes, and poor calculation efficiency. While improving the accuracy of interpolation, using 
this method can reduce the interpolation nodes, and make the NC program more concise. 
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Abstract: By examining the influence of gender, extraversion and aggressiveness on the circle of friends for WeChat, results of the experi-
mental method show that schoolboys with strong aggressiveness and relative introversion (a little low-profile) are constantly received of 
likes and comments while schoolgirls with strong aggressiveness and relative extraversion (a little high-profile) are less possibly received of 
likes and comments sustainably the circle of friends for WeChat. Although the circle of friends for WeChat is a very private communication 
space, the communication behaviors are still being affected by the group norms. When the person in the circle of friends disseminates 
information, those in line with social stereotype are susceptible to cause groups’ responses and vice versa. Advertisers can make use of those 
who stir more responses to push advertisements in the circle of friends for WeChat. 
 
Keywords: gender; extraversion; aggressiveness; circle of friends 
 
1. Introduction 
 

The circle of friends feature for We Chat is officially launched on May 24, 2012. Soon it becomes one of the highest usage 
software in China. Due to the fact that the circle of friends can share photos, pictures, music, video, text and other information at any 
time and any place. It can also interact with others at any time and place with good privacy at the same time. Therefore, it soon exceeds 
the emerging microblog and the established QQ and becomes one of the most frequently used instant messaging software. It leads 
people into a new “strong connection of micro era” to promote the profound changes in the ecology of communication. 

There are more than 100 papers related to the circle of friends for WeChat in the authoritative database at home and abroad. 
Research focused on the control analysis of 5W model such as Practical Methods, Skills, and Case Guidance for Administrative 
WeChat written by Gao Hongcun and Yu Zheng(2015) who introduced the history of the development of administrative WeChat. This 
book teased out the public platform construction, standardized operation, brand building, public opinion management, rule of law in 
new ecological hotspots for administrative WeChat, and summarized and refined the main points and taboos of administrative 
WeChat[3]. Research also focused on the content analysis of 5W model such as “The Circle of Friends for WeChat will Make Us 
Mmore Believe in Rumors? Discussion on the Three Characteristics of Rumors in Communication for WeChat” written by Guo 
Xiao’an and Xue Pengyu(2015) who analyzed some new features of rumors in the circle of friends for WeChat. They considered that 
rumors in the circle of friends for WeChat were closely related to the type of life with personal interests. Characteristics “acquaintance 
society” in the WeChat caused it hard to be self-purified and monitored by the external forces[4]. Research also focused on the media 
analysis of 5W model such as “The Circle of Friends for WeChat: Virtual Community from the Perspective of Social Network” written 
by Nie Lei, Fu Cuixiao and Cheng Dan(2013) who elaborated the circle of friends for WeChat as a social network based on the virtual 
community that had shown an organic combination of strong joint and weak joint from the perspective of the media 
characteristics[9]. Research also made emphasis on the effect analysis of 5W model such as “The Effects on Flow, Users' Satisfaction 
and Loyalty by Motivation Factors of Mobile Messenger APP and Quality Factors:Focused on the Comparison between Korean 
KakaoTalk and Chinese WeChat” written by Lu Liu and Jongho Lee(2014) who regarded the motivation factors which are composed 
of subjective norm, self-disclosure, enjoyment, and quality factors being composed system quality, information quality, design quality 
as independent variables, regarded the flow and user satisfaction as the mediators, and regarded the loyalty as the dependent 
variable. Comparison between Chinese group and Korean group were made to test the influence of flow ( that of Kakao Talk in Korea 
and that of WeChat in China) and user satisfaction on  the loyalty[7]. However, there are less articles about audience analysis of 5W 
model. 

In the study of the audience analysis, most of the literature described the audience characteristics of the circle of friends for 
WeChat such as “Examining WeChat Users’ Motivations, Trust, Attitudes, and Positive Word-of-mouth: Evidence from China” written 
by Che Hui Lien and Cao Yang(2014). They found that users most liked WeChat's entertainment features, followed by social 
communication and access to information. It could help users to enhance their confidence in WeChat by obtaining diversity of views 
from a circle of friends to get a friend's diversity of views the circle of friends for WeChat[2]. Anyway, there are few papers about how 
to influence the circle of friends for WeChat by the audience characteristics. 
 
2. Research design 
 
2.1 Experimental hypotheses 
 

In the field of social science research, demographic characteristics are often incorporated as an important independent variable. 
Stone (1987) conducted a survey of the uses for migration and newspaper and found that men and women existed great differences in 
the reading content, which male biased in sports and business sections and women are concentrated in persuasion, fashion, food, 
advertising, exhibition and notes column[10]. Therefore, the study of social science often takes into account the demographic 
characteristics of the “gender” as an important independent variable. the following hypothesis is put forward. 

H1: Gender has a significant main effect on friend ratio, level of activity and information composition in the circle of friends for 
WeChat. 

Study of Bolger and Eckenrode (1991) showed that the outgoing individuals feel more social support[1].Therefore, the author 
regards “extraversion” as the independent variable and put forward the following hypothesis.  

H2: Extraversion has a significant main effect on friend ratio, level of activity and information composition in the circle of friends 
for WeChat. 

Research of Zhang Lei (1995) shows that girls of aggressiveness is not strong compared with boys that the reason is dislike for 
their own professional, poor sense of career heart and fear of hard work[11].Therefore, the author regards “aggressiveness” as the 
independent variable and put forward the following hypothesis. 

H3: Aggressiveness has a significant main effect on friend ratio, level of activity and information composition in the circle of 
friends for WeChat. 
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Previous studies have indicated that gender and extraversion have differences in perceived social support in the context of social 
networking sites. Hamburger and Ben (2000) found that the outward nature of the female can be more positively perceived social support 
for women while this effect is not significant for men[5]. Zhang Wanying (2011) found that female college students were significantly 
higher than boys in their pleasant, rigorous and outward levels, and there was a significant linear relationship between personality traits and 
general well-being[12]. Zhu Zuoyan (2012) found that the higher the score, the better the performance evaluation in the dimension of 
extraversion[13]. Therefore, the author regards the interaction between “gender”, “extraversion” and “aggressiveness” as the independent 
variables and put forward the following hypothesis. 

H4: Interaction between gender and extraversion has a significant main effect on friend ratio, level of activity and information 
composition in the circle of friends for WeChat. 

H5: Interaction between gender and aggressiveness has a significant main effect on friend ratio,level of activity and information 
composition in the circle of friends for WeChat. 

H6: Interaction between extraversion and aggressiveness has a significant main effect on friend ratio, level of activity and information 
composition in the circle of friends for WeChat. 

H7: Interaction between gender, extraversion and aggressiveness has a significant main effect on friend ratio, level of activity and 
information composition in the circle of friends for WeChat. 
 
2.2 Independent variable and dependent variable 
 

The definitions and coding standards of independent variables and the dependent variables are shown in Table 1. 
 

Table 1 Operational definitions of independent variables and dependent variables 
Variable Classification Coding Standard 

 
 

Independent 
Variable 

Gender Male is recorded as 1，female is recorded as 2 

 
Extraversion 

Extraversion refers to the ability to obtain pleasure, usually in the level of interpersonal 
involvement and vitality as indicators. Specific items refer to McCrae &Costa(1992) with 11 
questions[8]. 

5-point of Likert scale is divided into three equal parts: 
（0，1.6666] is “low”；（1.6666，3.3333] is “medium”；（3.3333，5] is “high”. 

 
Aggressiveness 

“Aggressiveness” refers to upward mobility to continue to surpass themselves in order to achieve 
greater success in a spirit of progress and mental state. Specific items refer to Lorece,J. & 
Mortimer，J.(1985) with 8 questions[6]. 

5-point of Likert scale is divided into three equal parts: 
（0，1.6666] is “low”；（1.6666，3.3333] is “medium”；（3.3333，5] is “high”. 

 
 
 
 
 
 

Dependent 
Variable 

 
 

Friend Ratio 

 
Share of various 
type of friends in 
the address book  
of WeChat 

Ratio of relatives 
composition 

Relatives refer to those whose blood or 
affinity is related with subjects. 
Ratio of relatives composition=number of 
relatives ÷ total number 

Ratio of people who help you 

People who help you (excluding 
relatives). 

Ratio of people who help you=number of 
people who help you ÷ total number 

 
 

Level of 
Activity 

 
Sending and 
receiving 
information in the 
circle of friends 
for WeChat 

Number of released 
information 

Number of released information in the 
circle of friends for WeChat 

Density of released 
information 

Number of released information ÷ total 
number of days 

Number of interactive 
information 

Number of interactive information 
including received likes and received 
comments 

Density of interactive 
information 

Number of interactive information ÷ total 
number of days 

 
 

Information 
Composition 

 
Type of released 
information in the 
circle of friends 
for WeChat 

 
Ratio of that of career 

Career information refers to information 
related to academic, professional, work, 
etc. 

Ratio of that of career=number of career 
information ÷ total number of information 

 
Ratio of that of others 

Irrelevant information with academic, 
professional, work, etc. 

Ratio of that of others= number of 
irrelevant information ÷ total number of 
information 

 
2.3 Experimental methods 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                                       66.3 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/66 

 

 
Experimental method was adopted here. This study used 2 (gender: male and female) ×3 (extraversion: high, medium and low) × 3 

(aggressiveness: high, medium and low) of the between-subject design. Five-point of Likert scale was used in the questionnaires of self 
- evaluation for extraversion and aggressiveness and multivariate analysis of variance was used as the statistical method with SPSS23.0 
as the statistical software. 
 
2.4 Experimental subjects 
 

In China, 360 national college students were selected in line with the experimental conditions with 180 boys and 180 girls. Each 
subject was given to RMB20 when the experiment was completed. 

In order to make the samples distribute balanced in 18 intervals of 2 × 3 × 3, subjects were let to fill in questionnaire of 
extraversion and aggressiveness(self evaluation) used for the pretest in the experimental procedure. When the number of samples in an 
interval had already reached saturation (an average of 20), the samples of the saturation region were eliminated automatically in the 
next survey. 

 
2.5 Experimental materials 
 

Experimental materials for the test included relevant information of subjects’ cell phones as follows: ratio of relatives’ 
composition, ratio of people who help you, number of released information, density of released information, number of interactive 
information, density of interactive information, ratio of released information of career and ratio of released information of others. In 
order to prevent the occurrence of extreme values, samples who released a total of less than 50 were excluded. The time period of the 
experimental materials was unified as follows: April 29, 2015 -2016, April 29th. 
 
3. Experimental results 
 
3.1 Gender 
 

Gender has a significant main effect on received comments by using 2×3×3 multivariate analysis of variance（F=6.305,p=0.019
＜0.05）. According to the mean value, female received comments(mean value is 1393.11) are less than that of male(mean value is 
1980.72). Gender has a significant main effect on density of received comments by using 2×3×3 multivariate analysis of variance
（F=9.821,p=0.005＜0.05）. According to the mean value, female density of received comments (mean value is 10.2733) are less than 
that of male(mean value is 12.4484). From the point of comparing received likes and received comments, interaction of received 
comments is clearly higher than that of received likes. This may be due to the boy's released information more rational than girls’, easy 
to cause others to think and to comment. 
 
3.2 Extraversion (self evaluation) 
 

Extraversion has a significant main effect on ratio of relatives composition by using 2×3×3 multivariate analysis of variance
（F=10.077,p=0.001＜0.05）. According to LSD multiple comparison, there are concomitant probabilities of p<0.05 between low 
score of extraversion (mean value is 17.2934%) and medium score of extraversion (mean value is 5.8037%), and between low score of 
extraversion (mean value is 17.2934%) and high score of extraversion (mean value is 6.8213%) in terms of ratio of relatives 
composition while there are concomitant probability of p>0.05 between the other groups. It shows that from the samples to infer the 
overall, the ratio of relatives composition is higher for those of low score of extraversion（self evaluation）than those of medium and 
high score of extraversion (self evaluation). 

Extraversion has a significant main effect on ratio of people who help you by using 2×3×3 multivariate analysis of variance
（F=10.526,p=0.001＜0.05）. According to LSD multiple comparison, there are concomitant probabilities of p<0.05 between low 
score of extraversion (mean value is 82.7066%) and medium score of extraversion (mean value is 94.1790%), and between low score 
of extraversion (mean value is 82.7066%) and high score of extraversion (mean value is 92.9851%) in terms of ratio of people who 
help you while there are concomitant probability of p>0.05 between the other groups. It shows that from the samples to infer the overall, 
the ratio of people who help you is lower for those of low score of extraversion（self evaluation）than those of medium and high score 
of extraversion (self evaluation). 
 
3.3 Aggressiveness (self evaluation) 
 

Aggressiveness has a significant main effect on density of received comments by using 2×3×3 multivariate analysis of variance
（F=10.077,p=0.001＜0.05）. According to LSD multiple comparison, there are concomitant probabilities of p<0.05 between medium 
score of aggressiveness (mean value is 9.6530) and high score of aggressiveness (mean value is 18.6996) in terms of density of 
received comments while there are concomitant probability of p>0.05 between the other groups. It shows that from the samples to infer 
the overall, the density of received comments is lower for those of medium score of aggressiveness（self evaluation）than those of 
high score of aggressiveness (self evaluation). 
 
3.4 Interaction of “gender” and “extraversion (self evaluation)” 
 

Interaction between gender and extraversion has no significant main effect on friend ratio, level of activity and information 
composition by using 2×3×3 multivariate analysis of variance. 
 
3.5 Interaction of “gender” and “aggressiveness (self evaluation)” 
 

Interaction between gender and aggressiveness has a significant main effect on density of received likes by using 2×3×3 
multivariate analysis of variance（F=3.965,p=0.033＜0.05）. Figure 1 shows that in the students of medium and low level of 
aggressiveness, density of received likes for both boys and girls increases as the aggressiveness increases while density of received 
likes for girls is higher than that of boys. This may be because of the degree of interaction for received likes lower than that of received 
comments and girls released more emotional information than that of boys. Figure 1 also shows that in the students of medium and high 
level of aggressiveness, density of received likes for boys increases as the aggressiveness increases while density of received likes for 
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girls decreases as the aggressiveness increases. This shows that when the level of aggressiveness is more than a certain threshold, the boys 
more motivated, the greater the density of received likes. But there is a trend of group exclusion for the more motivated girls. 

 
Figure. 1 Interaction of “gender” and “aggressiveness (self evaluation)” on “density of received likes” 

Interaction between gender and aggressiveness has a significant main effect on received comments by using 2×3×3 multivariate 
analysis of variance（F=7.343,p=0.003＜0.05）. Figure 2 shows that received comments for boys increase as the aggressiveness increases 
and received comments for girls increase as the aggressiveness decreases. 

 
Figure. 2 Interaction of “gender” and “aggressiveness (self evaluation)” on “received comments” 

Interaction between gender and aggressiveness has a significant main effect on density of received comments by using 2×3×3 
multivariate analysis of variance（F=15.484,p=0.000＜0.05）. Figure 3 shows that density of received comments for boys increases as the 
aggressiveness increases and density of received comments for girls decreases as the aggressiveness increases. 

 
Figure. 3 Interaction of “gender” and “aggressiveness (self evaluation)” on “density of received comments” 
(self evaluation) 

 
3.6 Interaction of “extraversion（self evaluation）” and “aggressiveness (self evaluation)” 
  

Interaction between extraversion and aggressiveness has a significant main effect on density of received likes by using 2×3×3 
multivariate analysis of variance（F=3.537,p=0.045＜0.05）. Figure 4 shows that the higher the aggressiveness, the higher the extraversion, 
the higher the density of received likes. 
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Figure. 4 Interaction of “extraversion（self evaluation）” and “aggressiveness（self evaluation）” on “density of received likes” 
Interaction between extraversion and aggressiveness has a significant main effect on received comments by using 2×3×3 

multivariate analysis of variance（F=3.537,p=0.045＜0.05）. Figure 5 shows that the higher the aggressiveness, the higher the 
extraversion, the higher the received comments. 

 
Figure. 5 Interaction of “extraversion（self evaluation）” and “aggressiveness（self evaluation）” on “received comments” 

Interaction between extraversion and aggressiveness has a significant main effect on density of received comments by using 
2×3×3 multivariate analysis of variance（F=13.081,p=0.000＜0.05）. Figure 6 shows that in the students of medium and low level of 
aggressiveness, interaction between extraversion and aggressiveness has a significant main effect on density of received comments 
positively while in the students of medium and high level of aggressiveness, interaction between extraversion and aggressiveness has a 
significant main effect on density of received comments negatively.  

 
Figure. 6 Interaction of “extraversion（self evaluation）” and “aggressiveness（self evaluation）” on “density of received 

comments” 
 
3.7 Interaction of “gender”, “extraversion (self evaluation)”and “aggressiveness (self evaluation)” 
 

Interaction between gender, extraversion and aggressiveness has no significant main effect on friend ratio, level of activity and 
information composition by using 2×3×3 multivariate analysis of variance. 
 
3.8 Summary 
 

Experimental results show as follows (Table 2). 
 

Table 2 Experimental result (self evaluation) 
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Gender Value of F 1.327 1.56
0 

0.487 0.48
7 

2.461 2.375 6.305 9.821 1.4
98 

1
.
4
9
8 

Value of p 
 

      * **   

Extraversion 
(Self 

Evaluation) 

Value of F 10.077 10.5
26 

1.637 1.63
6 

3.441 2.671 1.888 1.181 0.6
37 

0
.
6
3
7 

Value of p *** ***         
Multipl

e 
compari
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low- 
mediu

m 

*** ***         

low-
high 

*** ***         

mediu
m-

high 

          

Aggressiveness 
(Self 

Evaluation) 

Value of F 1.661 1.81
0 

1.397 1.39
6 

0.244 0.436 0.658 5.958 0.2
71 

0
.
2
7
1 

Value of p        **   
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e 
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m 
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high 

       **   

Gender×Extrav
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(Self 

Evaluation) 

Value of p 2.205 2.44
4 

2.093 2.09
3 

1.820 3.081 1.011 0.127 0.7
33 

0
.
7
3
3 

           

GenderAaggres
siveness(Self 
Evaluation) 

Value of p 0.679 0.72
8 

0.190 0.19
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3.739 3.965 7.343 15.484 1.4
86 

1
.
4
8
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      * ** ***   

Extraversion(S
elf 

Evaluation)×A
ggressiveness(

Self 
Evaluation) 

Value of p 1.602 1.75
2 

0.777 0.77
6 

2.040 3.537 7.602 13.081 1.4
01 

1
.
4
0
1 

      * ** ***   

Gender×Extrav
ersion(Self 

Evaluation)×A
ggressiveness(

Self 
Evaluation) 

Value of p 0.738 0.76
9 

1.147 1.14
5 

0.789 2.735 1.468 1.679 0.8
75 

0
.
8
7
5 

           

Note: *stands for p<0.05, **for p<0.01, and ***for p<0.001. 
 

4. Conclusion and recommendation 
 
4.1 Discussions of the research findings 
 

According to experimental results, we find some conclusions as follows. 
Gender and aggressiveness are both important variables influencing interactive information. Boy students are more interactive

（received comments and density of received comments） than girl students in the circle of friends for WeChat. The more the 
aggressiveness, the higher the density of received comments. 

Extraversion（self evaluation）  is an important variable influencing friend ratio. Students who score medium or high of 
extraversion（self evaluation）are higher than those who score low of extraversion（self evaluation）in terms of ratio of people who 
help you. On the contrary, students who score medium or high of extraversion（self evaluation）are lower than those who score low of 
extraversion（self evaluation）in terms of ratio of relatives composition. This may be more ability of students with high scores of 
extraversion（self evaluation） looking to meet strangers. 

Interaction between gender and aggressiveness（self evaluation）is an important variable influencing interactive information. 
Research shows that the more motivated the boys, the more obvious the density of received likes and the received comments. When the 
aggressiveness（self evaluation）exceeds a certain threshold level, the more motivated the girls, the less obvious the density of 
received likes and the received comments. This may be generated by the different gender role expectations in Chinese society such as 
Chinese Proverbs “the man is the pillar of the household”, “do well is inferior to marry well for women” and so on. 

Interaction between extraversion（self evaluation）and aggressiveness（self evaluation）is an important variable influencing 
interactive information. Research shows that the more aggressiveness, the more extraversion, the more density of received likes and the 
received comments. However, when students score medium or high of aggressiveness（self evaluation）,the more extraversion（self 
evaluation）,the less density of received comments. It means the less popular of the students. The two popular Chinese sayings, 
“one who sticks his neck out gets hit first” and “fame is fatal to men as fatness to pigs”, may strongly interpret the data results. 
 
4.2 Implications of the research findings 
 

By examining the influence of gender, extraversion and aggressiveness on the circle of friends for WeChat, results show that 
schoolboys with strong aggressiveness and relative introversion (a little low-profile) are constantly received of likes and comments 
while schoolgirls with strong aggressiveness and relative extraversion (a little high-profile) are less possibly received of likes and 
comments sustainably the circle of friends for WeChat. Although the circle of friends for WeChat is a very private communication 
space, the communication behaviors are still being affected by the group norms. When the person in the circle of friends disseminates 
information, those in line with social stereotype are susceptible to cause groups’ responses and vice versa. Advertisers can make use of 
those who stir more responses to push advertisements in the circle of friends for WeChat because the advertisements may be involved 
in a deeper degree. 

Suggestions for future research are studying the impact of different types of released information on interactive information in the 
circle of friends for WeChat. What’s more, as other indicators of interactive information such as the number and density of likes and 
comments on others can not be directly obtained from the mobile phone, this work is also in need of further development. 
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Abstract: Nowadays, energy crisis and environmental degradation are becoming more and more serious. Optimizing the energy structure 
and development of the new energy sources are the main methods to solve the energy and environmental issues in China. In this paper, an 
Organic Rankine cycle system utilizing solar energy and liquefied natural gas (LNG) for thermal power generation is proposed. Considering 
the net output power, thermal efficiency and exergetic efficiency, a detailed analysis of the exergy is carried out on the various components 
to identify the weakest link of the cycle. It is observed from the analysis that the maximum net output power, thermal and exergy efficiency 
of the system are calculated as 67.01kW, 37.23% and 53.45% respectively. The largest exergy loss occurs in the solar collector, followed by 
the condenser, evaporator and expander. According to 90% generation efficiency and 0.145 dollars/kw•h price calculation, the system can 
bring more than 72642.74 dollars of economic benefits. Meanwhile, it can also reduce the emission of 368.39 kg/a SO2 and 113.55 t/a CO2, 
which were produced by the burning of coal and natural gas, to achieve energy-saving and emission-reduction. 
 
Keywords: solar energy; liquefied natural gas; Organic Rankine Cycle; exergy; thermodynamics 
 
1. Introduction 
 

Nowadays the production of electricity still relies heavily on the use of fossil fuels and is a main factor in environmental pollution. 
Therefore, clean alternative sources are needed for the production of electricity. In recent years, the use of clean and renewable energy has 
become more prevalent in our everyday lives due to an increased environmental awareness worldwide[1]. LNG that is stored at a 
temperature of -160℃ and at a pressure slightly above atmospheric, has a high energy, known as cold energy, which needs to be recovered 
during the LNG regasification process. Through this vaporization process, more than 830kJ/kg cryogenic exergy can be released, however, 
the most widely used method for exploiting LNG cold energy is for power plant efficiency enhancement[2]. Moreover, with fossil fuel 
depletion and significant increment of CO2 emissions, solar energy is becoming more crucial in the field of power generation and energy 
supply for the water heater. Therefore, combining solar energy with LNG will be a desirable application prospect[3]. 

 Numerous studies have focused on the use of clean energy. For example, Gao et al.[4] analyzed the performance of solar supercritical 
Organic Rankine cycle use different working fluids. Han et al.[5] and Li et al.[6] conducted simulation and optimization on the application 
of solar Organic Rankine cycle refrigerant selection. Wang et al.[7][8] observed solar power generation system with different solar 
collectors. Li et al. [9] proposed a cascade Organic Rankine cycle power generation system using hybrid solar energy and liquefied natural 
gas which solved the disadvantages of the multistage expansion and design of turbine caused by the high temperature difference between the 
cold and heat source. Wang et al.[10] analyzed the thermodynamics of a cycle based on the liquefied natural gas and low temperature waste 
heat, They pointed out that the heat source temperature, condensing temperature and evaporating pressure, had an important effect on the 
circulation of energy efficiency. In addition, Rao et al. [11] presented a combined cycle utilizing cold energy of LNG and low-temperature 
solar energy, and comprehensively discussed how to improve the efficiency of solar thermal power conversion.  

As mentioned above, the research and application of ORC combine with solar energy and LNG cold energy power generation have a 
long-standing, but none of the LNG cold energy has been used completely. If the cold energy can be converted into the electrical energy, the 
energy efficiency will be greatly improved. This paper proposes an ORC power generation system combine with solar energy and liquefied 
natural gas. After twice ORC, the remaining LNG can be superheated by the air, and then the residual pressure can be used to generate 
electricity. The NG that meet the temperature and pressure requirements can be conveyed to the city gas transmission and distribution 
network. Therefore, the loss of cold energy and pressure energy can be greatly reduced. Besides, the energy recovery efficiency of the whole 
system and the benefits of energy saving and emission reduction are calculated and analyzed in details.  
 
2. System analysis 
 

In this work a combined system which consists of R143a Rankine cycle and a LNG regasification device is analyzed. The schematic 
diagram of the generating system is illustrated in Figure 1. The system uses solar water heating as the heat source and LNG cold energy for 
power generation as the heat sink. 

 
Figure. 1 Schematice diagram of the generating system 

In the cycleⅠ, the R143a as a working fluid is compressed in the pump 2. the heat gathered from solar collectors is carried by water 
and transmitted to the propene in VG1. Then, high-pressure vapor enters into E1 and the mechanical work caused by the expansion process 
is recovered by E1. In the cycleⅡ, working fluid is compressed in the feed pump 3 from a saturated liquid state to a compressed liquid state. 
Then it is heated by the heat source and vaporized in VG2, after that it enters the E2 and is expanded with while producing work. LNG is 
supplied from the storage tank as a saturated liquid and vaporized in CD1 and CD2 while the cold energy is released to condense the 
working fluid[12].  

LNG at 111.5K is withdrawn from the storage tank and pumped to condense the fluids, Then, LNG is gasified as saturated NG, which 
is still at cryogenic and high-pressure state. HX1 is added to superheat the gas to reach an appropriate temperature, and more electricity can 
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be generated when superheated NG enters into E3. Finally, the exhaust stream can be conveyed to the city gas transmission and distribution 
work. The air enters HX1 at temperature Tain(200℃) and flow out at temperature Taout(15℃)[13]. 

Some assumptions are made to simplify the system analysis as follows: 
1. LNG is assumed to be pure methane, and is saturated liquid under ambient pressure in the storage tank and at the pump inlets. 
2. The system is steady state. 
3. The working fluids are at saturated vapor at the expander inlets. 
4. Solar collectors are working in a steady state, and the hot water is evenly distributed to two cycles. 
5. The performances of pumps or expanders are evaluated by constant isentropic efficiencies. 
6. The pressure loss of heat exchangers and pipeline loss are ignored. 

 
3. Mathematical model 
 
3.1 Evaporator 
 

The exergy destruction of the evaporator is defined by Eq. (1): 

,
0 , ( - )s evap

evap s s evap
H

h
I m T s

T
∆

= ∆
                                                                    (1) 

Where, HT  is the average temperature of the hot water, K; The inlet and outlet enthalpy change of working fluid in evaporator is 
Δh s,evap. The inlet and outlet entropy increase of working fluid in evaporator is ΔS s,evap. ms are the mass flow rate of the working fluid; T0 is 
the ambient temperature, 298K. 
 
3.2 Condenser 
 

The exergy destruction of the condenser is defined by Eq. (2): 

,
0 , ( - )s c

c S s c
L

h
I m T s

T
∆

= ∆
                                                                       (2) 

Where, LT  is the average temperature of the LNG, K; The inlet and outlet enthalpy change of working fluid in condenser is Δh s,c . The 
inlet and outlet entropy increase of working fluid in condenser is ΔS s,c . 
 
3.3 Pump 
 

The exergy destruction of the pump is defined by Eq. (3): 

0 ,p S S pI T m s= ∆
                                                                               (3) 

The inlet and outlet entropy increase of working fluid in pump is ΔS s,p. 
 
3.4 Expanders 
 

The exergy destruction of the expander is defined by Eq. (4): 

0 ,e S S eI T m s= ∆
                                                                                (4) 

The inlet and outlet entropy increase of working fluid in pump is ΔS s,e . 
 
3.5 Solar collector  
 

The exergy destruction of the solar collector is defined by Eq. (5): 

,
0 ,( - )s s

s s s s
f

h
I m T s

T
∆

= ∆
                                                                         (5) 

Where, fT  is the average temperature of the air, K; The inlet and outlet enthalpy change of working fluid in solar collector is Δh s,c . 
The inlet and outlet entropy increase of working fluid in solar collector is ΔS s,s. 
 
3.6 Exergetic efficiency 
 

The maximum available exergy released by solar radiation is defined as Eq. (6): 

04[1 (1 0.28ln )]
3S

S

TGA fE T
= − −

                                                               (6) 
Where,  f  is the dilution factor, f =1.3×10-5. Ts is the surface temperature of the solar energy, 5800K. G is the solar radiation intensity, 

5000MJ/m2. A is the solar collector area. 
The exergy released by LNG cold energy is defined as Eq. (7): 

0 0 0[( - ) - ( - )]LNG L L L L LE m h h T s s=
                                                               (7) 

Where, hL0 is the enthalpy of LNG in the initial state. SL0 is the entropy of LNG in the initial state. 
Exergy exists in solar energy and LNG, both collectors and LNG require a certain cost. Therefore, they should be considered 

simultaneously when calculating exergetic efficiency[13]. 
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3.7 Thermal efficiency 
 

 net
T

W
Q

η =
                                                                                    (9) 

Where 

net t PW W W= Σ −Σ                                                                          (10) 
∑W t  is the total output power. ∑WP is the total consumed power. 

 
4. Results and discussion 
 
4.1 The net output power and thermal efficiency of the system 
 

The changes of the net output power and thermal efficiency with the evaporation pressure and the evaporating temperature of the cycle
Ⅰare shown in Fig 2 and Fig 3. From the Fig 2 and Fig 3, we can clearly see that when the evaporation temperature is constant, the net 
output power and the thermal efficiency show a trend of first increasing and then decreasing with the increasing of pressure, because the 
thermal efficiency is related to work and heat absorption of the system, when the relative value of system work increased more than heat 
absorption, the thermal efficiency of the system will be increased, otherwise it will be reduced. When the evaporation pressure is constant, 
the net output power and thermal efficiency increase with the increase of the temperature. This is because with the rise of evaporating 
temperature, the average temperature rise and the exhaust pressure constant, which makes the enthalpy of machine work in expander 
increase and enhance the work capacities of the working fluid[14]. In summary, the peak value of the net output power and thermal efficiency 
in cycleⅠare appeared in P = 3MPa and T = 371K, and the values are 35.461 kW and 19.7% respectively. 
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Figure. 2 CycleⅠnet output work at different evaporating pressure and evaporating temperature 
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Figure. 3 CycleⅠthermal efficiency at different evaporating pressure and evaporating temperature 

The changes of the net output power and thermal efficiency with the evaporation pressure and the evaporating temperature of the 
cycleⅡare shown in Fig 4 and Fig 5. It has the same variation law with the cycleⅠ: the net output power and heat efficiency increased 
obviously with the rise of temperature, and there also existed a peak value when the evaporation pressure takes the maximum value. 
The cycleⅡoptimum net output power and heat efficiency with R143a as the working fluid are of 31.55kW and 17.53 %, with T = 
371K and P = 3MPa. 
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Figure. 4 CycleⅡnet output work at different evaporating pressure and evaporating temperature 
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Figure. 5 CycleⅡthermal efficiency at different evaporating pressure and evaporating temperature 

 
4.2 Exergy efficiency  
 

Fig 6 and Fig 7 show the effects of the evaporation pressure on the exergy efficiency at various evaporating temperature in cycleⅠand 
cycleⅡrespectively. As the evaporation pressure is set as a constant value, the exergy efficiency of the system is increased with the 
evaporation temperatures. On the other hand, when the evaporation temperature is constant, the exergy efficiency has a peak value with 
respect to the evaporation pressure. This can be explained by the formula (8) that the change of the exergetic efficiency mainly depends on 
the net power output once the LNG cold exergy and solar thermal exergy is determined, the increasing of the evaporation temperature can 
effectively increase the enthalpy drop of expander work, so that the net power output is greatly improved and further improve the system of 
energy efficiency. This occurs with T=371K for the evaporation temperature and with P=3.7MPa for the evaporation pressure. Under these 
conditions, the maximum exergy efficiency of the cycleⅠand cycleⅡare achieved with R143a and correspond respectively with 28.05 % 
and 25.38 %. 

 
Figure. 6 CycleⅠexergy efficiency at different evaporating pressure and evaporating temperature 

 

 
Figure. 7 CycleⅡexergy efficiency at different evaporating pressure and evaporating temperature 
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4.3 Exergy loss  
 

In order to analyze the influence of the working condition on the exergy efficiency, the variation of the available energy loss with 
the evaporation temperature of the two cycles under the respective optimum evaporation pressure is further investigated. The exergy 
loss ratios of two cycles are shown in Fig 8 and Fig 9 respectively, and the exergy loss is the average evaporation temperature of the six 
sets. In this case solar collector is the greatest among other exergy destruction ratios, and followed by the condenser and evaporation. It 
can be seen from the figures, the total exergy loss of these components are 93.35%. The expander is the second component for exergy 
loss, and the exergy loss of the pump is too small to be concerned. 
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Fig.8 Exergy loss for the components in the cycleⅠ 
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Fig.9 Exergy loss for the components in the cycle Ⅱ 

The changes of the heat flux with the evaporating temperature of the cycleⅠand cycleⅡare respectively expressed in the Fig 10 
and Fig 11. According to the Figure, the exergy loss is mainly existed in the heat exchange components. The condenser has the highest 
exergy loss in cycle I mainly because the difference in the energy grade of the hot and cold fluid is too great. Due to the cascade 
utilization of LNG, the temperature difference between the cold and heat flow in condenser of cycleⅡis greatly reduced, thereby, the 
available condenser energy loss in cycleⅡis reduced effectively.  
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Figure. 10 Compound curve of cold and heat fluid in CycleⅠcondenser 
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Figure. 11 Compound curve of cold and heat fluid in CycleⅡcondenser 
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4.4 Energy efficiency  
 

Taken the net output power of two cycles in the respective optimum evaporation pressure and temperature, the net power generation of 
the system is 67.01 kW·h, the net power generation of LNG cold energy is 115.024 kW·h. When the solar water heater can not meet the 
requirements of the system, the auxiliary heater must be turned on and it power consumption shall not be higher than 67.01 kW·h per hour, 
otherwise there will be no economic.  

Energy efficiency to be computational standard with heat supplied by hot water per hour, the calculated results are shown in Table 1. 
 

Table 1 The comparison of calculation results 

Term 
Use of cold 

energy 
generation 

No use of 
cold energy 
generation 

Total output power(kW) 
Total consumed power(kW) 
Total net output power(kW) 

Thermal efficiency(%) 

190.97 
8.936 

182.034 
18.11 

70.07 
4.282 
65.788 
15.22 

Exergy recovery efficiency(%) 
Annual power generation(kW·h) 

26.73 
50×104 

20.25 
18×104 

 
We can see from the table, compared with the traditional independent solar power system, the net output power, thermal and exergy 

efficiency are greatly improved; LNG cold energy can be fully used by superheated gas bloating, the generating capacities of the whole 
system can be improved, such energy efficiency is considerable in practical engineering applications.  
 
5. Conclusions 
 

The goal of this work is the study of a low temperature solar and LNG cold energy combined system to provide electricity by an ORC 
using R143a as working fluid. The combined system was studied from thermodynamic and exergetic point of view[15].  

(1)The optimal net output power and thermal efficiency are obtained when the two cycle take the best evaporation pressure 3MPa and 
the best evaporation temperature 371K, the values are 67.01kW and 37.23% respectively; when both of the evaporation pressure and 
evaporation temperature reaches the best points, 3.7MPa and 371K, respectively, the exergy efficiency peak value is 53.43%; 

(2)The exergy destruction ratio of solar collector is the highest among others over the whole range of the system parameters, which 
means that it is most important to reduce the exergy destruction at solar collector in order to improve the system performance;  

(3)On average, the cycle can get more than 1500 kW·h power per day and more than 50×104 kW·h power per annum under the normal 
conditions, which can bring more than 72642.74 dollars of economic benefits and reduce 522.325 kg/a of SO2 emissions and 16×104 kg/a of 
CO2 emissions which produced by burning of coal. 
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Abstract: The presence of steroid estrogens has adverse effect to environment. Sand filtration is able to increase estrogen removals in 
tertiary treatment of sewage, and the removal mechanism is unclear. Two down-flow lab-scale sand filters were utilized in this study to 
investigate the relationships between removal rates of estrone (E1), 17β-oestradiol (E2), 17α-ethinyl estradiol (EE2) and the particle size 
distribution (PSD) of suspended solids. It was observed that 80% estrogens were adsorbed on particles which size were less than 220nm. 
The removal rates of E1, E2 and EE2 decreased from 58.8%, 56.3% and 60.0% to 7.0%, 1.3% and 4.0% respectively with the mean size of 
suspended particles (SS) increased from 1.493μm to 226.784μm. A negative correlation was established for estrogens removals and SS 
mean sizes expressed in logarithmic modes (R2>0.9). E2 was biodegraded (p<0.05) in sand filters due to the accumulation of intercepted 
flocs derived from activated sludge. The removals of E1 and EE2 were mainly achieved by adsorption to fine particles and then intercepted 
by sand filters. The biodegradation of E1 and EE2 were not significant (p>0.05) because of the stable biochemical properties and short 
retention time. 
 
Keywords: steroid estrogens; sewage tertiary filtration; sorption; biodegradation 
 
1. Introduction 
 

The adverse effect to ecosystem by steroid estrogens in water has been well documented [1]. Estrone (E1), 17β-oestradiol (E2), 17α-
ethinylestradiol (EE2) are main steroid estrogens widely presented in aqueous phase and widely reported. Due to the incomplete removal in 
sewage treatment works (STWs), estrogen concentrations are higher than the threshold value [2,3] which may lead to endocrine disruption 
although the concentrations are ng/L level. E1, E2 and EE2 are listed as the priorities in endocrine disrupting chemicals by European Union 
(EU) and the discharge consent of estrogens are proposed by the United Kingdom (UK) Environmental Agency as 1 ng/L (E2 equivalent) 
[4,5]. 

Biodegradation is the main way for estrogen removal in STWs, and it follows the first order reaction model (Sellin et al., 2009). The 
removal rates of estrogens were reported to be 61-85% by conventional activated sludge processes, and the rates may increase to 85% and 
90% for E1 and E2 respectively with bio-nitrification. The increase of hydraulic retention time (HRT) and sludge retention time (SRT) 
contributed to estrogens removals; nevertheless, the size of the structures in the STWs would be significantly increased accordingly. It is not 
an applicable technical solution for STWs in operation if the estrogens are required to discharge according to the consent. Tertiary sand 
filtration played an important role in estrogens removals, accounting for 13-25% of the total removal rates and stabilized the removal rates 
of E1, E2 and EE2 to 90%, 95% and 50% respectively[6,11]. But the removal mechanisms remain unclear. 

Steroid estrogens are ready to transfer from aquatic phase to solid phase due to high octanol/water partition coefficient (Kow), and 
suspended solids (SS) are regarded as carriers for estrogens in the sewage. Liu et al. (2005) found that estrogens sorbed on colloids rapidly, 
reaching equilibrium within 5 min [12]. Zhou et al. (2007) estimated that between 10 and 29% of endocrine disrupting chemicals are 
associated with aquatic colloids. Holbrook et al (2004) observed that more than 60% E1 and E2 were bound to colloid substance during the 
biological treatment process[13]. Lee et al. (2011) reported that more than 95% E2 was sorbed to colloids with size from 50KDa to 0.45μm 
when utilizing different size dissolved organic matter (DOM) isolated from wastewater effluent to determine the sorption coefficient of 17β-
estradiol (E2) [14]. Sand filter is a water treatment structure for fine solid removal. The contribution of sand filtration on estrogen removal 
in sewage tertiary treatment may lead to the assumption that the property of suspended solids have effect of estrogen removal. This study 
utilized well-controlled lab-scale sand filters to investigate the relationship between particle size distribution in secondary effluent and 
estrogens removal rates in sand filtration. Additionally, it may also help to get a better understanding of the removal mechanisms of 
estrogens thus to improve removal rates of trace organic pollutants in already constructed sewage treatment infrastructures. 
 
2. Materials and methods 
 
2.1 Materials 
 

The organic pollutants used in this study included three analytes (E1, E2 and EE2) and internal standard (E1-d4) and they were 
purchased from Sigma-Aldrich Chemical Company. Methanol, hexane and dichloromethane are HPLC grade. The resistivity of distilled 
water was 18.2 MΩ•cm produced by Milli-Q system. Aminopropyl (NH2 200mg/4mL, 50kp) and C18 (200mg/4mL, 50kp) solid phase 
extraction cartridges were purchased from Alltech Company. 
 
2.2 Lab-scale Device 
 

Two down-flow sand filters (column A and B) with the filtrating rate of 5.0m/h were set in a STW (30000 m3/d) and operated in 
parallel to simulate the real sand filtration operation. The columns were made of polymethyl methacrylate with 0.3m in inner diameter and 
2.5m in height. The height of supporting layer and filtration layer are 300mm and 1600mm respectively. The sizes of sands are 2-4mm. The 
sampling holes were evenly set from the top of the filter layer with an interval of 300mm. 

The two sand filters treated the effluent of secondary sedimentation tanks of the STW supplied by a high water tank. E1, E2 and EE2 
solution were added into the influent to make the concentrations of 50.0ng/L, 30.0ng/L and 10.0ng/L respectively. To inhibit the activity of 
microorganisms in column B, 200.0mg/L HgCl2 solution was added and the sand was soaked for 24.0h before experiment. During the 
experiment, 100.0mg/L HgCl2 solution was also added in the influent of column B. 
 
2.3 Sample Collection and Preparation  
 

Samples were collected in pre-cleaned 1L amber glass bottles. The samples were adjusted to a pH value of 3.0 by adding hydrochloric 
acid and Cu(NO3)2 to make the concentration of samples was 250.0mg/L, which could effectively prevent the estrogens from 
microbiological degradation during transportation [15]. All samples were preserved in ice box (<4℃) and then immediately filtered through 
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0.45μm glass fiber filters when transported to the laboratory. 1ml E1-d4 with the concentration of 20ng/L was added to the samples as 
internal standards and then the steroid estrogens in samples were purified and concentrated after activation, sampling, elution and 
evaporation subjected to SPE using C18 and NH2 cartridges. Eluted sample collected in vials were placed in water bath with the water 
temperature at 55℃ and dried by a gentle N2 gas stream. 1.0 mL methanol were added to reconstitute the samples and subjected to chemical 
analysis. 
 
2.3 Analytical Methods 
 

The quantitative analysis of E1, E2 and EE2 concentrations in liquid samples were measured by HPLC (Agilent 1100) -MS/MS (triple 
quadrupole mass spetrometer) (Wan et al., 2011) according to the standard method. The concentration rate was 1000 and the recoveries were 
89.5%-106.7% with the relative standard deviation (RSD) of 3.3%-9.2%.  

Particle size distribution (PSD) was measured by Nano Analyzer from Malvern Company. Biomass was measured by mixing liquid of 
volatile suspended solids (MLVSS) per sand media, and biological activity was measured by consumption of dissolved oxygen (DO) per 
sand media. Chemical oxygen demand (COD), soluble chemical oxygen demand (SCOD), SS, ammonia nitrogen (NH3-N), MLVSS and 
DO were measured according to Standard Method. 
 
3. Results  
 
3.1 Relationship between PSD and estrogens removals  
 

Specific surface area of sorbent plays an important role in estrogens sorption. The specific surface area of quartz sand is lower 
compared with porous particles like activated carbons, and its sorption capacity is thus limited. When the influent containing estrogens flow 
through sand filters continuously, the sorption on quartz sand would reach to equilibrium in a short time. So in the long-term operation, the 
sorption of sand could be neglected . 

Influent with five different particle distribution characteristics were listed in Table 1. The relationship between removal rates of SCOD 
and NH3-N and PSD by sand filters were shown in Figure 1 and Figure 2. The removal rates of SCOD and NH3-N were 10.4%-17.3% and 
5.1%-7.4% respectively in column A, whilst those were only 0.5%-1.1% and 0.2%-0.8% in column B (p<0.01). The marginal removal of 
SCOD and NH3-N indicated that HgCl2 had effectively inhibited the bioactivity in the control column B. Influent with the mean particle 
size of 1.493μm had the highest SCOD removal among the five ones in column A.  

 
Table1 PSD values of 5 influent samples flowing through the sand filters 

Influent D10 (μm) D50 (μm) D90 (μm) Dav (μm) S/V (m2/cm3) 

1 0.834 1.434 2.212 1.493 4.823 

2 4.437 7.931 14.202 8.752 0.823 

3 6.568 11.392 18.578 12.120 0.594 

4 28.629 37.263 50.706 38.806 0.186 

5 145.648 218.434 316.58 226.784 0.032 
 

 
 

Figure. 1 The comparison of SCOD removals by sand filters and average particle size 
 

 
 

Figure. 2 The comparison of NH3-N removals by sand filters and average particle size 
Negative correlations fit by logarithmic functions (R2>0.90) were constructed between PSD and the removal rates of three estrogens 

(shown in Figure 3, Figure 4 and Figure 5). No statistical difference was found between column A and column B for E1 and EE2 removal, 
and this indicated that adsorption was the main may of removal and biodegradation was marginal. However, the statistical difference 
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(p<0.01) was observed for the removal of E2, and this is regarded as the evidence of biodegradation in column A due to the readily 
biodegradation of E2. The decrease of SCOD and NH3-N removals in column B also support the bioactivity in normally operated sand 
filters. 

 
 

Figure. 3 The relation curve of E1 removal and influent average particle size 
 

 
 

Figure. 4 The relation curve of EE2 removal and influent average particle size 
 

 
 

Figure. 5 The relation curve of E2 removal and influent average particle size 
 

3.2 Biological activity and biomass in sand filters  
 

The vertically variation of DO concentration, amount of biomass and its respiration effect were investigated in the experiment and 
illustrated in Figure 6, 7 and 8, in order to obtain the evidence for the above analysis on bioactivity.  

 
 

Figure. 6 The relation curve of DO and depth of sand filters 
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Figure. 7 The relation curve of biological activity and depth of sand filters 
 

 
 

Figure. 8 The relation curve of biomass and depth of sand filters 
 
DO levels decreased along the down-flow stream in both filters, with the inhibited one reduced less compared with the normal one. The 

DO dropped from 2.72 mg/L to 0.41 mg/L (84.9% decrease) in the normally operated one, whereas the one of inhibited filter varied from 
2.72 mg/L to 2.30 mg/L (15.4% decrease). In accordance with these variation in DO, the biomass and its respiration along the down-flow 
stream also exhibited similar variation, and the differences between two columns are statistically significant (p<0.01). 
 
4. Discussion 
 

The role played by bioactivity and adsorption could be analyzed by comparing the estrogen removal difference of two filters 
when sewage passed through. At a specific characteristic value of a sewage's particle size distribution, the removal difference of one 
estrogen between the normally operated filter (column A) and bioactivity inhibited one (column B) could be attributed to 
biodegradation, and the removals observed in column B then could be regarded as the contribution of adsorption. The data collected 
in the experiment were illustrated in Figure 9, 10 and 11. 

Biological removal was observed for three estrogens, and the behavior of E2 was different from E1 and EE2. The 
biodegradation of E2 was significant (p<0.01) during sand filtration. The total E2 removal was negatively correlated with mean 
particle size (Dav), and this relation was fit by power function (p<0.01). However, the contribution of bioactivity, which was kept 
around 11.7%-14.3%, showed limited relation with the removal. The contribution of adsorption decreased with the increase of mean 
particle size (p<0.01), thus led to higher bioactivity contribution in sewage samples with higher mean particle size. Take E2 as an 
example, the contribution of biodegradation was 19.7% when the mean particle size was 1.493μm, whilst the contribution increased 
to 90.2% when the mean size increased to 226.784μm. Nevertheless, the increase is not from the increase of bioactivity, but the 
decrease of total removals. Sangster et al. (2015) reported that four steroids preferentially sorbed to fine particles, but not all the 
estrogens sorption capacity increased with decreasing particle size. It was proposed that sorption capacity was influenced more by 
organic carbon content than particle size [16]. Qi et al. (2014) showed that estrogen sorbed to smaller particle size was likely due to 
both increased specific surface area and organic carbon (OC) content [17]. This experiment was conducted using the same sewage 
with different dosage of coagulant to produce different particle size properties, thus the organic carbon content was the same in each 
batch. 

 
 

Figure. 9 The comparison of E1 adsorption and biodegradation after sand filtration 
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Figure. 10 The comparison of EE2 adsorption and biodegradation after sand filtration 
 

 
 

Figure. 11 The comparison of E2 adsorption and biodegradation after sand filtration 
The above biological analysis results (shown in Figure 6, 7 and 8) indicated that the suspended solids containing flocs from 

activated sludge may be the main contributor of biodegradation. These flocs loosely covered the surface of sand layer in the filter, some 
of them may even attached to the sand particles in the sand layer as thin biofilm. Although the bioactivity is less than that in all types of 
biofilters which are specially designed for the well growth of biofilms and these biomass may be periodically washed away by 
backwash, the role of micro-organism cannot be neglected, especially for those readily biodegraded chemicals like E2. 
 
5. Conclusion 
 

(1) The particle mean sizes of influent and the estrogen removals were negatively correlated, and the relation were mathematically 
fitted by logarithmic function (R2>0.90). 

(2) Although the main function of tertiary sand filters are to remove suspended solids in the secondary effluent of STWs, the 
surplus flocs intercepted by the sand layer was able to exhibited some extend of bioactivity and lead to the biodegradation of E2, which 
is not bio-stable. However, the bioactivity was not strong enough to degrade E1 and EE2, which are more stable than E2.  

(3) Bio-adsorption may be the dominant way of estrogen removal in tertiary sand filters in consideration of the limited sorption 
capacity of sand.  
 
6. Acknowledgement 
 

The author thank the following people who provide support for this study: Fei Guo and Da LIU at Chongqing University. 
 
7. Funding Information 
 

This work was funded by Foundation and Cutting-edge Research Projects of Chongqing (CSTC2013jcyjA20021), the 
Fundamental Research Funds for the Central Universities (CDJZR14218801) and CSTC Special Project for Social Affairs and Public 
Life Guarantee (cstc2015shms-ztzx0053). 
 
 
References 
[1] Chang H., Y. Wan and J.Y. Hu. 2009. Determination and source apportionment of five classes of steroid hormones in urban rivers. 

Environmental Science & Technology, 43, (20): 7691-7698.  
[2] Eggen R.I.L., J. Hollender, A. Joss, M. Schärer and C. Stamm. 2014. Reducing the Discharge of Micropollutants in the Aquatic 

Environment: The Benefits of Upgrading Wastewater Treatment Plants. Environmental Science & Technology, 48, (14): 7683-
7689. 

[3] Fawell J.K., D. Sheahan, H.A. James, M. Hurst and S. Scott. 2001. Oestrogens and Oestrogenic Activity in Raw and Treated Water 
in Severn Trent Water. Water Research, 35, (5): 1240-1244.  

[4] Hering J.G., T.D. Waite, R.G. Luthy, J.E. Drewes and D.L. Sedlak. 2013. A changing framework for urban water systems. 
Environmental Science & Technology, 47, (19): 10721-10726. 

[5] Holbrook R.D., N.G. Love and J.T. Novak. 2004. Sorption of 17beta-estradiol and 17alpha-ethinylestradiol by colloidal organic 
carbon derived from biological wastewater treatment systems. Environmental Science & Technology, 38, (12): 3322-3329.  

[6] Huo C.X. and P. Hickey. 2007. EDC demonstration programme in the UK--Anglian Water`s approach. Environmental Technology. 
[7] Jobling S., M. Nolan, C.R. Tyler, G. Brighty and J.P. Sumpter. 1998. Widespread sexual disruption in wild fish. Environmental 

Science & Technology, 32, (17): 2498-2506. 
[8] Lee J., J. Cho, H.K. Sang and D.K. Sang. 2011. Influence of 17β-estradiol binding by dissolved organic matter isolated from 

wastewater effluent on estrogenic activity. Ecotoxicology & Environmental Safety, 74, (5): 1280-1287. 
[9] Liu R., A. Wilding, A. Hibberd and J.L. Zhou. 2005. Partition of endocrine-disrupting chemicals between colloids and dissolved 

phase as determined by cross-flow ultrafiltration. Environmental Science & Technology, 39, (8): 2753-2761. 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                                       68.6 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/68 

 

[10] Qi Y., T.C. Zhang and Y. Ren. 2014. Testosterone sorption and desorption: Effects of soil particle size. Journal of Hazardous 
Materials, 279: 493-501.  

[11] Sangster J.L., H. Oke, Y. Zhang and S.L. Bartelt-Hunt. 2015. The effect of particle size on sorption of estrogens, androgens and 
progestagens in aquatic sediment. Journal of Hazardous Materials, 299: 112-121.  

[12] Shao X. and J. Ma. 2008. Preliminary investigation on 13 endocrine disrupting chemicals in the Songhua River. Acta Scientiae 
Circumstantiae, 28, (9): 1910-1915.  

[13] Sellin M.K., D.D. Snow, D.L. Akerly and A.S. Kolok. 2009. Estrogenic Compounds Downstream From Three Small Cities in 
Eastern Nebraska: Occurrence and Biological Effect 1. Jawra Journal of the American Water Resources Association, 45, (1): 14-21.  

[14] Wan Q.L., C. Yang, Z. Zhi, L. Peng and Y.I. Zhong-Hong. 2011. Application of response surface method in the quantification for 
steroid estrogens using HPLC-MS-MS. Journal of Chongqing University, 34, (5): 105-111.  

[15] Yang C., 2007. Removal of steroid oestrogens in wastewater treatment. Unpublished thesis in partial fulfillment of the 
requirements for the degree of Doctor of Philosophy, Loughborough University, Loughborough, United Kingdom 

[16] Yang C., B.B. Hu, H.L. Zheng, A. Wheatley and J. Churchley. 2008. Stability tests of oestrone,17β-oestradiol and 17α-ethinyl 
oestradiol in sewage samples. Chemical Research & Application, 20, (8): 967-971.  

[17] Zhou J.L., R. Liu, A. Wilding and A. Hibberd. 2007. Sorption of selected endocrine disrupting chemicals to different aquatic 
colloids. Environmental Science & Technology, 41, (1): 206-13.  



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                                       69.1 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/69 
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Abstract: Background: Steroid estrogens are the most concerned environmental hormones presented in wastewater at the nano-gram per 
liter level. Conjugated estrogens are ready to release free estrogens given appropriate environmental conditions thus result in potential 
environmental risk due to the active property of free ones. Materials and Methods: The analysis of estrogens has been a challenge due to the 
trace concentration, especially the simultaneous analysis of free and conjugated estrogens. Estrone (E1), 17β-estadiol (E2), 17α-ethynyl 
estradiol (EE2) and estrogen-3-sulfate (E1-3-S) were simultaneously analyzed using an HPLC-MS-MS preceded by solid phase extraction 
(SPE) sample pretreatment, and the samples were collected along a typical wastewater treatment train and in the receiving river. Results: 
The four estrogens were detected in all samples. E1-3-S accounted for 49.4% and 57.3% of E1 and total estrogens in receiving water body 
samples (in E2 equivalent concentrations). The linear detection ranges for E1; E2; EE2 and E1-3-S are 0.5-100.1 ng/mL, 0.4-98.8 ng/mL, 
0.1-99.4 ng/mL and 0.2-100.0 ng/mL; the limits of detection are 0.5; 0.4; 0.1 and 0.2 ng/L respectively. The repeatability and precision is 
satisfactory; the spiking recovery rate is lower than 85%. The time-lasting for the analysis of a mixed sample is 12.0min. Main conclusions: 
This research suggested an analysis method which is able to provide reasonable repeatability, precision and recovery with less sample 
volume, and firstly reported the conjugated estrogen levels along the treatment train in China. 
 
Significance Statement 
 
 Steroid estrogens are endocrine disruptors harmful to ecosystem and the limited discharge of them from sewage treatment 

works are necessary. 
 The quantification of steroid estrogens in environmental matrices are challenging due to their trace concentration (ng/L), and 

this work provide an analytical method which is able to simultaneously detect estrone,17β-estadiol, 17α-ethynyl estradiol and 
estrogen-3-sulfate using solid phase extraction followed by HPLC-MS-MS. 

 This work firstly reported the conjugated estrogen levels along the treatment train in China. 
 
Keywords: endocrine disrupting chemicals; steroid estrogens; estrone; 17 β -estadiol; 17 α -ethynyl estradiol; estrogen-3-sulfate; 
simultaneous detection; hplc-ms-ms  
 
1. Introduction 
 

The endocrine disruption caused by steroid estrogens has long been concerned all around the world[1]. Sewage and discharge 
from live stocks are the main source of steroid estrogens in water environment. Estrone (E1), 17β- estradiol (E2) and 17α-ethynyl 
estradiol (EE2) are the most active estrogens which were reported to cause fish gonadal dysfunction at ng/L concentration levels. 
The estrogens are excreted as conjugated ones and deconjugated in body or during the transportation and treatment to release free 
estrogens E1, E2 or EE2. The widely reported estrogen conjugates are sulfuric acid conjugated estrogen (CE-S) and glucuronide 
conjugated estrogens (CE-G), and they are not active on excreting whilst the released free ones are the contributors of estrogenic 
activity. CE-S are more bio-stable than CE-G, after nine hours’ treatment by activated sludge system with SRT of 3-9 days, the 
residual amount of CE-S was 74%-94%, while CE-G was not detected due to total decomposition. Estrone sulfate (E1-3-S) in CE-S 
in sewage was the most stable and the highest level of residual[2, 3]. Investigations have shown that the concentration of CE-S 
discharged into water bodies are around50% of that of free estrogens[4], thus the potential negative effect on environment by 
conjugated estrogens should not be ignored. These conjugates may act as "storage tank" of free estrogen, and the estrogenic activity 
is able to be activated given appropriate environmental conditions. E1-3-S is chosen as are representative of conjugated estrogens in 
this research. The chemical structure of free estrogen E1, E2, EE2 and conjugated estrogen E1-3-S was shown in Figure 1.  

A few methods were applied to accurately detect the concentrations of free estrogens at the level of ng/L in environmental 
matrices[5, 6], however, limited reports were on conjugated estrogens. The study presented a method for the pretreatment and analysis 
of free and conjugated estrogens. According to the different organic solvent polarity, the method determined the appropriate solvent 
ratio to complete the separation and extraction of free and conjugated estrogens. Compared with other methods, the method can 
reduce the volume of water sample[4, 7, 8], simplified the pretreatment process and obtain high recovery rates, this may provide 
support for the study on fate and behavior of endocrine disruptors. 

 
Estrone (E1)          17β- estradiol (E2) 
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17α-ethynyl estradiol (EE2) Estrone sulfate (E1-3-S) 

Fig. 1 The chemical structure of free estrogen E1, E2, EE2 and conjugated estrogen E1-3-S 
 
Materials and Methods 
 
Reagents and Instruments 

High purity E1, E2, EE2 and E1-3-S, as well as the internal standard substance: deuterated estrone (E1-d4) and deuterated estrone 
sulfate (E1-3-S-d4) were purchased from the Sigma company. The standard stock solution of estrogen was made at the concentration of 1.0 
g/L with methanol as solvent. The working solution was then diluted to the required concentration with methanol stock solution. HPLC-
grade glacial acetic acid, ascorbic acid and methanol were purchased from Fisher Chemicals (UK). Resistivity of Milli-Q ultrapure water 
was 18.2 MΩ·cm. SPE column: Oasis HLB column (30μm aperture, 200mg, Waters); NH2 column (55-105μm aperture, 360mg, Waters). 
High performance liquid chromatography (Agilent 1100); Whatman microp-orous membrane filter; SPE-03 multi-channel automatic solid 
phase extraction instrument; nitrogen blowing instrument and vortex mixer. 

Sample Collection and Preservation 
Samples were taken in April 2016 from 5 sites: inlet, anaerobic tank, aeration tank, and the outlet of STW, and the receiving water of 

the final water. The STW treats 50000 m3/d combined sewage. The receiving water is Jialing River, which is the tributary of Yangtze River, 
and flows into the main stream in Chongqing urban area. Samples were taken once per hour from 7: 00-19: 00 by automatic sampler to 
prepared a mixed sample. 6 batches of samples were taken from the above 5 sites. 1.0 g/L ascorbic acid was pre-added as antioxidant in the 
amber glass bottles before sampling. Collected samples were kept dark at low temperature(4.0°C) during transport to avoid possible 
degradation loss of analytes[9, 10]. 

Sample Pretreatment 
Each 1.0L water sample was added 1.0mL 20.0ng/mL E1-d4 solution and 1.0mL 20.0ng/mL E1-3S-d4 solution as internal standards, 

and filtered through a 0.45μm microporous membrane(Whatman)to prevent clogging of the SPE cartridge assisted by vacuum pumps. To 
avoid the loss of estrogen, intercepted solids by filters were washed with methanol, and the filtrates were added back[11]. To obtain good 
separation and extraction of free and conjugated estrogens, acidified with acetic acid to pH 3.0 before SPE. 

The first SPE used HLB cartridges, Oasis which were activated by adding 6.0mL of methanol and 6.0mL pure water. 1.0L filtered water 
samples were then flying through cartridges followed by 5 mL pure water for cleaning, and vacuumed until dry. The second SPE was for 
purifying. A NH2 cartridge was connected to the Oasis HLB cartridge. 8 mL methanol was applied to the combined cartridge to elute free 
estrogens collected in vials. Basic conditions are preferred by conjugated estrogens, thus 6.0ml NH4OH methanol solution (0.5%) was 
added for elution. Vials containing eluted analytes were placed in a water bath at 37.0 ° C and blew to dryness by soft nitrogen stream. 1 mL 
methanol was added for reconstitution for followed HPLC-MS-MS analysis[12]. 

HPLC-MS-MS Analysis 
Two kinds of solution were prepared before analysis for the optimization of analyzing conditions. One solution contained E1, E2 and 

EE2 and the inner standard E1-d4 at the concentration of 1μg/mL. The other one contained E1-3-S and its internal standard substance E1-3-
S-d4 at the same concentration. The quantitative analysis was conducted by Agilent 1100 HPLC and API5000 MS-MS. The HPLC 
conditions for free and conjugated estrogen detection are: ACQUITY BEH C8 chromatography column (100mm×2.1mm, 1.7μm); mobile 
phase: A: acetonitrile solution, B: ultrapure water; Gradient elution: 0-2min=10% B, 2-5min=25% B, 6-8min=50% B, 10min=90% B, 
12min=10% B; Flow rate:  0.2mL/min; Column equilibration time: 3min. Tandem mass spectrometry (MS / MS) detection parameters: 
anion mode; ion source temperature (Source Temp Ion):120°C; Precipitation temperature (Temp Desolution): 350°C; Carrier gas flow rate 
(Gas Flow) was 50.0 L / h; Spray voltage (Spray): 3.5kPa; collision pressure (Collision) : 3.5 × 10-3m bar[12]. 

Results 

Chromatographic Peak Separation Condition 
Under the condition of HPLC-MS-MS detection in section 1.4, the detection results of the above solutions are given in Figure 2 

and 3. The retention time of E1, E2 and EE2 were 17.989, 16.806, 17.609 min respectively. The chromatographic peaks of three 
estrogens were well separated. Due to similar molecular structure of E1 and the internal standard E1-d4, the two peaks are at the 
same retention time. The retention time of E1-3-S was 1.814 min, which was the same as the internal standard material E1-3-S-d4. 
All results given were produce by Mass Hunter Workstation data processing system with HPLC-MS/MS instruments. 
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Fig. 2 The chromatography separation map of E1, E2, EE2 and E1-d4 

 
Fig.3 The chromatography separation map of E1-3-S and E1-3-S-d4 

Detection and Analysis of Estrogen Concentration 
Under the condition of defined chromatography and mass spectrometry in the section 1.4 and 2.1, the standard working solution was 

analyzed by HPLC-MS-MS. The standard curves were drawn using the peak area ratio against concentration ratio of the estrogens and the 
internal standard. The linear regression equations of E1, E2, EE2 and E1-3-S were also obtained: 

   E1:  y=0.50 x + 0.01, R2 =0.9983                                                                                              (1)                                             
E2:  y=0.13 x + 0.04, R2 =0.9963                                                                                              (2) 
EE2: y=0.11 x + 0.05, R2 =0.9964                                                                                             (3) 

E1-3-S: y=1.74 x + 0.10, R2 =0.9967                                                                                          (4) 
According to the results, E1, E2, EE2 and E1-3-S all showed acceptable linear relationship (R2>0.99) in the concentration range of 0.5-

100.1ng/mL, 0.4-98.8ng/mL, 0.1-99.4ng/mL and 0.2-100.0ng/mL, respectively. To obtain reliable precision and reproducibility, four kinds 
of estrogen spiked with standard solution (5.0ng/mL) and analyzed in 6 replicates. The RSD of the ratio of E1, E2, EE2 and E1-3-S with the 
internal standard peak area ratios were 0.238%, 0.337%, 0.133% and 0.077% (n=6). For the STW and the receiving water samples, 10.0 
ng/L E1, E2, E1-3-S and 2.0 ng/L EE2 were added followed by detection and calculation. The measured results were shown in table 1, and 
showed acceptable repeatability, precision and sample recovery. When the sample size was 20μL, the average noise was 3.0mAU, and the 
detection limits of the four targets were 0.5ng/L, 0.4ng/L, 0.1ng/L and 0.2 ng/L for E1, E2, EE2 and E1-3-S, respectively. 

Tab.1 Analysis results of surface water and sewage samples 

Sampling Sites 

E1 E2 

Spiked 
Con. 
(ng•L-1) 

Detected Con.  
(ng•L-1) 

RSD  
% 

Recovery  
% 

Spiked 
Con. 
(ng•L-1) 

Detected 
Con.  
(ng•L-1) 

RSD  
% 

Recovery  
% 

Inlet 
0 58.8±5.6 9.5 

91 
0 47.2±2.4 5.1 

97 
10 67.9±6.1 9 10 56.9±3.6 6.3 

Anaerobic tank 
0 60.2±4.5 7.5 

89 
0 52.6±2.5 4.8 

97 
10 69.1±5.8 8.4 10 62.3±4.3 6.9 

Aeration tank 
0 47.9±2.9 6.1 

88.3 
0 30.5±2.7 8.9 

87.6 
10 56.73±3.1 5.5 10 39.26±3.6 9.2 

Outlet 0 15.6±0.7 4.5 89.6 0 8.61±0.7 8.1 95.9 
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10 24.56±1.8 7.3 10 18.2±1.6 8.8 

Receiving water 
0 8.5±0.3 3.5 

97.5 
0 2.5±0.2 8 

88 
10 18.25±0.9 4.9 10 11.3±0.5 4.4 

 
Tab. 1 Continued 

Sampling Sites 

EE2 E1-3-S 

Spiked 
Con. 

(ng•L-1) 

Detected Con.  
(ng•L-1) 

RSD  
% 

Recovery 
% 

Spiked 
Con. 

(ng•L-1) 

Detected 
Con.  

(ng•L-1) 

RSD  
% 

Recovery 
% 

Inlet 
0 4.6±0.2 4.3 

90 
0 16.2±0.9 5.6 

91 
2 6.4±0.3 4.7 10 25.3±1.9 7.5 

Anaerobic tank 
0 5.2±0.3 5.8 

86.5 
0 10.9±0.5 4.6 

96.3 
2 6.93±0.5 7.2 10 20.53±1.

9 9.3 

Aeration tank 
0 2.4±0.1 4.2 

95 
0 8.5±0.4 4.7 

97 
2 4.3±0.3 7 10 18.2±1.2 6.6 

Outlet 
0 1.1±0.1 9.1 

92.5 
0 5.3±0.5 9.4 

96.2 
2 2.95±0.3 10.2 10 14.92±0.

9 6 

Receiving water 
0 0.2±0.01 5 

99.5 
0 4.2±0.4 9.5 

86.9 
2 2.19±0.2 9.1 10 12.89±0.

9 7 

Notes: 1. Conc.-Concentration (mean±standard deviation); 2. Results of each sampling site were obtained from 6 samples and each 
sample was duplicated analyzed. 
 
Discussion 
 

Four objective analytes were all detected in all water samples from the STW to the receiving water body of the final effluent, and the 
relationship among the concentration of several targets in the same water sample was E1>E2>E1-3-S>EE2. The detection results were 
similar to the results of many reported studies[2-5, 13]. Estrogen concentrations decreased along the treatment train of the STW, with E1 having 
the highest residue and EE2 having the lowest. 

Compared with the results obtained from several cross-sections of another urban section of the same river in the same city, 
concentrations of free estrogens of this investigation are lower than the right bank which has the tributary inflow, whilst they are higher than 
the other cross-sections[14]. This indicated that the tributary and STW final effluent are the main contributor of estrogen input in this urban 
section of Jialing River. 

The total estrogen concentration of the samples collected in this study was calculated according to the formula suggested by the UK 
endocrine disruptors national demonstration project and expressed in E2 equivalent. Results were compared with the levels of E1 and E1-3-
S, which were also calculated as E2 equivalent, 1/3 of the actual concentrations[15]. The comparison was illustrated in Figure 4. 

According to the results, the E1-3-S concentrations of samples taken from STW influent, anaerobic tank, aeration tank, final effluent 
and receiving water were 27.6%, 18.1%, 17.7%, 33.9%, 49.4% of the E1concentration, and 4.8%, 2.9%, 4.0%, 7.1%, 19.1% of the total 
estrogen concentration (in E2 equivalent). Due to the recalcitrant and inertial property of E1-3-S, there may have a potential 10%-50% 
increase of total estrogen given appropriate environmental conditions. The possible environmental risk cannot be ignored, especially for 
those water body which has limited self-purifying capacity. The variation of conjugated estrogens is thus worthy of being highlighted. 
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Fig.4 Comparison of total estrogen, E1/3 and E1-3S/3 concentrations in water samples 

Conclusion 
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(1)The method of simultaneous analysis of free and conjugated estrogens were obtained. The chromatographic peaks of E1, E2 and E1-

3-S EE2 were clearly separated and respective retention time was 17.989, 16.806, 17.609 and 1.814 min. The linear measuring ranges were 
0.5-100.1 ng/mL, 0.4-98.8 ng/mL, 0.1-99.4 ng/mL and 0.2-100.0 ng/mL, with their limits of detection were 0.5, 0.4, 0.1 and 0.2 ng/L 
respectively. The method showed reliable reproducibility and precision, as well acceptable the recovery rates. 

(2)The concentrations of free estrogen E1, E2, EE2 and conjugated estrogen E1-3-S were measured along the treatment train of a STW 
and its receiving water. The total free estrogen concentration was higher than 1.0 ng/L. The concentration of E1-3-S/3 in receiving water 
was 49.4% and 19.1% of concentration E1/3 and ΣSE. Given appropriate environmental conditions, active free estrogens may be released 
from inertial conjugated ones to exhibit higher estrogenicity than the measured ones. The potential environmental risk of conjugated 
estrogens should be concerned. 
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Abstract: The bearing capacity of CFG single pile and the composite foundation were studied by using the finite difference 
software FLAC3D based on the CFG pile treated foundation in China. The influence of sensitivity of composite foundation ultimate load-
bearing properties and the pile-soil stress ratio under different cushion thickness, modulus, replacement ratio, the length of pile and the inter-
pile soil’s parameters were analyzed. It also analyzed the mechanism of Aeolian-sand composite foundation treated with CFG piles from 
various angles and revised the bearing capacity formula of composite foundation given in the Chinese design code. It shows that the CFG 
pile has a critical length, the theory result is more safe, and both the cushion layer thickness and the replacement ratio 
have an influence on the pile-soil stress ratio sensitively, the cushion modulus experienced a complex process in the adjustment of pile-soil 
stress ratio with a trend of “first decreased then increased”. The thickness of cushion layer, the length of pile and replacement ratio also 
have a  sensitive influence on the composite foundation settlement, and the CFG pile composite foundation can enhance the load-bearing 
capacity of Aeolian-sand significantly. The research results can optimal the design parameters and guide engineering practice. 
 
Keywords: cfg pile, aeolian-sand, load-bearing properties, pile-soil stress ratio, mechanism 
 
1. Introduction 
 

Because of the construction convenience and low cost, CFG pile foundation has been extensively used to support the upper structure 
systems with independent, strip, box and raft foundations, especially in recent years, it become much more attractive and has been widely 
adopted in the high-rise building foundations with unfavorable geological site conditions including sand, silt, clay, silt soil and 
miscellaneous fills. The practical application of CFG pile foundation demonstrated that its load-bearing capacity can be significantly 
increased since the cushion layer within the CFG composite foundation can help load being distributed to both the CFG pile and surrounding 
soil domain. 

The bearing capacity and deformation calculations are two major issues in the design of CFG pile composite foundation [1,2] so that 
they become the hot research spots. Zhao Minghua, et al. [3]introduced the elastic-plastic load transfer model to propose a method to 
calculate the composite foundation settlement considering the interaction of pile-soil-cushion system and the results obtained are in good 
agreement with the measurement data. Yang Shengbin, et al. [4] used a finite difference method to simulate the deformation and the stress 
characteristics of both the CFG single pile and the composite foundation, revealing that the pile stress mainly concentrates on the region 
within the range of half of the pile length. Cai Dongjun, et al. [5] analyzed the influential factors of the CFG pile’s bearing capacity and 
the settlement for the highway, where obtains a reasonable range of parameters such as CFG pile length, pile spacing and thickness of 
cushion has been obtained. Zhang Jianwei, et al.[6] analyzed the influential mechanism of various cushion materials and thickness of the 
pile-soil stress ratio of CFG pile composite foundation based on the finite element software ABAQUS. Cao Wengui, et al. [7] established a 
fuzzy reliability analysis method of the CFG pile composite foundation bearing capacity by the cut-set theory and interval calculation rule, 
which can evaluate the bearing capacity of the composite foundation more accurately. Chen Changren, et al.[8] adopted a boundary load 
correction coefficient  and corrected the calculation formula of the composite foundation bearing capacity of CFG pile, which can better 
reflected the size of the bearing capacity of the foundation [16]. Li Yugen, et al. [9] investigated the bearing properties of Aeolian-sand 
foundation with the CFG pile. Wang Binglong, et al. [10] analyzed the influence of the design parameters on the composite foundation of 
CFG pile through numerical simulation, which provided a basis for the optimization design of the soft soil foundation. The influence of both 
the layer stiffness and the negative friction on the pile-soil stress ratio and the bearing properties of CFG pile composite foundation were 
analyzed [11,12]. Hossein et al. [13] analyzed the influence of the reinforcing mechanism on CFG pile composite foundation under different 
cushion layer through indoor and outdoor test, revealed the relationship between load and settlement which can provide some reference data 
for design and construction. Junjie Zheng, et al. [14] used the finite element software ANSYS to analyze the working properties of CFG pile 
composite foundation under a variety of loads; it showed that both the pile length and diameter had a great influence on foundation 
settlement. Geddes J.D et al. [15] analyzed the cushion layer effect of CFG pile composite foundation based on the finite element technique 
and found that the cushion layer was the core of the CFG pile composite foundation. 

However, only very few types of research considered the sensitivity studies of the influence of the pile-soil stress ratio and bearing 
properties of CFG pile composite foundation resulting from various factors. What is more, the research on the mechanism of Aeolian-sand 
composite foundation treated with CFG pile is rarely reported. This paper takes the foundation of the No.16 Residential Building in Yulin 
City, Shaanxi Province, China as a research object, and a sensitivity analysis was carried out to explore the influences of various factors on 
both the bearing properties and pile-soil stress ratio. Also, it analyzes the treatment mechanism and revises the bearing capacity formula 
given in the Chinese design code. 
 
2. Elemental case 
 

The No.16 Residential Building located in the economic development zone of Yulin city was used for an investigation that was 
structured by the frame shear wall, which includes twenty-two layers on the floor and two layers under the ground. It is a typical desert wind 
landform, and the ground surface was covered with a large amount of Aeolian-sand. So the cohesion is small, and the natural bearing 
capacity is low. If there is not processed, it can’t meet the load requirements. According to the design requirement, the composite 
foundation treated with CFG pile is adopted, the beam-type plate ground buried with 12.5m deep -12.5m, the diameter of 0.5m diameter and 
the pile length of 15m, pile spacing of 1.5m. Moreover, a square cloth piles with the characteristic of the foundation bearing capacity of 460 
and the single pile of 850 are also adopted. In this case, the density of the soil sample was measured by the sand-pour method and the shear 
strength index was determined by the triaxial test and the overview of the engineering geological profile was shown in Table 1. 
 

Table 1 The engineering geological conditions 
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Soil name 
Internal 

friction angle 
ϕ （0） 

Cohesion
c kPa（ ） 

Natural density 
3( )kg mρ  

Subsoil’s natural bearing 
capacity characteristic 

value skf kPa（ ） 

Characteristic value of 
pile shaft resistance 

sq  

kPa（ ） 

Characteristic value of 

pile tip resistance pq  
kPa（ ） 

①plain fi ll 16 4 1620 60   

②silt 22 8 1750 115   

③fine 
sand 20 1.5 1790 120   

④fine 
sand 22 2 1830 155   

⑤fine 
sand 24 2.5 1850 160 35 800 

⑥Silt 25 13 2040 180 35 800 

 
After the completion of construction, six test points is randomly selected to carry out the In-situ load tests according to the literature [16] 

by the stacking platform method. Three single piles were labeled as S2, S4, S6; another three composite foundations were labeled as S1, S3, 
S5 respectively and loaded by the hydraulic jacks. The single pile was loaded according to the design bearing capacity eigenvalue of 1/10, 
which was classified as ten-level loading. The composite foundation was loaded according to the bearing capacity eigenvalue of 1/8, which 
was classified as eight-step loading. The Q(P)-S curves were shown in Figures 1~2(Q denotes the load applied on the single pile and P 
denotes the load applied on the composite foundation, S denotes the movement of the pile under the applied load Q or P in the Figures). In 
the Figures 1~2, curves of S2, S4 and S6 represents the settlement of single pile testing points, curves of S1, S3 and S5 represents the 
settlement of composite foundation. For the convenience of analysis, Figures 1~2 give an average settlement of various detection points. 
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Figure. 1 Static load test Q-S curve of CFG single pile. 
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Figure. 2 Static load test P-S curve of CFG single pile composite foundation. 
As can be seen from the Q(P)~S curves in the Figures 1~2, under various level loads, the settlement of both CFG single pile and the 

composite foundation is stable. At the initial loading, the curves of Q (P)~S shown a roughly linear variation. When the loading reached 
two-folds design requirements of bearing capacity characteristic value, the curves did not appear obvious inflection points, and the soil is 
basically in the elastic deformation stage. It indicated that the actual bearing capacity of both the single pile and the composite foundation 
are higher than the design requirements, which agree with the conclusion proposed by the majority of scholars in literature [16] that the 

http://dict.cnki.net/dict_result.aspx?searchword=%e5%af%86%e5%ba%a6&tjType=sentence&style=&t=density+of
http://dict.cnki.net/dict_result.aspx?searchword=%e5%af%86%e5%ba%a6&tjType=sentence&style=&t=density+of
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determination of composite foundation bearing capacity is more conservative. Therefore, it is suggested that the ultimate bearing capacity 
can be solved by the numerical simulation method.  

The load test result shown that the bearing capacity of the Aeolian-sand composite foundation treated with CFG pile increases 
significantly. In these cases, the bearing capacity of the composite foundation is more than 460, far greater than the natural carrying capacity 
of 160, increased about tow times. The reason for the improving of the bearing capacity will be analyzed in the fourth chapter as follows. 
 
3. The establishment and verification of the numerical model 
 

When the loaded value of load test in the case is up to two times of the bearing capacity characteristic value, the soil is still in an elastic 
stage. The finite difference software FLAC3D is applied to analyze the ultimate bearing capacity of both the CFG single pile and the 
composite foundation, and it assumes that both the single pile and the cushion is the elastic deformation, and the soil is elastic plastic 
deformation (Mohr-Coulomb model). Moreover, the embedded software interface command is set as the contact surface in the pile and the 
soil, the soil and the cushion, as well as the cushion layer and the pile body. The model size was set like 18 times of the pile diameter along 
the horizontal direction, and double of the pile length along the vertical direction with nine piles. The pile diameter is 0.5m, and the pile 
length is 15m, the modeling idea is shown in Figure 3, the schematic diagram of the contact surfaces are shown in Figure 4, the basic 
parameters of the model is shown in Table 2. 

 
(a) Model of soil and piles.           (b) Model of foundation. 

 
Figure. 3  Modeling idea. 

 

 
 

 Figure. 4 Diagram of pile-soil interface. 
 

Table 2 The parameters of basic model 

Soil 
name 

Bulk 
modulus 
K ( MPa ) 

Shear 
modulus 

G ( MPa ) 

Poisson 
ratio 
υ (/) 

Internal friction angle ϕ

（0） 
Cohesion 
c kPa（ ） 

Natural 
density  

3( )kg mρ  

fine sand 13.3 8.0 0.25 24 2.5 1850 
Silt 1 14.9 6.98 0.28 25 13 2040 
Silt 2 14.9 6.98 0.28 25 13 2040 

CFG pile 1.2*104 9.17*103 0.2 - - 2500 

cushion 1.25*102 5.77*10 0.3 26 - 2100 
 

To verify the correctness of the model, the ultimate bearing capacity of the single pile is simulated by the stress loading method through 
changing the concentrated load to the axial stress on the top of the pile when loading. For the composite foundation of CFG single pile, 
single pile model is used as a base. According to the actual construction, 0.3m thick, coarse sand cushion is set in at the top of the pile, and a 
1.58m diameter rigid loading plate was loaded according to the loading level in the case, and the obtained Q(P)~S was also shown in Figures 
1-2. 

As seen from Figure 1 and Figure 2, the Q (P)~S simulation curves of both CFG single pile and the composite foundation are close to 
the testing average settlement of In-situ load test. The deviation of the settlement of single pile is about 4.4%, while that of the composite 
foundation is approximately 4.7%. Also, the curve trend is consistent with the theoretical research basically, which verifies the correctness 
of the model. By the literature [16], the characteristic value of CFG pile bearing capacity is 2690/2=1345, which tends to the conservative 

http://dict.cnki.net/dict_result.aspx?searchword=%e5%af%86%e5%ba%a6&tjType=sentence&style=&t=density+of
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44.1% compared with the bearing capacity 933.25 obtained by the theory calculation. Moreover, it tends to 58.24% of safety value 
compared with the design requirements of bearing capacity 850. The characteristic value of the composite foundation bearing capacity is 
approximately 1035, which is 78.8% redundancy compared with the theory calculation value 578.78.Compared with the design 
requirements of bearing capacity 460, it has 125.5% redundancy.  

It indicates that the ultimate bearing properties of the composite foundation and the single pile are higher than the theoretical 
calculation results. The design values are too conservative, which suggest that the bearing capacity of the CFG pile Aeolian-sand composite 
foundation should be combined with both the In-situ load tests and numerical analysis method to determine comprehensively.  
 
4. Effect analysis of both the pile-soil stress ratio and bearing capacity of CFG pile composite foundation  
 
4.1 Influence of Cushion Parameters 

Cushion is the key to the difference between the CFG pile composite foundation and pile foundation, which would significantly affect 
the adjustment of both the foundation settlement and pile-soil stress ratio. This case took 0.05m as a certain increment setting six groups of 
coarse sand cushion layer thickness from 0.1m to 0.35m, and 75 is used as a basic number, increasing four groups of cushion modulus to 
150 based on a certain increment 25. The influence of the cushion parameters on both the settlement of composite foundation and the pile-
soil stress ratio were analyzed, and the results were shown in Figures 5-8. 

 
  

Figure. 5 P-S curve of composite foundation under different cushion thickness. 
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Figure. 6 P-S curve of composite foundation under different cushion modulus. 

 
As seen from Figure 5 and Figure 6, the settlement of the composite foundation is anti-correlation with the cushion thickness and the 

modulus. As they were relatively smaller, the settlement is more sensitive. In this case, the cushion thickness selects 0.3m and 0.35m, and 
the cushion modulus selects 125 and 150, it found that the p-s curve coincides fundamentally. It indicates that the CFG pile composite 
foundation has a rational thickness of cushion in dealing with Aeolian-sand foundation; there is not significant adjustment function when the 
cushion modulus reaches a certain value. 
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Figure.7 Relation between load and pile-soil stress ratio under different cushion layer thickness. 
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Figure. 8 Relation between load and pile-soil stress ratio under different cushion modulus. 

As can been seen from Figure 7 and Figure 8, it demonstrates that both the cushion thickness and the modulus experienced a complex 
process in the adjustment of pile-soil stress ratio. Generally, the smaller the parameters are the more sensitive the influences will be.  

First of all, the pile-soil stress ratio is anti-correlated with the cushion thickness at the same level load as shown in Figure 9, that’s 
because the puncture value of the top pile is correlated with the cushion thickness as shown in Figure 10, and the top of the pile could have 
stress concentration phenomenon easily when the cushion thickness is smaller. Also, we found that the pile-soil stress ratio lies in different 
load, with both the cushion thickness and the modulus increases, it shows the trend of "first decreased and then increased” ,which is 
different from dealing with the anther soft soil foundation. 
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Figure. 9 Relation between the pile-soil stress ratio and cushion layer thickness at the same loading. 
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Figure.10 Relation between the cushion thickness and the puncture value of the top pile. 

 
4.2 Influence of Pile Length 
 

Research shows that the CFG pile composite foundation has frictional pile characteristics obviously. In this case, the 7.5m length of the 
pile was regarded as the cardinal number, and five groups of the pile length increased based on a certain increment 2.5m to 17.5m were 
given as an example. The analysis of the influence of pile length on both the settlement and the pile-soil stress ratio of the composite 
foundation were shown in Figures 11-12. 
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Figure.11 P-S curve of composite foundation under different pile length. 
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Figure.12 Relation between the pile-soil stress ratio and pile length. 

As seen from Figure 11,when the pile length is smaller, its influence on the settlement of composite foundation is more sensitive, and it 
shows an anti-correlation to the settlement values. Within the reasonable pile length, the longer the pile is, the smoother the p-s curve of the 
composite foundation will be, and the higher the ultimate bearing capacity is. However, at a certain length, the bearing capacity does not 
improve significantly. It indicates that a critical length of the pile exists regarding the treatment of the CFG pile with Aeolian-sand 
foundation, and the critical length is 15m in this case while a 0.3m thick coarse sand cushion was used, which is as a result of the sand shear 
expansible properties.  

It was shown in the Figure 12, the pile-soil stress ratio is a positive correlation with the pile length, and appeared the trend of the first 
slow growth, and then quick increment. The shorter the pile length is, the more significant the influence is. When the pile is up to a certain 
value, the post adjustment effect tends to the convergence, and the curve is nearly parallel. On the one hand, it shown that the friction 
properties of the CFG pile are obvious. On the other side, it indicates that the critical pile length exists in the treatment of the Aeolian-sand 
foundation which had a significant reference value for the engineering design. 

 
4.3 Influence of Replacement Ratio 

 
The bearing capacity of CFG pile composite foundation was mainly determined by the replacement ratio. If the pile spacing and the 

methods of pile arrangement are the same, the pile diameter is the only factor to determine the area replacement rate. Six kinds of pile 
diameter parameters, which include 0.35m, 0.40m, 0.45m, 0.50m, 0.55m, and 0.60m, about both the deformation law and the pile-soil stress 
ratio of the composite foundation were investigated, as is shown in Figures 13-14. 
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Figure.13 P-S curve of composite foundation under different pile diameter. 
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Figure.14 Relation between load and the pile-soil stress ratio under different pile diameter. 

It is not difficult to see from Figure 13 that the pile diameter has a major effect on the composite foundation settlement, and it also 
indicates the influence of anti-correlation. Under the same pile length, the bigger the pile diameter is, the smaller the composite foundation 
settlement will be, and the higher the ultimate bearing capacity will be. The reason lies in the significant effect of the pile body for the 
higher replacement rate of the large pile diameter.  

The conclusion of Figure 14 shows that the pile-soil stress ratio is anti-correlated to the pile diameter, the pile-soil stress ratio increases 
with the loading and decreases with the pile diameter. From the view of sensitivity, the smaller the pile diameter is the greater the pile-soil 
stress ratio changes. It is the results of easily producing stress concentration caused by the pile top. In these cases, the pile-soil stress ratio 
changes stably while the pile diameter in 0.45-0.60m has a less obvious sensitivity. It suggested that we should select the reasonable pile 
diameter while designing to ensure the economic benefits. 

 
4.4 Influence of Inter-pile Soil’s Parameters  
 

The properties of inter-pile soil such as the shear strength index “c” (cohesion) &“ϕ ” (internal friction angle) and the modulus also 
have a significant influence on the ultimate bearing capacity of CFG pile composite foundation and the pile-soil stress ratio.  
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Four kinds of inter-pile soil modulus which include 15 MPa , 20 MPa , 25 MPa  and 30 MPa  were analyzed. Also, the influential 
trend of four types of shear strength index “c” &“ϕ ”on the settlement and the pile-soil stress ration of CFG pile composite foundation were 

given out, including 13 kPa , 20 kPa ,30 kPa  and 40 kPa of the cohesion “c”; 150, 250, 300, 400 of the internal friction Angle “ϕ ”,the 
results were shown in Figures 15-20. 
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Figure.15 P-S curve of composite foundation under different inter-pile soil’s modulus. 
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Figure.16 P-S curve of composite foundation under different inter-pile soil’s shear strength index “c”. 
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Figure.17 P-S curve of composite foundation under different inter-pile soil’s shear strength index “ϕ ” 
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Figure.18 Relation between the pile-soil stress ratio and inter-pile soil modulus. 
As seen from the Figures 15, 16 and 17, the composite foundation settlement is an inverse correlation to all of the inter-pile soil’s 

parameters, the bigger the parameters is, the smaller the composite foundation settlement is, the smaller the sensitivity is. The rate of 
increasing the settlement is much smaller than that of the parameters increment rate. Its main reason is that both the shear strength index “c” 
&“”and the modulus are the major element to decide the strength of the inter-pile soil, which is also a significant part to affect the composite 
foundation bearing capacity. 
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Figure.19 Relation between the pile-soil stress ratio and inter-pile soil’s shear strength index “c”. 
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Figure.20 Relation between the pile-soil stress ratio and inter-pile soil’s shear strength index “ϕ ”. 

As seen from the Figures 18, 19 and 20, all of the inter-pile soil’s parameters have a smaller influence on the pile-soil stress ratio of 
composite foundation treated with CFG piles. Overall, the pile-soil stress ratio is a positive correlation with the shear strength index, and the 
parameters have a greater increase than the pile-soil stress ratio’s with a trend of “first quick back slow”. That’s because the bigger 
parameters of the shear strength index “c” &“” as well as the soil modulus can decrease the settlement of the CFG single pile and the 
composite foundation, so the top of the pile will bear more loading than they are smaller and the pile-soil stress ration increasing.  

For visual purposes, the second level load is given as an example, the influences of these parameters on both the Aeolian-sand 
composite foundation settlement and the pile-soil stress ratio treated with CFG pile was preseted as a basic number 1, according to the 
different growth rate, the sensitivity analysis was preceded, the results were shown in Figures 21-22. 

 As seen in the Figures 21-22, both the cushion layer thickness and the replacement ratio have an influence on the pile-soil stress ratio 
sensitively at the same growth ration, but the cushion modulus experienced a complex process in the adjustment of pile-soil stress ratio with 
a trend of "first decreased then increased”. The thickness of cushion layer, the length of pile and the replacement ratio also have a major 
influence on the composite foundation settlement. 
 
5. Mechanism analysis of Aeolian-sand foundation treated with CFG piles 
 

  The Aeolian-sand has a special physical & mechanical properties and complex mineral elements, the bearing capacity of both the pile 
and soil between the piles will rise at a certain degree while treated with CFG piles, which is different from dealing with other soft soil 
foundation, and the mechanism is as follows. 

  On the one hand, its main reason is that the vibration loading during the construction makes the original sand structure destroyed, and it 
will come about three kinds of compacting effect such as heat expansion of capillary water absorption, lateral forced compaction as well as 
the steady close-grained rearrangement of vertical structure due to the larger porosity of loose Aeolian-sand, thus the compactness of soil 
increasing and the bearing properties of the composite foundation improving. 

  On the other hand, the mineral composition of the CFG piles will turn out the hydrolysis, the hydration and the pozzolanic reaction with 
the water in the soils, such as the hydrated calcium silicate (3CaO.2SiO2.3H2O), the hydrous aluminum acid (3CaO.Al2O3.6H2O), the 
aqueous iron acid calcium (3CaO.Fe2O3.6H2O) and other insoluble material were generated. Then the precipitated calcium ions reacted 
with the clay mineral of SiO2 as well as Al2O3 and generated the stable crystalline compound which insoluble in the water so that the 
bearing properties of the composite foundation are improved. Their reaction equations are shown in Eq. (1)and Eq. (2), and the tricalcium 
aluminum is the main factor to decide the strength of the composite foundation, which also shows an obvious time effect.  

2
2 32( )Ca OH Al O CAH+ −+ + →                                                                      (1) 

2
22( )Ca OH SiO CSH+ −+ + →                                                                        (2) 

Moreover, the abundant mineral composition of Aeolian-sand such as Al2O3, Fe2O3, CaO and so on can set off the hydrolysis, hydration, 
hard and carbonate reaction with the soil around pile together with the raw CFG pile materials of cement and fly ash when pile-forming, 
which can increase the gelation area of soil and improve the composite strength indicators of “c” & “ϕ ”, and then the foundation bearing 
properties improves. This is different from dealing with the other soft soil foundation. 

The third reason is that it is similar to the cement mortar mixing when the CFG pile is used to treat the Aeolian-sand foundation, so it 
will have a high intensity in short time and that can ensure the quality of pile as well as the pile strength increase in later. 

Also, the CFG pile bodies have an obvious drainage effect when used to treat with the Aeolian-sand foundation, which can enhance the 
bearing capacity of composite foundation vitally. That’s because the Aeolian-sand is similar to the permeable stone and is a good channel of 
the water, while the dynamic load makes the water in the pore discharge rapidly through the CFG pile bodies and the soil consolidates, then 
the bearing capacity of composite foundation improves.  

Last, CFG pile has a obvious Characteristics of friction pile, the friction angle of soil around the pile increasing by the reason of the high 
content of feldspar, quartz and other mineral in Aeolian-sand, which also helps to improve the bearing capacity of single pile and the 
composite foundation partly. 
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According to the above viewpoint, we suggest that the bearing capacity formula of composite foundation given in the Chinese design 
code[16] should be revised by the  coefficient “λ2” and “α” as shown in Eq. (3) in order to close to the actual project. 

1 2 (1 )a
spk sk

P

Rf m m f
A

λ λ αβ= + −                                                               (3) 

In the Eq. (3), every parameters have the following meanings and valued by the Chinese design code[16] except for “λ2” and “α”: 
λ1—the exerting coefficient of the single pile bearing capacity; 
λ2—the increasing coefficient of single pile bearing capacity, it may be 1.3~1.4 in the Aeolian sand area; 
Ra—the single pile’s vertical bearing capacity characteristic value; 
Ap—the pile cross-sectional area; 
α—the increasing coefficient of inter-pile soil bearing capacity; it may be 1.2~1.3 in the Aeolian sand area; 
β—the exerting coefficient of inter-pile soil bearing capacity; 
m—the area replacement ratio; 
L—the pile spacing; 
d—the pile diameter; 
f spk—the characteristic value of composite foundation bearing capacity; 
f sk—the characteristic value of natural subsoil bearing capacity. 
 

6. Conclusion 
 

In this paper, both the ultimate bearing properties of CFG pile Aeolian-sand composite foundation and the sensitivity of the bearing 
properties, as well as the pile-soil stress ratio with different factors were analyzed, finally it comes to the following conclusions: 

(1)The bearing capacity characteristic of both the CFG single pile and the composite foundation obtained by the Chinese design code was 
safe, and the design values were too conservative. Therefore, it suggested that the similar Aeolian-sand foundation bearing capacity was 
determined by the combination with the In-situ load test and numerical analysis method or estimated according to the Formula 3 given in 
this paper.  

(2) Because the sand carries the function of expansible, when the CFG pile treats with the Aeolian-sand foundation, there is a long 
critical pile, if it exceeds the limit value, it has little significance for the improvement of the bearing properties of the composite foundation. 

(3) The pile-soil stress ratio is variable, both the cushion thickness and the replacement rate are sensitive to it. Especially, the small 
parameter has more obvious manifestations. However, the influence of the cushion modulus decrease at first but finally increased. 

(4) At the same growth rate, the pile length, cushion thickness and replacement ratio are more sensitive to the settlement, and the bearing 
capacity of Aeolian-sand composite foundation is significantly improved when the CFG pile was used. 

(5) The treatment mechanism is different from other soft soil foundation when treated with CFG piles because of the complex 
mechanical and physical properties of Aeolian-sand, which also displays a obvious time effect. 
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Abstract: In this paper, the reservoir characteristics and fluid properties of a low permeability sandstone reservoir of the Chaoyanggou oil 
field was taken as the research platform. The gemini sulfobetaine surfactant with low critical micelle concentration was evaluated. The 
microemulsion was formulated using the oil/water ratio 1:2 and 0.5 wt%~3 wt% surfactant. The interfacial tension, microemulsion content 
and adsorption of this surfactant was measured, compared with other types surfactant. The viscosity and particle size of microemulsion was 
given to evaluate its mobility control ability. The relative permeability curve of microemulsion was measured to analyze its flow behavior in 
low permeability sandstone reservoir, and displacement efficiency of microemulsion was obtained by the displacement experiment. The 
results show that: compared with other types surfactant, this surfactant has lower CMC (Critical micelle concentration) and interfacial 
tension, its CMC is 0.5%, and it has low-cost economy. It can be applied in microemulsion flooding. When microemulsion content is 30%, 
the viscosity of microemulsion can reach about 4 mPa•s. The recovery efficiency of microemulsion flooding increases by about 7% when 
the concentration of gemini sulfobetaine surfactant is 1.5 wt%. This paper has important guiding significance for selection of chemical 
reagents in low permeability reservoir. 
 
Keywords: critical micelle concentration, microemulsion flooding, low permeability reservoir, sulphobetaine, mobility control 
 
1. Introduction 
 

Due to the small throat radius, serious Jamin effect, low permeability reservoir has low recovery efficiency of water flooding. At 
present, the main chemical flooding method in low permeability reservoir is surfactant flooding. T.R. Reppert, et al suggests that 
although surfactant flooding showed an increase in the displacement efficiency, it is not commercially viable [1]. A. Demirbas, et al 
suggests that the viscosity of surfactant solution is nearly the same as water, and it can not increase sweep volume [2]. So, in order to 
improve the oil recovery of low permeability reservoir, mobility control ability of injection solution should be better.  

At present, the mobility control of chemical flooding is mainly depending on polymer, but it has considerable risk applying in low 
permeability reservoir. The reason is polymer has high viscoelasticity [3-4], it will increase the injection pressure quickly. The polymer 
molecules will also plug the throat, and this damage to the reservoir is irreversible. In China, surfactant flooding had been carried out in 
Yushulin oilfield and Chaoyanggou oilfield [5-6]. The field tests showed that when the recovery rate increased significantly, more 
microemulsion was seen in produced fluid of oil wells. But microemulsion was seen in only few oil wells. If the surfactant can 
emulsify to form microemulsion flooding in the reservoir, the sweep volume and displacement efficiency will be improved. But the 
majority of surfactant forms microemulsion in high concentration [7-8], and the cost is higher, it limits the application of 
microemulsion flooding. A. Putz, et al used Petroleum sulfonates anionic, 60% isopentanol, 36% normal butanol, 4% isopropanol 
formulated microemulsion in very low salinity [9]. The microemulsion resulted in huge retention of surfactant 1mg/g in porous media. 
S. Purwono, et al used SLS(sodium lignosulfonate) from waste of pulp industries, Lingo phenol Alcohol and Brine(1%~5% NaCl) to 
formulate microemulsion. The oil displacement efficiency is strongly depend on the chemical concentration [10]. Z. Jeirani, et al 
determinated aqueous phase composition of a new triglyceride microemulision [11-12]. It contained palm oil and the the aqueous phase, 
the aqueous phase contained 3wt% sodium chloride, 1wt% alkyl polyglycoside, 3wt% glyceryl and 93wt% deionized water, palm oil. 
M. Bahar, et al studied phase behaviour of microemulsion, the formula of microemulsion is 10 mL aqueous solution, 10 mL oil, 1 mL 
Alkyl polyglycoside, 0.5 mL 1-pentanol were and brine-oil [13]. V.C. Santanna, et al used a synthetic surfactant, soap-sodium salt, Iso-
amyl alcohol, Pine oil and distilled water to formulate microemulsion [14]. Q. Lirio, et al used 20% anionic/nonionic surfactant 50% 
aqueous phase and 30% oil phase to prepare microemulsion [15], and liquid crystal type lamellar and hexagonal phases were observed 
at high surfactant concentration. 

The interfacial tension of crude oil can be decreased to ultra low value through adding sulphobetaine surfactant [16-17]. 
Sulphobetaine surfactant has better temperature resistance and salt resistance [18]. Gemini surfactant molecules contains two or more 
hydrophilic groups and lipophilic groups [19], it can effectively reduce the electrostatic repulsion between hydrophilic groups, and has 
better water solubility. It can effectively reduce the oil-water interfacial tension. In this paper, methyl phenol was used as raw material, 
and a new kind of gemini sulfobetaine surfactant was developed. The microemulsion was formulated using crude oil, water and this 
surfactant. The interfacial tension, microemulsion content and adsorption of this surfactant was measured compared with anionic 
surfactant, nonionic surfactant and ampholytic surfactant. And relative permeability and displacement experiment was done using the 
prepared microemulsion. The research results show that this surfactant can be applied in low permeability sandstone reservoir, and 
improving mobility control of surfactant flooding. 
 
2. Experimental tests 
 
2.1 Materials 
 

Heavy alkyl benzene sulfonate, Sulphobetaine, Twelve acid alkanolamide, Methylphenol, Double p-methyl phenol sulfonic lycine, 
N-Butyl alcohol; The crude oil is from Chaoyanggou oil field, the viscosity is 11.8 mPa·s; The total salinity of simulated formation 
water and injection water are 5888.4 mg/L and 485 mg/L, as shown in Table 1. Nature core is from Chaoyanggou oilfield. The 
molecular formula is as follows: The molecular formula of p-methyl phenol sulfonic lycine is as follows: 
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Table 1 Formulation of simulated water 
Simulated 
water 

Na++K+ 
(mg/L) 

Ca2+ 
(mg/L) 

Mg2+ 
(mg/L) 

SO4
2- 

(mg/L) 
HCO3

- 
(mg/L) 

Cl- 
(mg/L) 

Total salinity 
(mg/L) 

Formation 
water 2013.9 116.2 19.5 14.41 1034.9 2559.5 5888.4 

Injection 
water 28.3 64.1 21.9 11.5 350 8.86 485 

 
2.2 Microemulsion preparation 
 

According to the oil/water ratio 1:2, the microemulsion was prepared by mixing different concentration surfactant solution with crude 
oil at 45℃. Using HZ-8812S water bath reciprocating thermostatic oscillator, the mixed solution was vibrated for 6 hours at the speed of 
120rpm. The microemulsion was obtained after placing the soution for 72 hours. 
 
2.3 Microemulsion particle size 
 

The laboratory equipment flow chart is in Figure 1. The experimental procedure is as follows:  
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Figure. 1 The laboratory equipment flow chart 

(a) Oil was saturated oil into the core, and place it in thermostat (45℃) for 3 hours; 
(b) The water was injected to displace oil until there is no oil in the produced liquid, and the injection speed was 0.2mL/min; 
(c) Injecting 1PV(pore volume) emulsifier solution into the core, and collect producing liquid with the visual and pressureproof device, 

then analyzing the particle size using computer. 
 
3. The contrast between synthetic surfactant and other types of surfactant 
 
3.1 Interfacial tension of surfactants 
 

The cationic surfactant is easily adsorbed on the rock surface, because the rock is weakly electronegative[20], therefore, cationic 
surfactants are normally not considered in the reservoir. TX500D spinning drop interfacial tensiometer was used to measure interfacial 
tension, the experimental temperature is 45℃. The interfacial tension of crude oil was measured by adding different types of surfactant. The 
surfactants used in the experiment are synthetic double p-methyl phenol sulfonic lycine, anionic surfactant, nonionic surfactant and 
ampholytic surfactant. The interfacial tension of crude oil is shown in Figure 2. 
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Figure. 2 The interfacial tension curves of different types of surfactant 
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The results show that compared with anionic surfactant, nonionic surfactant, ampholytic surfactant(Sulphobetaine), the double p-
methyl phenol sulfonic lycine has lower critical micelle concentration(CMC), micelle is more likely to be formed, and the CMC of 
double p-methyl phenol sulfonic lycine is 0.5%. The interfacial tension of crude oil is lower by adding it, and the interfacial tension is 
9.1×10-4mN/m.  
 
3.2 Microemulsion content 
 

According to the oil/water ratio 1:2, different concentration surfactant solution was mixed with crude oil at 45℃. Using HZ-8812S 
water bath reciprocating thermostatic oscillator, shock 6 hours at the speed of 120 rpm. After 72 hours, the hierarchy of the system was 
measured. The microemulsion content is shown in Figure 3. 
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Figure. 3 The microemulsion content curves of different types of surfactant 

Compared with other surfactants, the formed microemulsion is more by adding double p-methyl phenol sulfonic lycine, the 
microemulsion content is 28.5% when the concentration is 1.5%. The microemulsion content are respectively 11.5%, 6.5% when 
sulphobetaine and twelve acid alkanolamide concentration are 1.5%, and heavy alkyl benzene sulfonate cannot form microemulsion in 
this concentration. 
 
3.3 Adsorption 
 

In the adsorption experiment, the natural core was crushed, and taking less than 80 mesh sand for drying at 105℃. The surfactant 
solution(surfactant concentration 1.5%) was mixed with sand by the solid-liquid ratio 1:9, shocking it for 6 hours at the speed of 90 
rpm in the water bath thermostatic oscillator, then the interfacial tension of crude oil was measured by adding adsorbed surfactant 
solution, and repeat above process for 8 times. The interfacial tension of crude oil in different adsorption times of surfactant solution 
was shown in Figure 4. 

The experimental results show that compared with other surfactants, the double p-methyl phenol sulfonic lycine has less 
adsorption, and the interfacial tension of crude oil can decrease to the ultra low value of 10-3 mN/m after 8 times adsorption. So, 
adsorption on the rocks will not make it lose activity. 
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Figure. 4 The interfacial tension of crude oil in different adsorption times of surfactant solution 

 
4. The property formed microemulsion 
 
4.1 The microemulsion viscosity  
 

The viscosity of the microemulsion system was obtained by the Brookfield Viscometer, the rotating speed is 6 RPM. The 
microemulsion viscosity of different microemulsion content was shown in Figure 5. 

The experiment result show that the viscosity of microemulsion increases significantly with the microemulsion content increasing. 
When microemulsion content is 30%, the viscosity can reach about 4 mPa·s. The water viscosity is 0.6 mPa·s, and the microemulsion 
viscosity is almost 7 time bigger than the water viscosity. So, the formed microemulsion can control mobility. 
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Figure. 5 The viscosity of different microemulsion content 

 
4.2 Microemulsion particle size 
 

Particle size distribution of microemulsion is shown in Figure 6 and Figure 7. 

 
Figure. 6 Particle size distribution of microemulsion (Magnified 200 times) 
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Figure. 7 Particle size distribution of microemulsion 

It can be seen that the particle size of formed microemulsion is from 0.02 μm to 0.15 μm, and the throat radius of Chaoyanggou 
reservoir is from 0.3μm to 0.8 μm [21], the formed microemulsion can easily pass through the core throat, it will not block the oil layer 
during migration . 
 
5. The displacement experiment 
 
5.1 Relative permeability curve 
 

The relative permeability was obtained by the steady state method [22], and the injecting speed of microemulsion is 0.05 mL/min. In 
the experiment, the double p-methyl phenol sulfonic lycine concentration is 1.5%, the permeability of natural core is 6.6×10-3μm2 and 
11.5×10-3μm2. The relative permeability curves of water flooding and microemulsion flooding are shown in Figure 8 and Figure 9. 

The experiment result show that the oil phase relative permeability is bigger than that of water flooding, the water phase relative 
permeability is smaller than that of water flooding in microemulsion flooding. And the residual oil saturation is reduced from 35% to about 
30%. It can be seen that microemulsion flooding can reduce water mobility, expand the scope of oil and water phase seepage zone, and so 
the recovery efficiency is increased. 
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Figure. 8 The relative permeability curves with permeability of 6.6×10-3μm2 
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Figure. 9 The relative permeability curves with permeability of 11.5×10-3μm2 

 
5.2 Displacement experiment 
 

In displacement experiment, water flooding experiment is the compared experiment. In water flooding, water was injected into the 
core until the water cut is 50%. In surfactant flooding, water was injected into the core until the water cut is 50%, then microemulsion 
was injected into the core to displace oil, the injected microemulsion is 0.025 pore volume, then water was injected into the core until 
the water is 90%. The surfactant used in the experiment is double p-methyl phenol sulfonic lycine, the concentration is 0.5wt%, 1.0wt% 
and 1.5wt%. The experimental results of microemulsion flooding was shown in Table 2. 

The results show that the recovery efficiency can improve by about 4% contrast to water flooding when the surfactant 
concentration is 0.5wt%, the recovery efficiency can improve by about 7% contrast to water flooding when the surfactant concentration 
is 1.5%. When the surfactant concentration is high, the more microemulsion can be seen in the export of cores. We can see that the 
prospect of microemulsion flooding is broad, and this surfactant can be appied to low permeability sandstone reservoir. 

 
Table 2 The oil displacement result of microemulsion flooding 

Project Surfactant 
concentration(wt%) 

Permeability 
(×10-3μm2) Oil Saturation Recovery 

efficiency (%) 

Enhanced oil 
recovery 

contrast to 
water 

flooding(%) 

Water flooding \ 
2.4 46.75 12.32 / 
6.8 48.32 18.41 / 

13.2 48.95 23.46 / 

Surfactant flooding 

0.5 
2.2 46.89 16.13 3.81 
6.4 48.42 21.95 3.54 

13.6 49.06 27.58 4.12 

1.0 
2.5 47.23 17.87 5.55 
5.9 47.76 23.83 5.42 

12.3 48.67 29.35 5.89 

1.5 
1.8 46.67 19.77 7.45 
5.6 47.35 25.67 7.26 

12.7 48.47 31.09 7.83 
 
6. Conclusion 
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(1) For crude oil of Chaoyanggou oil field, the double p-methyl phenol sulfonic lycine surfactant has lower critical micelle 
concentration and interfacial tension, its critical micelle concentration is 0.5%, the interfacial tension is 9.1×10-4mN/m. 

(2) The formed microemulsion content of double p-methyl phenol sulfonic lycine surfactant is higher than other type of surfactant, 
when its concentration is 1.5%, the microemulsion content is 28.5%. 

(3) The double p-methyl phenol sulfonic lycine surfactant has stronger anti adsorption properties and still can reach the ultra low 
interfacial tension at 10-3 mN/m after 8 times adsorption. 

(4) When the formed microemulsion content is 30%, the viscosity can reach about 4 mPa.s, it has good mobility control. 
(5) The microemulsion flooding has better oil displacement effect, when water cut reached to 50%, then injected 0.25PV 

microemulsion(1.5% double p-methyl phenol sulfonic lycine), the recovery efficiency can improved by about 7% contrast to water flooding. 
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Abstract: Background: Currently, domestic studies in China on food safety risk identification, most of which are exploratory theoretical 
reviews, use Western studies as references. However, little thorough research has been found, the research techniques are inadequately 
standardized, and the methods applied are short on rational logic based on philosophy and the social sciences. The premise of this paper is to 
develop more effective management of food safety issues based on clearly analyzing the risk characteristics. Extensive data were collected 
including five main areas over two and a half years. Grounded Theory was used in qualitative and quantitative analysis. During this period, 
continuous investigations were conducted in the food safety area. Data collection and code comparisons were conducted simultaneously. 
Through the rigorous technical method described above, the theoretical framework for food safety risk features was finally established. The 
framework contained three dimensions, which were “definition”, “the performance of food safety risk” and “the factors in food safety risk”. 
Each dimension was determined by the definition and interpretation of its own sub dimensions. This paper attempts to draw lessons from 
information analysis technology in the more advanced and orthodox Grounded Theory methodology in foreign countries to present a theory 
of food safety risk characteristics under the framework of science, propose a risk framework model, and lay a more solid foundation for food 
safety management goals. 
 
Keywords: food safety, risk characteristics, grounded theory 
 
1. Introduction 
 

Currently, food safety risk has not been defined in a uniform manner. Literally, it refers to risks that can cause significant property 
damage or extensive personal casualties. Some scholars hold the view that the severity of a food safety incident can be identified based on 
three aspects: First, the endurance of the country or region(Akerlof, 1970)[1]; Second, its insurance industry(Dionne G and Harrington 
S.E,1992)[2]; and third, the insurance companies（Fred W Morgan, 1982）[3]. In terms of its features, food safety risk concerns risk events 
that have small probabilities of occurrence but grave consequences. Its outstanding features include high explosiveness and high 
destructiveness.  

Domestic studies in the nature of theoretical reviews in China. Currently, few scholars are conducting in-depth studies on food safety 
and the relevant issues from the perspective of risk. Therefore, research achievements are rare. Most researchers explore the influential 
factors of food safety risk perception and their relationship with buying behaviours by applying economic and psychological theories from a 
marketing perspective. For instance, Wang Zhigang (2003) proposed the economic consumption theory and an analytical method and 
studied consumers’ focus on food safety, their perception of green foods and the related buying behaviours, and the internal mechanisms of 
food safety selection. Zhou Jiehong (2005) investigated consumers’ food safety perceptions, buying behaviours and data search behaviours. 
Hu Weizhong and HuaShufang (2008) examined the status of consumers’ food safety risk perceptions in Hangzhou and suggested heuristic 
viewpoints. The authors concluded that consumers’ food safety risk perceptions had generally deviated from the actual risk level, and the 
risks of various food hazards had been overvalued. Moreover, consumers’ food safety risk perceptions showed significant contradictions. In 
terms of pesticide residue on vegetables, safety evaluations and risk evaluations were positively correlated. Moreover, other studies have 
indicated that the major factors influencing consumers’ food safety risk recognition in Hangzhou include “losing control”, “severe 
consequences”, and “government misconduct”. In addition, demographic characteristics had a significant influence on food safety risk 
perceptions. However, in general, a limited number of domestic studies on food safety risk have been found, and the content of the research 
is not diverse. There is a lack of normalized studies concerning different food categories, different degrees of food safety risk awareness, 
consumers with different demographic characteristics, and measures that can be taken to reduce food safety risk perceptions based on 
different preferences. Another obvious message is that most studies have taken a market perspective in researching consumers’ risk 
perceptions to forecast consumers’ willingness to buy or other consumption behaviours.  

Foreign food risk management, as represented by the European Food Safety Framework(2006)[4]. Foreign studies on food safety risk 
are mostly based on the risk perception research framework, and numerous related empirical studies can be found(the references[5] to [14]). 
Foreign researchers tend to focus on consumers’ subjective risk perceptions towards food safety, including influential factors and the various 
measures taken to reduce risk. A fundamental theoretical framework for the analysis of food safety risk perceptions has been established as a 
result of these foreign studies. However, in consideration of the concept of risk perception in a wider sense, studies focusing on food safety 
risk perceptions are not mature, and many aspects of this theoretical field need to be further researched. Nevertheless, foreign studies have 
provided an analytical tool for food safety risk perception research in China. 

 
2. Materials and methodology 
 

The Classic Grounded Theory (CGT): CGT is a methodology independent of qualitative or quantitative analysis. Originating from 
Weber, Durkheim, Mannheim, Robert Merton and the Chicago School of Sociology’s Comparative Analyses, this theory was 
established with the book Awareness of Dying (1966) [27]by Barney Glaser and Anselm Strauss, and the concept of the “Grounded 
Theory” was first proposed in The Discovery of Grounded Theory(1967)[28]. Here the word “Grounded” was used in contrast with 
“Grand Theory” to highlight the emergence of the Grounded Theory, and focused on the Constant Comparative Method for data. 

CGT needs obtaining data categories and conceptual properties as well as relationships between categories and conceptual 
properties through open coding, selective coding and theoretical coding. The three coding processes are conducted at staggered 
times instead of in sequence to compare data repeatedly and continually. Then, a literature review is conducted to compare the 
relationship between existing theories and conceptual categories again. Once no new code, concept, or dimensional data can be 
found to expand the conceptual properties, assumed that the conceptual category has reached saturation, and a theoretical framework 
has been formed.  
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Since the establishment of the Grounded Theory, Glaser and other scholars have continued defending the essence of the CGT 
methodology, and the Grounded Theory has gradually become more widely applied thanks to their work. In fact, as early as in The 
Discovery of Grounded Theory in 1967, the author noted, “The method of Grounded Theory can be applied not only in the 
sociological domain but also in the research of politics, education, economics, and industries” and that “it can also help researchers 
who want to draw theoretical frameworks from quantitative data, since the Grounded Theory method is independent of data 
properties during the formation process of the theoretical framework.” 

The Grounded Theory’s important principles include the following:  
1) No final objectives should be set in the initial stage of the study;  
2) No literature review should be conducted in the initial stage of the study; 
3) The researcher should remain in a passive position when obtaining data;  
4) The data should be continually compared throughout the research;  
5) The memo is an effective tool to record unfinished processes and thoughts in a timely manner.  
The above-mentioned principles (1) to (3) protect data from the researcher’s subjective will, and they ensure the emergence of 

conceptual categories. Thus, the process is to some degree more complicated than a theoretical summary with expected goals 
because it requires researchers to think, analyse, and collect data continually.  

Extensive data were collected using the above-mentioned technical methods over two and a half years. During this period, 
continuous investigations were conducted in the food safety area. Data collection and code comparisons were conducted 
simultaneously. The key data sources are listed in Table 1. Different sources were used to facilitate the presentation of the research 
findings, but they did not represent categories in the early stage of data collection. To enhance the efficiency of the analysis, Nvivo 
10 was used to process the data(see the Table 1). 

 
Table 1 Data sources for food safety risk analysis 

Category Form Name Documen
t No. 

Policy & 
Regulations Unclassified documents Definition of food safety issues by the WHO 12 

 Unclassified documents Laws and regulations concerning food safety in 
China 148 

 Unclassified documents Technological test standards 16 
International 
comparisons Literature, material Comparison of institutional food risk arrangements 

in different countries 62 

 
Literature, unclassified 
documents 

Comparison of food safety testing standards in 
different countries 56 

Regional 
comparisons Literature, material Practice, clauses, trial implementation 35 

Risk features Literature, material Structure of food supply chain 87 

 Literature, material Environmental deviations in the food supply chain 
in different parts of China 87 

 Literature, material Deviations in different food categories 35 

 Literature, material Features of food manufacturers of different scales 35 

 Literature, material Food risk deviations in different sales locations 35 
Investigations& 
Surveys Direct material Food manufacturer research 10 

 Direct material Vegetable market research 26 

 Direct material Consumer research 520 

 Direct material Regulator research 15 

Others Direct material Recordings, pictures 168 
Theoretical 
literature review 

Literature, official website of 
the organization Risk perception, risk exchange 50 

 
Literature, official website of 
the organization Insurance risks 8 

 
Literature, official website of 
the organization Financial risks 84 

 
3. Results 
 

The core categories of food safety risks include: 
1) operating risk incentives,  
2) credit risk incentives,  
3) environmental risk incentives, 
4) background risk incentives,  
5) subjective neglect,  
6) food contamination,  
7) spot check characterization, 
8) personal injury,  
9) property damage, and  
10) social systematic risk. 
By further comparing the direct relations between the above ten categories, categories (1) to (5) can be grouped as food safety 

risk incentives, and categories (6) to (10) can be grouped as food safety risk characterizations.  
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Based on this theoretical framework, the study on the classification of food safety risks in the future can keep on. Risk 
classification is the process of distinguishing between risk groups to identify risks of the same nature according to the risk features. 
Based on the nature of this definition, the theoretical framework referred to above could be considered to be the risk categories, and 
open coding and selective coding could be regarded as risk variables.  

Food safety risks and their features have been completely revealed in the above theoretical framework. Therefore, a foundation 
has been laid for solving food safety problems based on the nature of the risks so that risk management can be applied according to 
the different risk features. 

Risk theory suggests that risk governance should be based upon risk characteristics and features, therefore, food safety risk 
features must be identified in order to propose treatment measures for food safety issues. Currently, domestic studies in China on 
food safety risk identification, most of which are exploratory theoretical reviews, use Western studies as references. However, little 
thorough research has been found, the research techniques are inadequately standardized, and the methods applied are short on 
rational logic based on philosophy and the social sciences. Moreover, the massive amount of data on food categories, risk features 
and technical standards have made it difficult to explore food safety risks fundamentally. To provide new ideas for further studies in 
this field, this paper attempts to provide a theoretical summary of food safety risk features under a scientific framework based on 
data analysis techniques proposed by the cutting-edge Classic Grounded Theory methodology. The results also propose a risk 
framework model, and lay a more solid foundation for food safety management goals. 
 
4. Discussion 
 

As mentioned before, the Grounded Theory has gradually become more widely applied. Such as Kimberly Ann Byrne Greder 
(2000)used the theory to understand the process low-income families with young children experience as they strive to meet their food and 
nutrition needs [37]. Kai Victor Hansen (2015)reported An Explorative Study Using a Grounded Theory Approach in Investigating Food 
Development of Norway [38].These studies supported much in our study of food safety characteristics analysis. Other papers such as “The 
food management practices used by people with limited resources to ensure food sufficiency have not been fully characterized”(2002), Kim 
Y G et al(2009) in “Building a model of local food consumption on trips and holidays: A grounded theory approach”[39], Webber C B et al 
(2010) in “Shopping for fruits and vegetables. Food and retail qualities of importance to low-income households at the grocery store” [41] 
and artlicles in Charmaz K’s book(2011)[40]  also gave an open mind to us. 

Following the Grounded Theory approach, the open coding and selective coding processes began in the first step. Open 
coding refers to conducting coding analysis on research data and continually making comparisons while coding. Selective coding 
refers to selecting groups for further research, establishing categories, and identifying relationships between categorical properties. 
Similar data of the same or a different value for a certain property can be included in one category. In this process, coding and data 
collection were conducted simultaneously to form a series of concepts. After analysis of the data based on the product market 
environment of China, 125 concepts obtained, which are presented in Table 2. 

 
Table 2 Coding and Concepts List 

Concepts related to the formation of open encoding and selective encoding (source reference points) 

Risks(3) Integration &butting system (9) The increase in the global food trade and population flow 
(1) 

Food(8) Negative effects of technologies(5) Food supply complexity caused by population scale (1) 
Agricultural 
products(1) Subjective food safety(8) Definition by the WHO (1996)(1) 

Special food(2) Objective food safety(2) Change indietary modes and habits (1) 
Processing chain(5) Use of inferior raw material(3) China’s definition of a contingency plan (2006)(1) 
Links between 
farmers and 
supermarkets(9) 

Social health costs (1) Definition of food safety law in China (2009)(1) 

Acute poisoning(5) Social and economic cost (3) Non-conforming indexes in spot checks of food (12) 
Food safety(48) Social and psychological panic (3) Inadequate production process management & control (1) 

Baby food(2) Pollution from plants themselves 
(1) Out-of-scope application of new resource food (2) 

Allergic group(1) Inadequate input factors (2) Safety differences in different consumption methods (2) 
Common yeast(1) Intentional out-of-limit storage (1) Overuse of farm-oriented chemical substances(1) 
Intermediate 
chains(4) Pesticide & fodder pollution (1) Pathogenic anthropozoonos is bacteria (2) 

Production chain(7) Substandard food identification (2) Non-pathogenic bacteria, non-toxigenic mould (1) 

Chronic disease(1) Infant formula (2) Nonexistence of laws and regulations in each process in the 
food supply chain (4) 

Spiritual loss (1) Lack of and non-uniform standards 
(5) Presence of serious food safety risks & dangers (1) 

Deficient 
understanding (4) 

Lack of deep processing 
technologies (2) 

Pollutants from the production, storage, transport, and sales 
links in the food supply chain (4) 

Institutional 
deficiency (1) Supply chain infrastructure (2) Special physical or chemical reactions caused by food 

products (3) 

Personal injury (29) Excess of harms due to unknown 
causes (3) Food safety issues caused by improper storage (5) 

Property damage (6) Non-pathological 
microorganisms(1) Food source pollution & industrial pollution (1) 

Air pollution (1) Lactose intolerance group (2) Problems in family food storage & cooking hygiene(1) 
Water pollution (1) Possibility of negative effects (1) Unsafe when the intake amount exceeds a certain limit (1) 

Soil pollution (1) Occurrence uncertainty (1) Detected samples are confirmed to be fakes or names and 
addresses of other factories are falsely used(1) 
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Environmental 
pollution(1) 

Relatively pathogenic micro-
organisms (1) 

Other substances that may harm human health severely 
exceed standard limits(1) 

Insect pollution (5) Illegal use of additives (3) Losses of fresh and live food in intermediate links caused 
by blocking of market information (1) 

Media hype (1) Sequence of time arrangement (1) Pathogenic factors are produced in the processes and 
facilities of production, transport and storage(1) 

System deficiency 
(1) Severity of negative effects (1) The probability of a possible event and its negative effects 

on the realization of targets (1) 
Food supply chain 
(31) 

Directly pathogenic micro-
organisms(2) 

Uncertain events or conditions with positive or negative 
influences (1) 

Absolute safety (2) Social systematic risks (14) 
Widespread dissemination of polluted foods through the 
intensive system when a problem occurs in large-scale 
processing(1) 

Relative safety (16) Biological concentration of the 
food chain (1) 

New packaging and processing technologies are improperly 
applied to lengthen the shelf life of food(1) 

Pathogenic bacteria 
(2) Unsafe to certain groups (7) Cold chain system, quick detection system, distribution 

centre, etc. (1) 
Microbial pollution 
(4) Incomplete media reports (1) Toxins that can directly cause disease and harm to human 

bodies (2) 
Short processing 
links (1) Radioactive pollution of food (1) Toxins that are normally non-pathogenic but are pathogenic 

under certain conditions (1) 
Scholars and others 
(2) 

Deficiencies in corporate brand 
awareness (3) 

Personal injury caused by undetected hazardous factors due 
to the lack of or non-uniform detection standards (5) 

Chemical pollution 
(1) 

Intentional addition of illegal 
substance (12) 

Presence of pathogenic micro-organisms, pesticide residue, 
veterinary drug residue, or heavy metals(3) 

Biological pollution 
(5) 

Intentional concealment of non-
conforming features (1) 

Test results indicate the existence of an illegally added 
inedible substance(1) 

Physical pollution (4) Pass seconds for quality goods, 
pass fakes for genuine goods(8) 

Food safety problems caused by non-subjective intentions 
in the upstream or downstream supply chain (6) 

Unfair 
competition(6) 

Lack of food sanitation knowledge 
(2) 

Non-conforming test results caused by errors or improper 
operation (2) 

Food borne diseases 
(17) Fraud in admission procedures (1) Improper control of pathogenic micro-organisms caused by 

production and processing defects (1) 
Other force 
majeure(4) 

Consumers’ risk perception 
abilities (3) 

Potential food safety problems posed by biotechnological 
products such as gene-modified products (1) 

Definitions in laws 
and regulations (15) 

Toxigenic mould and mycotoxins 
(2) 

Small workshops in rural and urban areas become 
concentration of risk sites due to the binary system(6) 

Spreading false 
information (6) 

Pollution in food processing & 
storage (1) 

Unlicensed production without the proper food 
manufacturing conditions(1) 

Trade disputes 
between nations (2) 

Dairy products, beverages, cakes, egg products, meat products, aquatic products, roasted seeds, 
nuts, etc. (5) 

 
The second step was literature review :To examine the credibility of the concepts and categories and to summarize the 

theoretical framework, a literature review was conducted on food risk and its related domains. There are two aspects identified from 
the literature review: 

The financial risk framework within a complete system. In contrast, risks in the financial field have been studied in more detail. 
The most famous example is the Basel Committee’s regulatory framework[18], and primarily for banks, the Basel Accord, whose 
standard is ability and completeness have been widely recognized in the global risk control field. The risk guidance framework 
proposed by the Basel Committee aims tocontinuously improve financial regulation. A series of documents have been published, 
including Basel III in 2011[19], the Liquidity Risk Provisions in 2013[20], and the NSFR standard in 2014, all of which are 
designed to achieve a balance between qualitative measurements and quantitative measurements of financial risk. Three regulatory 
pillars were proposed in Basel II, and adjustments were made in Basel III in consideration of the financial crisis of 2008, in which 
frontier content on liquidity risks, macroeconomic prudence and systematically important financial institutions was included. The 
definitions of credit risk, operational risk, market risk and systemic risk in the Accord can be used as references for defining and 
identifying risks in the food safety domain. Moreover, the risk exposure methods used in the Accord can also help the development 
of food safety liability insurance pricing methods.  

Learning from insurance practices for financial risks. Theoretically, risks in relevant fields are constantly tracked by the Risk 
Premium Project (RPP)[21], which was launched in 2000 by the Committee on Theory of Risk of the Casualty Actuarial Society. 
The RPP aims to keep a constant eye on research findings in the risk and financial fields and to provide summaries on a regular basis. 
Current publications include RPP (2000), RPP II (2010)[23], and a summary report on the research field in 2014. The risk 
definitions in the RPP reports are based on BIS definitions.  

In addition, in the field of insurance solvency, the European Insurance Solvency System, or “Solvency II” [42]for short, is a 
successful exploration of insurance risks by regional organizations. Solvency II has strong adaptability, and it has drawn lessons 
from the Basel Accord. Based on Solvency II, the China Insurance Regulatory Commission has established its own solvency 
regulatory standard, which is called “Chinese Solvency II”. 

The China Insurance Regulatory Commission has set technical standards in its solvency regulatory standard. Although most of 
its descriptions of insurance risks are based on the Basel Accord, it still offers frontier knowledge to the Chinese insurance industry. 
In the minimum capital requirement, quantifiable minimum capital is divided into insurance risk minimum capital, credit risk 
minimum capital and market risk minimum capital. Factors such as value-at-risk (VAR)are used as measurement techniques. Further 
more, additional funds must be accrued due to counter-cyclical effects and systemically important effects. In addition, unquantifiable 
risk coverage operating risk, strategic risk, reputation risk and liquidity risk are discussed. The Chinese standards are different from 
the EU solvency system, as the EU system regards operating risk as quantifiable.  

It has been found during the process of establishing the theoretical framework for food safety risk that experience has been 
accumulated in the above-mentioned areas. By comparing food safety risks, theoretical categories emerged in the process of open 
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and selective coding with risk definitions in the above two areas; this writer has referred to similar definitions and categories to 
improve the naming of the theoretical categories of food safety risk. 

The third step was theoretical Sampling: Theoretical sampling is a method of data extraction conducted to obtain theoretical 
saturation. It includes two critical processes: one is to minimize the similarities and dissimilarities between different categories, and 
the other is to maximize the coverage of the scope, degree, conditions, results, stegories will emerge naturally through constant 
comparisons. Withsensititructure, mechanisms, and possibilities of relationships remained, Theoretical cave to theory to finally 
arrive at a series of categories, to form a theoretical framework and to make the theoretical framework more realistic, as is prudent 
regarding the natural emergence of conceptual categories.  

Through the rigorous technical method described above, the theoretical framework for food safety risk features was finally 
established, as shown in below (Figure 1): 

 
Figure. 1 Theoretical framework of food safety risk characteristics 

 
5. Conclusion 
 

The definition of food safety can be discovered through the coding comparison process, although food safety has not 
been defined in a uniform way due to numerous factors, including the variety of countries, regions, economies, social 
groups, and cognitions. Comprehensiveness and relativity are particularly important when evaluating the concept of food 
safety, and the criteria must be based on scientific definitions, values and cognition levels. In practical operation, a 
balance between public health, risk control and economic cost must be achieved. Measurable targets can be determined by 
researching from a risk perspective. In addition, food safety is defined as the secure character of food quality when food 
risk is within acceptable limits. 
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Abstract: This paper studies a supply chain coordination problem with a supplier and a manufacturer considering defective products 
cheaply processing and customer stochastic demand condition based on Stackelberg non-cooperative game theory. We solve the 
coordination strategies when the manufacturer completely inspects materials of the supplier and the manufacturer cheaply sells the 
unqualified products resulting from supplier’s raw material quality defects under single period newsboy model and the condition of 
decentralized, centralized and revenue sharing supply chain separately. We find that we can enlarge the marginal effect when the 
manufacturer cheaply sells the unqualified productions. When supply chain is coordinated with revenue sharing contract, EOQ, total profit 
and total risk-sharing of the supply chain are larger than that of non-coordination or decentralized supply chain. The coordinated model of 
revenue sharing supply chain can achieve the performance of centralized supply chain. The establishment of this coordination will not be 
affected by changes in wholesale price of supplier. The research can provide some theoretical basis for supply chain to raise internal or 
external revenue and reduce internal or external risk loss costs. 
 
Keywords: supply chain coordination; raw material quality defect; cheaply processing; stochastic demand; revenue sharing contract 
 
1. Introduction 
 

Along with the unceasing enhancement of customer consumption level, quality has been become the most core factors in supply chain 
competitions. It is a pity, however, that almost all kinds of products have certain proportion of defective works in the realistic environment. 
The proportion of defective products among total products has a critical influence on the customer consumption and quality of final 
products[1-3]. When the defective quality products surpass a specific level, the operation, the revenue and the risk of the whole supply chain 
will suffer negative impact. Therefore, it is great significance to consider how quality defect incurred by this will affect the coordination of 
supply chain [3-5]. 

Meanwhile, with the trend of globalization and customization, most supply chains are practically decentralized with their customer 
demands are getting more random, whose objectives are different and conflicted based on independent benefits of each party[6-9]. As a 
result, the inferior in-coordination and imbalance risk sharing of supply chain are always happen. Therefore, the problem when the 
stochastic demand and the quality defect coexist and display their functions, is a difficult problem that decision-makers need to effectively 
tackle with but also is a core question to supply chain researchers, attracting many researchers’ attention [6-8]. Their synergism role needs to 
be fully discussed among supply chain researchers[7-8]. 
 
2. Literature review 
 

Most scholars study a supply chain coordination problem only one single firm under quality defect conditions. Salameh and Jaber 
(2000) studied a manufacturer product quality defects problem when the manufacturer inspected all goods to find out defective ones and 
sold them at a lower price under certain demand conditions. They showed the optimal results via Economic Order Quantity (EOQ) model 
based on the objective of profit maximization. However, they assumed the demand is certain but not stochastic demand. Later, modified the 
model of Salameh and Jaber (2000), Eroglu and Ozdemir (2007), Maddah and Jaber (2008) developed the study to the stochastic demand 
region. Their research demonstrated the optimal order quantity was increasing along with the inspective rate and the variability of the 
defective items. Besides, Ferguson et al. (2006) and Hwang et al. (2006) studied the condition where when the product quality defect 
occurred, the buyer returned defective goods to the supplier but they did not consider stochastic demand. 

In fact, it is a core question that stochastic demand can lead the inefficiency and waste in supply chain which arouses researchers’ 
attention. Stochastic demand can further undermine the coordination with each party and unbalance the risk. For example, Eynan and Kropp 
(2007) proposed a method to include stochastic demand into the EOQ problems with Taylor series expansion and found stochastic demand 
can reduce the coordination of the system and raise the risk. Considering the uncertain production demand, He and Zhang (2008) studied a 
coordination problem including one supplier and one retailer in a supply chain. they found , under certain circumstances, stochastic 
production could promote the supply chain,s performance and protected it from the effect of double marginalization. Further, Kelle et al. 
(2009) introduced influence factors of safety stock from the uncertainty of product quality to inspect its effects on supply chain cooperation. 
Wang and Xiao (2009), Chick (2008) discussed the supply chain coordination under discount buy-back contract. By making wholesale price 
accords with marginal cost–plus pricing method and allowing retailer to buy back the surplus order at wholesale price, they found that buy-
back contract could coordinate supply chain. However, their study had not consider the influence of quality defect of raw materials. 
Some scholars studied the influence on EOQ from the synergism affect of stochastic demand and quality defect. For example, under the 
condition of stochastic demand and quality defect of raw materials and manufacturers sold those defective items with cheap price and repair 
when the manufacturers adopted 100% inspection or no inspection on items respectively, Su et al. (2011) found low-price selling had less 
influence on EOQ than repair but it had larger marginal effect. However, Su et al. (2011) only considered the influence on EOQ not 
considered the influence on supply chain coordination.  

Besides, some scholars studied the supply chain coordination problem under the synergism of stochastic demand and quality problem. 
Utilizing Stackelberg non-cooperation model, Su and Li (2011), Li et al. (2011) studied the coordination and risk-sharing of supply chain 
with the occurrence of quality fault and return policy including one supplier and one retailer. They suggested that both parties should 
coordinate to determine their defective items process strategies and to determine their optimal profit, order quantity and risk sharing. Li 
(2016) considered a supply chain cooperation problem with considering stochastic demands and quality defect of raw materials when a 
manufacturer adopts complete inspection and repairs defective goods. When the manufacturer repaired the defective items, the marginal 
effect increases unceasingly and the EOQ, total profit and total risk of centralized supply chain are higher than those of decentralized one. 
When the demand follows a normal distribution and order quantity outweighs demand average, the EOQ will decrease linearly with 
defective goods, increase linearly with the standard deviation. With the contract of sharing revenue, the performance of decentralized supply 
chain can be as well as the centralized one. However, they assumed quality defective products repair process but not cheaply process This 
paper constructs the coordination mechanism with revenue sharing contract and Stackelberg non-cooperation game theory under customer 
stochastic demand and quality defective products cheaply process condition. 
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This paper makes several contributions as follows. First, we consider the joint influence of stochastic demand and raw material quality 
defect. Second, we construct a revenue sharing coordination mechanism to better share the risk and profit when the product of manufacturer 
has implied stochastic demand and raw material quality defect. Third, with this coordination mechanism, the decentralized supply chain can 
perform as well as centralized one and reduce the risk of total supply chain at the same time. This paper is organized as follows: In section 2, 
we review the related literature researches. In section 3, we introduce the basic model. In section 4, we construct supply chain coordination 
models between one supplier and one manufacturer with revenue sharing contract based on customer stochastic demand and defective 
products cheaply process. In section 5, we analyze our research results. Finally, Section 6 summarizes the conclusions and provides some 
suggestions for future researches. 
 
3. Model descriptions 
 

We consider a supply chain consisting of one manufacturer and one supplier. We focus on one single period in disregard of the 
influence of subsequent periods. We assume the manufacturer and the supplier are both independent and risk neutral. Items are independent 
too. The demand follows a normal distribution. In order to meet customers’ needs, we assume all stocks which have already ordered or 
produced can without awaiting distribution. When one batch of raw materials arrives, the manufacturer adopts complete inspection. All 
inspected defective goods have to be dealt with low-price selling. In this manner, there are four kinds of cost involved in the paper, namely 
procurement cost for raw materials, manufactory cost, inventory cost and quality cost. Among these, inventory cost consists of shortage cost 
and surplus cost. Shortage cost refers to the cost caused by out-of-stock, including emergency procurement, loss on work stoppage and so 
forth. And surplus cost represents as stockholding cost. Quality cost comprises inspection cost and internal losses. Inspection cost refers to 
the quality test of raw materials purchased from suppliers, while internal losses include scrap cost. Here, we assume the stockholding fee is 
linear proportional to the stock. 

M : Manufacturer; 
S : Supplier; 

Q : The order quantity of manufacturer; 
x  : Customer stochastic demand variable of the manufacturer; 

( ) ( )G x P X x= ≤  : Demand cumulative normal distribution function;  

( ) ( )dg x G x
dx

= : Demand probability density function; 

u  : Demand mean; 
σ  : Demand standard deviation; 

0c  : Excess cost per unit after demand is produced; 

sc  : Shortage cost per unit; 

ic  : Inspection cost per unit; 

rc  : Internal loss per unit of defective product; 

dc : External loss per unit; 

p  : Expected probability of defective product . 
w : Wholesale price 

 P  Retail price.  

wφ  wholesale price  which equals to his marginal cost.  

We assume the manufacturer order quantity Q  from the supplier according to his forecast of uncertain demanding at the beginning of 

each period, and then produce quantity Q  final items. Constrained by revenue sharing contract, the manufacturer retains the expected the 

part revenue which is ( , ) ( )i mM Q w P c c w Qφ φφ φ= − − − ,where [0,1]φ ∈ . The (1 ) ( , )M Q wφφ−  will refund to 

the supplier. If the price P is immune to changes of demands, it will stay fixed in the short run and only be dependent on the market. Also, 
the profit of each other will be no less than that which is without the contract, and the supply chain will be poised in a coordinated state. 
 
4. Model Constructions 
 

According to the model description, the manufacturer M produces Q  units, and the real demand of the customers is X units. Then 

the surplus item quantity (SIQ) is { }max ,0Q X− and the stock-out item quantity (SOIQ) is { }max ,0X Q− . 

The expectation of surplus quantity is: 

          { }
0

[ ] 0 ( ) ( ) ( )
Q

E SIQ max Q X g x dx Q X g x dx
∞

= −∫ ∫0
= - ,

0
( ) ( )

Q
Q X g x dx= −∫                    (1) 

Likewise, we can get the expectation of out-of-stock items: 

                       { }[ ] 0 ( ) ( ( )E SOIQ max X Q g x dx X Q g x dx
∞ ∞

∫ ∫0 Q
= - , = - )                                   (2) 
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4.1 decentralized supply chain condition 
 

Based on the model description, the manufacturer’s revenue function is:  

  
(1 )

0 (1 )
[(1 ) ] ( ) [ (1 ) ] ( )

M

p Q

i m o s p Q
PQ c Q c Q wQ c p Q x g x dx c x p Q g x dx

− ∞

−
= − − − − − − − − −∏ ∫ ∫TI                     (3) 

where, ic Q , mc Q , wQ denote inspection cost, manufacture cost and raw materials wholesale cost, respectively; 

(1 )

0
[(1 ) ] ( )

p Q

oc p Q x g x dx
−

− −∫  and 
(1 )

[ (1 ) ] ( )s p Q
c x p Q g x dx

∞

−
− −∫  represent surplus cost and out-of-stock cost, 

respectively. 
The supplier's revenue function is: 

                                                     S rwQ cQ c Q p= − −∏ TI                                                                   (4)  

Where cQ and rc Q p  denote raw materials cost and internal losses, respectively. 
The revenue function of total supply chain is: 

                      (1 )

0 (1 )
[(1 ) ] ( ) [ (1 ) ] ( )

i m r

p Q

o s p Q

PQ cQ c Q c Q c Q p

c p Q x g x dx c x p Q g x dx
− ∞

−

= − − − −

− − − − − −

∏
∫ ∫

TI

                       (5) 

Under the situation, we can get: 

                                       

2
2

2 (1 ) ( ) [(1 ) ] 0M
o s

d
p c c g p Q

dQ
= − − + − ≤∏ TI

                                         (6) 

From the equation (6), let the first derivative equal to zero, namely 0M
d

dQ
=∏ TI

, and we can get below: 

                               
(1 )

[(1 ) ]
( )(1 )

i m s

o s

P c c w c p
G p Q

c c p
φ− − − + −

− ∗ =
+ −

                                               (7) 

Substituting this into the equations (3), (4) and (5), we can get the optimal expected profit of the manufacturer, the supplier and the 

total supply chain, namely
M

E ∗∏ TI
, 

s
E ∗∏ TI

and E ∗∏ TI
, respectively. In addition, because ( )G X  follows normal 

distribution 2( , )N u σx ，  then ((1 ) )G p Q−  can be written as 
(1 )[(1 ) ] p QG p Q µ

σ
− − − = Φ 

 
. If 

assuming
(1 )p Qz µ

σ
− −

= , we can know
1
zQ

p
σ µ+

=
−

. This indicates that as to the function G , output Q  is monotone 

increasing function in average demandu . And Q  will increase as standard deviation of the demandσ unlessz is positive.  
The expected minimum risk losses of the manufacturer, the supplier and total decentralized supply chain are as follows, respectively: 

(1 )

0 (1 )
( ) [(1 ) ] ( ) [ (1 ) ] ( )

p Q

M i m o s p Q
ETC Q c Q c Q wQ c p Q x g x dx c x p Q g x dx

∗

∗

− ∞∗ ∗ ∗ ∗ ∗ ∗

−
= + + + − − + − −∫ ∫                (8) 

                                                    ( )S rETC Q cQ c Q p∗ ∗ ∗= +                                                             (9) 

                    (1 )

0 (1 )

( )

[(1 ) ] ( ) [ (1 ) ] ( )

i m r

p Q

o s p Q

ETC Q cQ c Q c Q c Q p wQ

c p Q x g x dx c x p Q g x dx
∗

∗

∗ ∗ ∗ ∗ ∗ ∗

− ∞∗ ∗

−

= + + + +

+ − − + − −∫ ∫
             (10) 

 
4.2 Supply chain coordination with restriction of revenue sharing contract 
 

The revenue functions of the manufacturer, the supplier and total supply chain are as follows, respectively: 
The revenue function of the manufacturer is: 

 { }(1 )

0 (1 )
[(1 ) ] ( ) [ (1 ) ] ( )

M

p Q

i m r o s p Q
PQ c Q c Q w Q c Q p c p Q x g x dx c x p Q g x dxφφ

− ∞

−
= − − − − − − − − − −∏ ∫ ∫TI        (11) 

The revenue function of the supplier is: 

     { }(1 )

0 (1 )
(1 ) [(1 ) ] ( ) [ (1 ) ] ( )

S

p Q

i m r o s p Q
PQ c Q c Q w Q c Q p c p Q x g x dx c x p Q g x dxφφ

− ∞

−
= − − − − − − − − − − −∏ ∫ ∫TI       (12)                      

The revenue function of the total supply chain is: 
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                       (1 )

0 (1 )
[(1 ) ] ( ) [ (1 ) ] ( )

i m r

p Q

o s p Q

PQ cQ c Q c Q c Q p

c p Q x g x dx c x p Q g x dx
− ∞

−

= − − − −

− − − − − −

∏
∫ ∫

TI

              (13) 

Second-order differentiate the equation (3) with respect to output Q  to get 

                                     { }
2

2
2 (1 ) ( ) [(1 ) ] 0M

o s

d
p c c g p Q

dQ
φ= − − + − ≤∏ TI

                                 (14) 

The equation (14) shows that the manufacturer’s revenue function is convex function, so assume the first derivative equal to zero, 

namely 0M
d

dQ
=∏ TI

, to get 

                                             
(1 )

[(1 ) ]
( )(1 )

i m r s

o s

P c c w c p c p
G p Q

c c p
φ∗∗ − − − − + −

− =
+ −

                             (15) 

Likewise: 

        { }(1 ) (1 ) ( )(1 ) [(1 ) ]S
i m r s o s

d
P c c c p c p c c p G p Q w c

dQ φφ φ= − − − − + − − + − − + −∏ TI

        (16) 

                            { }
2

2
2 (1 ) (1 ) ( ) [(1 ) ] 0S

o s

d
p c c g p Q

dQ
φ= − − − + − ≤∏ TI

                           (17) 

Let 0S
d

dQ
=∏ TI

, we get 

                    
(1 )( )

[(1 ) ]
(1 )( )(1 )
i m r s s

o s

P c c c p c c p w c
G p Q

c c p
φφ φ

φ
∗∗ − − − − + − + −

− =
− + −

               (18) 

Let the equation (15) equal to equation (18), we get the coordinative wholesale price under the contract restraint which is as follow: 

                                                                                     w cφ
∗∗ =                                                                      (19) 

According to equations (19) and (15), the optimal order based on coordination of supplier and manufacturer satisfies: 

                                   
+ (1 )[(1 ) ]

( )(1 )
i m r s

o s

P c c c c p c pG p Q
c c p

∗∗ − − − − −
− =

+ −
                      (20) 

When supply chain is coordinated, the manufacturer’s expected revenue is: 

{ }(1 )

0 (1 )
[(1 ) ] ( ) [ (1 ) ] ( )

M

p Q

i m r o s p Q
E PQ c Q c Q w Q c Q p c p Q x g x dx c x p Q g x dx

φ
φ

∗∗

∗

− ∞∗∗ ∗∗ ∗∗ ∗∗ ∗∗ ∗∗ ∗∗ ∗∗

−
= − − − − − − − − − −∏ ∫ ∫TI          (21) 

The supplier's expected revenue is: 

{ }(1 )

0 (1 )
(1 ) [(1 ) ] ( ) [ (1 ) ] ( )

S

p Q

i m r o s p Q
E PQ c Q c Q w Q c Q p c p Q x g x dx c x p Q g x dx

φ
φ

∗∗

∗

− ∞∗∗ ∗∗ ∗∗ ∗∗ ∗∗ ∗∗ ∗∗ ∗∗

−
= − − − − − − − − − − −∏ ∫ ∫TI          (22) 

The expected revenue of total supply chain is: 

            (1 )

0 (1 )
[(1 ) ] ( ) [ (1 ) ] ( )

m i r

p Q

o s p Q

E PQ cQ c Q c Q c Q p

c p Q x g x dx c x p Q g x dx
∗∗

∗∗

∗∗ ∗∗ ∗∗ ∗∗ ∗∗ ∗∗

− ∞∗∗ ∗∗

−

= − − − −

− − − − − −

∏

∫ ∫

TI

              (23) 

With restriction of the contract of sharing revenue and risk, when the manufacturer uses the complete inspection strategy, his expected 
risk loss in a single period is:  

  { }(1 )

0 (1 )
( ) + + + [(1 ) ] ( ) [ (1 ) ] ( )

p Q

M i m r o s p Q
ETC Q c Q c Q w Q c Q p c p Q x g x dx c x p Q g x dxφφ

∗∗

∗

− ∞∗∗ ∗∗ ∗∗ ∗∗ ∗∗ ∗∗ ∗∗

−
= + − − + − −∫ ∫         (24) 

Likewise, the supplier’s expected risk loss is:  

{ }(1 )

0 (1 )
( ) (1 ) + + + [(1 ) ] ( ) [ (1 ) ] ( )

p Q

S i m r o s p Q
ETC Q c Q c Q w Q c Q p c p Q x g x dx c x p Q g x dxφφ

∗∗

∗∗

− ∞∗∗ ∗∗ ∗∗ ∗∗ ∗∗ ∗∗ ∗∗

−
= − + − − + − −∫ ∫        (25) 

Then, the expected risk loss of total supply chain is: 
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               (1 )

0 (1 )

( )

[(1 ) ] ( ) [ (1 ) ] ( )

m i r

p Q

o s p Q

ETC Q cQ c Q c Q c Q p

c p Q x g x dx c x p Q g x dx
∗∗

∗∗

∗∗ ∗∗ ∗∗ ∗∗ ∗∗

− ∞∗∗ ∗∗

−

= + + +

+ − − + − −∫ ∫
           (26) 

4. 3 Analysis on the sharing factors φ of the supplier  

Because of [(1 ) ] [(1 ) ]G p Q G p Q∗∗ ∗∗∗− ≤ − , then we can get Q Q∗∗ ∗∗∗≤ . With the contract restriction of sharing 

revenue, the performance of decentralized supply chain can be as well as centralized one, namely E E∗∗ ∗∗∗=∏ ∏TI TI
, 

and Q Q∗∗ ∗∗∗= due to [(1 ) ] [(1 ) ]G p Q G p Q∗∗ ∗∗∗− = − . In this situation, the performance is free from the changes of the 

supplier’s wholesale price wϕ .  

The manufacturer’s expected revenue is: 

 { }(1 )

0 (1 )
[(1 ) ] ( ) [ (1 ) ] ( )

M

p Q

i m r o s p Q
E PQ c Q c Q cQ c Q p c p Q x g x dx c x p Q g x dxφ

∗∗∗

∗∗∗

− ∞∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗

−
= − − − − − − − − − −∏ ∫ ∫TI      (27) 

The supplier’s expected revenue is: 

{ }(1 )

0 (1 )
(1 ) [(1 ) ] ( ) [ (1 ) ] ( )

S

p Q

i m r o s p Q
E PQ c Q c Q cQ c Q p c p Q x g x dx c x p Q g x dxφ

∗∗∗

∗∗∗

− ∞∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗

−
= − − − − − − − − − − −∏ ∫ ∫TI     (28) 

Therefore, we can obtain the manufacturer’s optimal Q∗∗∗∗  when the supply chain is coordinated if we make the marginal cost c  of 
centralized supply chain to marginal cost w . 

                             
(1 )[(1 ) ]

( )(1 )
i m r s

o s

P w c c c p c pG p Q
c c p

∗∗∗∗ − − − − + −
− =

+ −
                       (29) 

We know [(1 ) ] [(1 ) ] 0G p Q G p Q∗∗∗∗ ∗∗∗− − − ≤  and Q Q∗∗∗∗ ∗∗∗≤ holds. 
Then, the manufacturer’s expected revenue is 

(1 )

0 (1 )
( ) [(1 ) ] ( ) [ (1 ) ] ( )

p Q

M i m r o s p Q
E P w c c c p Q c p Q x g x dx c x p Q g x dx

∗∗∗∗
∗∗∗∗

∗∗∗∗

− ∞∗∗∗∗ ∗∗∗∗ ∗∗∗∗

−
= − − − − − − − − − −∏ ∫ ∫

TI

      (30) 

The supplier’s expected revenue is: 

                                                     ( )SE w c Q
∗∗∗∗ ∗∗∗∗= −∏

TI

                                                                        (31) 

Based on individual rationality, both parties in the decentralized supply chain consider their own benefits first. Only when they satisfy 
their own benefits, they can consider the maximum profit of total supply chain. Consequently, in order to accept the contract to share 
revenue and risk, it entails that their gains under the contract are no less than those in decentralized supply chain. Specifically, the 
inequalities below must hold to ensure that the benefits of the supplier and the manufacturer have developed Pareto Improvement. 

                                            ,M M S SE E E E
∗∗ ∗∗∗∗ ∗∗ ∗∗∗∗

≥ ≥∏ ∏ ∏ ∏
TI TI TI TI

                                                        (32) 

Therefore, when the supplier designs the contract, it must satisfy the inequalities (32) for the factorφ . Only in this condition can the 

supplier get the acceptance of the contract from the manufacturer while ensuring his own benefits. The exact values ofφ  depend on the 
bargaining capacity of both parties and each status in the supply chain. 

Namely, under the condition of repairing the defective items, the expected maximum total revenue sharing supply chain is the same to 
the one of centralized supply chain when we draw into the revenue sharing factor [0,1]φ ∈ . The performance of decentralized supply 
chain can achieve the performance of centralized one when we draw into the revenue sharing factor. 
4.4Centralized Supply Chain Condition 

The centralized supply chain makes the manufacturer and the suppler as a whole. So the expected revenue function of total supply 
chain is: 

                             (1 )

0 (1 )
[(1 ) ] ( ) [ (1 ) ] ( )

i m r

p Q

o s p Q

E PQ cQ c Q c Q c Q p

c p Q x g x dx c x p Q g x dx
− ∞

−

= − − − −

− − − − − −

∏
∫ ∫

TI

           (33) 

                      (1 ) ( )(1 ) [(1 ) ]i r s o s

dE
P c c c p c p c c p G p Q

dQ
= − − − + − − + − −∏ TI

         (34) 

                                      

2
2

2 ( )(1 ) [(1 ) ] 0o s

d E
c c p g p Q

dQ
= − + − − ≤∏ TI

                                (35) 

Assuming the first derivative equal to zero, we can get the EOQ:  
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(1 )[(1 ) ]

( )(1 )
i m r s

o s

P c c c c p c pG p Q
c c p

∗∗∗ − − − − + −
− =

+ −
                           (36) 

Substituting Q∗∗∗  into equation (33), we can get the expected maximum revenue of centralized supply chain, which is: 

(1 )

0 (1 )
( ) [(1 ) ] ( ) [ (1 ) ] ( )

p Q

i m r o s p Q
E P c c c c p Q c p Q x g x dx c x p Q g x dx

∗∗∗

∗∗∗

− ∞∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗

−
= − − − − − − − − − −∏ ∫ ∫TI     (37) 

The expected minimum risk loss of total supply chain is: 
(1 )

0 (1 )
( ) ( + + + ) [(1 ) ] ( ) [ (1 ) ] ( )

p Q

i m r o s p Q
ETC Q c c c c p Q c p Q x g x dx c x p Q g x dx

∗∗∗

∗∗∗

− ∞∗∗∗ ∗∗∗ ∗∗∗ ∗∗∗

−
= + − − + − −∫ ∫    (38)  

 
5. Numerical Analysis 
 

Assuming in certain supply chain, the customer demand follows a normal distribution 2(1, 2 )N , we fix 15P = , 0.001p = , 

1.2rc = , 1.5mc = , 3c = , 0 2.3c = , s 2.7c = , 0.8ic = , 4ω = , 0.75φ = . And we can calculate 3wφ
∗∗ = . 

Then EOQ, revenue and risk sharing when the supply chain is decentralized, centralized and with the contract restriction to sharing revenue 
are displayed respectively in Table 3 and Table 4. 

 
Table 3 EOQ of the supply chain when decentralized, centralized and with the contract restriction of sharing revenue 

Supply chain types EOQ Model EOQ 

Decentralized supply chain [(1 ) ] 2.48G p Q− ∗ =  * 2.99Q =  

Revenue sharing [(1 ) ] 6.52G p Q∗∗∗− =  3.0Q∗∗∗ =  

Centralized supply chain [(1 ) ] 6.52G p Q∗∗∗− =  3.0Q∗∗∗ =  

 
Table 4 the expected revenue and expected risk sharing of the supply chain when decentralized, centralized and with the contract restriction 

of revenue sharing 

type 
Expected revenue Expected risk sharing 

Decentralized 
supply chain 

Revenue 
sharing 

Centralized 
supply chain 

Decentralized 
supply chain 

Revenue 
sharing 

Centralized 
supply chain 

Supplier 2.99 6.65 - 8.97 4.56 - 

Manufacturer 23.62 19.96 - 21.22 13.68 - 

supply chain 26.61 26.61 26.61 30.19 18.24 18.24 
 
From the Table 3 and Table 4, decentralized supply chain optimal profit can equal the centralized supply chain expected profit. But the 

risk of decentralized supply chain when decentralized supply chain gets optimal profit is larger than the risks of centralized supply chain and 
revenue sharing supply chain when the expected profit revenue sharing supply chain is gotten. 
Under the contract of revenue sharing restriction, The supplier’s revenue has a substantial growth but the manufacturer is on the contrary. 
Nevertheless, the risk confronted by each party drops precipitously with the revenue sharing contract constriction. Besides, EOQ, revenue 
and risk-loss for total supply chain are equal to each counterpart in centralized condition and all outnumber them in decentralized ones. 
Therefore, this revenue sharing coordination mechanism can help decentralized supply chain to achieve the performance of centralized one 
and reduce its risk at the same time. 
 
6. Conclusions  
 

It is no doubt that demands of customers are more and more personalized, uncertain and unpredictable by the tendency of globalization 
and customization. And with customers more and more focus on high product quality, the competition among supply chains has been 
comprehensive and multifaceted, not only for price, cost and time but also for quality, supply chain coordination and risk-sharing. 
Researchers and practitioners more and more focus on products quality too.  Good product quality enables each party in a supply chain to 
maintain his reputation, reduce risk, improve customer satisfaction and supply chain enterprise core competence. Hence, it is of critical 
importance to meet customers’ stochastic demand and quality demand, improve the revenue of supplier and manufacturer, reduce their risk 
with considering product quality defects through a coordination mechanism of supply chain. 
This paper constructs coordination mechanism for revenue sharing supply chain with revenue sharing contract and Stackelberg non-
cooperation game theory. We consider this problem in the conditions when customer stochastic demands and raw materials quality defect 
occur and the manufacturer adopts complete inspection and purchases defective items at lower price. Our study shows that the marginal 
effect increases unceasingly. It also shows that when customer demand follows a normal distribution, EOQ of supply chain will decrease 
linearly with defective items and EOQ will increase linearly with the standard deviation when order quantity outweighs average demand. 
Besides, it indicates that EOQ, total profit and risk of decentralized supply chain are lower than those of centralized one. However, with the 
revenue sharing contract, the performance of decentralized supply chain can be as well as the centralized one, immune to the changes of 
supplier’s wholesale price. The study lays a great foundation for the research on reducing supply chain risk. 
However, we acquiesce in the dependability of the inspection to ascertain the defective items, and do not consider the possibility of 
inspection failure, which can be studied in future research. Besides, we assume that the manufacture adopts complete inspection each time, 
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which probably is not the case in practice. Therefore, we can study the supply chain coordination under quality defect of raw materials with 
respect to sampling inspection in the future. 
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Abstract: When RSSI is used in Wi-Fi indoor positioning system as fingerprint to position, there are always some serious positioning errors 
owing to the instability and nonlinearity of RSSI itself. By substituting CSI (channel status information) of physical layer for RSSI as the 
positon fingerprint, the paper introduces a new algorithm of RAW-CSI with high accuracy in positioning. RAW-CSI is verified in actual 
wireless deployed environment valid through cross verification of off-line sampling data and actual running test. 
 
Keywords: CSI; indoor positioning; fingerprint 
 
1. Introduction 
 

Indoor positioning systems have found the increasing application to location-based services in indoor environments. Most researches 
based on Wi-Fi fingerprint positioning approach have adopted received signal strength indicator (RSSI) from wireless AP as location 
fingerprints mainly due to the easier access to RSSI through software. 

When wireless signals are transmitting in complicated indoor environments, however, the receivers receive the signals through 
directing, reflecting or refracting paths because of the existence of multipath effect. For the distances of the paths the electric waves pass 
through are diverse, the transmitted waves from each path will reach at different time and phase. Signals with different phases will 
superimpose at the receiving device. When signals at the same phases superimpose, the signal level will increase; while at the reverse phases, 
decrease. Accordingly, the range of receiving signal will change greatly which contributes to the high uncertainty and nonlinear 
characteristics of the values of RSSI in indoor environment. Furthermore, the uncertainty and nonlinear characteristics will result in the non 
one-to-one mapping of RSSI and physical location which have fatal influence on positioning accuracy of WLAN fingerprint positioning 
approach. 

What is adopted as position fingerprint in the paper is not RSSI but Channel State Information (CSI), a type of fine-grained physical 
layer information. Different from RSSI, CSI comes from fine-grain value of physical layer and describes the range and phase of each 
subcarrier in frequency domain. Each packet has only one RSSI value while each channel can get multiple CSI value. More importantly, 
because of multipath effect, subcarriers in different channel will experience different fading and scattering paths, CSI frequency varies with 
each subcarrier having diverse range and phase. The frequency variety helps to construct the unique fingerprint which indicates each 
position in wireless map. Based on these advantages, we will beneficially adopt CSI to improve the performance of indoor positioning 
fingerprint which can greatly increase the accuracy of positioning system.  
 
2. Related Work 
 

Abdul Hafiizh proposed a positioning approach of MIMO WLAN which computed the distance by combining DOA and RSSI (Hafiizh 
et al., 2009). The approach could make use of the multi-antenna attribute of MIMO only if we know the detailed information of the antennas. 
Souvik introduced CUPID algorithm to distinguish LOS and NLOS paths through the angle information of AOA in CSI, and avoid 
positioning error from multipath interference simply by using LOS path only. What’s more, CUPID algorithm could estimate the position 
based on RSSI and AOA information so that it could still finish the computation even in the environment with only one AP and the accuracy 
could reach about 2.7m when more Aps are provided (Sen et al., 2013). Crowdsourcing model is combined with CSI fingerprint to complete 
positioning by Zhiping Jiang (Jiang et al., 2013). Based on CSI, Kaishun Wu established a ranging model of wireless signal indoor 
transmission for positioning (Wu et al., 2013). Yan Wang made a research on how different indoor actions influences on CSI and made a 
corresponding inference of clients’ behaviors such as cooking, mopping, calling and the like. With indoor wireless APs and WLAN cards 
equipped with Intel 5100, it is unnecessary for users to hold any device (Wang et al., 2014). CSI was also used to distinguish LOS path from 
NLOS (Zhou et al., 2014). Thanks to the issue of CSI Tool in Linux platform (Halperin et al., 2011), most researchers have adopted Intel 
5300 network card and revised drive to acquire CSI information. 

Different from most of the above-mentioned CSI-based positioning approaches aggregated CSI information, the paper introduces an 
approach which makes use of the original CSI information. 
 
3. CSI-based Wi-Fi indoor Positioning Approach 
 
3.1 CSI 
 

OFDM system is in wide application currently.  In the system, data is modulated to multi subcarriers and parallel transmission in 
various frequencies. Meanwhile, during parallel transmission, the receiver can in real time or statistically estimate channel status and report 
it to the transmitting terminal so that the information of the channel status can be acquired through network card driver layer and used by 
application layer. 

OFDM made it possible to measure the channel in subcarrier layer. For accommodating or allocating transmitter resources, the 
throughput has always been improved and channel status information has been used in adaptable transmission system in wireless 
communication. 

CSI is a type of information which can estimate channels through describing the channel attribute of communications link. More 
specially, CSI describes how wireless signal is transmitted from transmitter to receiver and how a joint effect like scattering, fading and 
power attenuation works with the change of distance. In brief, the accuracy of CSI has exerted a great influence on the whole OFDM system. 
It is worth mentioning that the multi-frequency results from multi subcarriers being used in data transmission.  

In narrow-band flat fading channel, OFDM system is modeled in frequency domain as, 
                                                                                       (1) 

Among which,  and  refers to receiving vector and transmitting vector respectively, and  channel matrix and  attached 
Gaussian white noise vector.  

CSIs of all the subcarriers can be calculated in the following formula (2): 
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                                                                                               (2) 

It is the fine-grained value from physical layer which describes the channel gain from transmission base band to receiving base band. 
 
3.2 CSI Fingerprint Collecting 
 

Like the RSSI fingerprint based positioning approach, the indoor CSI fingerprint based positioning approach consists of two phases, 
offline training and online positioning. Different from RSSI approach and to collect CSI, the system adopts mobile device equipped with 
802.11n network card in sampling location to receive from neighboring Aps beacon information including CSI which signifies how multi 
subcarriers channels respond. In the system, CSI Tool in Linux [7-8] is employed to modify wireless network card driver and divide CSI 
into 30 groups so that receiving terminal can receive 30 CSI values simultaneously, which can be calculated as,  

 
Among the formula, every subcarrier Hi can be defined as, 

 

Here,  and  refer to amplitude response and phase response of the ith subcarrier respectively. 
Compared with RSSI fingerprint, the fingerprint information combining CSI, frequency diversity and space diversity can improve the 

uniqueness and stability of positioning fingerprint greatly which can overcome the instability of RSSI fingerprint caused by multipath effect 
and optimize indoor positioning accuracy finally. 

Suppose that the whole positioning area is covered by  APs and  reference points are chosen. And then, record in those reference 
points CSI fingerprints which will form the fingerprint database. During information collecting period, every reference point records  

orthogonal subchannel CSI values of each AP. The CSI values of reference point  is written as , signifying 

the CSI values of  APs in the reference point, and the CSI values of the th AP in reference point is written as 

, among which  is the CSI value of the th subchannel.  And data collected in  reference 

points can be recorded as ,  in which is CSI collected by Wi-Fi device at the th reference point; 

given the coordinate of reference point is , the complete fingerprint at the position will be recorded as: 

 

Compared with former research, the paper does not aggregate CSI of different subchannel at the same AP and time, like averaging and 
weighting, but directly adopts the original multi dimensions’ information. 

As soon as fingerprint database is constructed, the spot sampling is completed. During actual positioning, fingerprint information of the 
to-be-positioned point is collected and compared with fingerprint database to search for the location with the fingerprint the most similar to 
the to-be-positioned point. Here is fingerprint matching algorithm. 

 
3.3 Estimation of Real-time Position 
 

Cosine similarity measures the similarity of two vectors by measuring the cosine value of the intersection angle between the two 
vectors’ inner products. It is used in machine learning for measuring the diversity between sample vectors.  

Definition 1: In two-dimensional space, the intersection angle cosine of vector A  and vector B  can be described 
as: 

 

Definition 2:   and   are two points in -dimensional space. The similarity 
between them can be described with the intersection angle cosine as: 

 

Namely: 
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The intersection angle cosine value ranges between [-1, 1]. The bigger the intersection angle cosine is, the smaller the intersection angle 
between the two vectors is, vice versa. When the directions of the two vectors overlap, the intersection angle cosine value is the maximum 1; 
when the directions of them are totally opposite, the intersection angle cosine value reaches the minimum -1.  

With fingerprint database established and during actual positioning, the collected actual measured values will form a CSI matrix. In 
order to measure matrix similarity by using cosine similarity, the paper converts two  matrixes into a vector, i.e. the matrix of 

. Consequently, cosine similarity can be adopted to calculate the fingerprint similarity between reference point and test point. 
 
3.4 Data Preprocessing 
 

In the above-mentioned angle cosine algorithm, vector’s dimensions must be unanimous. In actual positioning, however, data of some 
AP or some subchannel may be unavailable at that moment during signal collecting, which will exert a decisive effect on position result. 
Accordingly, a nearest neighbor filling algorithm is put forward to fill the unavailable data in the paper. In the nearest neighbor filling 
algorithm, the last 3 values will be average weighted and weight is inversely proportional to time. 

Meanwhile, to avoid sampling data jitter and keep positioning result stable, data of fingerprint collecting process will be processed as 
below: first, the system will reject abnormal data from 20 groups of data collected at the same positon according to Grubbs norm; second, to 
average all the remaining data as the final result. 
 
4. Experiment Result and Analysis 
 

The positioning system is realized through the two parts. Firstly, mobile terminal adopts Honor 3C of Huawei and HTC One M8, 
Xiaomi-3, and Samsung Galaxy Note2 on the basis of Android 4.4.2 platform. Secondly, on the basis of OpenWRT firmware and 
BroadCom-framework-based Linksys E4200 router, wireless AP side adopts Linux CSI Tools to modify wireless driver so that it can 
monitor and send CSI of all the subcarriers of all the wireless mobile terminals (associated or unassociated) in coverage area to the 
positioning server. 

To verify the availability and the advanced effect of RAW-CSI algorithm in complex environment, the paper makes use of the data 
collected from the large-scaled wireless setting deployed in one of comprehensive shopping malls in Shanghai. Actually, the data are 
collected from half of the second floor (approximately 200m*150m) where 18 Aps are deployed as shown in Fig.1 of the layout of the 
second floor. In the rectangular area of Fig.1 are space for the experiment, including booths, aisles, staircases, and scenic area, etc. The red 
circles in Fig.1 refer to AP. For three days’ collection of offline data, a sampling point will be set every 3 meters; every sampling point will 
be collected during the normal run 3 times per day with each time 30 seconds; there are on average  90 data of signal strengths. During the 
running period of time, there are large quantities of people and other interference sources which keep changing in the environment.  

 
Figure. 1 The shopping mall and AP deployment illustration 

There are two experiments in the setting to verify the validity of the algorithm (for convenience it is named RAW-CSI) put forward in 
the paper. On the basis of cross verification of the sampling data and comparing RAW-CSI with RSSI-as-fingerprint HORUS and FILA 
aggregating CSI as fingerprint, one experiment verifies the validity of RAW-CSI algorithm; the other experiment is done to verify the 
availability of RAW-CSI algorithm during the actual operating. 
 
4.1 Comparison with other methods 
 

After collecting sample data and by use of cross verification, two-thirds of data will be used for training, the rest one-third of data for 
positioning test. In other words, cross verification directing at sample data will be adopted to construct a corresponding confusion matrix. 
Besides, as for the validity of the algorithm of confusion matrix, the analysis software realized through VC++ is to be adopted is adopted for 
its main functions such as signal-sampling, collected-data storing, the cross verification of sampled data and positioning error analysis. 

Generally, the performances of positioning system should be highly accurate so the experiment focuses on the comparison between 
mean distance error estimated by different methods. 

Positioning algorithm attaches the greatest importance to positioning accuracy, namely positioning errors. Fig.2 shows the comparison 
result among the three algorithms, RAW-CSI, HORUS and FILA. Apparently, in Fig. 2, RAW-CSI and FILA, both based on CSI, are 
superior to RSSI-as-fingerprint HROUS; because RAW-CSI makes use of the original CSI which is unique compared with information 
blended in FILA, its positioning accuracy has improved 20% or so. Meanwhile, as shown in Fig.3, compared with FILA, because of the 
simplicity of RAW-CSI, its positioning delay is similar as FILA. i.e., RAW-CSI can reach a higher positioning accuracy than FILA without 
the breakdown of computing complication and positioning delay. 
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Figure. 2 Mean Positioning Errors 

 
Figure. 3 Mean Positioning Delays 

 
4.2 Actual running effect 
 

The experiment aims at verifying the validity of RAW-CSI algorithm, which focuses on its recognition accuracy of Area of Interest 
(AOI).  

After 100 times of AOI recognition for one day, Fig.4 shows the actual result of RAW-CSI on AOI recognition during actual running. 
The left half presents consumers’ actual locations in shopping mall, while the right half are locations (circled ones) displayed on terminals 
which signifies how successful recognition of AOI is. Fig.5 is about rates of successful AOI recognition through the three algorithms: when 
RAW-CSI is running in positioning system, the rate is up to 97%, much higher than 88% of FILA. The much higher rate on one hand 
implies RAW-CSI is superior to FILA as for positioning stability; on the other hand, positioning accuracy of RAW-CSI is better than that of 
FILA, which will affect AOI recognition result because shops in shopping mall are very close to their neighbor. In addition, it can also be 
seen from Fig.5 that as for AOI recognition accuracy, RAW-CAI and FILA, both based on CSI, are superior to RSSI-as-fingerprint HROUS. 

 

 
Figure. 4 RAW-CSI AOI Recognition Result 
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Figure. 5 Rates of Successful AOI Recognition 

 
5. Conclusion 
 

When RSSI is used in Wi-Fi indoor positioning system as fingerprint to position, there are always some serious positioning errors 
owing to the instability and nonlinearity of RSSI itself. So the paper introduces a new algorithm of RAW-CSI with high accuracy in 
positioning. RAW-CSI is verified in actual wireless deployed environment valid through cross verification of off-line sampling data and 
actual running test. 

However, for the algorithm of RAW-CSI, there are also some problems in the actual operation to be solved as follows: Firstly, find a 
way to determine positioning error while mobile device stands still; secondly, when wireless AP channel is set to auto switch, positioning 
effect is getting worse; thirdly, how to make a real-time calculation of positioning error. So finding the solutions to solve those problems 
will be the future work. 
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Abstract: A no-wait hybrid flow shop scheduling problem with multi-stage unrelated parallel machines (NWHFSP-UPM) based on Petri 
net and hybrid genetic algorithm(P-GASA) is studied. Firstly, a controlled Petri net model is constructed for the no-wait hybrid flow shop 
scheduling. And then the math model of this no-wait hybrid scheduling problem is constructed. And computation method of production 
period is obtained according to the characteristics of the NWHFSP-UPM. In order to keep processing continuously, through reversely 
pushing from the NWHFSP-UPM, the production period is obtained. Finally the computational results show that the proposed algorithm is 
effective and robust. 
 
Keywords: petri net, hybrid flow shop scheduling, no-wait, parallel machines 
 
1. Introduction 
 

It is very important to study a no-wait flow shop scheduling problem in many different fields[1-6], such as chemical processing, 
mechanical engineering, food processing, computer integrated manufacturing and so on. In a no-wait flow shop, each of m jobs must be 
of  p operations possessing a predetermined processing time.The processing of each job has to be continuous. It means the operations of 
a job must be processed continuously from start to end without interruption.  That is, once, the first operation is processed on one 
machine, then transported to another machine to process the next operation till finish the last operation. Therefore, the start of a job on 
the first machine should be delayed in order to satisfy the no-wait requirement if required. Considering the processing time of each job 
on each machine, the objective of a no-wait flow shop scheduling problem is to detect a job sequence to reduce the make-span or total 
flow time[1]. If the number of machines  in one stage is not one, and there is no relation for the job processing time on different 
machines.  Such flow shop scheduling problems are called no-wait flow shop scheduling problems with unrelated parallel 
machine(NWHFSP-UPM).  

In order to solve the no-wait flow hop scheduling problem minimizing the make-span. Akhshabi[3] proposed a PSO-based MA 
algorithm, its performance has been calculated in comparison with the results obtained by the  standard GA and PSO algorithms 
individually.The results have clearly proved that the proposed PSO-based MA has substantially outperformed GA and PSO. The bi-
objective hybrid flow shop problem with sequence-dependent set up times and limited buffer spaces were mentioned in [4]. The 
discrete particle swarm optimization (DPSO) algorithm was the first time proposed in [5] for solving no-wait hybrid flow shop 
(NWHFS) scheduling problems. In this paper, for the no-wait constraint between two sequential operations of a job, the no-wait 
algorithm of grading was designed, and the number restriction of machines was embedded into this algorithm. PAN et al. [6] developed 
a speed-up method with the computational complexity for calculating the make-span of a permutation, and presented a discrete particle 
swarm optimization algorithm for solving no-wait flow shop scheduling problem.  

Construct the system model for NWHFSP-UPM with Petri net. At present, Petri net has been widely applied in several 
manufacturing systems. And it is helpful in analyzing and in controlling flexible manufacturing systems such as industrial robot 
controllers, parts assembly stations, etc. Some researchers[7] have proposed many scheduling methods based on Petri net model. Petri 
nets have been widely used to model in flexible manufacturing systems by many researchers[7-8]. 

In this paper, based on Petri net and GASA (P-GASA), the optimization problem of NWHFSP-UPM is studied. The objective is to 
plot a processing routing for each job, and to minimize product period. 
 
2. Design of Petri net controller  
 
2.1 Approach of constraints matrix 
 

Definition 1: Constrained places and constrained transitions can be expressed in inequality(1). 
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where qi is the firing index of the ith transition, the ith transition is fired when iλ =1, li  and iλ  explain which places and 
transitions are contained in inequality(1). 

1) Cp (constrained places)and Ct(constrained transitions)are constructed. 

2) Based on part net design of Petri ne and reduction technique, the incident eP  for fusing place pe is found. 
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Here W  is the incident matrix corresponding to the constrained place. sA  is the matrix of weight coefficient corresponding to 

constrained places, and [ ]iT
s lllA 21= . 

3) Resolve Pc0, Pc0 = -Pe , Pe is the fusing place of constrained places, i.e.,  

http://www.baidu.com/link?url=UzzJBQAXhyKNJBeo2A6477j9lahxahKsHUhmd-Ot-08KpepR_vrqJaPw6cnV0TnoE9R4UdxfyVKJpoBUi_frF262phPMnFNsFclwR6smmAMMBjynF_lvUHYWEHJ8TK3w
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Observe each element in formula (3), make the transition be input transition of controller if the corresponding element is a positive 
number, and make transition be output transition of controller if the corresponding element is a  negative number, and the transition has no 
connection with the controller if the corresponding element is 0. 

4) Find constraints matrix cP . Construct cP  by extending the matrix 0cP  to two rows. If t i ∈Ct , then write “1” at the  corresponding 

constrained transition position in the second row of matrix Pc , , otherwise write 0(supposing 2λ =0 for simplicity)i.e.: 
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4.1 Connect a bidirectional arc between controller pc and the constrained transition if the element is 0 in the first row and the 
element is 1 in the second row at the same column in the matrix. 

4.2 No additional arc is connected between pc and ti  if the element is a negative number in the first row and the element is 1 in the 
second row at the same column in the matrix. 

4.3 If the element is a positive number in the first row and the element is 1 in the second row at the same column in the matrix, and 
the corresponding transitions of above elements have a common input place, then a bidirectional arc can be connected between controller pc 
and transition ti; otherwise because of the possible deadlock, the controller cannot be constructed with this method.  

5). The initial tokens of the controller can be expressed with formula (5): 

)()( 0
1

0 i
k

i
ic pMlbpM ∑

=
−=                                                             (5) 

If there is no transition in the constraints, then step 4 can be skipped, the constraints matrix is simplified, namely 0cc PP = . If in the 
constraints, there is no place marking, then designing the controller with the introduction of structural conflicts. 

 
2.2 Petri net model in HFSP-UPM scheduling 

 
A sub-Petri net model with controller is constructed with above method for NWHFSP-UPM scheduling. There are three stages in the 

HFSP-UPM system, in the first stage, the quantity of parallel machines is 1. The quantity of parallel machines is 2 in the second stage, and 
the quantity of parallel machines is 3 in the third stage. The working performance of parallel machines is same or similar, but there is no 
relation between them. The detailed processing information of jobs and machines are given in table 1.  

 
Table 1 Processing information of jobs 

Job 
Stage 1 Stage 2 Stage 3 

M1 M2 M3 M4 M5 M6 
1 4 8 6 10 8 9 
2 2 6 7 9 10 7 
3 5 8 9 12 8 9 
4 4 5 8 7 10 9 
5 2 5 7 8 10 7 
6 4 8 6 9 11 8 
7 5 7 6 8 9 6 
8 3 6 4 7 8 8 
9 5 8 7 8 10 9 

 
Petri net model with controller of job1 is shown in Fig.1: 

ip : initial state of job i; m
ip :  machine i; kjip ,, : the jth operation of job i processed on machine k; s

kjit ,, : beginning 

of kjip ,, ; e
kjit ,, : ending of kjip ,, ; b

jip , : buffer after finishing operation j of job i;
fp1 : finishing of job i. 

In Fig.1, the broken line is the controller, it controls two operations: a)the first buffer is not allowed to overflow or underflow, machine 

1 cannot work if in the first buffer there is  a job, that is  st 1,1,1 cann’t be fired if there is a token in place bp 1,1 , i.e. 

1)()( 1,11,1,1 ≤+ bPmPm ; b) machine 1 will be taken into account firstly if machine 1 and machine 2 break down simultaneously. Based 

on above method, the Petri net of the other jobs can be constructed, and the whole Petri net model can be gotten through connecting these 
sub-Petri nets. The whole Petri net model is omitted because of its large size.  
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3. Scheduling model 
 
3.1 Problem description 
 

NWHFSP-UPM can be defined as follows. There are n jobs, and they are to be scheduled on p stages, and the operations of each 
job are the same. The processing order of each job on machines in the same, and the processing time is given in advance. The number 
of machines may be different on each stage, there are mj machines on each stage, and in the same stage, there is no relation for the job 
processing time on different machines.  Following assumptions are considered for NWHFSP-UPM: 

 All the jobs can be processed at starting time; 
 It cannot be interrupted when the job is processing; 
 At least one stage exists parallel machines; 
 There are no relation between parallel machines on the same stage; 
 At the same time, each machine can only process one job; 
 Each job must be processed on each stage, but the processing machine is randomly; 
 The processing time of each job is given in advance; 
 At the same time, one job cannot be processed on two or more machines; 
 Machines can be processed after processing completion at the previous stage. 

 
3.2 Mathematical model 
 

The scheduling objective is: 
            min Z .                                                                            (6) 

Constrained conditions: 
1) the last operation of job i  

ZTijk ≤ ;                                                                       (7) 

2) the non-last operation of job i  

1   ,,,
)1(

≠∀

=− −

jgji

tTT ijkgjiijk  ;                                                          (8) 

3) Operation of job i and job q in the stage j both need processing in the machine k  

ijkqjkijk tTT ≥− ;                                                            (9) 

 qjkijkqjk tTT ≥−                                                           (10) 

4) It is necessary to ensure that only one parallel machine is selected on each stage for every job 

1p
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Fig.1.  Petri net of job 1 
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1=∑
k

ijkX                                                                              (11) 

5) Any operation of job i on the machine k 

0>ijkT ;                                                                                (12) 

where, Z is the total completing time of the scheduling, and { }CnCCZ ,,,max 11 = ; iC  is the completion time of job i. i 

represents one job, ni ,2,1= ; jm  is  the parallel machine number of each stage, pj ,2,1= , p  is  the total number of stage; 

ijkt and ijkT  represents processing time and completion time of job i for its jth operation on  stage k.  

 
3.3 Computation of production period 
 

Due to NWHFSP-UPM is a special case in hybrid flow shop problem with unrelated parallel machines(HFSP-UPM), the processing 

period can be computed through HFSP-UPM. M2 and
'
2M   in Fig.2 are the parallel operation machines in the same stage. 

i
i

i
i

j

j
j

jM4
M3

M2
M1 t

M2'

 
Figure. 2 The scheduling of NWHFSP-UPM 

The computation of production period: 
Step 1 In stage 1, select the first starting job, if there are the parallel machines, then choose the machine with short processing time.  
Step 2 After selecting the job, then in the last stage, searching for the ending time of the job. 
Step 3 Set i=1 
Step4 Computing the starting time of the job reversely push from the end time of last stage. 

Step 4.1 If ijgkji sc ≤− )1( ;  

then ijgkji sc =− )1( ;            ( 1,,1, −= ppj ) 
Repeat step 4.1. 

Step 4.2 If ijgkji sc >− )1(  when hj = ;( ph ≤≤2 ), then kjiijg cs )1( −=
; ( phj ,,= ) 

Repeat step 4.2 until ihgs
 to ipgs

 are all replaced, then go to step 4.1. 

Step 5 Update i=i+1, if ni > , go to step 6; otherwise, in stage 1, select the next starting job, if there are the parallel machines, then 
choose the machine with short processing time, and go to step 2. 

Step 6  Stop and output the final sequence and starting time and processing period. 
Where k and g are the parallel processing machines or the same machines in the same stage. 

 
4. GASA 
 

The main steps are given as follows: 
Permutation representation: The permutation representation is given based on the job process. 
Crossover operation: Before the operation, divide population into K sub-populations. Adopt MPPX, MGOX, MGPMX1, and 
MGPMX2[9] in simulation.  
Selection. 
Mutation. 
Metropolis sample process. The probability of accepting a new individual under the circumstances: min {1, exp(- ∆ /t)}>random[0,1] 
( here t denotes the temperature, ∆ denotes difference of aim value between new and old).  
Cooling scheme: Exponential cooling, 1−= kk tt λ , and λ =0.9 in simulation.  
Criterion of temperature changing and algorithm termination. 
Due to there are parallel machines, the machine which has earlier ending time is selected optimally. 

 
5. Case study 
 

In order to  test the effectiveness of the proposed approach, one case is tested in this section. There are three stages, in each stage, the 
parallel machines is 1, 2, 3, respectively. The data and schedule are provided in table 1. 

Firstly, the Petri net model is constructed based on the method proposed in this paper, the model is shown in Fig.1. Then, according to 
the controlled Petri net model, and math model and the computation method of production period, the scheduling results are obtained based 
on GASA with minimizing the production period as function objective. The algorithm parameters are that population size is 100, crossover 
rate is 0.8, mutation rate is 0.01. The Gantt graphs of NWHFSP-UPM is given in Fig.3. The optimal result is 46.  
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Figure. 3 Gantt graph of NWHFSP-UPM 

From Fig.3, it shows that the bottle neck is stage 1. In order to resolve the bottle neck in stage 1, another machine 0M  is added in 
stage 1, the detailed information are given in table 2. The new scheduling result is given in Fig.4. 

 
Table 2 The processing time of machine M0 

Job 1 2 3 4 5 6 7 8 9 
M0 5 2 6 5 2 4 6 3 5 

 

 
Figure. 4 Gantt graph after adding a machine 

The comparison Gantt graphs between 6 machines and 7 machines are given in Fig.3 and Fig.4, respectively. The optimal result 
after adding a machine is 41. Due to add the machine M0, the stage 1 is not the bottle neck. The production period became shorter than 
that production period in Fig.3. 
 
6. Conclusions 
 

In this paper, a no-wait hybrid flow shop scheduling problem with multi-stage unrelated parallel machines(NWHFSP-UPM) is 
studied based on the controlled Petri net model and GASA. The main idea of the approach introduced for solving a NWHFSP-UPM is 
to relax the routing constraints of some of the jobs to be processed. Testing and analyzing the performance of scheduling results. 
Moreover, the approach is shown to be effective and feasible in practical case. 
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Abstract: Surface reflectivity will be affected by complex and rugged terrain (CRT) which might affect the quantitative accuracy of remote 
sensing images. Topographic correction (TC) can reduce or eliminate the terrain factors. Based on the most serious southeast rocky 
desertification areas in Yunnan province, the paper studied the different TC models of remote sensing images, and chose the most 
appropriate models to the CRT. And it improved the inversion accuracy between the rocky desertification degree and the remote sensing 
data. The paper used the data of 8 different phase images of Landsat7 ETM +, DEM, slope, aspect, and so on. And it made the semi-
empirical TC model comparison experiment of IPW, Minnaert, and Minnaert + SCS. It found out some problems of the surface reflectivity 
inversion, and obtained the best experience parameters. It also chose the most suitable TC model for the reflectivity inversion in CRT. The 
results showed that the effect of three kind TC models was better. But the special case has happened when the Minnaert model, Minnaert + 
SCS model were applied to the slope value 0. And there was a small amount of excessive correction phenomenon of the IPW, it appeared 
abnormal reflectivity when the value was greater than 1 at the top of the mountain in moderate-high rocky desertification area. It was found 
that the Minnaert + SCS model was always better and more stable in the effect comparison of different TC models. Therefore, the Minnaert 
+ SCS model was recommended for the surface reflectivity inversion in a wide range of complex and rugged mountainous terrain. 

Keywords: remote sensing image; complex and rugged terrain (CRT); topographic correction (TC); multiple-phase; surface reflectivity 

1. Introduction 

In the CRT, TC is the basis of accurate inversion of surface reflectance, it is also the prerequisite for quantitative remote sensing [1]. In 
plateau mountainous areas, it causes the inequality of receiving the incident nature light by topographic influence surface, which makes the 
brightness value of the image in reflecting the ground reflectivity and also reflects the terrain change of the ups and downs. The terrain 
effects may have big difference about the effective illumination that pixels received. It will be displayed on the different brightness values 
on the different slope gradient, even for the same feature. Instead, it is possible that the different features also have similar brightness values 
due to the influence of slope and gradient. The phenomenon of "different spectrum of the same objects" or "same spectrum of the different 
objects" will produce some effect in extraction accuracy of the surface information [2]. This study chose the most serious rocky 
desertification areas of southeast in Yunnan province,  and studied the most suitable TC methods of remote sensing image under special 
conditions for southeast of Yunnan plateau mountainous for improving inversion accuracy between the rocky desertification degree and the 
remote sensing data. 

Since the 1980s, many TC models are used to reduce or eliminate the effect of CRT in remote sensing images by researchers of 
domestic and overseas. There are many early ideal TC models at abroad, including Teillet-regression correction model, Minnaert, the Cosine 
and so on. Then there appeared some improvements and new models, such as IPW, C, Cosine-C, Cosine - b, SCS, SCS + C, Minnaert + 
SCS and so on [3,10].  

In recent years, the domestic researchers also have made certain progress on TC model. Such as Gao Yongnian (2008) has put forward 
to the variable empirical coefficient algorithm (VECA); Qi Xueyong (2007) improved a mountain atmospheric radiation correction model, 
which can eliminate effectively atmospheric and topographic effects of the TM data [11]. Wen Jianguang (2008) developed the topographic 
influence elimination and the surface reflectivity calculation model based on the direction reflection [12]. In recently, Minnaert-E was 
thought that it can weaken effectively the influence of terrain relief on pixels and restore the true reflectance of the pixels in the relief area 
[13,14].The above models studied the model itself, and they are less research on the model contrast and suitability, especially the 
comparison in model and suitability for large area CRT. Gao Yongnian discussed the existing problems and the suitable model about the TC 
model in CRT [15]. Li made general variation framework considering cast shadows for the TC of remote sensing imagery, the results 
suggested that the proposed framework could raise the accuracy of shadow correction by both subjective and objective evaluations, owing to 
the correction of the cast shadows [16,17]. 

But they were aimed at analyzing of the radial brightness about the single sheet, single phase analysis. It hasn’t any in-depth study 
for long, larger application range, more deep physical meaning for the earth's surface reflectivity and biophysical parameters. 

To solve above problems, the paper chose the main three kinds of TC models at home and abroad, namely IPW, Minnaert, and 
Minnaert + SCS, to make the contrast experiment of different phase of 8 ETM + images for TC in southeast rocky desertification area of 
Yunnan province. The correction effect was analyzed based on the different phases and different TC models, which compared some possible 
problems in apply certain model of surface reflectivity inversion across a wide range of the CRT, and provided the reference for the 
selection and application of TC model in complex mountainous terrain. It also has certain practical significance in the quantitative remote 
sensing research. 

2. The research data and methods 

2.1 Summary of the study area 

It is outstanding of the karst landform, and the terrain is complex (Fig.1). There are miles and miles of mountains, lower peak cluster, 
valleys, ravines criss-cross. There are eight kinds of different types of mountain in study area, including the western mountain canyon area, 
the western edge medium height mountains, the northern low hilly land, the medium height mountains in east, the Slack in the cluster area in 
the south, the steep gorge area of southwest edge, the medium height mountains in the central of south, the low mountainous area in the 
central and western north-central. The lowest elevation is 618 m, which located in the interchange of Guo River and the Faguo River in 
southwest of the study area, and the highest elevation is 2991.2 m where is the peak of Bozhu mountain. Both differ 2373.2 m. 
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Figure. 1 Topography and the status quo of rocky desertification 

2.2 Study data 

2.2.1 Satellite remote sensing data 

There are 8 images of satellite remote sensing data from Landsat 7 ETM + satellite, the track no. is 128-44, which content covers the 
Wenshan, Yanshan, Xichou, Malipo and Maguan and border areas. The related parameters of experimental data about remote sensing 
images are as follows (Table 1). The data was corrected by using the SLC-off model since May 2003. 

Table 1 Related parameters of experimental data about remote sensing images (Angle unit: °) 

No. Sheet no. Shooting time Azimuth of the 
sun 

Angle of the 
sun 

Central 
latitude Central longitude 

1 1280441999329SGS00 1999.11.25 152.2745361 41.2961082 23.11300 104.28920 
2 1280441999361SGS00 1999.12.27 150.2858276 37.3887444 23.11300 104.28140 
3 1280442000092SGS00 2000.04.01 122.0615387 58.6080399 23.11300 104.25380 
4 1280442001110SGS01 2001.04.20 110.9858704 62.9389381 23.11300 104.24440 
5 1280442002017SGS00 2002.01.17 145.2650452 37.9245262 23.11300 104.25920 
6 1280442002097SGS00 2002.04.07 118.1689529 59.4439697 23.11300 104.25560 
7 1280442010039SGS00 2010.02.08 140.60386658 42.4372482 23.10848 104.24653 
8 1280442010295SGS00 2010.10.22 146.11653137 49.9701271 23.10766 104.31113 

2.2.2 DEM 

The DEM composed by six joining together images from ASTER GDEM (V2) (Fig. 2). Then the slope, aspect and terrain shadow 
figure are generated by DEM. The resolution is 30m which is consistent with the spatial resolution of the ETM + images. The terrain 
shadow figure was generated through the DEM according to obtain the sun altitude Angle and azimuth Angle of the images, then made the 
linear stretch (0 ~ 255) to the terrain shadow figure (0 ~ 1) (Fig. 3). 

(a)ASTGTM_N22E103_dem   (b)ASTGTM_N22E104_dem  (c)ASTGTM_N22E105_dem 

(d)ASTGTM_N23E103_dem      (e) ASTGTM_N23E104_dem (f)ASTGTM_N23E105_dem 
Figure. 2 DEM figures 
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Figure. 3 Slope and aspect figures 
2.3 TC models 

2.3.1 IPW 

IPW method was mainly based on the Dozier work (Dozier and Frew 1981, 1990; Dozier, 1989). The short wave incident radiation was 

divided into three parts: the direct solar radiation )( IF , the scattering solar radiation )( DF , and the reflective radiation flux of the

adjacent pixels )( TF
TDI FFFF ++=   (1) 

The direct solar radiation flux of the level surface can be expressed simply as 
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Among the Eq. (2), 0τ  is the atmospheric visibility, sµ  is the cosine of solar zenith Angle. 
To tilt pixels 
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Among the Eq. (3), A is aspect, S  is pixel slope, Sϕ  is the sun azimuth, A and S are defined as 
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Among Eqs. (6)(7), h∆ is the horizontal distance of DEM data. 

If it is given the scattered radiation flux on the surface of the foot level [ ])( 0τ
↓F , it set a visual factor the sky

)( dV
 in order to 

simulate the scattering radiation flux of different terrain. The factor is given the ratio of the sky scattering radiation flux to the horizontal 
plane at a certain point  

)( 0τ
↓= FVF dD   (8) 

The formula describes the slope and the orientation of the point, the visible hemisphere space proportion and anisotropic scattering 
radiation flux 
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Among the Eq. (9),
 φH  is the opening Angle of the sky. For horizontal plane 
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cos1 SVd

+
≈ (11) 

For each pixel, the surrounding terrain reflection radiation can be obtained by calculating the average reflected radiation, and be 

adjusted through the terrain structure factor tC . tC  can show the characterization of radiation anisotropy, and the geometrical relationship

of a specific location and two-way visible each other between topography and location.
 tC  can be approximate to 

dt VSC −
+

≈
2
cos1 (12) 

The reflection of radiation from the area around 

RFCF tT )( 0τ
↓= (13) 

Among the Eq. (13), R  is the equivalent reflectivity for the area around. 

The idea of TC is to transform the observed radiation brightness )(L of each pixel into reflectivity. In this way, the reflectivity of each
pixel is 
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2.3.2 Minnaert 
Based on the hypothesis defect of Lambert reflector, thek of the experience photometer function constant was introduced into the TC 

algorithm by Smith (1980), which put forward a non-Lambert reflector reflectance model namely Minnaert correction model. k  was 
mainly used to weaken the TC, using the regression method to determine mainly. Minnaert correction considered the surface roughness, so it 

could solve the excessive correction problem of the Cosine correction in shady-slope. The horizontal surface equivalent value ( HL ) is

obtained by the observed radiation brightness ( TL ) in slope zone.
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Among the Eq. (15),
 sθ is the solar zenith Angle, i is the Angle between the normal and the incident sun light in the pixels, k is the 

anisotropy index of the characterization of Lambert reflector surface characteristics, k changes in the range of 0 ~ 1. For the complete

Lambert reflector surface， 1=k . k was often referred as the Minnaert constant. 
2.3.3 Minnaert+SCS  

A variable was proposed in the Minnaert correction model by Teillet（1982） 
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It is the C correction model  
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Among the Eq. (17), a
bc = , a and b  can be determined by regression analysis method 

biaLT +×= )cos(    (18)   
GU, et al. (1998) thought it was unreasonable of the calibration algorithm based on the geometrical relation of the sun - the earth's 

surface - sensor. It thought that no matter what the terrain, the trees are growth vertically, and the tree canopy is not consistent with the 
terrain direction. Therefore, it is inappropriate to correct spectral reflection characteristic of vegetation canopy by the geometric relation of 
the terrain slope and aspect. So the SCS (sun- canopy - sensor) correction algorithm was put forward from vegetation canopy. 

The SCS model is  

)cos(
)cos()cos(

i
SLL s

TH
⋅

=
θ

 

    (19) 

Vincini, et al. (2002) found that it has high correlation between the value c  of C correction model and the k of Minnaert, the

correlation coefficient can reach up to 0.99. In 2002, Reeder (2002) introduced the slope Angle based on the correlation between c and k , 
and considered the view Angle of instantaneous field. It developed the Minnaert into Minnaert + SCS. 

The Minnaert+SCS model is that 
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 (20)

2.4 Data processing 

2.4.1 Precise geometric correction 

It was made the geometric correction for 8 different phase images, and the precision of geometric correction was less than 0.5 pixels. 
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2.4.2. Radiation calibration 

Solar radiation can be divided into three components: the direct radiation of the sun, the scattering radiation of the sky and 
reflection radiation of adjacent pixels. The former two components can be obtained in 6S model inversion, so it need to calibrate the 
radiation and the atmospheric correction of remote sensing image first, the accuracy of the radiation calibration and atmospheric 
correction will directly influence the effect of correction. 

According to the formula BDNAL +∗= , the radiation was calibrated. Among them, L  is the spectral brightness

value, A  is the gain coefficient, and B  is the migration coefficient. A  and B  can obtain from the header file of the ETM+ images.

The reflectivity value of satellite sensor height was transformed from the DN  values of images by the calibration module of ENVI 
image processing system. Finally, the images were made the atmospheric correction by using the 6S (Second Simulation of the Satellite 
Signal in the Solar Spectrum) atmospheric radiative transfer model. 

2.4.3 The calculation of experience parameter 

Using the IDL program, the 1000 sampling points were selected randomly from every image in the study area, and the 1000 
sampling points are the same points in 8 different phase images. Then the data was made the linear regression in the SPSS after 
exporting, and calculated the empirical parameters values of Minnaert and Minnaert + SCS (Table.2). 

Table 2 Empirical parameters used in study area for the Landsat-7 ETM+ band 1-5, 7 
Empirical parameters Band1 Band 2 Band 3 Band 4 Band 5 Band 7 

k (Minnaert) 0.275 0.367 0.474 0.497 0.547 0.587 

k (Minnaert+SCS) 0.224 0.385 0.456 0.515 0.623 0.385 

2.4.4 Programming calculation of models 

Using IDL programming, these models were used respectively to correct the terrain of the surface reflectivity of ETM + images by 
IPW, Minnaert, and Minnaert + SCS in the study area. And some abnormal values were masked when the reflectivity was greater than 
1, and the linear interpolation was used by referring to the inverse distance weighting method. 

3. Discussion 

Through visual contrast, it was found that almost every image pixels lighted up. It showed that three kinds of TC methods could
eliminate the terrain influence to a certain extent, and reduced the differences of reflectivity shadow and light exchanges, and weakened 
the interference of mountainous terrain to the surface reflectance (Fig. 4). The image quality was greatly improved after TC. In the 
process of TC, something was considered at the same time, such as the sky vision, the mountain gradient and the shadow information 
and so on. The gradient of the mountain was more prominent, the edges and corners of the mountain were more trenchant than the 
original, and the shadow has been removed effectively. 

(a) TC before (b) IPW 

(c) Minnaert  (d) Minnaert + SCS 
Figure. 4 Contrast figures of TC effect 
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When the slope value is 0 °, there is no terrain effect in theory, and it does not need TC. The TC models were verified from this point 
on this study. When the slope value was 0 ° and the sun incidence angle was the solar zenith angle. Then the values were pluged into three 
kinds of TC formulae for calculating the model, it found that most of the calculation result of TC model was the original surface reflectance. 
The road surface reflectance increased while the water was lower than the original. It was more obvious in Minnaert and Minnaert + SCS 
model. There was a small amount of excessive correction phenomenon in IPW model, there appeared abnormal reflectivity which value was 
greater than 1 at the top of the mountain in moderate - high rocky desertification area. 

The regression fitting slope of line m  and the correlation coefficient r were calculated from the regression analysis between the
)cos(i  of before and after correction and each band radial brightness values of ETM + image of 8 different phase images data (as shown in 

Table.3). Overall, m and r  were relatively less than uncorrected of IPW, Minnaert and Minnaert + SCS. And all m and r  were positive,
so there was no excessive correction. The correlation coefficient were weakened or reduced after TC. Take the 4 band of image as example, 
it was found through the value comparison before and after of m and r  based on three different TCs: Minnaert + SCS model was one of
the best effect correction models, the second is the Minnaert. The reason may be that land cover types of the earth's surface in the study area 
were mainly forest and shrub. And the Minnaert + SCS model was appropriate for the vegetation canopy and Minnaert model for the non-
Lambert surface, which make the two models were more applicable in the sampling areas (Table.4). 

Table 3 Regression parameters of )cos(i  and the radiance brightness values of ETM+ band 1-5, 7 
model statistics band 1 band 2 band 3 band 4 band 5 band 7 

Before correction m 3.153 8.855 3.128 6.363 5.326 1.224 
r 0.284 0.529 0.594 0.566 0.753 0.494 

IPW m 4.382 7.363 5.442 11.445 1.754 2.221 
r 0.216 0.364 0.278 0.454 0.322 0.293 

Minnaert m 4.223 6.778 5.325 8.336 1.985 0.765 
r 0.206 0.301 0.278 0.305 0.283 0.178 

Minnaert+SCS m 3.002 4.635 3.226 6.559 1.255 0.477 
r 0.189 0.225 0.107 0.352 0.306 0.197 

Table 4 Data contrast of three kind models before and after 
model statistics band1 band 2 band 3 band4 band 5 band 7 

IPW deltaMEAN(after -before) 12.36 13.22 9.69 8.56 18.25 8.26 
deltaSTDDEV(after -before) -15.57 -26.55 -16.33 -12.47 -11.74 -15.66 

Minnaert deltaMEAN(after -before) 8.56 11.26 8.58 8.42 9.26 5.44 
deltaSTDDEV(after -before) -19.66 -20.37 -14.58 -18.42 -20.54 -20.59 

Minnaert+SCS deltaMEAN(after -before) 5.62 3.22 2.64 3.16 4.58 4.21 
deltaSTDDEV(after -before) -29.98 -37.76 -25.47 -19.58 -28.78 -31.45 

Figure. 5 Variation diagram of image means (deltaMEAN) and standard deviation (deltaSTDDEV) of three kinds models before and after 
It can be seen from the Table. 4 and Fig.5, the mean of image pixels after correction by 3 kinds of models was close to the actual size 

standard radiation values in the region, and the Minnaert + SCS correction model was the most close to it. The analysis and comparison of 
deltaSTDDEV showed that it made the biggest fall in Minnaert + SCS correction model. This indicated that the image pixels brightness was 
closer to the center of a value than other models, namely the correction effect was the best in the three models. 

In previous studies, it was concluded that the rocky desertification degree was negatively related with the NDVI. The smaller of the 
NDVI value, the worse of the vegetation coverage, the higher of the rocky desertification degree. On the contrary, the greater the NDVI 
value, the higher the vegetation coverage, and the lower the degree of rocky desertification. NDVI was important to research vegetation 
growth and vegetation coverage in rocky desertification area. It reflected directly that the vegetation coverage and plant growth grow well or 
badly, so as to reflect the weight of the degree of rocky desertification in the region. Therefore, NDVI was also an important indicator in this 
study to measure the effect of three kinds of TC models. 15 typical representative points were extracted from 1000 sampling points in this 
article to analyze and compare the NDVI value after TC, and to contrast the application effect of quantitative remote sensing in three kinds 
of TC model (as shown in Table. 5). 

Table 5 NDVI value comparison of 15 sample points after three kinds of model correction 

point point features NDVI of original 
image 

NDVI after 
IPW 

NDVI after 
Minnaert 

NDVI after 
Minnaert+SCS 

1 water surface -0.396 -0.405 -0.412 -0.424 

2 flat ground -0.066 -0.017 0.024 0.092 

3 highway -0.105 -0.071 0.016 0.033 

4 south-facing slope (forest) 0.576 0.674 0.663 0.728 

5 south-facing slope（forest） 0.203 0.280 0.289 0.341 

6 shade slope（cultivated land） 0.095 0.151 0.154 0.228 

7 mountaintop（forest） 0.470 0.562 0.574 0.596 
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point point features NDVI of original 
image 

NDVI after 
IPW 

NDVI after 
Minnaert 

NDVI after 
Minnaert+SCS 

8 shade slope（orchard） 0.206 0.276 0.235 0.221 

9 valley bottom（cultivated land） 0.088 0.145 0.089 0.049 

10 shade slope（forest） 0.180 0.252 0.289 0.394 

11 shade slope（residential area） 0.102 0.160 0.143 0.177 

12 shade slope（forest） 0.293 0.366 0.395 0.458 

13 shade slope（residential area） 0.030 0.081 0.102 0.165 

14 shade slope（cultivated land） 0.158 0.219 0.173 0.182 

15 shade slope（forest） 0.274 0.354 0.367 0.390 

It can be seen from the Table.5, the NDVI values increased obviously which were calculated through the surface reflectance images, 
namely the NDVI values were improved greatly. The NDVI value of forest made the biggest increases of all features, but the NDVI value of 
water decreased after correction. The most obvious change was Minnaert + SCS model in three kinds of models, followed by Minnaert 
model. 

4. Conclusion 

In this paper, three kinds of TC models were used to make the TC contrast experiment in wide range of CRT, to inverse the surface 
reflectivity, and sampling methods were used to evaluate the effects. The main conclusions are as follows: The effect of three kind TC 
models is good, it can be used to complex terrain surface reflectivity inversion. But there has special cases of problems when slope value 0 
is applied to the Minnaert and Minnaert + SCS model. And there is a small amount of excessive correction phenomenon, it will appear 
abnormal reflectivity greater than 1 at the top of the mountain moderate - high rocky desertification area in IPW model. It found that the TC 
effect of Minnaert + SCS model is always better and more stable in the correction effect comparison of different models. Therefore, it is 
suggested that using Minnaert + SCS model to make the surface reflectivity inversion in a wide range of CRT. 

It is also found that there are some pixels which terrain effect is not eliminated incomplete when using the model for TC in the ridge 
and valley. Considering the spatial resolution of DEM and ETM + images are all 30 m, it is concluded after the spatial overlay analysis of 
the slope, aspect, ETM + images, and ETM + band images of the TC. On the one hand, the reason may be that gradient value which derived 
by DEM is low in some of the ridge and valley, which causing the lack of TC. On the other hand, there is the registration error between the 
DEM and ETM + images, it will also affect the precision of the TC. At the same time, the influence also cannot be ignored of the 
atmospheric correction to the surface reflectivity inversion, it need more precise atmospheric parameters. The surface coverage type may 
also be affected for the selection of TC model. Minnaert and Minnaert + SCS are non-Lambert model, thek value is introduced to measure 
non-lambert body features of the surface, and its value varies with wavelength and angle of the sun. It is only an empirical coefficient to 
describe the surface BRDF, so it is limited to express the BRDF characteristics of different surface cover types. 
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Abstract: In order to solve the current cavitation problem affected the performance of plastic centrifugal pumps, the hydraulic design of 
flow components for plastic centrifugal pumps was implemented and the three dimensional model of flow components for plastic centrifugal 
pumps was established. Under the premise of considering that the efficiency of plastic centrifugal pumps was improved and the NPSH was 
reduced, the numerical simulation of internal flow field for plastic centrifugal pumps was conducted based on the method of the CFD flow 
field analysis, and the efficiency and cavitation condition of plastic centrifugal pumps were predicted. To improve the efficiency and reduce 
the NPSH, the four parameters of impellers were selected and the orthogonal experiment design was finished. On this basis, the parameters 
were optimized by using taguchi methods, and the optimal parameter combination of plastic centrifugal pumps was obtained by combining 
with genetic algorithms to improve the overall performance of plastic centrifugal pumps. 

Keywords: plastic centrifugal pump; numerical simulation; orthogonal experiment; taguchi method; genetic algorithm 

1. Introduction 

At present, some scholars are researching pumps to increase cavitation performance at home and abroad. Seo has carried out the
numerical simulation of internal flow field for fans by using Reynolds equation and k model [1]. Some scholars predict the occurrence of 
cavitation through the method of noise and testing the vibration acceleration of pump casings. The influence on the cavitation damage from 
flow and inlet pressure is researched by observing the cavitation degree of centrifugal pump impellers. The influence on impeller cavitation 
from bubbles is studied by observing the changes in the form of bubbles in the context of high-speed photography. The metal structure of 
damage surface for centrifugal pump impellers is observed through the electronic microscope. The impeller cavitation phenomenon is 
studied from the perspective of metal material science [2]. Cavitation problem has been one of the important factors affected the 
performance of plastic centrifugal pumps, which has seriously hindered the high speed development of plastic centrifugal pumps. Under the 
premise of considering that the efficiency of plastic centrifugal pumps has been improved and the NPSH has been reduced, the numerical 
simulation of internal flow field for plastic centrifugal pumps was conducted based on the method of CFD flow field analysis to improve the 
overall performance of plastic centrifugal pumps[3]-[4]. Pump cavitation phenomenon cannot be completely avoided, which will cause its 
slowdowns in performance. When cavitation occurs, the cavitation area is smaller, and has no too big effect on the performance of pumps. 
With the spread of cavitation slowly, the internal flow channel of pumps generates a large number of air bubbles, which will affect the 
normal flow of transmission fluid and cause the aggravation in terms of the vibration and noise of pumps. The lift and efficiency of pumps 
are decreased obviously. In addition, people need the miniaturization of plastic centrifugal pumps to save material and energy. A main way 
of realizing the miniaturization of pumps is the increase of its speed, but the increase of speed is easy to cause the cavitation of pumps. The 
flow of the medium inside pumps is very complex. It is difficult to accurately describe by the pure theory. Test methods also exist 
limitations[5]. The rapid development of PC technology and the progress of the flow field simulation make the flow situation analysis of the 
internal flow field for pumps develop to some degree[6]. 

2. Hydraulic design of flow components for plastic centrifugal pumps
2.1 Parameters of flow components for plastic centrifugal pumps

2.1.1 Design of impellers 

 The inlet diameter of impellers[7] 2 2
0j hD D d= + , and 3

0 0
QD k
n

= . For the design of plastic centrifugal pumps, considering 

the cavitation and efficiency, the appropriate 0k  is selected. The exit diameter of impellers 3
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Where: 0k  is the impeller coefficient of different cavitation performance; 1D  is the inlet diameter of blades ( mm ).

2.1.2 Design of volutes 

The base circle diameter 3 2(1.03 ~ 1.08)D D= ; the entrance width of volutes 3 2b (5 10)b mm= + − ; the size of the volute tongue 

settling angle 0ψ  should ensure smooth connection between spiral and diffusion tube, and the size of the radial can be decreased as far 
as possible. When specific speed of pumps is higher, that the outer wall of volutes expand to the outside diameter is larger, so the 
corresponding cutting tongue angle makes shape coordinate. 

Volutes are usually incised by taking eight axial planes. The design is determined based on the calculation of the eighth section. 
The eighth section of various shapes can be decided by using analytical methods, but the speed coefficient method is used in practical 
design. The circular spiral case is selected, and the average speed of each section in the volute can be expressed as 

gHkv 233 =   (1) 

Where: 3k is speed coefficient. 
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The flow of the eighth section and the flow of pumps are similar, so the area of the eighth section can be calculated by the total flow of 

pumps. There is: 8
3

QF
v

= , and the area of cross section can be shown in type (2).  

8 , 1, 2,3,...,8
8i
iF F i= =      (2) 

2.2 Three-dimensional modeling of flow components for plastic centrifugal pumps 

    Impeller parameters, basic design point, were got by the hydraulic design. After completing related settings, the 3d model of 
impellers can be generated according to the built-in empirical function and a large number of integrated impeller parameters models, as 
shown in Fig.1. Because of the need for flow field analysis, the separation of volute area can be acquired. The volute area belongs to the 
fluid field, and only needs to classify fluid field of impellers. Similarly, the 3d model of volutes can be established, as shown in Fig.2. 

Figure. 1 3d model of impellers   Figure. 2 3d model of volutes 

3. Inner flow field numerical simulation and orthogonal test analysis of plastic centrifugal pumps

3.1 Inner flow field numerical simulation of plastic centrifugal pumps 

The grid division of the model of flow components for plastic centrifugal pumps was conducted, and the 
boundary condition was set. When result analysis was simulated, the outlet pressure of volutes was monitored. 
The changes of certain physical quantity were observed on the specific location. If the size of the quantity has 
no change as the iteration continues, or fluctuates within a small range, the calculation has converged[8]. The 
inside speed and stress of plastic centrifugal pumps can be respectively shown in Fig.3 and Fig.4. 

Figure. 3 Velocity contour   Figure. 4 Pressure nephogram 
Fig.3 shows that the flow of the internal flow field of impellers has obvious uniformity, and the velocity near the exit is significantly 

higher than other areas, and integral distribution is reasonable. Fig.4 displays that the inlet area has the minimum pressure, and the closer to 
the volute, the larger stress. Because of the existence of differential pressure, fluid mediums can be inhaled and transported. Pressure can 
gradually increase from the inlet to outlet for impellers. There is not obvious mutation, and the pressure distribution of various flow channels 
is basically uniform. It is obvious that the design of the impeller is reasonable. 

The formation of air bubbles for cavitation was simulated when the partial pressure was less than the medium evaporation pressure. 
That two phases of vapor and liquid blended each other had caused mass transfer between the two. The volume fraction of steam can be 
shown in Fig.5. 

Figure. 5 Volume fraction of steam 
Fig.5 shows that the serious cavitation is happened at the inlet of impellers and close to the volute tongue, which accords with the 

actual situation. Due to the low inlet pressure of impellers, the critical pressure of the vaporization for mediums can be reach at normal 
temperature, and the situation of the evaporation for mediums is severe. However, flow situation is complicated in the near the volute tongue, 
and fluid is easy to generate backflow and vortex, which affects the smooth flow of mediums. In addition, the pressure is rising, and the 
bubble begins to crush. The medium particle fills holes at high speed, which has impacted on impellers and volutes. 
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3.2 Orthogonal experiment of the flow field analysis of plastic centrifugal pumps 

The orthogonal test design method can better improve the reliability and quality of products[9]. The inlet angle, outlet angle, wrap 
angle, and inlet diameter of impellers were regarded as four factors of the orthogonal test. The numerical simulation of the parameters of the 
permutation and combination of the orthogonal test was conducted one by one through pumplinx, and the results were analyzed so that the 
values of factors can be got. Range analysis methods can be adopted to deal with the results of orthogonal experiments, and range can be 
calculated. The impact trends of various parameters on the volume fraction of steam can be shown in Fig.6. 
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Figure. 6 Impact trends of various parameters on the volume fraction of steam 
The orthogonal experiment results can be performed by adopting range analysis methods[10], and various influence factors on the 

impact trend of the single evaluation index can be got. The size order of the influence of various parameters on the volume fraction of steam 
can be expressed as inlet angle > wrap angle > outlet angle > inlet diameter. The NPSH being minimal, the volume fraction of steam can be 
shown in Fig.7. 

Figure. 7 Volume fraction of steam 
For efficiency as evaluation index, the impact trends of various parameters on efficiency can be shown in Fig.8. 
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Figure. 8 Impact trends of various parameters on efficiency 
The orthogonal experiment results can be performed by adopting range analysis methods, and various influence factors on the impact 

trend of the single evaluation index can be got. The size order of the influence of various parameters on the efficiency can be expressed as 
inlet diameter > wrap angle > outlet angle > inlet angle. When NPSH is maximal, the volume fraction of steam can be shown in Fig.9. 

Figure. 9 Volume fraction of steam 

4. Optimization research on the impeller parameters of plastic centrifugal pumps based on taguchi methods 

Taguchi methods can break design bottleneck or optimal process under the situation of not increasing costs and even reducing costs[11]. 
4.1 Calculation of signal-to-noise ratio 

The reason for not taking into account the interaction of factors is that subsequent test index is the signal-to-noise ratio (SNR) rather 
than quality characteristic[12]. For the volume fraction of steam, the target value need be small as far as possible, which is called the 
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characteristics iY  of hoping a small value in the taguchi methods. SNR is
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Comprehensive SNR is =0.3 0.7i jη η η+ . The results of calculation can be shown in Table 1. 

Table 1 Results of calculation of SNR 

Test number 
Ds 
(A) 

β1 

(B) 
  β2 
 (C) 

Wrap angle 
(D) 

SNR 
η i 

 SNR 
 η j 

Comprehens
i-ve SNR η

1 35 18 19 100 -4.25 0.193 -2.9171 

2 35 20 21 105 -4.19 0.238 -2.8616 

3 35 22 23 110 -4.36 0.336 -2.9512 

4 35 24 25 115 -4.57 0.104 -3.1678 

5 35 26 27 120 -4.16 0.355 -2.8055 

6 38 18 21 110 -4.12 0.026 -2.8762 

7 38 20 23 115 -4.69 0.346 -3.1792 

8 38 22 25 120 -4.34 0.291 -2.9507 

9 38 24 27 100 -4.85 0.364 -3.2858 

10 38 26 19 105 -4.5 0.175 -3.0975 

11 41 18 23 120 -4.48 0.078 -3.1126 

12 41 20 25 100 -4.69 0.175 -3.2305 

13 41 22 27 105 -4.44 0.346 -3.0042 

14 41 24 19 110 -4.63 0.4 -3.121 

15 41 26 21 115 -4.5 0.256 -3.0732 

16 44 18 25 105 -5.02 0.327 -3.4159 

17 44 20 27 110 -4.84 0.105 -3.3565 

18 44 22 19 115 -4.75 0.238 -3.2536 

19 44 24 21 120 -4.64 0.274 -3.1658 

20 44 26 23 100 -4.66 0.355 -3.1555 

21 47 18 27 115 -5.04 0.318 -3.4326 

22 47 20 19 120 -4.84 0.202 -3.3274 

23 47 22 21 100 -4.87 0.184 -3.3538 

24 47 24 23 105 -4.7 0.309 -3.1973 

25 47 26 25 110 -4.64 0.4 -3.128 
The SNR value of 5th group test was maximal, and the corresponding process parameter was A1B5C5D5. 

4.2 Statistics of tables 

The first step: the sum T of SNR was obtained; The second step: the sum and average value of SNR in each factor and level were got; 

The third step: the range of each column was got; The fourth step: the total sum of the squares of fluctuations for SNR 
( )

2

1

n

T i
n

S y y
=

= −∑
was 

obtained; The fifth step: the sum of the squares of fluctuations for SNR each factor was 
2 2 2 2 2 2

1 2 3 4 5
1 1( )
5 25iS T T T T T T= + + + + −

. 

4.3 Analysis of variance 

Degrees of freedom = the number of the levels of factors – 1; Variance = the sum of the squares of fluctuations / the degrees of freedom; 

F = the variance of factors/the variance of error; The smallest 3S  was regarded as the sum of the squares of the error fluctuation eS .
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4.4 Verification of simulation 

The model of impellers was established, and the parameters were selected. The inlet diameter was 35mm; The inlet angle was 26°; The 
outlet angle was 27°; The wrap angle was 110°. After three simulations, the simulation result can be shown in Table 2. 

Table 2 Simulation result 

Test number Volume fraction of 
steam Efficiency SNR of volume 

fraction of steam 
SNR of   

Efficiency  
Comprehensive 

SNR 

1 0.959 61.3% 0.363 -4.251 -2.8668 

2 0.960 61.6% 0.355 -4.208 -2.8391 

3 0.957 61.5% 0.382 -4.222 -2.8408 

Table 2 shows that integrated SNR from parameters optimized by simulating is very close to the maximal integrated SNR, so the 
optimal parameters are reasonable. 

5. Multi-objective optimization design of plastic centrifugal impellers based on genetic algorithms

5.1 Optimized mathematical modeling for plastic centrifugal impellers 

5.1.1 Objective functions of minimal loss for plastic centrifugal pumps 

According to the formula of Stodola, the theoretical pump lift can be expressed as 

2 2 1 1
1 ( )TH v v
g µ µµ µ= −

      (3) 

Where: 1µ  and 2µ  are respectively the circumferential velocity at the inlet and outlet; 1vµ  and 2vµ  are respectively the
circumferential velocity component at the inlet and outlet. 

When the entrance has no prewhirl, type (3) can be written as 

2

2 2 2

1 -
60 60 tanT

v

nD QnH
g b

πσ
η ψ β

  =   
         (4) 

Where: 2ψ
 is the exclude coefficient of the outlet of impellers; σ  is the slip coefficient of Stodola, and

21- sin
2

bπσ =
. 

The efficiency of plastic centrifugal pumps includes mechanical efficiency mη , volumetric efficiency vη  and hydraulic efficiency 

hη , and it can be represented as 

m v hη η η η=
  (5) 

1) The mechanical efficiency of pumps
1 m

m
P
P

η = −
, mP

 is the mechanical loss of pumps; P is the shaft power, and 

gQHP ρ
η

=
. 

The disk friction loss affected the efficiency of entire centrifugal pumps, and the loss was 
6 3 2

2 21.1 75 10dP k g Dρ µ−∆ = × ×
  (6) 

Where: k  is correction coefficient.
The performance parameters of impellers were given, and it can be deduced as 

2
2 2
2 2

2 2

sincot 1
60 60

Qn nD gH
b Z

π β πβ
ψ

     = + −     
          (7) 

The velocity triangle can be got: 

2 2 2
2 2 2

2
2 2 2

2
2

m u

m

u

v v v
Qv

D b
gHv

π ψ

µ


 = +


=



=
  (8) 

Therefore 
2 2
2 2

2 2 2

60 1 (1 )
60

gH nQv
n D gHbπ ψ

 = + 
                                  (9) 
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Type (6), (7) and (9) show that 2D  needs to be reduced before reducing the disk friction loss, at the same time, which will make the
outlet angle and absolute exit velocity of blades increase. It will inevitably increase the hydraulic loss of centrifugal pumps. Therefore, the 
decrease of the partial disc friction loss makes the total loss of centrifugal pumps increase, which is not conducive to efficiency. Thus, 
pumps need conduct a comprehensive optimization to achieve the optimal performance.  

2) The volumetric efficiency of pumps 
v

t

Q
Q

η =
, and the leakage of single-stage pumps is mainly occurred in the seal ring. What’s more, 

multi-stage pumps have leaks in interstage. In addition, the leakage rate of the axial force balance device and sealing device of pumps also 

should calculate in the volume loss of pumps. According to the empirical formula, that 
2 3

1
1 0.68v

sn
η −=

+  can be got. Volumetric efficiency 
is only related to the revolution, flow and lift. However, these parameters are constant in the design of pumps. So the volumetric efficiency 
is a constant (A). Therefore, the total efficiency can be expressed as 

m hAη η η=
    (10) 

3) Hydraulic efficiency 
h

t

H
H

η =
. 

5.1.2 Hydraulic loss of centrifugal pumps 

1) Impact of mixing loss
The direction of blades is fixed. When deviating from the design flow, the size and direction of relative speed in the inlet of blades will

be changed, and the impact damage will generate. The impact of mixing loss can be expressed as 

( ) ( )2 2
1 1 1 1 1 1/ 2 tan / 2uS v g v gµ µ β= − = −

      (11) 
2) Surface friction loss of blades can be expressed as 

( )( )2
2 1 1 21/ / 4S fL Y gω ω= +

   (12) 

Where: L  is the length of the flow channel for blades; 1ω  and 2ω  are relative velocities at the inlet and outlet of impellers 

respectively; f  is constant. 
3) Friction loss of the guide vane of diffusion can be expressed as 

( ) ( ) ( )( )3 3 1 3 2 3/ 2cos 1/ / 4jQS f D D Y v gβ= −    (13) 

Where: 3D
 is the inlet diameter of the guide vane of diffusion; 3β  is the inlet angle of the guide vane of diffusion; 3jQv

 is throat 
velocity. 

4) Loss of the diffusion of impellers can be expressed as 

( )22 2
4 1 20.25 / 2S gω ω= +

  (14) 
5) Inlet impact damage of the guide vane of diffusion can be expressed as 

( )2
5 3 30.8 2 / 2jQS v v g= −

  (15) 
6) Loss of diffusion can be expressed as 

3

2
6 / 2

jQ
S fv g=

   (16) 

Thus, the hydraulic loss of pumps was 

6

1
i

i
S S

=

=∑
, and the hydraulic efficiency was 

1h
T

S
H

η = −
. 

The mechanical and hydraulic efficiency of pumps were substituted into type (12), and the total efficiency of pumps can be obtained as 

( )
1 m T

T

P H
gQH A H Sη ρ

= +
−

   (17) 

In order to make η  become maximum and make A become minimal, the target function of the biggest efficiency can be got as 

( )1
1min ( ) m T

T

P Hf
gQH A H Sη ρ

 
= + −    (18) 

5.2 Objective functions of minimal NPSH for plastic centrifugal pumps 

The basic equation of the pump NPSH can be expressed as 
2 2

2 2
o ovNPSHr
g g

ωλ= +
  (19) 

When the inlet has no prewhirl[13], there is 
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( )
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0 0 0

0 2 2 2
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0 1
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4
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Qv k
D d

nD
k

ω µ

πη

π
µ

=


= +
 =

−

 =
   (20) 

Where: 1k
and 2k

 are constant. 
Type (20) was substituted into type (19), and there was 

( )
( )

2 2 2 22 2 2
12 2

2 22 2 2 2
1

41 1
2 2 60

j

h v

k n Dk QNPSHr
g gD d

π
λ λ

π η
= + +

−
   (21) 

Thus, the target function of the smallest NPSH was [ ]2min (x) NPSHrf = . 

5.3 Optimization of genetic algorithms 

The numerical analysis was adopted by using the toolbox of genetic algorithm in Matlab software[14]. The number of population was 
1000. The crossover probability was 0.7. The mutation probability was 0.01. The target relative error was regarded as convergence criteria. 
The relative error can be expressed as 

max min

min

= ( 0.001)f f
f

δ ε ε−
< =      (22) 

The GA program is run in Matlab, and the iterative optimization can be shown in Fig.10. 
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Figure. 10 Iterative convergence 
The final optimization result can be shown in Table 3. 

Table 3 Optimization result 

D1     D2     β1    β2   b1  b2 Z 

Before optimization 40    128     25    30   4.1  4.5  6 

After optimization 44    130     20    26  5  4.4  6 

5.4 Verification of simulation 

The three dimensional model of impellers is established by using the optimized parameters, as shown in Fig.11. The analysis of flow 
field, the three modeling being imported in Pumplinx, is conducted. The efficiency of pumps has been improved through the import and 
export of differential pressure of pumps. The Fig.12 displays that the volume fraction of steam is reduced, and the area of the occurrence of 
cavitation is also decreased significantly. In a word, the overall performance of pumps has been improved. 

Figure. 11 3d model of optimized impellers  Figure. 12 Volume fraction of steam 

6. Conclusions 
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(1) In order to solve the cavitation problem affected the performance of plastic centrifugal pumps, the hydraulic design of flow 
components for plastic centrifugal pumps was implemented and the three dimensional model of flow components for plastic centrifugal 
pumps was established. 

(2) The influence of various factors on the efficiency and cavitation can be got by the orthogonal experiment and range analysis of
related parameters of plastic centrifugal pump impeller. The optimal parameter combination can be obtained under each evaluation index. 

(3) Using taguchi method, the variance analysis of the result was conducted based on the signal-to-noise ratio. The stability and
adjustable factors can be determined, and the adjustable factors were optimized. Simulation showed that the optimized parameters were 
reasonable. 

(4) The genetic algorithm was regarded as the theory. The multi-objective optimization design of impeller parameters was conducted
by using GA program in Matlab. Through the verification, the cavitation area can be decreased significantly, and the overall performance of 
the pump can be improved. 
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Abstract: Excellent performance sustainability in mature enterprises in traditional industries, is always concerned. How to describe and 
analyze the key support of business continuity from the perspective of performance risk, has always been an important topic to scholars and 
managers in this field. Based on the strategic intrapreneur-ship and the functional human resource management(HRM) embedding and 
coupling each other, this paper fo-cused on the interface of intrapreneurship-HRM, invoked interfacial tension theory in physics, and 
established the causality diagram of performance risk. With putting the methodology of System Dynamics to use, this paper followed its 
paradigm, and used the Vensim PLE software, so as to build a System Dynamics flow diagram of performance risk, and thus tried to infer 
abstractly the basic model of the performance risk early warning and alarm. At last, it selected "Laobaigan Liquor", a publicly listed 
company and a famous "China Time-honored Brands", to conduct the simulation research. The results show that, the investment in customer 
preferences re-search is not only the key variable to affect the strength of the performance risk early warning and alarm, and the growth rate 
of annual net profit, but also an important way for the front-line practitioners to realize the ma-ture period update and the recession period 
delay. 

Keywords: system dynamics; interfacial tension; basic model; performance risk; interface of intrapreneurship-HRM; China time-honored 
brand 

1. Introduction 

It has always been a pivotal position, the performance risk(PR) early warning and alarm, and its generation and solution, in the
implementation of business excellence and sustainability. A series of strategic intrapreneurship behavior relying on the functional resume 
human resource management(HRM), such as competitive plan and interface interference, drive the change of the business model and the 
organizational rejuvenation in the process of management and control PR; the initiative to embed and promote each other affects the 
performance through the mechanism of innovation too, and drives the business maturity period to update more times and the recession 
period to delay. Most of 1128 "China Time-honored Brands"(CTHBs) are growing and expanding at the base of the niche market, which its 
operating practice has matured, also have obtained excellent performance. Based on these facts, from the perspective of intrapreneurship-
HRM interfacial coupling, thinking of the maturity, scientificity and accuracy of the interfacial tension(IFT) theory in physics, the paper 
selects a typical CTHB to be the case to do "specific situation and local research"[1], in order to mine the crucial mechanism and the basic 
pattern of  the PR early warning and alarm of mature period enterprises in traditional industries and to support high- performance persistence 
implementation, so the study as a strong theoretical value and practical significance. 

Firstly, both the perspective of entrepreneurship-HRM interfacial logic coupling, and the multilevel interface operation driven in the 
organization, are the process of complex behavior and interaction, which there are obviously high order, nonlinear and multiple feedback 
characteristics of the social and economic system. Secondly, the CTHBs driven by intrapreneurship and the external environment are 
continuing to carry out the active and positive exchange of energy, resource and information. Obviously, this is a dy-namic system 
constituted by a variety of factors. In addition, the bricolage and conversion of internal re-source, especially the allocation and tactic 
arrangement of human resources, and the PR early warning and alarm pushed by them are a set of protection and response mechanism to the 
organization operation, which has a very strong overall planning, needs to be planned in a long time, all of these have the typical charac-
teristics of the information feedback system. Therefore, it is a right choice to introduce the method of Sys-tem Dynamics for studying.  

Subsequently, it becomes a feasible choice to construct the basic model, to systematically analyze the factors that affect 
intrapreneurship-HRM interfacial coupling and the operation of the organization relying on the cycle role of the internal resource “flow” in 
CTHBs, to study the internal mechanism of IFT operation and construct hypotheses, to select the key elements of the PR from the path 
relationship between variables, so as to construct the loops and the systemic structure based on the causal feedback relationship  and taking 
into account the space and the influence boundary. On this basis, selecting the key decision variables and "Laobaigan Liquor (stock code: 
600559)" is to do the simulation and analyze its results, in order to determine the direction of making the solution and the management 
implement scheme. 

2. Literature review

Focus on the interaction intrapreneurship-HRM interface of mature enterprises, the previous results about PR are mainly concentrated
on three main lines. 

(1) PR associated with intrapreneurship. Covin and Miles firstly defined 4 kinds of strategic corpo-rate entrepreneurship[2]. Anneke
and Roland recognized earlier the role of the business-external environ-ment interface[3]. Kurakto etc. believed that the maturity 
intrapreneurship can accept appropriate and es-timated risks[4].  

(2) Intrapreneurship-HRM coupling. Lado and Wilson believed that although entrepreneurship is a strategic form at organization level,
still need to affect the human resources strategy for the final effect on organizational efficiency[5]. Hayton thought that exploring the 
interaction between human resource strate-gy and corporate entrepreneurship strategy has become the key link to explore the relationship 
between the companies' business venture and the sustainable competitive advantage[6]. Ireland etc. established a con-ceptual framework of 
internal entrepreneurial environment, which reveals the multiple complexity of the operating system consisting[7], but lacks to pay more 
attention to PR. 

(3) HRM on performance guarantees. Lilian etc. insisted that the integration of HRM functions for first-mover advantage and
entrepreneurial performance, as well as enterprise performance is decisive[8]. Halme etc. advocated that the key operation mechanism of 
enterprises is entrepreneurial bricolage based on the human resources[9]. Verbeke and Yuan believed that there are existing multiple 
interface barriers in the bureaucratic system for mature enterprises[10]. Shi tried to establish the risk control mechanism of em-ployees in 
enterprises[11]. 
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3. Indoor experiment on lime-treated high liquid limit soil 

3.1 Hypotheses 

Based on previous results, focusing to intrapreneurship-HRM interface coupling and organization operation in mature enterprises in 
traditional industries(e.g. CTHB), quoting the IFT theory, the System Dynamics model of the PR early warning and alarm  constructed is 
based on the following assumptions: 

Hypothesis a: Investment in customer preferences research(ICPR) reflects the competitive premedi-tation and the driven effect of 
intrapreneurship. 

Hypothesis b: Market pro-action and technology leadership enlarge the market distance, capacity potential and PR, and change the 
interfacial strength of intrapreneurship-HRM. 

Hypothesis c: the PR early warning and alarm make feedback to the coupling mechanism and per-formance of intrapreneurship-HRM 
interface . 

Hypothesis d: Intrapreneurship bricolage relying on HRM is the dominant model to promote the update of the mature period and delay 
the recession period in CTHBs, it depends on the improvement of the interfacial program quality and the holding of the interfacial vitality at 
intrapreneurship-HRM interface.  

Hypothesis e: the growth rate of annual net profit(GRANP) reflects the direct effect of the PR ear-ly warning and alarm. 

3.2 Causal Feedback Relationship and Analysis of Various Subsystems 

By qualitative methods, focusing on the "PR-IFT-HRM" main line, the paper constructs hypothesis loops to reveal the laws of 
intrapreneurship-HRM coupling to PR motion, as shown in Fig.(1). 

Figure. 1 Causal diagram of the PR early warning and alarm. 

3.2.1 Loops of the PR Early Warning 

① ICPR → market pro-action →niche market share→ competitive differentiated advantage → early warning number of major
decisions → industry insight → strength of the PR early warning→ ICPR. The feedback loop is a positive feedback loop, which aims to 
study the form and the cumulative path of the capacity potential and the interfacial strength. 

② ICPR → speed of product line extension → value engineering innovation → daily early warn-ing → IFT's binding force → platform 
products' diffraction → strength of  the PR early warning → ICPR. The feedback loop is a positive feedback loop, which aims to study the 
extent and impact of resources bri-colage. 

③ ICPR → speed of product line extension → value engineering innovation → ability of SBU creating new business → complex 
systemic innovation → strength of  the PR early warning  → ICPR. The feedback loop is a positive feedback loop, which aims to study the 
path of organizational obstacle accumu-lation in the process of complex systemic innovation. 

3.2.2 Loops of the PR Alarm 

① strength of the PR early warning → will of intrapreneurship → internal-control  expectation → ability of SBU creating new
institutional mechanisms → interfacial vitality at intrapreneurship-HRM inter-face → interfacial performance at intrapreneurship-HRM 
interface → interfacial program quality at intra-preneurship-HRM interface → maturity period update → strength of the PR alarm → growth 
rate of po-tential customers → growth rate of annual net profit(GRANP) → strength of the PR early warning. The feedback loop is a 
positive feedback loop, which aims to study the forming path of the interfacial activity. 

strength of PR
early warning

industry insight

competitive
differentiation

advantage

uncertainty tolerance

IFT's binding force

daily early warning

niche market share

market pro-action

ICPR

product mix fixing consumer experience
informal institution

protection

ability of SBU creating
new institutional

mechanisms
recession period delay

maturity period update

strength of PR alarm

GRANP
fuzzy tolerance

complex systemic
innovation

ability of SBU
creating new business

support policy

innovation policy

value engineering
innovation

unique technology
leadership

+

+

+ ++

+

+

-

+

+

+

+

+

+

+

+ +
+

growth rate of
potential customers
+ +

change in emerging
markets

early warning number
of major decisions

-

+ platform products'
diffraction

+

speed of product
line extension

+

+

+

+

+

range of product
enhancements

will of intrapreneurship

internal-control
expectation

+

+

+

+

+

competitive
premeditation

+

-

+

+ +

+
+

interfacial performance
+

+

-



Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016     78.3 
© 2016 DEStech Publications, Inc. 

doi:10.12783/issn.1544-8053/13/6/78 

② strength of the PR alarm → unique technology leadership → range of product enhancements → competitive premeditation → 
recession period delay → ICPR → product mix fixing → consumer experi-ence → ability of SBU creating new institutional mechanisms → 
interfacial vitality at intrapreneurship-HRM interface → interfacial performance at intrapreneurship-HRM interface → interfacial program 
quali-ty at intrapreneurship-HRM interface → maturity period update → strength of PR alarm. The feedback loop is also a positive feedback 
loop, which aims to improve the interfacial program quality and maintain the interfacial vitality. 

③ strength of the PR alarm → growth rate of potential customers→ GRANP → interfacial pro-gram quality at intrapreneurship-HRM 
interface → maturity period update → strength of the PR alarm. The feedback loop is also positive and negative. 

Figure. 2 System dynamics flow diagram of the PR. 

3.2.3. Boundary Complements 

According to the effective and simple principle, to determine the model boundary needs to focus on its timelines, effectiveness and 
pertinence to solve problems. So the paper puts the change in emerging markets, the innovation policy, the support policy, and the informal 
institution protection as a boundary complement.  

Firstly, the typical feature of emerging markets is that the consumer’s demand and expectation are decentralized, diversiform and 
personal, and so the customers' preference is no longer stable, but acceleat-ing the generation and transfer. Secondly, the longer the survive 
for mature enterprises in tradtional indus-tries, the greater the impact of non market factors in the course of their growth and deveopment. In 
the case of CTHBs, they has suffered at least three great impact since the establishment of P. R. China. For protecting national industry and 
commerce, it is reasonable to carry out frequently the innovation policy and support policy, which will significantly affect the external 
environment to the eterprise, and internalize as the driving force for enterprises' change. Moreover, in the period of market transition, 
informal institu-tion often become an effective strategy for the protecting innovation, which should be paid more attention. 

3.3 Flow Chart Analysis 

In order to highlight the mapping value of the IFT theory, by using the Vensim PLE software, the causal diagram, shown as Fig.(1), is 
appropriately simplified and converted to the corresponding flow chart (Fig.(2), it is the variables of interfacial tension in physics in 
parentheses), which is convenient to de-scribe non-technologically and intuitively the structure and function of the system. 

3.4 The Construction of the Basic Model  

3.4.1 Setting Equation 

According to the basic assumption and the in-depth discussion with scholars and managers in this field, the paper determines the state 
variables, including the strength of the PR early warning and alarm; auxiliary variables, including ICPR, niche market share, GRANP, 
capacity potential,  etc. 

This paper selects inputs of the model are ICPR, its outputs and response are the strength of the PR early warning and GRANP, then it 
sets up functions based on the relationship between the 3 proxy varia-bles. Some equations are established. 

3.4.2 The Abstracted Basic Model 

After the causality diagram (or flow diagram) of the above PR are abstracted, then the paper can use a basic model (please see Fig.(3), 
what are in brackets is the IFT variables described in management) to represent the characteristics and development rules of the system. 
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Figure. 3 The basic model of the PR early warning and alarm. 

4. The simulation of the basic model 

Hebei Hengshui Laobaigan Liquor Co. Ltd ("Laobaigan Liquor") was founded in 1946, listed on the Shanghai Stock Exchange on
October 14, 2002. It was approved as CTHB by the National Ministry of Commerce of China in 2006; the brewing process of Laobaigan is 
also listed as "National Non-material Cultural Heritage" by the Ministry of Culture of China in 2008. As a simulation case, it has some 
typical characteristics. Then we get the relevant basic data of enterprises for 8 years by interviews, historical litera-ture review and the 
annual financial report and other ways. 

4.1 Historical Inspection of the Basic Model 

To establish the basic model is to abstract the feedback system in practice, and to reflect the opera-tion rules of the dynamic system. A 
effective basic model and a applications system have the inspiration and guidance value to business practice. Only a test of the basic model 
constructed was passed, it can re-flect the actual operating characteristics of the dynamic systems and the operating rules. Restricted by the 
space, the paper mainly carries on the historical inspection under the limitation of the space.  

Using the Vensim ple software of System Dynamics, the study inputs a decision variable(e.g. ICPR) to the basic model, so as to obtain 
the corresponding results through simulation from 2006 to 2013, year by year. The procedure is to compare the fitted value between the real 
value, to calculate their error rate, to analysis its dynamic variation with time and the fitting degree, and adjust the basic model until the 
simulated results are basically consistent with the historical data. Then, the results show that the systemic structure and the basic model can 
accurately reflect the date state of the future, and vice versa. Shown as Table 1. 

Table 1 Error rate of two output response 
Time ICPR 

(thousand, ￥) 
The strength of PR early warning GRANP 

Fitted value True value Error rate Fitted value True value Error rate 

2006 420 4.10 4.10 0 16.73 -2.58 -7.48450 

2007 550 4.79 4.80 -0.0021 15.22 27.97 -0.45585 

2008 680 5.50 5.50 0 14.33 79.08 -0.81879 

2009 700 6.22 7.30 -0.1824 14.20 14.69 -0.03336 

2010 750 6.95 8.50 -0.1480 13.92 16.59 -0.16094 

2011 770 7.68 8.50 -0.0965 13.81 121.22 -0.88607 

2012 800 8.42 7.90 0.0658 13.65 21.83 -0.37471 

2013 850 9.15 8.70 0.0517 13.39 -41.59 -1.32195 

Notes: ① ICPR is gathered through the interviews to the consult or plan companies serving for "Laobaigan Liquor", and middle level 
managers of the department of strategic marketing and the department of research and development prod-ucts. ② "Possible risks" meaning 
the PR early warning in the annual financial reports from 2006 to 2013, were stated 4-5 kinds of risk and their resolved solution. The 
research conducted data separation and processing, so as to confirm the strength of  the PR early warning, 15 is the highest; moreover, the 
part of "Possible risks" presentation were not sufficient before 2006. ③ GRANP comes from the annual financial reports from 2006 to 2013. 
④ The study does consider the impact of CPI. ⑤ The paper uses all of the original data, does not per-process.

From Table 1, in terms of the strength of PR early risk warning, there is a bigger error rate between 2009 and 2010, which is mainly 
due to the inflation impact of raw materials and markets of the high-end liquor industry driven by economic stimulus plan of China central 
and local governments. For GRANP, the error rate is greater from 2006 to 2008, which is mainly due to the price rise of raw materials 
caused by imported inflation. The error rate is also greater in 2011, which is mainly affected by the hyperinflation in 2010. In addition, the 
reason why the error rate in 2012 and 2013 is larger, is also due to the spread of po-litical factors, while they are not controllable, which also 
shows that the market is more variable during the transition period too. Furthermore, the fitted value and the real value are basically 

PR early warning( interfacia
strength, symptoms

solution)

PR
accumulation(capacity

potential)

niche market share

ICPR(lever solution)

PR
elimination(interfacial

program quality)

PR alarm(interfacial
vitality)

GRANP

fuzzy toleranceuncertainty tolerance

+

+

+

+

+

--

B early
warning R alarm

+
+

+



Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016     78.5 
© 2016 DEStech Publications, Inc. 

doi:10.12783/issn.1544-8053/13/6/78 

consistent, which also demonstrates that the basic model constructed by this dynamic system has certain fitting, the constructed system 
structure and the selected variables are basically correct, and the output data of the basic model can certainly describe the PR early warning 
and alarm. 

4.2 The Simulation of the Basic Model 

The paper mainly carries out the test of sensitivity, in order to research when ICPR turns per 10% up or down, how the strength of the 
PR risk warning and the GRANP to change. Shown as Fig.(4) and Fig.(5), Table 2 and Table 3. 

It shows that with the increase of ICPR in Fig. (4), the driven effect of entrepreneurship is obvious, and the capacity potential and the 
interfacial strength of intrapreneurship-HRM increase, which makes the strength of PR early warning do a increasing trend. There is a 
positive correlation between them.  

It shows that there is certain sensitivity of the strength of the PR early warning to ICPR in Table 2, and with time lasting, the sensitivity 
is increasing gradually, which indicates that the ICPR importance is on the rise. 

It firstly shows that the annual net profit is declining in Fig.(5), its core reason lies in all kinds of production factors' costs to rise in 
recent years, especially the staff wages, which have large influence par-ticularly on national enterprises in traditional industries. Of course, it 
also reflects the typical characteristics of CTHBs, lower the interfacial program quality, higher operating costs for a long time, and marginal 
costs rising year by year.  

It shows that there is a high sensitivity of the GRANP to ICPR in Table 3, and a close and nega-tive correlation between the two. The 
main reason is that the increase of ICPR promotes the intrapreneurial behavior, which brings maladjustment to CTHBs accustoming to 
normal development. Different number of ICPR means different intrapreneurial driving force. As ICPR is increasing, so is the driving force. 
It brings the capacity potential increasing also, and there is a higher requirement for the interfacial program quality. Appropriate capacity 
potential is beneficial, and should be maintained. If it was too much, it will lead the loss of profit, it also means that the interfacial dynamic 
is weaker, the relationship performance is lower, the efficiency of organizational operation is lower, all of this should arouse the vigilance to 
managers. 

Table 2 The sensitivity of the strength of PR early warning to ICPR 

Time The strength of PR early warning ICPR decreased by 10% ICPR increased by 10% 

2006 

Fitted value 

4.10 4.10 4.10 

2007 4.79 4.78 4.80 

2008 5.50 5.48 5.51 

2009 6.22 6.20 6.25 

2010 6.95 6.92 6.98 

2011 7.68 7.64 7.72 

2012 8.42 8.37 8.46 

2013 9.15 9.10 9.20 

2014 Predictive 
value 

9.89 9.83 9.95 

2015 10.64 10.57 10.70 

Table 3 The sensitivity of GRANP to ICPR 

Time GRANP ICPR decreased by 10% ICPR increased by 10% 

2006 

Fitted values 

16.73 18.20 16.10 

2007 15.22 15.67 14.82 

2008 14.33 14.77 13.93 

2009 14.20 14.65 13.81 

2010 13.92 14.36 13.52 

2011 13.81 14.25 13.41 

2012 13.65 14.09 13.25 

2013 13.39 13.83 12.99 

2014 Predictive 
value 

13.06 13.50 12.66 

2015 12.67 13.11 13.07 
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Figure. 4 The change trend of strength of PR early warning caused by ICPR.    Figure. 5 The change trend of GRANP caused by ICPR. 

5. Conclusions and significance 

5.1. The Main Conclusions 

By the means of the empirical study on the construction and simulation for the basic model, all of the above hypotheses has been 
verified basically: 

(1) the basic model can describe the formation, accumulation and elimination of PR in mature eterprises in traditional industries. The
PR early warning and alarm, being the response mechanism, can also reflect the coupling mechanism at the intrapreneurship-HRM interface, 
and support the deep interprta-tion for the enterprises' outstanding performance sustainability.  

(2) there is a certain sensitivity of the strength of the PR early warning to ICPR. ICPR and the PR early warning for mature firms, are
daily administrative affairs; both are driven results within the entrepre-neurial, also the direct reflections of the internal resources bricolage 
as the core of HRM in enterprises, and support the deep interpretation of the mature period updating and delaying the recession period many 
times.  

(3) being the comprehensive index of PR and other outputs, GRANP is elastic enough for ICPR. On the other hand, ICPR has a very 
strong influence on the PR alarm. 

(4) in the future, the study should take fully account of the impact of CPI on the cost and profit to enterprises, and establish the model
according to the absolute value of monetary purchasing power, so as to describe the business operation more really and scientifically. 

5.2 Suggestions 

For the mature enterprises in traditional industry, if managers is intending to achieve the excellent performance sustainability, they 
should emphasize greatly the PR early warning and alarm. Not only do they pay attention to the driving role of strategic intrapreneurship 
and the support and guarantee role of the functional HRM, but also more should establish a set of coping mechanism, based on the coupling 
and extending meaning of the intrapreneurship-HRM interface, so as to improve operational performance of enterprises and the 
effectiveness of organizational operation. Among them, as the core strategy of the competitive premeditation and the interface interference, 
ICPR has become the primary task of the first-line managers, as well as routine matters. 
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Abstract:Water flooding production optimization belongs to large-scale and high-dimensional system control optimization problems. The 
adjoint method of gradient-based algorithms is a common methodology to solve such problems with extremely complicated calculation 
process. A new improved Monte Carlo gradient approximation (MCGA) algorithm was proposed by introducing the covariance matrix of 
control variables based on the standard MCGA algorithm. This method could filter and smooth the search direction, make the estimated 
gradient more continuous and closer to the real gradient, and improve computational efficiency significantly. The test for a synthetic 
reservoir indicated that the optimal control was applicable to practical operation and improved the development effect of water flooding with 
little increase of oil production and obvious decrease of water production. 

Keywords: water flooding; reservoir production optimization; monte carlo gradient approximation; control variable; covariance matrix 

1. Introduction 

At present, most main water injected oilfields has entered the middle and late stage with high water cut. Using new technology to
improve the development effect of water injection and enhance oil recovery becomes an urgent task for reservoir engineers. In recent years, 
the concept of reservoir production optimization(Brouwer et al., 2004a; Chen, C et al., 2010; Zhang et al., 2010) was put forward and it has 
become a research hotspot. The goal of reservoir production optimization is to optimize the well controls and make an optimal plan by 
solving the optimal control model of reservoir production based on the cognition of reservoir geology and production conditions. 

Reservoir production optimization is a large-scale complicated optimization problem and it’s extremely difficult to obtain precise 
gradient of the objective function. Gradient-based algorithms are proved to be the most efficient. The adjoint method(Brouwer et al., 2004b; 
Sarma et al., 2004) is one common approach but requires access to the simulator source code and substantial code development which leads 
to complex gradient calculation process and limited availability in commercial reservoir simulators, so the derivative-free optimization 
algorithms have caught researchers’ much attention. The calculation of derivative-free algorithms which require only approximate gradient 
of the objective function, not the real gradient, is much simple. The applicability of derivative-free algorithms such as simultaneous 
perturbation stochastic approximation (SPSA)(Wang et al., 2007; Bangerth et al., 2006; Zhao et al., 2011a), ensemble-based optimization 
(EnOpt)(Chen, Y et al., 2010; Chen, Y et al., 2009) and Monte Carlo gradient approximation (MCGA)(Patelli et al., 2010; Cao et al., 2012) 
to reservoir production optimization has been proved. However, the gradient usually shows strong fluctuation because the control variables 
are generated by stochastic perturbation. 

For reservoir production optimization, we establish the objective function of net present value (NPV) as the optimal control 
model(Zhao et al., 2011b; Zhao 2011c; Yan 2013; Zhao 2013) and propose an improved MCGA algorithm by introducing the covariance 
matrix of control variables following the idea of the EnOpt. To some extent, the improved MCGA algorithm is able to filter and smooth the 
search direction, consider the correlation of control variables and improve the efficiency of gradient calculation. The improved MCGA 
algorithm is applied to a synthetic reservoir successfully and we got a good optimization effect. 

2. Optimal ciontrol model of reservoir production optimization 

Reservoir production optimization aims to maximize economic benefits by optimizing the well controls. According to domestic and 
international researches, we use net present value (NPV) as the objective function(Zhao et al., 2011b; Zhao 2011c; Yan 2013; Zhao 2013) to 
evaluate the economic benefits of water flooding for the expected reservoir life, NPV is given by 
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Where J  is a function of the control vector u . The vector u  is a uN
-dimensional vector which contains all the well-control

variables to be optimized; In Eq.1, L  is the total number of reservoir-simulation time steps and pN
 and IN

, respectively, denote the

total number of producing wells and the total number of injection wells. The scales or , wr  and wir
 are all in units of yuan/m3 and denote, 

respectively, the oil revenue, the cost of handling produced water, and the water-injection cost; ,
n
o jq

 and ,
n
w jq

 are, respectively, the 

average oil- and water-production rate (m3/d) of the 
thj  producer during the 

thn  simulation time step; ,
n
wi jq

 is the average water-

injection rate (m3/d) of the 
thi  water-injection well during the 

thn  simulation time step; b  is the annual discount rate (decimal %);
nt∆  is the length of the 

thn  simulation time step (days); and 
nt  is the cumulative time up to the 

thn  simulation time step in years.
In actual production, the operation of wells is usually subject to some restrictions, that is the control variables must satisfy certain 

constraints, boundary constraints is the most common form of constraints. The boundary constraints are represented by 
low up
i i iu u u≤ ≤

(2) 
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Where iu
 is the 

thi  control variable; 
low
iu

 and 
up
iu

, respectively, represent the lower and upper boundary specified for iu
;

1, 2, , ui N= 
.

3. Improved mcga algorithm 

The basic idea of MCGA algorithm is to generate several realizations of stochastic variable using Monte Carlo approach(Patelli et al.,
2010; Cao et al., 2012), get the corresponding objective function value of variable realizations and estimate the gradient of the objective 
function with sufficient accuracy. 

For reservoir production optimization, let the optimal control variable be 
lu  in

thl  iteration, and generate rN
 perturbation variables

around 
lu . The perturbation variable is defined by 

, , 1, 2,3 ,l j l l j
ru u Z j Nε= + ⋅ = 

    (3) 

Where 
,l ju  is the 

thj
 realization of 

lu ; ε  is a scalar factor 0ε > ; 
,l jZ  is a perturbation vector obeying standard normal

distribution. 
In this paper, we introduce the covariance matrix of control variables(Chen et al., 2009) to filter and smooth the search direction. The 

covariance matrix UC
 is defined by the spherical model as 
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Where σ  is the standard deviation; T  is the correlation length of time step; m  and n  are the order number of time step. 
For optimization problem, the covariance matrix is a block diagonal matrix, the expression is 
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Where 
x

UC
donates the time-related covariance matrix of control variables of

thx  well, and x  satisfies 

1, 2, ,x N= 
    (6) 

Where N  is the total number of wells. Then we treat UC
 by Cholesky decomposition(Nocedal et al 1999), and it satisfies, 

1/2 /2T
U U UC C C=

    (7) 
The perturbation vector is changed into 

1/2
UC Z∆ =

    (8) 

Where 
1/2
UC

is a uN
-dimensional lower triangular matrix. 

In the calculation process of MCGA algorithm, rN
 objective function values, 

,,1 ,2( ), ( ), , ( )rl Nl lJ u J u J u ,are calculated to 

get the approximate gradient. 
jJ∆   denotes the difference between the 

thj  objective function value of perturbation variables 
,l ju  and 

objective function value of the current optimal control variables 
lu , and its expression is 

, , ,( ) ( ) ( ) ( ) 1, 2...,j l j l l j l j l
rJ J u J u J u J u j Nε∆ = − = + ⋅∆ − =     (9)

Let the 
,l j

i∆  be the 
thi  component of the 

thj  perturbation in the 
thl  iteration, the approximate gradient of the improved MCGA

algorithm, namely the improved Monte Carlo(MC) gradient is 
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Where uN
 denotes the total number of control variables.

After getting the perturbation gradient, the iteration algorithm can be used to optimize the control variables. The control variables in the 

( 1)thl +  iteration is 

( )1 ˆl l l lu u g uα+ = + ⋅
       (11) 

Where α  is the iteration step size. 
To verify the superiority of introducing covariance matrix of control variables, we calculate the gradient value of different algorithms 

for well P1 in a certain iteration. Fig. 1 shows that the approximate gradient of improved MCGA algorithm is more close to FDSA algorithm 
which can be treated as real gradient approximately and more continuous than standard MCGA algorithm. 

(a) Finite difference stochastic approximation(FDSA)algorithm 

(b) Standard MCGA algorithm 

(c) Improved MCGA algorithm 
Fig. 1: The normalized Gradient with different algorithms for well P1 

4. Results discusion 
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This section compares the performance of the standard MCGA algorithm with the improved MCGA algorithm. In this example, we 

establish a synthetic reservoir model with 21×21×1 grid blocks, 
50x y∆ = ∆ =

 m, and reservoir thickness of 10 m. The porosity is
constant and set equal to 0.153 in all grid blocks. The horizontal permeability distribution is shown in Fig. 2. The initial reservoir pressure is 
10.037 MPa, and the initial oil saturation is 0.67. There are two producers and six injectors. The control timestep size is set to 30 days, and 
the total optimization time is 900 days, so there are 30 control steps and the total number of control variables is 240. During optimization, 

the injectors are under injection rate control with 
0 1000injq≤ ≤

 m3, and the producers are under liquid production rate control with 

0 3000lq≤ ≤
 m3. The oil price is 1000 yuan/m3; the water injection cost is zero; the water production cost is 40 yuan/m3; and the 

annual discount rate is zero. 
The value of NPV versus the number of iterations with different algorithms is shown in Fig. 3. The results illustrate that the improved 

MCGA and standard MCGA, respectively, needs 91 and 128 iterations for convergence, the calculation efficiency has improved 40%. The 
final NPV has achieved a significant increase with different algorithms after optimization and the improved MCGA algorithm performs a 
higher NPV than standard MCGA algorithm. 

Fig. 2: Field log horizontal permeability distribution Fig. 3: Comparison of NPV with different algorithms 
The final optimal controls for the producers and injectors obtained by different algorithms are shown in Fig. 4.The results illustrate that 

the optimal well controls obtained by applying the improved MCGA algorithm are far smoother and more continuous than standard MCGA 
algorithm and are more convenient for actual operation. The results of final oil saturation before and optimized in Fig. 5 show that water 
flooding sweep efficiency is improved after optimization. From Fig. 6 we can see that, the increase of cumulative oil production is not much 
after optimization, but the cumulative water production reduces nearly by 66% which proves the reliability of the proposed approach for 
oilfield development. 

Standard MCGA algorithm Improved MCGA algorithm 
Fig. 4: The final optimal well controls 

(a) Before optimization (b) After optimization 
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Fig. 5: The final oil saturation before and optimized by improved MCGA 

Fig. 6: The final cumulative index before and optimized by improved MCGA 

5. Conclusions 

(1) Based on the standard MCGA algorithm, we introduced the covariance matrix of control variables to filter and smooth the gradient 
search direction. The estimated gradient shows better continuity and is closer to the real. 

(2) The improved MCGA algorithm is easily to combine with any commercial reservoir simulator, could reduce the complexity of
gradient calculation process and could be used to solve large-scale production optimization problem. 

(3) The example of a synthetic reservoir indicated that the optimal control after optimization increases economic benefits and reduces
development cost than conventional development plan, which proves the necessity and feasibility of the production optimization. 
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Abstract: The importance of the network space to the formation of industrial agglomeration is demonstrated, and a model is built via the 
fractal differential equations to study the dynamic mechanism of industrial agglomeration.The results show that industrial agglomeration is 
dependent on the mutual relationship between the fractal dimension of the network space and the geographical space. Specifically, while the 
sum of the fractal dimension of the network space and geographical space is bigger than 3, the industrial agglomeration will be 
formed.Finally, a case study of five listed pharmaceutical companies in Jilin Tonghua Medicine Innovative Industrial Cluster of China is 
used to empirically verify the theoretical model.The results indicated by the empirical test support the proposed theoretical model. 
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1. Introduction 

Industrial agglomeration is a form of industrial spatial organization which has been closely concerned by academia and industry in
modern economic activities. As far back as 1890, Marshall(1890)[1] explained the reason why those enterprises adjacent to the other ones 
had an advantage in production using the concept of externality. Since then, the external effects have been widely used to explain industrial 
location. The new economic geography school, represented by Krugman[2], has explored how industrial agglomeration generate the effects 
of increasing returns to scale and proposed the core-periphery model just based on Marshall's externality theory. Moreover, in the real world, 
the worldwide success of industrial agglomeration districts, such as from the IT industrial agglomeration in Silicon Valley to the software 
outsourcing industrial agglomeration in Bangalore, India, or from the "The third Italy" industrial agglomeration of small and medium-size 
enterprises in the northeastern and central parts of Italy to the specialized towns characterized by industrial agglomeration in Guangdong, 
Zhejiang and other provinces in China, has confirmed a clear correlation between the economic effects of industrial agglomeration and 
regional economic development, which has made industrial agglomeration a hot research topic once again in academia since the 1990s[3]. 
Regarding the definition of industrial agglomeration, Porter(1998)[4] pointed out that it was a phenomenon of geographical agglomeration 
of the related enterprises and organizations in specific region. Although different scholars have their own descriptions about the connotation 
of industrial agglomeration, most of them include two meanings that actors are agglomerated in one certain geographic space, and actors 
interconnect eath other. In other words, the geospatial agglomeration of actors is its external manifestation and the interconnection among 
actors in a certain industry is its core characteristic. Referring to the viewpoints of references [5, 6], the sum of interconnections among 
actors in the process of industrial agglomeration in a certain geographic space is abstracted as the network space of industrial agglomeration, 
which consists of actors (such as enterprises, research institutes, universities, local governments, intermediate agencies, etc.), resources 
(including human resources, technologies, infrastructure, funds, etc.), activites (referring to the various exchanges and contacts among actors 
in the industrial agglomeration district)[5]. Based on this idea, the whole socio-economic space of industrial agglomeration can be viewed as 
a compound space in which the network space of actors is embedded in a certain geographic space. Since the advent of industrial 
agglomeration theory, the formation mechanism and its influencing factors have always been the core research issues. At present, a lot of 
literatures see the network space as a key factor of industrial agglomeration formation[7]. However, most of existing studies are limited by 
the fence of the traditional economic geography, and tend to attribute the formation of industrial agglomeration to one or more specific 
factors within the network space, such as transportation cost (Krugman, 1991)[2], foreign direct investment (Ning et al. (2016)[8]), 
government industry policy (Nathan et al. (2013)[9]), etc. However, because of the complexity of the internal factors of network space, these 
scholars could not comprehensively grasp the dynamic mechanism of industrial agglomeration as a whole, and then they had various 
opinions without a unanimous conclusion. Meanwhile, the existing studies have recognized that industrial agglomeration is drived by one or 
more specific factors within the network space and they imply the importance of the network space to industrial agglomeration. But these 
studies have not given a strict proof. With the development of research, scholars find it more and more limited to explain the complex 
dynamic process of industrial agglomeration with traditional economic geography, and they try to employ the new methodologies to 
understand industrial agglomeration. Hu et al. (2007)[10], Dong et al. (2008)[11], Chen et al. (2013)[6] have shown that industrial 
agglomeration is a complex nonlinear dynamic system, and the characteristics of complexity (e.g. fractals) exist in the process of it. For 
these properties of complexity, the fractal theory is introduced into the research framework of industrial agglomeration, and the fractal 
characteristics and structure are interpreted in theory by the above scholars. These studies have provided a new perspective and a powerful 
theoretical analysis tool for studying the complex systems of industrial agglomeration, but they also suffer from a few drawbacks such as the 
lack of a systematic study, no verification of the theoretical models through empirical analysis, etc. Cont (2001)[12], Cheng and Hung 
(2011)[13] have proved that only the actual situation is integrated into a framework of theoretical study, will it be possible to make research 
results have definite practical significance and application value. Therefore, in realistic cases in which industrial agglomeration has fractal 
characteristics, it is very necessary to bring the fractal characteristics into the framework of theoretical analysis and make an empirical test 
in this paper. 

To sum up, the formation mechanism of industrial agglomeration is still a very important issue requiring further study. However, most 
of the existing studies tend to explore it from one or some specific factors within the network space, and have not yet understood it on the 
whole and not obtained the unified and compelling conclusions. Meanwhile, although a small number of scholars have considered the fractal 
characteristics of industrial agglomeration and made a preliminary theoretical explanation, they have not yet conducted an empirical test 
concerning their theoretical models. To overcome these deficiencies of previous studies,a theoretical model of the dynamical mechanism of 
industrial agglomeration is established via the fractal theory and an empirical test on the model is made, which will deepen our 
understanding of the inner dynamical mechanism of industrial agglomeration as a nonlinear complex system, and also will further enrich the 
industrial agglomeration theory and the related research literatures. 

2. Theoretical analysis 

2.1 Analysis of the importance of the network space to industrial agglomeration  
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As mentioned above, when the existing studies attribute industrial agglomeration to one or some specific factors of the network space, 
they actually imply a precondition that the network space plays an important role in industrial agglomeration, but this point has not yet been 
well demonstrated. Logically, only the importance of the network space to industrial agglomeration is confirmed, will it make sense for us to 
further research how the network space promotes industrial agglomeration. Therefore, the importance of the social network space to 
industrial agglomeration should be proved firstly. At the macro-level, the socio-economic space enterprises owned is composed of two parts: 
the geographic space and the network space, so only if we can prove that when the network space is not considered, the formation of 
industrial agglomeration won’t occur, can we infer that the network space is the important influencing factor for industrial agglomeration. In 
other words, demonstrating the importance of the network space to industrial agglomeration can be converted into demonstrating that when 
only considering the geospatial space, industrial agglomeration will not appear. For this purpose, let M  be the geographic 

space,
2M R⊆ . If M is asymmetric, extend it to be symmetry and the number of enterprises in the extended area is limited to 0. In this

way, M can always be assumed to be symmetrical. Set O as the center point for M which is devided into n 

subregions, , {1,2, , }i j n∈ L , and let any one subregion be ( , )i jx y . Suppose there are Nt 
enterprises at the time t in M, and the

number of enterprises in a subregion ( , )i jx y  is ( , , )i jf t x y . Obviously,
, 1

( , , )
n

i j t
i j

f t x y N
=

=∑ . Meanwhile,with the increase of

n, there will be more and more subregions. As a result, the number of enterprises in the adjacent subregions will gradually become 
approximate to each other. Then, we can get Eq.(1): 

lim ( , , ) ( , , ) : { 1, , 1}, { 1, , 1} 0i j k ln
f t x y f t x y k i i i l j j j

→∞
− ∈ − + ∈ − + =  (1) 

Where in Eq.(1), ( , , )f t x y  is continuous in a subregion ( , )x y M∈ . Thus, ( , , )f t x y can be treated as the enterprises

density function in the subregion ( , )x y  at the time of t, and the equation
, 1

( , , )
n

i j t
i j

f t x y N
=

=∑  can be converted into the continuous 

form as ( , , ) tM
f t x y dxdy N=∫ .

As time changes, if the number of enterprises ( , , )f t x y  is constant at different time in the subregion ( , )x y , it means the
distribution of enterprises in M keeps the same as initial time, suggesting that industrial agglomeration will not be formed at all in this 

situation. Thus for the different time 1t , 2t , let 1 2t t< , generally the number of enterprises in the subregion ( , )x y  is different,

namely, equation 1 2( , , ) ( , , )f t x y f t x y≠  is true. As far as the change of the number of enterprises in the geographic space is

concerned, the number of enterprises 2( , , )f t x y
 
in the subregion ( , )x y  at the time of 2t  

is influenced by two factors as follows.

① The number of enterprises 1( , , )f t x y
 
in the subregion ( , )x y  at the time of 1t ;②  the number of enterprises transformed from

other subregions ( , 1{( , ) ( , )}n
i j i jx y x y =≠

 
or newly-added in the subregion ( , )x y , or the number of enterprises moved to other

places or closed in the subregion ( , )x y  during the period of 2 1t t− . For the entire geographic space M, the transfer quantity of

enterprises in the subregion ( , )x y  is determined by the transfer probability of enterprises in this area. Let the transfer probability of

enterprises in the subregion ( , )x y  at the time of t be ( , , )p t x y , then the whole transfer probability in M is 1, namely, the equation

( , , ) 1
M

p t x y dxdy =∫  is true. Thus, the enterprises distribution at the time of 2t  is evolved from that at the time of 1t  under the rules

of transition probability. The enterprise density function in the subregion ( , )x y  at the time of 2t  
can be expressed as Eq. (2). 

2 1( , , ) ( , , ) ( , )
M

f t x y f t x u y v p u v dudv= + +∫    (2) 
From Eq.(2), for all 0τ > , the enterprise density function in the subregion ( , )x y  at the time of t τ+ can be expressed as Eq. (3). 

( , , ) ( , , ) ( , )
M

f t x y f t x u y v p u v dudvτ+ = + +∫   (3) 
Following Taylor's formula with Peano remainder[14], we can get Eq. (4) and Eq. (5) through unfolding ( , , )f t x yτ+  and

( , , )f t x u y v+ + .

( , , ) ( , , ) ( )ff t x y f t x y
t

τ τ ο τ∂
+ = + +

∂    (4) 

2 2 21( , , ) ( , , ) ( ) ( , , ) ( , )
2

f f f ff t x u y v f t x y u v u v f t x y u v
x y x y

ο∂ ∂ ∂ ∂
+ + = + + + + +

∂ ∂ ∂ ∂     (5) 
As mentioned ealier, since the geographic space M is symmetrical, the equation ( , , ) ( , , )p t x y p t x y= − −  will always hold. When

the Eq. (4) and Eq. (5) are substituted into Eq. (3), we can get Eq. (6) as follows: 
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2 2 2
1

2 2

( , , ) ( , , ) ( ) ( , , )
2M

f t x y u p t u v dudv f t x y
t x y

τ −∂ ∂ ∂
= +

∂ ∂ ∂∫
  (6) 

Eq. (6) is a diffusion equation. Let 2 2r x y= + and the variable x and y be polar coordinate transformation following Eq. (7), the 
solution of Eq.(6) can be obtained in Eq. (8). 

cos , [0, 2 ]
sin , [0, 2 ]

x r
y r

θ θ π
θ θ π

= ∈
 = ∈    (7) 

2

2 2( , , ) exp( )
4 ( , , ) 4 ( , , )

2 2

t

M M

N rf t r
u ut p t u v dudv t p t u v dudv

θ
π

−
=

∫ ∫
  (8) 

Eq.(8) implicates the number of enterprises distributed in the subregion of the geographic space M with the center point O and a radius 
r at the time of t. If ( , , )f t r θ  increases as the radius r decreases and t increases, then it means that with the passage of time, in smaller
areas there are more and more enterprises transferred from the other areas in M, and then industrial agglomeration will occur. Otherwise, it 
will not. Except for identifying whether industrial agglomeration occurs or not through Eq.(8), we can also judge it by calculating the values 

of effective radius er  
of the areas where enterprises are actually distributed. If the values of radius

 er  
decrease as the time of t increases, it

means industrial agglomeration occurs. Otherwise, it doesn’t. The calculation formula for radius
 er  is

2 2

0 0
( , , )er f t r r drd

π
θ θ

+∞
= ∫ ∫                                                                      (9) 

While Eq.(8) is substituted into Eq.(9), then 
0.5lim 1

t et r−

→∞
= . Due to the same order between er  

and t  in Eq.(9), the values of

er  
grow as the time t increases, suggesting that industrial agglomeration won’t happen. 
Above all, when the network space of enterprises is not considered, the phenomenon of enterprises agglomeration in the geographic 

space won’t appear. Therefore, it is demonstrated that the network space is one of the important influencing factors for industrial 
agglomeration.  

2.2 Analysis of industrial agglomeration based on fractal differential equations 

The foregoing shows that the network space plays an important role in industrial agglomeration because the phenomenon of enterprises 
agglomeration will not appear without the network space’s effect. Therefore, the network space is considered on the basis of the foregoing, 
aiming at not only correcting and making up the anlysis results above but also conforming to the actual situation, namely, the social space S 
of enterprises is composed of geographic space M and network space W and is also the direct product of these two types of space. Moreover, 
the scholars like Hu et al. (2007)[10], Dong et al. (2008)[11], etc. all point out that there exist fractal characteristics in the process of industrial 
agglomeration. To be closer to reality, the fractal characteristics of industrial agglomeration will be considered below. In fact, although it is 
very complex, in terms of the geographical space M and the network space W, it is eventually reflected by the fractal dimension of the two 

kinds of space (marked as Md and Wd , respectively), and then the fractal dimension of the whole social space S in which the enterprises

are located can also be marked as Sd . Consequently, next we will analyze the evolving situation of enterprises density function above once 

again in the whole social space S with the fractal dimension Sd . The earlier shows the relation between the number of enterprises and its

density function can change from ( , , ) tM
f t x y dxdy N=∫  to ( , , ) tM

f t r dr Nθ =∫ . Following the guide to the differential 

equations of fractal dimension space by Falconer (1997,2003)[15,16], after 
0.5 1(0.5 1)Sd

Sdπ −Γ +
 
(the integrating factor of fractal 

dimension space) is introduced into the equation ( , , ) tM
f t r rdr Nθ =∫ , the relation between the number of enterprises and its density

function in the fractal dimension social space S is shown in Eq. (10). 
0.5

1( , , )
(0.5 1)

S
S

d
d

tS
S

f t r r dr N
d

π θ − =
Γ + ∫

    (10) 
According to the Fick's laws[17], Eq. (6) can be written as Eq. (11) and Eq. (12). 

2 2 2
1

2 2( , , ) ( ) ( , , )
2M

uJ p t u v dudv f t x y
x y

τ − ∂ ∂
= − +

∂ ∂∫
   (11) 

2 2

2 2

( , , ) ( )f t x y J
t x y

∂ ∂ ∂
= − +

∂ ∂ ∂    (12) 
Referring to the structure of Eq. (6), the change situation of the number of enterprises in the fractal dimension social space S is  
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2
11 ( , , )( , , )

2
d

M
s u f t rJ r p t u v dudv

r
θτ −− ∂

= −
∂∫

   (13) 

Moreover, due to the same time t, no matter how the enterprises transfer in the social space S , the number of enterprises tN  is always
constant. Hence we can get Eq. (14). 

tN J
t

∂
= −

∂
    (14) 

While Eq. (10) and Eq. (13) is substituted into Eq. (14), then we can get Eq. (15). 
0.5 2

1 11 ( , , )( , , ) ( , , )
(0.5 1) 2

S
S S

d
d d

S M
S

u f t rf t r r dr r p t u v dudv
d r

π θθ τ− −− ∂
= −

Γ + ∂∫ ∫
    (15) 

Taking the derivative of r in Eq. (15) , Eq. (16) is obtained as follows: 

1
2

1

( , , )[ ]( , , ) ( , , )
2

Sd

M

f t rrf t r u rp t u v dudv
t r

θ
θ τ

−

−

∂
∂∂ ∂=

∂ ∂∫
  (16) 

Eq. (16) shows the change process of enterprises distribution denstiy in the fractal dimension social space S. It is a non-equilibrium 
Fokker-Planck equation[18] and its solution is   

2
0.5 2 1 1( , , ) exp{ [4 ( , , ) ] }

2
Sd

M

uf t r t r t p t u v dudvθ τ− − −= − ∫
  (17)  

Therefore, the effective radius er  of enterprises distribution in the social space S is the same order with 
1.5 0.5dst −

, and Eq. (18) is 
true. 

1.5 0.5 1
lim 1

ds

t
t re•

− −

→∞
=

  (18) 

Eq. (18) suggests that when 3sd > , or 3W Md d> − , radius er  decreases with the passage of time t, namely, more and more
enterprises are located near the center point, and then the phenomenon of industrial agglomeration occurs. 

To sum up, we can find that when the network space is considered and the relation of fractal dimension between the network space and 
the geographic space is 3W Md d> − , industrial agglomeration will be formed; otherwise, it will not. Figuratively speaking, because the

fractal dimension represents the filling degree to space[15], the larger Md , the denser enterprises located in M. In this case, the
interconnection costs among enterprises within the network space become lower (e.g. the lower transportation cost), and it is also possible to 

form industrial agglomeration, even though Wd is relatively small.

3. Empirical analysis 

According to the theoretical deduction above, there exist the fractal characteristics in the course of industrial agglomeration, and while
the sum of fractal dimension of the network space and the geographic space is bigger than 3, industrial agglomeration will be formed. To 
empirically test the conclusions, the following will first verify whether industrial agglomeration has a fractal characteristics or not. In 
December 2014, Jilin Tonghua Medicine Innovative Industrial Cluster was accredited as one of the pilot innovative industrial clusters by 
Torch Hi-tech Industry Development Center, Ministry of Science and Technology of China. There are five listed pharmaceutical companies 
in this cluster, which are used as an empirical analysis of the sample enterprises in this paper, summarized in Table 1. 

Table 1 The five listed pharmaceutical companies in Jilin Tonghua Medicine Innovative Industrial Cluster 

Company 
name 

Tonghua 
Dongbao 

Pharmaceutical 
Co., Ltd. 

Jilin Jian 
Yisheng 

Pharmaceutical 
Co., Ltd. 

Tonghu
a 

Shuanglong 
Chemical 

Industry Co., 
Ltd. 

Tonghua 
Golden-Horse 

Pharmaceutical 
Industey Co., 

Ltd. 

Jilin Zixin 
Pharmaceutical 
Industey Co., 

Ltd. 

Stock code 600867 2566 300108 766 2118 
Company 

symbol DB YS SL JM ZX 

As mentioned above, industrial agglomeration is dependent on the effects of both the geographic space and the network space. For the 
fractal dimension of the geographic space, it usually doesn't change a lot during a period of time, because the construction of buildings and 
transport roads often requires a certain amount of time. Thus, here we only test whether industrial agglomeration has fractal characteristics 
in the network space or not. In the long term, if the enterprises agglomerate because of their connections, then their values will be associated 
and reflected in their stock prices. As a result, the fractal characteristics of industrial agglomeration in the network space can be 
approximately revealed through analyzing the situation of cross-correlation between enterprises and its evolution. 

For the cross-correlation analysis between enterprises, especially in the case there may exist the fractal characteristics, the multifractal 
detrended cross-correlation analysis method (MF-DXA) proposed by Zhou (2008)[19]  is a powerful analysis tool and has been applied by 
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many scholars afterwards such as He and Chen (2011) [20], Dutta et al. (2016) [21] , etc. Here the MF-DXA method is also employed 
following the description of Zhou (2008)[19] to do the cross-correlation analysis concerning any two of the five pharmaceutical companies 
in Table 1 during the period from March 18th, 2011 to July 8th, 2016. The results are shown in Fig. 1. 

Fig.1. The cross-correlation analysis results about any two companies in Table 1 with MF-DXA 
As shown in Fig. 1, the cross-correlation analysis results about any two companies in Table 1 with MF-DXA indicate that their scaling 

exponent h(q) is all relevant to q, namely, the cross-correlation between any two companies is multifractal, which suggests that the fractal 
characteristics do exist in the agglomeration process of the five companies. 

Furthermore, to verify whether the precondition of industrial agglomeration is 3W Md d> −  or 3W Md d+ >  or not, which is
deduced by the fractal differential equations above, we need to calculate the fractal dimension of the geographic space and the network 
space, respectively. Batty and Longley (1987)[22], Tannier et al. (2011)[23], Tucek et al. (2013)[24] and many other scholars have done a 
lot of researches on the fractal structure and dimension of the urban geographic space problems. These existing studies mainly discussed 
urban structure and distribution in the two-dimensional space. However, the geographical space is essentially the subspace of three-
dimensional (3D) space. In other words, its dimension should be at least bigger than 2, so its fractal dimension can not be correctly 
measured from the two-dimensional space. Recently, Qin et al. (2015)[25] not only verified that the 3D urban morphology of Yangzhou city 
had the fractal characteristics, but also calculated that the fractal dimension of it was between 2.0 and 2.5. It undoubtedly shows that it is 
more reasonable and accurate to measure the fractal dimension of the geographical space from a 3D perspective. Thus, let's assume the 
minimal fractal dimension of the geographical space is 2 in this paper and thereby as long as the fractal dimension of the network space 

calculated is bigger than 1, then we can confirm 
3W Md d+ >

, in which case industrial agglomeration will be formed. 
Referring to Zunino et al. (2008)[26], we can get the fractal dimension of the network space through scaling exponent h(q) using MF-

DXA method. Specifically, when q=2, if 0 ( 2) 1h q< = < , then the fractal dimension of the network space is 2 ( 2)h q− = . If

( 2) 1h q = > , then the fractal dimension of the network space is 3 ( 2)h q− = . Accordingly, we can calculate the values of

( 2)h q =  between any two companies in Table 1, and then further calculate the fractal dimension of the network space. See the results
in Table 2 and Table 3. 

Table 2 The scaling exponent h(q) between any two companies in Table 1 

Company combinations DB-
YS 

DB-
SL 

DB-
JM 

DB-
ZX 

YS-
SL 

Scaling exponent h(q)  0.994 0.992 0.988 0.993 0.994 

Company combinations  YS-
JM 

YS-
ZX 

SL-
JM 

SL-
ZX 

JM-
ZX 

Scaling exponent h(q)  0.997 0.992 0.989 0.99 0.988 

Table 3  The fractal dimension of the network space between any two companies in Table 1  

Company 
combinations 

DB-
YS 

DB-
SL 

DB-
JM 

DB-
ZX 

YS-
SL 

Fractal dimension 1.006 1.008 1.012 1.007 1.006 

Company combinations YS-
JM 

YS-
ZX SL-JM SL-

ZX 
JM-

ZX 
Fractal dimension 1.003 1.008 1.011 1.01 1.012 

As shown in Table 3, the fractal dimension of the network space between any two companies is all bigger than 1. It is a certainty that 
3W Md d+ >  based on the above analysis, proving industrial agglomeration in Jilin Tonghua Medicine Innovative Industrial Cluster has 

been formed. This is consistent with the accreditation result by Torch Hi-tech Industry Development Center, Ministry of Science and 
Technology of China. Therefore, the empirical analysis results support the theoretical model of the foregoing. 

4. Conclusions 
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At present, a lot of literatures view the network space as a key factor of the formation of industrial agglomeration, but they have not 
given a strict proof. Thus the importance of the network space to industrial agglomeration is demonstrated firstly, and a theoretical model is 
built via the fractal differential equations to study the dynamic mechanism of industrial agglomeration in this paper. The results show that 
industrial agglomeration is dependent on the mutual relationship between the fractal dimension of the network space and the geographical 
space. Specifically, while the sum of the fractal dimension of the network space and geographical space is bigger than 3, the industrial 
agglomeration will be formed. Finally, a case study of five listed pharmaceutical companies in the Jilin Tonghua Medicine Innovative 
Industrial Cluster is used to empirically verify the theoretical model. The results show the empirical test supports the theoretical model. 
Although the dymamic mechanism of industrial agglomeration is explored from both the theoretical deduction and emprical test in this 
paper, which makes it more systematic and complete in comparison with the previous researches, due to data constraints and the difficulty 
itself of calculating fractal dimension of the network space, the further research still needs to be conducted with more detailed data from 
different industrial agglomeration cases in order to make the results more convincing and universal. 
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An Empirical Study on Relationship between Rural Financial Development and Economic Growth 
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Abstract: Since the reform and opening up, China's economy has achieved sustained and rapid development. But under the long-term 
pattern of dual economy system, the income gap between rural and urban areas shows a trend of expansion. How to coordinate the 
development of rural and urban becomes an important subject. Focusing on rural economic growth, the role of rural finance is considered to 
be one of the core issues. Based on the date of rural loans, rural deposits and agricultural GDP in Zhejiang province from 1990 to 2015, this 
paper established the VAR model. Empirical research shows that there is a long-term equilibrium relationship between rural financial 
development and rural economic growth. The expansion of the scale of rural financial development can promote the growth of rural 
economy, enhancing the efficiency of rural financial intermediation will also contribute to the growth of rural economy. At some time, it 
gave some policy suggestions. 

Keywords: financial development; rural economic growth; financial development scale; efficiency of financial intermediation 

1. Introduction 

Since 2004, the first policy document from the central government here in China has been focusing on the issues of agriculture, farmer
and rural area for twelve years. Three rural issues have become one of the fundamental problems that affect the economic development of 
our country.For a long time, the research of the rural financial development and rural economic growth is a hotspot of theory and practice to 
explore, the foreign and domestic research on the issue has been for half a century.  

As a complicated systematic project, the rural economic growth needs many factors, among which financial development is one of the 
important support factors. In recent years, the state pays great attention to the development of rural finance, emphasis on financial services 
for the three rural, promoting financial deepening reform, promoting the rural economic growth and realizing the coordinated development 
between urban and rural areas. However, many data show that China's rural economic growth rate is far below the national average, and 
there is a certain degree of financial repression. 

Zhejiang Province, as one of the most active provinces in China, has a special rural economic development since the reform and 
opening up. As a typical traditional agriculture big province, studying in depth the relationship between rural financial development and 
economic growth, building a good rural financial system, it will play an important supporting role for the development of rural economy and 
the adjustment of agricultural industrial structure. Taking Zhejiang Province as an example, this paper aims to further explore the 
relationship between rural financial development and economic growth, and reveals the main problems in the development of rural finance. 
Explore the characteristics of agricultural production, and promote the development of agricultural financial model. 

2. The status of rural financial development and economic growth in Zhejiang Province. 

2.1 Current situation of rural economy in Zhejiang Province 

The rural economy is a complex of economic activities, which is directly and indirectly engaged in material production and non - 
material production. On the basis of a large amount of literature, this paper chooses the agricultural output value of Zhejiang province 
(figure 1) and the per capita income of rural residents(figure 2) to illustrate the current situation o of rural economy in Zhejiang province. 

Total output value of agriculture in Zhejiang province (100
million yuan)
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Figure 1  the total output value of agriculture in Zhejiang Province 
According to figure 1 we can find that the agricultural production in Zhejiang province showed an upward trend since 1990. From the 

annual growth rate, because the factors impacting rural economy in Zhejiang Province are more complex, the growth rate is relatively stable. 
From 1993-1995 and 2007-2011 years, in this two stages the growth of agricultural GDP is rapid. Access to relevant information we can 
find that there were major steps of China's rural financial reform. 

2.2 Income level of rural residents 
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Figure 2  comparison of urban and rural gap 
Similarly, according to figure 2, we can intuitively find that the income level of rural residents in Zhejiang province and the total output 

value of agriculture showed the same upward trend. It also shows that the level of rural economy is constantly improving. However, 
compared with the per capita disposable income of urban residents, it is not difficult to find that the gap between urban and rural areas is 
constantly widening. Uneven distribution of financial resources and inadequate supply of rural finance, which will increase the gap between 
urban and rural areas. 

2.3 Current situation of rural financial development in Zhejiang Province 

Since the reform and opening up, with the changes of the rural economy and the financial situation, China's rural financial system has 
been largely carried out three major reforms.  

In the course of rural financial reform, In the course of rural financial reform, Zhejiang province also positively responded to the policy. 
At present, the traditional rural financial system has been basically formed, with the policy oriented financial institution based on the 
Agricultural Development Bank of China, commercial financial institutions based on Agricultural Bank of China, cooperative financial 
institutions based on rural credit cooperatives. In addition, the establishment of a new type of rural financial institutions in Zhejiang 
province eased the shortage of financial supply and promoted the development of rural economy in Zhejiang province in a certain extent. 

Through the analysis for the rural financial reform in Lishui and Wenzhou, we found it has the following mainly problems in the rural 
financial development in Zhejiang province: 

1) Problems which financial supply shortage and financing difficulties and financing expensive still exist in rural areas.
2) There are higher operating costs and higher risk in rural financial institutions because the financial demand in rural areas is small and

scattered and the degree of customer differentiation is higher. 3) Local financial legal system is not perfect, supporting policies In support of 
the development of financial innovation are not perfect.  

3.Empirical analysis 

3.1 Index selection 

Index of rural economic growth: we choose to use the total output value of agriculture (Y) (that is agriculture forestry fisheries animal 
husbandry output value) to reflect the situation of rural economic growth. We choose the rural financial development scale (X1) and the 
rural financial intermediation efficiency (X2) as indicators to express the level of rural financial development. Here are the following 
equations: 

Rural financial development scale (X1) = (Rural loans + Rural deposits / Y) 
Rural financial intermediation efficiency (X2) = (Rural loans) / (Rural deposits) 
We selected the data from 1990 to 2015 in Zhejiang Province. All data is from the statistical yearbook of Zhejiang. 
Then we have the following model:lnY = α0 +α1 lnX1 + α2 lnX2 + ε 

3.2 Stability test  

Using ADF test to analyze the stability about three variables of ln Y, lnX1 and lnX2, by the Unit root test, three variables in the level of 
the Horizontal level and the 5% level of significance is not stable, but after the first order difference, it becomes a stationary sequence. So, 
all the variables are single integer sequence, which satisfies the condition of co-integration test. Based on VAR model, Johansen co-
integration test is carried out, and the results are shown in table 1: 

Through table 1, we can see that ln Y, lnX1 and lnX2 has a co-integration relationship in the 95% confidence interval. From this we 
can know that there is a long-term relationship between ln Y, lnX1 and lnX2.  

Table 1 Results of co-integration test  
Null 
hypothesis 

Characteristic 
value 

Trace 
statistic 

0.05 critical  
value 

The alue  
of  P 

None * 0.535104 28.09697 29.79707 0.0775 
At most 1 0.369716 11.24625 15.49471 0.1968 
At most 2 0.048398 1.09138 3.841466 0.2962 

The co-integration equation is:LNY=1.362194LNX1+8.654756LNX2 

3.3 Grainger causality test 
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In order to clarify the causal relationship between variables, need to carry out the Grainger causality test. The test results are shown in 
the following table 2: 

From the table 2 it can be got: LNX1 and LNY are Grainger cause each other; LNX2 is the Grainger cause for LNY, and LNY is not 
the Grainger cause for LNX2. That is to say, the scale of rural financial development and the growth of rural economy are mutually 
promoted. The efficiency of rural financial intermediation can promote the rural economic growth, and the rural economic growth can not 
improve the efficiency of rural financial intermediation. 

Table 2  Results of granger causality test 
Null hypothesis F-Statistic Prob. Result  

LNX1 does not Granger Cause LNY 4.97415 0.0148 refuse  
LNY does not Granger Cause LNX1 3.65928 0.0389 refuse  
LNX2 does not Granger Cause LNY 0.75939 0.5353 refuse  
LNY does not Granger Cause LNX2 2.03306 0.1555 accept 

LNX2 does not Granger Cause LNX1 0.80464 0.5119 refuse  
LNX1 does not Granger Cause LNX2 1.98725 0.1623 accept 

4. Conclusions and recommendations

Based on the above analysis, we give some corresponding suggestions as follows:
1) From the national level, it is necessary to further improve the rural financial laws and regulations, strengthen financial supervision 

and management, speed up formulate the strategic policy and guidance to adapt the development of rural finance. it is also necessary to draw 
lessons from the experience of developed countries, to play the power of science and technology, to strengthen the research and 
development of rural areas with Chinese characteristics. 

2) For the township government, it should actively respond to national policy, increase policy support efforts, and effectively 
implement the financial services. The development of the rural financial market needs government intervention, local government can 
provide special funds for the development of local agricultural projects to provide subsidies to alleviate the problem of rural financial supply. 

3) For rural financial institutions, should accelerate the improvement of local financial system, power supply the structural reform of
supply-side. It is necessary to promote rural credit cooperatives into rural commercial banks, expand the scale of operations, strengthen the 
protection of financial factors. In addition, how to improve the deposit ratio and the efficiency of fixed assets investment is particularly 
important. The whole rural financial service system should strengthen information transparency and improve the efficiency of financial 
intermediation. 

4) For rural itself, should integrate natural resources, play their own advantages, enhance the comprehensive competitiveness, rational 
use of national policy concessions, and go for the road of economic development in rural areas. 
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Abstract: On account of the requirements that architectural design education should enable students to master the creative thinking modes 
and design methods along with the development of times, this paper analyzes the three levels of teaching reform goals based on the creative 
thinking modes and design methods, meanwhile it constructs a reform system of architectural design teaching mode combined with the 
digital information platform management, with a view to achieve the educational reform goals of creative thinking modes and design 
methods, and a teaching quality analysis of educational reform achievements was conducted with the hope to provide reference for 
architectural design education. 
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1. Introduction 

With the deepening of China’s economic development, the large number of urban construction projects have professional, complex
and diverse requirements for architectural design talents, and engineering and technical personnel with versatile and composite capabilities 
have become a new social need, which put forward new requirements for the education of architectural design profession. Architectural 
design profession shall not only train artisans to draw, but also shall enable students to master creative thinking modes and design methods 
while having the basic skills, and with good professional quality and self-promotion ability. 

2. Levels of educational reform goals based on creative thinking modes and design methods 

Architectural view, spatial sense, hand-painted techniques, theoretical knowledge and other issues commonly exist among architectural
design students, and architecture major requires strong hands-on professional practice ability and years of accumulation. In the past, the 
traditional cramming architectural design teaching mode is out of line with the theory and practice, with evaluation mode relying on grade, 
overweighing the results over the process, cannot meet the goal of architectural design teaching in the new period. Architectural design 
teaching reform that mainly focuses on the training goal of creative thinking modes and design methods enhances image expression by 
enhancing graphic expression through case studies; inspires divergent thinking by setting up problem situations in variable task books; 
integrates the cultivation of creativity thinking into various teaching links by leading in special lectures and technical regulations as well as 
expanding horizontal thinking and other means[1], which not only breaks through the shortage of traditional architectural design education, 
but also promotes the optimized development of students’ ability. 

The study of architectural design is not only learn to design a specific project, but to master correct thinking methods and creating 
methods, and can apply the learned thinking methods and design methods to solve design issues when facing new design contents. Let 
students know that architectural design is a process of learning methods and developing creativity from the very beginning, guide students to 
strengthen the training of creative thinking through specific teaching means, and penetrate common and systemic design methods and 
techniques in the design process[2] . 

Students’ problems in architectural design mainly result from the insufficient knowledge of architectural design types and imperfection 
of architectural knowledge system, leading to one-sided thinking methods or devoid spacial understanding and imagination. To address the 
above problems, teachers shall change their role to guide students’ thinking, return the initiative of thinking experience back to students and 
stimulate their design interest and potentials instead of merely teaching theories, only in this way can students’ design ability be improved. 

An opening environment is the basic condition for creativity teaching, and architectural design education is of no exception. We shall 
not confine students in a closed system or limit them in single teacher-student traditional teaching, this will severely hinder their diffusion 
and expansion as well as exchange and training of design thinking. We can give the platform to students by formulating flexible tasks, 
opening case study report and exchange, etc.; promote students’ composition and complementation of architectural design creation through 
phased exhibit of school assignments, and enable them to be active in thinking exchange. Through exchange, we shall let students realize 
that the study of architectural design is a process of training thinking, mastering methods and cultivating ability. 

3. Reform practice of teaching mode

3.1 Case study, flexible tasks, mutual guidance of quick design prior to design 

Mutual guidance prior to design can not only enable students to quickly play the role of architectural design, activate their design 
thinking and give them a visual cognition of the contents and depth of architectural design. In the teaching process, Level I will be 
reasonably transited to Level II upon the former level is accomplished. 

—Case study. By guiding students to learn the existing excellent cases, students’ perceptual knowledge of the architecture type to be 
designed can be enhanced, and they will quickly get to know the specific contents of the design subject, thus knowing what to do with the 
tasks prior to design. Case study prior to design can be divided into two parts: field research, gaining a deep understanding of the 
architectural space; interpretation of excellent cases, enhancing students’ knowledge reserve. Promote students to initiatively interact and 
exchange with teachers by means of case study report and charts. In this way, the attention degree of students regarding case study prior to 
design can not only be enhanced, their ability of expression can also be trained, thus stimulating their design interest. 

—Flexible tasks. Interpretation and analysis of tasks is the first step of design, and will have a direct impact on design ideas. Settled 
tasks will only constraint students’ design idea, therefore tasks should be flexible with deepening space, so as to facilitate students’ 
development and exhibit of individual design. For example, commercial architectural design, one can select a commercial type he is 
interested in under the premise of meeting basic functional requirements and area capacity, formulating a complete course design task. 
While formulating tasks, students will consider the functional settings of commercial buildings with different types and orientations, making 
the research with more pertinence, diversified analysis of schemes, enhancing design interest in the later period remarkably. 

—Quick design. The main task of quick design prior to design is to complete the conception and design intention of the design subject 
through short-term quick conception and result display, training students’ quick thinking ability and expression skills, while improving 
design and creation ability. Through quick design, students can quickly approach the core issue of design, save time and effectively get in 
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design thinking state in a short time. Teachers can easily find students’ defect of design knowledge while teaching quick design, so they can 
correct in a timely manner, teach students with contents that meet their practical design knowledge level, and effectively avoid the 
separation of teaching contents and practical design ability, thus achieving highly-effective teaching effect. 

3.2 Special lectures, technical regulations, alternation and interaction of practical projects in design 

Through the support of special lectures and related technical regulation knowledge as well as introduction of practical projects, the 
design process is alternated and integrated. Level II teaching goal is achieved by activating students’ design thinking while training them 
design thinking methods. 

—Special lectures. Students’ scale sense of the actual space, research users’ mental experience while walking in the building, the 
technical requirements required by the building, the space harmony between the building and the surroundings, and even the building’s 
inheritance of cultural traditions all lack certain design experience. However, through the alternation of special lectures, students’ thinking 
experience can be enhanced, endowing them inspiration and assistance. 

—Support of related technical regulation knowledge. The feasibility of architectural design finally relies on the support of related 
technical regulations of architecture. In the present architectural design teaching system, the fusion between architectural design and related 
systems and technical regulations relating to construction physics and equipment, building materials, building structures and construction is 
insufficient, though plenty of students have good conception, they might give up due to the “permit of construction”, which undoubtedly 
affect their enthusiasm and interest of design. By alternating related technical regulation knowledge in design process to support students’ 
design system will enable their design creativity and thinking ability to be more sound and reasonable. 

—The introduction of practical projects. Students’ design courses at school incline to be theoretical and ideal, and most of the design 
subjects are fixed (hotel, school, library, car station, etc.). In this way, students cannot truly master the design procedures of practical 
projects through the study of design courses, neither can they get the related knowledge of making contact with owners, and they also have 
rare knowledge of the mutual coordination among different specialties. By introducing practical projects, students’ field of vision can not 
only be broadened, their learning interest can also be stimulated. Through training of practical projects, students can master the design of 
building projects, basic requirements of construction drawing design, which is not only conductive to the cultivation of architects’ 
cooperation and professional ethics, but also can enable them to know the new industrial specifications, materials and techniques in a timely 
manner, continuing and expanding the teaching of design courses in practice. 

3.3 Phased exhibit and charts of design achievements, fusion of exchange and team spirit, combination of digital informational 
management 

Evaluation of design achievements is an important link in promoting thinking exchange, through phased exhibit and evaluation of 
school assignments and establishment of digital homework platform, design thinking can be better spread among students as well as 
between students and teachers, thus achieving Level III teaching goal. 

Upon each phase design is finished, e-homework input digital platform, indoor paper homework exhibit and evaluation are added, 
enabling every student to check schoolmate’s schemes on the digital platform, and to introduce one’s own scheme and present design ideas 
in outdoor exhibit, and to respond the problems and comments of students and teachers. The open digital platform and outdoor exhibit and 
evaluation as well as exchanging teaching links can not only activate classroom atmosphere, but also can add students’ learning motives and 
train their ability of scheme presentation and language expression. 

Through exchange, teachers can know students’ knowledge intake in design courses, make timely adjustment of teaching contents and 
patterns, and better teach students in accordance of their aptitude. Meanwhile, students can enhance their comprehension and sublimation of 
design ideas and materialize into specific design achievements. 

Exchange is a course of team cooperation. Under the background of architects becoming occupational, team cooperation spirit is a part 
of architectural education that cannot be ignored [3]. By organizing student teams to cooperate in field research and model establishment, 
students’ team exchange can be cultivated, meanwhile, their organizing ability and responsibility sense can be fostered via division of labor 
and undertaking of different roles, thus laying a foundation for future job posts. 

In the course of design exchange, we should pay attention to the change of teachers’ role and create a harmonious teaching 
environment of “teaching is learning”. Teachers should guide students instead of restrict students, they should change from mentors to 
advisors, discuss the design problems with students, provide information that can be referred to, help students with their bottleneck stage, 
develop their habit of solving design difficulties, choose the best solution, and finally stimulate students’ interest, improve self-confidence 
and complete the design task [4-5]. 

4. Analysis of educational reform effect 

The follow-up survey of the architectural design teaching reform quality in low grades carried out by the research group from 2007 to
2015 shows that architectural design teaching reform that takes creative thinking modes and design methods as the training goal achieved 
remarkable results. The proportion of students with excellent performance is in a year-on-year rise trend, the proportion of good has a 
significant increase, the proportion of passed students significantly reduced year by year. Students’ interest in learning greatly enhanced and 
learning autonomy strengthened, see Fig. 1: 
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Fig. 1. A survey of teaching quality of students 
Through educational reform, more students mastered the ability of conscientiously using creative thinking modes and the concept of 

coherent learning in design process, and their overall quality is improved. At present, the achievement of educational reform goals appears a 
good momentum, see Fig. 2: 

Fig. 1. The overall quality of students 

6. Conclusions 

Nowadays, the society is diversified, and the demand for architectural design professional talents also emphasizes application,
meanwhile, the application of computer-aided design and the information networking of knowledge in the design industry have brought new 
development opportunities to the architectural design education. Therefore, in the training of architectural design talents, we should take the 
architectural design teaching mode of “take students as the main body, integrate quick subject links, strengthen the exchange among students, 
introduce outdoor exhibition and evaluation as well as designers’ lectures”, while stressing high integration of information technology, 
which can effectively mobilize the students’ learning initiative, improve their creative thinking ability, and is of great benefit for the 
application-oriented talent training, also this is the innovation of the educational reform in this paper. 
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Abstract: The aim of this paper is to provide some exploratory results concerning change modelling and propagation in Product 
Development (PD) project as a theoretical contribution to the change management theory. In order to identify changes, we propose a 
conceptual model of change relying on objects that are the elements composing the PD project as a system. Then we observe the objects to 
compare their initial constraints with the actual performance to perceive the potential changes. As following we illustrate the model under an 
activity-based view point formulating a PD project to explain the practical utilisation. With the result, changes in a PD project can be 
perceived and identified in order to improve the change management 

Keywords: change; conceptual model; product development project 

1. Introduction 

The growing complexity of business context brings more challenges to Product Development (PD) project in multiple aspects. To keep
competitiveness of the products in the market and induce time-to-market of the final product, besides operating the project evolving within 
the constraints of time, scope and cost, companies look for improving the production process to satisfy the customers’ requirements in a 
more flexible and agile way.Meanwhile they should also externally organize the collaborations with their partners through efficient and 
trustful communications.  

Therefore it is necessary to understand the product development and manufacturing processes in order to be able to apprehend the 
required contributions of partners during the project. Through a PD project, one of the main issues concerning the challenges is change 
management. Changes can be generated during the product life cycle regarding the product characteristics (needs, requirements, solutions, 
functionalities, etc.), the partners’ collaborations or the project management. Furthermore, changes once generated could be propagated 
along explicit or implicit channels link processes to each other and cross the various fields (Product design and development, Partner 
collaboration and Project management). 

In this paper, we propose a conceptual model of change occurring to describe an exploratory result for identifying changes in an 
abstract level. The result provides a theoretical contribution to the change management in the multiple fields (i.e. product development, 
partner collaboration and project management), and then it is manipulated in several scenarios initiated through several viewpoints onto PD 
project to present a practical utilization.  

Hereafter in section 2, the related literature is reviewed and summarized. Then in section 3, we start proposing the conceptual model of 
change with decomposing a system into objects to observe the phenomenon of change. We provide an illustrative case with adopting the 
conceptual model in various viewpoints of inspecting a PD project in section 4. The conclusion and perspective is located in the last section. 

2. The Study 

2.1 Fieldsof PD Project 

PD is an endeavour of activities beginning with the perception of a market opportunity and ending in the production, sale, and delivery 
of a product [1]. We mainly decompose a PD project with identifying three fields:Product design and development: this field covers that part 
of the product life cycle, during which all the product componentsare designed and integrated under the constraints from various aspects 
(such as weight, format, color, etc.) and the final product is released to achieve the expected performance;Partner collaboration: along the 
evolvement of product, the supply chain partners participate in the PD project one after another and agree on the collaboration terms;Project 
management: this application manages the coupling between the above two ones, in which the mutual influences of product and supply 
chain are involved by considering time, scope and cost of the PD project. 

In [2], Marc Zolghadri et al. propose a framework considering simultaneously the product design/development process and the 
associated network of partners along the process of project.This framework also considers the evolvement of project by taking account of 
systematic influences of decisions made in product development on the supply chain design/development and vice versa. 

2.2 PD Project as a System 

A PD project can be formulated as “a system which is a regularly interacting or interdependent group of elements forming a unified 
whole toward the achievement of a goal” [3]. Learning from the integration analysis methodology proposed in [4] and based on the 
decomposition of PD project defined by [5] for system re-engineering, we decompose a PD project into a set of systems and similarly 
partition each system into subsystems, and then, based on the various possible viewpoints onto the PD project, break the subsystem into 
objects (Fig.1).The stakeholders of a PD project could have their own viewpoints regarding the decomposition depending on the various 
roles in supply chain, the different decision making levels or the multiple knowledge areas in project, etc. Therefore, according to the 
potential viewpoints, the decomposition can be partitioned and highlighted in various ways. In Fig.1, the shaded area illustrates a viewpoint 
as example. 

Fig. 1. Decomposition of PD project 
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Through the decomposition, the systems are identified in terms of the knowledge areas in project management. According to [6], five 
systems are identified concerning the knowledge areas in project management (Fig.2a). The five systems are related to each other, and each 
of them can enable and constrain the others.  

Fig. 2a. Five systems in PD project Fig. 2b. Object in system of PD 

Then each of the systems is broken into subsystems formulating the specifications of their parent system, such as the structure, network, 
etc. Danilovic et al. in [7] to simplify the complexity and highlight the critical problems of the corresponding system. 

Analyzing a PD project in a general way, each of the subsystems is decomposed into the end elements perceived as objects.  They 
represent the minimum granularity of the decomposition. Concerning the various viewpoints onto the PD project, objects are interpreted as 
different items, such as the tasks scheduled in the process or the elements composed in product structure etc.  

In this paper, an object is an element belonging to the investigated system and is defined by a set of attributes. It performs an action on 
some inputs by usingsome supports under control and produces output (Fig.2b).Input, support, control and output work as the channels or 
the conduits conveying data from source to use and are specified as the classes for signifying the object. Input class is the data taken and 
transformed by the object; control class defines the constraints required to produce the correct output; support class specifies the associations 
for producing the output; and output class is the data produced by the object. Then, a set of parameters characterizes and measures the 
classes. Each parameter belongs to a predefined domain. The domain defines allowable variations of the parameter. In the following section, 
objects are also taken as the basis to construct the conceptual model.   

2.3 Changes and Change processes in PD project 

In general understanding, we describe change as an act or process through which something becomes different. In practice, the 
phenomena of change are correspondingly embodied according to the specific field(i.e. product design and development, partner 
collaboration, project management). In product design and development application, one of the viewpoints to observe changes is time or 
phase, such as Claudia et al. in [8] indicate “the design change refers to the alterations to design process for modifying to an existing design 
or recognizing shortcomings in a partially completed design”, while Rouibah. K et al. in [9] highlight “the engineering change as the 
alterations occurring ager an initial engineering decision has been made”. In partner collaboration application, changes are brought into the 
relationship between partners, such as the increased added value, longer lasting collaborative relationship and larger mutual dependency [10]. 
Meanwhile the different structures of partner orgnizations, the gap between the expectation and the delivery and so on cause change through 
the collaboration [10]. Farr et al. in [11] refer to the additional cost of time and cost are also the possibilities of changes occurring. In the 
project management application, changes are interpreted as the challenge as well as the opportunity. On one hand, changes may lead to cost 
increase and timetable delay through project evolving [12],[13], while on the other hand changes could also bring some positive effects on 
the project, such as the valuable lessons for the managers to coping with the potential conflicts [14]. Therefore, changes manifest themselves 
in various forms andcan be recognized as concerning multiple applications. Furthermore there exist potential links between changes.  

3. Methodology 

In this section, we start proposing the conceptual modelfrom introducing the concept of object, which is the basis of observing change
occurring and change propagation. Then the conceptual models of change occurring and change propagation are presented for change 
identification.  

3.1Object Conception 

The conceptual model of change propagation and change occurring relies on the objects stated above. It is an element belongs to the 
investigated system and is identified by a set of attributes. An object performs an action on some inputs (I) by taking the support (S) under 
the control (C) and produces the output (O). (cf. section 2.2) 

Each of the classes of an object (Input, Control, Support, Output) is characterized by a set of parameters, and each parameter belongs to 
a predefined domain, which defines an allowable amount of variation of the parameter. The alteration of any parameter within the domain is 
considered as normal. This domain of allowed variations of the parameter is called the Initial Domain (ID). 

Then as the performance of an object, the output is illustrated as the result of a function taking the variables from input, support and 
control as arguments. We define the function as Transfer Function (abbreviated as TF). 

(1) 
In eq.1, the variables parameterizing the three accessing classes (Input, Control and Support) have their own Initial Domains (i.e. I, C, 

S). 
For example, an object is identified in algebra system as exponent arithmetic. Specially, it performs as: in whichI (Input): 

integers;C (Control): algebraic rules for integers;S (Support): calculator. 
Therefore, we can easily test the Transfer Function. Withthe evolvement of the system concerning the respective domains of the 

accessing classes (Input, Control and Support), if a variable out ofits domain is taken into the function, then the function would perform in 
unpredictable way and the output would turn to uncertain, i.e. the function turns to more complex. Correspondingly, we add an acquired 
variable in the function to explain the phenomenon onto the output caused by the more complex variations in the accessing classes. We 
improve the Transfer Function to present the consideration as following:  
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(2) 
The   in which represents the overall potential shift onto the object, and it is composed with the components bringing variations in all 

the classes of the object.As following the observation is brought onto the object to perceive change occurring. 

3.2 Change Occurring 

Given the fact that the domains through observing could contain another variations not belonging to the initial domain, we define the 
domains integrated by the observed variables as Observed Domain (OD). 

According to the representation of object in eq.2, the variations in each of the accessing classes (Input, Control, Support) are specified 
as the components composing the overall potential shift onto the object (cf. eq.2). Through the observation, the observed variables of the 
accessing classes are educed as: 

(3) 
in which (1) , ,  are the observed variables; (2) , ,  represent the shifting effect through comparing the observed variables 

with the initial variables; (3) the mathematic operator “+”is extended to illustrate exerting the shifting effects (i.e. , , ) onto the 

expectation variables (i.e. , , ). 

Then referring to the output class of the object, it is educed through exerting the shifting effects (i.e. ) onto the observed outcome 

released from the object, which is illustrated as: 

(4) 
Correspondingly, we define an Observation Function (OF) to report the phenomenon (P) performed by the object during the 

observation as: in which the domains of , ,  are illustrated as , , , i.e. Observed Domains: 
. 

(5) 
Through comparing Initial Domains and Observed Domains of the parameters in each of the accessing classes, we summarize three 

situations asillustrating in Fig.4: (1) Absolute Shift;(2) Partial Shift; (3)Non Shift. In Fig.3(a), the absolute shift between ID and OD leads to 
that a change is perceived from the observation because the intersection of the initial domain and the chained domain is empty, i.e. the 
observed variables ( , , ) do not belong to the initial domain. In Fig.3(b), it is possible that there exists a change perceived from the 
observation because the intersection of the initial domain and the observed domain is smaller than both domains. In this situation, a change 
can only be perceived when the observed variables ( , , ) are out of the intersection. Otherwise, no change is perceived through 
observing. In Fig.3(c), it is absolute that no change is perceived because the observed domain is within the initial domain, i.e. the 
intersection of the two domains (( , , ) and ( , , )) is smaller than the initial domain and equal with the observed domain. 

Fig. 3. Situations of intersecting ID and OD 
Then taking account of the class of output, if the observed variables of output are within the initial domain (illustrated as Fig.3(b) or 

Fig.3(c)), then no change can be perceived, whereas if the observed variables of output are out of the initial domain (illustrated as Fig.3(a) or 
Fig.3(b)), then three situations are summarized in details: 

(1) The observed output variables are all within the initial domain, (cf. Fig.3(c)), then the output is valid; 
(2) The observed output variables are still legal according to some of the initial constraints though some of the observed variables are 

not contained the initial domain (cf. Fig.3(b)), then this situation is accessible; 
(3) The observed output variables are totally illegal according to each of the initial constraints nor can it be educed by TF (cf.

Fig.3(a)), then this situation is invalid.The above situations are concluded in Table 1 as following. 
Table 1. Situations of observation 
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Based on the systematic decomposition of PD project and the conceptual model of change occurring, we propose a class diagram 
illustrated as Fig.4 according to UML2 to summarize the critical conceptspresented here. 

Fig.4. Class diagram 

4. lustrations 

In this section, we propose the illustrative case mainly from two types of viewpoints taken onto PD project, i.e. time-based and
decomposition-based viewpoints. 

4.1 Time-based Viewpoint 

From the time-based viewpoint, the objects are initiated as the scheduled activities through breaking down the process system of a PD 
project. In the following illustrative case, we formulate the activity of “manufacturing a pencil” to explain the conceptual model of change 
occurring. The four classes are expressed as: 

Input: The components of a pencil;Control: The assembling procedure and the specified parameters;Support: The binding agent for 
wooden material; Output: A pencil as final product. 

Learning from [16], the four above classes are approximately described. In aim of demonstrating, we only select some critical steps 
through reducing some complex technical details in the procedure and make some acceptable assumptions: 

Input: graphite cores (leads), wood slats with semicircular grooves, erasers (consist of pumice and rubber); 
Control: (1) the radius of the graphite cores is 1.5 millimeters; (2) the radius of the grooves equal with the radius of the graphite cores 

and allow the variations which are more or less 0.15 millimeters; (3) the length of the graphite core is not too smaller than that of the 
grooves; (4) the total thickness of two coupled wood slat is at least one centimeter larger than the diameter of pencils; (5)the cores are first 
placed and glued in the grooves of one slat , then the other slat without the cores are placed with its grooves over the fixed cores. Afterwards, 
the integrated slat are shaped into the pencils. Finally, the pencils are painted and equipped with the erasers. 

Support: glue for binding slats, the equipment for shaping. 
Through the above description, we begin to observe the object, i.e. manufacturing a pencil. As proposed in the conceptual model of 

change occurring, the observation is illustrated as: (1) According to the control class, the radius of the grooves allows the tiny variations, 
which implies that there could exist the shifting effect during the observation. (2) For some particular reason (such as market situation), the 
leader of “manufacturing pencils” decides to produce the pencils equipped with thicker graphite cores. (3) Then the decision is implemented 
by integrating the graphite cores of 2 millimeters with the other components. 

Therefore, a change occurring in the control class is perceived when the thicker graphite cores prepared for the new pencils are actually 
taken in the current production, which all the other components are with the original parameters. 

5. Conclusion and Perspective 

In this paper, we presented our work of identifying changes in PD project through proposing the conceptual model of change occurring. 
Based on formulating a PD project into a system and observing objects in it, we compared the initial domains of the classes of the object 
with the actual performances to perceive the potential changes, Then we turned to illustrate the conceptual model by applying it in the 
scenarios of PD project specified from phase-based viewpoint toexplain the practical utilization of our contribution. In further, we will 
extend to observe multiple objects and inspect the impact transferred through the propagating channel to identify the potential change 
propagation.  
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Abstract: This paper is concerned with the absolute and robust stability of some Lurie systems with time-varying delay. By 
construction of a piecewise analytical method with triple-integral terms and constructing a novel Lyapunov–Krasovskii functional, some less 
conservative stability criteria without extra free variables are obtained. Through using a tighter bounding inequality into the Reciprocally 
Coverx Relaxating(RCR) method, some sources of computational complexity, such as the general convex combination and free variables are 
not necessary to be adopted to estimation. So the developed criteria not only theoretically improve some existing results, but also have 
higher computational efficiency. Numerical examples demonstrate the effectiveness of the proposed approach. 

Keywords: reciprocally convex relaxation(RCR); time-varying delay; lyapunov-krasovskii(LK) function; linear matrix inequality 
(LMI) 

1. Introduction 

Lurie and Postnikov proposed the concept of absolute stability in 1944. The absolute stability theory is considered as the first research 
method for uncertain nonlinear system, which has received considerable attention in the complexity system. Time-delay is often encountered 
in various physical, industrial and engineering systems such as communication systems, process control systems, biological systems, multi-
agent system[2], and so on. It is well known that the existence of time- delay is a source of instability and poor performance of systems.  

Therefore, the stability and stabilization problem for such systems has been studied by many researchers. The existing absolute stability 
criteria of Lurie time-delay systems can be sorted into delay-independent stability criteria[3,4] and delay-dependent stability criteria[5-7]. It 
should be noted that the sufficient conditions for delay-dependent analysis make use of the information on the size of time delay than delay-
independent. That is, the former is generally less conservative than the latter. For a constant delay case, He[5] and Han[6] have studied the 
absolute stability problem by using free-weighting matrices method and integral inequality method respectively. Based on these researches, 
Gao[8] has made some improvement by using a new Lyapunov-Krasovskii functional and introducing some free-weighting matrices. The 
obtained delay-dependent criteria are less conservative than previous ones. For a time-varying delay case, Han[9] has studied the absolute 
stability problem by utilizing integral inequality method. Wu [10] obtained less conservative results by avoiding ignoring some useful terms 
in the derivative of Lyapunov-Krasovskii function. In recently literature [11-15], the delay piecewise analytical approach is adopted to 
improve the results. By constructing a modified Lyapunov–Krasovskii functional (LKF), some new robust stability criteria are proposed in 
terms of linear matrix inequalities (LMIs) without using the general free-weighting matrix method. All of the existing results are based on 
LK function with only single- and double- integral terms. But to now, the problem of delay-dependent stability of Lurie nonlinear system 
with time-varying delay by using LK function with triple-integral terms has not been fully investigated [16-19]. 

In this paper, the delay-dependent absolute stability and robust stability of the Lurie nonlinear system with time-varying delay were 
concerned. Firstly, a novel LK function is used to derive the absolute stability criterion, which combines the delay piecewise analytical 
approach with some triple-integral terms. Since these triple-integral terms include more information about the delay size, the proposed LK 
functional can reduce the conservatism of the presented stability criteria. Secondly, inspired by the method mentioned in the literatures [20-
22], we proposed a Reciprocally Convex Relaxating (RCR) way to reduces the conservatism of the first approach at the cost of introducing 
some free matrix variables. It is found out this bounding method has less conservative than before researches. Finally, the proposed RCR 
approach used these free variables to decouple the time-varying delay, so that the time-varying delay appears linearly in the obtained 
stability criterion, which can be verified just at the finite vertices of time-varying interval. 

The rest of this paper is organized as follows. In Section 2, the problem formulation and some lemmas are introduced. The absolute 
stability analysis results for normal Lurie time-varying delay systems are given in Section 3. As an extension of the results in Section 3, the 
robust stability analysis results for uncertain Lurie time-varying delay systems are given in Section 4. In Section 5, some numerical 
examples are employed to demonstrate the effectiveness of the proposed methods. Conclusions are given in Section 6.  

2. Problem formulation and lemmas 

Standard notations are used in this paper. The superscript ‘T’ and ‘−1’stand for matrix transposition and matrix inverse respectively, Rn

denotes the n dimensional Euclidean space, R m n is the set of m n real matrices, P>0 means that matrix P is symmetric positive definite, I or 0 
denote an identity matrix or zero matrix with appropriate dimension respectively. ‘*’ denotes the symmetric terms in symmetric block 
matrices, diag …stands for a block-diagonal matrix. Matrices are assumed to be compatible for algebraic operation, if their 
dimensions are not exactly stated.  

Consider a following Lurie nonlinear system with time-varying delay given by Eq. (1). 

[ ]

.

2

( ) ( ) ( ( )) ( )
( ) ( ) ( ( ))
( ) ( , ( ))
( ) ( ), ,0

dx t Ax t A x t d t D t
z t Mx t Nx t d t

t t z t
x t t t d

ω

ω ϕ
ϕ

 = + − +
 = + −


= −
 = ∈ − .    (1) 

where ( )x t is the state, ( )tω is the input, ( )z t is the output, ( )tϕ is initial state function, ( )d t is time-varying delay,

and ( )d t satisfying Eq.(2). 

0 ( ) , ( )d t h d t µ
⋅

≤ ≤ ≤ .   (2) 
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where 1d  , 2d  and µ are constants, and 1 20 d d< ≤ , 0 µ≤ . ( , ( )) R pt z tϕ ∈  is a nonlinear function that is piecewise continuous at t , 

and globally Lipschitz in ( )z t . ( ,0) 0tϕ =  and satisfies the following sector condition 0t∀ ≥ , ( ) R pz t∀ ∈ , Eq.(3) 

1 1[ ( , ( ) ( )] [ ( , ( ) ( )] 0Tt z t K z t t z t K z tϕ ϕ− − ≤ .   (3) 

where 1K and 2K  are real constant matrices with appropriate dimensions, and 2 1K K K= −  is a symmetric positive-definite matrix. The 

nonlinear function ( , ( ))t z tϕ  belongs to the sector 1 2[ , ]K K . If the nonlinear function ( , ( ))t z tϕ belongs to the sector [0, ]K ,we may 

have the following sector condition 0t∀ ≥ , ( ) R pz t∀ ∈ . Eq.(4) as below. 
( , ( ))[ ( , ( ) ( )] 0T t z t t z t Kz tϕ ϕ − ≤ .           (4) 

Remark 1. Since by using loop transformation technique, 1 2( , ( )) [ , ]t z t K Kϕ ∈  can be transformed into ( , ( )) [0, ]t z t Kϕ ∈ , so we 

will only consider the case ( , ( )) [0, ]t z t Kϕ ∈ in this paper. In addition to absolute stability criterion, in this paper, robust stability criterion
is also presented for the following class of uncertain Lurie systems (5). 
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 = + −


= −
 = ∈ − .   (5) 

where the time-varying uncertainties are of the form (6): 

 1 2 3[      ] ( )[     ]dA A D HF t E E E∆ ∆ ∆ =  .  (6) 

where H , 1E  , 2E  and 3E are known constant matrices of appropriate dimensions. ( )F t is an unknown real time-varying matrix and 
satisfy the Eq.(7). 

( ) ( ) ,TF t F t I t≤ ∀ .    (7)  
Before proceeding further, we will introduce some definitions and lemmas to be needed in deriving the main results. 

Lemma 1[20]. For any scalars 0, 0a b≥ ≥  and m Md d d≤ ≤ ,we have Eq.(8). 
3 3max ,

m M M m M m

a b a b a b
d d d d d d d d

 + +
− − − ≤ − − − − − −  .   (8) 

Lemma 2[21]. For any matrix 0Z >  and scalars 1 20 d d< ≤  , we have Eqs.(9) and(10). 
1 1 1

2 2 2
1 ( ) ( ) ( ) ( )

Tt d t d t dT

t d t d t d
x s Zx s ds x s ds Z x s dsρ

− − −

− − −

   − ≤ −       ∫ ∫ ∫
.   (9) 

1

2

1 1

2 2

2 ( ) ( )

( ) ( )

d t T

d t

Td t d t

d t d t

x s Zx s dsd

x s dsd Z x s dsd

θ

θ θ

ρ θ

θ θ

−

− +

− −

− + − +

−

   ≤ −       

∫ ∫

∫ ∫ ∫ ∫
  .                    (10) 

Where 2 2
1 2 1 2 2 1, ( ) / 2d d d dρ ρ= − = − . In Lemma 2, Eqs.(9) and (10) are single-integral Jensen inequality and double-integral 

Jensen inequality. 
Lemma 3 [22]. Give a matrix TΩ = Ω , H , E and TR R=  are of appropriate dimensions, 0T T THFE E F HΩ+ + < ,for all F 

satisfying TF F R≤ , if there exists some scalar 0ε > ,we can get 1 0T THH E REε ε −Ω + + < . 

3. Delay-dependent absolute stability analysis 

In this section, we will derive the first stability criterion for the system (1) by using the Lemma 1 and Lemma 2. 
Theorem 1. The system (1) is absolute stable, if there exist matrices P>0 , Q i >0, Z j  > 0, R  1 >0 , R  2 >0 ( i =1,2,3 , j =1, 2,3, 4 ), 

defined as LMIs (11) ~ (14). 

1 1 23 0γ γΞ − − < .     (11) 

1 1 23 0γ γΞ − − < .   (12) 

2 3 43 0γ γΞ − − < .    (13) 

2 3 43 0γ γΞ − − < .   (14) 
Where 

32 33

0 1 1 3 4 1 2 1 2

1 3 2 1 3 3 4 2 3 3

32 5 5 5 5 5 6 3 5 6

10 10 10 1 2

( ) (1 )

      +         

      +     

+ 2 ( ) (

T T

T TT T T T T T T T

TT T T T T T T T
c c

T T T
c c

e Q Z Z e e Q e

e e Q e e e e Q e e

A Q e e Q A e Q e e e Q e e

A UA e e e KMe KNe KMe

ρ ρ µΞ = + + − −

       −       

   + + −    

− − + − 1 2 10)TKNe e+

. 

1 0 1 1 1 7 8 1 1 7 8

1 9 2 1 9 3 4 2 3 4 9 4 9

( ) ( )
     ( ) ( ) ( ) ( )

T T T T
c c

T T T

P P A UA e e e R e e e
e e R e e e e Z e e e Z e

ρ ρ

ρ ρ

Ξ = Ξ +Γ ϒ + ϒ Γ + − − − − −

− − − − − − −

. 
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2 0 2 2 1 8 9 2 1 8 9

1 7 1 1 7 1 3 1 1 3 7 3 7

( ) ( )
     ( ) ( ) ( ) ( )

T T T T
c c

T T T

P P A UA e e e R e e e
e e R e e e e Z e e e Z e

ρ ρ

ρ ρ

Ξ = Ξ +Γ ϒ + ϒ Γ + − − − − −

− − − − − − −
{ }1 1 3 4 7 8 9, , , ,col e e e e e eΓ = + , { }2 1 3 4 7 8 9, , , ,col e e e e e eΓ = + , 

{ }5 6 1 3 3 4, , , ,ccol A e e e e e eϒ = − − [ ]7         c d n nA A A O D×= 2 2 2 2
1 2 1 1 2 2 31U Z Z R R Qρ ρ λ λ= + + + + , 

1 1 2 1 1 2 7 3 7( ) ( )T Te e Z e e e Z eγ = − − + , 

1 2 3 1 2 3 8 3 8( ) ( )T Te e Z e e e Z eγ = − − + , 

3 3 2 2 3 2 8 4 8( ) ( )T Te e Z e e e Z eγ = − − + , 

4 2 4 2 2 4 9 4 9( ) ( )T Te e Z e e e Z eγ = − − + , 
2 2 2

1 2, ,
2 2 2
h hρ ρρ λ λ −

= = = . 

Proof. Consider the following Lyapunov-Krasovskii functional.  

1( )

2

3

0

1 2

( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

+ ( ) ( ) ( ) ( )

+ ( ) ( )) ( ) ( ))

tT T
t t d t

t TT T T T

t

t TT T T T

t

t T T

t t

V x t P t x s Q x s ds

x s x s Q x s x s ds

x s x s Q x s x s ds

x s Z x s dsd x s Z x s

ρ

ρ

ρ θ

ς ς

ρ ρ

ρ ρ

ρ θ ρ

−

−

−

− +

= +

   + − −   

   − −   

+

∫

∫

∫

∫ ∫

   

   

0

3 4

0 0 0

1 1 2 2

( ) ( )) ( ) ( ))

( ) ( )) ( ) ( ))

t

h

t tT T

t h t

t tT T

t h t

dsd

x s Z x s dsd x s Z x s dsd

x s R x s dsd d x s R x s dsd d

ρ

θ

ρ

ρ θ θ

ρ ρ

ρ θ λ θ λ

θ

ρ θ ρ θ

λ λ θ λ λ θ

−

− +

−

− + − +

− −

− + − +

+ +

+ +

∫ ∫

∫ ∫ ∫ ∫

∫ ∫ ∫ ∫ ∫ ∫   

   (15) 

where { }( ) col ( ), ( ), ( ), ( ) , ( )
t t

t t h
t x t x t x t h x s ds x s ds

ρ

ρ
ς ρ

−

− −
= − − ∫ ∫ .Along the trajectory of the system (1), calculating the derivative of 

( )iV x  as Eq.(16). 
2 2

1 3 4

1

2

2

3

( ) 2 ( ) ( ) ( )( ) ( )
(1 ) ( ( )) ( ( ))

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

( ) (

T T
i

T

TT T T T

TT T T T

TT T T T

T T

V x t P t x t Q Z Z x t
x t d t Q x t d t

x t x t Q x t x t

x t x t h Q x t x t h

x t x t Q x t x t

x t x t h

ς ς ρ ρ

µ

ρ ρ

ρ ρ

ρ ρ

ρ

≤ + + +

− − − −

   + − −   

   − − − − −   

   + − −   

− − −





   

3

1 2

3 4

0

1 1 2 2

) ( ) ( )

( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

TT T

t tT T T

t t h

t tT T

t t h

t tT T

t h t

Q x t x t h

x t Ux t x s Z x s ds x s Z x s ds

x s Z x s ds x s Z x s ds

x s R x s dsd x s R x s dsd

ρ

ρ

ρ

ρ

ρ

ρ θ θ

ρ

ρ ρ

ρ ρ

λ θ λ θ

−

− −

−

− −

−

− + − +

   − −   

+ − −

− −

− −

∫ ∫

∫ ∫

∫ ∫ ∫ ∫

     

   

  .      (16) 
Where U  is defined in formula (11) and (12). Considering the following two cases. 
Case 1: If 0 ( )d t ρ≤ ≤ , we can obtain (17), (18) from Lemma 2, 

0

1 1

1 1 7 8 1 1 7 8 1

( ) ( )

( )( ) ( ) ( )

t T

t

T T

x s R x s dsd

t e e e R e e e t
ρ θ

λ θ

ς ρ ρ ς
− +

−

≤ − − − − −

∫ ∫  

.     (17) 

2 2

1 1 9 2 1 9 1

( ) ( )

( )( ) ( ) ( )

t T

h t
T T

x s R x s dsd

t e e R e e t

ρ

θ
λ θ

ς ρ ρ ς

−

− +
−

≤ − − −

∫ ∫  

  .    (18) 

Where 
( )1

( )

( ), ( ( )), ( ), ( ), ( ), ( )
( ) col

( ) , ( ) , ( ) , ( )
t t d t t

t d t t t h

x t x t d t x t x t h x t x t h
t

x s ds x s ds x s ds t
ρ

ρ

ρ ρ
ς

ω
− −

− − −

− − − − −  =  
  ∫ ∫ ∫

  . 

And get the terms (19)and (20). 

2

1 3 4 2 3 4 1

( ) ( )

( )( ) ( ) ( )

t T

t h
T T

x s Z x s ds

t e e Z e e t

ρ
ρ

ς ς

−

−
−

≤ − − −

∫  

  .                                          (19) 

4 1 9 4 9 1( ) ( ) ( ) ( )
t T T T

t h
x s Z x s ds t e Z e t

ρ
ρ ς ς

−

−
− ≤ −∫    .     (20) 

From Lemma 1, we can get Eq.(21).  
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1 3

( )

1 1( )

( )

3 3( )

1 1 2 1

1 1 2

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

  ( ) ( ) ( ) ( )

( ) ( )
( ) ( )

( ) max 3 ,

t tT T

t t

t t d tT T

t d t t

t t d tT T

t d t t

T

T

x s Z x s ds x s Z x s ds

x s Z x s ds x s Z x s ds

x s Z x s ds x s Z x s ds

t t
d t d t

t

ρ ρ

ρ

ρ

ρ ρ

ρ ρ

ρ ρ

ρ ρς γ γ ς
ρ

ς γ γ

− −

−

− −

−

− −

− −

= − −

− −

 ≤ − − − − 
≤ − −

∫ ∫

∫ ∫

∫ ∫

 

   

{ }1 2 13 ( )tγ γ ς− −    .   (21) 
According the S-procedure, we conducted the formula (19)~(21) into formula(16) , then we can get the Eq. (22). 

{ }1 1 1 2 1 2 1( ) ( ) max 3 , 3 ( )T
tV x t tς γ γ γ γ ς≤ Ξ + − − − −  

  . (22) 
Thus, if LMIs (11) and (12) hold, then ( ) 0tV x < , which implies system (1) is asymptotically stable according to Lyapunov-Krasovskii

stability theorem. 

Case 2: If ( )d t hρ < ≤ , from Lemma 2, we can note  
0

1 1

2 1 7 1 1 7 2

( ) ( )

( )( ) ( ) ( )

t T

t

T T

x s R x s dsd

t e e R e e t
ρ θ

λ θ

ς ρ ρ ς
− +

−

≤ − − −

∫ ∫  

 .        (23) 

2 2

2 1 8 9 2 1 8 9 1

( ) ( )

( )( ) ( ) ( )

t T

h t
T T

x s R x s dsd

t e e e R e e e t

ρ

θ
λ θ

ς ρ ρ ς

−

− +
−

≤ − − − − −

∫ ∫  

 .     (24) 

where 
2

( )

( ), ( ( )), ( ), ( ), ( ), ( )
( ) col

( ) , ( ) , ( ) , ( )
t t t dt

t t d t t h

x t x t d t x t x t h x t x t h
t

x s ds x s ds x s ds t
ρ

ρ

ρ ρ
ς

ω
− −

− − −

− − − − −  =  
  ∫ ∫ ∫

 

we can obtain (25),(26) from Lemma 2, 

1 2 1 3 1 1 3 2( ) ( ) ( )( ) ( ) ( )
t T T T

t
x s Z x s ds t e e Z e e t

ρ
ρ ς ς

−
− ≤ − − −∫  

 .    (25) 

3 2 7 3 7 2( ) ( ) ( ) ( )
t T T T

t
x s Z x s ds t e Z e t

ρ
ρ ς ς

−
− ≤ −∫  .      (26) 

And we also can define the formula as below: 

2 4

( )

2 2( )

( )

4 4( )

2 3 4 2

2

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

  ( ) ( ) ( ) ( )

( ) ( )
( ) ( )

( ) ma

t tT T

t h t h
t t d tT T

t d t t h

t t d tT T

t d t t h

T

T

x s Z x s ds x s Z x s ds

x s Z x s ds x s Z x s ds

x s Z x s ds x s Z x s ds

t t
d t h d t

t

ρ ρ

ρ

ρ

ρ ρ

ρ ρ

ρ ρ

ρ ρς γ γ ς
ρ

ς

− −

− −

− −

− −

− −

− −

− −

= − −

− −

 ≤ − − − − 
≤

∫ ∫
∫ ∫

∫ ∫

 

   

{ }3 4 3 4 2x 3 , 3 ( )tγ γ γ γ ς− − − −     .      (27) 
According the S-procedure, we combining the formula (19)~(21) into formula(16) then we can obtain the form 

{ }2 2 3 4 3 4 2( ) ( ) max 3 , 3 ( )T
tV x t tς γ γ γ γ ς≤ Ξ + − − − −  

.    (28) 
Thus, if LMIs (11) and (12) hold, then ( ) 0tV x < , which implies system (1) is asymptotically stable according to Lyapunov-

Krasovskii stability theorem. 
Remark 2. Introducing some time-varying terms as terms (29) and (30) into the formula (21) and (27), 

1 1 2 1( ) ( )
( ) ( )

T t t
d t d t
ρ ρς γ γ ς

ρ
 − − −      (29) 

2 3 4 2( ) ( )
( ) ( )

T t t
d t h d t

ρ ρς γ γ ς
ρ

 − − − −   (30) 
we can obtain an absolute stability criterion as formula(31)~(34): 

1 1 22 0γ γΞ − − < .     (31) 

1 1 22 0γ γΞ − − < .    (32) 

2 3 42 0γ γΞ − − < .   (33) 
2 3 42 0γ γΞ − − <  .    (34) 

Since 0 ( 1, 2,3, 4)i iγ ≥ = ,we can get 

1 1 2 1 1 23 2γ γ γ γΞ − − ≤ Ξ − − , 

1 1 2 1 1 23 2γ γ γ γΞ − − ≤ Ξ − − ,
2 3 4 2 3 43 2γ γ γ γΞ − − ≤ Ξ − − ,

2 3 4 2 3 43 2γ γ γ γΞ − − ≤ Ξ − − . 
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Remark 3. Under some conditions, the upper bound µ of the derivative of time varying delay is unknown. At this time, setting 
1 0Q =  

in formula (11)~(14), we can get some corresponding stability criterion. 
Remark 4. In Theorem 1, Lemma 1 is used to estimate the upper bound of time-varying terms (29) and (30). But the bounding 

inequality given in Lemma 1 is still conservative since the left side of (8) exactly equals the right side of (8) if a =b. For Theorem 1, it 
means 

1 2γ γ=  and 
3 4γ γ= , which can’t be satisfied generally. 

 
4. Delay-dependent robust stability analysis 
 

In this section, we will consider the robust stability problem for the uncertain system (5). From Theorem 1, we can get some criterions. 
Theorem 2 . The uncertain system such as system (5) is robust stable for all admissible uncertainties as (6), if there exist matrices 

P >0 ,Q i >0, Z j  > 0, R  1 >0 , R  2 >0 ( i =1,2,3 , j =1, 2,3, 4 ) and scales 0ε > , LMIs (35) ~ (38) are defined as follows. 

1 1 2 1 5 32
1

1

3    
    

0                                  
                                                          

T T T T
Tc

c

A U PH e Q H
E E

UA U UH
I

γ γ
ε

ε

    Ξ − − Γ +
+     <−    

 ∗ −   .                                                (35) 

1 1 2 1 5 32
1

1

3    
    

0                                  
                                                          

T T T T
Tc

c

A U PH e Q H
E E

UA U UH
I

γ γ
ε

ε

    Ξ − − Γ +
+     <−    

 ∗ −   .                                                (36) 

2 3 2 2 5 32
2

2

3    
    

0                                  
                                                          

T T T T
Tc

c

A U PH e Q H
E E

UA U UH
I

γ γ
ε

ε

    Ξ − − Γ +
+     <−    

 ∗ − 

 .  (37)  

2 3 4 2 5 32
2

2

3    
    

0                                  
                                                          

T T T T
Tc

c

A U PH e Q H
E E

UA U UH
I

γ γ
ε

ε

    Ξ − − Γ +
+     <−    

 ∗ − 

 .                                                 (38) 

where
1 1 2 2,T T

c c c cA UA A UAΞ = Ξ − Ξ = Ξ − ,and 

[ ]4 1 2 7 3   0 ,     0     0
TT

n n n n nH H E E E E× × = =  . 

Proof. Replace the system matrices A, B, and D in LMI (11) with 1( )A HF t E+ , 2( )dA HF t E+ and 3( )D HF t E+  respectively, 
then we can obtain the following Eq.(39). 

1 1 2 1 5 32

1 5 32

3    
 ( )

                                  

( ) 0
                

T T T T
c

c

T T T
T T

A U PH e Q H
F t E

UA U UH

PH e Q H
E F t

UH

γ γ   Ξ − − Γ +
+   −   

 Γ +
+ < 

  .                                                  (39) 
According the Lemma 3, we can transfer Eq.(39) as Eq.(40). 

11 1 2 1 5 32
1

1 5 32
1

3    
                                  

. 0
                    

T T T T
c

c

TT T T
T

A U PH e Q H
UA U UH

PH e Q H
E E

UH

γ γ
ε

ε

−   Ξ − − Γ +
+   −   

 Γ +
+ < 

     .                                                 (40) 
Based on Schur complement calculation, we may obtain LMI (35). Similarly, we can obtain LMIs.(36) ~(38) from LMIs.(12) ~(14), the 

proof is completed. 
 
5. Numerical examples 

 
In this section, we will give some numerical examples to illustrate the effectiveness of the proposed stability criteria. 
Example 1. Consider the nominal system (1) with parameters as: 

2 0
  

0 0.9
A

− 
=  − 

， 1 0
   

1 1dA
− 

=  − − 
，

0.2
0.3

D
− 

=  − 
, 

[ ]0.3  0.1M = , [ ]0.1  0.2N = , 1 0.2K = ,
2 0.5K = . 

For different µ , the maximum allowable delay bounds (MADB) maxd  provided by the proposed stability criteria in literature [8-10] 

and this paper for Example 1 are given in Table 1. We see that larger 
maxd  can be obtained by the proposed methods in this paper, owing to 

the use of the novel candidate LK functional and tighter bounding on the derivative of LK functional. 
Table1  The MADB 

maxd  for different µ  

µ  0 0.3 0.6 0.9 1 >1 

[10] 4.6839 2.8688 2.1925 1.8724 1.8517 1.8517 

[22] 5.3780 3.1097 2.4410 2.4394 2.4394 2.4394 
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Theorem1 5.7127 3.1337 2.1524 1.9390 1.9390 1.9390 

Theorem2 5.8503 3.1896 2.3106 2.1610 2.1610 2.1610 

 
Example 2. Consider the uncertain Lurie system such as system (5) with the following parameters in addition to those given in 

Example 1: 

0.1 0
  

0 0.1
H  
=  
 

，
1 2

1 0
   

0 1
E E  

= =  
 

，
3

0
0

E  
=  
 

 

For this uncertain system, the MADBs maxd  provided by literature [10][22][23] and Theorem 2 proposed in this paper are listed in 
Table 2. We can see that the proposed robust stability criteria are less conservative than those of the existing results. Particularly, we find in 
this paper, when µ =0, the MADBs maxd slightly smaller than the literature [23]. But with the µ  value increases, the upper bound of this 
paper amplitude greater than [23] and always stay a high value. Which means the conservatism of the stability criteria is relatively smaller 
than [23]. 

Table2  The MADB maxd  for different µ  

µ  0 0.3 0.6 0.9 1 >1 

[10] 3.3056 2.2262 1.7409 1.4682 1.4383 1.4383 

[22] 3.7324 2.3822 1.8199 1.6690 1.6635 1.6635 

[23] 4.2672 2.4167 1.5176 1.3185 1.3185 1.3185 

Theorem1 3.9890 2.4072 1.7111 1.5444 1.5444 1.5444 

Theorem2 4.0603 2.4480 1.8464 1.7225 1.7225 1.7225 

 
6. Conclusion 
 

This paper investigates the problems of absolute stability and robust stability of the Lurie systems with time-varying delays by 
constructing a novel Lyapunov-Krasovskii function with triple-integral terms. By employing a bounding inequality and a Reciprocally 
Convex Relaxating (RCR) approach to estimate the upper bound on the derivative of a Lyapunov-Krasovskii function, some new absolute 
stability criteria with less conservatism are obtained. Two numerical examples are given to demonstrate the effectiveness of the resulting 
criteria and the superiority to the existing ones 
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Abstract: The health concept is introduced into the research of urban ecosystem, from the Angle of compound ecosystem, analysis the 
urban ecological environment, so that it is more important for us to provide decision for the development of the ecological city. In the paper, 
the system dynamics model is introduced into the research of urban ecosystem health development. According to the connotation of urban 
ecosystem health and the situation of the ecological environment in Chengdu, we research the ecological environment situation in Chengdu 
by using gross domestic product (GDP), urban population, public green space, pollution load, financial income and other variables. 
Simulating the present situation and the future trend. We can put forward the suggestion for the ecological planning and construction in 
Chengdu city. 

Keywords: system dynamics; ecological system; health evaluation; chengdu 

1. Introduction 

From the end of 20th century, the surplus of population, the shortage of energy, the pollution of environment, the decrease of
biodiversity, the degradation of land and the change of climate have a bad influence on the sustainable development of human and the earth 
and the earth appeared the symptoms of unhealthy. The affected of human behavior ranges from regional development to the whole 
biosphere. There are many examples to prove that the ecosystems are destroyed on the earth, such as the acidification of lake, the 
desertification of land and the eutrophication of ecological system and other problems. Thus, for the reality that the ecosystem has been 
unhealthy, we should  

integration with the human activities, social organizations, natural systems and the social, ecological and economic problems, under 
certain conditions, we should research that the ecosystem produce symptoms of unhealthy, so that we can put forward the effective 
ecosystem management measure. In this context, the ecosystem health is produced. 

The city is the product of human social, economic and cultural development, at the same time, it is also the most complex ecosystem 
types. In recent years, with the accelerating of urbanization in the world, "Ecological crisis" also began to rage in urban areas, urban 
ecological system appear the series of unhealthy symptom, such as the shortage of water, the congestion of traffic, the decline of biological 
species, the deterioration of ecological condition and other problems. At present, in terms of the environment in our country, has roughly 
equivalent to the pollution level of western industrial developed countries. In some major cities, urban problem is increasingly serious and 
greatly restricted the development of the city and people's life. Thus, it is very important for us to understand and research the urban 
ecological environment problems, to put forward the management measures to maintain the urban ecosystem health, to promote virtuous 
cycle and the healthy development of the urban ecosystem, and to promote the urban sustainable development.  

Recently, more and more scholars pay more attention to ecosystem health problems, the original ecosystem health perspectives that 
ecosystems as a living organism, it has a restoring force, and keep the internal and external stability. Karr et al.[1] point out that both 
individual biological systems and the whole ecosystems can realize the inner-self potential, and it has self-healing capability when disturbed, 
it could be the smallest external support when managed and this is considered to be a healthy ecological system. Page [2] think that health is 
harmonious relationship between the body and the outside world. Schaeffer et al. [3] thinks that the ecosystem is healthy when the function 
of ecosystem limits is not more than. The international development research center (IDRC) project that Ecosystem Approaches to Human 
Health in Canadian has researched the connotation, standard and evaluation index of urban ecosystem health and the goal, management 
ways, policy of urban ecological system management, however, it haven't come up with a complete urban ecosystem health evaluation index 
system. Jerry et al. [4] provide the driving force-pressure-status-exposure-effect-answer (DPSEEA) model and establish the ecosystem 
health evaluation index system in HaWa. Trudy Harpham [5] discuss the healthy status of the city system in gambian from the point of the 
city's public health. Guo Xiu Rui et al [6] applied the ecosystem health theory, discussed the urban ecosystem health assessment method, Put 
forward a complete evaluation index system and established the fuzzy mathematical evaluation model, As a case study of guang zhou, 
Beijing, Shanghai as the reference cities, the city ecosystem health was evaluated. From two aspects of city system development level and 
coordination degree, Hu Ting Lan et al[7] build the development condition of distance index system or elements, and build coordination 
between the index of the system and within the system's health, and establish the integrated distance index and coordination index of urban 
ecosystem health index evaluation model. Wu Kai Ya [8] used the grey system theory and vector projection principle, established the 
regional ecological environment assessment grey relation projection model. According to the analytic hierarchy principle (AHP), Yu Lang et 
al. [9] establish a hierarchical model to evaluate the quality of the urban ecological environment, and analysis the evaluation results of the 
ecological environment quality in Fuzhou, and propose some useful planning. Combining fuzzy clustering with hierarchical analysis, Xu Fu 
Liu et al. [10] propose the urban environmental quality multistage fuzzy comprehensive evaluation method, and evaluate the environmental 
quality in Xuanzhou. Yang Liu Chun [11] applied the hierarchical analysis method, evaluate the ecological environment quality in Xuzhou 
and get the conclusion that the city's ecological environment quality get worse and worse.  

Based on above analysis, at present, more and more scholars mainly use the analytic hierarchy principle (AHP) and fuzzy mathematic 
method to research and evaluate the health of urban ecosystem. On the contrary, little scholars combine the ecosystem health theory and 
system dynamics method, research and evaluate the health of urban ecosystem. Thus, in the paper, combining the index system with system 
dynamics, establish the health development of ecosystem simulation model in Chengdu, feedback analysis the health development of 
ecosystem in Chengdu, provide useful suggestion for the department of planning and construction in Chengdu city. 

Firstly, summarizing the relevant research of the health condition of urban ecosystem; Section 2 build the system dynamics model; the 
simulation result and analysis is proposed in section 3; The final section give the conclusion.  

2 System dynamics model 

2.1 The ecosystem health system dynamics model of chengdu 

Urban ecosystem is a kind of typical social - economic - natural compound ecological system, it is a continuous development of 
multi-level giant system. What is more, the system dynamics analysis system is multivariable system. For the multivariable system, with the 
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description of the state variable method can fully express the dynamics properties, based on the description of the variables, it can express 
the inherent law of the system and the feedback mechanism. Based on the introduction of state and state space, the system dynamics can be 
developed very quickly. Thus, with the characteristics of urban ecological system and the characteristics of the system dynamics method, by 
using system dynamics, we explore the health development of the urban ecosystem system.  
   In the paper, we use the GDP and per capita GDP reflecting the development of Chengdu economic. We use urban population, public 
green space, reflecting the population structure of Chengdu. We use the construction of infrastructure investment intensity, ecological 
environment construction investment intensity reflecting the economic structure of Chengdu. We use city life garbage processing, solid 
waste reflecting the self-regulation reaction of Chengdu. We use financial revenue, residents living conditions reflecting service function of 
Chengdu. We use the birth rate of pollution factors, living conditions factor, the mortality of pollution factors and living conditions factor 
reflecting population health reaction of Chengdu.   

Based on above analysis, the ecosystem health system dynamics model in Chengdu is built as follows: 
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Under normal circumstances
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Financial income

Gross domestic
product index

Quality of
economic growth

 
Fig 1 the ecosystem health system dynamics model in Chengdu 

 
2.2 Parameter setting and equation 

 
Based on the ecosystem health system dynamics model in Chengdu, by setting the parameters and system dynamics equation, running 

the relevant model. 
Tab 1 relevant parameter 

Parameter Value Parameter Value 
The government investment policy 

impact factor 
1 At the beginning of population density 20794.8 

Under normal circumstances the birth 
rate 

0.01 Under normal circumstance the 
mortality 

0.003 

Pollution reference quantity 1.87e+0.06 Urban green space construction 
investment policy impact factor 

1 

Per pollution emission 0.27 Benchmark industrial pollution emission 1.36e+0.06 
he environmental protection 
consciousness impact factor 

1 Quality of economic growth 1 

 
Gross domestic product1=INTEG (Change in gross domestic product,455.96);                                    (1) 

Change in gross domestic product=GDP Gross domestic product1* Infrastructure supporting Factor;                   (2) 
The construction of infrastructure investment intensity=Financial revenue index* The govern-ment investment policy impact factor(3) 

    Infrastructure supporting factor= LOOKUP1 (The construction of infrastructure investment Intensity);                    (4) 
LOOKUP1([(0,0)-(40,400)],(1,1),(2,1.06),(3,1.2),(4,1.17),(5,1.24),(6,1.45),(7,1.51),(8,1.61),(9,1.68),(10,1.72));              (5) 

Urban population=INTEG (Born in population-Death in population, 1.456e+0.04);                           (6) 
Born in population= Under normal circumstance the mortality* Urban population* The birth rate of pollution factor* 

The living condition of the birth rate factor* The government district planning impact factor;                               (7) 
The government district planning impact factor= LOOKUP2 (Time);                                       (8) 

LOOKUP2([(0,0)(400,200)],(2005,1),(2006,4.6),(2007,5.34),(2008,6.22),(2009,6.78),(2010,7.53),(2011,7.95),(2012,8.62),(2013,9.14),(201
4,9.81),(2015,10.03);                                                                            (9) 
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The birth rate of pollution factor= LOOKUP3 (Pollution index);                                              (10) 
LOOKUP3=([(0,0)-(60,10)],(0,1),(10,0.8),(20,0.87),(30,0.5),(40,0.4),(50,0.3),(60,0.2));                           (11) 

Land area= LOOKUP4 (Time);                                                                       (12) 
LOOKUP4([(0,0)(4000,2000)],(2005,90),(2006,110),(2007,125),(2008,145),(2009,165),(2010,189),(2011,210),(2012,239),(2013,248),(201

4,269),(2015,289));                                                                                   (13) 
The living condition of the birth rate factor= LOOKUP5 (Living condition index);                               (14) 

LOOKUP5([(0,0)-(10,10)],(0,1.03),(1,1),(2,0.8),(3,0.6),(4,0.5),(5,0.43));                                       (15) 
Living condition index= Urban population/( Land area* At the beginning of population density)                           (16) 

Death in population= Under normal circumstance the mortality* Urban population* The living condition of mortality factor* The death rate 
of pollution factor;                                                                                  (17) 

The death rate of pollution factor=LOOKUP6 (Pollution index);                        (18) 
LOOKUP6([(0,0)-(60,10) ],(0,0.94),(10,1.7),(20,2.1),(30,3.3),(40,4.9),(50,5.9),(60,6.9));    (19) 

Under normal circumstance the mortality=LOOKUP7 (Living conditions index);           (20) 
LOOKUP7([(0,0)-(60,10) ],(0,0.06),(1,0.3),(2,0.42),(3,0.49),(4,0.54),(5,0.59));            (21) 

Pollution index= Pollution load/ Pollution reference quantity;                          (22) 
Public green space=INTEG(The variation of public green space,6.93);                   (23) 

Ecological environment construction investment intensity=Financial revenue index*Urban green space construction investment policy 
impact factor;                                                                                         (24) 

Pollution load= Pollution emission- Amount of pollution;                                                    (25) 
Pollution emission= Urban solid waste emission+ Industrial solid waste emission;                              (26) 

Industrial solid waste emission=Benchmark industrial pollution emission*Pollution factors of production;                                                  (27) 
Financial income= INTEG(The variation of financial income,52.68);                                          (28) 

The variation of financial income=52.68*(Gross domestic product index-1)* Quality of economic growth;                                    (29) 
Gross domestic product index= Gross domestic product/306.4;                                                       (30) 

 
3 Simulation result and analysis 
  
   Based on above analysis, by setting parameters and correlation equation and running the model, we can get the following result: 
 

Tab 2 the comparison between actual value and simulation value 

From the table 2, it shows that the trend of the ecosystem health development system in Chengdu. The trend consists of two parts: the 
five 5 years are proposed; from 2016 to 2020 is the trend of forecast. From the table 2, we can see that the state of the system’s major 
variables is on the rise as a whole. What is more, the simulation data is generally similar to official data, from all the major elements of the 
development of the forecast trend; we can see that the ecosystem health development system in Chengdu is more and more growth. In above 
table, from 2011 to 2015, the gross domestic product (GDP) average annual growth rate can arrived at 16.54%, the urban population average 
annual growth rate can be reached at 7.3%, the public green space average annual growth rate can be reached at 20%, the pollution load 
average annual growth rate can be reached at 9.02%, Annual revenue growth rate can be reached at 28%. We can get that in this paper, the 
simulation prediction results conform to the development of the planning trend.  

Tab 3 the assessment standard of per public green space and per GDP 
Index Unit Pathologica

l 
Unhealthy Sub-healthy Healthy Good-healthy 

Per GDP Ten thousand/person <0.7 0.7-4 4-7 7-14 14-20 
Per public green space Square meters /person <4 4-7 7-10 10-16 >16 

Tab 4 the health condition of per public green space and per GDP 2011-2020 
Time(Year) 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

Per GDP 2.46 3.27 3.97 4.38 4.79 4.92 5.38 5.79 6.28 6.79 
Unhealth

y 
Unhealthy Unhealth

y 
Subhea

lthy 
Subhe
althy 

Subhea
lthy 

Subhe
althy 

Subhea
lthy 

Subhea
lthy 

Subhe
althy 

Per public 
green space 

4.86 5.38 6.47 6.95 7.37 8.35 9.25 10.36 11.24 13.64 
Unhealth

y 
Unhealthy Unhealth

y 
Unheal

thy 
Subhe
althy 

Subhea
lthy 

Subhe
althy 

Health
y 

Health
y 

Health
y 

TIME 201
1 

2012 201
3 

2014 2015 2016 2017 2018 2019 2020 

GDP( hundred 
million yuan) 

Actual value 685
4 

8138 910
9 

1005
6 

1080
0 

     

Simulation 
value 

685
4 

8013 904
6 

1004
5 

1083
2 

1169
1 

1287
4 

1394
2 

15024 1684
2 

Urban population 
(Ten thousand 
people) 

Actual value 140
2 

1417 150
7 

1567 1597 1635     

Simulation 
value 

140
2 

1413 150
1 

1564 1589 1629 1647 1689 1692 1703 

Public green space 
(Square kilometers) 

Actual value 9.56 9.97 10.3
4 

11.56 12.56 13.98     

Simulation 
value 

9.56 9.92 10.2
8 

11.47 12.49 13.79 14.38 15.78 16.38 17.5
8 

Pollution load 
(Pollution unit) 

Actual value 1.93 2.04 2.12 2.28 2.49      
Simulation 
value 

1.93 2.01 2.11 2.26 2.46 2.58 2.61 2.67 2.79 2.89 

Financial income 
( hundred million 
yuan) 

Actual value 97.3 110.
4 

130.
7 

163.3 179.3      

Simulation 
value 

97.3 111.
3 

129.
4 

160.4 180.3 200.4 228.3 249.4 279.3 300.
3 
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In this section, we build the indicator of Per GDP and Per public green space, and used to evaluate the situation of ecological system in 
Chengdu. Based on the acknowledge that the ecological city is the healthy city, we divide the health standards into five parts, including 
pathological, unhealthy, sub-healthy, healthy and good-healthy. From the Tab 2 and Tab 3, we can see that the development of the 
ecosystem status from unhealthy to healthy in Chengdu.  
 
4 Conclusions 
 

In this paper, the urban ecosystem health assessment is researched by using system dynamics theory, it is a beneficial supplement for 
us to research the city ecosystem evaluation, and it can realize the combination the index system with the system dynamics. What is more, 
the model can clearly reflect the change of the relationship between the variables; it can get much more rich information by analyzing the 
model. Some useful suggestions for the local government is put forward to construct the ecological city and the sustainable development of 
the city. 
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Abstract: In order to reasonably allocate the gains of military supply chain system after the implementation of the Vendor Management 
Inventory strategy, the article establishes a coordination model with three kinds of revenue sharing mechanisms of the traditional, the 
Stackelberg game, the Nash equilibrium negotiation to coordinate VMI.And it carries on the example analysis,the result shows that the 
traditional VMI model is lack of rationality and operability, the Stackelberg game model can make both the military and the supplier’s own 
revenue has some improvement, but the overall profit of the supply chain can not reach the maximum, the Nash equilibrium negotiation 
model can not only make the military and the supplier’s own revenue has improved, to achieve a win-win situation, but also to make the 
overall profit of the whole supply chain reach Pareto optimal. 

 
Keywords: vendor managed inventory; revenue sharing coordination; stackelberg game; nash equilibrium negotiation 

 
1. Introduction 

 
Vendor Management Inventory (VMI) is known as consignment stock, is a kind of operation pattern under the environment of supply 

chain inventory. In contrast to the traditional inventory management mode completely, VMI makes both vendors and suppliers get the 
lowest cost for the purpose, managing the supplier for inventory under a common agreement, and constantly monitor implementation of the 
agreement and revised agreement, make cooperative strategy of the inventory management get continuous improvement. However, the 
vendor managed inventory in military supply chain is known as the military vehicle material procurement center (later referred to as the 
"military") with suppliers under a mutual agreement, the military vehicle material procurement center will submit decisions to the supplier, 
the supplier manages it and even has the military inventory, in the process of implementation of the safeguard to the army, the military 
vehicle material procurement center provides troops’ information for supplier, in order to determine the total inventory level reasonably[1]. 

VMI based on supply chain management thought is in pursuit of a win-win situation, only to realize the military supply chain 
efficiency and publishes the interests of each side increasing at the same time, it can be benefit to the steady development of cooperation 
relations. Using VMI in the military supply chain, which can promote information sharing effectively, reducing the bullwhip effect, 
reducing the inventory cost of supply chain, so as to enhance the overall protection of the military supply chain efficiency, however, because 
of submitting the military inventory costs to the supplier and the supplier's inventory cost increases, so, the improvement of supply chain 
doesn't mean the benefits for both parties will get improvement. Therefore, to attract suppliers to participate in VMI, military must establish 
coordination mechanism between flexibly interest, to develop reasonable income distribution scheme, making the cost parts of the army that 
saved to the supplier and the supplier will get the corresponding return, ensuring that the members coordinate, overall stability, operate 
successfully in the military supply chain. 

How to ensure the supply chain members' benefit is the power source for the implementation of VMI, and is one of the research hot 
spot. Revenue sharing mechanism is through making gross income in the income distribution relations among the members of the supply 
chain, to achieve the coordination of supply chain system. Many studies have suggested that revenue sharing mechanism is in the process of 
VMI implementation coordination between suppliers and retailers. Gerard P.Cachon[2] research the advantages and disadvantages of 
revenue sharing contract and revenue sharing contract is how to through the retailer's optimal price and quantity of goods to coordinate 
supply chain system and the problems of profit distribution. Wang and so on research a VMI model based on revenue sharing contract, the 
retailer is dominant position in Stackelberg game's, analyzing when the demand function for form and product form and retailer optimal 
decision of revenue share, and domestic suppliers for inventory and optimal decision of the retail price, but they have no further optimize the 
contract, nor to discuss how to realize supply chain coordination. Jianhu Ca and so on[4] realize the expected return of pareto improvement 
by retailer residual payments to suppliers subsidies, and realize the supply chain coordination. Wujun Cao and so on [5], Under the 
assumption that the market demand is price-sensitive random variables, using revenue sharing mechanism to coordinate VMI mode 
relationship among supply chain members under the condition. Chaoxing Yang and so on[6], Flexibly for military equipment in the supply 
chain of general equipment procurement, are studied and the correspond price contract under VMI implementation conditions, design the 
simple price subsidies, and the results are verified by an example. Pengfei Liu [7], Research the vmi model under random demand, by 
adjusting the revenue sharing coefficient of the distribution of benefits for members of the supply chain. Assume that the product of the 
salvage value is zero, but this model does not consider loss produced out of stock. Yu[8], Studied by a single supplier service VMI model of 
multiple retailers, proposed with examples proved that as long as both sides accept an established the benefit sharing coefficient can both 
benefit was improved. In short, a lot of research from multiple aspects elaborates the concrete implementation way of revenue sharing 
mechanism, but the revenue sharing contract the design of the common market demand for the many restrictions, such as demand strictly 
obey the normal distribution, regardless of the out of stock situation, etc, and considering the particularity of military supply chain, the 
model cannot be completely applied to military supply chain VMI model. 

In this paper, on the basis of above research, comprehensive consideration of military forces in the supply chain the user's actual 
demand situation, the demand of vehicle equipment are assumed to be evenly distributed, and consider possible shortage situation, VMI 
under centralized and decentralized supply chain was presented the optimal order quantity and the optimal income, respectively, under the 
traditional model is established, based on Stackelberg game and VMI revenue sharing model based on Nash negotiation to coordinate supply 
chain, finally by an example to validate the related conclusion. 

 
2. Model Building 

 
After the military application of VMI in the supply chain strategy, vehicle equipment property belongs to the supplier and stored in the 

supplier warehouse, the army without the ownership of the vehicle equipment, and by the supplier according to the forecast of demand for 
military production and management of inventory, when the military demand, supplier suppliers according to order the vehicle equipment 
delivery to their appointed places, the army has realized the "zero inventory", reducing the redundant military supply chain link, to eliminate 
some repetitive work, has reached the requirement of integrated supply chain management. At the same time, also can shorten the security 
distance, shorten the guarantee time, reduce vehicle equipment turns. According to the actual forces, the military material procurement 
center is the power of the military vehicle equipment safeguard department, therefore, after demands user generated forces must be through 
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the military material procurement center puts forward requirements to suppliers, and then by the appropriate number of suppliers, the 
acceptable quality of vehicle equipment at the right time distribution to force users. The operation process is shown in figure 1. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 vehicle equipment supply chain structure model based on VMI 
Paper is produced by a certain single cycle vehicle equipment suppliers, a military vehicle equipment procurement center and forces 

users to a single cycle model of supply chain, it is a typical newsboy problem model. Under the condition of random demand, suppliers 
according to their own vehicle equipment to force users demand forecasts to determine the demand of the inventory system, and as a basis 
for the inventory decision [9]. When forces the user's actual demand was higher than that of the supplier's inventory, the military will be due 
to the shortage of vehicle equipment maintenance support, rather than for normal and the actual demand, the greater the vehicle equipment is 
out of stock, the more out of stock loss is larger; When the military demand is less than the supplier's inventory, the supplier's warehouse 
inventory backlog, and forces the smaller the user's actual demand, inventory backlog, the supplier returns the smaller, often not the 
consumption of the vehicle equipment the salvage value shall be owned by the supplier. 

 
2.1 Assumption of the model  

 
In order to study the convenient, for military supply chain for the following assumptions: 
1) the demand of the vehicle equipment for random demand x , obey uniform distribution ~ (0, )D d , the distribution function is 

continuous function ( )F x , density function of demand ( )f x , ( )F x  to guide, incremental and 0, ( ) 0x f x≥ ≥ ；

( ) 1 ( )F x F x= − ， ( )u E d= . 
2) for the same kind of vehicle equipment, the supplier's unit vehicle equipment production cost remains the same;  
3) the suppliers all over the country has a distribution network, vehicle equipment can be delivered directly to the distribution outlets 

for the adjacent forces warehouse or user, ordering and distribution cost neglected; 
Definition of the parameters involved in the model are as follows: q for the military to certain vehicle equipment of the quantity of 

goods; c  for the unit Vehicle equipment cost of production; w  for the unit of vehicle equipment wholesale price; p  for the unit yield 
Vehicle equipment produced by the military; sh  for not at every stage of the unit consumption of the vehicle equipment inventory 
management cost; l  for supplier cost unit shortage cost; v  for not the consumption of the vehicle equipment residual value;  

Assume that p w c v> > > ,  
Vehicle equipment to the expectations of the consumption ( )S q   

0
( ) [min( , )] ( )d

q
S q E q D q F x x= = − ∫ ;                                                                         (1) 

The expectations of vehicle equipment inventories ( )I q   

0
( ) [( ) ] ( ) ( )d

q
I q E q D q S q F x x+= − = − = ∫ ；                                                                  (2) 

As the expectations of vehicle equipment out of stock ( )L q   

0
( ) [( ) ] ( ) ( ) ( )d

q
L q E D q E d S q u q F x x+= − = − = − + ∫ ;                                                                (3) 

Because of the random demand x Obey uniform distribution ~ (0, )x D d , the type (1) (2) (3) sorting available: 
2

( )
2
qS q q
d

= − ；
2

( )
2
qI q
d

= ；
2

( )
2 2
d qL q q

d
= − + . 

 
2.2 Benefit model of VMI 
 
2.2.1 Integrated VMI supply chain model 
 

Integrated maximizes the expected benefits VMI supply chain as a whole to make decisions, is distributed optimal aim of VMI supply 
chain. Integrated VMI in the supply chain suppliers and the military as a whole to make decisions [10], determine the optimal order quantity 
to maximize revenue, integration to expect earnings of VMI supply chain tπ  

t 0 0

s 0 0

( )d ( )d )

( )d ( )d

[ ] (
q q

q q

F x x u q F x x

h F x x v F x x cq

p q lπ − + −

+ −

= − −∫ ∫
∫ ∫ ；

;                                                           (4)  

In this  type:  

The military vehicle and 
equipment procurement 

center 

Suppliers The users 

  

The demand 

information; the 

delivery information 

and so on. 

The demand 

information; the 

reply 

information and 

  

S l  d l  t  

Information for progress of supply; the 

information of the arrival and returns 

processing 
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0
( )d[ ]

q
F x xp q − ∫ for the vehicle equipment sales; 

0
( )d )(

q
u q F x xl − + ∫  for the result of the shortage of the loss; s 0

( )d
q

h F x x∫  for 

not at every stage of the unit consumption of the vehicle equipment inventory management cost; 
0

( )d
q

v F x x∫  for not the consumption of the 

vehicle equipment residual value;  
Will type (1), (2), (4), (3) the plug type available  

t s
2

s

( ) ( ) ( ) ( )

( ) ( )
2

pS q h I q vI q lL q cq

qp l c q p l h v ul
d

π − + − −

= + − − + + − −

=
;                                                                         (5) 

In order to make consolidation model under centralized decision making to achieve the optimal ordering point; Must be able to:  
d 0
d

t

q
π

=  

sorting can be centralized VMI the optimal order quantity is:  

* 1

s s

( ) ( )p l c p l cq F d
p l h v p l h v

− + − + −
= =

+ + − + + −
;                                                                      (6) 

The supply chain as a whole for the optimal revenue  
2

*
t

s

1 ( )( ) [ ]
2

p l cq d g
p l h v

π + −
= −

+ + −
;                                                                               (7) 

 
2.2.2 Distributed VMI supply chain model 
 

Distributed VMI suppliers and military points belong to different entities in the supply chain, supplier decided to vehicle equipment 
inventory recharge to maximize the expected revenue, mainly responsible for to monitor and perform military inventory replenishment 
decisions, and take the corresponding shortage of loss and inventory management costs. This mode forces for the both sides of the expected 
return aπ  and sπ  respectively  

a 0
2

( )d

( )( )
2

( )[ ]
q
F x x

qp w q
d

p w qπ

= − −

= − − ∫
；

                                                                                   (8) 

s s 0
2

s

( ) ( ) ( )d

( ) ( )
2

q
w l c q w l h v F x x ul

qw l c q w l h v ul
d

π = + − − + + − −

= + − − + + − −

∫
。

                                                                 (9) 

Under decentralized decision, suppliers in order to maximize its own benefit, must have:  
d 0
d

s

q
π

=  

After finishing can be decentralized optimal order quantity for VMI  
* 1

s s

( ) ( )w l c w l cq F d
w l h v w l h v

− + − + −
= =

+ + − + + −
                                                                          (10)  

Will type (10) into type (8) (9), available forces for the both sides of the optimal expected revenue and are:  
2

*
2

( ) ( )'( ) ( ) [ ]
( )a

s s

d w l c d w l cq p w
w l h v w l h v

π + − + −
= − × −

+ + − + + −
                                                      (11) 

2
*

2
( )'( )

2( )s
s

d w l cq ul
w l h v

π + −
= −

+ + −
                                                                                       (12) 

The optimal expected revenue for decentralized VMI supply chain  

* * *
t

2 2

2 2

( )'( )= '( ) '( ) ( ) [

( ) ( )]
( ) 2( )

a s
s

s s

d w l cq q q p w
w l h v

d w l c d w l c ul
w l h v w l h v

π π π + −
+ = − × −

+ + −

+ − + −
+ −

+ + − + + −

                                                       (13) 

 
2.3 the revenue sharing coordination model based on VMI 
 

Traditional VMI, as a result of the military in just under the condition of implementing VMI, ordering cost, great changes have taken 
place will not lead to suppliers in the case of cost increase profits may not be obviously improved, has to bear the corresponding inventory 
management cost and shortage cost, and greatly influenced the enthusiasm of suppliers to participate in VMI, influences of the supply chain 
coordination. The following introduction of revenue sharing mechanism to achieve the purpose of improve the enthusiasm of suppliers and 
supply chain coordination.  
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Under revenue sharing contract, set λ to army for revenue sharing coefficient of both sides, namely forces users to each unit 
consumption of vehicle equipment, military reserves pλ and the remaining (1 ) pλ− shall be owned by the supplier, then 0 1λ≤ ≤ . 

Among them s ( , )qπ λ and a ( , )qπ λ the supplier respectively and the military on revenue sharing coefficient isλ , the quantity of goods 
q for the profit function. 
 
2.3.1 Revenue sharing and coordination of the traditional VMI mode 
 

For the benefit of both sides in traditional VMI, army function respectively 

s s
2

s

( , ) (1 ) ( ) ( ) ( ) ( )

[(1 ) ] [(1 ) ]
2 2

q pS q h v I q lL q cq

q dlp l c q p l h v
d

π λ λ

λ λ

= − − − − −

= − + − − − + + − − ；
                                                   (14) 

2

a ( , ) ( )= ( )
2
qq pS q p q
d

π λ λ λ= −                                                                                              (15) 

Because of vehicle equipment inventory recharge determined by supplier, it will choose the biggest recharge, making 
d ( , ) 0

d
s q

q
π λ

= , 

get the supplier's optimal inventory traditional VMI mode recharge for: 

*
1

(1 )
(1 ) s

p l cq d
p l h v
λ

λ
− + −

=
− + + −

                                                                      (16) 

That * *
1q q= ,can get the optimal revenue sharing coefficient * 0λ = , then 

2
* * * * * * *

t 1 1 s 1 1 a 1 1 t
s

( )( , ) ( , ) ( , )= [ ] ( )
2
d p l cq q q l q

p l h v
π λ π λ π λ π+ −

= + − =
+ + −

                                             (17) 

Obviously, on the basis of the sharing mechanism, impossible to achieve coordination of supply chain, although military efficiency of a 
supply chain under centralized decision making to achieve the overall efficiency of the optimal state, but suppliers grab all benefit, therefore, 
the traditional VMI model of revenue sharing coordination mechanism is difficult to implement. 

 
2.3.2 VMI revenue sharing coordination based on Stackelberg game 
 

In the process of VMI implementation, is dominated by the military, for both parties to share information, model can be seen as two 
people of Stackelberg game [11], which is the dominant party, suppliers are following the party. The game process can be described as 
follows:  

First, set up the military after the implementation of the revenue sharing mechanism and suppliers are expected return of their 
maximum earnings before implementation of revenue sharing mechanism, thus only when income is greater than the prior to the 
implementation of the maximum benefits, army for the two sides will choose to implement revenue sharing mechanism, or choose not to 
accept, then its income also is prior to the implementation of the income, respectively * *

a 1 1( , )qπ λ  and * *
s 1 1( , )qπ λ [12]. 

Then, dominated by the military to select an optimal revenue sharing coefficient, the supplier will in the next earnings compared to its 
expected return, choose whether to accept, after the supplier decision-making, game over. If accepted, reached the revenue sharing 
mechanism, the forces for the both sides of the new income, respectively, a 2 2( , )qπ λ  and s 2 2( , )qπ λ . 

The process of mathematical game process can be expressed as follows: 
2

max ( , ) max ( )
2s
qq p q
dλ λ

π λ λ= −                                                                            (18)                              

2

s s

arg max ( , ) [(1 ) ] [(1 ) ] ;. . 2 2
( , ) ( )

s s
q dlq p l c q p l h vS t d

q q
λ

π λ λ λ

π λ π


= − + − − − + + − −


 ≥

（19）

。（20）

 

Supplier to maximize their profits, according to the type (19) can determine the optimal inventory recharge for 
*
2

s

w l cq d
w l h v

+ −
=

+ + −
。                                                                                          (21) 

Getting the optimal inventory replenishment quantity from type (17) into type (14) with type (15), the optimal revenue sharing 
coefficient to the military, for 

*
2 1 w

pλ = − 。                                                                                                   (22) 

To plug in type *
2q  and *

2λ  (18), (19), available forces for the both sides of the optimal yields, respectively 
*2

* * * * * * 2
a 2 2 2 2 2 2( , ) ( )= ( )

2
qq pS q p q

d
π λ λ λ= − ；                                                               (23) 

* * * * * * *
s 2 2 2 2 s 2 2 2

*2
* * * 2
2 2 2 s

( , ) (1 ( ) ( ) ( ) ( )

[(1 ) ] [(1 ) ]
2 2

q pS q h v I q gL q cq

q gdp g c q p g h v
d

π λ λ

λ λ

= − − − − −

= − + − − − + + − − 。
                                                 (24) 

 
2.3.3 VMI revenue sharing coordination based on Nash equilibrium to negotiate  
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Negotiation is a strategy Nash equilibrium in combination, make each participant's strategy is the optimal response strategy for other 

participants. In other words, if on a strategy combination, when all the others all don't change when no one can change their strategy, the 
combination strategy is a Nash equilibrium. 

Contrast *
2q and *q , available:  

Due to the
* *s
2

s s

[1 ] [1 ] ;h v c h v cq d d q
w l h v p l h v

− + − +
= − < − =

+ + − + + −
                          (25) 

Therefore, if the supplier's optimal inventory replenishment quantity increased from *
2q to *q , can significantly improve the entire 

military supply chain performance. To coordinate the ZhongJun for both sides of the optimal revenue sharing benefit as the prerequisite, 
build optimization model [5] Nash equilibrium consultation: 

* * * * * *
s s 2 a a 2max ( ) [ ( , ) ( , )] [ ( , ) ( , )]T q q q q

λ
λ π λ π λ π λ π λ= − • − 。                                           (26) 

* * *
s s 2 2

* * *
a a 2 2

( , ) ( , )

( , ) ( , )

q q

q q

π λ π λ

π λ π λ

 ≥


≥

；

。                                                                                             (27) 

Among them： 

*
s

s
2

s
2

s

[(1 ) ][ ]( , )

[(1 ) ][ ]
2( ) 2

p l c p l c dq
p l h v

p l h v p l c d dl
p l h v

λπ λ

λ

− + − + −
= −

+ + −

− + + − + −
−

+ + −
；

                                                             (28) 

2
*

a 2
s s

( ) ( )( , )
2( )

dp p l c dp p l cq
p l h v p l h v
λ λπ λ + − + −

= −
+ + − + + −

。
                                                         (29) 

Will negotiate to optimization model of Nash equilibrium into a nonlinear programming problem, available 

s
2

* *s
s 2 22

2
* *

a 2 2 2
s s

[(1 ) ]( )
2

min ( )
[(1 ) ]( ) ( , )

2( )

( ) ( )[ ( , ) ]
2( )

s

p l c p l c d dl
p l h v

T
p l h v p l c d q

p l h v

dp p l c dp p l cq
p l h v p l h v

λ

λ

λ
λ π λ

λ λπ λ

− + − + − − − + + − = × 
− + + − + − −

 + + − 
+ − + −

− +
+ + − + + −

。

 

* * *
1 s s 2 2

* * *
2 a a 2 2

( ) ( , ) ( , ) 0
s.t.

( ) ( , ) ( , ) 0

q q

q q

λ π λ π λ

λ π λ π λ

Η = − ≥

Η = − ≥

；

。
                                                                    (30) 

The nonlinear programming problem of the gradient of the objective function and constraint functions are as follows: 
2 2* *

* *
s

*
* * * * *

s 2 2 a 2 2

( ) ( )[( ) ( )
2 2

( , )] 2 ( 1) ( , )
2 2

pq qT pq p l c q p l h v
d d

dl qq pq q
d

λ

π λ λ π λ

∇ = − + − − + + −

− − + − + ；

 

* *
* *

1 2( ) ( 1), ( ) (1 )
2 2
q qpq pq
d d

λ λ∇Η = − ∇Η = − ， 

Among them： 

*

s

( )p l c dq
p l h v

+ −
=

+ + −
 

The formula of two constraints (30) respectively to generalized Lagrange multiplier of 1δ  and 2δ , Kuhn - Tucker point *
3λ , then the 

problem of K-T as constraint conditions 
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* *
* * *
3 1 2

* * * *
1 s 3 s 2 2

* * * *
2 a 3 a 2 2

1 2

( ) [ ( 1) [ (1 )] 0 ;
2 2

[ ( , ) ( , )] 0

[ ( , ) ( , )] 0
, 0

q qT pq pq
d d

q q

q q

λ δ δ

δ π λ π λ

δ π λ π λ
δ δ


∇ − − − − =
 − =
 − =
 ≥

 

Make 1 2 0δ δ= = ，available 

*
3

* * * *
2 2 2 2

( )
2 2( )

( 2 ) [ ( , ) ( , )]
( )

s

s

ss
a s

p l h vp l c
p g cp l h v

p l h vp l h c p q q
d p l c

λ
π λ π λ

+ + −+ − − + + −+ + −  =  + + −+ + +  −
 + − 

。                              (31) 

Point for the nonlinear programming problem of K-T point, because the problem of convex programming problem, so the minimum 
point of ( )T λ  to *

3λ , the maximum point of ( )T λ .  
Will plug in type (28), (29), available for optimal benefit of both sides, and 

2
* * * * * * *

t 3 s 3 a 3 t
s

( )( , ) ( , ) ( , ) [ ] ( )
2
d p l cq q q l q

p l h v
π λ π λ π λ π+ −

= + = − =
+ + −

 

Through VMI coordination based on Nash equilibrium consultation, military supply chain system of optimal inventory recharge and 
optimal income reached the optimal under centralized decision level, and the yields are higher than for each based on Stackelberg game 
revenue sharing under the coordination of income levels. 

 
3. Case analysis  
 

Military and a certain vehicle production equipment suppliers to implement VMI, the military demand x and uniformly distributed 
random variables ~ (0,2000)x U , the production cost c  of supplier and with wholesale price w  to supply the military vehicle 
equipment. When supply exceeds demand, unused equipment residual value of the vehicle v Owned by the supplier; When in short supply, 
suppliers lose l [13]. Using the MATLAB software, analysis of vehicle equipment supply price, the unit of vehicle equipment parameters 
such as the cost of production, revenue sharing coefficient, the change on the inventory transshipment army for the benefits of each side and 
the supply chain overall income, the influence of the traditional VMI mode, based on Stackelberg game and coordinate VMI revenue 
sharing results based on the Nash negotiation respectively as shown in table 1, 2, 3.  

Table 1 under the traditional VMI model of revenue sharing coordination analysis results 

p
 

w
 

c  h  l  v  *

1
q  

*

1
λ

 
* *

s 1 1
( , )qπ λ  

* *

a 1 1
( , )qπ λ  

* *

t 1 1
( , )qπ λ  

*

t
( )qπ  

70 50 35 13 16 28 1436.62  0 20633.80  0 20633.80  20633.80  

70 55 38 15 18 30 1369.86  0 16246.58  0 16246.58  16246.58  

75 55 40 13 16 35 1478.26  0 21695.65  0 21695.65  21695.65  

80 55 40 15 18 35 1487.18  0 25128.21  0 25128.21  25128.21  

80 60 45 17 20 38 1392.41  0 18291.14  0 18291.14  18291.14  

 
Table 2 VMI based on Stackelberg game revenue sharing coordination analysis results 

p
 

w
 

c  h  l  v  *

2
q  

*

2
λ  

* *

s 2 2
( , )qπ λ  

* *

a 2 2
( , )qπ λ  

* *

t 2 2
( , )qπ λ  

*

t
( )qπ  

70 50 35 13 16 28 1215.69 0.29 2843.14 16924.26 19767.40 20633.80  

70 55 38 15 18 30 1206.90 0.21 3120.69 12641.20 15761.89 16246.58  

75 55 40 13 16 35 1265.31 0.27 3612.24 17301.12 20913.37 21695.65  

80 55 40 15 18 35 1245.28 0.31 2547.17 21440.01 23987.18 25128.21  

80 60 45 17 20 38 1186.44 0.25 762.71 16690.61 17453.32 18291.14  

 
Table 3 VMI based on Nash equilibrium negotiate revenue sharing coordination analysis results 
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p
 

w
 

c  h  l  v  *

3
q  

*

3
λ  

* *

s 3 3
( , )qπ λ  

* *

a 3 3
( , )qπ λ  

* *

t 3 3
( , )qπ λ  

*

t
( )qπ  

70 50 35 13 16 28 1436.62 0.17 9888.71 10745.10 20633.80  20633.80  

70 55 38 15 18 30 1369.86 0.13 8318.24 7928.33 16246.58  16246.58  

75 55 40 13 16 35 1478.26 0.14 11891.66 9803.99 21695.65  21695.65  

80 55 40 15 18 35 1487.18 0.17 12288.73 12839.47 25128.21  25128.21  

80 60 45 17 20 38 1392.41 0.14 8446.00 9845.14 18291.14  18291.14  

Example analysis shows that: 1) the traditional VMI mode of revenue sharing coordination can make the whole supply chain profit 
under centralized decision making in the supply chain optimal gains, but *

1 0λ = , the military gains to zero, all suppliers to get the benefits, 
obviously does not meet the army after implementing VMI before the implementation of the benefits for both sides are not less than the 
principle of individual income, so this kind of coordination method is not reasonable, lack of operability. 2) coordinate VMI based on 
Stackelberg game revenue share according to certain proportion of the whole supply chain profit allocation, but revenue sharing coefficient 
is higher, reduces the VMI suppliers' participation enthusiasm, so the supply chain as a whole benefit it is hard to achieve the optimal 
benefits under centralized decision, although this method has certain operability, but also needs to be improved further. 3) based on the Nash 
equilibrium to negotiate the VMI revenue sharing to coordinate the identified inventory transshipment can make the supply chain as a whole 
benefit at the optimal yield under centralized decision, and enables the troops for their respective benefits are improved. Therefore, this 
method is more reasonable than the former two methods, stronger operability, can better to reasonable distribution of income generated by 
the supply chain and coordination.  

 
4. Conclusions 

 
Based on revenue sharing mechanisms is established under a demand and the shortage cost of vehicle equipment is considered uniform 

distribution on VMI model of supply chain, and build the traditional mode, based on a Stackelberg game and revenue sharing coordination 
model based on Nash equilibrium consultation to coordinate VMI, and case analysis, the results show that under the hypothesis of this 
article needs, Nash equilibrium negotiation model compared with the traditional and Stackelberg game model, and can achieve the optimal 
military supply chain's profits and can improve the army for the benefits of both parties. The implementation of the revenue sharing 
mechanism can’t only effectively coordinate VMI supply chain, a reasonable allocation of the benefits of VMI supply chain, and to improve 
the enthusiasm of suppliers to participate in VMI. But the study also stay in information symmetry, one to one simple model, further 
research direction is in the information asymmetry, many-to-many and multi-stage cycle more cases, more complex supply chain on the 
VMI system model of revenue sharing mechanism of the applicable situation and the implementation of analysis and research. 
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Abstract: This paper investigates the effect of FDI on independent innovation in Chinese domestic firms, using the micro-level data in 
Chinese firms from 1998 to 2003. We pay particular attention to the impact of domestic access to finance. The empirical results show: 
Firstly, firms with foreign capital participation (Firm-level FDI) or those with good access to domestic bank loans innovate more than others 
do; Secondly, we also find that FDI at the industry level is positively associated with independent innovation in Chinese domestic firms only 
if firms engage in own R&D or they have good access to domestic finance. 
 
Keywords: industry-level FDI；Firm-level FDI；independent innovation；financial constraintsg 
 
1. Introduction 
 

Some researchers believe that developing countries can attract foreign direct investment (FDI) to narrow the technology gap with 
developed countries. International evidence shows that attracting FDI is an important way to improve the capability of independent 
innovation in developing countries. With the rapid economic growth, weak capacity of independent innovation in China has increasingly 
become a bottleneck to economic development, how to improve China's independent innovation capability of local enterprises are the most 
urgent tasks to achieve sustainable economic development. According to OECD statistics in 2003, China surpassed the United States as the 
world's largest import country of FDI at the end of 2005 and the cumulative amount of FDI that is actually used in China is more than 620 
billion U.S. dollars. Meanwhile, in the mid-1990s, China has become an important base in R & D and innovation activities. Therefore, it is 
of important practical significance to study the effect of FDI that attracted in China on innovation activities in Chinese domestic firms. 

Study on the effect of FDI on China's enterprises independent innovation ability has quite different conclusions. Cheung and Lin (2004) 
find that the effect of FDI on technology innovation activities in Chinese domestic enterprises is significantly positive. Sun and Chen(2007) 
establish a theoretical model to study the complementary and substitutive role of FDI on independent research and development in 
developing countries, and use 998 manufacturing enterprises survey data which is collected by the World Bank in China's five cities from 
1998 to 2001 to test the effect of FDI on domestic R & D investment. They conclude that the net effect of FDI in the enterprise level and 
industry level on China's independent innovation activities is negative. While some scholars believe that the impact of FDI in China on 
innovation is positive or negative.  

In this paper, we use industrial enterprises statistics database of domestic manufacturing enterprises from 1998 to 2003 in China to 
study the effect of industry-level and enterprise-level FDI on the ability of independent innovation in domestic-funded enterprises, and also 
examine the role of the firm's domestic financial constraints for innovation capacities. China's financial system is widely considered less 
efficient, and the financial lending resources tend to flow to inefficient state-owned enterprises, the loan resources which is enjoyed by 
private and collective enterprises are relatively small( . Therefore, to explore the effect of domestic financing constraints and FDI on 
independent innovation capability of Chinese enterprises has important policy implications. 

The remainder of this paper is structured as follows. Section 2 describes the econometric model and data. Section 3 presents the results 
of econometric analysis. Finally, a summary of this article is presented. 

 
2. Econometric model and data 
 
2.1 Econometric model 
 

In order to study the relationship between FDI, domestic financial constraints and innovation, we set the form of panel data regression 
model as follows: 

0 1 1 2 1 3 1 4 1 1*it it jt it it jtINNO FC FDI FIN FIN FDIα α α α α− − − − −= + + + +  

5 1 1 6 1*it jt itRD FDI Xα α− − −+ + itε+                                                                        (1) 

Dependent variable INNO  represents the indicator of the capability of independent innovation of domestic enterprises. Many 
researchers use R&D investment as proxy indicators for the ability of independent innovation of domestic enterprises. In fact, R &D can not 
properly reflect the company’s capability of independent innovation only as an input to the innovation process, while the output measure of 
process of independent innovation capacity is a better indicator. This article uses the share of the total output of innovative products to 
substitute capability of independent innovation of enterprises. Variableε  is a random error term. 

In order to capture the effect of FDI on the ability of independent innovation of domestic-funded enterprises, we set variable FC as 
foreign investment participation in enterprises, which is used to capture the effect of firm-level FDI on the ability of independent innovation 
of enterprises. Compared with those no foreign investments participation in the companies, firms that share more foreign participation have 
more capacity for independent innovation. We set variable FDI  as industry-level FDI, which is used to capture the spillover effects of 
industry-level FDI. 

Variable FIN represents financial constraints indicators of domestic-funded enterprises, which companies obtain loans ability from 
domestic banks.  Hall (2002) considered that domestic financial constraints also affect innovation activities as an important factor. This may 
be especially true for China, because China's financial sector efficiency is extremely low and Chinese government put stronger efforts to 
control the financial sector, and most of the domestic bank loans are provided to the inefficient state-owned enterprises. In addition, we 

introduce two interaction terms with 1 1*it jtFIN FDI− −  and 1 1*it jtRD FDI− − to measure the effect of industry-level FDI on the 
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independent capabilities of domestic enterprises according to R&D capability and domestic financing constraints. Two interaction terms 

with 1 1*it jtFIN FDI− −  and 1 1*it jtRD FDI− −  reflect the effect of industry-level FDI on China's independent innovation capacity 

is affected by the research and development capabilities (or absorption) and domestic financing constraints. 
Variable X represents the other control variables that affect independent innovation capacity of domestic enterprises. These factors 

include R & D intensity of the company, training expenditures for workers ( LTE ), export intensity ( EI ), government subsidies ( GS ), 

corporate and enterprise market share ( PMC , a measure of the enterprise market competition) and firm age ( AGE ).  Introduction of 
these control variables is based on the theoretical and empirical research made by other domestic and foreign scholars. R & D should be 
included in the econometric model as an important input to the innovative process. Human capital is also an important input of innovation 
process, and therefore it is an important determinant of innovation, which we use worker training expenditure as a proxy indicator for human 
capital. Generally speaking, enterprises with more export activities have a higher capability of independent innovation, which export 
intensity can be used to reflect this. Subsidies can help more enterprises engage in innovation activities (Gorg and Greenway, 
2004;Girma,2005). Firm age is also important for independent innovation capacity. In addition, the degree of market competition is 
important for research and development of enterprises. Finally, multinational corporations could affect competition form of the domestic 
economy, leading to increased competition of domestic enterprises. Therefore, the model also contains a variable of market competition 
degree. Table 1 shows the descriptive statistics of variables analyzed in the estimation model. 

Table 1 descriptive statistics of variables 
Variable name Variable definition 

INNO  Output of product innovation share of total output 

&R D  Corporate R&D expenditures divided by total product sales 

LTE  Training expenditures per employee 

EI  Total exports divided by total sales 

PMC  The company’s sales total share of the four-digit industry sales 

FIN  Domestic bank loans divided by total assets 

GS  Central and local government subsidies on production 

AGE  The age of enterprises to be established 

FC  Multinational enterprise capital share of total capital 

FDI  Foreign multinational enterprise sales divided by total industry sales 

 
2.2 Data 
 

The econometric data in this paper comes from the Chinese industrial enterprises database, which is based on the large-scale industrial 
statistical reporting statistics gathered by national statistical offices. Database objects include large-scale industrial statistics corporate 
enterprises, including all state and non-state industrial corporate enterprises with main business income of 500 million years and above. This 
data which study in this article is selected from the 1998-2003 panel data of manufacturing firms. Data includes enterprise features of 
corporate ownership structure (ownership), degree of trade dependence, the area code (geographical location), year of employment, total 
output, product innovation, R & D, added value, net fixed assets, four-digit industry code and worker training expenditures. The data is 
related to the value of all enterprises in the high proportion of China's national economy, its research findings are meaningful. Based on 
sample interval in 1998-2003, in the final analysis, we choose 258595 domestic enterprises to estimate the econometric model. 

 
3. Econometric Analysis 
 

To address potential endogeneity problems in the econometric model and to ensure the robustness of the results of this estimate, we 
use instrumental variables estimation method. All corporate-level variables are considered as potential endogenous lagged variables (except 
for firm age variable) and the endogenous variables with second-order lagged values are designed as instrumental variables. In addition, we 
use Sargan test statistics to test effectiveness of the instrumental variable selection. 

Table 2 show the estimation results how FDI and domestic financing constraints affect independent innovation ability of domestic-
funded enterprises. Sargan test results show that the selection of instrumental variables is valid in general. Table 2 shows the three 
instrumental variables estimation is consistent, statistically significant and the size of the coefficient of each variable is less different, so we 
analyze the empirical results in terms of instrumental variables estimation(3). The Estimation results show that the effect of research and 
development (R & D) intensity on product innovation is significantly positive, it is expected to the same conclusion that research and 
development is an important input factor in innovative process. Estimation results also show that the effect of staff training expenditure on 
innovation is positive, which means that the relationship between investment in human capital and innovation may be complementary The 
link between exports and product innovation is also significantly positive. The effect of market competition degree on product innovation is 
significantly positive. R & D subsidies and innovation are positively related. All of these findings are consistent with the findings of other 
economists. On firm age variable, we find that the old firms than new firms is more likely to engage in product innovation and R & D, 
which shows the importance between enterprise experience and the process of innovation. 

 
Table 2 the effect of FDI and domestic financial constraints on innovation 

Variable Estimation(1) Estimation(2) Estimation(3) 

&R D  2.322***（31.24） 4.336***（13.42） 2.136***（9.83） 

LTE  0.476***（8.64） 0.857***（6.84） 0.712***（3.52） 
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EI  0.248***（32.52） 0.236***（12.86） 0.215***（9.23） 

PMC  0.572***（21.82） 0.612***（15.32） 0.914***（25.64） 

FIN  0.0412***（35.63） 0.0683***（27.84） 0.0671***（12.24） 

GS  0.0269***（36.34） 0.0312***（9.28） 0.0397***（14.36） 

AGE  0.0503***（12.36） 0.0486***（8.27） 0.00182***（5.47） 

FC  0.137***（5.84） 0.221***（4.86） 0.166***（3.24） 

FDI  -0.639***（-36.83） -0.794***（-26.21） -0.512***（-14.63） 

FDI * &R D  1.431***（42.27）  1.238***（12.65） 

FDI * FIN   0.0896**（2.32） 0.0634***（3.026） 

tanCons t  -3.16*（-1.83） -2.14**（-2.25） -5.14***（-3.83） 

Sargan test 0481 0.553 0.621 

Obs 146281 146281 116352 
Note: (1) All explanatory variables are lagged one order; (2) the value of t statistics in parentheses value; (3 )"***","**","*" is 

respectively,1%, 5 % and 10% significance level. 
Enterprises With more foreign investment participation (enterprise-level FDI) may be more inclined to engage in product innovation 

activities, as previously discussed, this may be due to the introduction of new technologies, but also may be due to injection of foreign-
funded enterprises and make the decrease in financing constraints of domestic enterprises. And we also find that the domestic financing 
constraints and the innovative activities of domestic enterprises have a significant positive correlation, which proves our previous theoretical 
expectation. 

Industry-level FDI coefficient is significantly negative and the coefficient of two interaction term  1 1*it jtFIN FDI− −  and 

1 1*it jtRD FDI− − is significantly positive, which suggests the effect of industry-level FDI on the ability of independent innovation of 

enterprises depends on corporate R & D investment and domestic financing constraints. The greater corporate R & D investment, the 
smaller the domestic financing constraints, the effect of industry-level FDI on independent innovation ability domestic enterprises of is more 
significantly positive. This means that enterprises with only actively engaged in innovation activities or easier access to bank financing in 
the form of loans will reap the benefits from inward FDI, but it also shows that the effect of industry-level FDI on the ability of independent 
innovation capacity of enterprises depends on absorption capabilities of domestic enterprises and domestic financing constraints, which also 
Verifies our previous theoretical expectation. 

 
4. Conclusion 

This article concludes that financing constraints of domestic enterprises do have a major impact on innovation activities, domestic 
financing constraints affect the ability of enterprises to benefit from FDI. This conclusion also shows that enterprises with foreign 
investment participation and good source of domestic bank loans may more easily carry out innovation activities, because these enterprises 
have fewer financing constraints. Only enterprises that engage in independent R&D activities or have a good source of financing of 
innovation activities are positively associated with FDI, which also shows that the domestic financing constraints may dampen the effect of 
FDI on innovation activities in domestic enterprises. 

Our findings also show that research and development (R & D) intensity of product innovation has a significantly positive effect. The 
effect of staff training expenditure on innovation is significantly positive. There is a significant positive link between exports and product 
innovation. With a higher degree of market competition, enterprises are more likely to engage in product innovation activity; R & D 
subsidies and innovation are related. All of these findings are almost consistent with the findings of other economists. we also find that the 
old firms than new firms is more likely to engage in product innovation and R & D, which shows the relationship between enterprise 
experience and the process of innovation. 
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Abstract: Order sorting is a very important part of logistics activities, the use of automated sorting equipment can make the order picking 
efficiency is improved.Aiming at the automatic sorting shop scheduling problem with limited buffer, this paper presents a hybrid artificial 
bee colony algorithm with strong operability and effective,used to initialize population hybrid method based on WPFE algorithm, so as to 
improve the quality of the initial population.Four hybrid scheduling algorithms are designed according to the different structure, which is 
introduced the genetic algorithm in the employed bees in discrete artificial bee colony algorithm.And use of the neighborhood search 
algorithm of neighborhood swapping and inserting to improve the local solution of the hybrid algorithm.Simulation results and comparisons 
with some existing algorithms show the great trobustness and availability of the algorithm.. 

 
Keywords:automatic sorting shop schedule;limited buffer area;artificial bee colony;hybrid algorithm;neighborhood search algorithm 

 
1. Introduction 

 
A general description of the flow shop scheduling problem(FSSP) is there are components inmachines for processing and the same 

machining of each order,assume that each machine between limit buffer.When the machine is in the process of machining, the workpiece in 
front of a machine can be stored in the buffer area until the machine can be processed.In many practical production activities,however, due 
to the limitation of storage space or storage facilities, the buffer area is often very limited or nonexistent.In order to improve the utilization 
rate of automatic sorting equipment and reduce the residence time in a single orders on a sorting equipment reduce the cost of sorting 
operations, reasonably efficient scheduling of batch order is a link can not be ignored. Therefore, the research of automatic sorting shop 
schedule(ASSS) with limited buffer area in distribution center or other logistics workshop has certain research significance.  

The first study to research scheduling problem between the two machines was by Johnson(1954)[1] , and later many scholars have 
conducted in-depth and extensive research and Analysis on this issue, also made a wealth of research results. Kolisch(1997)[2] used the 
project scheduling method based on resource constraints is solved the multi task, multi project, multi benefit three scheduling problems. 
Hsu(2005)[3]and Tsai(2008)[4] introduced genetic algorithm(GA) to the problem of order batching, and GA is used to solve the problem of 
order batching and path optimization. Mostafa Akhshabi(2012)[5]used a parallel genetic algorithm(PGA) to solve the flow shop scheduling 
problem. It was proved that the use of PGA can greatly improve the scheduling efficiency and save the processing time. Muthiah A(2014)[6] 
uses the artificial bee colony algorithm and genetic algorithm for job shop scheduling (JSS) simulation experiment, the experimental results 
show that the artificial bee colony（ABC）algorithm is better than the genetic algorithm.In order to solve the problem of power shortage 
after the earthquake in Japan, Keisuke Nagasawa and Yuto Ikeda(2015)et al.[7] proposed a production scheduling model with two 
parameters, which are random processing time and peak power consumption，and the experimental results proved that the new model is 
better than the original production scheduling model. G.M. Komaki and Vahid Kayvanfar(2015)et al.[8]divide the flow shop scheduling into 
two phases: manufacturing and assembly. Using Grey Wolf Optimizer(GWO) to solve the efficiency problem of flow shop scheduling, the 
experimental results show that the proposed algorithm is significantly better than other commonly used heuristic algorithm.  

In recent years, scholars have found that the use of hybrid algorithm can improve the search ability and search efficiency of a single 
algorithm, which has important significance for solving the problem of flow shop scheduling. Sungbum Jun and Jinwoo Park(2015)[10] to 
minimize the maximum completion time as the objective function, to solve the flow shop scheduling problem，and use the NEH algorithm 
reduces the rate of delay.Alkin Yurtkuran and Erdal Emel(2015)[11] proposed the original ABC algorithm search performance is poor, and 
the design of an adaptive artificial bee colony algorithm（AABC）, through the comparative test to prove that the AABC search capability 
is better than the original algorithm.Shams k Nseef(2016)et al.[12] on the traditional ABC algorithm for dynamic optimization, to enhance 
the dynamic cooperation of the different stages of the swarm, through the experiment proved that the optimization of the ABC algorithm to 
improve the ability to search.Dunbing Tang(2015) et al.[13] solved the dynamic scheduling problem to reduce energy consumption and 
minimize the flexible flow shop scheduling problem by using an improved particle swarm optimization based on the Pareto optimal 
solution.ABC-Morris algorithm is proposed by Peio Loubière(2016)et al.[14], and it is proved that the search capability is better than the 
traditional algorithm of ABC optimization search function. 

A hybrid discrete harmony search（HDHS） algorithm is proposed by Cui Zhe[15], which can balance the local search ability and 
global search ability, and solve the problem of limited flow shop scheduling problem with intermediate storage.For the mixed integer 
programming model for intermediate storage hybrid flowshop scheduling problem with limited capacity by Li Kun et al（2015）[17], and 
proposed an adaptive variable neighborhood search algorithm, and the experiment results prove that the algorithm has good global and local 
search ability.  

Analysis of the past research shows that most of the algorithms are used in the computer field or to solve the FSSP. Research methods 
in terms of logistics, are also limited to traditional calculation by using operational research, using hybrid artificial bee colony 
(HABC)algorithm to solve the problem of less. Study on various research in logistics, mostly using operational research methods, heuristic 
algorithm or genetic algorithm to solve the flow shop scheduling problem, using HABC to solve the problem of less. With the development 
of electronic commerce and the "Internet+" and the product life cycle is shortened, with the outbreak of large quantities of order form for the 
market gradually towards the refinement and development of personalized, fragmented, multi type, high efficiency goods collocation 
increasing demand.In this paper,we take advantage of fast convergence of the ABC algorithm and by coding the order, the ABC algorithm is 
introduced to improve the efficiency of the sorting order in the automatic sorting shop,and based on the Nawaz_Enscore_Ham(NEH) , the 
curve fitting heuristic algorithm is used to improve the quality of the initial swarm. Finally, the rationality and validity of the algorithm are 
verified by the simulation experiment of the hybrid algorithm.  
 
2.Problem description 
 

The description of the ASSS problem in the limit buffer is study the sorting process of x orders },,2,1{ xO = in y automatic 

sorting equipment },,2,1{ yN = ,and x  orders in turn on y  a automatic sorting equipments for sorting. And provides an order at 
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a time can only be on an automatic sorting equipment for sorting, an automatic sorting equipment at a time can only be sorted on an order; 
The order of the sorting order are the same in each sorting device;The buffer between 1+u  and U  of each two adjacent sorting devices 

is uQ , which is v  complete in order sorting sorting equipment u , if the sorting task 1+u  a sorting equipment is not complete, then 

the order will enter the v  buffer, if the buffer is full, then the order of v  stay in the sorting equipment;Orders are in the buffer to obey in 

order sorting principles.The sorting time of the known order u in the automatic sorting equipment v  is uvg , ,and 

},,2,1{ xv ∈ , },,2,1{ yu ∈ .We need to find a feasible schedule that satisfies the above constraints, and to find the 
maximum sorting time. 

We assume that there is an order sequence )}(,),2(),1({ xcccc …= , uvca ),(  representative order )(vc  on the automatic 

sorting equipment u sorting finish and leave time, uvcT ),(  is the sorting device u on the first )(vc  order sorting completion 

time, },,2,1{ yv ∈ ; )(max cT  indicates the maximum sorting time of the order sequence c,the mathematical model of the limit 

buffer ASSS is },,2,1{,)max(min)min( ),(max yvTcT nvc ∈= ）（）（ .
uvc

a
),(

 can be obtained by the following 

calculation: 

1),1(1),1( cc ga = ；                                                                                    （1） 

     xuucucauca ,,3,2,),1(g1),1(),1( =+−= ；                                                           （2） 

  1,,3,2,g 1),(1),1(1),( +=+= − uvcvcvc Qvaa  ；                                                    （3） 

  1,,3,2,1,,3,2,),max( ),(1),(),1(),( −=+…=+= −− xuQvGaaa uuvcuvcuvcuvc  ；                   （4） 

1),,max( 12),1(),(1),1(1),( 1
+>+= −−− QvaGaa Qvcuvcvcvc ；                                    （5） 

1,,3,2,1),,),max(max( 11),1(),(1),(),1(),( −=+>+= +−−−− xiQvaGaaa uQvcuvcuvcuvcuvc u
 ；     （6） 

。xvnvcGnvcanvcanvca ,,3,2,),()1),(,),1(max(),( =+−−=                              （7）                  

The above (1) ensures that an order at a time can only be sorted on an automatic sorting device by defining an order )1(c  at the time 
of sorting the completion time on the sorting device 1 to the sorting device x ;(2) indicates that a sorting device can only perform a sorting 

operation on one order at a time; (3) and (4) indicates the order )(vc in the sorting device 1 )1,,3,2( 1 += Qv  or in the sorting 

device )1,3,2(1,,3,2 +=−= uQvxu   on the leave time, so that no orders are retained on the sorting equipment;(5) and 

(6) constraint order )(vc  in sorting equipment 1 )1( 1 +> Qv  or sorting equipment )1(1,,3,2 +>−…= iQvxu  for sorting 
time and then we need to consider the size of the buffer area;(7) indicates that the order is completed and the time of leave the last sorting 

equipment. The 7 formula above shows that if 1−≥ yQu , then the buffer area will have no effect on the maximum time index of 
sorting, and the scheduling problem can be simplified as the permutation flow shop scheduling problem(FSSP).Order 

)}(,),2(),1({ ycccc =  maximum sorting completion time formula is  

                            xycacT ),(max )( =                         （8） 

Fig.1 shows the sequence in ASSS order Gantt chart automatic sorting equipment with limited buffer,the limit buffer capacity is 

1 ）（ 121 == QQ .When the 2c  on the first sorting device to complete the sorting, sorting equipment 2y  is sorting 1c , 2c  to be 

completed in the 1c  sorting to be sorted on the sorting equipment 2y .Because of the buffer area, orders into the buffer area, there is no 

delay in sorting. When the 3c  on sorting equipment 1y  to complete the sorting , sorting equipment 2y  did not complete the sorting of 1c , 

the buffer is full, the order 3c  stuck in 1y , the timing of the order 4c  sorting is lagging behind in the replacement FSSP phase of Fig.2. 
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Fig.1.  Buffer=1,the Gantt chart of 4 orders in 3 sorting equipment scheduling 

 
Fig.2. The Gantt chart of 4 orders in 3 sorting equipment scheduling 

 
3.Hybrid discrete artificial bee colony algorithm for finite buffer   
 

DABC algorithm is used to solve the problem of a ASSS problem in the limit buffer, which is more efficient than the previous search 
and solution based on artificial experience or a single algorithm.   

 
3.1 Standard artificial bee colony algorithm 
 

The artificial bees consists of three groups of bees which are employed, onlooker and scout that differ in terms of their functionality.In 
the ABC algorithm, swarm searching for food by the following three aspects:1.Employed bee find food sources and record the amount of 
food sources;2.Onlooker bees determine the location of the collection of honey according to the information recorded by employed bee;3.If 
onlooker bee fails to collect honey, then by the scout bee to find a new source of food. ABC algorithm in solving the optimization problem, 
the space of a point that is the location of the food source, the process of searching for food source also is the process of solving the optimal 
solution.  

 
3.2 Population coding and initialization 

 
In this paper, based on the order sorting as discrete encoding, individual in the population can be described as an order of the sorting 

sequence: { })(,),2(),1( ycccc = . 
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ABC algorithm generates initial population by random way, which is beneficial to global optimization, but it can't guarantee the quality 
of initial solution.From the above (1)~(7) we can see to the limit buffer area sorting automation scheduling problems, sorting equipment 
ranking orders caused by the blocking time and idle time is greater than the ranking order caused by the blocking time and idle time.In order 
to minimize the blocking time of all orders on the sorting device and the idle time of the sorting equipment and ensure the quality of the 
initial population, this paper uses NEH to initialize population,and a hybrid method based on WPFE and random method to generate initial 
population is established. In the WPFE algorithm, the weighted profile fitting (WPF) algorithm to obtain a sequence of order α , then the 
NEH insertion operation on α  and then to obtain a feasible solution based on the employed bee is inserted into the obtained solution,then 
the other individuals in the swarm are generated by random method 

 
3.3 Employed bee phase 
 

In the DABC algorithm, the discrete differential evolution strategy is introduced to generate the neighborhood in the stage of the 
employed bee, and the differential evolution strategy includes mutation, crossover and selection. In order to make the neighborhood 
structure and population diversity more abundant, 4 methods based on Insert and Swap operation are adopted in the process of the:1.Perform 

a Insert operation on the sorting sequence ic ;2.Perform a Swap operation on the sorting sequence ic ;3.Perform two Insert operations on 

ic ;4.Perform two Swap operations on ic . 

A new order sorting sequence newc  is obtained by using the above 4 methods,if the sorting time of newc  is shorter than that of ic , 

then we use newc  instead of ic .  

 
3.4 Onlooker bee phase 

 
In order to avoid the local optimum, and increase the global search ability of the algorithm, this paper uses the tournament selection 

method to select the food source, 1.Random selection and comparison of two different solutions of ic  and jc  in the food source of the 

employed bees,then pick out the minimum value in the two solutions as to neighborhood search of candidate solutions;2.In the first step, a 

new solution of newc  is obtained by using RIS. If the objective function value of newc  is better than the candidate solution in the first step, 

the candidate solution is replaced by newc .  

 
3.5 Scout bee phase 

 
In DABC algorithm ,scout bees to the current population of optimal solutions to perform 3 Insert operations,then generate a new 

solution and using this new solution to replace the continuous NC iteration without updating the solution  
In summary, DABC scheduling algorithm steps are proposed in this paper are as follows: 

Step 1.Initialization of parameters PS and NC.Using the WPFE algorithm to calculate the ic  corresponding to the ik  in the 

population of { }PSkkkK ,,, 21 =  corresponding to the appropriate solution of the order sequence )( icf .  

Step 2.In stage of the employed bee, PSj ,,2,1 = ,repeat the following operation: 

(1) For each jc  to generate the new 
′

jc  using RIS method; 

(2) If )()( jj cfcf ≤′
,then 

′= jj cc . 

Step 3.In stage of the onlookers, PSj ,,2,1 = ,repeat the following operation: 
(1) Using Championship election method to select candidate solutions for the onlookers.  
(2) Use the RIS method to generate the new candidate solution, if the new solution is better than the original, the original solution for a 

replacement.  
Step 4.In stage of the scouts.If a solution is not optimized in NC consecutive iterations, then based on the current optimal solution for 3 

Insert operation to generate new solutions. 
Step 5.If the solution meets the requirements, then the operation is terminated. Otherwise, return to the second step. 
 

4. Hybrid scheduling algorithm combined with DABC&GA 
 

So far, there are few studies on the combination of ABC algorithm and GA algorithm.In DABC, in the employed bees and onlookers 
stage are combined with RIS search method,this improved the local search ability of the algorithm,but it is not conducive to the global 
search for the employed bees,employed bees and onlookers using the same approach or lead to repeat the search behavior which caused a 
waste of time. In GA, the search is realized through a variety of genetic operations,it is suitable for a wide range of solution space search. 
Therefore, the use of GA method can improve the global search ability of the algorithm and improve the search efficiency. Based on the 
combination of GA and RIS, this paper proposes 4 hybrid algorithms.  

 
4.1 Hybrid algorithm for embedded GA  

 
GA algorithm is characterized by the initial convergence rate of evolution is very fast. In the employed bees stage of DABC using GA 

instead of RIS to search for the food source so that the global search capability of the algorithm can be improved,this hybrid algorithm for 
G-DABC1. Individuals with good performance can obtain more evolutionary opportunities in the selection process in G-DABC1,it makes 
the efficiency of the calculation get improved,and crossover operator and mutation operation  operation can improve the individual 
inheritance and diversity. Embedded GA in the employed bees stage makes the global search capability of the algorithm improved. 
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4.2 A hybrid algorithm of GA and RIS serial  
 

The global search ability of GA algorithm is very strong, but after several iterations, it will lose the diversity of population, and thus 
fall into the local optimum which is the premature convergence of the algorithm. In order to solve the problem of premature convergence of 
the algorithm in the DABC1,we first use of the advantages of GA algorithm search time is shorter to choose a character in the initial 
population better new species,then using RIS to solve the new problem in the new species group in employed bees stage.This algorithm 
combines the GA and RIS and both of the advantages of the two algorithms,also improve the convergence of the algorithm to the optimal 
solution speed, denoted as G-DABC2. 

 
4.3 Hhybrid algorithm for alternating structure  
 

Alternating GA and RIS two algorithms are denoted as G-DABC3 during the employed bees stage. The algorithm flowchart of G-
DABC3 is shown in Figure 3 

 
Fig.3.  G-DABC3 flowchart 

After repeating the above process, the algorithm can quickly lock the neighborhood of the better solution, and then we can find a better 
neighborhood in the range of the existing neighborhood.Based on the use of GA and RIS, the global search and local search ability of G-
DABC3 are improved and balanced,and this is helpful to get the optimal solution.  

 
4.4 Hybrid algorithm for parallel structure 
 

The hybrid algorithm with parallel structure(G-DABC4) combines the optimization operation of the two algorithms, which enhances 
the exploration ability of the algorithm. G-DABC4 algorithm process as shown in Fig.4. 
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Fig.4.  G-DABC4 flowchart 

In G-DABC4, the employed bees through the crossover operation will be the search to the excellent mode of inheritance to future 
generations and to further expand the scope of its search. On the basis of better information,onlooker's neighborhood exploration is also 
more successful.At the same time, the mutation operation and the scout bees make the algorithm can avoid the local optimum.  

 
5. Fusing VNS algorithm  
 

The global optimization ability of the hybrid algorithm has been enhanced, but the local search ability is still weak.In order to balance 
the global search and local improvement of the algorithm, the VNS algorithm is embedded in the hybrid algorithm. 

In the scheduling problem, the local optimal solutions of the local optimal solutions in a neighborhood often have local optimal 
solutions.Because the VNS algorithm is a search for a number of different neighborhoods, the global optimal solution obtained by the VNS 
algorithm is greater than that of the single neighborhood search algorithm.So this paper uses the VNS algorithm based on the neighborhood 
swapping and neighborhood inserting, which can effectively guide the search in the vicinity of the optimal solution, so that the local search 

ability can be improved. Maximum number of iterations of the algorithm 2
max 5nz = . Algorithm flowchart is shown in Fig.5. 
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Fig.5. VNS flowchart 

By combining the 4 kinds of hybrid algorithm and VNS, which are proposed in this paper, we know that it is the most effective method 
to combine the VNS with the parallel structure.We note the most efficient algorithm for G-DABCVNS. 

 

6.Simulation experiment 
 
6.1 Parameter analysis 
 

The proposed algorithm is coded in C++ and run on Intel 2.40 GHz PC with 4 GB memory.Juyeon Kim[18] pointed out that if the buffer 
area capacity continues to increase, then the impact of the size of the buffer area on the completion time of the largest order sorting will be 
more and more small, when the capacity is greater than 4 in the buffer area, the maximum order sorting completion time is approximately 
equal to the maximum size of the buffer area for the maximum order sorting completion time.  

The parameters are set based on a large number of literature research and a lot of experiments as 
follows: 7.0,2.0,20,20 ==== grpmNCPS , T  is the maximum running time of the 

algorithm, yxT ××= 5 ms.First using Taillard Benchmark to verify the effectiveness of the algorithm and find out the relative 
percentage error（RPE）. 

              100/)()( ×−= ∗∗ ccccRPE ii                                                            （9）    

ic  represents the output value of the algorithm to solve the RPE. *c  represents the optimal value of the algorithm which need to be 

compared.From (9) we can see that the numerical value of RPE is smaller then the output of the algorithm is better. 
 

6.2 Comparison of DABC, GA and hybrid algorithms 
 

From the above four kinds of hybrid algorithms and DABC, GA algorithm of the optimal value,the worst value,mean and variance of 
the comparison of the four indicators, the following conclusions can be drawn:  

1.The optimal values of DABC and GA, the worst and mean values are worse than four hybrid algorithms,it is proved that the hybrid 
algorithm inherits the advantages of the two algorithms,and improve the quality and efficiency of the algorithm. 
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2.The optimal value and worst value of G-DABC1 are the worst in the 4 algorithms. The mean and variance of G-DABC2 are not as 
good as other algorithms but the optimal value of G-DABC2 is better than G-DABC1 and G-DABC4 

3.The variance of G-DABC4 is the best in four hybrid algorithms, but its optimal value and mean value is better than G-DABC1 and G-
DABC2, which shows that the hybrid algorithm of parallel structure is the best.This is because the G-DABC4 combines the advantages of 
GA and RIS algorithm, make the employed bees in global search and local search has improved, so as to improve the quality of the solution.  

Because the performance of the four algorithms is similar, so we take G-DABC4 as an example,at the time of different buffer capacity, 
optimize the different instances,the results obtained from the simulation experiments show that the optimal efficiency and convergence 
speed of G-DABC4 are better than other single algorithms in both GA and DABC. 

 
6.3 Further comparative analysis of G-DABC4VNS 
 

We compared the G-DABC4VN algorithm with the hybrid particle swarm optimization (HPSO) and G-DABC4 to obtain the optimal 
results. The relative percent error (RPE) and standard deviation (SD) of the resulting results are calculated with respect to the NEH 
algorithm at the time of the Q=1, respectively,as shown in Table 1~Table3,RPE and SD trends of the three algorithms are shown in 
Fig.3~Fig.8. 

Table.1. Q=1,RPE and SD of 3 algorithms 
 HPSO G-DABC4 G-DABC4VNS 

RPE SD RPE SD RPE SD 

20×5 -11.03 0.38 -10.63 0.35 -11.64 0.17 
20×10 -9.75 0.53 -10.17 0.38 -10.91 0.23 
20×20 -5.38 0.40 -5.46 0.31 -6.18 0.22 
50×5 -7.01 0.40 -6.41 0.32 -7.35 0.12 
50×10 -7.62 0.50 -7.06 0.48 -8.37 0.26 
50×20 -6.33 0.58 -5.87 0.49 -6.93 0.39 
100×5 -5.68 0.31 -5.00 0.29 -5.83 0.18 
100×10 -5.53 0.50 -4.87 0.35 -5.84 0.31 
100×20 -4.59 0.54 -3.77 0.36 -4.74 0.31 
200×10 -3.77 0.38 -3.33 0.26 -4.58 0.28 
200×20 -3.15 0.33 -2.69 0.18 -3.77 0.27 
500×20 -0.94 0.11 -1.34 0.06 -1.76 0.09 
Average -5.898 0.413 -5.550 0.319 -6.491 0.236 
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Fig.6. Q=1,RPE of G-DABC4VNS、HPSO and G-DABC 

yx×



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                                       88.9 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/88 

 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

20×
5

20×
10

20×
20

50×
5

50×
10

50×
20

100×
5

100×
10

100×
20

200×
10

200×
20

500×
20

SD

X*Y

HPSO G-DABC4 G-DABC4VNS

 
Fig.7. Q=1,SD of G-DABC4VNS、HPSO and G-DABC 

Table.2. Q=2,RPE and SD of 3 algorithms 
 HPSO G-DABC4 G-DABC4VNS 

RPE SD RPE SD RPE SD 

20×5 -10.71 0.37 -10.67 0.37 -11.07 0.01 
20×10 -9.42 0.50 -9.65 0.35 -10.30 0.25 
20×20 -5.38 0.57 -5.90 0.32 -6.37 0.22 
50×5 -5.72 0.16 -5.53 0.25 -5.90 0.02 
50×10 -7.13 0.77 -6.36 0.63 -7.71 0.27 
50×20 -6.34 0.59 -5.78 0.57 -6.80 0.29 
100×5 -3.32 0.13 -3.16 0.19 -3.41 0.06 
100×10 -5.09 0.28 -4.53 0.38 -5.33 0.17 
100×20 -4.45 0.39 -3.39 0.52 -4.53 0.24 
200×10 -3.00 0.32 -2.46 0.24 -3.50 0.14 
200×20 -3.55 0.37 -2.58 0.39 -3.82 0.26 
500×20 -1.00 0.08 -0.88 0.15 -1.81 0.14 
Average -5.426 0.378 -5.073 0.365 -5.879 0.173 

yx×
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Fig.8. Q=2,RPE of G-DABC4VNS、HPSO and G-DABC 
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Fig.9. 
Q=2,SD of G-DABC4VNS、HPSO and G-DABC 

 
Table.3. Q=4,RPE and SD of 3 algorithms 

 HPSO G-DABC4 G-DABC4VNS 
RPE SD RPE SD RPE SD 

20×5 -10.52 0.33 -10.55 0.20 -10.97 0.01 
20×10 -9.17 0.75 -9.49 0.56 -10.25 0.23 
20×20 -5.38 0.54 -5.84 0.38 -6.36 0.18 
50×5 -5.67 0.11 -5.64 0.14 -5.78 0.04 
50×10 -7.02 0.45 -6.69 0.51 -7.55 0.19 
50×20 -6.45 0.57 -5.78 0.43 -6.95 0.25 
100×5 -3.22 0.08 -3.12 0.08 -3.19 0.06 
100×10 -4.67 0.21 -4.38 0.32 -4.95 0.19 
100×20 -4.63 0.49 -3.44 0.45 -4.82 0.23 
200×10 -2.51 0.17 -2.31 0.15 -2.56 0.13 
200×20 -3.34 0.24 -2.49 0.26 -3.37 0.19 

yx×
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500×20 -1.25 0.10 -1.00 0.15 -1.68 0.14 
Average -5.319 0.337 -5.061 0.303 -5.703 0.153 
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Fig.10. Q=4,RPE of G-DABC4VNS、HPSO and G-DABC 
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Fig.11. Q=4,SD of G-DABC4VNS、HPSO and G-DABC 

From the above table and contrast figures can be known: 
1.The average relative percent error(ARPE) of G-DABC4VNS at Q=1,2,4 was -6.495%, -5.881%, -5.703%, and HPSO, while the ARPE 

algorithm was -5.897%, -5.428%, -5.322%, which was much less than ARPE of G-DABC4VNS. It shows that G-DABC4VNS relative to the 
general intelligent algorithm has better ability to solve problems. 

2.When Q = 1, 2, 4, G-DABC4VNS can take to the average standard deviation  (ASD), shows that the G-DABC4VNS has better 
robustness to the initial population. 

3.Compared with the results of G-DABC4 and G-DABC4VNS data and the figures of the VNS algorithm, the local search capability of 
the original G-DABC4 algorithm is enhanced significantly, so that the improved algorithm can obtain a higher quality solution.The search 
capability of all aspects of DABC has been optimized by the addition of GA and VNS,so that G-DABC4VNS has a faster convergence speed 
and excellent search ability and ability to solve problems.  

We select the instance contains 10 orders, 5 sets of automatic sorting equipment,and the optimal solution of this example has been 
shown to be 666.The target for the order sorting time is the shortest, the parameters are set as follows:employed bee 24; onlooker bee 24, 
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scout bee 52, crossover probability cp =0.4,mutation probability ap =0.001,up to 100 iterations.The sorting time of each order is shown 
in Table 4, different orders of sorting order as shown in table 5. 

Table.4. Time constraints 
Order Equipment1 Equipment2 Equipment3 Equipment4 Equipment5 

1 21 53 95 55 34 

2 21 52 16 26 71 
3 39 98 42 31 12 
4 77 55 79 66 77 
5 83 34 64 19 37 
6 54 43 79 92 62 
7 69 77 87 87 93 
8 38 60 41 24 83 
9 17 49 25 44 98 
10 77 79 43 75 96 

Table.5. Sorting equipment constraints 
Order Equipment1 Equipment2 Equipment3 Equipment4 Equipment5 

1 2 1 5 4 3 

2 1 4 5 3 2 
3 4 5 2 3 1 
4 2 1 5 3 4 
5 1 4 3 2 5 
6 2 3 5 1 4 
7 4 5 2 3 1 
8 3 1 2 4 5 
9 4 2 5 1 3 

10 5 4 3 2 1 
Fig.11.is the convergence curve of using G-DABC4VNS、DABC and G-DABC4  to solve the numerical example. 

 
Fig.11. Convergence curves of the three algorithms 

Compared to the convergence curves of the three algorithms,in the three algorithm, the optimal solution and the convergence algebra of 
the DABC algorithm are the worst,the optimal solution obtained by G-DABC4VNS and G-DABC4 is the same, but the G-DABC4VNS 
algorithm can find the optimal solution with a small number of iterations. When the number of iterations reaches the maximum (100),the 
DABC algorithm falls into local optimal 672 in the 28th iteration,the algorithm does not get the global optimal solution.The employed bees 
in the A algorithm through crossover and mutation operations,by using the positive feedback of the algorithm,the search scope is enlarged, 
and the error of local optimum is avoided,the global optimal solution 666 is obtained at the 30th iteration.However, the G-DABC4 algorithm 
has many times of stagnation in the search process, which is becoming more and more frequent in the near optimal solution. G-DABC4VNS 
algorithm to improve the DABC algorithm is easy to fall into the local optimal problem,to overcome the stagnation problem in G-DABC4 
algorithm.G-DABC4VNS algorithm embedded VNS algorithm, the use of VNS on the search capabilities of different neighborhoods, 
expanding the scope of the solution and improve the quality of solution by increasing the diversity of the population.G-DABC4VNS 
algorithm is used to solve the numerical example to get an optimal order sorting scheduling scheme is 
[7,6,10,8,2,4,5,7,6,5,8,2,4,1,3,7,6,4,5,7,6,5,9,2,9,4,8,1,10,7,3,3,9,1,4,10,10,8,2,5,1,9,3,9,6,1,8,3,10,2],the Gantt chart is shown in Fig.10. 
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Fig.12. The Gantt chart of optimal solution 

In Gantt chart the first number in each rectangle are the order encoding, second number corresponding to the order sorting order. We 
can visually see the sorting order of all orders in different sorting equipment and the process of processing time in the Gantt chart,we can 
also be seen from the chart the optimal scheduling time is 666.  

 
7.Conclusion  

 
The order picking cost of logistics activities is 60%-80% of the total cost of distribution center, so it is necessary to research and 

optimize the order picking process. In this paper, a hybrid artificial bee colony algorithm based on order coding is designed to solve the 
problem of flow shop scheduling problem in a limit buffer.Two methods of GA and RIS are used in the initialization phase of the 
algorithm.The hybrid artificial bee colony algorithm is designed to introduce genetic operation in the employed bees, so that the global 
search ability and the convergence rate of the employed bees can be improved,for preventing the algorithm from falling into local 
optimum,using the leader election algorithm in the onlookers stage,and in order to balance the efficiency and improvement of the solution 
space, the algorithm is based on the insertion and swapping neighborhood search algorithm.In this paper, the comparison analysis of the 
algorithm and the typical examples are given to prove that the proposed algorithm has a strong robustness and superiority.Hope to provide a 
method for the sorting efficiency of large and medium sized enterprises to improve the sorting workshop.  
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Measuring the Managerial Performance of the Listed Bio-Tech Companies in Taiwan 
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Abstract: This study applies DEA (data envelopment analysis) to evaluate the efficiencies during 2011-2014 for 21 listed biotech 
companies in Taiwan. Empirical results concluded that 6 DMUs were efficient in technical and scale aspects. The slackness of inputs and 
outputs were also been estimated to measure the needed adjustments for less efficient DMUs. Malmquist Productivity Index (MPI) were 
also adopted to analyze the changes of factor productivity. Strategies on scale expansion and technical improvement are recommended. 
 
Keywords: biotech industry; data envelopment analysis; technical change; malmquist productivity index 
 
1. Introduction 
 

Biotech industry is the mainstream business supported by Taiwanese government. There are 1,631 firms, which 88 listed in stock 
market, with 73,769 employees contribute 288 billion NT sales revenue in 2014. And domestic industrial policies are looking forward to 
reaching 500 billion NT in 2020 by taking strategies in product developing, leading company incubating, and investment expanding. 
Therefore, the objectives of this study will be: 1. Applying DEA(data envelopment analysis) and the Slackness analysis to evaluate the 
managerial performance and their change structure of the Taiwanese listed biotech companies(TLBTC) in 2014. 2. Calculating the MPI 
(Malmquist Productivity Index) to measure the related productive efficiency indexes for TLBTC during 2011-2014 

 
2. Literature review 

 
Biotech industry is a fast growing business over the whole world. Many researches provide different aspects to the issues related with it. 

From business aspect, Mccutchen, et al., (2004) explored an empirical study on the accessible patterns of strategic alliance for different size 
of pharmaceutical company when facing global market. Chen, et al., (2005) analyzed 31 listed Taiwanese bio companies during 1998-2001 
by using DEA and MPI to evaluate the efficiencies in technical and scale, and the degree of productivity change. Empirical results suggest 
that performance of Taiwan bio firms were relatively low with slow progress. The article suggested that more effort/investment in 
technology was needed to maintain the competitiveness in the global environment. 

Peng, et al., (2010) adopted the Cobb-Douglas production function to discuss the influence of R&D expenses to operation performance. 
Their conclusions summarized that R&D activities is considered to be the input with variable return to scale. i.e., expanding R&D expenses 
will be consistent with increasing total revenue after certain threshold level. Otherwise a negative correlation between R&D intensity and 
sale revenue may be found if the budget is relative low. 

Yeh, et al., (2007) applied SFA approach to diagnosis 44 bio-related firms in Taiwan with cost aspect. Results show that total cost, total 
output, fixed asset, employee number and R&D expenses are influential factors in operation. The economy of scale do exist in Taiwan bio 
industry, therefore how to integrate existed firms or organize strategic alliance to boost the R&D investment is prior to this industry. 

We refer the DEA analytical procedures by Gloany and Roll (1989) to examine managerial performance of the listed biotech 
companies in Taiwan. After skimming 6 units with loss in 2014, 21 firms with positive net income are considered in this study. 
 
3. Methodology 
 

DEA model: Data envelopment analysis is one of popular approaches to evaluate efficiency based on a frontier line, which is measured 
by enveloping all accessible efficient production curves. Those DMUs locate on the frontier are considered to be the most efficient units 
with combination of inputs and outputs under the Pareto Optimal condition. 

BCC model: DEA is a non-parametric math programming approach to draw the efficient input or output frontier by comparing the 
performances of those relative efficient DMUs from all observers. With less restriction on scale of return, a input-based BCC (Banker, et al., 
1984) model of DEA which allow to measure the condition of variable return to scale by comparing input resources at the same output level, 
will be applied in this study. 

The measure of BCC model is:  

 

 

                                     (1) 

 
into linear form yields 
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                                                 (2) 
The dual form of the input-based BCC can be rewritten as 

 

 

, 

,  

                                                             (3) 
 

Where hk  : relative efficient value for the kth DMU,  =1, 2, …, n. is a non-Archimedean small number, usually define as a value 
between 10-4~10-6.are slack and surplus terms, respectively. 

Malmquist Productivity Index: Productivity of one DMU can be decomposed into three parts by time period: 1. The changes of inputs 
and outputs caused by changes in technical efficiency; 2. The frontier movement caused by possible changes in productive technology; and 
3. Productivity change caused by change in productive scale, i.e. the total factor productivity change (TFPCH). The TFP CH includes two 
parts: change in technical efficiency (EFFCH) and change in productive technical (TECH). 

The EFFCH, which calculated the technical and scale efficiency (TSE) with different observation points under the CCR model, can be 
decomposed into the change in pure technical efficiency (PTECH) and the change in scale efficiency (SECH) under the BBC variable scale 
return condition (Caves et al., 1982; Fare, et al., 1992; Fare, et al., 1994; Ray and Desli, 1997; Yang, et al., 2009). 

TECH measures the moving scale of production frontier caused by productive technical changes during time. When a TECH value 
greater than 1 it means technical in progress; and if less than 1, then a recession in technology presents. PTECH represents the variable 
indexes of the cross-period technical efficiency of production under variable scale return where “PTECH >1” indicates pure productive 
efficiency improvement, and “PTECH<1” indicates efficiency recession.  

DEA model is available for measuring static state. Therefore the applications of the Window Analysis and Malmquist Productivity 
Index (MPI) are available for comparing a group of cross-section data at the different periods (Kao, et al., 2003). Malmquist index (MI) 
defines as the TSE and IEI between base period t and t+1:  

 

Where  
IEIt →IEIt+1 is the intertemporal efficiency index (IEI) represents efficiency levels for efficient frontier during base period t to period 

t+1 

 

Where CIE (catching-up in efficiency) defines as the degree of improving/degrading in technical for a DMU (Kao, et al., 2003; Yang, 
et al., 2009; Tsai, et al., 2014). 

Malmquist Productivity Index (MPI) for period t to t+1 can be rearranged from the equ. (4) and (5) as follows: 

 
Thus all managerial efficiency can be calculated with MPI which describe the DMU achieves a progressive development with higher 

value during the evaluating period. 
Financial variables: This study calculates the related financial ratios from the listed financial sheets. Feroz, et al.,(2003) applied the 

ROE (return on equity) calculation from the DuPont model to transform the financial index into the equivalent technical efficiency. It can be 
described as: 

 
Where ROE (returns on equity) = NI(net income)∕E(equity),  profit margin = S(sales)/A(assets), equity multiplier = A(assets)/E(equity) 
Four variables, S, A, E, and NI, are defined as the input and output terms of DEA based on their financial optimizing characteristics. 

For those minimizing factors, S, A, and E, are treated as inputs; and NI, where maximizing factor, is considered as an output (Liu, et al., 
2010; Feroz, et al., 2003). We use the financial data from the TWSE (Taiwan Stock Exchange)1. 

Beside the financial concerns, many researches (McCutchen, et al., 2004; Chen, et al., 2005; Peng, et al., 2010; Huang, 2010) also 
support that R&D and human capital are two important inputs for biotech industry. Therefore, R&D expenses and employees are considered 
in our study. 

After reviewing the previous researches, this study defines variables into input and output categories. Sales (S) and net income (NI) are 
defined as outputs; and assets (A), equity (E), public owned stock number, fixed assets(real estate, firms and equipment), stock, account 
receivable, R&D expenses, and employees are defined as inputs. 
 
4. Empirical results 
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4.1 Variable Selection for DEA Model  
 
To satisfy the restrictions for DEA model on variable, the Perason correlation coefficient test is applied to test the significance between 

variables. Statistical results support that3 input variables: book value per share, common stock and fixed assets, should be deleted due to 
their insignificance in correlation with two outputs, and negatively correlation to other inputs (Table 1). 

Therefore data of 2 outputs (operating revenues and net income) and 5 inputs (total assets, inventories, account receivable, R&D 
expenses, and employee number) from 21 observed firms is adopted for our study. 

Table 1: Correlation matrix for inputs and outputs 
 output1 output2 input1 input2 input3 input4 input5 input6 input7 input8 

variable Operating 
Revenues Net Income Total Assets Book Value Per 

Share 
Common 
Stock Fixed Assets Inventories Account 

Receivable 
R & D 
Expenses 

Employee 
Number 

output1 1.000                    
output2 .835** 1.000          
input1 .882** .558** 1.000         
input2 0.262  0.208  0.292  1.000        
input3 0.345  0.265  .484* (0.371) 1.000       
input4 0.031  0.024  0.200  (0.281) .619** 1.000      
input5 .846** .547* .907** 0.015  .629** 0.222  1.000     
input6 .922** .725** .818** 0.186  0.251  (0.036) .853** 1.000    
input7 .573** 0.299  .617** (0.335) .693** .477* .787** .536* 1.000   
input8 .534* 0.221  .541* 0.148  0.290  0.206  .521* 0.419  .701** 1.000  

 
4.2 Total performance and slackness analysis 

 
Related performance and slack indexes for 21 listed firms are listed in Table 2. The overall average technical efficiency (TE) is 64.4%, 

6 of them (28%) are valued at 1. Average value for PTE is 82.4%, it presents a good condition in technical efficiency. Values for 10 of them 
(47%) are 1. 
 

Table 2: Performance and slack analysis in BCC, 2014 

  VRS 2014 output slack input slack 

DMU Year 
Founded TE PTE SE returns 

to scale 
Operating 
Revenues 

Net 
Income 

Total 
Assets Inventory Accounts 

Receivable 
R & D 

Expenses 
Employee 
Number 

G1 53 0.439 0.453 0.969 IRS 0 744567 0 (432267) (320345) (78713) (222) 
G2 33 1.000 1.000 1.000 CRS 0 0 0 0 0 0 0 
G3 22 0.784 1.000 0.784 IRS 0 0 0 0 0 0 0 
G4 20 0.524 0.605 0.866 IRS 0 119586 0 (183489) (148054) (59377) (235) 
G5 14 0.578 0.850 0.680 IRS 28734 0 0 0 (1326) (370932) (121) 
G6 13 0.349 0.435 0.804 IRS 0 321260 0 (12462) 0 (77028) (110) 
G7 12 1.000 1.000 1.000 CRS 0 0 0 0 0 0 0 
G8 11 0.768 1.000 0.768 IRS 0 0 0 0 0 0 0 
G9 11 0.545 0.999 0.545 IRS 43520 0 0 (10028) (32091) 0 0 

G10 8 1.000 1.000 1.000 CRS 0 0 0 0 0 0 0 
G11 6 0.286 1.000 0.286 IRS 0 0 0 0 0 0 0 
G12 5 0.294 1.000 0.294 IRS 0 0 0 0 0 0 0 
G13 5 0.279 0.700 0.399 IRS 395207 276578 0 0 0 (39953) 0 
G14 4 0.465 0.504 0.924 IRS 0 345526 (27450) (878389) 0 (160444) 0 
G15 4 0.573 0.580 0.987 IRS 0 523335 0 (544522) (540197) (135186) (222) 
G16 4 0.785 0.961 0.817 IRS 434816 0 0 (37533) (220825) 0 0 
G17 4 0.375 0.494 0.758 IRS 0 258944 0 0 (245061) (33826) 0 

G18 3 0.529 0.723 0.732 DRS 0 149493
2 

(1273767
) (394081) 0 (63213) (458) 

G19 3 1.000 1.000 1.000 CRS 0 0 0 0 0 0 0 
G20 2 1.000 1.000 1.000 CRS 0 0 0 0 0 0 0 
G21 0 1.000 1.000 1.000 CRS 0 0 0 0 0 0 0 

Mean  0.646 0.824 0.791         
Average ratio in scale efficiency for 21 firms is 79.1%. There are 6 (28.3%), 14(66.9%) and 1(4.8%) firms belong to CRS, IRS and 

DRS, respectively. Result implies that most Taiwanese biotech companies should consider to expand their operation scale by hiring more 
inputs to improve the performance as well as the scale efficiency. 

Table 2 also provides scenarios of input reallocation for inefficient DMUs to diagnosis the possible sources to cause poor in efficiency 
and its amounts. Surprising, R&D expenses and inventory are two most needed adjusted terms for listed biotech companies in Taiwan in 
2014. 
 
4.3 Analysis on Managerial efficiency and efficiency slackness  

 
Since 2 listed companies were established after 2013, therefore only 19 out of 21 DMUs are evaluated for MPI. After reviewing the 

values for the EFF CH index, 4 companies’ measurements are 1, which imply a constant technical efficiency for these firms. The values for 
DMU7 and DMU15 are larger than 1, which presents a trend in progress development (table3). 

From MPI aspect, 6 firms characterized with MPI>1 after analyzing the production change during 2011-2014. Result concludes that the 
TFP are soaring for these DMUs in 4 years. It implies that inputs did improve the total productivity in production for most listed biotech 
companies in Taiwan. 
 

Table 3: Biotech CCR and slackness values, 2011-2014 
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DMU Listing date CCR(2011) CCR(2012) CCR(2013) CCR(2014) EFF CH TE CH PE CH SE CH TFP CH 
G1 1962 0.487 0.414 1.000 0.439 0.966 0.982 0.889 1.086 0.948 
G2 1982 1.000 1.000 1.000 1.000 1.000 1.162 1.000 1.000 1.162 
G3 1993 1.000 1.000 1.000 0.910 0.969 0.819 1.000 0.969 0.794 
G4 1995 0.622 0.545 0.418 0.524 0.945 1.011 0.983 0.961 0.955 
G5 2001 1.000 0.872 0.534 0.578 0.833 0.978 0.951 0.876 0.815 
G6 2002 0.369 0.387 0.316 0.349 0.982 1.020 0.933 1.053 1.001 
G7 2003 0.970 1.000 1.000 1.000 1.010 1.011 1.000 1.010 1.022 
G8 2004 0.823 0.665 0.610 0.768 0.977 1.004 1.000 0.977 0.981 
G9 2004 0.628 0.668 0.536 0.545 0.954 1.070 1.000 0.954 1.021 

G10 2007 1.000 1.000 1.000 1.000 1.000 0.812 1.000 1.000 0.812 
G11 2009 0.491 0.302 0.275 0.286 0.835 1.048 1.000 0.835 0.875 
G12 2010 0.463 0.443 0.346 0.294 0.859 1.002 1.048 0.819 0.861 
G13 2010 0.470 0.332 0.277 0.279 0.841 1.035 1.052 0.799 0.870 
G14 2011 0.528 0.721 0.701 0.465 0.959 0.995 0.796 1.205 0.954 
G15 2011 0.564 0.530 0.457 0.573 1.005 1.029 1.007 0.998 1.034 
G16 2011 1.000 1.000 1.000 1.000 1.000 1.028 1.000 1.000 1.028 
G17 2011 0.774 0.550 0.418 0.375 0.785 1.019 0.839 0.936 0.801 
G18 2012 0.801 0.626 0.550 0.529 0.871 1.019 0.947 0.920 0.888 
G19 2012 1.000 1.000 1.000 1.000 1.000 0.814 1.000 1.000 0.814 
G20 2013 - - - - - - - - - 
G21 2015 - - - - - - - - - 

mean 0.736 0.687 0.655 0.627 0.936 0.993 0.971 0.968 0.928 
Define the value of CCR2014 as horizontal axis and the change of MPI during 2011-2014 list as vertical axis, the combination of two 

indexes for 19 listed companies can be categorized by the means for CCR (0.627) and MPI (0.928) into four groups (Fig. 1) 
The relative efficient value for three DMUs, include unit 2, unit 7 and unit16, are 1, unit 8 is 0.768, the change of efficiency is above 

0.98. Therefore they are treated as the benchmark for the biotech companies with high competiveness and growth  
Relative efficiency ratio for DMU3, DMU10 and DMU19 are around 0.9 to 1, and the change of efficiency varies from 0.79 to 0.81. It 

implies their performance index for 2014 is above average but with slow movement. 
Relative efficiency ratio for DMU1, DMU4, DMU6, DMU9, DMU14 and DMU15 are bouncing around 0.35 to 0.57 with relative high 

value in efficiency change above 0.95. It implies those companies are relatively competitive.  
Relative efficiency ratios for the rest 6 fall between 0.28 to 0.58 and the change of efficiency is 0.8. It implies that these firms not only 

are inefficient also limit in progress, and even worse when comparing with the performance in 2011.  

 

Fig. 1 Competiveness and progress for Biotech Firms in Taiwan, 2014 
 
5. Conclusion 
 
1. Overall diagnosis on Biotech industry in Taiwan 

Average technical efficiency is 64.4% for 21 companies, which implied one third of companies were below average. The overall pure 
technical efficiency and average scale efficiency are 82.4% and 79.1%, respectively. The relative efficiency index for 6 DMUs are 1, 2 from 
the Pharmaceutical sector (DMU2 and DMU21), 3 from the Medical Device sector (DMU7, DMU10, and DMU19), and DMU20 is the only 
one from the Applied Bio-tech Industry sector. Besides, DMU10 and DMU20 are two companies reached the productive efficiency value 1 
without R&D sector. 

 
2. Construct the plans on improving the objectives 
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Through the differentiating analysis on those inefficient units, empirical results imply that the strategies to reallocate inputs and outputs 
will be helpful in improving the efficiency. For example, net income of DMU1, with high Scale Efficiency (0.969) and poor in pure 
technical efficiency (0.453), can be improved by input downsizing in assets, accounts receivable, R&D expenses, and employees. 

 
3. Technical efficiency is more influential to TFP 

After analyzing the changing TFP of those 6 DMUs with less competitiveness and low in progress, changes in technical efficiency (TE 
CH) rather than in productive technical (EFF CH) is the main source of the difference. This result suggests that more efforts on productive 
aspect in terms of minimizing cost concern are needed to lead the competitiveness in biotech industry. 

 
4. Scale increase can improve the performance 

Decreasing annual CCR indexes during 2011-2014 imply the degrading efficiencies for those Taiwanese listed biotech companies. To 
improve the industrial performance, biotech industry may consider to expand their scale in production by adjusting the mix of inputs. 
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Abstract: Aims: In order to further improve the teaching ability of Art College Students, 
During the internship in teaching, Arts students' psychological processes are prone to change, which can cause some different degrees of 
psychological disorders. 
Method In this paper, the method of observation, practice and literature.This study is starting from the role conversion disorder, 
communicating with students' problems,the sense of frustration and anxiety that motive and behavior effect does not agree to produce etc. 
And it puts forward some suggestions to help interns to reduce or eliminate such psychological obstacle,  
Results:The Australian scholar Michael Dyson (Michael Dyson) is a pre-service teacher education mode on this, he thought the education 
practice can not only enhance the student teachers to understand and absorb knowledge, but also can improve the ability of student teachers 
theory with practice.which hope to improve the quality of education practice of students, increase students' confidence in the working career 
in the future. Art Teachers College Students in the education practice have 90-98% art normal students showed obvious mental disorder.   
Conclusions: Through the analysis of art students in the process of education practice in mental disorders, found to make art normal students 
learn how to acquire knowledge, apply knowledge, and be responsible for their knowledge, Dyson proposed four system is essential, and 
balance each other, produce effect. Intern in the practice teaching process, should start from the self regulation, and overcome obstacles, and 
coupled with the guidance of teachers' help, obstacle to the conversion to better cope with anxiety and role. But also to prevent the feel good 
after the class, pleased with oneself boast from thunder (front three of three). In short, the intern as long as sufficient to psychological 
preparation, can effectively complete the education practice, the first step smoothly taken to the sacred pulpit, and become a qualified 
teacher. 
 
Keywords：educational practice; intern; mental disorder; the strategy of excluding 
 
1. Introduction 
 

Educational practice is an important curriculum transformation from students,which to teachers of the art students, is a systemic 
investigation on learning outcomes for three years and comprehensive. It Is the teacher training stage, and it plays an important role in the 
training of teachers [1]. Through the teaching practice, the art students  strengthen the combination of theory and practice, and avoid empty 
talk.It abve deepens the understanding of the teachers in this industry art students, which  the only way is art students to teachers  must be 
passed to [2]. The quality of educational practice  determines the future development and choice of Normal University students.Educational 
practice is a very important process of psychological change, and psychological across is very large. In the meantime,normal students 
mostly   first step on to the platform , facing the student, as a teacher  in the face of their own,and sense of responsibility and pressure 
synchronous swells. If in the educational practice of normal school students emotion experience is unpleasant, it may lead to the industry 
cognitive errors and the fear of art students to be a teach, which influences the employment process in the future, and even causes them to 
engage in the teaching profession belief and pursuit. The problems arising in the process of discussion, deserves further research. 

This research is mainly from the role of conversion disorder, and anxiety of students in the educational practice of common difficulties 
and obstacles of investigation. It tries to put forward suggestions to help students reduce or eliminate similar psychological barriers, and  to 
improve the quality of art educational practicon, and to help students  increase confidence in their future careers. 

 
2.Researvh method and processes 
  

In this paper, the method of observation, practice and literature. The analysis of psychological obstacles in practice teaching of Art 
College Studsent was carried out. A random sampling of art students, interviews were used to investigate the intern in the educational 
practice of psychological activities, and summed up the psychological barrier of interns in the education practice in the performance for 
more than three (before class, class, class, the Han Dynasty more than after multiple) anxiety and role conversion disorders such as these, 
and the the corresponding psychological barrier reason analysis. 

 
2.1 Alysis on the psychological obstacles of teaching practice in art students 
 

A random sampling of art students, interviews were used to investigate the intern in the educational practice of psychological activities, 
andsummed up the psychological barrier of interns in the education practice in the performance for more than three (before class, class, class, 
the Han Dynasty more than after multiple) anxiety and role conversion disorders such as these, and the the corresponding psychological 
barrier reason analysis. 

 
2.1.1 Jiao Lvgan   
 

Psychologists believe that individual, anxiety is the emotional state that people are unable to reach the goal or not overcome obstacles 
threat, and the self-respect and confidence setback or failure and guilt increases,   , witha nervous fear  [3]. The practice of normal school 
students of normal university art students anxiety is in the face of educational practice, the subjective expected to try to teach and test 
process in frustration, threats, pressure and other things and situations will come and feel the lack of effective measures to deal with an 
unpleasant emotional experience. 

Early education practice, most interns have some tension and anxiety, lack of confidence on the completion of education practice, and 
produce scared psychology. Some interns for fear of losing face and not handling properly and relationship between students, teachers. 
Especially for the first time in the face of the students, the first stage of teaching, the first received from the students' attention and survey, 
many for the first time, not every art student to face easily in practice. Therefore, in the practice process, it often appears that the classroom 
teaching organization is not skilled, the language is not smooth, explain the content logic confusion, actual operational errors, and 
communication obstacle  [3]. The psychology research proues that the individual in the face of unfamiliar environment and activities, will 
produce stress response, in order to enhance the body on the activity of the prepared state. Stress response appropriate help the body respond 
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to environmental changes, but the reaction is too strong, that will make the person produces arrhythmia, adverse reactions, such as 
psychological fear, fear of stage fright.   

According to the investigation, in view of the art students carried out the corresponding courses, and in the appropriate semester for 
students were simulated teaching training, and education training to prepare for the education practice. And good distribution practice 
arrangement. 

Through the investigation about the students, only a small number of students during the summer vacation for educational practice and 
educational practice are ready. Including students to early contact the local school classes, students of junior and senior high school 
textbooks, familiar with the lesson preparation. The majority of students is still in accordance with the school arrangement, follow the 
teacher to practice school internship. This shows that the trainee anxiety produced mainly from the lack of preparation. Intern for 
educational practice not ready. 

In addition, the professional knowledge and skills are weak, the lack of educational theory, teaching skills is not high and it is also an 
important factor. Art Colleges in spite of pedagogy, psychology and other courses, but students often do not master the theory of education, 
teaching skills and teaching art, these defects in practice gradually manifested, very easy to produce anxiety. 

In the process of interns attitudes are not correct is also the cause of anxiety. The lack of understanding of the roles of teaching practice 
of art students, failed to recognize the graduation fieldwork is a rare ability to enhance the opportunities for them, but as a theory of 
classroom learning rest after four years of tension. These students during internship, participate in various activities are very passive, lack of 
enthusiasm. There are a number of art students lack self-confidence and sense of direction, the education practice show boredom and fear, 
always will cope with practice. It will also make trainee anxiety in some aspects. 

 
2.1.2 Objective causes anxiety Intern 
 

Social development and the requirements of reform and opening up our talents into full play, makes the contribution for the human. For 
art normal school students, which requires them to correctly treat education practice, do practical work. However, in the practice of 
education, social recognition, this good will also be restricted in no clear results at a loss, this will make the interns in the practice process 
because of the effect of motivation and behavior is not consistent and the emergence of  psychological anxiety.[3] 

Pressure from others will also bring anxiety to intern. First of all, practice school for intern receptionist, to set up a steering group, to 
arrange the teacher, evaluation of teaching and teacher internship, which give the trainee to psychological pressure. Secondly, the intern 
students and colleagues between relationships, there is a "comparison" psychological phenomenon, they compete with each other, one wants 
to become a few "excellent", so that each intern will bear the pressure from other intern. 

Intern students have faced a fresh on the student teachers and student teachers, like communication, is very high to the practice teacher, 
to make the evaluation of the intern teacher's speech and deportment; on the other hand, they think that a student teacher is "passerby", not 
the student teacher in the eye, and some are even and intern teacher to dry. Impact of these external factors will also give interns to 
psychological pressure, cause anxiety. 

Teaching practice is an important stage and content of teachers occupation education, is also the art students first step towards 
education hall. Art teacher intern first truly entered "the role of teachers", and are not necessarily ready, many people psychological tension, 
showed different reactions.For example, the distance between intern students and difficult to grasp, too close. Or because the intern to work 
in education practice is not responsible, psychological barriers to change roles or teachers in the students, then it is easy to in teaching 
practice can't reach the expected effect, and even.   

Organization ability is one of the reasons. In the process of practice, in addition to teaching practice, and the practice. Some interns 
during reading, not as a class cadre, not any activity, rarely participate in collective activities. So, for the work, very afraid, very anxious, if 
the organization is not good, in front of the students make a scene, and thus unable to smoothly carry on role change. 

Moreover, the intern from students to teachers, great changes have taken place in social role, but some interns are not fully aware of 
this change, not to produce the corresponding role identity, lack of teachers role psychology, psychological role they often remain in the 
formation of long-term, they knew, role behavior is difficult to the teacher's role conversion disorder, form [4].    

 
2.1.3 Objective reasons disorder intern role conversion 
 

Interns and students to grasp the distance, mainly because the intern itself is very young, coming out of the university campus, and 
students' psychological distance, as well as the age gap are very close, often can appear between intern and middle distance too close, 
resulting in the classroom discipline is difficult to control, and the relationship between men and women is too close and so on. 

Interns in the university life, usually after class will have nothing to do, but in practice middle school, usually take money management 
model, that is to say, even after class, also want to work in an office, a grading, grading papers, students, teaching etc.. This objective 
requirement is very high to the internship, interns if not good to change the role, can not be responsible for the complete the task, it will 
influence the effect of  teaching practice[1].   

 
2.2 Interns exclusion strategy thinking teaching psychological disorder 
 

Influence of the Intern Intern in the educational practice of performance in practice mental disorder in the two aspects of teaching, also 
affected the interns in the learning and growth. In view of this situation, the author puts forward the following countermeasures.  

 
2.2.1 To overcome the strangeness 
 

Teaching process is a two-way exchange of information process, so the interns to understand all aspects of the situation of students 
through a variety of channels before class, such as the overall situation of the class, basic knowledge of the original, and interest in the 
course, demand [5]. Only do this can have a definite object in view, the students from the reality of teaching, or unfamiliar with each other, 
it is difficult to two-way communication in the classroom, interaction. General intern was the most tense moment is when the bell rang, from 
the office to the classroom this period of time, to the "strange" experience leads to the nervous psychology (one of the third front). Therefore, 
students don't have to wait until the bell rings towards the classroom before class, can a few minutes early to the classroom, walked to the 
podium to familiarize yourself with the classroom environment, a psychological preparation; also to the students to talk, let the students 
familiar with yourself, to shorten the psychological distance with the students recognize so early on the podium, won't have too strange 
feeling, mental state will be much more relaxed, when the bell sounded nervous psychology has eliminated many. 
 
2.2.2 Identity of teacher's role, enhance self-confidence  
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Intern from students to teachers, not only changed the identity. More important is to psychologically aware that they have a teacher, the 
student's educational and organizer, and is no longer a student, only in this way, can consciously into the role of teachers, teacher's role 
behavior, not to see the students fear, nervousness interns also mostly lack self-confidence, worry about the bad lesson was a joke. So, 
establish confidence, fully believe in yourself to speak good lesson, a competent teacher. This will produce deep in the heart of a sense of 
security, have the courage to overcome all difficulties, thereby eliminating stress [6]. 
 
2.2.3 Understanding the teaching content, fully prepared 
 

Prepare lessons is the precondition for a good lesson, as a student teacher, not only to digest the teaching content, to achieve, as part of 
their cognitive structure, but also to their own thoughts and feelings into them, write a detailed lesson plans, such as teaching content and 
key point, difficult point, even the opening words and some white organization of teaching, can also be written into the teaching plan, in 
order to prevent class tensions (front three of two), forget "". Thus, although the lecture always not echo what the books say, but can produce 
"a case according to the" sense of ease. On this basis, the intern also familiar with the lesson plans, lesson plans written exercises lecture, 
namely, interns also read many times, until the logical structure of teaching plan and main content lies at the heart of. On the basis of these, 
students can find a quiet place to practice, can also let the students as the audience to trial, or closed eyes through imagination in my heart 
silently practicing. Through such teaching "rehearsal", made the intern to further familiar with the contents of teaching, experience teaching 
process, it is easy to enter the role of teachers, teacher's role behavior, and not have too much tension.      

 
2.2.4 Repeatedly elaborate design  
 

As the saying goes: "everything is hard in the beginning," intern prologue often said that bad, while opening talk is good or not, directly 
affect the teaching mood. If the opening used the wrong words, or show stammering, shy, will increase tension, insecurity, adverse effect on 
classroom teaching, psychological barriers and. Therefore, in front of the class for the opening is to be repeated, careful design, try to be 
kind, natural, attractive, with a bit of humor, humorous might. It not only can shorten the psychological distance between teachers and 
students, but also to allow teachers to be calm, to complete the work better.   
 
2.2.5 Practice anxiety with psychological adjustment means of intervention 
 

For anxiety, psychoanalytic theory put forward many important ego defense mechanisms, such as depression, deny, identity, projection, 
reflection, echo, rationalization, sublimation. In real life, there are positive in many ways can reduce student anxiety [7]. Through the 
regulation of assertiveness training, relaxation training, music, jogging and other methods, the practice of anxiety can be effectively alleviate 
and control. 

 
3. Results 
 

The Australian scholar Michael Dyson (Michael Dyson) is a pre-service teacher education mode on this, he thought the education 
practice can not only enhance the student teachers to understand and absorb knowledge, but also can improve the ability of student teachers 
theory with practice.which hope to improve the quality of education practice of students, increase students' confidence in the working career 
in the future.The results show that the teaching effect can be improved obviously as long as the art teachers have overcome all kinds of  
psychological  obstacles. 

Continuous analysis of the three session of the psychological barrier of students，Results are shown in Figure 1 and table 1.    
Table1.Continuous analysis of the three sessionof the psychological barrier of students 

Ａ   Ｂ   Ｃ   Ｄ   Ｆ   G 
1   Boys 50    45     5    90%   10% 

girls50     47     3    94%   6% 
2   Boys 50    48     2    96%   4% 

girls50     49     1    98%   2% 
3   Boys 50    46     4    92%   8% 

girls50     48     2    96%   4% 
Note: number of sessions (A), the total number of (B), highlights the number of mental disorders (C), the number of mild mental 

disorders (D). 
C/B%=F, D/B% = G 
Data can be seen from the table, students have different levels of psychological barriers, and more than 90% have prominent 

psychological barriers, there are mild psychological barriers in the following10%. 

 
Fig. 1 teacher to the intern demonstration 

 
4. Discussion and conclusion 
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The Australian scholar Michael Dyson (Michael Dyson) is a pre-service teacher education mode on this, he thought the education 
practice can not only enhance the student teachers to understand and absorb knowledge, but also can improve the ability of student teachers 
theory with practice. Therefore, the internship period task is to make student teachers learn how to acquire knowledge, apply knowledge, 
and be responsible for their knowledge of [8]. Dyson will be as a social system, educational practice. He argues that social system consists 
of four core elements: one is self; two is the social relations; three is the ecological system; four is the systemic effects of [9]. Through the 
analysis of art students in the process of education practice in mental disorders, found to make art normal students learn how to acquire 
knowledge, apply knowledge, and be responsible for their knowledge, Dyson proposed four system is essential, and balance each other, 
produce effect. Intern in the practice teaching process, should start from the self regulation, and overcome obstacles, and coupled with the 
guidance of teachers' help, obstacle to the conversion to better cope with anxiety and role. But also to prevent the feel good after the class, 
pleased with oneself boast from thunder (front three of three). 

In short, the intern as long as sufficient to psychological preparation, can effectively complete the education practice, the first step 
smoothly taken to the sacred pulpit, and become a qualified teacher. 
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Figure. 1 Fire hazard in concrete shield tunnel. 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                                       90.5 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/90 

 

Quantitative analysis of thermo-hydral process mechanism is one of the difficulties to investigate the spalling of SCC. A lot of previous 
research focus on the pore pressure development of ordinary concrete and high-strength concrete exposed to electric heating [4,5]. The 
similar study on SCC during fire exposure is very limited [6]. This paper will present an experimental study on pore pressure development 
in fiber reinforced self-consolidating concrete during fire exposure. Steel fiber, micro polypropylene fiber, macro polypropylene fiber and 
their hybridizations reinforced self-consolidating concrete were investigated. 
 
2. Experimental procedure 
 

Cement (P·O 52.5R), fly ash, fine sand, crushed stone, steel fiber, micro polypropylene (PP) fiber and macro PP fiber were the raw 
materials used in this study. Their basic properties are shown in Table 1. The mix proportions of plain SCC and fiber reinforced SCC are 
given in Table 2 and Table 3, respectively. 
 

Table 1 Properties of raw materials 
Raw materials Density (g/cm3)  Geometric size Mechanical property temperature  

Cement 3.2 45 μm sieve residue 
14.16% 

_ _ 

Fly ash 2.6 45 μm sieve residue 
23.72% 

_ _ 

Quartz sand 2.65 Fineness modulus  
Medium sand 

_ _ 

Crushed stone 2.7 Continuous grading 
Maximum size 15  

_ _ 

Steel fiber (Hooked) 7.8 Length 60 mm 
Diameter 75 μm 

Tensile strength ≥1200 MPa _ 

Micro PP fiber 0.91 Length 9 mm 
Diameter 18 μm 

Tensile strength 
615 MPa 

170 

Macro PP fiber 0.91 Length 45 μm 
Diameter 74 μm 

Tensile strength 
465 MPa 

170 

 
The specimens with a size of 150mm×150mm×550mm were used for pore pressure tests. After casting, all the specimens were stored 

in a standard curing room of concrete with molds for 24 hours; thereafter they were demoulded, subjected to 20 oC water and cured for 28 
days. The initial moisture of the specimens was between 4 and 5% by mass. 

The experimental set-up developed by Kalifa et al. was employed, as shown in Figure 3a. Thermal load was applied on one face of the 
concrete specimen by means of burning liquefied natural gas. The heating pattern is according to ISO 834-1 fire curve, as shown in Figure 
3b. In order to investigate the fire spalling and pore development of SCC, the specimen was just exposed to the maximum temperature of 
600 oC and lasting for 120 min. 
 
3. Results and discussion 
 
3.1 Influence of fiber type on pore pressure development 
 

Figure 4 presents the pore pressure development measurements of plain SCC and mono-fiber reinforced SCC at different depths. It can 
be observed that the maximum pore pressures measured in plain SCC at all depths are much higher than those of fiber reinforced SCC. The 
times at maximum pore pressure of fiber reinforced SCC at all depths are longer than that of plain SCC. Micro PP fiber plays a more 
significant role in reducing pore pressure than macro PP fiber and steel fiber. For all series, the pore pressure in 30 mm depth is the highest. 
Comparing Figure 4c and other figures, it clearly shows that the addition of steel fiber plays some roles in pore pressure reduction in deeper 
regions of SCC exposed to fire. This observation is also confirmed by M. R. Bangi in his latest research paper. Macro PP fiber is used more 
and more widely in concrete construction, therefore, its fire resistance is concerned gradually. From Figure 4d, it can be seen that macro PP 
fiber plays a more efficient role in pore pressure reduction than steel fiber. Comparing macro PP fiber with steel fiber and micro PP fiber, it 
seems that the addition of macro PP fiber has a better effect in shallow regions than in deep regions during fire exposure. This is likely a 
result of the geometric size of macro PP fiber. 
 
3.2 Influence of fiber hybridization on pore pressure development 
 

Figure 5 shows the pore pressure development of hybrid fiber reinforced SCC. Compared Figure 4b, 4c and Figure 5a, it can be 
observed that the hybridization of steel and micro PP fiber further reduces the maximum pore pressure at all depths, which presents an 
obvious positive hybrid effect in pore pressure reduction. The inclusion of steel and macro PP fiber results in a slightly lower pore pressure 
of 0.75 MPa compared to 0.9 MPa measured in mono-macro PP fiber reinforced SCC at the depth of 30 mm. The positive hybrid effect in 
pore pressure reduction of steel and micro PP fiber is better than that of steel fiber hybrid macro PP fiber reinforced SCC. From Figure 5c, it 
can be observed that the addition of steel fiber, micro PP fiber and macro PP fiber don’t present a further pore pressure reduction compared 
to steel fiber hybrid micro PP fiber reinforced SCC. This likely indicates that micro PP fiber plays more important role in reducing pore 
pressure of SCC during fire exposure.  
 
3.3 Temperature at maximum pore pressure 
 

Figure 6-8 present the results of time and temperature at maximum pore pressure in different depths. From Figure 6, it can be observed 
that the maximum pore pressure occurs during 13 to 19 min in the depth of 10 mm during exposed to ISO 834 fire curve, while the range of 
temperature at maximum pore pressure is about 200 to 280 oC. The addition of fibers prolongs the time of observing the maximum pore 
pressure in all depths. For all series, the pore pressure at the depth of 30 mm is the highest. As shown in Figure 8, it is further importantly 
observed that the maximum pore pressure occurred in the temperature ranges of 200-230 oC. It seems that the pore pressure relief occurs 
after melting of PP fibers, since the melting temperature of PP fiber is around 170 oC. This observation is somehow different with M. R. 
Bangi’s results. The difference of heating pattern (electric radiant heater and fire) and heating rate may lead to this distinction. 
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Figure. 2 Time and temperature at maximum pore pressure in 10 mm depth. 

 
3.4 Comparison between electric heating and fire exposure 
 

The main difference between electric heating and fire exposure is the heating rate. Mindeguia et al found that concrete spalling mostly 
because of the internal cracking during fast heating, i.e. fire [8]. This viewpoint was also confirmed by Jansson et al. They found that the 
residual permeability of concrete exposed to fire was twice that of the concrete exposed to slow heating [9]. These results indicate that fast 
heating will lead to larger internal destruction in the concrete. This is likely the reason that all the test results of pore pressure in SCC 
exposed to fire are obviously lower than that of other concrete exposed to electric heating. However, it doesn’t mean that SCC exposed to 
fire will not spalling. It seems that there is no simple correlation between the magnitude of pore pressure and spalling in SCC exposed to fire. 
The spalling mechanism of SCC during fire exposure is more complex and further research should be carried out in the future. 
 
4. Conclusion 
 

This paper presented an experimental study on pore pressure development in fiber reinforced self-consolidating concrete during fire 
exposure. Steel fiber, micro polypropylene fiber, macro polypropylene fiber and their hybridizations reinforced self-consolidating concrete 
were investigated. The following conclusions can be drawn from this study. 

Micro polypropylene fiber is more effective in reducing pore pressure than macro polypropylene fiber or steel fiber. Steel fiber plays 
some roles in pore pressure reduction in deeper regions, while the macro polypropylene fiber has a better effect in shallow regions than in 
deep regions during fire exposure. The positive hybrid effect in pore pressure reduction of steel and micro polypropylene fiber is better than 
that of steel fiber hybrid macro polypropylene fiber reinforced SCC. The pore pressure in SCC exposed to fire is obviously lower than that 
of other concrete exposed to electric heating. Larger internal destruction in SCC during fire exposure maybe explains this phenomenon. 
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Abstract: Detection of tea aroma with an electronic nose is one of important methods to standardize tea-quality evaluation systems, and in 
detail by using sensors in the electronic nose, tea aroma is analyzed and quantified to provide effective data for standardization of tea quality. 
In this paper, a PEN3 electronic nose system was used to test aromatic ingredients in Hangzhou Chrysanthemum treated with different 
heating methods, and with indicators relevant to aroma quality of Hangzhou Chrysanthemum, to build an indicator system to evaluate 
quality of Hangzhou Chrysanthemum. From 36 samples that were treated with different heating methods, electronic-nose analyzed data was 
counted with the factor analysis method, and then evaluated according to aggregated and comprehensive scores. Research results showed 
that the factor no. 1, the main factor to evaluate the quality of Hangzhou Chrysanthemum, was relevant to aroma concentration other than 
aromas of hydride, oxynitride and sulfur compound in Hangzhou Chrysanthemum, with its variance contribution rate of 46.454%. 
Additionally according to weights of factors, the microwave heating score was calculated to be 8.55, far greater than that of other heating 
methods; and the comprehensive score of heated chrysanthemum was obviously superior to the one not heated. Microwave heating of 
Hangzhou Chrysanthemum was effective in improving aroma quality of Hangzhou Chrysanthemum.. 

Keywords: heating; quality evaluation; electronic nose; hangzhou chrysanthemum 

1. Introduction 

Besides high ornamental value, chrysanthemum contains many effective ingredients for body health, which have high nutritive value,
medical value and health-care effect. Frequent chrysanthemum-tea drinking is helpful to body heath and longevity [1],[2]. During 
chrysanthemum processing, heating is the first procedure in tea primary processing. The heating procedure is key to shape and quality of 
chrysanthemum tea. With high-temperature heating of fresh chrysanthemum, oxidase from the fresh chrysanthemum is destroyed and 
inactivated in order to inhibit oxidation of tea polyphenol and other enzymes, prevent chrysanthemum discoloration in its drying, and lay 
foundation for beautiful appearance and quality [3],[4].  

Chrysanthemum aroma is an important method to evaluate its quality, and also one of main factors having influence on purchase 
intentions of consumers. Teas emit their respective aromas, which are independent on various volatile matters in teas. Teas contain a small 
amount of volatile matters, and the volatile contents vary with different varieties and treatment processes. At present quality evaluation of 
chrysanthemum is performed with methods of sensory evaluation and conventional chemical analysis [6]-[8]. As to sensory evaluation, 
chrysanthemum quality is evaluated by means of an evaluator’s nose, tongue and eyes. Sensory evaluation is easily affected by an 
evaluator’s mentality, physiology and personal experience, so it is hard to conclude the same. The conventional chemical analysis shows 
high accuracy and reliability, but also with shortcomings of complex pre-sample treatment, destructive material and time consuming. In 
recent years, the emerging electronic-nose technology provides a new rapid, non-destructive method to evaluate material quality by means 
of aroma detection and identification.     

In research on aroma identification based on electronic noses, ZHANG Yongjun et al [7] use an electronic nose to detect and analyze 
aroma ingredients of red bayberry juice produced from 3 different treatment processes, and the results show that the electronic nose can be 
capable of detecting aromatic ingredients of red bayberry juice treated with different processes in a non-destructive manner. YU Huichun et 
al [9] use an electronic nose to sort 4 kinds of different-level Longjing Teas, and the results show that with LDA analysis, these teas can be 
well separated from each other. Zhang Hongmei et al [10] use an electronic nose to test 3 kinds of different-level Xinyang Maojian Teas, 
and the results show that the electronic nose can be capable of measuring the content of caffeine in the Xinyang Maojian Teas. Electronic 
noses are also widely applied in other fields, such as for rapid detection and identification of plant pests and diseases [11], grains [12-14], 
fruits [15], wines [16]-[17], and meat [18]-[20], demonstrating its capability of sorting and identifying different processes and different 
material aromas.  

To form strict and uniform evaluation criteria of chrysanthemum in its production and distribution and further reflect the impartiality 
and accuracy of chrysanthemum evaluation, in this paper the authors used Hangzhou Chrysanthemum as test object, and detected 
chrysanthemum aroma with an electric nose; then built an indicator system for evaluation of Hangzhou Chrysanthemum quality with some 
indicators relevant to its aroma quality; finally counted the obtained data with the factor analysis method, and evaluated with aggregate and 
comprehensive scores, obtaining important methods and effective measures to evaluate and improve the quality of Hangzhou 
Chrysanthemum. 

2. Materials and methods 

2.1 Materials  

The test material is fresh chrysanthemum (with 84% water content) picked from Jiyuan Hongrun Seedling Co., Ltd. in 2015. When 
picking chrysanthemum samples, they were collected according to the same time, maturity and water content. With visually damaged or 
discolored chrysanthemum samples excluded, the remaining samples were treated separately in a steam-heating, microwave-heating and 
hot-air heating manner. Main process parameter of different heating methods: 5min for steam heating at 90-95
heating at 85-90 ℃ and 2450MHz, with output power of 600w; 15min for hot-air heating at 75-80
cooled, and dried in 40
low temperature (5

2.2 Instruments 

PEN3 electronic nose (manufactured by Airsense), PJ21C-B1 microwave oven (manufactured by Guangdong Midea Microwave Oven 
Manufacturing Co., Ltd.), DHG-9075A electric thermostatic drying box (manufactured by Shanghai Jing Hong Laboratory Instrument Co., 
Ltd.), 6CS-80 cylindrical continuous steam heating machine (manufactured by Hangzhou Fuyang Tea-machines Factory).  

2.3 Test methods 
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2.3.1 PEN3 electronic nose system 
  

Figure 1 shows the PEN3 electronic nose system in a schematic manner.  

 
Fig. 1 Schematic diagram of the PEN3 electronic nose system. 

The electronic nose system is composed of a sensor array containing 10 metal oxides, each of which responds well to a certain category 
of aromatic material, as shown in Table 1. The electronic nose is set as follows: sampling time equal to 1s per group; sensor automatic 
cleaning time equal to 300s; senor zeroing time equal to 10s, sample get-ready time equal to 5s; incoming sample flow equal to 300 mL/min; 
and sample analysis time equal to 90s. Direct headspace suction was performed to test the samples at 20 ℃ room temperature,   
sample tested three times. The response signal was ratio of electric conductivity G of a sensor in contact with volatiles, to electric 
conductivity GO of the sensor in contact with volatile gases filtered with standard activated carbon [21]-[25]. When measuring the respond 
signal, G/GO ratios of 10 different selective sensors could be noted down for further statistic analysis.  

Table 1 Types of aromas corresponding to different sensors in the PEN3 electronic nose 
Array S/N Sensor name Corresponding aroma 

1 W1C Benzene aromatic ingredient 

2 W5S Highly sensitive to oxynitride 

3 W3C Sensitive to ammonia aromatic ingredient 

4 W6S Selective about hydride 

5 W5C Short-chain alkane aromatic ingredient 

6 W1S Sensitive to methyl-like 

7 W1W Sensitive to inorganic sulfide 

8 W2S Sensitive to alcohols and aldehydes & Ketones 

9 W2W Sensitive to organic sulfide aromatic ingredient 

10 W3S Sensitive to long-chain alkane 

 
2.3.2 Detection method 
 

Take out a portion of samples and divide into 4 categories, each of which contains 9 samples with the weight of 2.5g for each sample. 
Put the samples into separate 250ml conical flasks; then seal these flasks with three layers of plastic films, and after 30min’s standing, 
sample from the headspace of flasks automatically with the electronic nose. Sample for 90s, and when every sampling, the electronic nose 
software will automatically note down the detection data every second [25]-[27]. Additionally set the sensor cleaning time to be 90s, to 
ensure the sensor response restores to its original state.  

  
2.4 Data treatment method 
 

The quality evaluation of Hangzhou Chrysanthemum was performed with 10 sensors included in the electronic nose and aroma data 
corresponding to different heating processes. To choose weights and evaluate the electronic nose-based quality of Hangzhou 
Chrysanthemum in an objective manner, in this paper with the factor analysis method, the score of a factor was used as its weight for 
statistic research and comprehensive evaluation for aromas of 34 different treated samples.  

The factor analysis was conducted with the SPSS 22.0 statistic software package (Inc. Chicago, IL, USA). With factor analysis and 
transformation analysis, when the factor P<0.05 and P<0.01, it indicated significant difference.  

 
3. Results and discussion  
 
3.1 Extraction of sensor response values from the electronic nose for chrysanthemum  
 

Figure 2 shows response curves of electric conductivities of 10 sensors in the electronic nose with changed time, each curve 
representing a sensor. Such curves represent variation of relative electric conductivity (G/GO) when aromatic ingredients pass by a sensor 
channel. From Figure 2, the response value (expressed with the electric conductivity G/GO) starts with lower data, and as volatiles 
accumulate on the sensor surface, the sensor resistance ratio increases, up to be a stable state after 50s. Therefore, the time point of data 
extraction was set to be 50s in the test.  
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(a) Steam heating                         (b) Microwave heating 
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(c) Hot-air heating                        (d) No heating 
Fig. 2  Response curves of 10 sensors used to detect chrysanthemum 

a, steam heating; b, microwave heating; c, hot-air heating; d, no heating 
To better observe and analyze changed response of 10 sensors in the electronic nose with samples, a fingerprint was drawn for 

chrysanthemum treated with different heating processes by extracting the response value of each sensor. From Figure 3, it is well seen that 
chrysanthemum samples show different response signal intensities at 10 sensors. Among those, the sensor response values of W5S, W1S, 
W1W, W2S and W2W are representative. Using such 5 sensor response values with significant difference, a characteristic fingerprint was 
drawn as shown in Figure 4. From sensor response curves to aroma of Hangzhou Chrysanthemum treated with different heating processes, it 
is shown that in microwave heating and steam heating, the sensor response values to volatile chrysanthemum are 8.2117, 6.9427…, 
significantly greater than the control value 4.6702 (P<0.01); but in hot-air heating, the sensor response value shows no significant difference 
in comparison to control samples.  
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Fig. 3 Fingerprint of chrysanthemum treated with different heating processes 
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Fig. 4 Characteristic fingerprint of chrysanthemum treated with different heating processes 

 
3.2 Results of factor analysis  
 

With Bartlett’s test as shown in Table 2, the Bartlett value is 1140.322 and the single-sided testing probability P= 0.000<0.01. The 
Bartlett spherical testing result is remarkable, indicating there is a factor structure.  

Measurement of Kaiser-Meyer-Olkin sampling adequacy is an indicator used to compare the observed correlation coefficient value to 
the partial correlation coefficient value. The more approaching 1 the measurement, the better the factor analysis effect of these variables. As 
shown in Table 2, the KMO value is 0.675, indicating the factor analysis result is acceptable.  

Table 2 KMO and Bartlett’s test of sphericity 
Measurement of Kaiser-Meyer-Olkin sampling adequacy  0.675 

Bartlett’s test of sphericity Approximat
e chi-square 

1140.322 

 df 45 
 Sig. 0.000 

Table 3 shows the accounting for factor variance. The first factor has a characteristic value of 7.584 accounting for 75.840% of the total 
variance, and the second factor has a characteristic value of 1.527 accounting for 15.270% of the total variance, jointly accounting for 
91.111% of the total variance. According to the extraction principle of main factors, there are two factors with their characteristic values 
greater than 1.0 and overall extraction information content greater than 85%. But as seen from the screen plot, the third factor rests on a 
slope. Thus in the test three factors was extracted and rotated. After the three factors were rotated, the overall extraction information content 
did not change, still 98.440%. This did not affect the communality of original variables, only re-distributing the variances of three factors 
accounting for original variables and changing the extraction information content of each factor: the first main factor contributed 46.454% 
of extraction information content, the second main factor contributed 39.582% of extraction information content, and the third factor 
contributed 12.405% of extraction information content.  

Table 3 Extraction of main factors in sensor detection data 

Table 4 shows the rotated factor matrix of factors no. 1, 2 and 3. The factor no. 3 (f3) is relevant to the sensor W6S (with its factor 
loading equal to 0.949), which is sensitive to hydride aroma. So f3 can be named as the sensor factor sensitive to hydride aroma, with its 
variance contribution rate of 12.405%. The factor no. 2 (f2) is relevant to the sensor W5S (with its factor loading equal to 0.820), W1W 
(with its factor loading equal to 0.925) and W2W (with its factor loading equal to 0.986), of which W5S is sensitive to oxynitride aroma, 

Main 
factors 

Initial characteristic values   Quadratic sum of rotated factor loading 
Characteristic 
value  Variance % 

Accumulated total 
variance %  

Characteristic 
value  Variance % 

Accumulated total 
variance % 

1 7.584 75.840 75.840  4.645 46.454 46.454 

2 1.527 15.270 91.111  3.958 39.582 86.035 

3 0.733 7.330 98.440  1.240 12.405 98.440 

4 0.103 1.033 99.473     

5 0.038 0.378 99.851     

6 0.008 0.078 99.930     

7 0.006 0.063 99.993     

8 0.000 0.005 99.998     

9 0.000 0.002 100.000     

10 4.309E-5 0.000 100.000     
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W1W is sensitive to inorganic sulfide, and W2W is sensitive to organic sulfide [27]-[29]. So f2 can be named as the sensor factor sensitive 
to oxynitride and sulfide aromas, with its variance contribution rate of 39.582%. The factor no. 1 (f1) is relevant to the sensor W1C (with its 
factor loading equal to -0.785), W3C (with its factor loading equal to -0.748), W5C (with its factor loading equal to -0.830), W1S (with its 
factor loading equal to 0.844), W2S (with its factor loading equal to 0.846) and W3S (with its factor loading equal to 0.925), which are 
respectively sensitive to aromas of benzene, ammonia, alkanes, methyl, and alcohols, aldehydes and ketones. So f1 can be named as the 
sensor factor sensitive to other aromas, with its variance contribution rate of 46.454%.  

Table 4  Rotated factor matrix 

Sensors 
Main factors 

1 2 3 
W1C -0.785   
W5S  0.820  
W3C -0.748   
W6S   0.949 
W5C -0.830   
W1S 0.844   
W1W  0.925  
W2S 0.846   
W2W  0.986  
W3S 0.925   

As shown in Table 5 “Factor score coefficient”, scores of these three factors are f1 = -0.458, f2=0.415 and f3=1.748.  
Table 5  Factor score coefficient 

Sensors 
Factors 

1 2 3 
W1C -0.169 -0.051 0.107 
W5S -0.019 0.220 0.003 
W3C -0.161 -0.087 0.181 
W6S -0.239 -0.020 1.046 
W5C -0.234 -0.009 0.204 
W1S 0.199 -0.020 -0.017 
W1W -0.121 0.322 -0.005 
W2S 0.181 -0.061 0.131 
W2W -0.287 0.434 0.101 
W3S 0.392 -0.313 -0.003 

f value -0.458 0.415 1.748 
 

2.3 Comprehensive score and evaluation of chrysanthemum treated with different heating processes  
 
Standardized data of 34 Hangzhou Chrysanthemum samples treated with different heating processes and with no heating were 

substituted into the factor score formula to yield three factors scores for each sample. The three factors have respective weights of 0.4719, 
0.4021 and 0.1260. With score and weight of each factor, the comprehensive score of Hangzhou Chrysanthemum samples is calculated. 
Then by aggregation with the same process, the comprehensive scores of Hangzhou Chrysanthemum samples treated with three different 
heating processes and with no heating are obtained and sorted.  

Comprehensive score = f1 × 0.4719+ f2 ×0.4021+ f3 ×0.1260 
From Table 6, the factor no.1 (sensor factor sensitive to other aromas of Hangzhou Chrysanthemum) gets its scores sorted as 

microwave heating, hot-air heating, no-heating, and steam heating, which indicates that the Hangzhou Chrysanthemum treated with 
microwave heating contains various kinds of aromas and the Hangzhou Chrysanthemum treated with steam heating emits significantly less 
kinds of aroma than those of no-heating Hangzhou Chrysanthemum; the factor no.2 (sensor factor sensitive to oxynitride and sulfide aromas 
of Hangzhou Chrysanthemum) gets its scores sorted as steam heating and microwave heating, no-heating, and hot-air heating, which 
indicates that the Hangzhou Chrysanthemum treated with steam heating contains much oxynitride and sulfide and the hot-air heating causes 
these chemicals to lose to a large extent; and the factor no.3 (sensor factor sensitive to hydride aroma of Hangzhou Chrysanthemum) gets its 
scores sorted as hot-air heating, steam heating, microwave heating, and no-heating, which indicates that the Hangzhou Chrysanthemum 
treated with hot-air heating contains plenty of hydride. After calculation of the comprehensive scores with factors weights, it is found that in 
the evaluation of Hangzhou Chrysanthemum treated with different heating processes based on electronic noses, the samples treated with 
microwave heating show much better quality than those treated with steam heating; however, the samples treated with hot-air heating show 
poorer quality than those directly dried with no heating.  

Table 6 Quality evaluation of Hangzhou Chrysanthemum treated with different heating processes 
Heating processes f1 f2 f3 Comprehe

nsive scores 
Sor

t 
Microwave heating 12.7054 6.1953 0.3934 8.55 1 

Steam heating -7.9727 8.8736 2.0329 0.07 2 

Hot-air heating -1.3319 -11.7673 6.4334 -4.54 4 

No heating -3.4009 -3.3016 -8.8597 -4.06 3 

 
3 Conclusions 

 
In this paper by using 10 aroma-sensitive sensors of the electronic nose as indicators relevant to Hangzhou Chrysanthemum quality, the 

authors built an indicator system to evaluate the quality of Hangzhou Chrysanthemum. From 36 samples that were treated with different 
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heating methods, electronic-nose analyzed data was counted with the factor analysis method, and then evaluated according to aggregated 
and comprehensive scores. In the research, quantitative analysis was performed fully based on objective data with no any subjective factors, 
and the measured results were comparable and had reference value, capable of reflecting a true objective reality. It should be noted that, the 
factor no.1, the main factor to evaluate the quality of Hangzhou Chrysanthemum, was relevant to aroma concentration other than aromas of 
hydride, oxynitride and sulfur compound in Hangzhou Chrysanthemum, with its variance contribution rate of 46.454%. This well indicated 
that the aroma quality of Hangzhou Chrysanthemum was relevant to and significantly affected by chemicals of methyl, alcohols, aldehydes, 
ketones, long-chain alkanes, and benzene, ammonia and short-chain alkanes; the aroma quality of Hangzhou Chrysanthemum was positively 
correlated to methyl, alcohols, aldehydes, ketones, and long-chain alkanes, but negatively correlated to benzene, ammonia and short-chain 
alkanes. From this, the purpose of increasing the contents of methyl, alcohols, aldehydes, ketones and long-chain alkanes, and reducing the 
contents of benzene, ammonia and short-chain alkanes, is to improve the quality of Hangzhou Chrysanthemum. So the heating and drying 
processes of Hangzhou Chrysanthemum are important methods and effective measures to improve quality of Hangzhou Chrysanthemum. 
Microwave heating of Hangzhou Chrysanthemum is effective in improving aroma quality of Hangzhou Chrysanthemum.  
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The application of the WeChat public platform in the teaching system 

Guangqiang Qu, Bin Sun 

Academic Affairs Office, Northeast Dianli University, Jilin City, China 

Abstract: In 2012 a new WeChat public platform module was added on the basis of Tencent micro-channel, through which individuals and 
businesses can create a micro-channel public number and invite specific groups to achieve communication and interaction through text, 
pictures, and voice. Based on micro-channel public platform, this paper has completed the design and implementation of an academic 
information inquiry system, with the application of PHP, WebService technology and relevant technology. This paper focuses the issues of 
the micro-channel public platform interface and its data sources, and response function of graphic mode, etc. 

Keywords: academic information; micro-channel public platform; page analysis 

1. Introduction 

After the launch of Tencent micro-channel public platform in August 2012, the media and individuals can, through their own platforms, 
publish their own message and information. The information they use can be rich media formats of voice and video, besides text information. 
After Micro-channel has possessed the public platform, users can not only receive information from their friends, but also receive news 
similar to the mobile newspaper, thus the media features of micro-channel are strengthened, which helps enhance the user's viscosity. 

through the use of their public platforms, many media and individuals can enhance the effectiveness and efficiency of their brands, 
such as China Merchants Bank, if you are a cardholder, you can quickly check the bill, the limit and integration of your credit card; you can 
also get rapid repayment service and apply for billing installments, together with the transferring to the artificial service, the free reminders 
of your credit card consumption and many other features[1]. 

Based on powerful function of the micro-channel platform, our university launched an academic information inquiry platform, in which 
students can focus on the micro-channel public number, and bind their student numbers, thus they can not only quickly check their grades, 
class schedules, spare classrooms in the second teaching building and third teaching building, teaching notices, teaching dynamic, but also 
get weather forecasts and other information, which proves quick and easy. 

2. Micro-channel public Platform Interface Overview

2.1 Application message interface 

After becoming a developer, you can use the public platform development capabilities. You are required to complete the URL and 
Token. URL requires a data received page (which must begin with http: // and currently only support 80 ports) when filled in micro-
channel public platform, Token is a security certification of the micro-channel, which must be 3-32 characters in length in English or 
numbers. Specific application message interface is shown in following Figure 1: 

  URL 

Must begin with “http://”, currently only support port 80 

  Token  
Must be 3-32 characters in length in English or numbers 

Figure 1: Application message interface 

2.2 Website Access 

 When the developer submits certification applications the first time, micro-channel server sends a GET request to the URL to fill, and 
bring four parameters (signature, timestamp, nonce, echostr), through checking the signature (signature), the authenticity of the message 
can be determined. Thereafter, each time the system receives the user’s news, micro-channel will also bring the first three parameters 
(signature, timestamp, nonce) URL to access the developer’s setting, the system determines the authenticity of this entry by checking the 
signature. Efficacy way to verify the application is consistent with the initial submission[2]. Four parameters are shown in Table1:  

Table1: Micro-channel server sent four parameters 

parammeters Description 

signature Micro-channel cryptographic signature 

timestamp Timestamp 

nonce Random Number 

echostr Random string 
The system verifies requests by examining the signature. To confirm the GET request from a micro-channel server, as is the return of 

“echostr” parameter content, the access begins to take effect, otherwise access is failure. The signature combines token parameters written 
by the developer to fill in the timestamp parameter and nonce parameter which is in questing. 

2.3 Receiving and transmitting micro-channel information 

2.3.1 Receiving Data Format 

Input URL 

Input Token 
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When ordinary micro-channel users send messages to the public accounts, micro-channel server sends XML data of POST message 
packet to the URL which developers filled, each type of pushing XML message packet is structured as follows: 

 
<xml> 
 <ToUserName><![CDATA[toUser]]></ToUserName> 
 <FromUserName><![CDATA[fromUser]]></FromUserName>  
 <CreateTime>1348831860</CreateTime> 
 <MsgType><![CDATA[text]]></MsgType> 
 <Content><![CDATA[this is a test]]></Content> 
 <MsgId>1234567890123456</MsgId> 
</xml> 
 

Table 2: Receive XML data parameters 

Parameters Description 

ToUserName Developers Micro Signal 

FromUserName The sender account (an OpenID) 

CreateTime Message creation time (integer) 

MsgType text 

Content Text message contents 

MsgId Message id, 64-bit integer 

 
2.3.2 Sending Data Format 

 
For each POST request, the developer returns a specific XML structure in the response packet (Get) in response to the message (which 

now supports replying text, images, graphics, voice, video, music). 
<xml > 
 <ToUserName><![CDATA[toUser]]></ToUserName> 
 <FromUserName><![CDATA[fromUser]]></FromUserName> 
 <CreateTime>12345678</CreateTime> 
 <MsgType><![CDATA[news]]></MsgType> 
 <ArticleCount>2</ArticleCount> 
 <Articles> 
<item> 
 <Title><![CDATA[title1]]></Title>  
 <Description><![CDATA[description1]]></Description> 
 <PicUrl><![CDATA[picurl]]></PicUrl> 
 <Url><![CDATA[url]]></Url> 
</item> 
<item> 
 <Title><![CDATA[title]]></Title> 
 <Description><![CDATA[description]]></Description> 
 <PicUrl><![CDATA[picurl]]></PicUrl> 
 <Url><![CDATA[url]]></Url> 
</item> 
</Articles> 
</xml> 
 

Table 3: Send XML data parameters 

Parameters Description 

ToUserName Recipient account (received OpenID) 

FromUserName Developers Micro Signal 

CreateTime Message creation time (integer) 

MsgType news 

ArticleCount The number of news graphics, limited to less than 10 
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Articles 
Multiple graphic message information，by default the 

first item for larger image, pay attention，if the number 
of over 10 graphic，it will not respond 

Title Text message header 

Description Text Message Description 

PicUrl Picture Link ， Supports JPG, PNG format ， better 
results for large 360 * 200，small 200*200 

Url Click the graphic message hoplinks 

 
3. System design 
 
3.1 Function of the system design 
 

The Northeast Dianli Univercity academic information inquiry system can query sets including curriculums, grades, classrooms as a 
whole. It can help teachers and students for classes, support students’ self-study, query the results, as well as the academic information 
guiding and other queries, and it also provides a full range of information services, greatly facilitating the inquiry work of teachers and 
students’ academic information. The system sets up multiple modules: teaching notification query, teaching dynamic query, curriculum 
inquiry, query results, spare classrooms, in the second and third teaching building, the guidance of Academic Affairs Office, weather query 
etc. The structure of the system’s resources is shown in Figure 2: 

 

 
Figure 2: Academic information system resources composition 

 
3.2 Each module Introduction 
 

Teaching on the Registry website shows notifications and teaching dynamic content, as is shown in Figure 3:  

 
Figure 3: Teaching dynamic content 

Curriculum inquiries: Students can check the current curriculum, curriculum of one specific day or all of the curriculum information. 
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Score inquiry: through binding to the system information，students can easily check the achievements and grade point information of 
the system. 

Spare classrooms inquiry of teaching buildings: When students try to find a classroom to study in vain，they can use this feature for 
help. By inputting a few numbers they can easily find all the spare classrooms on campus, as is shown in Figure 4:  

 
Figure 4: spare classrooms in the second teaching building 

The guidance of Academic Affairs Office: This module introduces in detail the working process and content of each office in the 
Academic Affairs Office. 

Weather Forecast query: To facilitate teachers and students to travel，the system specifically adds the function to query weather 
forecast. 

 
3.3 Structural Design System 

 
The system consists of Web servers, database servers, and application servers，and each server must assume their different functional 

roles. The structure of the system is shown in Figure 5. 
Web server: The server is mainly responsible for the work of receiving and sending of micro-channel information. It parses micro-

letters sent by the server of Tencent to the XML information，then sends to the backend database server and application server to get 
corresponding treatment，or packs and sends the responding information sent by the database server and application server to Tencent 
micro-channel server.  

Application Server: The server mainly runs WebService service program，and the program logically processes the data sent from the 
Web server， then the information will be responded to a Web server. 

The database server: The server mainly runs SQLServer database，which is mainly responsible for the management of data storage 
and data management[3]. 

 

 
Figure 5: System structure 

 
4. Realization of the system and main technology 
 
4.1 WebService Service 
 

The system mainly uses the Web Service technology, which can make different applications running on different machines exchange 
and integrate data without the use of additional and special third-party software or hardware. Based on Web Service specification 
implementation between applications, data can be exchanged regardless of the language and platform they use, and what the internal 
protocols is. 

Web server running PHP program calls the application server in c # WebService service, so that the front end PHP page displays PHP 
execution with high efficiency, and speed of code running is faster, which makes the back-end c # program show high development 
efficiency. 
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4.2 PHP parsing XML page 
 

PHP is a general open source scripting language. Its grammar has absorbed the characteristics of the C language, Java and Perl, and its 
entry threshold is low, therefore it is easy to learn and thus its use is widespread and is suitable for the Web development domain. 

Because PHP can make dynamic pages, compared with other programming languages, PHP is embedded in the HTML document to 
execute programs, therefore its execution efficiency is much higher than the complete generated HTML tags CGI. PHP can also execute the 
compiled code, and the compiler can achieve encryption and optimize the code to run, whose advantages include the fast running of the 
codes, so the system chooses the PHP technology for the front page, which parse XML data packets sent by the micro-channel server and 
send the results to the back-end web service method, to conduct corresponding logic processing[4].The following code is WebService 
service called by PHP code: 

$client=new SoapClient('http://jwc.nedu.edu.cn:9455/WeiXinServer.asmx?WSDL'); 
$client->soap_defencoding = 'utf-8'; 
$client->xml_encoding = 'utf-8'; 
$postObj = simplexml_load_string($postStr, 'SimpleXMLElement', LIBXML_NOCDATA); 
$fromUsername = $postObj->FromUserName; 
$toUsername = $postObj->ToUserName; 
$keyword = trim($postObj->Content); 
$param=array('ToUser'=>$toUsername ,'FromUser'=>$fromUsername ,'Contents'=>$keyword); 
$result = $client->__Call('GetResponseMessage',array('parameters'=>$param)); 
 

4.3 Technical data access layer 
 
ADO.NET technology: ADO.NET provides consistent access to Microsoft SQL Server data sources etc. An application can use 

ADO.NET to connect these data sources, retrieve, and update the data operation. It provides a platform interoperability and stretchable data 
access. ADO. NET enhances the support for disconnected programming models, and supports the RICH XML. Because the data transferred 
are of XML format, any application that reads the XML format can process the data [5]. 

 Linq technology: The integrated query language Linq is a set of extensions used in c # and Visual Basic language. It allows to write c # 
or Visual Basic code to query the database in the same way as operating memory data. This technology can be easily learned without 
complex learning process, and it can create a full application with less codes, with its faster development and less errors, therefore it can 
help new developers to develop more efficient[6]. 

 
5. Conclusion 
 

NEDU(Northeast Dianli university) academic information inquiry system is based on Wechat platform. It improved the efficiency of 
office work, and has certain practical significance. With the rapid development of the Internet and information technology and the need of 
construction of economical society, the system will be widely applied to teachers and students in the university. The system is in use, of 
course, it also exists some problems in the process, thus there is much room for the system to be further improved. 
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Abstract: Corporate entrepreneurship is an important way to achieve the transformation and upgrading of industrial clusters in China. Based 
on complex networks theory’s view, we examined the process and effect of entrepreneurship transmission in industrial clusters with the 
method of multi-agent simulation. We choose the entire cluster as the research object and coupled enterprise network with complex network. 
The simulation result shows that entrepreneurship transmission is better in the central satellite model than in the market model. Corporate 
entrepreneurial behaviors tend to be more concentrated in the central satellite model than in the market model. For the two basic cluster 
network models, the effect of entrepreneurial behavior transmission is better in passive influence mode than in active influence mode. When 
increasing the initial number of entrepreneurial corporate, the entrepreneurial behavior transmission reaches the same effect faster. 

Keywords: corporate entrepreneurship; complex network; transmission process; transmission effect; multi-agent simulation 

1. Introduction 

At present, the research on industrial clusters have changed from its formation and competitive advantage to the path and policy of the
transformation and upgrading. Enterprise entrepreneurship is the key way to realize the upgrading of cluster enterprises and even whole 
cluster [1]. Cluster enterprises are embedded [2] in a local network, which is composed of formal and informal relationship. Compared with 
enterprises which are not cluster network members, cluster enterprises have huge differences in entrepreneurial behavior decision making. 
On one hand, the multi-network relationships of cluster enterprises make entrepreneurial imitation and innovation easily. On the other hand, 
as members of local network organization, cluster enterprises are prone to have embeddedness [3], so the entrepreneurial behaviors will be 
confined. The extant literature on industrial clusters has highlighted the importance of the relationship between characteristics of cluster 
enterprise network and corporate entrepreneurship, but the conclusions of different research based on different perspective are paradox. 
What kind of comprehensive effect do characteristics of cluster enterprise network finally make to corporate entrepreneurial behaviors in the 
whole cluster? Based on a comprehensive dynamic research perspective, we will study the transmission processes and effect of corporate 
entrepreneurial behaviors on cluster enterprise network by the multi-agent simulation.  

2. Coupling analysis 

2.1 Cluster enterprise network and complex network 

In the research of complex network, many scholars take the relationship between enterprises as a network, and study the influence of 
factors which include the structure of enterprise network and the position of enterprises [4] on the network on variables, like enterprise 
performance and market structure. Hakansson [5] puts forward basic variables (main body and resources) and relationship between 
components of network (firm relationship) that influence network organization structure, and studies cluster network structure as a complex 
network. Based on the empirical analysis of industrial clusters, some scholars describe the formation of cluster complex network, put 
forward that heterogeneity, local network, functional integration, firm cooperation and other network characteristics within a cluster fit well 
on the complex network system characteristics [6,7,8]. Based on complex network, cluster enterprise network is composed by network nodes 
(firms in clusters) and network edges (relationship between firms). Under normal circumstances, it is running in a free-flow state and is a 
kind of undirected graph, in which edges’ weight equal, without taking into account the strength between enterprises [9].  

2.1.1 Market model and ER model 

ER model in complex network is completely random network, developed by Erdos et al. Market(MA) model of industrial cluster is the 
cluster that the relationship between enterprises are based on fair market transaction, manufacturers complete products through equal 
contact[10]. The coupling characteristics of MA model and ER model are shown in Table 1. The high homogeneity of market cluster shows 
that it has high similarity and convergent importance between enterprises, which fits degree distribution even in ER model. Low structure 
degree of market cluster shows that the relationship between enterprises have low lock-in and dependence effect, and relationship’s 
generation are not affected by original relationship, which fits probabilistic connection in ER model. 

Table 1. Coupling characteristics of market model and ER model 
  Characteristics 

Model 
1 2 

ER model degree distribution even 
probabilistic connection

1
( )i N t

∏ =
 

MA model homogeneity high degree of structure low 

Where Πi represents the connection probability between nodes i with new nodes, and N(t) represents node number at time t. 

2.1.2 Satellite model and BA model 

BA model in complex network is a scale-free network model, proposed by Barabasi et al. Central satellite (CS) model of industrial 
cluster is a cluster which is formed by large enterprises as the center, many small and medium-sized enterprises as the periphery [11]. The 
coupling characteristics of CS model and BA model are shown in Table 2.The low homogeneity in CS model shows that there are several 
nodes with relatively high degree as center in internal network structure, which fits "big" nodes with high degree of connectivity in BA 
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model. The high degree of network structure in CS model shows that the relationship between enterprises are based on the priority of large 
enterprises as the standard, which fits priority connection in BA model. 

 
Table 2. Coupling characteristics of central satellite model and BA model 

          Characteristics 

Model 
1 2 

BA model "big" nodes with high degree 
of connectivity priority connection

i
i

j
j

k
k

∏ =
∑

 

CS model homogeneity low degree of structure high 

Where i represents the connection probability between nodes i and new nodes, ik represents degree of node i, and 
∑

j
jk
(j=1~N , N is 

the number of nodes) represents sum of degree of all nodes. 
 

2.2 Entrepreneurship transmission of cluster enterprises and innovation diffusion on complex network 
 

The diffusion on complex network mainly means that product technology [12], behavior strategy [13], ideological culture [14], group 
phenomenon [15] and social learning [16] transmit on the social network with specific network structure. Its features are shown in Table 3. For 
the entrepreneurial behavior transmission of cluster enterprises, the interaction between cluster enterprises plays a key role in the whole 
transmission processes of entrepreneurial behaviors. The entrepreneurial behavior decision making of cluster enterprises not only depends 
on neighbor's choice, but also rests on the complex topology of cluster enterprise network. The choices of entrepreneurial behaviors of 
cluster enterprises are influenced by external factors such as market opportunities and external network of clusters. Thus the entrepreneurial 
behavior transmission of cluster enterprises is in accordance with the features of diffusion of complex social networks.  

 
Table 3. Feature of innovation diffusion on complex network 

 feature description source 

Feature 
1 

The interaction between individuals plays a key role in the 
whole process of diffusion. Sultan, 1990[17]; 

Feature 
2 

Individual decision making not only depends on the choice of 
neighbors, but also rests on the complex topology of 

relationship network between individuals. 

Chiu, Hsu & Wang, 
2013[13] 

Feature 
3 

Individual choices are influenced by external factors and 
interpersonal relationship. 

Thor & 
Sylvie,2013 [14] 

 
2.2.1 Entrepreneurial transmission based on network relationship 
 

The practice of cluster enterprises’ entrepreneurship show that innovation behaviors of some enterprises in cluster directly contribute to 
innovation behaviors of cooperative enterprises, namely entrepreneurial behaviors are transmitted  between enterprises. Therefore, 
entrepreneurship transmission of cluster enterprises based on network relationship shows that entrepreneurial decision-making processes of 
cluster enterprises are affected by choices of relative cluster enterprises[18], which is coupled with innovation diffusion influence model 
(neighbor effect) between individuals in complex social network, and mainly reflect the entrepreneurship transmission probability. 

In neighbor effect, there are two influence modes namely active influence mode and passive influence mode [19]. Active influence mode 
refers to individuals consciously propagandize themselves, especially focusing on important neighbors, so as to achieve the purpose of 
strengthening cooperation. For example, cluster enterprise i created innovative products and proposed accessorial enterprise j to follow up 
their innovation requires for the spare parts, so as to further promote j’s production of innovative products. Passive influence mode means 
that the target individual does not take any conscious behaviors to improve the diffusion of innovation, and the diffusion probability depends 
on the rational decision-making processes of neighbors. In this mode, the entrepreneurial enterprise i does not take any conscious behaviors 
to spread information about innovative products to the accessorial enterprises. Thus the accessorial enterprise j will make rational decision 
with its own cooperation information. Considering its own development, enterprise j may maintain and expand cooperation with enterprise i 
in the development of innovative products. 

According to Zhao Zhenglong(2008) [19], the transmission probability in active influence mode is
i

ji
k

D 1
=→

,and the transmission 

probability in passive influence mode is 
j

ji
k

D 1
=→

, where jiD → represents the probability that transmission from node i to node j, 

ik represents the degree of node i, jk represents the degree of node j. 
2.2.2 Entrepreneurial transmission based on network structure 

Examples of entrepreneurial transmission in clusters show that some entrepreneurial behaviors of cluster enterprises eventually success 
led to entire cluster entrepreneurial upgrading, but some couldn't form effective diffusion or spread. Therefore, entrepreneurial transmission 
based on network structure refers to diffusion threshold of entrepreneurial behaviors is affected by the network structure of cluster 
enterprises, which is coupled with   structure influence mode of innovation diffusion network on complex social networks (threshold 
diffusion model [20]). It mainly inspects the entrepreneurial transmission processes and effect of two types of network structure (MA and CS 
model). The indexes reflecting the process and effect of entrepreneurial transmission include the success rate of transmission S (the number 
of enterprises in clusters be entrepreneurial transmitted ), the amplified factor of transmission E (the number of cumulative entrepreneurial 
behaviors of enterprises in clusters), the concentration ratio of entrepreneurship CV ( the concentrated trend of entrepreneurial behaviors in 
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clusters

m

m

i
mi

AE
m

AEE

CV

∑
=

−

=

1

2)( ) .Where
m

E
AEm

m

i
i∑

== 1
represents the average entrepreneurial activity number of all enterprises in a cluster, m represents 

the number of enterprises in the cluster, Ei is the number of entrepreneurial behavior of enterprise i in the cluster. 
 

3. Simulation process 
 
3.1 Research design 
 

Multi-agent simulation is very suitable for studying the phenomena of industrial clusters which are formed by competitive and 
complementary enterprises. For the complex adaptive system in which network plays a key role, such as cluster innovation network and new 
product development system, it is a right choice to carry on research by using multi-agent simulation [21]. The entrepreneurial behaviors are 
transmitted on cluster enterprise network by information sharing, knowledge transfer and learning, diversified behavior, innovation ability, 
and the complex relationship and structure evolution between individuals. Therefore, multi-agent simulation can be used to investigate the 
influence of the "initial conditions" and "path dependence" on entrepreneurial behavior transmission of cluster enterprises. In this paper, 
MATLAB7.5 is used to conduct the simulation. The simulation consists of two steps. First is to generate the network model of cluster 
enterprises. Second is to simulate entrepreneurial behavior transmission. Both of them use Monte Carlo method, and according to the 
corresponding probability model, the uniformly distributed pseudo random number generated by the Mersenne twister algorithm is used to 
generate network model and simulate. 

 
3.2 Generate the network model 
 

This part first distinguishes the two types of network structures of clusters, and then generates two models: MA-ER model and CS-BA 
model in MATLAB. Network models are started from an initial node, and according to the node connection probabilities of two types of 
network structures, a new node are joined until reach 400 nodes. Then the network diagram and node degree distribution graph of these two 
models are plotted (shown in Figure 1 and 2), and network node number and network edge number are calculated. The generated MA-ER 
model contains 400 nodes and 408 edges, while its degree distribution is uniform (all among 0-10). The generated CS-BA model contains 
400 nodes and 773 edges, while its degree distribution is not uniform (most among 0-20, some other reach 112). 

    

Network diagram          Node degree distribution graph 

Figure.1. Network diagram and node degree distribution graph of MA-ER model 

    

Network diagram       Node degree distribution graph 

Figure.2. Network diagram and node degree distribution graph of CS-BA model 
 

Table 4 Simulation results of entrepreneurship transmission of cluster enterprises 

network 
model 

input parameters output indexes 

influence 
mode 

initial target 
nodes 

transmission 
times 

S T E CV 

MA-ER active 
influence 

1% 50 301 25 10388 0.9512 

10% 50 313 15 13656 0.9511 

1% 100 301 27 26145 0.9405 

1% 200 304 30 56475 0.9421 
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10% 100 311 20 28498 0.9256 

passive 
influence 

1% 50 301 25 11630 0.6063 

10% 50 315 15 13487 0.5866 

CS-BA 

active 
influence 

1% 50 350 20 13413 1.8924 

10% 50 352 15 14974 1.7968 

1% 100 355 27 30642 1.8864 

1% 200 353 32 65600 1.9103 

10% 100 359 20 32937 1.8250 

passive 
influence 

1% 50 356 15 14117 0.3839 

10% 50 356 10 16209 0.3816 

 
3.3 Simulation of entrepreneurial behavior transmission 
 

The steps of simulation about entrepreneurial behavior transmission are as follows. First, in the two kinds of network models, some 
nodes are set randomly as first entrepreneurial enterprises (known as target nodes), the proportion of initial target nodes in initial nodes is set 
in 1% and 10%. According to the transmission probability D, target nodes transmit entrepreneurial behaviors to neighbor nodes (the nodes 
connected). The neighbor nodes then are as to be the target nodes in the next transmission process. Transmission can occur repeatedly and 
cumulatively. After the transmission are carried out 50 times, 100 times and 200 times, the transmission process diagrams and transmission 
effect diagrams are plotted, and three indexes that the success rate of transmission S, the amplified factor of transmission E, the 
concentration ratio of entrepreneurship CV are calculated. According to the transmission process diagrams, the differences of transmission 
time T (the number of times that transmission tend to be stable) are analyzed, thus transmission times of different network structure and 
different network relationship are compared. The partial simulation results of entrepreneurship transmission of cluster enterprises are shown 
in Table 4 by running the simulations in MATLAB. 

 
4. Simulation results and discussions 
 

The result of running simulation many times shows that, for these two types of models, the change of transmission time T only causes 
E almost the same proportion of change, and doesn’t impact S, T and CV substantively, when the other parameters don’t change. It can be 
considered that transmission times would not affect transmission result heterogeneously. As a result, table 4 mainly lists the simulation 
results of 50 transmission times, and partly lists the simulation results of 100 and 200 transmission times for comparison.  
4.1 Effect of initial target node number on transmission results 

Changing initial target node number, the differences in the transmission processes two models in different influence mode with 
transmitted 50 times are shown in Figure 2. When initial target node number is increased from 1% to 10%, by comparing the transmission 
process diagrams (Figure 3 A and B) of two models in active influence mode, it is found that, the transmission time T of MA-ER model is 
reduced from 25 to 15, and that of CS-BA model is reduced from 20 to 15. When initial target node number is increased from 1% to 10%, 
by comparing the transmission process diagrams (Figure 3 C and D) of two models in passive influence mode, it is found that, the 
transmission time T of MA-ER model is reduced from 25 to 15, and that of CS-BA model is reduced from 15 to 10. Therefore, when 
increasing the initial target node number, these two models achieve stability earlier. 

           

MA-ER model            CS-BA model             MA-ER model           CS-BA model 
A: active influence, initial target node 1%         B: active influence, initial target node 10% 

           

MA-ER model           CS-BA model            MA-ER model        CS-BA model 
C: passive influence, initial target node 1%    D: passive influence, initial target node 10% 

Figure.3. The influence of initial target node number on the entrepreneurial transmission process 
 

4.2 Effect of influence mode on transmission results 
 

Changing influence mode between nodes, the differences in the transmission processes of two models which have different initial target 
node number with transmitted 50 times are shown in Figure 4. When influence mode changes from active to passive, by comparing 
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transmission effect diagrams (Figure 4 A and B) of two models which has 1% initial target node number and comparing transmission effect 
diagrams (Figure 4 C and D) of two models which has 10% initial target node number, it is found that, the cumulative entrepreneurial 
number of cluster enterprises in MA-ER model and in CS-BA model is more balanced in passive influence mode. For especially in CS-BA 
model, the cumulative entrepreneurial number is extremely uneven in the active mode, while it is balanced in passive influence mode. As 
the values show in Table 4, when initial target node number is 1%, the CV value of MA-ER model reduces from 0.9152 in active influence 
mode to 0.6063 in passive influence mode, and E of MA-ER model increases from 10388 to 11630; the CV value of CS-BA model reduces 
from 1.8924(entrepreneurial behaviors tend to focus) in active influence mode to 0.3839(entrepreneurial behaviors tend to balance) in 
passive influence mode, and E of CS-BA model increases from 13413 to 14117. According to the values of indexes, transmission effect is 
more dominant in passive influence mode. When initial target node number is 10%, the CV value of MA-ER model reduces from 0.9511 in 
active influence mode to 0.5866 in passive influence mode, and E of MA-ER model increases from 13656 to 14487; the CV value of CS-BA 
model reduces from 1.7968(entrepreneurial behaviors tend to focus) in active influence mode to 0.3816 in passive influence mode 
(entrepreneurial behaviors tend to balance), and E of CS-BA model increases from 14974 to 16209. According to the values of indexes, 
transmission effect is more dominant in passive influence mode; thus, for these two models, the effect in passive influence mode is better 
than in active influence mode. 

In addition, for CS-BA model, according to figure 3, it is analyzed that entrepreneurship transmission time is reduced from 20 times in 
active influence mode to 15 times in passive influence mode, when initial target node number is 1%; entrepreneurship transmission time is 
reduced from 15 times to 10 times when initial target node number is 10%. Therefore, for CS-BA model, the transmission processes 
significantly accelerate and achieve stable effect earlier in passive influence mode. 

           

MA-ER model        CS-BA model        MA-ER model       CS-BA model 
A: active influence, initial target node 1%       B: passive influence, initial target node 1% 

         

MA-ER model    CS-BA model    MA-ER model   CS-BA model 
C: active influence, initial target node 10%      D: passive influence, initial target node 10% 

Fig.4. Effect of different influence mode on entrepreneurship transmission 
 

5. Conclusion 
 

This paper theoretically solves the problem that traditional methods are difficult to describe paths of entrepreneurial transmission and 
rational choice behaviors, and provides a new perspective and theoretical basis for the study about the entrepreneurial behaviors of cluster 
enterprises and its transmission. The conclusions of this paper not only explain the phenomena that entrepreneurship are transmitted between 
enterprises in industrial clusters, which have both neighbor effects and complex social network structure effects, but also provide theoretical 
guidance for the corresponding entrepreneurial policy of cluster enterprises. In reality, entrepreneurial behaviors of cluster enterprises may 
generate a new entrepreneurial network inside or beside the clusters, which is the dynamic problem of cluster enterprise network. More 
applications and extensions can be conducted in the future research. 

 
Acknowledgements 
 

This research is funded by National Science Foundation of China )No. 71603235(, Humanities and Social Sciences Research Program 
Youth Fund of Education Department of China (No.16YJC630157), Zhejiang Province Soft Science Key Project (No. 2016C25026), 
Zhejiang University City College Scientific Research Foundation (J-16014) and the construct program of the key laboratory in Hangzhou.  
 
References 
[1]Dai Wei qi, Lin qiao, Wei Jiang. Inside and outside the cluster network embedded with the company business: an empirical study from 

four industrial clusters in Zhejiang province [J].Studies in Science of Science. 2011,29(4): 571-581. (in Chinese) 
[2] Uzzi B. Social Structure and competition in interfirm networks: the problem of embeddedness [J]. Administrative Science Quarterly. 

1997, 42(1): 35-67. 
[3] Avgerou, C. & Li, B. Relational and institutional embeddedness of web-enabled entrepreneurial networks: case studies of entrepreneurs 

in China. Information Systems Journal. 2013(23): 329–350. 
[4] Powell, W.W., Koput, K.W., Smith Doerr, L. Inter-organizational collaboration and the locus of innovation: networks of learning in 

biotechnology [J].Administrative Science Quarterly. 1996, 41: 116-145. 
[5] Hakansson H., Ford D. How should companies interact in business networks [J]? Journal of Business Research. 2002,55(2), 133-139. 
[6] Michael Abebe. Electronic commerce adoption, entrepreneurial orientation and small and medium-sized enterprise (SME) 

performance[J]. Journal of Small Business and Enterprise Development. 2014(21):100-116. 
[7] Thor Sigfusson, Sylvie Chetty. Building international entrepreneurial virtual networks in cyberspace [J]. Journal of World Business. 

2013(48):260-270. 
[8] Brian E. Whitacre. Do higher broadband adoption rates mean lower tax collections from local retail sales? Implications of e-commerce 

in rural areas of the US [J]. Regional Science Policy and Practice. 2011,3(2):71-85. 
[9] Cai Ning, Huang Chun. Risk and structure evolving of industry cluster: a computer simulation from complex network perspective[J]. 

Journal of Chongqing University (Social Science Edition), 2012,18(1): 5-11. (in Chinese) 
[10] Qiu Bao xing. Small enterprises cluster study [M]. Shanghai: Fudan University Press, 1999. (in Chinese) 
[11] Tan Justin, He Zheng. Self-organization of industrial cluster: a computer simulation from complex network perceptive[J]. Journal of 

management sciences in China. 2009,12(4):1-14. (in Chinese) 
[12] David Tamoschus. Geographies of open source biotechnology innovation: buzz, pipelines, and proximity in a virtual 

cluster[J].International Journal of Knowledge-Based Organizations.2012,2(2):21-39. 



 

 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                                       93.6 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/93 

 

[13] Chiu, C.M., Hsu, M.H. & Wang, E.T.G. Understanding knowledge sharing in virtual communities: an integration of social capital and 
social cognitive theories [J]. Decision Support Systems, 2013(42): 1872–1888. 

[14] Thor Sigfusson, Sylvie Chetty. Building international entrepreneurial virtual networks in cyberspace [J]. Journal of World Business 
2013(48):260-270. 

[15] Karmeshu G D. Stochastic evolution of innovation diffusion in heterogeneous groups: Study of life cycle patterns [J]. IMA Journal of 
Management Math, 2001, 12(2): 107-126. 

[16] Young H P. The spread of innovations by social learning [M]. Durlauf Oxford University Press, 2003: 267-281. 
[17] Sultan,F.,Farley,J.U.,Lehmann,D.R. A meta-analysis of applications of diffusion models [J]. Journal of Marketing Research, 

1990(37):70-77. 
[18] Annunziata de Felice. Measuring the social capabilities and the implication on innovation[J]. Journal of Economic Studies, 

2014,41(6):907 – 928. 
[19] Zhao Zheng long. Research in diffusion models of innovation based on complex social networks[D]. Shanghai Jiao Tong University, 

2008. (in Chinese) 
[20] Granovetter M. Threshold models of collective behavior [J]. American Journal of Sociology, 1978, 83(6): 14-20. 
[21] Francesca Giardini，Gennaro Di Tosto，Rosaria Conte. A model for simulating reputation dynamics in industrial districts [J]. 

Simulation Modeling Practice and Theory, 2008(16):231-241. 
 

 

 
 
 

 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                                    94.1 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/94 

An Analysis of Car Ownership of Elderly People for The Future of China 
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Abstract: As older adults become a large portion of the population, elderly driver will become a significant portion of the drivers. An 
ordered probit model is used to analyze variation of car ownership across individuals or households after 65 years old. The panel data 
modeling results showed that there are variations of car ownership in the future between individuals or households especially different aged 
people today. The influence of other factors such as the individual’s education level, driving experience, satisfaction of local public 
transportation services, and the perception associated with driving on the car owning characteristics of household after 65 years is also 
discussed in this paper. The models reveal that factors relating to car ownership of elderly people are quite complex, indicating different 
policies and methods could be developed to change travel mode of elderly people as a important instruments to ensure the transport greener 
and safety. 
 
Keywords: old adults; car ownership; ordered prohibit model 
 
1. Introduction 
 

Aging populations in developed countries are often mentioned as a problem, however this is also an issue that developing countries 
need to be concerned about. According to the statistics, in China the proportion of adults age 60 and older increased from 11% of the 
population in 2005 to 16.1% in 2015 and the proportion would peak to 34.8% in 2053 based on the predicted data(Jiang Chunli,2016) which 
means one of every 3 would be an old adult. As older adults increasing, elderly drivers would become a large portion of the drivers and their 
travel behaviors will influence the whole cities’ situation. 

China is the most populous of all lands. In China, as in the rest of the world, the private car is an highly popular mode of transport, 
providing levels of comfort, convenience, speed, and flexibility that usually exceed those offered by public transport. In the past 10 years, 
with the economic development of China, car ownership and use have risen at an unprecedented rate with 14.9% annul compound growth 
rate(CINIC,2015). In 2003, car ownership broke through 10 million which used for nearly 20 years, while ,in 2006, car ownership is about 
22 million, which means another 10 million increase used just three years. China's car ownership skyrocketed to 124 million in 2015, almost 
a 6-fold increase than a decade ago, which is second only to the United States, as the world's second.  

Population aging and car ownership increasing is the product of economic and social development of the population reaches a certain 
stage, which reflects the progress of human society and marks the level of the economic, culture, health, and social stability. Given the good 
wealth and health status of many seniors in the future,the 65-and-over age groups will become a larger portion of society population, 
mobility through car travel might be a choice for them.If they choose car-oriented travel, the need for aging-friendly transportation 
infrastructure, vehicles and other correlations will be substantial.  

The shifting demographic toward an aging population and increasing number of older drivers have provoked researchers and policy 
makers to examine this group, especially travel behavior. There are much research in developed country to study factors influencing older 
adult’ travel behavior, while China is different from the other countries' traffic patterns and cultural background, with lower elderly driver 
ratio and less related works. According to the traffic administration issued by the end of July 2012, only ten percent of the drivers are 60 
years or older in Beijing's drivers. While with the older adults portion increasing, the situation will be changed. It is said the proportion of 
consumers born in the 1980s and 1990s of China's auto market in 2015 would reach around 58%(CINIC,2015).These consumers will 
become a larger portion of society due to higher longevity ,smaller families and lower fertility among younger age cohorts after 30years. 
The new cohorts of older people in the future are more mobile with higher car reliance than today older adults, and will also be likely to 
keep their licenses into old age. 

It is well know the increasing car ownership and car use is one of the most important reasons to the rising energy demand, 
environmental pollution and congestion. So many policies and methods have been developed to reduce car ownership as instruments to ease 
these problems. Since the elderly driver are more likely to happen accident(Li G, 2003), reduction in car ownership mainly from elderly 
people and develop new public transport service system for them will be a good choice for making transport greener and safety. 

The purpose of this study was to examine thevariation of car ownership of individual or households after65 years in the future and the 
other influence factors to the variation ,such as the individual’s education level, driving experience, satisfaction of local public transportation 
services, and the perception associated with driving on the car owning characteristics of household after 65 years. In doing so we will reveal 
the factors influence the reliance to cars of old adults in the future. This information is critical for policy makers and developers to making 
decision and plan public transport service system that support the mobility smooth and safe of older adults. 

 
2. Methods  
 
2.1 Data collection 
 

We purchased consumer records from a marketing research firm “Wen Juan xing” . We used a self-report questionnaire to measure 
participants’ future car ownership when they are 65years and older. A representative sample of population(aged 18-59) is drawn and 
respond volunteer online. Attributes of households and the individual participants -age, gender, marital status, education, driving experience, 
number of household’s cars, satisfaction of local public transport and driving perception are interacted with the attribute “the number of cars 
prefers to own after 65 years old ” to allow for testing of driving desire of age 65 and older in the future and affected factors. 

 
2.2 Ordered probit model for car ownership 
 

Lots of previous researches have investigated the car ownership of households by employing various models (Kitamura R and Bunch D 
S, 1990; Giuliano G and Dargay J, 2006; Woldeamanuel et al.,2009). In this paper, in order to investigate the number of cars an individual 
prefers to own at a household level after 65 years old, an ordered probit model is used for two reasons. First, the dependent variable in 
household car ownership model is discrete with lower and upper boundaries. The number of private cars an individual prefers to own at a 
household level after 65 years old is taken one of three values that are zero, one and two or more cars respectively. Therefore a discrete 
choice model is appropriate. Second, the number of cars owned by a household has ordinal nature which the traditional multinomial logit or 
probit model fail to display. The ordered probit mode has been widely used to analyze such ordered alternatives.  
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In the ordered probit model, it is assumed that the choice behavior of an individual is associated with the latent utility  which is 
decomposed as follows:. 

                                                                                      (1) 

Here  denotes the latent utility of an individual . is a row vector which denotes a set of personal 

characteristics of an individual , and  is the number of personal characteristics considered in this model. means 

a column vector of corresponding coefficients which are required to be estimated. is the error term which captures all factors unobserved. 

And then the relationship between the observed number of private cars an individual  prefers to keep after 65 years old and the latent 
utility is described as follows: 

                                                                                                

                                                                         (2) 

                                                                                                         

Here,  denotes the number of private cars an individual prefers to keep at after 65 years old, and  is the unknown constant threshold 
which is greater than zero and also need to be estimated. 

In the ordered probit model, it is assumed that  is normally distributed across all individuals where the mean and variance are equal to 

zero and one, respectively, . Consequently, the probabilities that an individual  prefers to keep zero, one and two or more cars 
after 65 years old are written as follows: 

                               (3) 

                              (4) 

                             (5) 

This is the extension of probit model by introducing the unknown constant threshold. Here the function  commonly denotes the 
standard normal distribution. Then the marginal effects of the explanatory variable  on the three probabilities could be 
calculated by following equations. 

                                    (6) 

                                     (7) 

                                           (8) 

Here, the function  denotes the density function of the standard normal distribution. It could be seen that the marginal effects on the 
three probabilities add to zero, that makes sure that the sum of the three probabilities equals to one. 

The maximum-likelihood procedure is used to estimate this model and Table 2 shows the results of estimating the ordered probit model 
of car ownership of households after 65 years old. In this estimation, the 5% significance level ( ) which corresponds to -statistics 
of 1.96 is used as a benchmark value of the statistical significance test for all parameters. Variables with low significance level have been 
discarded from the model except a small number of variables with the expected sign. Finally, 12 variables with 5% significance level and 4 
variables with around 10% significance level are included in the model.  

The likelihood ratio index ( ) and the adjusted likelihood ratio index ( ) are used to measure the goodness-of-fit of this model (Ben-
Akiva and Lerman, 1985). According to Ben-Akiva and Lerman (1985),  and  is calculated by following equations. 

                                                                                            (9) 

                                                                                     (10) 

Where  means the maximum log-likelihood of the final model,  denotes the log-likelihood of the model which includes only 
constants. is the number of parameters estimated in final model. 

Here, the adjusted likelihood ratio index ( ) which is corrected by the factor of  based on  is considered because  is not the 
unbiased estimator of the expectation of all sample. 
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As shown in table 2, people aged 18~29 years have the highest propensity to keep private cars after 65 years old, and these aged 40~59 
years have the lowest propensity to keep private car after 65 years older. Furthermore, when the other variables take as their sample means, 
the marginal effects of age are shown in table 3.  

 
Table 2 Oderedprobit model of households’ car ownership after 65 years old 

Number of obs 
 
 

 
 

the constant threshold  

726 
-548.63554 
-617.74561 
0.1119 
0.1378 
2.1043 

 

explanatory variable coefficient -statistic Mean  of variable 
Constant 1.1360 4.3174  
Age    
18 ~29 years old 
30 ~39 years old 
40 ~59 years old 

0.3334 
0.3275 
Reference 

2.05 
2.45 
 

0.39 
0.44 
 

Gender(1-Male; 0-Female) 0.1360 1.44 0.44 
Marital status(1-Couple; 0-

Single) -0.4334 -3.57 0.62 

Education 
(1-Master degree and above; 

0-Others 
0.2766 2.44 0.22 

Driving experience (1-More 
than 5 years; 0-Ohers) -0.3228 -2.77 0.34 

Number of household’s cars 0.57 6.74 0.82 
Satisfaction of local public transport 
Dissatisfied 
Neutral 
Satisfied 

Reference 
-0.2251 
-0.2854 

 
-1.92 
-2.3 

 
0.43 
0.33 

Affinity for driving    
Dislike 
Neutral 
Like 

Reference 
0.2111 
0.3273 

 
1.36 
1.97 

 
0.41 
0.47 

Driving is a relatively safe mode of transport 
Disagree 
Neutral 
Agree 

Reference 
0.4590 
0.3933 

 
3.25 
2.57 

 
0.43 
0.42 

Driving is tired    
Disagree 
Neutral 
Agree 

Reference 
-0.1822 
-0.2657 

 
-1.58 
-2.05 

 
0.43 
0.27 

 
From table 3, we could see the probability of  is higher than the other two probabilities. That implies almost all of future older 

people in China are more likely to own one private car. Compared with people aged 40~59 years, people younger than 40 years old have 
higher propensity to keep 2 and more private cars after 65 years old and lower propensity to keep 1 and less private car after 65 years old.  

 
Table 3 Marginal effects of age 

      
18 ~29 years old -1.9428 0.1615 0.026 0.5381 0.4359 
30 ~39 years old -1.9369 0.1674 0.0264 0.5401 0.4335 
40 ~59 years old 

(Reference) 
-1.6094 0.4950 0.0538 0.6359 0.3103 

Change 
18 ~29 years old 
30 ~39 years old 

   
-0.0278 
-0.0274 

 
-0.0978 
-0.0958 

 
0.1256 
0.1232 

 
Men tend to own more cars after 65 years old than women. Couples have lower probabilities to own private cars after 65 years old than 

single people. People who are highly educated have higher propensity to own private cars after 65 years old, and this finding agrees with the 
results of Vans (Vans E L.,2001). People with more than 5 years driving experience prefer to own fewer cars after 65 years old. Because the 
coefficient of number of household’s cars is positive, increasing of number of household’s cars will result in a decline in  and 

an increase in , according to the equations (6) and (8) respectively. 
Furthermore, with respect to the evaluation of modes of transport, four variables have significant and expected impacts on the car 

ownership of households after 65 years old. Specifically, satisfaction of local public transport negatively influences the propensity to keep 
private cars after 65 years old. People who are dissatisfied with public transport have the highest propensity to keep private cars after 65 
years old, compared with the lowest propensity for these who are satisfied with public transport. Moreover, affinity for driving and the 
attitude that driving is a relatively safe mode of transport positively influence the car ownership after65 years old. People who like driving a 
car or agree with the attitude that driving is a relatively safe mode of transport prefer to own more private cars after 65 years old. In addition, 
the attitude that driving is tired has an expected and negative impact on the car ownership after 65 years old. People who agree that driving 
is tire have the lowest propensity to keep private cars after 65 years old. 

 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                                    94.4 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/94 

3. Discussion 
 

It is thus clear from part2 that the older drivers will also be a significant portion of drivers in the future of China as other developed 
country. Facing the population aging problem, older driving problem has been paid close attention in developed countries. Many studies 
tried to find management measures through analyzing the older adult’s travel behaviors. These studies report that younger and older adults 
differ in their behavioral responses to the same spatial characteristics. Some spatial structural conditions have the potential to reinforce the 
need to use private cars among older adults as they attempt to maintain their independent travel mobility(Maria J. Figueroa 2014). 
Accessible neighborhood destinations with a high prevalence such as grocery, parks, banks et al. may provide older adults an attractive 
opportunity to walk, instead of drive(Anna M. Chudyk 2015). However, these travel behaviors potentially are influence through strategic 
urban development that is low-density and car-dependent cities, which is very different from the spatial structure in China. Generally foreign 
sparsely populated, but the population of China is relatively dense. So the benefit of the spatial structure adjustment may be not obvious in 
China. 

In order to help older drivers stay on the road longer and safer, some literature(Jose E M.,2009; E. Eric,2013) study the older driver’ 
driving behaviors difference with young diver’s and the results show age difference exist for certain driving behaviors. Because, as 
individuals age, health declines, movement slows and mistake increases during driving caused by errors of yielding, gap acceptance, and 
speed regulation. some scholars (Sherrilene C. 2013) examine the older driver from a gender specific perspective which is critical for 
understanding the gendered-related phenomenon pertaining to older drivers’ abilities, driving habits and on-road behavior. These 
studiesshow that gender differences do exists about the on-road driving characteristics. These studies suggest a more intelligent road system 
prepared for older adults. While facing the huge car ownership in China, drivers felt they never have enough road infrastructure. 

20-30 years later, older adults will be healthier, more educated, wealthier, and better housed than today, indicating that many adults 
would be likely to experience active livelihoods for decades after retirement and these most active are non-work-related daily travel within 
cities. As older adults maintain more active and independent lives in high-density cities of China, planning a special public transport system 
to service these older adults for non-work activities can be a good measurement ensuring the transport greener and safety, meanwhile to ease 
energy demand, environmental pollution and congestion problems. 

 
4. Conclusions 
 

Older persons are a growing demographic group and thus, the implications of this paper for planning and polices targeting modal shift 
are significant. By 2050, up to 30% of the population in china will be 65years of age and older, and 1/3 of these age-group will be car-
dependent cohort of today, therefore this population segment car travel demand as a high risk group demanding strategies for risk reduction 
and safe driving performance should be pay more attention. Ignoring this segment will lead to misguided policies of municipal planning and 
transportation sectors. In order to reduce car travel demand and strengthen safety of car travel in road system of old adult, more researches 
are needed to better understand old adult travel behaviors in dense cities in China.  
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Abstract: Ontology plays an important role in information retrieval, common sense reasoning, knowledge bases construction and so on, 
while the conventional manual ontology construction with numerous human cost is hard to maintain. Meanwhile, though many general 
ontology databases have existed, the domain ontology is rare and proved has lots of challenges to construct. In this paper, an auto-
construction of domain ontology tree with terms as its nodes and relationships as its sides is implemented. Reinforcement learning is used to 
get the depth of ontology and k-means hierarchical clustering to get the related relationships in ontology. Our experiment shows that the 
methodology constructing domain ontology automatically for different agents holds better efficiency and accuracy. 
 
Keywords: construction of ontology; Wikipedia; scientific papers; reinforce learning; k-means hierarchical clustering 
 
1. Introduction 

 
In the modern age, with the rapid growth of information, diversity of knowledge demand is becoming a challenge for people and should 

be highlighted. With the development of AI, it tends to appear a phenomenon that different agents use different domain knowledge, which 
reveals the diversity of demand of domain knowledge. So, it is obvious for us to manage these domain terms to serve agents, and the 
application of domain ontology is pervasive for it.  

Ontology is an explicit specification of a conceptualization (Gruber, 1994). It defines terms and the relationships between terms. With 
the development in the ontology field, some works applying ontology in different areas implement easily and accurately, such as data 
analysis (Ilya et al., 2010), information extraction (Wimalasuriya and Dou, 2010), and information retrieval (Kara et al., 2010). Domain 
ontology, as a special ontology, can describe a set of concepts and relationships among these concepts within a knowledge domain (Wang 
and Boukamp, 2011). Differently from common ontology, domain ontology focuses on the terms in special subject. Due to the field of 
knowledge has significant characteristics, the domain ontology can be more reasonable and effective for knowledge representation. 
Meanwhile, domain ontology provides a more effective way to find the connection between knowledge compared with the common 
ontology. The design and construction of ontologies is currently a topic for diverse groups (Bateman, 1995). In order to satisfy the demands 
of the commerce and academia, many ontology libraries have been developed. WordNet is a large English vocabulary database development, 
which focuses on analyzing semantic relation among nouns, verbs, adjectives, and adverbs and constructs a hierarchy system with 
relationship. Cyc is a comprehensive daily life common ontology library, which aims to establish a comprehensive library of ontology and 
devotes to artificial intelligence, engineering database. Hownet is an online commonsense knowledge repository, which could be used in 
natural language processing. It includes the relationships between concepts in Chinese and English. DBpedia possesses the structured 
information extracted from Wikipedia and is available to access on the Web. 

While lots of ontologies were built by experts, and the manual ontology construction needs much human cost and is hard to maintain. 
Though many general ontology databases have existed, the domain ontology is rare or unable to find. The research of automatic construction 
of ontology, especially domain ontology, is still in the primary stage. Due to the importance of domain ontology and the incompleteness of 
domain ontology library, constructing ontology is necessary and meaningful. It cost too much to learn a variety of domain knowledge and 
spend lots of time on constructing and maintaining ontology, besides, some mistakes may occur in the process of manual construction. So, 
automatic ontology construction from plain text and applying some effective technique to process it holds the benefits that manual 
construction does not have. 

In this paper, the plain text from Wikipedia and Scientific Papers is used to automatically construct domain ontology in the area of 
search engine. The methodology uses Euclidean distance to compute the distance among ontology, and uses reinforcement learning to get 
the depth of ontology and k-means hierarchical clustering to get the related relationships in ontology. Then, it forms an ontology tree with 
terms as its nodes and relationships as its sides. Finally, the ontology constructed in this paper is established in protégé. 

The framework of building domain ontology is proposed in this paper based on the scientific papers and Wikipedia. The remainder of 
this study is organized as follows. Section 2 reviews the related work of construction of ontology. An approach of building domain ontology 
is proposed in Section 3. Section 4 describes the result of domain ontology construction method. Section 5 concludes the paper.  

 
2. State of the art 
 

Manual construction of domain ontology needs a variety of domain knowledge as well as time, so the result of construction is always 
undesirable. Automatic construction of domain ontology could reduce the human cost that would be inevitable in the manual construction 
process, while how to enhance the quality of ontology is an important challenge. Some researchers made use of the Internet to 
enable collaborative ontology construction, which can provide users with the ability to publish, browse, create and edit ontologies on an 
ontology server (Farquhar et al., 1997). The advantage of this method is convenient and easy to access, but it is relatively costly and time-
consuming. 

 However, only a few automatic methods are proposed. Attempts for automatic ontology construction have taken two directions, 
linguistic-based method and statistic-based method. Linguistic-based method uses semantic rules to judge about the validity of the ontology 
(Lammari and Métais, 2004).  For instance, a tool named TextOntoEx was developed to construct ontology from natural domain text using 
semantic pattern-based approach, which can support construction of ontological relations construction of domain relations (Dahab et al., 
2008). There is a lexicon-based term expansion mechanism for ontology terminology extraction extended based on rules put forward by 
Alani H et al. (2003). In addition, a language-independent approach for extracting knowledge from medical natural language documents was 
realized and the knowledge is represented by means of ontologies that can have multiple semantic relationships among concepts (Valencia-
García, 2008). However, semantic rules for ontology construction sometimes always can not be precisely defined. In order to get ontology 
with high quality, the more semantic rules are needed, meanwhile, the maintenance of semantic rules also become very difficult. Because of 
such problems, many researchers considered to give up the semantic rules and chose statistic-based method, which are capable to organize 
or reorganize ontology automatically. Many applications of this method need a large amount of data, and they focus on how to select the 
terms of ontology and how to find the relationships between terms. For example, Sánchez D et al. (2008), presented an automatic and 
unsupervised methodology that can addresses the non-taxonomic learning process for constructing domain ontologies. An episode-based 
ontology construction mechanism was utilized to extract Chinese domain ontology from unstructured text documents (Lee et al., 2007). 
Chen R C et al. (2008), proposed an automated method to construct the domain ontology based on domain-related web pages. Some other 
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researchers use machine learning algorithm to construct ontology. TF-IDF and crystallizing approach were used to implement an ontology 
construction that can automatically mine domain concepts out of domain document, determine relations between concepts, and construct the 
domain ontology accordingly (Shih et al., 2011). Some researchers used the concepts from the web pages to construct the domain ontology 
by calculating a TF–IDF to find the weight of concepts, and used a recursive ART network to cluster terms and construct ontology. And a 
graph-based approach could be used to implement automatic construction of domain ontology from domain corpus, named GRAONTO, in 
which Markov Clustering algorithm was utilized to disambiguate terms and an improved gSpan algorithm to find arbitrary latent relations 
among these concepts (Hou et al., 2011).  

However, some challenges as follow exist in these methods: 
Domain knowledge is needed for the construction of domain ontology; the effect of ontology depends on the ontology construction 

personnel. 
linguistic-based methods need manpower to build rules and update rules, it is usually time consuming. 
Automatic domain ontology acquisition method usually just for a specific domain ontology 
The work of this paper is automatic construction of search engine domain ontology based on Wikipedia and scientific papers. The 

contributions of this paper are threefold. In the first place, terms should be got from abstracts in scientific papers and Wikipedia using TF-
IDF. Then, the method represents the terms and related relationships among terms in the tree structure and get the depth of ontology in the 
tree by reinforcement learning. Finally, Euclidean distance and k-means hierarchical clustering are used to construct the domain ontology. 
Moreover, using protégé makes the domain ontology construction in this paper easier to demonstrate and apply for a practical application. 

 
3. Proposed system 
 

The main purpose of this paper is to perform automatic construction of ontology based on scientific papers and Wikipedia. In the first 
place, the methodology uses the keywords from scientific papers which could be found as articles of Wikipedia to form the terms of the 
domain ontology. Then some important domain words with higher values in abstracts and Wikipedia article links are extracted by TF-IDF 
algorithm, which are recognized as hypernym of the keywords in corresponding paper and article in our assumption. After that, reinforce 
learning is used to get the depth of every term in ontology, and distance between terms are computed and used by k-means hierarchical 
clustering. The staff our methodology generates is a tree that represents the ontology. The father node in the tree is the hypernym of the 
child node. This renders a foundation with higher recall and precision. Finally, the ontology is exhibited with protégé. 

The prototypical implementation of the approach of automatic construction of domain ontology is illustrated in Figure 1 and the details 
of algorithm are formulated below: 

Step 1. Terms Discovery: In order to assure the effectiveness of the methodology in this paper, a certain domain should be chosen. In 
this experiment, search engine domain is chosen to test the proposed methodology. To get the plain text of this domain, some work is done 
for it. Firstly, it need to crawl more than 600 papers from the website named web of science and the search condition is choosing the papers 
which correlate with “search engine”, then, get the keywords and words in abstracts from the papers. Secondly, it should to search the 
keywords from papers in Wikipedia and get links words belong to the articles as other terms. Finally, count the frequency of every term and 
get rid of some which possess little frequency. 

 
Figure.1: implementation of construction 

Step 2. Terms Extraction: There are still some useless ones among the terms obtained in the first step. In order to extract those 
important terms with higher correlations to the domain, TF-IDF algorithm are supposed to be used. TF-IDF is a kind of technology that 
commonly used for information retrieval and data mining, which could be used to get rid of some common terms which do not belong to the 
domain. The computation formula of TF-IDF is as follows: 

                                                                                       (1) 

The  denotes the frequency of word in the document  , and  presents the reciprocal of the frequency of word in common 

corpus. If the  of a term is less than a threshold value, discard this term. 
Step 3. Discovery of the Depth of Terms: In this step, a kind of reinforce learning algorithm named Q-learning was used, which 

consists of an agent, a state S and a set of actions for per state A. It provides agents with the capability of learning to act optimally in 
Markovian domains by experiencing the consequences of actions, without requiring them to build maps of the domains (Watkins and Dayan, 
1992). Q-learning is used to make the agent look for the best action on the basis of state and eventually reach the final state. In this 
methodology, it is supposed to put the task of agent is to get the root of the ontology tree. The methodology initially put the agent in a 
random node as its initial state. The agent moves to another state if the state is more likely close to the root, which depends on four rules 
defined as follows: 

If A is in the Wikipedia entry of B, A tends to be the hypernym of B 
If the frequency of A is more than B, A tends to be the hypernym of B  
If A is in the abstract of B, A tends to be the hypernym of B 
If A tends to be the hypernym of B, state in B tends to move to state in A 
It defines two matrixes R and Q: 

http://xueshu.baidu.com/s?wd=paperuri%3A%28464cd9fb3a74a4e6b91da7d90fb51390%29&filter=sc_long_sign&tn=SE_xueshusource_2kduw22v&sc_vurl=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D4370652&ie=utf-8
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                                                                                                 (2) 

                                                                                               (3) 

                                (4) 

                                                                                               (5) 

R is the matrix for instant return, Q is the matrix for deferred return, n is the count of keywords acquired from last steps and α is a 
regularization parameter. Those two matrixes are defined in terms of the rule2.  

At the beginning, the algorithm select a random initial state. If the goal state has not been reached, it select one among all possible 
actions for the current state. Possible actions mean that the corresponding value in R is not equal to -1000. Then it would update the Q as 
follow: 

                     (6) 

Where  is a real number between 0 and 1. If  is close to 0, the agent tends to consider an instant return; If  is close to 1, the agent 
tends to think of a future deferred return. After iterations, Q reserves the difference of depth between terms. 

And every depth of concept i represented as follows: 

                                                                           (7) 

Step 4. Compute Euclidean distance: Euclidean distance defines a commonly used distance, which is the true distance between two 
points in the n-dimensional space, shown as a natural length of the vector. The Euclidean distance between two n-dimensional vectors X and 
Y represents as follow: 

                                                     (8) 

Where N-dimensional vector X can be expressed as (x[1], x[2],... (x[n]) and N-dimensional vector Y can be expressed as (y[1], y[2],... 
y[n]). The x[i] (i = 1, 2, ..., N) and y[i] (i = 1, 2, ..., N) are real numbers.  

In this methodology, every term in the ontology is represented as a vector as follows: 

             
N is the number of terms in the ontology. The pi is equal to 1, if an abstract could be found, which the concept and the i-th concept co-

occur in it. The wi is equal to 1, if the concept appears in the Wikipedia entry of i-th concept. For the rest, pi and wi are assigned to 0. 
The method use the Eq. 8 to compute the Euclidean distance between each two terms. 
Step 5. K-means Hierarchical Clustering: In this step, k-means hierarchical clustering was used to get the related relationships in the 

ontology. In the first place, the root node is selected from the terms according to the depth got in the third step. Then the algorithm classify 
the rest of terms into some clusters, and the number of clusters is given beforehand. The concept with largest depth in the subclass is 
considered as the root node for the subclass, and other terms are assigned to the hyponym of the root node of the class. the algorithm repeat 
this process and stop when the tree arrives at a certain depth. 

Step 6. Exhibition in Protégé: Protégé is an open-source tool that could assist users in the construction of large knowledge bases 
(Gennari et al., 2002). It provides the ontology terms, relations, attributes, instances of the building and some specific ontology description 
languages for users, so the users only need to construct ontology at term level. After constructing the ontology, it is obvious to exhibit the 
ontology properly, so that the other researchers who want to use the ontology could be convenient to access and utilize it easily (Kara et al., 
2010).  

 
4. Experimental results 
 

In this study, search engine field was selected for the domain of the ontology and construct domain ontology automatically. The most 
challenging activity in ontology construction lies in its extraction method for relation among terms because that there is no formal way to 
evaluate relations. The papers of this experiment are derived from an online scientific citation indexing base named Web of Science. The 
experiment retrieve 659 scientific papers relevant to search engine for ontology construction. Besides, a number of 991 entries in Wikipedia 
are used to probe the related relation and filter the terms. 

In order to improve the result of the experiment, some tricks are made as follows: 
Some terms correspond to the same Wikipedia entry, so it need to view these terms as one term. 
The frequency of some simple terms is too high and it interferes with the experimental results, so it need to utilize the TF-IDF values to 

amend the frequency. 
In order to save the running time of this procedure, the number of iterations should be set dynamically. The procedure stops when each 

concept is selected at least once. 
The ontology constructed in this paper is in Figure 2. 
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Figure. 2: domain ontology in search engine 
The experiment evaluates ontology construction methodology by comparing the ontology constructed with the ontology constructed by 

experts according to the indictors of Precision, Recall, and F measures. Precision and Recall are widely used in the field of information 
retrieval and statistical classification to assess the quality of the results. Precision refers to the percentage of accurate terms and relations 
extracted in the study, as shown in Eq. 9, and Recall refers to percentage of terms both in expert-defined and retrieved, as shown in Eq. 10. 
Both values are between 0 and 1 and the value close to 1 means that it holds a better precision or recall rate. Precision and Recall can be 
summarized into another metric known as the F measure, which is a comprehensive index of the two indicators, as shown in Eq. 11. 

                                                                (9) 

                             (10) 

                                                                             (11) 

 

Table 1: precision and recall 
 precision recall F 

terms 98.8% 94.0% 96.3% 
relations 61.7% 52.3% 56.6% 

 
From Table 1, it can be seen that it gets better effect in terms of efficiency and accuracy. 
Compared with other methods, ours has two main advantages. On the one hand, it has a good adaptability and can be applied in 

different fields. On the other hand, it can adapt on the continuous update of Wikipedia and scientific papers. 
 
Conclusion 
 

The work proposed in this paper is meant to provide a novel way for automatic domain ontology construction in terms of scientific 
papers and Wikipedia entries. The methodology applies to various domains and generates a high quality of domain ontology with 
appropriate parameters. The ontology in this paper is represented as a multi-level tree representation. The Q-learning algorithm is used to 
provide the depth of terms in ontology, and K-means Hierarchical Clustering is used to extract the relation of ontology.  

Future work is directed towards considering the automatic construction of Chinese domain ontology in Chinese scientific papers and 
Chinese knowledge base Baidu BaiKe and the domain ontology constructed in this methodology will be used in semantic search engine. 
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Hot Deformation Behavior and Processing Map of As-Homogenized Mg-6Zn-1Al-0.5Mn-0.5Ca Alloy 
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Abstract: The valid processing window of the Mg-Zn alloy with high strength is narrow. In order to gain the best processing parameter 
economically and fastly, the relationship between true strain and stress of as-homogenized Mg-6Zn-1Al-0.5Mn-0.5Ca alloy has been 
investigated using the GLEEBLE simulation under the temperatures ranging from 423 to 573 K, strain rate ranging from 0.01 s−1 to 10s−1. 
The processing map at a total strain of 0.67 has also been plotted. The results show that the best processing temperature and strain rate range 
are from 533 to 573 K, and not higher than 0.1s−1, respectively. The corresponding maximum coefficient of energy dissipation is 21 %. The 
investigated alloy has no crack, and its microstructure is fine and homogeneous. The kinetic analysis reveals that the stress exponent and 
activation energy of this alloy are 14.178 and 158.9 kJ/mol. 
 
Keywords: Mg-6Zn-1Al-0.5Mn-0.5Ca; flow stress; processing map; dynamic recrystallization; activation energy. 
 
1. Introduction 

 
Magnesium alloys are the lightest structural metal materials, and have broad prospect in automobile, aerospace and 3C areas, etc [1-3]. 

Due to the HCP lattice. the cold working of magnesium alloy are so difficult that the main product of magnesium alloy are castings. 
However, the wrought Mg alloys are so admiring due to their predominant strength and toughness. For instance, the mechanical properties 
of the double peak aged Mg-6Zn-1Mn-4Sn (wt.%) alloy are an UTS of 390MPa and an elongation of 4.16%. However the toughness of 
alloy is poor [4]. 

The stacking fault energy of magnesium alloys is so low (76 mJ/m2) that dynamic recrystallization is of common occurrence during hot 
working. Meanwhile, the non-basal plane sliding system is also easily activated as well as the <c+a> sliding system, which could 
significantly improve the workability of magnesium alloys. Thus, it is important to investigate the hot deformation behaviors of magnesium 
alloys. 

Because the plastic deformation processing window of magnesium alloy is quite narrow, many experiments are needed to acquire best 
processing technology by tradition method. It is time and money wasting. Recently, the processing map based on the Dynamic Material 
Model (DMM) proposed by Prasad has been a strong tool to optimize the hot working parameter and control the deformed microstructure 
[5-7]. S.Anbu Salvan et al. have investigated the hot deformation behaviors of as-cast ZE41A alloy using processing map [6]. Wang, et al 
and Juqiang, et al have also done similar work on the as-extruded WE43 alloys and ZK60 alloy, respectively [5, 7].  

The authors have developed a new wrought Mg-6.0Zn-0.5Mn-1.0Al-0.5Ca (wt.%, ZAMX6100) with low cost, high strength and 
toughness. The alloy could achieve high performance (ultimate strength 358 MPa, yielding strength 317 MPa, and elongation 16.5 %) 
prepared by squeeze casting, hot extrusion and subsequent aging treatment. In this work, the hot deformation behaviors of as-homogenized 
ZAMX6100 alloy are further investigated using processing map, so as to confirm the valid working temperature and strain rate zone 
(dynamic recrystallization zone, DRX), as well as the unstable working zone of this alloy.  

 
2. Materials and method 
 

The size of as-homogenized ZAMX6100 alloy is Φ150×100 mm, and its chemical composition is listed in Table 1. 
 

Table 1  Chemical Composition of the ZAMX6100 Alloy   (wt.%) 
Element Zn Al Mn Ca Mg 
Content 5.74 1.05 0.423 0.57 Balance 

 
Figure 1 and 2 show the optical microstructure and XRD pattern of ZAMX6100 alloy. The as-casting alloy mainly consists of α-Mg 

and the grain boundary τ-Mg32(Al,Zn)49. The dendrite spacing of as-homogenized alloy is 200 ~ 300 μm.  The sample size for hot 
deformation is Φ8×12 mm. The working temperatures are set as 423, 473, 523 and 573 K. The investigated strain rates are 0.01, 0.1, 1.0 and 
10.0 s−1, respectively. In addition, the total strain is 0.67. The hot deformation behaviors were conducted using a Gleeble-3500 simulation. 
Firstly, the sample is heated under vacuum to the scheduled temperature as a rate of 120 K/min, and hold for temperature homogenization 
by an additional 2 min. The true strain and stress data are collected automatically by the machine, to build processing map. After hot 
deformation, the samples are immediately quenched in water to conserve the microstructures. The deformed samples are polished and 
etched for microstructure observations. The etch solution is 5 g picric acid, 15 ml glacial acetic acid and 100 ml ethyl alcohol. The optical 
microstructures are observed at the sample center along the compression direction.  
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Figure 1 The initial microstructure of as-homogenized ZAMX6100 alloy 
 

3. Results 
 
3.1 Flow characteristics 
 

Figure 3 shows the true stress vs. true strain curves of ZAMX6100 alloy under different deforming conditions. The flow stress of the 
investigated alloy increases with the descending temperature and the ascending strain rate. During the initial stage, the increasing strain is 
followed by the dislocation displacement and multiplication. Thus, the dislocations are tangled after the dislocation density increase rapidly, 
which retard the dislocation migration. As a result, the flow stress increases significantly, called “work hardening”. When the strain reach a 
critical value, the flow stress does not increase rapidly any more. It might be ascribed that some opposite sign dislocations are offset so that 
the dislocation density decreases as well as the total strain energy. It is called “softening stage”, where the flow stress grows slowly and then 
reach a peak value. Finally, it reaches a balance between the hardening and softening. 

 

Figure  2 Phases of as-homogenized ZAMX6100 alloy determined by XRD 
 

 

(a) 

 

(b) 

 

(c) 
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Figure 3 The typical true stress-true strain curves for the experimental alloy under various deformation conditions: (a) ε =0.01s−1, (b) 

ε =0.1s−1, (c) ε =1.0s−1 and (d) ε =10.0s−1 
The deforming characteristics of ZAMX6100 are closely related to the strain rate and temperature. The specific strain corresponding to 

the maxi flow stress decreases with the increasing temperature and descending strain rate. For instance, the work hardening rate is rapid at 
low temperature (423 K), while the working softening is quite weak correspondingly. At this time, the dislocations accumulate around the 
grain boundaries and induce nucleation of microcracks. Finally, the alloy fracture, as shown in Fig.4. It could also be seen that the flow 
stress at 423 K decrease rapidly, as shown in Fig.3. Meanwhile, the strain to fracture decreases sharply, then increases with the strain rate 
increased, as shown in Fig.5. The dynamic recovery and DRX play a significant role of softening at high temperatures. By implication, the 
softening effect becomes strong at high temperature, and the hardening effects gets weak correspondingly. Furthermore, at low strain rate 
(≤1s-1), the strain for maxi hardening effect decreases with the ascending temperature, while the time to open softening effect is shorten. As 
a result, the strain corresponding to the balance between hardening and softening also decreases. However, it could not observe any balance 
point at high strain rates, because the deforming time is too short to reach steady flow stress. The flowing characteristics of ZAMX6100 are 
similar to other magnesium alloys [6, 8-10]. 

Compared with the processing of ZK60 alloy[5], during the deformation of 523~573K, the maximum stress of ZAMX6100 alloy under 
low strain rate (ε＜0.1s−1) deformation is higher than that of ZK60 alloy. But lower much than that of ZK60 alloy during high strain rate 
deformation. That is to say, the process hardening effect of ZAMX6100 alloy under same condition is lower than ZK60 alloy, and is 
beneficial for plastic deformation processing.  

 

Figure  4 Macroscopic features of specimens compressed to a true strain of about 0.67 at different temperatures and strain rates 
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Figure 5 The relation between fracture strain and strain rateε  
 

3.2 Processing map 
 

The processing map is a model integrating the effectiveness of energy dissipation and instability of deformation. In DMM model, the 
work piece is regarded as a body to dissipating energy. The instant total energy dissipation P consists of temperature-rise induced energy 
dissipation G and metallurgical working energy dissipation J. The G: J ratio is effected by a sensitivity coefficient of flow stress to strain 
rate (m) [6, 11]. M is a function of temperature and strain rate, which is opposite to the stress coefficient in the standard kinetic rate equation 
of hot deformation. 

)1( += mmJ εσ                                                                               (1) 

)1(2max +== mmJJη                                                                     (2) 

where σ is flow stress, ε  is strain rate, and η is energy dissipation coefficient (EDC). For the ideal linear energy dissipation body, 
m=1, and 2max εσ == JJ . The Equation (2) implies the energy dissipation characteristics induced by microstructures evolution of 

work piece during deformation. Under a specific temperature and strain rate, the energy dissipation map could be plotted from the true stress 
vs. true strain curves of hot compression. 

Based on the deformation instability criterion proposed by Prasad [11], metal flow gets instable when the deformation instability 
parameter 0)( <εξ  . )(εξ   is also a function of temperature and strain rate, which could be written as: 

mmm +∂+∂= )ln))1(ln(()( εεξ                                                          (3) 
A deformation instability map could be plotted based on )(εξ  . Furthermore, the processing map could be drawn by overlapping these 

two maps (the deformation instability map and the energy dissipation map). 
Fig.6 shows the processing map of ZAMX6100 under a strain of 0.67. The isoline represent the energy dissipation percentage, and the 

shadow part represent the deformation instability zone, where 0)( <εξ  . The shadow part possess the most area, which means the 
processing window of the investigated alloy is very narrow. Compared with the processing of ZK60 alloy [5], the best processing 
temperature of ZAMX6100 alloy is low, and strain rate is high, i.e. ZAMX6100 alloy has a better plastic processing property than ZK60 
alloy. 

 

Figure 6 Processing map for as-homogenized ZAMX6100 alloy at a true strain of 0.67 
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3.2.1 DRX zone 
 

Figure 7 shows the DRX zones of the deformed alloy with high EDC value (Temperature zone, 533–573 K; Strain rate, <0.1 s-1). The 
largest EDC is 21 % at the temperature and strain rate of 573 K and 0.1 s-1, respectively. The peak stress is very small due to the soften 
effects by DRX, according to Fig.3b. Meanwhile, it could not observe surface cracks on the deformed samples as the temperature/strain rate 
are 523 K/0.01s−1, 573 K/0.01s−1 and 573 K/0.1s−1, respectively. Fig.7b shows the DRX zone in the deformed microstructures. The DRXed 
grains firstly nucleate at the dendritic grain boundaries, then gradually cover the initial coarse dendrites. Because DRX is driven by 
deformation, it stops when the deformation is over. It could also be seen that some dendrites are still not covered by DRXed grains, which 
implies that it requires larger strain to replace the initial coarse grains with fine equiaxial grains. 

In general, the optimum working parameters should be selected at the high EDC zones, because DRX is easy to eliminate the 
nonuniform deformation and obtain stable metal flow [8]. As a result, the optimum working temperature and strain rate should be 573 K and 
0.1s-1 for the ZAMX6100 alloy. 

 
3.2.2 Instable flow zone 
 

Figure 6 shows the deformation instability zone at low temperature (T<523 K) and low strain rate (ε <1 s−1) as well as temperature 

zone (from 423 to 573 K) and high strain rate (ε >1 s−1). In this zone, the EDC decreases significantly with the increasing strain rate. Fig.8 
shows the microstructures corresponding to the deformation instability zone. The microstructures consist of the adiabatic shear band (45°), 
elongated grains and fine grains, as shown in Fig.8b. The local temperature of deformation zone rises up rapidly due to the deformation heat 
at high strain rate. Consequently, the flow stress also decreases. With the strain going on, microcracks nucleate and grow up at the fine grain 
or the shear band boundaries, due to the strong local metal flow [11]. The surface cracks are also observed, as shown in Fig. 4. Similar 
instable deformation behaviors occur at as-cast AZ61 alloy and ZE41A alloy [6, 12]. Thus, it should be avoid performing the process at the 
deformation instability zone. 

  

Figure 7 Typical microstructures of specimens deformed to a true strain of 0.67 under different  conditions: (a) 573 K/0.01s−1 and (b) 
573 K/0.1s−1. The compression axis is vertical. 

 

4 Discussion 
 

Plastic deformation is very sensitive to the applied stress, temperature and strain rate. The hot deformation kinetics of metals describe 
the rate control mechanisms in the given range [13]. Based on the flow stress at different temperatures and strain rates, Fig.9 and 10 show 
the relationship between lnσ and lnε  as well as that between σ and lnε . 
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Figure 8 Representative microstructures obtained on specimens deformed at (a) 473 K/ 0.1s−1 and (b) 523 K/ 1 s−1. The compression 
axis is vertical. 

 

 

Figure 9 lnε as a function of lnσ at different deformation temperatures. 

 

Figure 10 lnε as a function of peak stress σ at different deformation temperatures. 
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Figure 11 lnε as a function of ln[sinh(ασ)] at different deformation temperatures. 

 

Figure 12 ln [sinh(ασ)] as a function of reciprocal T at different strain rates. 
lnσ and σ grow up linearly with the lnε , and the linear dependent coefficient is around 0.9425-0.9936. It implies that the investigated 

temperature and strain rate zone are controlled by kinetic rate. According to the flow stress and peak stress vs. strain rate, it can be 
calculated that α and n are 0.00712 and 14.178, respectively. Thus, the ln ε , )]ln[sinh(ασ  and )]ln[sinh(ασ  as a function of 
temperature could be plotted as shown in Fig. 11 and 12. 

The deformation kinetics of ZMX6100 at the strain of 0.67 could be described by the standard kinetic rate equation: 

]exp[
RT
Qn −Α= σε                                                                                    ( 3 ) 

where ε  is strain rate, σ is flow stress, n is stress exponent, Q is active energy, R is gas constant (8.31J.mol), T is the absolute 
temperature, K and A are materials constant. It can be calculated that the active energy Q is 158.9 kJ/mol in this work. Feng, et al have also 
obtain the similar n (9.5) and Q (177.6 kJ/mol) of the Mg-8.3Al-1.1Y-0.8Zn [10]. 

 
5. Conclusions 
 

This work investigates the hot deformation behaviors of ZAMX6100 at the temperature zone from 423 to 573 K, strain rate from 0.01 
s-1 to 10 s-1. The conclusions are as follows: 

(1) The temperature and strain rate zone for DRX of ZAMX6100 are from 533 to 573 K, and <0.1 s-1, respectively. Meanwhile, the 
optimum deformation parameter should be 573 K and 0.1 s-1, and the corresponding energy dissipation coefficient is 21 %; 

(2) With the increasing temperature and decreasing strain rate, both the peak and stable flow stress decrease, as well as the required 
strain. The flow stress also increases with the decreasing temperature and increasing strain rate.; 

(3) The stress exponent and active energy of ZAMX6100 in hot compression are 14.178 and 158.9 kJ/mol, respectively. 
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Abstract: Emotion and mood on human behavior have an important influence. To add emotions and moods factors in cognitive behavior 
modeling can significantly improve the authenticity and adaptability of the model. Most of the traditional researches on the formation of 
self-organized groups are based on the rational behavior, which is not well to consider the influence of emotions and moods on the 
individual. In this paper, a multi-layer modeling method based on personality, emotion, mood and behavior is proposed to simulate the 
behavior of self-organizing cluster under the condition of non-rational state from the perspective of the interaction and change between 
emotion and mood and behavior; and combined with the simulation results from the two aspects of emotion and social needs and group 
cohesion are discussed and analyzed. 
 
Keywords: artificial emotion; emotion model; behavior modeling; self-organized groups. 
 
1. Introduction 

 
A classic study of social psychologist Sharif reveals the whole process of the formation of people from the individual to groups; 

communication and mutual activities and the same objectives is the basic conditions for the formation of groups. The “group” is defined by 
Stephen P. Robbins in his book "Organizational Behavior" as: In order to achieve a particular goal, two or more interacting and 
interdependent combination of individuals; and the “group” is further divided into two categories. One is the formal group determined by the 
organizational structure with a clear allocation of duties. The informal group (self-organizing group) refers to the alliance which is neither 
with formal structure nor determined by the organization [1]. In the biological world, the natural competitive advantage of the group relative 
to the individual is very obvious. In the human social life, the mass organization is a very common social phenomenon, its origin in the 
human production struggle and the social struggle. In the modern civilized society, people's life cannot be separated from the group 
organization. The role of human social groups is to help people to achieve their own individual expectations, which is also the reason why 
people are willing to join the group organization. 

Emotional feeling, as an indispensable and unique ability of human being, plays an important role in the process of cognition. 
Psychological and behavioral studies have found that emotions can promote or prevent human cognitive processes in working memory, 
reasoning and planning and other activities; the constant psychological background or temporary psychological state arising from emotional 
experience, all have the function of organization and coordination in the process of information processing of cognition; It helps human 
choice information to acclimatize, and control behavior to change the environment [2]. Emotional activation is a complex emotional state 
transition process through a series of external factors and internal factors interact to achieve [3]. It is not only affected by the external 
emotional stimuli and the current emotional state, but also related to the individual's emotional cognitive ability. Affective computing, as an 
important branch of artificial intelligence, is a hot issue in the research of swarm intelligence behavior. Marvin Minsky once said "how can 
intelligence be without emotion!" Any intelligent body, should not only performance for the behavior of athletic ability, but also should 
show the ability to express their own emotions. At present, the artificial intelligence technology has been from the study of feeling, thinking, 
memory and other direction of agents, to expand to such as emotional, personality and other psychological factors. 

 
2. Correlation theory 
 
2.1 Collective motional behavior 
 

Collective motion is a common natural phenomenon, and there are complex collective motional behaviors among many kinds of 
animals in nature. From the fish in the parade [4] and grasshoppers cluster transition [5], to the collective movement of bacteria [6], cells [7], 
and protein microtubules [8], as well as the crowd in a variety of occasions [9] are typical representatives of the flocking movement. This 
maybe emerge unimaginable overall synchronization effect based on the cooperation between individuals, which is called the emergence of 
the complexity science. Flocking is an important phenomenon of group activities, such as the aggregation of bacteria, the nesting of bees 
and so on. The generation mechanism and the intrinsic mechanism of the highly coordinated and highly ordered collective movement 
patterns have long been the core issue of the research on collective motion [10]. The study of group movement behavior aims at using 
computer to simulate the interaction between groups composed of simple individuals and the environment as well as among individuals in a 
group [11]. The use of artificial intelligence and virtual reality technology to simulate the behavior of the collective motion with a strong 
theoretical and practical value, the research results have been widely used in public safety, gaming animation and video effects, and other 
fields. 

 
2.2  Definition of emotional type 
 

Human beings are the most emotional animals on earth; human cognition, behavior and any aspect of social organization are almost 
driven by emotions; in interpersonal interaction and group, emotion is the strength hidden behind the social commitment to others; moreover, 
emotion has the power to determine the formation of social structure, sometimes, it’s also the driving force for collective activities to destroy 
the social structure and to change the social culture [12]. Human emotions are rich and varied, and a person may have more than one 
different emotion at the same time. When one or more kind of emotions are stimulated to fluctuate, several different emotions interact and 
affect each other; this effect and influence to make their own emotions either mutual inhibition to be weakened or mutual incentive to be 
enhanced. For example, when a person is sad and suddenly stimulated by the excitement, then the emotional intensity of its grief will be 
significantly reduced. An emotion classification proposed by Ekman [13] occupies a dominant position in the field of psychology and 
engineering is used in this paper, which is divided into 6 categories and expressed as a six-dimensional vector. 

 
3. Modeling based on emotion feeling and behavior 
 
3.1 Models for personality, emotion and mood 
 
3.1.1 Personality model 
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Anyone has a personality, but also can only be a kind of personalized existence; personalization is the way of human existence. 
Personality refers to the psychological characteristics of the internal tendency of individual behavior, which is closely related to people's 
emotion, mood, memory and motivation; and closely related to emotion, which mainly affect the activation and control the intensity of 
emotion [14]. In the field of psychology, the widely used model to describe personality is FFM [15]. Personalized set P contains five 
components, corresponding to five kinds of personality, the range of each component is defined as (0, 1). Specific forms of personality 
vector can be described by the following formula (1), in which pi corresponding to the character of the enlightened, accountability, 
extroversion, agreeableness and neuroticism five types. 

P=[p1,p2,p3,p4,p5], ∀p i∈(0,1) , i∈{1,2,3,4,5}                                                                        (1) 
3.1.2 Emotion model 
 

"Dictionary of psychology", said that: “emotions are people's attitude experience towards whether the objective things meet their own 
needs”. Emotion is a part of attitude, it is a kind of more complex and stable physiological evaluation and experience of attitude in 
physiology, and it is consistent with the inward feeling and intention in the attitude. Compared to mood, an emotion is lasting, profound and 
stable, is a reflection of the attitude of things, and is a stable component of personality traits. Emotion is a set of emotional states with 
certain intensity [16]. In this paper, a one-dimensional vector Et is defined to express the emotion of the agent in time t, and the range of 
each component is (0, 1). The individual's emotional model can be expressed as follows formula (2). 

Et=[e joy , esadness, eanger, esurprise , e fear, edisgust], ∀e i∈(0,1), i∈{1,2,3,4,5,6}, t>0                                          (2) 
 

3.1.3Mood model 
 

Daniel Goleman, a psychology professor at Harvard University, said: “Mood means emotional and unique ideas, psychological and 
physiological state, as well as the tendency of a series of actions". "Dictionary of psychology", said that: Mood is a state of constant change, 
with situational, temporary and obvious external manifestations; emotion is stable and durable, and it is not always apparent. Moods are 
often produced by the things around them, and they easily change with people, things, and places. Moods, whether positive or negative, will 
lead to people's motivation to action. In order to simplify the model and calculation, this paper proposes a simple model comprising three 
main emotional moods, respectively: agitation, normal, negative. Set the mood of the domain of [0, 10.0], using the fuzzy set {negative, 
normal, excited} to express, where 0 represents negative, 10.0 on behalf of the excitement. 

 
3.2 Behavior modeling for agent 
 

In this paper, the behaviors of an Agent refer to these actions which are generated by the virtual role with certain personality, emotions 
and moods, and in order to express their emotions and moods. Behaviors, generated by the avatar, with autonomy and independence, can be 
applied to any object that interacts with it in the virtual environment. 

 
3.2.1 Behavior expression type of agent 
 

Taking into account the personality factors, Agent's behavior expression type is obtained by the method of fuzzy reasoning, and as an 
important factor to affect the Agent emotional expression strategy. The behavior expression of an Agent is obtained by the following 
calculation method. 

First of all, for the five factors of personality, each variable using a fuzzy set {low, high} to describe, each personality factor of the 
domain values is [0,1], where ‘0’ represents the low and ‘1’ on behalf of high. Secondly, the fuzzy set {mild, neutral, strong} is used to 
describe the expression type of behavior with the domain values of the set [0, 1], where ‘0’ represents the mild and strongly represents ‘1’. 
Next, the fuzzy control rules are established to obtain the expression types of Agent. The following, an example illustrates the linguistic 
representation of fuzzy rules: 

If (neurotic is high) and (agreeable is high) and (extraversion is high) and (accountability is high) and (openness is high) 
The (behavior expression type is strongly) 
Finally, the Mandani method is used to fuzzy inference, and the median method is used to determine the expression type of Agent. 
 

3.3 Cognitive reappraisal of emotion 
 

Cognitive reappraisal tries to re-evaluate the understanding of emotional events and changes understanding of emotional events of 
personal meaning, in a more positive way to understand the emotional events, or emotional events rationalization. Cognitive reappraisal 
strategy can effectively reduce the subjective emotional experience, and it is an effective way of emotion regulation. Individual cognitive 
reappraisal capability is influenced by many factors, personality traits, the surrounding environment and the type of emotion. Gross 
cognitive reappraisal strategy has the function of adjusting individual emotion. Big Five personality theory is widely used in the emotional 
state research of the robot to analyze the relationship between the individual personality characteristics [17]. The expression of cognitive re-
evaluation parameters with personality characteristics can be expressed as following formula (3) [18]. 

                                                                                        (3) 

Wherein, ci represents the proportion of the i-th evaluation values personality share of five kinds of personality assessment value ratio. 
Its value is obtained by the big five personality evaluated by the NEO-PI-R personality inventory. ‘ρ’ is the cognitive reappraisal ability of 
personality characteristics. 

 
3.3.1 Emotional state transfer 
 

The activation of individual emotion is not only related to the input stimulus, but also the current state of emotion and cognitive ability. 
Finite state machine is a kind of mathematical model with discrete input and output system, and the relationship between emotion and 
external stimuli is discrete, and the transfer of emotional state is also in the limited space of the emotional state from a given state into 
another state [19]. 

Assuming that the emotional state of the avatar in t time is Et, the probability of the transfer to the 6 basic state of emotion is 
pt={pt(1),... , pt(6)}, where Pt(i) represents the probability of transition from state Et to Ei, and . The probability of the 
transfer of the external emotional stimuli to the 6 basic emotional states is p'(Ei |Es). In this paper, emotional stimuli are derived from the 
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interaction with other virtual actors. In considering the influence factors of cognitive re-evaluation, when subjected to external stimuli, the 
state transition probability of individual emotion can be calculated by the following formula (4). 

p t+1(i)= p t (i)+(1-τ)p'(Ei |Es), i∈{1,2,3,4,5,6}                                                                       (4) 
The p t+1(i) need normalized to be p' t+1(i), so established . 
 

3.3.2 Emotional decay 
 

Emotion is the subjective reflection of the value of things in human values in the rate difference. Typically, the intensity of the emotion 
is a time varying amount; whether it is positive or negative, there is a tendency to decrease with time and tend to zero. Base on the 3rd law 
of emotional intensity of psychophysics, emotional intensity and duration is negative exponential function. The attenuation characteristics of 
emotion can be described by the following formula (5). 

Et+1(i) = Et(i)exp(-ktT)                                                                                    (5) 
Where Et+1(i) is current emotional strength, Et(i) is the emotional intensity of the last emotional cycle, T is duration. kt for attenuation 

coefficient, according to the characteristics of different types of emotional personality, needs to select a different attenuation factor. 
 

3.3.3 Mood renewal 
 

That the social structure theory of mood: the occurrence and development of individual mood is not completely independent from the 
external social or only from introspection; the individual's emotional experience is rooted in the rational social context. Therefore, mood is 
not fixed, but with the change of social context and interpersonal relationship in different forms of expression. The mood state itself has 
continuity, and its change is not discrete and discontinuous. Referring to the calculation method of literature [20], the Lapicque neural cell 
model is expressed as the form of state space equations, and the transition process of Agent's emotional state transition can be described by 
the formula (6). 

                                                                  (6) 

Wherein, s(t) is the intensity of the mood states; Vrest  indicates the strength of the size of the quiet time, can be valued at 0; R and C are 
constants, which can be determined according to different emotional characteristics and different emotional states; y(t) is the output 
excitation function; x(t) is the size of the input stimulus, which comes from the interaction between the agents. 

 
3.4 Interactive relationship between agents 
 

Interactive relationship determines the attitude of the interaction between Agents, and will affect the change of emotion and mood and 
behavior choice. In this paper, the real r(r∈[0,1.0]) is used to show the friendly degree between Agents. Interactive relationship between 
agents is not only affected by the current interactive behavior, but also influenced by previous experience of interaction, so that agents can 
update the interactions between each other through continuous learning. The interaction model proposed in the literature [21] is able to 
describe the interaction behavior between agents. Draw lessons from this behavior model, interactive relationship update function is defined 
as following formula (7). 

r (t)=min[1,max(0,(r2
(t-1)+γ (t)δ(1-μ (t-1)))1/2)]                                                                      (7) 

Where, r (t)∈[0,1.0] represents a new interaction between an agent and other agents. When the value of R is more close to 0, it shows 
that the agent believes interactive agents to itself with higher degree of unfriendly. On the contrary, the value is more close to 1, which 
shows that the higher degree of friendly interaction of objects. γ (t) represents the evaluation of the current interaction behavior, γ (t)∈[-1,1]. 
γ>0 represents a friendly interactions; γ<0 indicates unfriendly interactions. δ is the individual parameter, whose value is determined by the 
personality of the agent. μ∈[0,1.0] represents the degree of certainty of the interaction between agents, the initial value is 0, the value of 
which will be adjusted according to the difference of the evaluation of the current interaction and the past between agents, and finally 
stabilized at around 1. Formula (8) gives the process of dynamic change of the parameter μ. 

μ(t)= μ(t-1)+a(1-|(γ(t)+1)/2-r(t-1)|)min{μ(t-1),1-μ(t-1)}                                                     (8) 
Where, μ(t) represents a new degree of certainty, parameter a represents the learning rate in the range [0, 0.02], The product term 

min{μ,1-μ} is to ensure parameter c in the range [0, 1.0]. 
 

3.5 Behavior selection of agent 
 

A variety of factors affect human behavior, which can be divided into external factors and internal factors two aspects. Behavior is one 
of the external activities under the influence of subjective and objective factors, and it is a whole process of action. Behavior is also an 
important emotional manifestation. Agents wandering in the "world" are influenced by their own personality and the current emotional state 
to have different needs, and the agents interacting with others will be affected by the result of the interaction to stimulate different moods to 
influence their behavior. In this paper, the behavior is defined as: Agents in virtual environment, with their own personality as the basic 
reference, guided by its own emotional feeling state, combined with their current emotional state, are affected by interactions results to 
generate actions of close to or away from the other agent. Emotional structure has influence on Agent's behavior choice and behavior 
performance. In this paper, according to the strength value of emotion and demand, the most suitable for the current environmental 
behaviors are chose to meet the internal needs of the agent or emotional performance. 

The behavior rule is defined as a three tuple, which is the formal representation of the behavior, including the elements of the behavior. 
In this paper, the behavior rules of Agent are shown in the formula (9). 

Action::=<I(feature), S(mood,t), Tri(con)>                                                                    (9) 
Wherein, I(feature) represents the personality characteristics of individuals, S(mood,t) represents the emotional state of the individual at 

time t, Tri(con) for the expression of the behavior set of a particular emotional state, is the combination of atomic actions. If for ∀i∈I, ∀s∈
S, there is Tri=ζ(i,s), called ζ policy function of emotional expression. The generation of individual emotion expression strategy is the result 
of the interaction of the emotional type, emotional intensity and behavioral expression of the individual. These factors are stochastic, 
uncertainty and correlation, and the Bayesian networks can solve this problem well. 

Let set of variables X={E,M,B,S}, wherein, E represents the emotional state, M represents the state of mood, B represents the type of 
behavior expression, and S represents emotional expression strategies. The range of the variables respectively is: B={mild, neutral, 
strongly}, S={left, close, wandering aimlessly}. To get the conditional probability of emotional expression under the joint distribution of 
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these three factors (E, M and B), namely, that is seeking probability P(s|E,M,B) (s represents a candidate hypothesis in the hypothesis space 
S), can get the calculation formula (10) of the emotional expression strategy. 

                                 (10) 

 

4. Simulation results 
 

In this experiment, the Netlogo simulation platform based on Agent is used to carry out the dynamic simulation according to the 
behavior model established above. 

Figure 1 describes the emergent process of self-organizing collective behavior. Figure 1(a) shows the distribution of agents in the initial 
state; all agents are randomly distributed in the "world". In the initial state, the agent is in the state of random walk before it interacts with 
other agent. After that, the agent's behavior will be affected by its personality traits, emotions and interactive results, and adjust its behavior 
according to the rules of behavior. With the increase of the simulation period, the agents in the “world” begin to appear self-organizing 
cluster phenomenon, as shown in Figure 1(b). When the simulation cycle increased to enough times, the agent clustering phenomenon will 
become more and more obvious. Figure 1(c) describes the emerging state of clustering of agents in the "world" when the simulation cycle is 
carried out to 1612 times. 

                 

(a) Initial distribution state of agent         (b) Agents in 157 cycles              (c) Agents in 1612 cycles 
Figure 1 the emergence of self-organized collective behavior based on emotion 

     

(a) The initial position of agent (14)  (b) The critical position state of agent (14)  (c) The mood change curve of agent (14) 
Figure 2 The position and mood change curve of agent (14) when the simulation period is 54 times. 

   

(a) Group emerging status   (b) Mood change curve of agent (14)   (c) Average mood change curve for all Agent 
Figure 3 the group emerge state and Agent’s mood change curve at 360 cycles 

Figure 2 describes the state and mood changes of a single agent before the group emerges. Figure 2(a) shows the position of agent (14) 
in the initial state. As can be seen from the figure, agent (14) is in a relatively scattered area of the world, and there is no other agent in the 
vicinity. With the increase of simulation cycles, all agents active in the "world" will inevitably interact with other agents. Each agent has a 
"tipping point" before it interacts with other agents, and Figure 2(b) shows the position of the agent (14) when this "tipping point" occurs. 
The curve in Fig. 2(c) is the emotional change before the critical point of the interaction behavior of Agent (14). 

Figure 3 further describes the changes of a single agent and the average mood changes of all agents in the "world" as the number of 
simulation cycles increases. Figure 3(a) shows the emergence of the group in the world when the simulation cycle is increased to 360 times; 
Figure 3(b) is the mood change of agent (14); Figure 3(c) is the average change of mood for all agents. 

 
5. Disscussion 
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In the initial state, all agents are randomly distributed in the "world". In the absence of encounter with others, agents are randomly 
walking in the initial "quiet" state in the "world". As can be seen from Figure 2, agent will maintain this "quiet" state until the interaction 
occurs. As the "world" time progresses, the casual encounter agent produces the first unconscious contact, and the interaction between the 
agents also occurs. The agent's emotion changes with the result of interaction and also has influence on emotion, mood and future behavior. 
Similar to human interaction, agents active in the world are always willing to be close to other agents with friendly interaction results and to 
stay away from agents that produce unfriendly results; because the interactive relationship update function (formula (7) and (8) designed in 
this paper can give a certain learning ability to agent, it can evaluate the interactive experience. Moreover, in terms of the mechanism of 
emotion, all agents expect to maintain their emotions in a state of "calm" as far as possible. 

This kind of close or alienation consciousness which is close to the emotional expression of the natural person affects the individual 
behavior and further leads to the generation of the social group, which is the root of the formation of the self-organized group in the 
simulated world, and more realistic simulation of the impact of emotion on the formation of natural groups. As can be seen from figure 2(c), 
before the generation of interactive behavior, agent can be considered lack of social behavior; agent's mood is relatively “quiet." It can be 
seen from Fig. 3(b) that, with the increase of the number of interactions, the agent's social behavior is more abundant and the agent's mood 
fluctuates. That is to say, the agent's emotion will be more abundant. Thus, it can be argued that the individual's rich social behavior 
promotes the change of his emotional world. Then, it can be concluded that the individual's emotional changes and individual social needs 
are closely linked. 

On the other hand, it can be seen from Fig. 3(c) that the overall mood of the self-organizing group tends to decrease with the increase of 
social behavior. That is, the group's mood will decrease with the increase of the individual's contact, the group members will gradually leave, 
then the group will be dissolved and the new group will appear again. In other words, with the simulation cycle increases, the existing 
groups will gradually disappear, and new groups will continue to emerge, this phenomenon of scattered and re-aggregation will be repeated 
again and again. This phenomenon reflects from the side, the self-organizing groups without leaders are lack of long-term cohesion. 

 
6. Conclusion 
 

In order to enhance the authenticity and adaptability of the cognitive behavior model of agent, this paper proposes a multi-layer 
modeling method based on personality, emotion, mood and behavior from the mutual influence of emotion and mood on behavior in the 
simulation study of self-organizing group behavior process; which not only possesses the characteristics of personality, emotion and mood, 
but also has the ability of behavior evaluation. And the self-organizing collective behaviors with significant emotional impacts of the self-
organizing group are simulated by using Netlogo multi-agent simulation platform. The simulation results show the influence of emotion on 
individual behavior and group aggregation, and the model can well reflect the irrational activity characteristics of individuals in reality. The 
results of this paper not only help to build a more realistic cognitive behavioral model, but also contribute to simulate self-organized 
collective behaviors affected by irrational behavior and leaderless factors. 
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Abstract: This paper aims to assess the performance of various machine-learning algorithms for recognizing human activities in 
smartphones and find the best algorithm in terms of classification accuracy and computation efficiencies in both model learning and real-
time activity recognizing. The underlying human activity recognition (HAR) framework works directly in mobile devices by computing the 
spatial contexts, temporal contexts, spatiotemporal contexts and user contexts in a real-time manner. Various supervised machine learning 
classification algorithms are applied under this framework for recognizing daily activities such as working, having a meeting and having a 
meal. The performance assessment is conducted among seven popular supervised learning schemes including Rules, Bayes, decision tree 
(DT), instance-based classifier (IBC), logistic regression (LR), support vector machine (SVM), and artificial neural networks (ANN). A total 
number of eighteen algorithms have been assessed in this study to identify their performance, focusing on both classification accuracy and 
computational efficiency. A live dataset has been collected for five days with three participants using smartphones and a 10-fold cross-
validation strategy is applied to train the classification models of the algorithms. The test results demonstrate that the REPTree algorithm 
from the scheme of DT outperforms others in terms of classification computation efficiency, classification accuracy and model-learning 
computation efficiency. 
 
Keywords: human activity recognition; mobile context computation;, algorithm assessment; machine learning classification 
 
1. Introduction 
 

With the rapid development of low-cost sensors in mobile devices, people have paid a lot of attentions on finding solutions for location 
awareness. Global Navigation Satellite System (GNSS) chipsets are nowadays enabled in commercial off-the-shelf (COTS) smartphones, 
providing meter-level positioning accuracy outdoors [1]. In GNSS-denied environments, a mobile user’s location can be propagated with a 
dead reckoning approach by integrating self-contained sensors such as accelerometers, gyroscopes, magnetometers, barometers and so forth 
[2]. Furthermore, radio frequency (RF) signals from e.g. Cellular networks, WiFi and Bluetooth transmitters, can be used to provide room-
level positioning accuracy indoors by correlating observed received signal strength indicator (RSSI) measurements with an established 
fingerprinting database [3-4]. 

From a user-centered perspective, location is a piece of important information to determine “what is available for me nearby” in 
location-based service (LBS) applications. For example, mobile users can search people nearby in social applications to make new friends or 
easily find the nearest gas station. From the business perspective, on the other hand, the location is also a significant indicator to perceive 
“who would be the potential customers”. Specifically, shop owners would like to send discount and coupon messages to those who are 
walking in or wandering around their stores. In order to avoid the messages being sent to passersby who are only walking past the stores, 
some context-based information [5] needs to be explored in order to identify the potential customers. For instance, the potential customers in 
a store may have slower walking speed than passersby. Moreover, people who dwell a longer time are usually more likely to purchase items 
than who stay and watch for a few seconds. 

In many daily situations, it is favorable to describe conditions and events in the Five Ws manner, i.e. who, when, where, what and why 
[6]. It can also be applied to describe the contextual information of the mobile user: who (user), when (time), where (location), what 
(activity) and why (causality). In general, who, when and where information can be easily obtained via smartphone sensors and application 
programming interfaces (APIs), whereas limitations and restrictions still exist in determining what and why, particularly for pure 
smartphone-based context awareness solutions. In this paper, it mainly focuses on determining when, where, and what (i.e. mobile users’ 
activities) by utilizing different supervised learning algorithms and the determination of why (causality) is out of the scope of the paper.  

Nowadays, HAR has become a popular research topic in scientific community. Many studies have presented different HAR approaches 
by using various machine learning algorithms [7-9]. A typical HAR system has five steps: raw data collection, data pre-processing, feature 
extraction, model learning/training and activity recognizing/testing [10]. Many state-of-the-art learning schemes have been adopted in HAR 
systems, such as Bayes (e.g. naïve Bayes, Bayes Networks) [11-12], DT (e.g. ID3, C4.5) [13-14], IBC (e.g. k-Nearest Neighbor) [15], LR 
[16], SVM [17], ANN [18], hidden Markov model (HMM) [19] and so forth.  

The main goal of this paper is to quantitatively assess a variety of supervised machine learning algorithms to address the research 
question “which machine learning algorithm performs best” for recognizing human activities in smartphones by using a multiple context-
based HAR framework proposed in [20-21]. This framework works in mobile devices by directly computing multiple contexts including 
spatial contexts, temporal contexts, spatiotemporal contexts as well as user contexts, in a real-time manner. The framework has been tested 
to recognize activities in daily working life in a typical campus environment, including activities such as working, having a meeting, having 
a meal, taking a coffee break, visiting the library, waiting for the bus, and taking a class. 

The contributions of the paper include: 1) A total number of eighteen algorithms in different schemes (i.e. Rules, Bayes, DT, IBC, LR, 
SVM and ANN) are examined and assessed, offering necessary knowledge for selecting the best algorithm to be adopted in a smartphone-
based HAR framework; 2) A live dataset is collected for five days with three participants using smartphones for the purpose of recognizing 
a set of complex activities in real life, enabling a comprehensive and solid assessment by taking into consideration of both classification 
accuracy and computational efficiency; 3) A performance evaluation index is introduced to rank the overall performances of the algorithms 
by leveraging the accuracy, learning efficiency, and classification efficiency. 

This paper is organized as follows: Section 2 discusses the related works; the underlying HAR framework is presented in Section 3, 
which defines the activities and contexts in this study; Section 4 describes the approach of algorithm assessment; Section 5 explains the 
experiment and data analysis, and discusses the research results; and section 6 concludes the paper and discusses the future study.  

 
2. Related works 
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HAR has been a common research topic in recent years and various HAR systems were presented based on different activity definitions 

[22], input observations [10], feature selections [8], learning algorithms [7], as well as application domains [23]. According to Lara and 
Labrador [22], there are two major approaches for human activity recognitions: the external sensing approach and the wearable sensing 
approach. Intelligent home systems [24] are a vivid example of using the former approach. A lot of human activities can be recognized by 
interacting with external sensors such as cameras, Bluetooth modules, radio-frequency identification (RFID) sensors and so forth. On the 
other hand, the wearable sensing approach has become increasingly popular recently in the scientific community. The built-in sensors in 
portable devices, i.e. smartphones and other wearable devices, have been substantially studied towards a reliable HAR solution. 

In previous studies for human activity recognition, inertial measurement units (IMUs) were the primary sensor for detecting physical 
activities [25], such as gait, postures and motions [26-29], movements and transportations [30]. In practice, situations such as concurrent 
activities, interleaved activities and ambiguity of interpretation [31] lead to complexity in recognizing activities. Blanke and Schiele [32] 
provided a brief review on recognition of complex activities and presented a partonomy-based approach. To recognize complex activities, 
some researchers explored some solutions [33-36].  

Chen and Guinness [2] introduced a six-level context pyramid to classify contexts according to the interpretation level. In this pyramid, 
lower levels (Level 1 ~ Level 3) are used to collect raw sensor data and extract key features, and activity recognition is classified as simple 
contextual descriptors (Level 4), activity-level descriptors (Level 5) or rich context (Level 6) depending on the complexity of the activities. 
Chen et.al [20-21] introduced a multiple context-based HAR framework to recognize complex activities, among Level 5 and Level 6, by 
using smartphones. In this framework, the spatial contexts, temporal contexts, spatiotemporal contexts and user contexts were computed in a 
real-time manner, and a naïve Bayes classifier was employed for recognizing activities with an accuracy of 88.8% [21]. 

 
3. The multiple context-based HAR framework 
 

A multiple context-based HAR framework was developed in the previous work [20-21] with the purpose of recognizing significant 
human activity by taking advantage of a variety of contextual features. The framework has been successfully applied to recognize significant 
activities in a regular campus working life including the following pre-defined significant activities: working, having a meeting, having a 
meal, taking a coffee break, visiting the library, waiting for a bus, and taking a class. Other activities beyond the definition are classified as 
an undefined activity. Contextual features in the HAR framework include temporal contexts, spatial contexts, spatiotemporal contexts as 
well as user contexts. A temporal context is described as a local time tag, a time difference between two geographical locations, or a 
timespan. A spatial context is a significant location that is defined as geofence, which can be a region of interest (ROI) defined by a node 
associated with a circle, or a polygon. A spatiotemporal context is defined as a dwelling length at a particular spatial context. A user context 
includes user-related information that can be the user mobility context (e.g., static, walking, running, and driving), user environmental 
context (e.g., lighting condition, noise level, and weather conditions), user psychological context (e.g., levels of fatigue, excitement, and 
nervousness) and user social context (e.g., calling, texting/chatting, and using Apps).  

Among all the contexts mentioned above, the temporal contexts are directly accessible via the application programming interfaces 
(APIs), while other three contexts are obtained by processing data from the built-in motion sensors and RF components in a real-time 
manner. The spatial context determines the topological relationship between the current user location and the predefined significant 
locations (e.g., office, dining hall, and classroom). Current user location is computed by fusing measurements from GNSS, WiFi, 
accelerometers, gyroscopes, and magnetometers with an unscented Kalman filter as described in the previous work [21]. The spatiotemporal 
context is then obtained for each significant location by counting the cumulative dwelling seconds from the most recent time window. As for 
the determination of the user context, only the user mobility context in this paper, i.e., the user speed, is considered based on an 
unsupervised model developed by Chen et al. [37], which is purely based on the feature of the total accelerometer measurements. The user 
speed is then quantified as static, slow walking, walking, or fast moving. It is worth noting that the underlying HAR framework is flexible in 
incorporating with other forms of user contexts such as the user environmental contexts, the user psychological contexts and the user social 
contexts.  

In the previous study [21], a naïve Bayes algorithm was adopted for activity recognition after sampled a time series of contextual tuples, 
which is defined as c = [a temporal context, a spatial context, a set of spatiotemporal contexts, a set of user contexts]. The conditional 
probability p(activity | a given contextual tuple) can be derived with: 
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where a is the recognized result; ak  is one of the significant activities; na is the total number of significant activities to be recognized; d 
is the dimension of a contextual tuple, which is dependent on the number of the spatiotemporal contexts and the user contexts included in 
the model. 

Figure 1 shows a flow chart of the HAR framework that has three major components including feature extraction, model learning and 
activity recognizing. The feature extraction component records continuously raw data from smartphone sensors and RF components, and 
determines context tuples in real-time. The component of model learning focuses on processing contextual tuples for training the models 
with different supervised machine learning algorithms. The component of activity recognizing determines the current activity based on the 
observed contextual tuple and the up-to-date models. 
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Figure 1. HAR procedure of the multiple-context framework 
 

4. Algorithm performance assessment 
 

A general supervised machine learning process has two phases: the learning/training phase and the recognizing/testing phase. In the 
learning phase, a classification model is learned from a training dataset T:  
 

YyyyyT NN ∈= )},,(),...,,(),,{( 2211 xxx                                                   (4) 

 

where x is the feature vector, y is the class label, Y is the label set, and the subscript 1 to N indicates for different N instances. A 
classification model is represented by conditional probability p(y|x) or decision function f(x). In the recognizing phase, the learned model is 
used to determine the class as follow Eqs. (5) and (6). 

)|(maxarg xypy =                                                                (5) 

)(xfy =                                                                                    (6) 

The goal of this study is to assess various machine learning algorithms and find the best algorithm in terms of classification accuracy 
and computation efficiency for recognizing human activities in smartphones. The multi-context HAR framework mentioned in the previous 
section is used in this study. Seven popular supervised learning schemes including Rules, Bayes, DT, IBC, LR, SVM and ANN with a total 
of eighteen algorithms are included in this study. These algorithms are tested with the Weka workbench [38], which is a machine learning 
software commonly used by researchers. Table 1 lists the schemes and the corresponding algorithms. In the table, J48 is a Java version of 
C4.5 and IB1 is an implementation of the Nearest Neighbor algorithm. The differences between the Weka implementations and the original 
algorithms were described in reference [39] in detail, which will not be discussed in this paper. It needs to be emphasized that each 
algorithm under test has its own tuning parameters. Optimizing the tuning parameters is out of the scope of this study and the paper only 
takes the default settings in Weka. Typically, there are two methods for evaluating models in machine learning: hold-out and cross-
validation. To avoid the bias or variance problem in the hold-out approach, this paper utilizes the 10-fold cross-validation for algorithm 
assessments. 

 
Table 1. List of algorithms under test 

Scheme Names of Algorithms in Weka 
Rules ZeroR 
Bayes NaiveBayes, BayesNet 

DT ID3, J48, J48graft, RandomTree, RandomForest, NBTree, LADTree, 
REPTree, SimpleCart 

IBC IB1, KStar, LWL 
LR Logistic 

SVM SMO 
ANN MultilayerPerceptron 

 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                                       98.4 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/98 

 

The performances of the algorithms are described in three aspects: accuracy, learning efficiency and classification efficiency. The 
accuracy is determined by the success rate of classification; while the learning and classification efficiency are measured by CPU time 
consumption. Table 2 presents a lookup table that defines the performance index. 

 
Table 2. Definition of the performance index 

Performance 
Index Accuracy (%) Learning Time 

Consumption (s) 
Classification Time 

Consumption (s) 
1.00 95.00-100.00 10-2-10-1 10-2-10-1 
2.00 90.00-95.00 10-1-100 10-1-100 
3.00 85.00-90.00 100-101 100-101 
4.00 80.00-85.00 101-102 101-102 
5.00 75.00-80.00 102-103 102-103 
6.00 70.00-75.00 103-104 103-104 
7.00 65.00-70.00 104-105 104-105 
8.00 60.00-65.00 105-106 105-106 

 

To quantify the overall performance, the weighted mean of the evaluation indices is adopted as 
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where I is the overall performance index; I1, I2 and I3 are the accuracy index, the learning efficiency index and the classification 
efficiency index, respectively; w1, w2 and w3 are their corresponding weights. The lower value of the overall performance index I indicates 
the better performance of the corresponding algorithm. 

By using Eq. (7), the overall performance index under different testing scenarios can be achieved by adjusting the weights. For instance, 
w1:w2:w3=1.0:1.0:1.0 keeps the balance between the accuracy and computation efficiency, while the scenario of w1:w2:w3=1.0:1.0:1.2 
gives priority to the classification efficiency. In this paper, it adapts a weighting scheme of w1:w2:w3=1.0:0.8:1.2, which gives the highest 
priority to the classification efficiency and the lowest priority to the mode learning efficiency. The justification of this weighting scheme is 
that the most important issue is the efficiency of real-time activity classification performed in smartphone, while the model learning 
efficiency is less important because it can be performed offline in a high-performance cloud server. Additionally, activity classification 
needs real-time response from smartphones, while model learning can be performed in a post-processing manner. 

 
5. Experiment and data analysis 
 
5.1. Data collection and preprocessing 
 

To conduct the assessment, a live dataset was collected for five days by three participants at Texas A&M University Corpus Christi 
(TAMUCC) including a faculty member, a staff researcher, and a PhD student. As stated in Section 3, the significant activities to be 
recognized in the regular campus working life include: working, having a meeting, having a meal, taking a coffee break, visiting the library, 
waiting for the bus, and taking a class. Other activities beyond the definition are classified as an undefined activity. Two Samsung Galaxy 
S4 smartphones (GT-I9502 and SCH-R970) and one Samsung Note 4 smartphone (SM-N9008V) were used by the participants for real-time 
computing and logging the contextual tuples for five days. The temporal contexts, the spatial contexts, the spatiotemporal contexts and the 
user contexts were collected by using a self-developed HAR application running on Android platform as shown in Figure 2. The 
smartphones were put in either the participants’ jeans pockets or the chest pockets during data logging. A contextual tuple was recorded for 
every second. The time series of contextual tuples were post-processed in a format that Weka can read and were feed back into the machine 
learning algorithms under test. In order to support the performance assessments, the real activities were manually labeled and continuously 
recorded in the HAR application on a per-second basis. Table 3 shows the number of the labeled activities collected by the three participants. 

 

Figure 2. Screenshot of the user interface of the Android HAR application prototype. 
 

Table 3. Number of labeled activities 
 Tester 1 Tester 2 Tester 3 

Device Model GT-I9502 SCH-R970 SM-N9008V 
Day 1 26,008 28,213 25,704 
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Day 2 30,874 35,365 30,515 
Day 3 25,387 22,267 29,864 
Day 4 31,369 34,534 32,959 
Day 5 30,884 33,637 14,919  
Total 144,522 154,016 133,961  

 
5.2 Data analysis 
 

In this section, classification accuracy of different algorithms will be assessed via a cross validation approach, while the performance 
indexes of different algorithms are calculated based on the weighting scheme of w1:w2:w3=1.0:0.8:1.2 for classification accuracy, learning 
computation efficiency and classification computation efficiency.  

 
5.2.1 Classification accuracy 
 

The 10-fold cross-validation method is applied to evaluate the 18 algorithms using the five-day dataset collected by three participants. 
Table 4 shows the performance statistics of each algorithm. The classification accuracy, learning time consumption, and classification time 
consumption listed in Table 4 are the mean value of three participants.  

From the perspective of classification accuracy, all algorithms from DT scheme are better than 90.00% except the LADTree algorithm.  
The RandomForest and IB1 algorithms reach a classification accuracy of 91.24%, which outperform all other algorithms from all schemes. 
In addition, the classification accuracy of the MultilayerPerceptron algorithm from the scheme of ANN is also better than 90.00%. A 
moderate accuracy of slightly less than 90% is also achieved for the algorithms of KStar (88.85%), Logistic (87.47%) and SMO (87.26%). 
Generally, the Bayes scheme, including the NaiveBayes and and BayesNet, as well as the LWL algorithm from the IBC scheme have a low 
performance at a success rate of around 80%. 

 
Table 4. Performances of the classification accuracy, learning time consumption, and classification time consumption 

Scheme and 
algorithm Accuracy (%) Learning Time 

Consumption (s) 
Classification Time 

Consumption (s) 
Rules    

ZeroR (baseline) 67.03 0.50 0.08 
Bayes    

NaïveBayes 84.09 0.52 1.41 
BayesNet 84.09 1.46 0.80 

DT    
ID3 91.20 21.16 0.11 
J48 91.14 14.41 0.16 

J48graft 91.15 158.11 0.16 
RandomTree 91.23 5.33 0.10 

RandomForest 91.24 545.54 6.36 
NBTree 90.83 410.70 10.68 

LADTree 85.40 2,795.38 0.18 
REPTree 91.05 15.76 0.09 

SimpleCart 91.19 1,215.27 0.18 
IBC    
IB1 91.24 0.50 2,516.54 

KStar 88.85 0.18 33,494.46 
LWL 78.94 0.18 41,097.72 
LR    

Logistic 87.47 3,283.66 0.97 
SVM    
SMO 87.26 60,859.59 0.69 
ANN    

Multilayer-Perceptron 90.74 33,173.30 4.00 
 
From the perspective of the learning efficiency, the situation is significant different. It divided the algorithms into three groups of 

according to their model learning efficiency: The first group includes the SMO algorithm, which is an implementation name of the SVM 
scheme in Weka that takes nearly 17 hours for training the model, and the MultilayerPerceptron algorithm of the ANN scheme that takes 
about 9 hours to train the model. The second group includes the Logistic, LADTree and SimpleCart algorithms. Algorithms in this group are 
10 times more effective than the algorithms in the first group. These algorithms require approximately 0.20 to 0.55 hours for training the 
models. The third group includes the rest algorithms listed in Table 4. The algorithms in this group require a very short period, ranging from 
a fraction of second to about 2 minutes to train the models as listed in Table 4. The high-performance algorithms in terms of model learning 
efficiency are IB1 (0.50s), KStar (0.18s), and LWL (0.18s) from the IBC scheme and NaiveBayes (0.52s) from the Bayes scheme. 

From the perspective of classification efficiency, the algorithms in the IBC scheme are significantly slower than the algorithms from 
other schemes. For example, the LWL and KStar algorithms need approximately 10 hours to recognize all test activities, while algorithms 
from other schemes are capable of recognizing all activity in less than 11 seconds.  

Please note that all computations for algorithm assessments were carried out in a PC server, instead of a smartphone. This does not 
change the efficiency ranking of the algorithms. 

 
5.2.2 Performance assessment 
 

To quantify “which algorithm performs best” for recognizing human activities, this paper introduces the performance evaluation metric 
to weight the three key factors including: the classification accuracy, the classification time consumption, and the learning time consumption. 
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Table 5 lists the detailed performance index based on a five-day dataset collected from three different participants as mentioned previously. 
I1 is the performance index of classification accuracy, I2 is the performance index of model learning computation efficiency, I3 is 
performance index of the classification computation efficiency, and I is the overall performance index derived from Eq. (7). Index I1, I2 and 
I3 are derived from Table 2. 

 
Table 5. Performance index based on the cross-validation results 

Scheme and Algorithm I1  I2 I3 I 

Bayes     
NaiveBayes 4.00 2.00 3.00 3.07 
BayesNet 4.00 3.00 2.00 2.93 

DT     
ID3 2.00 4.00 2.00 2.53 
J48 2.00 4.00 2.00 2.53 

J48graft 2.00 5.00 2.00 2.80 
RandomTree 2.00 3.00 2.00 2.27 

RandomForest 2.00 5.00 3.00 3.20 
NBTree 2.00 5.00 4.00 3.60 

LADTree 3.00 6.00 2.00 3.40 
REPTree 2.00 4.00 1.00 2.13 

SimpleCart 2.00 6.00 2.00 3.07 
IBC     
IB1 2.00 2.00 6.00 3.60 

KStar 3.00 2.00 7.00 4.33 
LWL 5.00 2.00 7.00 5.00 
LR     

Logistic 3.00 6.00 2.00 3.40 
SVM     
SMO 3.00 7.00 2.00 3.67 
ANN     

Multilayer-Perceptron 2.00 7.00 3.00 3.73 
* w1:w2:w3=1.0:0.8:1.2 

From Table 5, it can be found that the REPTree algorithm from the DT scheme scores the best with the lowest overall index of 2.13 
based on the weighting scenario of w1:w2:w3=1.0:0.8:1.2. On the other hand, the LWL algorithm from the IBC scheme performs the worst 
with an overall index of 5.00. It is also interesting to see that the RandomTree algorithm has a similar performance index as the REPTree 
algorithm under this weighting scenario. 

In the weighting scheme, the criteria of classification efficiency has the highest priority because classifications will be performed in a 
mobile device where computation power and energy saving are two critical issues. A large amount of computations is not suitable in a 
mobile device. It is very important to adapt a computational efficient algorithm for real-time mobile applications. On the other hand, it gave 
a lowest priority to the criteria of model training efficiency because model training can be performed in a cloud server where it has sufficient 
computation power. Furthermore, model training is not a real-time task; therefore, it is more tolerant to accept a less efficient algorithm. The 
criterion of classification accuracy has a moderate priority between the criteria of model training efficiency and classification efficiency 
because it is an important issue as well. 

 
6. Conclusion and future work 
 

This paper presented a comprehensive assessment of a set of supervised machining learning algorithms for human activity recognition. 
The assessment was performed based on a framework that recognizes human activity from multiple contexts including the spatial contexts, 
the temporal contexts, the spatiotemporal contexts and the user contexts. The algorithms were ranked based on three criteria: classification 
accuracy, model training efficiency and classification efficiency with a weighting scheme of 1.0:0.8:1.2. With a five-day live dataset that has 
labeled activities as the ground truth collected by three participants, this paper has assessed 18 different algorithms and identified that the 
REPTree algorithm from the decision tree scheme performed the best in terms of classification accuracy, model training efficiency, and 
classification efficiency.  

In the near future, activities defined in American time use survey [40] will be adapted as a standard set of activities to the HAR 
framework. Furthermore, it more contextual features will also be added in the user contexts in order to enhance the classification accuracy. 
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Abstract: As an alternative money market fund arising from the rapid development of internet finance, Yu ebao is inevitably highly related 
to Shibor with its assets mainly invested in the interbank market. 1) With its disproportionate impact on Shibor,a natural question is whether 
Yu ebao is a disrupter or builder of the interbank market. 2) Different answers to this question will influence not only the development of Yu 
ebao, but also the liberalization of China’s interest rates, even the growth of China’s financial market as a whole. 3) This paper finds that the 
effect of Yu ebao’s yield on Shibor is more significant than that of Shibor on Yu ebao, and that Yu ebao’s yield is less volatile than Shibor, 
which indicates high performance of risk management of Yu ebao. 4) This paper is different from previous literature by discovering a 
system of error correction in Yu ebao’s yield, which is helpful to smooth the fluctuation of Shibor. 5) By introducing an alternative 
empirical method VAR-CCC-MGARCH, this paper justifies its application of VAR-CCC-MGARCH model to capture the spillover effects 
of Yu ebao on Shibor.. 
 
Keywords: yu ebao; shibor; interdependence; var-dcc-garch model 
 
1. Introduction 
 

Yu ebao developed by Alibaba for the users of the third-party payment platform of Alipay in June 2013 is a balance appreciation 
service. In terms of strict theories, Yu ebao is not a financial innovation, but a new payment method of the purchase of money market funds. 
Alipay users can transfer some or all of the balance in the Alipay accounts to the Yu ebao account affiliated with the Apiapy accounts to 
purchase a money market fund named Zenlibao supplied by a key player in China’s money market, the Tianhong Fund. By doing so, Alipay 
users can not only enjoy return from the investment in the money market fund, but also keep the right to make real-time payments with the 
same fund when doing online shopping on Taobao, Tmall and other E-commerce platforms. Thanks to Yu ebao, Alipay account 
simultaneously plays the roles of payment media and investment tool. 

Yu ebao gets separately idle money of enormous Alipay users together with the help of Internet to invest in Certificates of deposits 
(CDs), agreement deposits, and so on. Agreement deposits enjoy interest rates as high as Shibor (the Shanghai Inter-bank offered rate), 
which is the real market interest rate with the least risk premium in China. After the global financial crisis, especially after the 2009 four-
trillion stimulus plan, China’s central bank began to implement prudent or moderately stringent monetary policies, spare no efforts to carry 
out oriented fine and precise minor adjustments rather than economy-wide quantity easing policies, which resulted in the liquidity risk of 
financial industries in the early part of 2013 and leaded to a scarcity of money (Qianhuang, in Chinese).Yu ebao was born in the context of 
industry-wide money shortage faced by banks, which drove Shibor to very high levels and helped Yu ebao to enjoy a golden period of rapid 
growth characterized by high yield and scale expansion with most of its fund invested in money market funds. So the seven-day annualized 
yield of Yu ebao has been much higher than that of one-year term deposit. 

The interdependence of financial assets is one of the key determinants of asset pricing and risk management. Sometimes, the 
correlation itself will be a risk nest. Hence, the correlation between Yu ebao’s yield and Shibor has been taken as one of the focuses of 
financial researches. With the background of the liberalization of China’s interest rates, these researches have special theoretical and 
practical values.  

The first difficulty this paper facing is how to explain the disproportionate influence of Yu ebao on Shibor. Theoretically, as one of 
money market’s newcomers, Yu ebao’s yield should be significantly affected by Shibor. Correspondingly, the yields of Yu ebao could only 
indicate or slightly influence Shibor. In contrast to theories, Yu ebao has a magnified influence on market interest rate with its rapid rising-
up, excessively high yields and expansive asset size. The second difficulty is to answer whether Yu ebao is destructor or constructor of 
China’s money market. Financial industrialists and academia are distinctly opposed to each other on this question. More and more scholars 
hold the viewpoint that money market funds based on internet such as Yu ebao accelerates the liberalization of China’s interest rates. Money 
market funds like Yu eabo are absolutely innovative builders of China’s money market. While financial industrialists mainly thought Yu 
ebao as a disrupter or trouble-maker of the development of financial markets because Yu ebao has been making the financial market less 
predictable and stranger to them. 

Furthermore, MGARCH models are generally applied to study the spillover effect between two markets (i.e. Shanghai composite index 
and Hensheng stock index) rather than analyze the interdependence between two financial assets’ yield (Shibor and Yu ebao in this 
paper).fortunately, existing literature have some evidences to support the employment of MGARCH model in the research of the correlation 
between Shibor and Yu ebao. 

This paper makes some contributions to existing literature by finding that both Yu ebao and Shibor are highly influenced by both of 
themselves lagged in one period, and that the impact from Yu ebao on Shibor is larger than that of Shibor on Yu ebao, and that the volatility 
of Shibor is bigger than that of Yu ebao, and that there exists an error correction mechanism in the volatility of Yu ebao while Shibor is 
more volatile. 

 
2. Empirical strategy 
 

ARCH model developed by Engle (1982) could capture the time series characteristics of the yields of financial assets [1]. Bollerslev
（1986）extended ARCH model to a more universal GARCH model to including one period lagged variance of financial assets’ yields [2]. 
Bollerslev and Wooldridge（1988）further extended GARCH model to MGARCH model to including more variables [3]. MGARCH can 
capture the volatile characteristics of multiple variables and multiple markets while it cannot reflect the time varying property of the 
correlation of financial assets and it embodied too many parameters to be estimated. 

Engle (2002) developed DCC-GARCH model, which solves the complexity of the computation of large scale conditional variance-
covariance matrixes, simplifies the estimation of the correlation of multiple variables, can estimate the dynamic and time varying correlation 
of multiple variables and depict the spillover effect of volatility and the process of information transmission [4]. Hence, DCC-GARCH is a 
very suitable model to capture the interdependence of Shibor and Yu ebao. 

With regards to the co-movement of Shibor and Yu ebao, the mean equation VAR (1) can be specified as follows. 
                                                                           (1)              
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Here, is the vector of the yields of Yu ebao and 

Shibor, , , , and ,  is the information set at period (t-1). 

The one-period lagged explained variable is introduced into the model to eliminate autocorrelation and analyse the spillover effect of 
both of Shibor and Yu ebao. 

Furthermore, the DCC-GARCH model can be expressed as follows. 

                                 (2) 

Here,  is a 2×2 diagonal matrix of time varying standard deviation. is a 2×2 unconditional correlation matrix. is a 2×2 positive 

definite matrix.  is a 2×2 covariance matrix.  and  are the parameters to be estimated. 
According to Engle (2002), the parameters of DCC model can be estimated by maximizing the log likelihood function as follows. 

    (3)   

3. Data 
 
3.1. Data sources 
 

This paper takes the annualized seven-day yield of Yu ebao and three-month Shibor as key variables to analyze the correlation between 
Yu ebao and Shibor because both of them belong to middle-term variable and have higher typicality. The data on the annualized seven-day 
yield of Yu ebao was taken from the website of financing gaining, http://www.licaishouyi.com/yuebao/income/. The data on three-month 
Shibor comes from Shanghai interbank offered rate's official website, http://www.shibor.org/shibor/web/DataService.jsp. Both of them are 
daily data. 

Yu ebao has been releasing its yield data every day since its launch, while Shibor official website issues its data only on workdays. In 
view of the most important variable which influences Yu ebao’s yield is time rather than price, the vacancy data about Shibor can be refilled 
by the data before holidays to make the two time series data matched. The sample period of the data ranges from June 13 2013 to April 15 
2016,710 observations in all. 

 
3.2 Descriptive statistics 
 

Table 1 the descriptive statistics of Shibor and Yu ebao 
Variables observations mean Std. Min. Max. skewness Kurtosis 

Shibor 710 4.2897 0.9378 2.7910 5.8030 -0.3373 1.6453 
Yu ebao 710 4.2319 1.0287 2.4790 6.7630 0.1579 2.6250 

 
As shown in table 1, the means of Shibor and Yu ebao’s yield are not obviously different from each other.Yueabo has a larger range 

and a bigger standard deviation than Shibor indicates that the central bank’s control over market liquidity is more stable than the Tianhong 
Fund Company’s management of market risks. 

From the perspective of normality, Shibor and Yu ebao are both different from normal distribution. Comparatively, Yu ebao’s yield is 
more close to normal distribution than Shibor. The most interesting difference comes from the skewness that Shibor is left skewed while Yu 
ebao’s yield is right skewed reflecting the fact that the central bank enjoys more discretionary power in implementing expansionary 
monetary policy and that Tianhong Fund has been sparing no efforts to raise Yu ebao’s yield even in the context of left skewed Shibor. 

 
3.3 The stationarity of Shibor and the yield of Yu ebao 
 

Table 2 unit root test of Shibor and Yu ebao’s yield 
Variables Test mode（c,t,k） Test statistics Critical values results 

Shibor (c,t,4) -9.803502 -1.941272 stationary 
Yu ebao (c,t,2) -14.56233 -1.941272 stationary 

 
Guided by time series graphs of both variables and AIC and BIC information criteria, ADF test with appropriate test mode in table 2 

shows that both of Shibor and Yu eabo are stationary time series variables. This finding laid a sound basis for the empirical strategy to use 
MGARCH model to capture the interdependence between Shibor and Yu ebao. 

 
3.4 Linear correlation of Shibor and Yu ebao 
 

Table 3 linear correlation coefficients of Shibor and Yu ebao 
Variables Shibor Yu ebao 

http://www.licaishouyi.com/yuebao/income/
http://www.shibor.org/shibor/web/DataService.jsp
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Shibor 1.0000 0.8989 
Yu ebao 0.8989 1.0000 

 
able 3 shows that there exists strong linear correlation between Shibor and Yu ebao indicating there are co-movements or 

interdependence between Shibor and Yu ebao. Whether there is nonlinear correlation between Shibor and Yu ebao is to be tested by DCC-
GARCH model. 

 
4. Empirical Results 
 
4.1 Results from VAR-DCC-GARCH（1,1）model 
 

Literature shows that GARCH(1,1) model can depict the yield volatility of financial assets well. Hence, this paper adopts the generally 
used GARCH (1,1) model to estimate the volatility of Shibor and Yu ebao’s yield respectively. Similarly this paper uses DCC(1,1) to 
capture the dynamic correlation between Shibor and Yu ebao. The results of the mean equations of DCC(1,1) is shown in table 4. 

 
Table 4 results of mean equations of DCC (1,1) 

Variables   
intercept 0.0071* 

(0.093) 
0.0017** 
(0.039) 

 0.9928*** 
(0.000) 

0.0026*** 
(0.000) 

 0.0044* 
(0.076) 

0.997*** 
(0.000) 

Loglikelihood 3807.89 

 3.93e+07 
P value 0.0000 

 
Table 4 shows that Yu ebao’s yield is significantly influenced by itself lagged one period and less significantly affected by one period 

lagged Shibor. This finding is slightly different from [5] that of Liu Dongqing (2015).On the contrary, Shibor is influenced significantly by 
both of one-period lagged Shibor and Yu ebao’s yield. This finding is close to [6] that of Zhang Yu and Zhang Jiannan (2015) and concerts 
with[7] that of Chai Yongdong and Cao Jianfei (2014). This finding is not only interesting but also instructive. Firstly, Yu ebao is only a 
newcomer in the money market. Secondly, it is merely one of many participants of money market. Finally, Yu ebao is only an indirect 
participant of interbank lending market. The tact that Yu ebao has disproportionate influence on Shibor shows its feature of so called 
disturber. On the other side, Yu ebao’s asymmetric influence is helpful to accelerate the growth of Shibor, speed up the liberalization of 
interest rates and improve the price discovering function of money market. In this sense, Yu ebao is not a simple disturber, but an active 
builder. 

 
Table 5 results of variance equations of DCC (1,1) 

Variables   
intercept 0.0004*** 

(0.000) 
2.86e-06*** 

(0.000) 

 
1.6177*** 

(0.000) 
 

 
-0.0012** 

(0.031) 
 

 
 1.2309*** 

(0.000) 

 
 0.2965*** 

(0.000) 
Loglikelihood 3807.89 

 3.93e+07 
P value 0.0000 

 
From the perspective of variance equation, the variance of Yu ebao’s yield is significantly influenced by itself lagged in one period and 

the squared error term lagged in one period. What is noteworthy is that, at 5 percent significance level, one-period lagged variance of Yu 
ebao’s yield has a negative effect on its present variance. This fact shows that Tianhong Fund can adjust its portfolio quickly in response to 
the change of market conditions and has a high ability of risk control [8]. Meanwhile, this finding indicates that Yu ebao is closely linked to 
but not bound with Shibor. Yu ebao mainly invests in interbank lending market, but not simply replicate Shibor. Yu ebao succeeds both in 
taking advantage of the beneficial changes and avoiding the harmful changes in Shibor [9]. This is consistent with the finding in table 1 that 
Yu ebao’s yield is right-skewed. On the contrary, the variance equation of Shibor indicates that Shibor’s volatility is clustering. The variance 
of Shibor has a long memory that a large variance at time t will lead to a larger variance at time (t-1).  

 
4.2 Results from VAR-CCC-GARCH（1,1）model 
 

As mentioned above, most of Yu ebao’s asset is invested in the interbank lending market. Agreement deposit is one of its main 
investment objects. The interest rates of agreement deposit are closely linked to Shibor. Therefore, Yu ebao’s yield had been driven high for 
a long period of time by the continually increasing Shibor resulted from the so called money shortage in 2013.In the second half of the 
sample period, Yu ebao’s yield has kept going down accompanied by a continually shrinking asset size with the continually decreasing 
Shibor. These evidences show the stability of the correlation between Shibor and Yu ebao. Questions naturally arisen are whether the 
correlation between Shibor and Yu ebao is constant or dynamic [10], and whether Yu ebao is pegged at or bound with Shibor passively. 
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In order to test whether the findings via VAR-DCC-GARCH is reliable or not, this paper try to employ another model, the VAR-CCC-
GARCH model to re-estimate the yield and volatility spillover effect between Shibor and Yu ebao , and compare the results from both 
models. The results of the mean equations of CCC (1,1) is shown in table 6. 

 
Table 6 results of mean equations of CCC (1,1) 

Variables   
intercept 0.0031* 

(0.432) 
0.0019** 
(0.018) 

 0.9912*** 
(0.000) 

0.0026*** 
(0.000) 

 0.0068*** 
(0.003) 

0.997*** 
(0.000) 

Loglikelihood 3193.484 

 2.18e+07 
P value 0.0000 

 
In comparison to the results in table 4, the results of mean equation from CCC (1,1) shown in table 6 do not have substantial 

differences. The only difference is that the coefficients from CCC (1,1) are more significant than those from DCC(1,1). 
 

Table 7 results of variance equations of CCC (1,1) 
Variables   
intercept 0.0004*** 

(0.000) 
2.76e-06*** 

(0.000) 

 
1.5976** 
(0.035) 

 

 
-0.0011** 

(0.048) 
 

 
 1.2171** 

(0.014) 

 
 0.2986*** 

(0.007) 
Loglikelihood 3193.484 

 2.18e+07 
P value 0.0000 

 
Similarly, compared with the results of variance equation from DCC (1,1) in table 5, there is no obvious difference of all the 

coefficients in table 7. The only slight change comes from the significance of the coefficients. One-period lagged variance of Yu ebao still 
has a minus coefficient just like it does in table 5. 

Combined the results in table 6 and table 7 from CCC (1,1), there is no significant difference between the results from VAR-CCC-
GARCH (1,1) and VAR-DCC-GARCH (1,1). From a cross verification perspective, the results from VAR-CCC-GARCH (1,1) justify the 
application of VAR-DCC-GARCH (1,1) to estimate the interdependence between Shibor and Yu ebao. Comprehensively, the log likelihood 
value of VAR-CCC-GARCH (1,1) is significantly smaller than that of VAR-DCC-GARCH (1,1). The former is only 3193.484, while the 
latter is as big as 3807.89. Meanwhile, the Chi-square value from the former gets obviously smaller though the accompanying P value is still 
zero. Hence, VAR-DCC-GARCH (1,1) is the better model to estimate the correlation between Shibor and Yu ebao. 

 
5. Conclusion 
 

Based on VAR-DCC-GARCH model, this paper analyzes the interdependence between Yu ebao’s yield and Shibor, finds that there 
exist bi-directional spillover effect of yield and volatility. With respect to yield spillover effect, both of them are influenced by one-period 
lagged values of the other. The most noteworthy finding is that Yu ebao’s yield has a more significant influence on Shibor than that of 
Shibor on Yu ebao even though the former is only one of many participants in interbank lending market. This finding indicates that Yu ebao 
is an accelerator of the liberalization of China’s interest rates rather than a disrupter of the development of money market. 

Similarly, with regards to volatility spillover effect, both of the variances of Yu ebao and Shibor are affected by one-period lagged 
values of the other. The volatility of Yu ebao’s yield has a self-rehabilitation ability reflecting that Yu ebao is only closely linked to rather 
than bound with Shibor or passively duplicate Shibor. The fund managers of Yu ebao have succeeded in benefiting from increases in Shibor 
and avoiding negative impact from Shibor’s harmful volatility to maintain a relatively high and stable yield.  

At present, there exist larger divergences of viewpoints about the development of Yu ebao-like internet-based money market funds 
between the academia and the industrialists. Academic circles as a whole advocate free development, while business circles mainly 
emphasize normal and regulated development. Comprehensively, the biggest worries that Yu ebao-like internet-based money market funds 
faced are policy risk, especially the central bank’s monetary policy, and the inter-bank boycott. Therefore, Yu ebao-like internet-based 
money market funds should accelerate product innovation, and should expand investment channels and investment tools to spread risks 
through diversification.  

Investors of Yu ebao should raise risk awareness and take a rational view of the volatility of Yu ebao’s yield. In essence, Money market 
funds are a financial product with varying rates of return and without guaranty of principal. Yu ebao is a less risky but not a risk-free 
financing tool. It will make loss to its investors under some financial shocks. Furthermore, Yu ebao’s relatively high yield is achieved at the 
cost of the sacrifice of some safety.it still has some degree of liquidity risk and interest rate risk. Hence, investors should not have blind trust 
in Yu ebao and should try best to diversify investment. 

The government should vigorously support the development of Yu ebao. As a so called market disrupter, Yu ebao will inevitably 
intensify the competition by diverting some funds and encounter resistance from traditional financial sectors. Policy supports from 
government will offset some extrusion from hostile traditional financial sectors and cultivate the growth of Yu ebao. Meanwhile, 
government should play the role of coordinator between Yu ebao-like innovative financial business and traditional financial business, and 
promote constructive competition and cooperation to accelerate the unfinished financial reform. 
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Research on Factors Affecting the Willingness to Pay for Urban Ecosystem Services 
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Abstract: Based on the micro data of the research on willingness to pay for ecosystem services in Wenjiang, Sichuan Province, this paper 
gives full consideration to the problem of sample selection bias in real survey, and analyzes the internal mechanism of how government trust, 
the emotional depth of Wenjiang and the understanding of the ecological environment influencing the willingness to pay for the ecosystem 
services, payment methods and the payment amount of the local residents. The main conclusions are as follows: 87.97% of sample residents 
of Wenjiang have willingness to pay for ecosystem services, the higher their confidence in the local government, the deeper their emotional 
feelings of Wenjiang, the higher the willingness to pay, the higher the amount of payment, and the more inclined to labor input. The level of 
ecological cognition does not have a significant effect on the participation patterns of the sample residents who have the willingness to 
participate. The ecological cognition of the sample residents has a significant positive impact on their willingness to participate in the 
ecosystem services, while a significant negative impact on the payment amount of sample residents. 
 
Keywords: ecosystem services; willingness to pay; influencing factors; sample selection model 
 
1. Introduction 
 

Urban ecosystem services is of vital importance to the harmonious development of economic, social and ecological environment of the 
whole city. However, the significant positive externalities of the service functions provided by urban ecosystem cause low input and low 
improvement willingness of the ecosystem protection of the local residents, and become a bottleneck restricting the improvement of the 
urban ecosystem service functions. The result is supply shortage and imbalance between supply and demand of the public product urban 
ecosystem services, thus causing the loss of social welfare as a whole. And the participatory service supply model taking the self-selection 
of urban residents as core can achieve a reasonable share of the urban ecosystem protection costs, that is, the direct beneficiaries of urban 
ecosystem services--local residents1 maintain and improve the urban ecosystem service functions through the willingness to pay, becoming 
one of the practical and effective way to solve this problem. 

From the existing literature, the studies on urban ecosystem mainly focus on the concept[1], category[1], sensitivity analysis[2], 
assessment[3], value assessment[4], and urban sustainable development, etc[4, 5]. Urban ecosystem can be seen as an ecosystem, also an urban 
landscape composed of different types of urban ecosystems, a complex system led by urban residents[6]. Urban residents are the ultimate 
beneficiaries of ecosystem services while influencing and changing ecosystem services. The study shows that the maintenance of urban 
normal operation requires a great variety and amount of ecosystem services[6], for instance, urban residents’ willingness to pay for wetlands 
often has a significant positive correlation between population density[7]. Most of the studies on urban residents’ willingness to pay for 
ecosystem services are based on the purpose of value assessment, and only a few scholars have conducted a discussion on willingness to 
pay[8], for instance, residents’ willingness to pay for the watershed ecosystem services is affected by the individual characteristics, family 
characteristics, social status and environmental cognition of the residents and other factors[11]; urban residents’ income and occupation are 
the main factor affecting the willingness of urban residents by the water to pay[9]; farmers’ willingness to pay for water price is affected by 
factors such as sown area, household income, and individual risk perception, etc[10]. Based on this, this paper will introduce government trust, 
emotion, cognition and other factors and take Wenjiang District of Chengdu City, Sichuan Province as an example to discuss the influencing 
factors of their willingness to pay for urban ecosystem services, aiming to provide a basis for policy making for the healthy development of 
urban ecosystem and to lay the foundation for the sustainable development of urban society, economy and ecology. 
 
2 Theoretical Model Building 
 
2. 1 Theoretical analysis 

 
As the direct consumers of urban ecosystem services, the research of local residents’ willingness to pay for ecosystem services can be 

divided into two stages: the first stage is whether the residents are willing to participate in the supply of ecosystem services products; the 
second stage is the manner or degree of residents with willingness to participate in the supply of ecosystem services products. The first stage 
is to characterize the enthusiasm of participation, while the second stage is the direct expression of the effectiveness of the supply of urban 
ecosystem services. Therefore, this paper will introduce the key influencing factors, such as government trust, emotional factors and 
ecological cognition from two aspects: the participation willingness and way (degree) to the supply of urban ecosystem products, giving an 
in-depth analysis of Wenjiang residents’ willingness to pay for ecosystem services in two stages. 

The extent to which consumers’ trust in government’s public management ability affects their behavior has been validated in different 
areas[11]. Consumer’s confidence in government’s public management ability (referred to as “government trust”) can compensate consumers 
for their worry of the behavioral consequences arising from lack of information knowledge, the study believes that consumers’ trust of the 
government will affect affect their behavior decision-making by consumer risk perception. The higher the degree of residents’ government 
trust, the greater the degree of trust in the government’s supply of public goods, resulting in a stronger willingness to participate and a more 
effective way of participation. Government trust can be deemed as an attitude, expressed as local residents’ attitude toward policies and 
institutions, government agencies and policy-makers[12, 13]. For the purpose of the study, the government trust in this paper refers to the 
government trust in the region, considering the general trust degree of the government from government policies, systems and institutions as 
well as of the policy implementer. 

According to the theory of consumer behavior, consumers’ behavior decisions are often influenced by personal emotions[12]. Research 
shows that emotional factors play an important role in consumer demand and behavioral motivations[15], and their ecological emotion has a 
significant positive effect on green purchase behavior[12]. In this paper, we will analyze the emotional factors from two aspects: the residents’ 
feelings about the city and the depth of ecological emotion, and the ecological cognition has the effect of promoting the public’s concern for 
the environment and taking environmental behaviors, that is, the residents with more environmental protection knowledge are willing to 
implement more environmental behaviors[12]. The results show that residents’ environmental protection knowledge and environmental 
pollution cognition have a positive impact on their environmental behavior[14]. Ecological knowledge can well explain environmental 
sensitive behavior[15], and promote a more positive attitude towards eco-friendly behavior by increasing the ecological knowledge of 
consumers[15]. This paper will discuss the residents’ cognition of urban ecological environment and of local eco-environmental policies. 
 
2. 2 Model building 
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Given the two-stage nature of the residents’ willingness to pay for ecosystem services, it is only when the residents have willingness to 
pay can we observe the further willing payment amount. The explanatory variable truncation of the residents’ willing payment amount is 
related to the other variable whether the residents have willingness to pay, so that if the residents have no willingness to pay, their willing 
payment amount can not be observed, resulting in sample selection problems, while the sample selection model works well with selection 
bias. 

Supposing a two-dimensional normal random vector (y, z), the expectation is denoted by (µy, µz), the standard deviation is denoted by 
(σy, σz), the correlation coefficient is denoted by ρ, and the joint density function is denoted by f(y, z). Assuming that the selection 
mechanism for determining whether an individual is likely to enter the sample is “the selection variable z is greater than a constant c”, the 
joint distribution after truncation is: 

( ) ( )
( )

,
,

f y z
f y z z c

P z c
> =

>
                                                                      (1) 

The conditional expectation of accidental truncation y can be obtained by integrating z: 

( ) ( ) /y y z zE y z c cµ ρσ λ µ σ> = + −                                                           (2) 

Where, set ( )λ ⋅  to an anti-Mills ratio (IMR) function. Similarly available: 

( ) ( ) /y y z zE y z c cµ ρσ λ µ σ< = − −                                                                           (3) 

Suppose the regression model is as follows: 

   ( )1,2, ,i i iy x i nβ ε′= + =                                                                                  (4) 

Whether or not yi is observable depends on the binary selection variable zi  (the value is 0 or 1), namely: 
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The equation to determine the binary variable zi  is: 
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Where, *
iz  is an unobservable latent variable. Suppose iµ  is subject to normal distribution, then iz  is a Probit model, so 

( ) ( )*1 wi i iP z w γ= = Φ . The expected condition of the observable sample is: 

( ) ( ) ( )* *0 = w 0i i i i i i i iE observy y E y z E xable β ε γ µ′= > + + >  

( ) ( )* *= w = E wi i i i i i i iE x xβ ε µ γ β ε µ γ′ ′+ > − + > −  

( )*= wi ix εβ ρσ λ γ′ + −                                                                                                                               (8) 

Where, ( ) ( ) 0i iE Eε µ= = , the standard deviation of the Probit perturbation term is normalized to 1. Obviously, the OLS will 

lead to inconsistency estimation and failure. The model can be estimated reliably by MLE estimation. 
Based on the objective of this paper and taking into account the reliability of data acquisition, the willing payment amount and whether 

there is willingness to pay of Wenjiang residents are selected as observable dependent variables, and the government trust, emotional factors 
and ecological cognition of Wenjiang residents are taken as core independent variables. The empirical analysis model of this paper is as 
follows: 

( )1,2, ,11i i iy x iβ ε′= + =                                           (7) 

 Whether or not yi is observable depends on the binary selection variable zi  (the value is 0 or 1), namely: 

an   
1

0
i

i
i
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observable

z
y
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=  =
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,
                                                               (8) 

 
3 Data Source and Variable Description 
 
3. 1 Research area and data source 

 
Wenjiang, Sichuan is located in the north latitude 30°36′-30°52′, east longitude 103°41′-103°55′, 16 km west of Chengdu center, 

covering an area of 277km2, with 4 streets and 6 towns under its jurisdiction. Wenjiang is a main producing area of flowers and trees in 
western China, a main component of Wenjiang-Pixian-Dujiangyan national ecological demonstration area, with a reputation of “urban green 
lung” of Chengdu. Good natural climatic conditions and the large leading industry of flowers and trees lay the foundation for efficient play 
of the Wenjiang ecosystem service functions. As Wenjiang has a wholesome ecosystem, residents’ high cognition of the ecosystem service 
functions is conducive to the collection of relatively objective and accurate data, Therefore, this study selected Wenjiang as a research area. 

Observable, if 

Unobservable, if 

Observable, if 

 Unobservable, if 
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In December 2014, the survey team conducted a random sample survey of residents in Wenjiang’s 4 streets and 6 towns. A total of 480 
questionnaires were sent out, 476 questionnaires were collected and 449 valid questionnaires were collected. The recovery rate was 99. 17 %, 
and the effective rate was 93.54%. 
 
3. 2 Variable description and descriptive statistical analysis 

 
Government trust, emotional factors and ecological cognition are the core independent variables of this paper. Government trust 

includes two aspects: the degree of trust to the policies and systems of local government and institutions, and the trust degree to the policy 
implementer; emotional factors include the deep feelings of local ecological environment as well as ecological emotion in Wenjiang city; 
ecological cognition include the cognition degree of Wenjiang urban ecological environment and of local eco-environmental policies. The 
meaning of the main variables and descriptive statistics used in this study are shown in Table 1. 
Table 1 Meaning of the main variables and descriptive statistics 

Table 1 
Variable 
attribute Variable name 

Meaning and assignment Mean value Standard 
deviation 

Observable 
dependent 
variable 

Whether there is 
willingness to pay Yes=1; No=0 0. 8797 0. 3256 

Participation approach Investment=1; labor input=0 0. 2785 0. 4488 

Willing payment amount Actual amount (yuan/year/person) 182. 8101 253. 7860 

Core 
independent 
variable 

Government trust Full trust=1; less trust=2; neutral=3; trust=4; total 
distrust=5 2. 7751 0. 9523 

Emotional factors Very strong=1; Strong=2; Fair=3; Weak=4; Very 
Weak=5 1. 8686 0. 7308 

Ecological cognition Very poor=1; Poor=2; Fair=3; Good=4; Very 
good=5 3. 4900 0. 8948 

Control 
variable 

Gender Male=1; female=0 0. 4165 0. 4935 

Age Actual age 33. 8641 14. 1049 

Education 
Primary school and below=1; junior high 
school=2; high school (secondary)=3; 
undergraduate (college)=4; Bachelor degree=5 

3. 1403 1. 0091 

Personal monthly 
income 

≤2000=1; 2000-4000=2; 4000-6000=3; 6000-
8000=4; ≥8000=5 1. 9220 1. 0224 

Health satisfaction Very satisfied=5; Satisfied=4; Fair=3; 
Dissatisfied=2; Very dissatisfied=1 3. 9243 0. 9130 

Work content relevance Yes=1; No=0 0. 1849 0. 3886 
Whether to support 
environmental protection 

Very supported=5; General supported=4; 
Neutral=3; Not supported=2; Very unsupported=1 4. 1559 0. 7750 

Dummy 
variable Urban or rural Urban=1; Rural=0 0. 6370 0. 4814 

Classification 
variable 

Whether the need for 
improvement 

Yes=1; No=0 0. 9421 0. 2338 

Whether heard of 
ecological crisis and 
compensation 

Not heard=1; Do not understand=2; General=3; 
Understand some=4; Very clear=5 2. 8374 0. 8701 

 
4 Model Fitting Results and Analysis 

 
By taking Wenjiang’s ecosystem services as an example, this paper discusses two aspects: on the one hand, whether the sample 

residents have willingness to pay for ecosystem services, if any, the affecting direction and extent (models 1.1 and 1.2) of their payment 
method; on the other hand, whether the sample residents have willingness to pay for ecosystem services, if any, the affecting direction and 
extent (models 2.1 and 2.2) of the payment limit. This paper mainly discusses the influential effect (models 1.1 and 2.1) of the personal 
characteristics of the respondents in government trust, emotional factors and ecological cognition on the willingness to pay for urban 
ecosystem service functions. On this basis, other control variables are introduced to further explore the strength of the influential effect 
(models 1.2 and 2.2). Finally, the effect of government trust, emotional factors and ecological cognition on the participation approach and 
participation intensity is thoroughly analyzed, and the specific model estimation results are shown in Table 2. 

From Table 2, the Wald chi-square test values of the 4 empirical models are all significant at the level of 1%, indicating that the models 
have a good overall fitting degree. From the likelihood-ratio test results of the correlation coefficient ρ, the ρ value of Model 1.1 is 
significant at the level of 10%, and the ρ value of Model 1.2 is significant at the level of 5%; the ρ values of Model 2.1 and 2.2 are all 
significant at the level of 1%, that is, the test results rejected the original assumption of ρ=0, indicating the existence of selection bias, and 
better application of the sample selection model. 
 
4. 1 Model fitting results 

 
The influencing factors of residents’ willingness to pay are investigated via the introduction of individual economic and social 

characteristic variable, the econometric model is analyzed as follows: 
 (1) Government trust 
The fitting results of table 2 show that, from the perspective of participation willingness, in addition to the non-significant positive 

impact of government trust on participation willingness in model 2.1, generally speaking, government trust has a significant negative impact 
on sample residents’ willingness to participate in the ecosystem services. That is, the higher the degree of trust in the local government, the 
higher the willingness to pay. From the perspective of participation approach, sample residents are more likely to choose to participate in the 
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payment of local ecosystem services by means of labor input. From the perspective of payment limit, the higher the degree of government 
trust, the higher the willing payment limit. 

 (2) Emotional factors 
The fitting results show that, from the perspective of participation willingness, emotional factors have a significant positive impact on 

participation willingness, that is, the deeper feelings of sample residents toward Wenjiang, the lower willingness to pay for ecosystem 
services. From the perspective of participation approach, emotional factors have a significant negative impact on sample residents’ 
participation approach. From the perspective of payment limit, the deeper feelings of sample residents toward Wenjiang, the higher the 
willing payment limit. 

 (3) Cognitive factors 
Seen from the fitting model (models 1.1 and 1.2) of participation willingness and participation approach in Table 2, sample residents’ 

ecological cognition in model 1.1 has a non-significant impact on their participation willingness and participation approach of ecosystem 
services, sample residents’ ecological cognition in model 1.2 has a significant negative impact on sample residents’ willingness to 
participate in the ecosystem services, but a non-significant impact on their participation approach. Generally speaking, the level of 
ecological cognition does not have a significant impact on the participation approach of sample residents with participation willingness. 

Seen from the fitting model (models 2.1 and 2.1) of participation willingness and payment limit in Table 2, sample residents’ ecological 
cognition has a significant positive impact on their willingness to participate in the ecosystem services, and a significant negative impact on 
the payment limit of sample residents with willingness to pay. 

 (4) Control variables and dummy variables 
The fitting results of Table 2 show that, gender, age, personal monthly income, work content relevance, supporting degree of 

environmental protection and other control variables that represent personal features of the respondents have different degrees of significant 
impact on sample residents’ participation willingness, participation approach and payment limit of ecosystem services. The male 
respondents had a stronger willingness to pay for ecosystem services, and were more likely to choose the labor input approach. From the 
perspective of payment limit, the older the age, the stronger willingness to pay, which is consistent with the research results. The higher the 
level of education, the better the health degree, the more willing to participate, the more inclined to labor input approach, and payment limit 
increases with the increase of income and health satisfaction. The relevance of work content and the supporting degree of environmental 
protection are positively related to investment participation approach and payment limit, the more relevant the content of work, the more 
support for environmental protection, the more inclined to investment and more willingness to pay. 

 (5) Classification variables 
In addition to model 1.1, the classification variables passed the significance test at the level of 5% in the other three models, indicating 

that each classification variable is more suitable for the current econometric analysis model. Sample residents’ attitude to Wenjiang’s 
ecological environment improvement have significant positive effects on the participation approach and payment limit; sample residents’ 
cognition degree of ecological crisis and ecological compensation has a significant negative effect on participation approach and payment 
limit. The stronger the sample residents’ attitude to Wenjiang’s ecological environment improvement, the more inclined to investment, and 
the higher willing payment limit. The higher the sample residents’ cognition degree of ecological crisis and ecological compensation, the 
more inclined to labor input, and the lower willing payment limit. 
 

Table 2 Model estimation results 

Variables 
Model 1.1 Model 1.2 Model 2.1 Model 2.2 
Participation 
willingness 

Participation 
approach 

Participation 
willingness 

Participation 
approach 

Participation 
willingness 

Payment 
limit 

Participation 
willingness 

Payment 
limit 

Core 
variables         

Government 
trust 

-0.0623 
(0.0098) 

-0.0586 
(0.0330) 

-0.0659*** 

(0.0100) 
-0.0924*** 

(0.0346) 
0.0030 
(0.0172) 

-
0.0578*** 

(0.0179) 

-0.0155 
(0.0175) 

-
0.0901*** 

(0.0186) 

Emotional 
factors 

0.0452 
(0.0144) 

-0.2703 
(0.0409) 

0.0433*** 

(0.0168) 
-0.3402*** 

(0.0476) 
0.1898*** 

(0.0248) 

-
0.2714*** 

(0.0225) 

0.1381*** 

(0.0271) 

-
0.3425*** 

(0.0260) 

Ecological 
cognition 

-0.0449 
(0.0102) 

-0.0511 
(0.0371) 

-0.0425*** 

(0.0103) 
-0.0330 
(0.0390) 

0.1536*** 

(0.0180) 

-
0.0508** 

(0.0204) 

0.1653*** 

(0.0183) 
-0.0372* 

(0.0216) 

Control 
variables         

Gender   0.1058*** 

(0.0207) 
-0.3332*** 

(0.0724)   0.1313*** 

(0.0352) 

-
0.3378*** 

(0.0398) 

Age   0.0006*** 

(0.0010) 
-0.0205*** 

(0.0026)   -0.0025 
(0.0016) 

-
0.0202*** 

(0.0014) 

Education   0.0075 
(0.0114) 

-0.1174*** 

(0.0401)   0.0221 
(0.0200) 

-
0.1162*** 

(0.0220) 
Personal 
monthly 
income 

  0.0346*** 

(0.0102) 
0.1100*** 

(0.0372)   0.0469*** 

(0.0177) 
0.1090*** 

(0.0205) 

Health 
satisfaction   0.0115 

(0.0104) 
0.0535 
(0.0364)   -0.1186*** 

(0.0184) 
0.0572*** 

(0.0198) 
Work content 
relevance   -0.0657*** 

(0.0243) 
0.2794*** 

(0.0975)   0.2946*** 

(0.0422) 
0.2788*** 

(0.0535) 
Whether to 
support 
environmental 
protection 

  -0.0254*** 

(0.0126) 
0.1360*** 

(0.0431)   0.0370** 

(0.0216) 
0.1424*** 

(0.0237) 

Dummy 
variable         
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Urban or rural   0.0441*** 

(0.0198) 
0.1443*** 

(0.0710)   -0.3294*** 

(0.0346) 
0.1545*** 

(0.0390) 
Classification 
variables         

Whether the 
need for 
improvement 

 0.4228 
(0.1227)  0.4992*** 

(0.1279)  0.4338*** 

(0.0672)  0.5433*** 

(0.0701) 

Whether 
heard of 
ecological 
crisis and 
compensation 

 -0.1385 
(0.0365)  -0.0761** 

(0.0410)  
-
0.1420*** 

(0.0198) 
 

-
0.0860*** 

(0.0222) 

Constant 0.5305 
(0.0540) 

2.0528 
(0.2408) 

0.4211*** 

(0.0995) 
2.1020*** 

(0.4042) 
3.4237*** 

(0.0946) 
2.0512*** 
(0.1314) 

3.8302*** 

(0.1758) 
2.0425*** 

(0.2207) 
Log 
likelihood -2378.73 -2285.27 -17088.60 -16775.74 

Wald chi-
squared value 64.96*** 142.87*** 122.18*** 384.42*** 

ρ value -0.1639 -0.1122 0.1907 0.3212 
Likelihood 
ratio test 
value 

1.13* 3.03** 5.17*** 12.94*** 

Note: *, **, *** indicate significant levels at 10%, 5% and 1%, respectively, with regression standard errors in brackets. 
 
5 Conclusion 

 
Based on the micro data of the research on willingness to pay for ecosystem services in Wenjiang, Sichuan Province, this paper gives 

full consideration to the problem of sample selection bias in real survey, and analyzes the internal mechanism of how government trust, the 
emotional depth of Wenjiang and the understanding of the ecological environment influencing the willingness to pay for the ecosystem 
services, payment methods and the payment amount of the local residents. The main conclusions are as follows: 87.97% of sample residents 
of Wenjiang have willingness to pay for ecosystem services, the higher their confidence in the local government, the deeper their emotional 
feelings of Wenjiang, the higher the willingness to pay, the higher the amount of payment, and the more inclined to labor input. The level of 
ecological cognition does not have a significant effect on the participation patterns of the sample residents who have the willingness to 
participate. The ecological cognition of the sample residents has a significant positive impact on their willingness to participate in the 
ecosystem services, while a significant negative impact on the payment amount of sample residents. 
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Experimental Measurements of sink terms for unsaturated flow during liquid composite molding 
 

Fei Yan1, Shilin Yan*,1, Yongjing Li1 and Dequan Li1 
 

1. School of Science, Wuhan University of Technology, Wuhan, Hubei, China 
 
Abstract: Simulation of the resin flow process is an important method used to investigate the unsaturated flow of liquid composite molding 
(LCM), and establishment of the sink function is the primary premise of unsaturated flow filling simulation during LCM. In this study, an 
experimental facility for unsaturated flow under one-dimensional constant pressure was established and an experimental method to establish 
the sink function was proposed. A specific expression of the sink function was obtained. This sink function was used to simulate the 
unsaturated mold filling experiment. Variations of flow front position, unsaturated length, mold filling time, and injection flow were 
compared. The established sink function and the simulation results were consistent with the experimental data. 
 
Keywords: LCM, constant pressure, unsaturated flow, permeability, sink function 
 
1. Introduction 

 
Fiber fabrics in LCM is often woven or stitched by fiber tow. The gap between fiber tows is at the millimeter level, and the gap inside 

the fiber tow is at the micron level. Once resin is impregnated into the dual-scale fiber preform, unsaturated flow would be generated 
because of different impregnation rates, thus making existing theory misestimate mold filling pressure and fail to predict mold filling time 
accurately1-4. Several scholars proposed the “sink model” to analyze this unsaturated flow behavior5-7. This theory divides unsaturated flow 
into micro intra-tow flow and macro inter-tow flow among fiber fabrics, as shown in Figure 1. 

 

Figure 1. Schematic representation of unsaturated flow. 
The proposed sink function was used to represent delay impregnation in the unsaturated region8-10. The proposed sink function is 

integrated into the equation of continuity to obtain the control equation of macro flow. With the development of computing technology, sink 
theory has been the focus of considerable attention and is increasingly accepted by many scholars. Sink theory assumes that the volume 
change rate of resin in the fiber tow is not zero and the intra-tow gap is not filled completely. From the mass conservation equation, the 
following expression can be derived: 

( )K p S
µ

∇⋅ − ∇ = −                                                                                    (1) 

where K  is the permeability tensor, p∇  is the pressure gradient, µ  is the liquid viscosity, and S is the sink function. S represents the 
rate of unit volume change when resin impregnates the fiber tow and is expressed as follows: 

d(1 )
d

tow
tow gap

SS
t

ε ε= −
                                                                            (2) 

where gapε  is the porosity between fiber tows (excluding porosity inside the fiber tow), towε  is the porosity inside the fiber tow, 

towS  is the saturation inside one fiber tow, and 
d

d
towS
t  is the saturated rate inside the fiber tow, which is recorded as towS& . When towS  = 0, 

intra-tow gaps are not filled. When 0 < towS  < 1, several intra-tow gaps are filled. When towS  = 1, intra-tow gaps are filled fully. At this 
moment, S = 0 and the fiber preform is saturated completely.  

Equation (2) shows that S is the key factor in coupling inter-tow and intra-tow flows. The sink rate of resin into fiber tows can be 
obtained after S is determined, thus enabling the simulation of the unsaturated flow of dual-scale fiber preform. In recent years, many 
calculation models were established to do numerical simulation base on the dual-scale flow behavior10-14. With this model, they traced the 
flow behavior inside fiber tows. However, in most existing research, sink function was acquired through unit cell simulation. Unit cell 
simulation can easily obtain the sink function, but has high requirements on the accuracy of the unit cell. In actual circumstances, the 
simulation result often deviates from experimental result to a certain extent. Do to the heterogeneous fiber ply and the deformation which is 
caused by the pressure of the mold, unit cell can’t represent the microstructure for fiber preform. Therefore, further experimental research on 
sink function is important to improve simulation accuracy, optimize mold design, and reasonably determine molding pressure, mold filling 
time, and injection port. 
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2. Experiment principle and program 
 
2.1 Experimental principle 
 

From Equation (2), the sink function is a function related to the saturated rate. The specific form of the sink function can be obtained as 

long as the relational expression of towS&  is determined. Therefore, towS&  was implemented dimensionless by taking the characteristic time 

as the filling time (tin). Then, the dimensionless form of towS&  can be expressed as follows: 
d d( )

d d
tow tow

tow in
S SS t

t τ
= =&

                                                                                        (3) 

where τ  is the dimensionless time, int  is the characteristic time, and d
d

towS
τ

 is the dimensionless saturated rate and is a function 

related to towS . Sink theory reveals that fluid impregnation into fiber tows can be viewed as single-scale saturation flow. Then, tin is a 
function related to clearance pressure and viscosity. Therefore, the specific expression of the sink function can be obtained after the 
expressions of t in and d

d
towS
τ

 are determined. 

 
2.2 Experimental program 
 

The basic parameters of the sink function can be calculated through the unsaturated flow experiment of constant pressure injection in 
the one-dimensional plane. A set of visual digital acquisition systems was established (Figure 2) for the convenient observation of flow front 
position changes during mold filling. The experimental facility mainly includes a constant pressure power unit, flowmeter, pressure sensor, 
signal collector, mold, computer, rectifier, camera, and related valves and conduits. This experimental facility initially increased pressure 
through the air compressor and then controlled pressure at the air compressor exit through the constant pressure control valve to provide a 
stable pressure output. The other end of the constant pressure control valve was connected to a closed tank with mold filling liquid. The 
entire mold filling process can be viewed as a one-way flow along the length direction. From the previously discussed principle, the mold 
should be made of 7075-T651 aluminum alloy with excellent performance. The mold cavity should have a thickness of 4 mm, a width of 90 
mm, and a length of 1,000 mm. The upper mold should be sealed with a 10 mm-thick organic glass and fixed with an aluminum alloy 
framework to form an observation window. The time in which the liquid flows from the front position to the preset position can be 
determined from this observation window. The dynamical system adopted the external connection of the Jaguar ZB-0.10 air compressor 
with pressure regulating valve to control air compressor to ensure a constant pressure output. A closed tank with mold filling liquid was 
connected to the exit of the air compressor. The pressure effect ensured that the liquid flowed out from the other end of the closed tank and 
was injected into the mold cavity through the NU.ER.T. flowmeter made by an Italian company. Five pressure sensors were set from the 
injection port along the length of mold. Pressure and flow variations at different measurement points were converted into digital information 
through an electric signal collector and stored in a computer. A digital camera was set at the upper mold to record the entire mold filling 
process. 

 

Figure 2. Experimental facility. 

In this study, triaxially stitched and unidirectional glass fiber fabrics were selected as fiber preforms. Low-viscosity vegetable oils were 
used as mold filling liquid. The correlated experimental parameters are listed in Table 1. 

 
Table 1. Experimental sample and correlated parameters. 

Sample Material Ply Injection pressure (kPa) Porosity Viscosity (Pa·s) 
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1 Triaxially 
stitched 

5 70 0.51 0.059 

2 Triaxially 
stitched 

5 100 0.51 0.059 

3 Unidirectional 4 70 0.5 0.059 

 
Glass fiber fabrics were cut into 9 cm × 60 cm strips and layered in the mold cavity according to a certain layering mode. The organic 

glass panel and the aluminum alloy framework of the mold were fixed with bolts and were connected to the air compressor, pressure sensor, 
flowmeter, and data acquisition system. Preloading was adopted, and the pressure-regulating valve was adjusted to the desired pressure. The 
tightness of the experimental facility was examined. Then, the valve was opened and data acquisition was updated after no voltage drainage 
was detected. The test temperature and humidity were set 20 °C and 60%.  

 
3. Test method of sink function 

In the unsaturated flow experiment under constant pressure injection, a total of five different pressure test points were set. In the 
experiment, the time in which the saturated flow front reached at the test points was selected as the study object. An unsaturated region was 
detected at the test point at this moment (Figure 3). 

 

Figure 3. State of saturated flow front arriving at the test points. 
Figure 3 shows the state of saturated flow front arriving at one test point, where the red region is unsaturated region. From the 

characteristics of unsaturated flow, this red region is observed to have saturated and unsaturated flow fronts. Test point 2 is the saturated 
flow front. Pressure at this point is recorded as the initial intra-tow pressure P0 and the time is recorded as t0. The length of the unsaturated 
region can be observed in the experiments. The positions of the saturated flow front were observed. The time in which the unsaturated 
region is filled completely was recorded as t1. Thus, the time in which the liquid fills in the intra-tow gaps of the unsaturated region can be 
expressed as t in = t1 − t0. The relationship between t in and P0 under different experimental samples is determined based on the time in which 
the saturated flow front reaches test points 1 to 5 to derive the variation laws of unsaturated flow time and inter-tow pressure during the 
mold filling process (Figure 4). 

 

Figure 4. Relationship between t in and P0 under sample 1. 
The relationships between t in and P0 under sample 1 are shown in Figures 5. The black square points denote the measured data of five 

test points, and the red curve denotes the fitting results. For this experimental samples, the relationships between t in and P0 can be fitted 

approximately by the function image of 
0

in

P A
t

=
. The liquid impregnated into the fiber tows can be viewed as saturated flow. Given a 

constant pressure, viscosity is proportional to mold filling time. Therefore, the relationship between t in and P0 can be expressed as follows: 

0

in
at
P
µ

=                                                                                           (4) 
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The value of coefficient a can be determined according to the experimental data. From Equation (4), the relationship between saturated 
rate and saturation should be determined to derive the specific expression of the sink function. From the definition of sink terms, the 
expression of sink flow in the same region when t = t0 can be written as follows:  

( )dgap
in

b

K PQQ A
A lµΩ

⋅∆
= +∫                                                                   (5) 

where inQ  is the sink flow representing the flow rate of liquid from inter-tow to intra-tow gap; Q  is the flow rate at t0; gapK  is the 

inter-tow permeability, which can be obtained through experiments; and bl  is the length of the unsaturated flow front. inQ  at t0 can be 

calculated. From the physical significance of the saturated rate, towS&  and inQ  have the following relationship: 

d
d

tow in
tow

tf

S QS
t V

= =&                                                                             (6) 

where tfV  is the volume of intra-tow pores. Substituting Equation (5) into Equation (6), towS&  at t0 can be obtained. 

Given that the mold filling liquid is incompressible, the impregnated volume of fiber tows at t0 is equal to all liquid volume in the 
unsaturated region minus the inter-tow pores and is expressed as follows: 

t f gap f gap bulkV V V V Vε= − = −                                                                (7) 

where tV  is the impregnated volume of fiber tows at t0; fV  is the total liquid volume in the unsaturated region, which can be tested 

by data processing software; bulkV  is the total volume of unsaturated region; gapV  is inter-tow pores in the unsaturated region; and gapε  

is inter-tow porosity, which can be measured by experiments. The related results are shown in Table 2. 
 

Table 2. Related physical parameters in fabrics. 
Sample Material Inter-tow permeability (m2) Inter-tow porosity Intra-tow porosity 

1 Triaxially stitched 6.65 × 10−10 0.25 0.19 

2 Triaxially stitched 6.31 × 10−10 0.25 0.19 

3 Unidirectional 5.98 × 10−10 0.26 0.18 

 
From the definition of saturation, intra-tow saturation ( towS ) can be expressed as follows: 

ttow
tow

VS
V

=
                                                                                        (8) 

where towS  is the intra-tow saturation in the unsaturated region at t0; tV  is the impregnated intra-tow volume at t0; and towV  is the 
volume of fiber tows, which can be calculated. 

In summary, inQ , towS& , and towS  in the unsaturated region at t0. were acquired by using the same method, 
d
d

towS
τ  and towS  can be 

obtained. Their relationship can be disclosed through curve fitting. From polynomial nonlinear fitting, 

d
d

towS
τ  can be expressed as follows: 

2 3d
d

tow
tow tow tow

S b cS dS eS
τ

= + + +                                                                 (9) 

Integrating Equation (9) into Equation (2), the specific expression of the sink function can be expressed as follows: 

{ }0 2 3(1 )tow gap tow tow towS bP cS dS eS
a

ε ε
µ

= − + + +                                                   (10) 

where towε  and gapε  are the intra-tow and inter-tow porosities, respectively; P0 is the intra-tow initial pressure; towS  is the 
saturation; and a, b, c, d, and e are constant coefficients, which can be obtained through fitting of the experimental data. 

Constants under the three experimental samples obtained from fitting of the experimental data are listed in Table 3.  
 

Table 3. Coefficients of the sink function. 
 

Sample Material 
Injection pressure 

(kPa) a b c d e 
1 

Triaxially stitched 70 4,125,640 3.54 −10.25 16.85 −10.11 
2 

Triaxially stitched 100 4,358,640 4.45 −11.38 17.33 −10.40 
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3 
Unidirectional 70 7,647,570 10.58 −7.26 10.73 −14.05 

 
The table shows that the coefficient a of samples 1 and 2 are close to each other, whereas that of samples 2 and 3 differ significantly. 

Coefficient a represents the sink time inside the intra-tow. The fiber tows of samples 1 and 2 have the same stitched structure; thus, their 
coefficients have a similar value. The other coefficients show that the sink function of fiber is related to its knitting structure. The same 
fabric has the same sink function, whereas fabrics with different geometric structures have significantly different sink functions. 

 
4. Simulation analysis 
 
4.1 Comparison of unsaturated flow 
 

The specific expression of the sink function and all physical parameters used to solve the control equation have been acquired 
previously. A comparative analysis of the accuracy of the sink function and the experimental data was implemented by combining the finite 
element solving programs that have compiled. Given that the sink function was established through the constant pressure injection 
experiment in the one-dimensional plane, sample 1 was taken as the control group to verify the accuracy of the calculation model. Under the 
same injection conditions, whether the simulation results were consistent with the experimental data was verified. The commercial software 
ANSYS was used for preprocessing, and a model was established according to the actual size of the mold cavity for the purpose of meshing 
and determining boundary conditions. 

The model adopted triangle unit discretion and included 540 discrete units and 310 nodes. Flow velocity was defined on the left node of 
the model, and the other side of mold was determined as the exit. The upper and lower ends were closed interfaces. The pressure distribution 
along the flow front position under sample 1 is shown in Figure 5. The dotted line denotes the simulated results of saturated flow. The 
accompanying curve denotes the simulated results of unsaturated flow. Each curve represents the pressure distributions when flow front 
reaches test points 2 to 5. Figure 5 shows that the pressure distribution curves at different times all deviate toward the left to a basically 
equal extent because of the injection port. The calculation model did not consider the surface tension between fibers and the effect of 
capillary pressure, thus maintaining the constant pressure gradient between and inside fiber tows. 

 

Figure 5. Pressure distribution when the saturated flow front reaches points 2 to 5. 
The relationships between flow and time under sample 1 are shown in Figures 6(a) and 6(b). Figure 6(a) shows the simulated result, 

and Figure 6(b) shows the experimental result. Notably, the simulated and experimental results have basically the same shape. A comparison 
of their vertical coordinates shows that the simulated result is smaller than the experimental result during the early mold filling stage. This 
finding is determined by the characteristics of the algorithm. In the simulation, impregnation inside the fiber tow was considered at the 
beginning of flow. During mold filling, the liquid impregnates the large inter-tow pores, causing a delayed impregnation of the liquid inside 
the fiber tow. 
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Figure 6(a). Flow variation of sample 1 (simulation). Figure 6(b). Flow variation of sample 1 (experiment) 

The flow front positions under sample 1 at different times are shown in Figures 7, 8, and 9. In Figure 7, the length of the simulated 
unsaturated region when t = 4.3 s is 4 cm and the length of the experimental unsaturated region is 4.5 cm. Thus, the lengths of the simulated 
and experimental unsaturated regions are similar to each other. The simulated unsaturated flow front position is at 12 cm, whereas the tested 
position is at 8.5 cm. During the early stage of injection, pressure increased slowly and the actual pressure gradient was smaller than the 
theoretical value; thus, the liquid flowed slowly. As mold filling continued, this difference was offset gradually. When t = 65 s, the 
simulated flow front position is 42 cm, which is consistent with the experimental result (40 cm) (Figure 8). 

 

 

 

Position of flow front 

 

Unsaturated zone 

Figure 7. Simulated results under sample 1 when t = 4.3 s. 

 

 

 

Figure 8. Flow front position of sample 1 when t = 66 s. 
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Figure 9. Flow front position of sample 1 when t = 120 s. 

The simulated and experimental results at 120 s of mold filling are shown in Figure 9. The unsaturated flow fronts of the simulated and 
experimental results were at 56 and 58 cm, respectively. It was noticed that the shape of the simulated unsaturated flow front at different 
times is straight, whereas the shape of the experimental unsaturated flow front is arched or different. During the simulation, the given 
boundary conditions are equal pressures at the left nodes. Vertically, the nodes have the same saturation, thus resulting in the straight shape 
of the simulated unsaturated flow front. 

 
5. Conclusions 

From the experiment and dimensionless analysis, this study deduces and establishes the expression of the sink function and derives the 
following conclusions: 

(1) The experimental results show that the sink function and constant coefficients of same fabric are close, whereas the constant 
coefficients of different fabrics differ significantly. This finding indicates that the geometric shape of fabrics is the main influencing factor 
of unsaturated flow during LCM. 

(2) The simulated flow during the early stage is significantly different from the experimental result because pressure increases slowly in 
a certain period of the actual mold filling process. As mold filling continues, the simulated flow curve is consistent with the experimental 
data. 

(3) The pressure distribution curves at different times all deviate toward the left to a basically equal extent because of the injection port. 
(4) The flow front position during mold filling is consistent with the experimental result, which can be used to predict the mold filling 

process accurately. Establishing the sink function based on the experiment provides a new idea for the simulation of unsaturated flow during 
LCM and guides engineering applications. 
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A Vertical Projection Distance-Based Method for Multi-Attribute Decision Making With Intuitionistic 
Normal Fuzzy Numbers 
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Abstract: Considering the intuitionistic normal fuzzy multi-attribute decision-making (MADM) problems with unknown attribute weight, 
we presented an intuitionistic normal fuzzy MADM method that was based on vertical projection distance. Based on the basic definition of 
vertical projection distance, a novel algorithm of vertical projection distance that applies to intuitionistic normal fuzzy information 
environment was developed, then we introduced vertical projection distance into intuitionistic normal fuzzy MADM problems, and 
constructed an intuitionistic normal fuzzy MADM model that was based on vertical projection distance, meanwhile, a multi-target nonlinear 
optimization model was set up to solve attribute weight guided by the thought that vertical projection distance was the shortest. Hence the 
priority sequence of alternative solutions was determined as per the vertical projection distance, finally, an application example was given to 
validate the rationality and practicability of the method proposed in this paper. 
 
Keywords: intuitionistic normal fuzzy number; vertical projection distance; nonlinear optimization model; attribute weight 
 
1. Introduction 
 

In the information society, vast amounts of information let people face more complicated decision-making problems in work and life, 
and due to the deviation of human subjective cognizance and uncertainty of the objective world, decision-making information is often 
difficult to be quantized accurately, which need to be expressed in the form of fuzzy numbers. To address the aforementioned problems, 
Zadeh proposed the concept of fuzzy set[1], which was quickly and widely applied in various fields. Meanwhile, based on the concept of 
fuzzy set, many scholars proposed several generalized forms of fuzzy sets, including interval fuzzy sets[2], intuition fuzzy sets[3], interval-
valued intuitionistic fuzzy sets[4], hesitant fuzzy sets[5], triangular fuzzy numbers[6], trapezoidal fuzzy numbers[7], etc. Wherein, the 
concept of intuitionistic fuzzy set proposed by Bulgarian scholar Atanassov attracted the most attention, he added a so-called new 
parameter--“non-membership” based on the classical fuzzy set of Zadeh, thus an intuitionistic fuzzy set can elaborate the membership, non-
membership, hesitation and many other information of an attribute parameter at the same time, depicting the fuzziness and uncertainty of 
objective things in a more delicate way. 

Ever since Atanassov proposed the concept of intuitionistic fuzzy set, different scholars have made further enrichment and expansion, 
fuzzy number intuitionistic fuzzy numbers[8], intuitionistic triangular fuzzy numbers[9], intuitionistic trapezoidal fuzzy numbers[10], 
interval intuitionistic trapezoidal fuzzy numbers[11] and other achievements emerged. With academic world’s gradual deepening study of 
Atanassov’s intuitionistic fuzzy set, and since there are a lot of random phenomena in real life that obey or approximately obey normal 
distribution, people find that Atanassov’s intuitionistic fuzzy set and its traditional expanded forms fail to carry out effective processing. 
And the normal fuzzy numbers proposed by Yang can effectively characterize random phenomena that obey normal distribution[12], and 
therefore further depict fuzzy information that similarly obey normal distribution and elaborate the distribution changes of the membership 
between elements and sets effectively, Wang et. al effectively combined normal fuzzy numbers and intuitionistic fuzzy sets and defined 
intuitionistic normal fuzzy numbers[13]. Based on the above, relevant scholars have conducted researches on intuitionistic normal fuzzy 
numbers successively, and mainly focused on the algorithm, information aggregation operators and their properties under intuitionistic 
normal fuzzy information environment [13-15], however, decision-making methods under the background of intuitionistic normal fuzzy 
numbers still rest on the decision-making thoughts under a traditional intuitionistic fuzzy information environment. In previous intuitionistic 
fuzzy information decision-making methods, a TOPSIS-based intuitionistic fuzzy decision-making method was constructed by some 
scholars[16-19], a VIKOR-based dynamic intuitionistic fuzzy multi-attribute decision-making(MADM) method was put forward by some 
scholars[20-22], and a grey correlation-based intuitionistic fuzzy MADM method was raised by introducing grey system theory[23-25]. In 
addition, an intuitionistic fuzzy MADM method was provided by using the principle of vector projection similarity according to the thought 
of projection[26-28]. Some scholars believe that decision makers will subject to their own mental state in dealing with decision-making 
information, hence many scholars proposed an intuitionistic fuzzy MADM method[29-30] that is based on prospect theory and considers 
decision maker’s mental preference. Furthermore, with the development of decision theory research, methods such as C means clustering 
algorithm[31], intuitionistic fuzzy preference relations[32], an outranking sorting[33], non-hesitance score[34], etc. are further embedded in 
intuitionistic fuzzy theory, which constructed intuitionistic fuzzy decision-making methods that are based on the above models, the above 
mentioned methods expanded the research boundaries and theoretical depth of intuitionistic fuzzy decision-making theory. However, due to 
the restriction of conditions, the above methods inevitably have certain limitations. For example, since TOPSIS method ignored the 
correlation between positive or negative ideal distance and each solution, which may lead to “reversed order” case in ordering results. 
VIKOR method ranks the priority sequence of solutions according to the closeness degree between alternative solution evaluation value and 
the ideal solution, but it ignores the case that two intuitionistic fuzzy numbers may not be compared. In projection method, when two 
different target vectors are in the same projection vertical line, the projection similarity of the two target vectors and the ideal vectors is the 
same, and thus the total ordering of the solutions can’t be provided. Moreover, intuitionistic fuzzy MADM that is based on the previous 
methods has more complex calculation, where many methods have more non-linear transformation and numeric conversions, easily leading 
to the drawback of losing original preference information. 

In view of the above analysis, an intuitionistic normal fuzzy MADM method based on vertical projection distance is proposed. 
Contents of this paper are mainly arranged as follows: section 2 included preliminaries, introduced the definition of intuitionistic normal 
fuzzy number, basic algorithm and other related concepts; section 3 introduced the concept of vertical projection distance, and the decision-
making model based on vertical projection distance with intuitionistic normal fuzzy information is developed; section 4 a numerical 
examples analysis has been given to verified the feasibility and validity of the method proposed in this paper; and section 5 provided the 
conclusions and future research of the paper. 

 
2. Preliminaries 
 

This section describes the concepts of intuitionistic fuzzy set, normal fuzzy number and intuitionistic normal fuzziness. 
Definition 1[3]. Let a set 1 2( , ,..., )nX x x x= be a finite universe of discourse, an intuitionistic fuzzy set A  in X  is defined as 
[ ]{ }, ( ), ( )A AA x x x x Xµ υ= ∈

.wherein, ( )A xµ  and ( )A xυ  denote, respectively, membership and non-membership of the element x in X  
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to A , and [ ]( ) : 0,1A x Xµ → , [ ]( ) : 0,1A x Xυ → , 0 ( ) ( ) 1,A Ax x x Xµ υ≤ + ≤ ∈ , 1 ( ) ( )A A Ax xπ µ υ= − −  is called as hesitancy degree of x in 
X  to A . 

Definition 2[14] In a real number field, the fuzzy number of membership function of 
2

( ) ( 0)
x a

A x e σ σ
− − 

 = >
                                                                                        (1) 

is referred to as a normal fuzzy number, denoted by ( ),A α σ= , the entire normal fuzzy number set is denoted by N . 

Definition 3[14] Supposing ,A B N∈  
, denoted by ( ),A α σ= , ( ),B β τ= , then 

(1) ( , ) ( , ), 0Aλ λ α σ λα λσ λ= = >
 

(2) ( , ) ( , ) ( , )A B α σ β τ α β σ τ+ = + = + + 
 

Definition 4[14] Supposing X  is a given domain, then ( ), , ,A AA α σ µ ν=< >
 is referred to as a normal intuitionistic fuzzy number, 

membership function and non-membership function respectively are: 
2

( ) ( )
x a

A Ax e x Xσµ µ
− − 

 = ∈                                                                                  (2) 
2

( ) 1 (1 ) ( )
x a

A Ax e x Xσυ υ
− − 

 = − − ∈                                                                             (3) 

Wherein, Aµ and Aυ respectively represent the membership degree and non-membership degree between element x and normal fuzzy 

number ( ),α σ . And [0,1]Aµ ∈ , [0,1]Aυ ∈ , 0 1A Aµ υ≤ + ≤ . ( ) 1 ( ) ( )A A Ax x xπ µ υ= − − represents the hesitancy degree that element 

x  belongs to a normal fuzzy number ( ),α σ
. The difference between intuitionistic normal fuzzy number and normal fuzzy number lies in 

that a non-membership degree function is added to represent the non-membership degree between element and ( , )α σ , when 
1Aµ = , 0Aυ =  intuitionistic normal fuzzy number is degraded into a normal fuzzy number. The entire intuitionistic normal intuitionistic 

fuzzy set is denoted by INF . 

Definition 5 [13] Supposing ( , ), ,A α σ µ υ=< > , 1 1 1 1 1( , ), ,A α σ µ υ=< > and 2 2 2 2 2( , ), ,A α σ µ υ=< >  are three arbitrary 

intuitionistic normal fuzzy numbers, 0λ > , then there are the following algorithms of intuitionistic normal fuzzy number: 

(1)

1 1 2 2 1 1 2 2
1 2 1 2 1 2

1 2 1 2

+ +
( , ), ,

+ +
A A

α µ α µ α υ α υ
α α σ σ

α α α α
⊕ =< + + >

;  

(2)

2 2
1 2

1 2 1 2 1 2 1 2 1 2 1 22 2
1 2

( , + , ,A A σ σ
α α α α µ µ υ υ υυ

α α
⊗ =< + − >)

; 

(3) ( , ), ,Aλ λα λσ µ υ=< > ;  

(4). 
1 12( , ), ,1 (1 ) )Aλ λ λ λ λα λ α σ µ υ−=< − − >  

Where, when 1 0α =  and 2 0α = , 1 2

1 2

2A A
µ µ

µ ⊕

+
=

, 1 2

1 2

2A A
υ υ

υ ⊕

+
=

 

Definition 6[14] Supposing ( ), , ,A AA α σ µ υ=< >  and ( ), , ,B BB β τ µ υ=< >
 are two arbitrary intuitionistic normal fuzzy numbers, 

then the Euclidean distance ( , )d A B  between A  and B is: 

2 21 1( , )= (( + ) ( + ) ) (( + ) ( + ) )
2 2A A B B A A B Bd A B µ υ α µ υ β µ υ σ µ υ τ− + −1 - 1 - 1 - 1 -

                          (4) 
 

3. Decision-making method 
 

This section constructs an intuitionistic normal fuzzy decision-making method that is based on vertical projection distance, by 
introducing vertical projection distance to intuitionistic normal fuzzy decision-making problems. 
 
3.1 Vertical projection distance 
 

The vertical projection distance refers to the inter-planar distance by taking the connection between positive ideal solution and negative 
ideal solution as the normal vector through two points between the ideal solution and negative ideal solution[35]. Vertical projection 
distance aims to overcome the deficiency of relative Euclidean distance in TOPSIS method and replaces closeness degree as the basis for 
solution ordering. 

We take three-dimensional space as an example in order to describe the vertical projection distance more vividly, as shown in Fig. 1, 
H  and K  are the relative positive and negative ideal solutions among all alternative solutions, respectively. The distance between the plane 
that passes point X  and takes straight line HK  as a normal vector and the plane that passes point Y  and takes straight line HK  as a normal 
vector, namely the distance between plane L  and plane M , which is the Euclidean distance between the orthogonal projection points of 
point X  and point Y  on the straight line HK -- O and U . 
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Fig. 1 Vertical projection distance in a three-dimensional space 

Definition 7[35]. As shown in Fig. 1, supposing the corresponding vectors of points , , ,H K X Y  are , , ,h k x y , then the equation of 
plane L is 

( ) ( ) 0z x h k− − =  
The equation of plane M is: 

( ) ( ) 0z y h k− − =  
The vertical projection distance between points X and Y is: 

( ) ( )h k x y
V

h k
− −

=
−


                                                                                 (5) 

In the above formula, ∙ represents the dot product of the vector, 
 

 is the norm. 
In case under a normal real number information environment, points X  and Y  are both non-ideal solutions, then the vertical projection 

distance between the two points can be obtained via the vector translation method based on Formula (5) as shown in literature[35]; in case 
one of points X  and Y  is an ideal solution, supposing X  is an arbitrary point, Y  is the positive ideal point, Z  is the negative ideal point, 
then vertical projection distance from the arbitrary point X  to the positive ideal point Y  or the negative ideal point Z  can be shown by Fig. 
2, as for the specific calculation process, in addition to the vector translation method in literature[35], we provide a more simple algorithm 
according to the definition of vertical projection distance. 

X

O

L

Y

Z  

Fig. 2 The vertical projection distance between arbitrary point and ideal point 
According to the implication of vertical projection distance and Definition 7, as shown in Fig. 2, O  is the orthogonal projection point 

of arbitrary point X  on plane, the vertical projection distance from arbitrary point X  to the positive ideal point Y  or the negative ideal 

point Z  can be obtained, namely obtaining the straight line distance from point O  to the positive ideal point Y  or the negative ideal point 
Z , thus giving its formula derivation process taking the vertical projection distance between point X  and ideal point Y  as an example. 
Because straight line XO  is perpendicular to straight lineYZ , thus 

2 2 2 2( , ) ( , ) ( , ) ( , )
( , ) ( , ) ( , )

d Y X d Y O d X Z d O Z
d Y O d O Z d Y Z
 − = −


+ =                                                                 (6) 
The straight line distance ( , )d O Y between point O  and point Y  can be obtained via Formula (6), the formula is: 

2 2 2( , ) ( , ) ( , )( , )
2 ( , )

d X Y d Z Y d X Zd O Y
d Z Y

+ −
=

                                                                (7) 
Straight line distance ( , )d O Y  is the vertical projection distance between X  and the positive ideal point Y , the formula is: 

 

2 2 2( , ) ( , ) ( , )( , )
2 ( , )

d X Y d Y Z d X ZV X Y
d Y Z

+ −
=

                                                                  (8) 
Obtain the vertical projection distance between X  and the negative ideal point Z  similarly: 

2 2 2( , ) ( , ) ( , )( , )
2 ( , )

d X Z d Y Z d X YV X Z
d Y Z

+ −
=

                                                                  (9) 
We can know from vertical projection distance that the farther vertical projection distance between an arbitrary point X  and the 

positive ideal point Y , the closer vertical projection distance it is from the negative ideal point Z . Thus we can see the difference between 
vertical projection distance and TOPSIS method, the former considers the distance relations between each solution and positive and negative 
ideal solutions. Therefore, ordering of decision-making solutions can be conducted via Formula (8) or Formula (9). Meanwhile, in order to 
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avoid redundancy, we only discuss the vertical projection distance algorithm of the distance between arbitrary point X  and the positive 
ideal point Y , and carry out solution ordering of the vertical projection distance. 
 
3.2 An intuitionistic normal fuzzy MADM method based on vertical projection distance 
 

In MADM problems, supposing { }1 2, , , mS S S S=   is a solution set that consists of m  alternative solutions, { }1 2, , , nC C C C=   is an 

attribute set that consists of n  attributes, 1 2( , , , )T
nW w w w=   are the weight vectors corresponding to n  attributes, wherein 

[0,1]jw ∈
, 

1
1

n

j
j

w
=

=∑
. Then the intuitionistic normal fuzzy number of j  attribute under the i th solution can be expressed as ( , ), ,ij ij ij ij ijA α σ µ υ=< > , 

all of the solutions and their corresponding attribute information constitute an intuitionistic normal fuzzy decision-making information 
matrix: 

11 11 11 11 12 12 12 12 1 1 1 1

21 21 21 21 22 22 22 22 2 2 2 2

1 1 1 1 2 2 2 2

( ) ( ( , ), , )

( , ), , ( , ), , ... ( , ), ,
( , ), , ( , ), , ( , ), ,

( , ), , ( , ), , (

ij m n ij ij ij ij m n

n n n n

n n n n

m m m m m m m m

Y A α σ µ υ

α σ µ υ α σ µ υ α σ µ υ
α σ µ υ α σ µ υ α σ µ υ

α σ µ υ α σ µ υ α

× ×= = < > =

< > < > < >
< > < > … < >

< > < > … <
   

, ), ,mn mn mn mnσ µ υ

 
 
 
 
 

>   
Conduct standardization on the element information in matrix ( )ij m nY A ×=  in order to eliminate the influence of different dimensions 

on decision-making result, the expression of standardization matrix is denoted by ( ) ( ( , ), , )ij m n ij ij ij ij m nY A α σ µ υ× ×= = < >   
, calculation 

formula is [32]: 

1

1 1

1
2

1

, , , , 1, 2,..., ;
( ) ( )

( )
, , , , 1, 2,..., ;

( )

ij ij ij
ij ij ij ij ij ij

ij ij iji m i m

ij ij iji m
ij ij ij ij ij ij

ij ij iji m

i m j I
max max

min
i m j I

max

α σ σ
α σ µ µ υ υ

α σ α

α σ σ
α σ µ µ υ υ

α σ α

≤ ≤ ≤ ≤

≤ ≤

≤ ≤


= = × = = ∈ ∈



 = = × = = ∈ ∈


  

  

                                    (10) 

Where: 1I  is the expectation non-dimensionalization of benefit-oriented index, 2I  is the expectation non-dimensionalization of cost-
oriented index. 

Obtain the standardized intuitionistic normal fuzzy decision-making information via Formula (10), while taking into account the weight 

information 1 2( , , , )T
nW w w w=   of each attribute, obtaining the weighted and standardized decision-making information matrix: 

11 11 11 11 1 12 12 12 12 2 1 1 1 1

21 21 21 21 1 22 22 22 22 2 2 2 2 2

( ) ( ( , ), , )

( , ), , ( , ), , ... ( , ), ,
( , ), , ( , ), , ( , ), ,

w ij m n n ij ij ij ij m n n

n n n n n

n n n n

Y A w w

w w w
w w w

α σ µ υ

α σ µ υ α σ µ υ α σ µ υ
α σ µ υ α σ µ υ α σ µ υ

× ×= = < > =

< > < > < >
< > < > … < >

   

          

          

1 1 1 1 1 2 2 2 2 2( , ), , ( , ), , ( , ), ,

n

m m m m m m m m mn mn mn mn nw w wα σ µ υ α σ µ υ α σ µ υ

 
 
 
 
 
< > < > … < > 

   

          
 

Where, according to algorithm (3) in Definition 5, the weighted decision-making information 
( ( , ), , ) ( , ), ,ij n ij ij ij ij n ij n ij n ij ijA w w w wα σ µ υ α σ µ υ= < > =< >       

 

Determine the positive and negative ideal points in intuitionistic normal fuzzy number weighted decision-making matrix Y , its 
positive ideal point is [14]: 

1 1 1 1 1 2 2 2 2 2( ( , ), , , ( , ), , , , ( , ), , )n n n n nA w w wα σ µ υ α σ µ υ α σ µ υ+ + + + + + + + + + + + += < > < > < >                                        (11) 
Where 

1 1 1 1
( , ), , ( , ), , , ( 1, 2,..., )j j j j j ij ij ij iji m i m i m i m

A max min max min j nα σ µ υ α σ µ υ+ + + + +

≤ ≤ ≤ ≤ ≤ ≤ ≤ ≤
=< >=< > =       

 
The negative ideal point is [14]: 

1 1 1 1 1 2 2 2 2 2( ( , ), , , ( , ), , , , ( , ), , )n n n n nA w w wα σ µ υ α σ µ υ α σ µ υ− − − − − − − − − − − − −= < > < > < >                             (12) 
Where 

1 1 1 1
( , ), , ( , ), , , ( 1, 2,..., )j j j j j ij ij ij iji m i m i m i m

A min max min max j nα σ µ υ α σ µ υ− − − − −

≤ ≤ ≤ ≤ ≤ ≤ ≤ ≤
=< >=< > =      

. 
Then obtain the straight line distances between each solution and positive and negative ideal solutions as well as between each solution 

and positive and negative ideal solutions via Formula (4): 

2 2

1

( , )=

1 1(( + ) ( + ) ) (( + ) ( + ) )
2 2

w i

n

ij ij ij j j j j j ij ij ij j j j j j
j

d A A

w w w wµ υ α µ υ α µ υ σ µ υ σ

+

+ + + + + +

=

 − + −  
∑

 

          1 - 1 - 1 - 1 -

      (13) 
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2 2

1

( , )=

1 1(( + ) ( + ) ) (( + ) ( + ) )
2 2

w i

n

ij ij ij j j j j j ij ij ij j j j j j
j

d A A

w w w wµ υ α µ υ α µ υ σ µ υ σ

−

− − − − − −

=

 − + −  
∑

 

          1 - 1 - 1 - 1 -

                (14) 

2 2

1

( , )=

1 1(( + ) ( + ) ) (( + ) ( + ) )
2 2

w

n

j j j j j j j j j j j j j j j j
j

d A A

w w w wµ υ α µ υ α µ υ σ µ υ σ

− +

− − − + + + − − − + + +

=

 − + −  
∑

 

          1 - 1 - 1 - 1 -

                      (15) 
The vertical projection distance equation between each solution and positive ideal solution can be obtained via Formula (8) and 

Formula (13)-Formula (15): 
2 2 2( , ) ( , ) ( , )

( , )
2 ( , )

w i w w i
i

w

d A A d A A d A A
V A A

d A A

+ − + −
+

− +

+ −
=

     
 

 
                                                         (17) 

Upon obtaining Formula (17), further determine the attribute weight in Formula (17), according to the definition of vertical projection 

distance, the smaller vertical projection distance ( , )iV A A+ 
 between each solution and positive ideal solution, the better, thus we constructed 

the following optimization model: 
2 2 2

1

1

( , ) ( , ) ( , )
min ( , )

2 ( , )

. 1, 0, 1, 2, ,

m
w i w w i

i
i w

n

j j
j

d A A d A A d A A
V A A

d A A

s t w w j n

+ − + −
+

− +
=

=

 + −
=





= ≥ =


∑

∑

     
 

 



                                         (18) 

Formula (18) can be solved via Lingo software, then obtain attribute weight 1 2( , , , )nW w w w=  , and substitute attribute into Formula 

(17) to obtain the vertical projection distance ( , )iV A A+ 
 between each solution and positive ideal solution. Wherein, the smaller ( , )iV A A+  , 

then the closer distance between solution and ideal solution, then the better solution, otherwise the worse. 
 

3.3 Calculation steps of decision-making method 
 
According to the calculation steps of the above decision-making method, the calculation steps of the intuitionistic normal fuzzy 

MADM method based on vertical projection distance proposed in this paper are as follows: 
Step 1 Conduct standardization on the original intuitionistic normal fuzzy decision-making information matrix based on Formula (10) 

and take weight information into account, obtaining weighted standardized decision-making information matrix ( )w ij m n nY A w×= 
 

Step 2 Obtain positive ideal solution A+  and negative ideal solution A−  based on Formula (11) and Formula (12), respectively; 

Step 3 Obtain attribute weight ( )1 2, , , nw w w w=   via Lingo software based on Formula (18); 

Step 4 Obtain the vertical projection distance ( , )iV A A+ 
 between each solution and ideal solution based on Formula (17) 

Step 5 Conduct priority ordering of solutions according to vertical projection distance ( , )iV A A+  , the smaller ( , )iV A A+ 
, then the better 

solution, otherwise the worse. 
 

4. Numerical examples and comparative analysis 
 

In this section, an R&D technical partner selection problem is illustrated to demonstrate the applicability of the proposed method. 
Meanwhile, the comparative analysis is also conducted to show the superiority of the method in this paper. 

 
4.1 An example study of R&D technical partner selection 
 

There is a major emerging technical project seeking for R&D technical partners, and 5 enterprises or scientific research institutes are 

optional as alternative solutions, denoted by a set of { }1 2 3 4 5, , , ,S S S S S S= , and 4 attribute indexes are selected to evaluate the priority 

sequence of solutions comprehensively, respectively are hi-tech innovation capability ( 1G ), scientific research achievement transformation 

capability ( 2G ), innovation management level ( 3G ) and cooperation reputation level ( 4G ), then the attribute set { }1 2 3 4, , ,G G G G G= . We 
can see that attribute indexes are all benefit-oriented, and supposing the corresponding unknown attribute weight vector of 

attribute ( )1 2 3 4, , , Tw w w w w=
. The original decision-making information matrix provided by the decision makers is shown in Table 1. 

 
Table 1 The original decision-making information matrix 

 1G
 2G  3G  4G  

1S
 

<(4,0.3),0.3,0.6> <(5,0.4),0.6,0.3> <(4,0.2),0.6,0.2> <(7,0.5),0.4,0.2> 

2S
 <(6,0.5),0.5,0.4> <(6,0.4),0.7,0.2> <(4,0.3),0.5,0.3> <(5,0.3),0.6,0.1> 

3S
 

<(5,0.4),0.4,0.4> <(7,0.4),0.8,0.1> <(8,0.5),0.7,0.3> <(7,0.4),0.7,0.3> 

4S
 <(6,0.4),0.5,0.3> <(3,0.1),0.6,0.3> <(6,0.3),0.4,0.6> <(5,0.4),0.8,0.2> 

5S
 

<(3,0.2),0.7,0.1> <(5,0.4),0.6,0.3> <(7,0.3),0.6,0.2> <(6,0.4),0.7,0.2> 
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Obtain the standardized decision-making information matrix based on Step 1, as shown in Table 2: 
 

Table 2 The standardized decision-making information matrix 
 1G

 2G  3G  4G  

1S
 <(0.667,0.045),0.3,0.6> <(0.714,0.08),0.6,0.3> <(0.5,0.02),0.6,0.2> <(1,0.089),0.4,0.2> 

2S
 

<(1,0.083),0.5,0.4> <(0.857,0.067),0.7,0.2> <(0.5,0.045),0.5,0.3> <(0.714,0.045),0.6,0.1> 

3S
 <(0.833,0.064),0.4,0.4> <(1,0.057),0.8,0.1> <(1,0.063),0.7,0.3> <(1,0.057),0.7,0.3> 

4S
 

<(1,0.053),0.5,0.3> <(0.429,0.008),0.6,0.3> <(0.75,0.03),0.4,0.6> <(0.714,0.08),0.8,0.2> 

5S
 <(0.5,0.027),0.7,0.1> <(0.714,0.08),0.6,0.3> <(0.875,0.0.026),0.6,0.2> <(0.857,0.067),0.7,0.2> 

 
Obtain the positive and negative ideal solutions based on Step 2: 

1 2 3 4( (1,0.027),0.7,0.1 , (1,0.008),0.8,0.1 , (1,0.02),0.7,0.2 , (1,0.045),0.8,0.1 )A w w w w+ = < > < > < > < >

1 2 3

4

( (0.5,0.083),0.3,0.6 , (0.429,0.08),0.6,0.3 , (0.5,0.063),0.4,0.6 ,
(0.714,0.089),0.4,0.3 )

A w w w
w

+ = < > < > < >
< >



 
Obtain the attribute weight via Lingo software based on Step 3 

( ) ( )1 2 3 4 0.189,  0.213,  0.2, 35,  0.3 3, 6, =w w w w w=
 

Obtain the vertical projection distance ( , )iV A A+ 
 between each solution and ideal solution based on Step 4, as shown in Table 3. 

 
Table 3 The vertical projection distance between each solution and ideal solution 

 ( , )w id A A+ 
 ( , )w id A A− 

 ( , )wd A A− + 
 ( , )iV A A+ 

 

1S
 0.188 0.0927 

0.2703 

0.1847 

2S
 0.1686 0.1196 0.1613 

3S
 0.0917 0.2077 0.0709 

4S
 0.1942 0.1062 0.184 

5S
 0.1386 0.1449 0.1318 

 

According to Step 5, the smaller ( , )iV A A+  , the solution is more optimized. Based on the vertical projection distance ( , )iV A A+ 
 between 

each solution and ideal solution, the priority sequence of the 5 alternative cooperative enterprises is 3 5 2 4 1S S S S S> > > > , then the optimal 
solution is 3S . 

 
4.2 Comparison with existing methods 
 

We further carry out solution ordering as per the traditional TOPSIS method to obtain the closeness degree iC  between each solution 
and ideal solution using the TOPSIS method in literature[16-19]. We can get closeness degree: 

( )1 2 3 4 5 0.33,  0.415,  0.694,(  0.354,  0.5, , , , )= 11C C C C C C=
 

The greater closeness degree indicates that the solution is closer to the ideal solution, and the solution is more optimal. Therefore, the 
closeness degree between each solution and ideal solution is provided based on the TOPSIS method in literature[16-19], obtaining the 

priority sequence of alternative solutions as 3 5 2 4 1S S S S S> > > > . It can be found that the results of the method proposed in this paper 
are consistent with that of the traditional TOPSIS method. Moreover, the VIKOR method in literature[20-22], grey correlation analysis in 
literature[23-25] and other methods can be further applied for calculation, the results are also consistent with that provided by vertical 
projection distance in this paper, indicating the rationality and practicability of the method proposed in this paper. However, compared with 
TOPSIS, VIKOR method, grey correlation analysis and other methods, the method proposed in this paper mainly conducts linear operation, 
with less nonlinear conversion, the calculation is simple and it is easy to practice; and it overcomes the drawback of reversed order that may 
occur in traditional TOPSIS, achieving more comprehensive decision-making results. 

 
5. Conclusion 
 

On the basis of reviewing related concepts of intuitionistic normal fuzzy set and vertical projection distance, this paper constructs an 
intuitionistic normal fuzzy MADM method that is based on vertical projection distance by introducing vertical projection distance into 
intuitionistic normal fuzzy information environment. This method has the following contributions and benefits: 

 (1) It puts forward a new algorithm of vertical projection distance under intuitionistic normal fuzzy information environment, 
compared with literature[35], it further expands vertical projection distance under a normal real number environment to intuitionistic normal 
fuzzy information environment, with high universality. 

 (2) It provides an objective attribute weight calculation model guided by the thought that vertical projection distance is the shortest, 
which is an effective solution to intuitionistic normal fuzzy MADM problems with unknown attribute weight. 
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 (3) The intuitionistic normal fuzzy decision-making method that is based on vertical projection distance overcomes the drawback of 
reversed order that may occur in traditional TOPSIS as stated in literature[16-19], providing a more comprehensive solution ordering with 
simple calculation and high universality. 

In future studies, vertical projection distance may further be introduced into triangular intuitionistic fuzzy numbers and trapezoidal 
intuitionistic fuzzy numbers, in order to further expand the algorithms of vertical projection distance under different information 
environments and to enrich the intuitionistic fuzzy theory. 
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Parents’ Health Status and the Migration Decisions Of Adult Children In China's Labor Market 
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Abstract: In general, children are viewed as insuring methods against oldness,illness and disability in China. The controversial topic is 
whether parents’ health status affect children’s migration decisions. Hence,it is nessary to study the impacts of elder parent health status on 
the migration decisions of adult children theoretically and empirically. The ordinary least square regression, the ordinary least square 
regression with lagged variables and Panel Regression are constructed to analyze the conflicts and choices of the preferences of caring for 
unhealth parents and the motivations of earning higher salary in labors' migrations. The empirical studyies with China Health and 
Retirement Longitudinal Study database in year 2011 and 2013 prove that the poor health of elder parents reduce the migrant rate in the 
labor market, especially for adult males. 

Keywords: the migration in Chinese labor market; the ordinary least square regression; the ordinary least square regression with lagged 
variables. 

1. Introduction 

China has one-fifth of the world’s elder population. However, the lack of health insurance and health care system in rural areas is
especially urgent and severe.Children are traditionally viewed as a method of insuring against illness, disability, live difficulty. And children 
can provide stable cash flow to old people in rural areas usually.Children must consider the responsibility of caring for their parents when 
they decide to migrate to other city. Researchers pay closer attentions to the impact of parents’ health status on the migration decisions of 
adult children increasingly,because the lack of labor force in main manufacturing cities is getting crucial in China recently. In this paper, we 
also join in this controversial topic using econometric method to analyze the migration decision of micro individual.  

The dramatic zoom of migration in China’s labor market is generally accepted since 1990s. Related researchs using the fourth and fifth 
national census data shows  that the scale of population migration is 30.53 million, 34.13 million, 36.42 million and 131.22 million during 
1982-1987, 1985-1990, 1990-1995, 995-2000 respectively [1]. The estimation using 1% sample survey of population in 1995 and 2005 
shows that the intercountry migrant population grew from 20 million to 45 million and to 79 million in 1990, 1995 and 2000. The influence 
of elder parents’ health status on adult children’s migration decision can be viewed as almost four times as much as ten years ago [2].  

The influence of elder parents’ health status on adult children’ migration decision can be viewed as a specific example of 
intergenerational support. Traditionally, there are three mainstream models including power and bargaining model [3], mutual aid/exchange 
model [4], altruism/corporate group model [5].There are many economics literatures focus on the co-residence decision through different 
perspective. Chechovich and Stern [6] find that physical care choice is related among siblings by examining the shared care-giving 
responsibility in the US. Pillemer use data from a longitudinal, within-family study to identify factors that predict which adult siblings 
assumed caregiving responsibilities to older mothers over a 7-year period [7].Wakabayashi and Horioka [8] notice the fact that eldest sons 
are more likely to co-reside with their parents in East Asia and they conduct the ordinary least square regression to examine the factors 
leading to it, finding evidence of a strategic bequest motive. There apparently exists two way of analysis when it comes to the more detailed 
problem: parents’ health status and children’s migration according to the choice of dependent variable. John Giles and Ren Wu [9] examine 
the question of how elder parent health affects children’s migration decision in China, using two different data sources and complementary 
estimation strategies, they find that the ill health of elder parents reduces the probability of adult male children participating in the migrant 
labor market. Randall S Kuhn, Bethany Everett and Rachel Silvey [10] explore the effect of children’s migration on elder parents in 
Indonesia and they find that propensity accounts for some of the positive association between migration of children and the subsequent 
health of elders, and they think their result confirm that children’s migration does not diminish elder parents health in rural areas. 

2. Assumptions and Notations

We regard adult children as a combination of totally altruistic and totally hoggish agent, which means that they consider about their
parents’ utility as altruistic group model to a certain degree but also hope to reap some benefits through care-giving to maximize their own 
utility as bargaining model or exchange model. Hence, young children may prefer to work outside the families when higher wages i s  
provided by migrant employment.  

When parents’ health is good enough, their health status will not impose restrictions on whether or where their children choose 
to find employment. When a parent is in bad health status and assistance from relatives becomes a necessity, adult children are force to 
choose between the lure of high income and obligations to support parents. The effect of parent illness on migrant employment may 
be less highlighted if the adult child has siblings who are available as care providers. When regarding the household as a utility-
maximization group, the Children’s sexuality, age, married status, education, migration status, number of (adult) siblings, and obligation 
distribution among siblings may depend on each individual’s comparative advantage. For example, children who enjoys better job offer 
will continue working outside of families while those not will go back to home village. 

The following parts includes demographic background, family information, and health status, health care and insurance, work retirement 
and pension, income expenditures and assets, housing characteristics. We mainly use the following information in three dimensions. 

Parents: sexuality, age, married status, education, residence, asset and credit; 
Household: number of parents in the household, expenditure, house asset; 
Children: sexuality, age, married status, education, migration status, number of (adult) siblings, number of juvenile children. 
In order to clearly present the regression models and data analysis in the following sections, we introduce the key definitions and 

notations of variables in the following. 

itF : The adult children’s migration decision; 

itPhealth : The health status of parents;  

itH :Household characteristics in time t ;

itI  : Individual characteristics in time t ;

iR : Region variables; 

iU :A vector of some unobserved factors;  
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itε : Statistical error;  

0 1 2 3, , ,β β β β : Coefficients of regression models. 

 
3. Evaluations and Regression Models  
 
3.1 Measures of parents’ health status 

 
We choose self-asserted health status (SAHS), activities of daily life (ADLS) and instrumental activities of daily life (IADLS) as 

indicators in our regression to avoid systematically difference of health status among different communities caused by health 
status compared with other individuals in the same community (HSC) or unawareness for lack of physical examination in some distant 
areas.  

Self-asserted health status (SAHS) has long viewed by some economists and socialists as the best indicator of one’s health status 
because it is a composite variable that consider all dimension of health status compared with other indicators. And pre-exists empirical 
literature also demonstrate that SAHS performs well as a predictor of subsequent mortality. SAHS ask interviewees to rate their absolute 
health status and classify it into five levels: excellent, very good, good, fair or poor. 

Activities of daily life (ADLS) and instrumental activities of daily life (IADLS) are used to understand difficulties people may have 
with general physical and everyday activities respectively. ADLS includes nine questions about running, walking, standing up, 
climbing, and stooping and so on. IADLS involve dressing, bathing, eating, getting into or out of bed and so on. IADLS involves dressing, 
bathing, eating, getting into or out of bed and so on. 

 
3.2 Measure of migration 
 

  Traditionally, there exists two ways of measuring migration status in China, including normally living place and current Hukou 
location. Since the main aim of our paper is to estimate the impact of parents’ health status on children’s migration decision, we need to choose 
a more flexible measurement of migration status. The normal living place is divided into seven categories according to proximity between 
respondents and their children: from this household to abroad. We define the variable “migrate” equals to 1 as long as a child lives in a 
different county and equals to 0 if not. Take some special circumstances into account, such as the acreage of some counties in 
northwest and southwest China is as large as a middle-sized city in the eastern part, we make some correction for the original 
definition. If a child lives in the same county but it is 50 farther away, we also classify him into the migrate category. 

 
3.3 The household assets and expenditure of parents 
 

   Since the target group in our study is children of interviewee, we need to transform parents’ database into household level before 
regression. There are several ways of that: average value, maximum value or minimum value. The expenditure (substitution variable for 
income) and house asset data available in the database are owned by all members in the household. We choose different methods for 
different variables according some preexist studies and common sense. The household asset is calculated as following 

( )*= −parents totalhouseasset houseasset mortgage percent                                                 (1) 

As for expenditure, however, we cannot compute the precise percentage of value that is consumed exactly by parents instead of 
other members because of inseparability. Thus, the expenditure of parents are calculated as follows 

expend expend *= parents
parents total

household

number
Asset                                                                     (2) 

 
3.3 The regression models for parents’ health status and adult children’s migration decision 
 

   We expect to find the relationship between parents’ health status and adult children’s migration decision, in other words, migration 

decision differ with the health status of parents. We can define itF  is a binary variable equal to 1 if individual i choose to migrate in time 
t and equal to 0 if not. Hence, the ordinary least square regression is defined as follows. 

 0 1 2 3it it it it i i itF Phealth H I R Uβ β β β ε= + + + + + +                                                     (3) 

Where itPhealth  is the health status of parent of individual i  in time t . itH  is household characteristics in time t . itI  is 

individual characteristics in time t . iR  is vector of region variables, controlling for village fixed effects, containing proximity to cities, 

traffic convenient degree and some other fixed factors that may also influence the cost and benefit of migration. iU  is a vector of some 

unobserved factors influencing the migration decision. itε  is the statistical error. 0 1 2 3, , ,β β β β  are the coefficients of regression 
model. 

Some household and individual characteristics, such as marital status, birth of new child may influence children’s the migration 
decision. A common method is regressing the migration decision with lagged variables in period t on parents’ health status in time 1t − . 
Other factors such as birth date, gender or education level shouldn’t change during the two years. Hence, the ordinary least square 
regression (OLS-lagged) with lagged variables is defined as follows. 

 0 1 1 2 1 3 1it it it it i i itF Phealth H I R Uβ β β β ε− − −= + + + + + +                                            (4) 
    Some unobserved factors may also influence the migration decision of adult children. Many researchers focus on the reverse 

causality, estimating the impact of children’s migration decision on parents’ health status. Although the procedures such as Ramsey test 
can judge there is omitted variable, we still cannot completely exclude missing values. The predetermined household characteristics cannot 
solve these problems. As many pre-existed literatures, we use panel data regression to reduce omitted variable bias, which are assumed 
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to be constant during this period. But if the interval of survey is only two years, this assumption seems to be not inacceptable. So 
we are forced to give up using lagged variables in the panel regression as following  

0 1 2 3β β β β ε= + + + +it it it it itF Phealth H I                                                (5) 
 

4. Empirical Studies 
 
 4.1 Data Descriptions and Screenings   
 

The data set used in this paper is the China Health and Retirement Longitudinal Study (CHARLS) in the year 2011 and 2013, a 
research project supported by National Natural Science Foundation (NSF) of China. The CHARLS is a nationally representative sample of 
Chinese residents ages 45 and older. Shown in Tab.1,the baseline national wave of CHARLS is being fielded in 2011 and includes about 
10,000 households and 17,500 individuals in 150 counties/districts and 450 villages/resident committees, following a multistage, 
random cluster sampling design, and the individuals will be investigated every two years. The survey was designed to contain detailed 
information on the household and individual economic, social and health status, which are useful in our analysis. Basic information such as 
age, sexuality, education, marital status, income, family, is also collected about the children of the sampled person, including those that 
now live in and outside of the elder parent’s home. 

 
Table.1 OLS Regression 

Data base Number of observations Number of variables 

Demographic background 18,605 145 

Family information 10,803 1,185 

Family transfer 10,708 596 

Health care e and insurance 18,433 545 

Health status and functioning 18,455 1,219 

Individual income 18,387 135 

Household income 10,624 1,567 

Work retirement and pension 18,385 719 

Household characteristics 10,620 36 

 

Table.2 shows the data screening procedure before empirical study in our paper. We choose the data in year 2013 as our basic database 
and the raw data contains 10624 and 31348 on the household and children level. Since the target group of our research is self-sufficient 
adult children, we first drop all the observations aging less than 18 or those who are still in school. In the next step, we drop those 
observations without migration information. Finally, we drop the observations without age information because age is a key 
variable in the following procedures. 

 
Table.2 OLS-lagged Regression 

Treatments Household Children Note 

Raw data 10624 31348 Sibling number 

Not adult 10072 27791 Adult sibling number 

Migration missing 9825 26544  

Age missing 9688 25239 Descriptive statistics and 
Regression 

Panel data 5868 15620 Panel regresion 

 
4.2 The Results of OLS Regression and OLS-lagged Regression 
 

   We first estimate the ordinary least square regression (OLS) and the ordinary least square regression with lagged variables (OLS-
lagged) shown in Tab.3 and Tab.4. Columns 1, 2 and 3 represent different measurements of health status including SAHS, ADLS, IADLS 
respectively. When interference factors at community level are excluded, we observe a negative relationship between parent health status and 
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the probability that adult children migrate. The coefficient of “Health bad” is -0.003, -0.014 and -0.048 when SAHS, ADLS and IADLS are 
the indicators of parent health status separately. And the coefficient becomes increasingly significant from left to right in Tab.3. This 
feature is not difficult to understand: SAHS is more subjective compared with the other two measurements and susceptible to some 
other factors such as life satisfaction.             

              
Table.3 OLS Regression 

VARIABLES SAHS ADLS IADLS 

Health Status    

Health bad -0.003 
(0.006) 

-0.014** 
(0.006) 

-0.048*** 
(0.008) 

Health bad missing -0.072 
(0.058) 

-0.019 
(0.059) 

-0.165* 
(0.091) 

Parents' Characteristics    

Ave age -0.001** 
(0.001) 

-0.001 
(0.001) 

-0.000 
(0.001) 

Agri Hukou 0.026** 
(0.013） 

0.027** 
(0.013) 

0.028** 
(0.013) 

Single -0.014 
(0.013) 

-0.013 
(0.013) 

-0.010 
(0.013) 

Single*female -0.016 
(0.014) 

-0.014 
(0.014) 

-0.008 
(0.014) 

Die since 2011 0.042* 
(0.024) 

0.043* 
(0.024) 

0.042* 
(0.024) 

Die since 2011*die 
male 

-0.047* 
(0.028) 

-0.049* 
(0.028) 

-0.049* 
(0.028) 

Edu middle 0.003 
(0.007) 

0.002 
(0.007) 

-0.000 
(0.007) 

Edu high -0.022 
(0.021) 

-0.023 
(0.021) 

-0.025 
(0.021) 

Expend total 0.000*** 
(0.000) 

0.000*** 
(0.000) 

0.000*** 
(0.000) 

Children's 
Characteristics    

Siblings 0.003 
(0.011) 

0.003 
(0.011) 

0.005 
(0.011) 

Adult siblings 0.007 
(0.011) 

0.007 
(0.011) 

0.007 
(0.011) 

Age -0.002*** 
(0.001) 

-0.002*** 
(0.001) 

-0.002*** 
(0.001) 

Female 0.040*** 
(0.005) 

0.040*** 
(0.005) 

0.040*** 
(0.005) 

Edu middle 0.067*** 
(0.006) 

0.066*** 
(0.006) 

0.064*** 
(0.006) 
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Edu high 0.280*** 
(0.011) 

0.279*** 
(0.011) 

0.278*** 
(0.011) 

Edu Missing 0.072* 
(0.039) 

0.072* 
(0.039) 

0.072* 
(0.039) 

Married -0.004 
(0.011) 

-0.004 
(0.011) 

-0.004 
(0.011) 

Have children -0.043*** 
(0.013) 

-0.043*** 
(0.013) 

-0.044*** 
(0.013) 

Have children<16 0.013* 
(0.008) 

0.013* 
(0.008) 

0.012 
(0.008) 

Constant 0.201*** 
(0.062) 

0.190*** 
(0.062) 

0.175*** 
(0.062) 

Community Fixed 
Effects    

Observations 25,235 25,235 25,235 

R-squared 0.157 0.157 0.158 

 
Parents may have a sense of dolefulness because of children’s migration and underestimate their health status. These situations 

just object to our expectation. This kind of effect is even more significant when applying OLS-lagged method that we can see a 
positive relationship between SAHS and children’s migration decision. Conversely, IADLS just reflect the long term care demand of 
elder parents and show stronger explanatory power on children’s migration behavior. 

 
Table.4 OLS-lagged Regression 

VARIABLES SAHS ADLS IADLS 

Health Status    

Health bad -0.005 
(0.007) 

-0.079*** 
(0.010) 

-0.028** 
(0.013) 

Parents' Characteristics    

Ave age -0.001 
(0.001) 

-0.002 
(0.001) 

-0.003* 
(0.001) 

Single 0.009 
(0.024) 

-0.001 
(0.024) 

-0.008 
(0.030) 

Single*female -0.006 
(0.026) 

-0.002 
(0.026) 

-0.007 
(0.031) 

Edu middle 0.038*** 
(0.014) 

0.054*** 
(0.016) 

0.097*** 
(0.022) 

Edu high 0.072 
(0.044) 

0.102** 
(0.051) 

0.143** 
(0.068) 

Children's Characteristics   

Sibling 0.074*** 
(0.024) 

0.061** 
(0.026) 

0.066** 
(0.032) 

Adult sibling -0.065*** 
(0.024) 

-0.055** 
(0.026) 

-0.063* 
(0.032) 

Age -0.006*** 
(0.001) 

-0.006*** 
(0.001) 

-0.007*** 
(0.001) 
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Female 0.017 
(0.012) 

0.025** 
(0.013) 

0.036** 
(0.016) 

Edu middle 0.033** 
(0.013) 

0.043*** 
(0.014) 

0.058*** 
(0.017) 

Edu high 0.207*** 
(0.022) 

0.207*** 
(0.024) 

0.297*** 
(0.031) 

Married -0.104*** 
(0.017) 

-0.110*** 
(0.018) 

-0.125*** 
(0.023) 

Constant 0.401*** 
(0.050) 

0.504*** 
(0.053) 

0.609*** 
(0.067) 

Observations 11,092 10,216 8,073 

R-squared 0.043 0.062 0.076 

 
4.2.1 Sensitivity analysis of Parents’ Characteristics  
 

Sensitivities analysis on the control variables can show us more interesting results as following. 
As for parents’ health status, the coefficient of parents’ average age is negative in both two models but it is only significant in the first 

model when using SAHS as an indicator of health status, which may due to the correlation between age and the ability in activities of daily 
living.  

When elder parent is single, the probability of adult children’s migration decrease especially the single parent is a female. However, 
this relationship is not statistically significant.  

The coefficient of “die since 2011” is significant positive but is just on the opposite in the first model. Elder parents’ health status is 
supposed to be poor health before they die and children, consequently, serve as health care provider in the household. When their parent is 
death with poor health, the constraint of migrations is loosening. And the probability of migrations of the children is increasing. However, 
it is a complete different story when a male parent die because a single female is traditionally assumed to be too delicate or weak to protect 
herself, causing children choose to live with her. This prediction is verified by the negative coefficient of interaction term. 

 
4.2.2 Sensitivity analysis of Children’s Characteristics  
 

It is also interesting to note that the effect of adult siblings on migration is positive in Tab.3 and negative in Tab.4. But it is always 
not significant, against our primary conceptual framework. Presence of siblings may indeed be related to an endogenous decision to 
maintain a larger, more diversified household. Sibling may be more likely to reside in the household when both the individual and the 
sibling are young. In this case, a sibling working outside may be a source of information about migrant opportunities and lead to positive 
association between sibling presence and migration.  

Another notable point is learnt from the coefficient of “female”. Contrary to most people’s first impression, parents’ health 
status has more negative impact on male adult children than female adult children. Women are usually primary care providers in rural 
China because their carefulness and meticulousness. This can be interpreted through the following reasons. Firstly, 
caring for the spouse’s parents is a woman’s responsibilities after her marriage. Thus a more logical regression should be conducted on 
one’s daughter-in-law, but we are unable to push this study due to the limitation of database. The subsequent research might be developed 
after the publicity of life history survey. Secondly, women, in a general case, have lower migration rate. A common situation in China, 
especially those distant rural areas, is that men go out to make a living while women stay at home to do some housework. With a limited 
sample, the regression may not be a proper reflection to the real situation. 

The rest of results are easy to understand, children’ migration possibility increases monotonously as the increase of their education level 
for higher potential working and income opportunity. Elder children tend to live in the hometown, coinciding with the idea with preexist 
literature that elder children take on more responsibilities on parents’ health care. 

 
4.3 The Result of Panel Regression  
 

We use firstly panel regression to estimate the impact of parent health status’s change on children’s migration status change 
shown in Tab.5.The variable “health change” equals to 1 when parent health status goes worse in 2013 compared with 2011 and equals 
to -1 when there are changes in the opposite  direction. According to the main aim, we limit our sample to those observations where 
either health conditions (at least in one of the three dimensions) or migration status change and for each regression using SAHS, ADLS or 
IADLS as the indicator of health conditions. 

From the regression results we can clearly see that parents’ health getting worse in any dimension will decrease the probability of 
children’s migration. And the coefficient of health change is statistically significant when using ALDS or IADLS. Higher education 
level of parents themselves will hedge against this change maybe for their ability to care themselves and turn to medical institutions. 

The presence of other siblings in the family has a positive impaction o n  c h i l d r e n ’ s  migration d e c i s i o n .  B ut the impaction of 
adult siblings is negative. Main reason might be similar with preceding explanation in cross section data analysis: an endogenous decision 
to maintain a larger, more diversified household. Change of parents’ health status exert more influence on elder children than younger 
ones but less influence on those with higher education level, which also verify the previous findings. 

 
Table.5 Panel Regression 

VARIABLES SAHS ADLS IADLS 

Health Status    
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Health bad 0.011* 
(0.006) 

-0.010 
(0.009) 

-0.046*** 
(0.011) 

Health bad missing -0.111 
(0.118)   

Parents' Characteristics    

Ave age -0.001 
(0.001) 

-0.000 
(0.001) 

-0.000 
(0.001) 

Agri Hukou 0.016 
(0.014） 

0.018 
(0.014） 

0.018 
(0.014） 

Single -0.012 
(0.014) 

-0.010 
(0.014) 

-0.007 
(0.014) 

Single*female -0.025 
(0.015) 

-0.023 
(0.015) 

-0.020 
(0.015) 

Die since 2011 0.036 
(0.026) 

0.035 
(0.026) 

0.033 
(0.026) 

Die since 2011*die male -0.033 
(0.030) 

-0.032 
(0.030) 

-0.032 
(0.030) 

Edu middle 0.003 
(0.007) 

0.002 
(0.007) 

0.002 
(0.007) 

Edu high -0.026 
(0.023) 

-0.027 
(0.023) 

-0.026 
(0.023) 

Expend total 0.000*** 
(0.000) 

0.000*** 
(0.000) 

0.000*** 
(0.000) 

House asset -0.000** 
(0.000) 

-0.000** 
(0.000) 

-0.000** 
(0.000) 

Children's Characteristics    

Siblings 0.010 
(0.012) 

0.010 
(0.012) 

0.010 
(0.012) 

Adult siblings -0.003 
(0.012) 

-0.003 
(0.012) 

-0.004 
(0.012) 

Age -0.003*** 
(0.001) 

-0.003*** 
(0.001) 

-0.003*** 
(0.001) 

Female 0.040*** 
(0.006) 

0.040*** 
(0.006) 

0.040*** 
(0.006) 

Edu middle 0.065*** 
(0.007) 

0.065*** 
(0.007) 

0.064*** 
(0.007) 

Edu high 0.287*** 
(0.011) 

0.286*** 
(0.011) 

0.285*** 
(0.011) 

Edu Missing 0.086** 
(0.042) 

0.086** 
(0.042) 

0.090** 
(0.042) 

Married -0.016 
(0.012) 

-0.016 
(0.012) 

-0.017 
(0.012) 

Have children -0.029** 
(0.014) 

-0.029** 
(0.014) 

-0.029** 
(0.014) 

Have children<16 0.010 
(0.008) 

0.009 
(0.008) 

0.009 
(0.008) 
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Constant 0.234*** 
(0.074) 

0.226*** 
(0.074) 

0.210*** 
(0.074) 

Community Fixed Effects    

Observations 22,238 22,238 22,238 

R-squared 0.164 0.164 0.164 
 
5. Conclusions  
 

Applying the OLS,OLS-Lagged ,  Panel  r egress ion  to s tudy CHARLS database in year 2011 and 2013, we find that the 
poor health of elderly parents do reduce the probability of adult children’s migration in Chinese labor market, especially for adult males. As a 
result, these findings add new evidences to the long debates on how well traditional support mechanisms inside family are functioning 
confronted with developing modernization. The labor market opportunities in migrant labor market become more and more fascinating 
for adult children. But the opportunity cost of traditional family support is increasing gradually these years. And adult children have 
to continue to respond to tradition responsibilities due to the imperfection of welfare or other commercial nursing and health care 
institution and lacking of humanistic care or some other reasons. In addition, change in lifestyle, family structure or living arrangements do 
not necessary indicate a ignorance in traditional family values and morality such as filial piety as some socialists suggested. And further 
research is needed to seek for proper IV and lucubrate to what an extent the introduction of modern safety network take the place of 
traditional health care inside family. 
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Abstract: With the growth of wireless sensor networks and vehicle networks, wireless ad hoc networks have become a potent 
complementary for content dissemination. Content centric networking (CCN) has been demonstrated as a promising fundamental driver for 
ad hoc networks to enhance the content dissemination. In the content centric ad hoc networks, the wireless nodes have capability limits, such 
as, limited power, constrained storage, and etc. In this paper, the topology potential based probability caching strategy is proposed. It 
combines the node topology potential and the corresponding battery power together to determine the caching probability of each wireless 
node. The simulation results show that, in the aspects of average hop count, cache hit ratio, and time delay, the proposed caching strategy 
outperforms traditional ones when some nodes are out of operation resulting from the battery power running out. 
 
Keywords: Content Centric Networking; ad hoc networks; topology potential; caching 
 
1. Introduction 
 

With the rapid development of the Internet, people tend to focus on the content of the data, and content services (text, video on demand) 
have become the main service in the Internet. In this context, people do not care where the data is provided, they are concerned with the 
speed, quality and safety when the contents are transmitted. However, the current host centric network architecture, e.g., TCP/IP networks, 
cannot adapt to the development of the application requirements. Recently, information centric network (ICN) has been proposed to solve 
the problems caused by host to host communication [1]. One of the most approval of ICN is the content centric networking (CCN). The 
main features of CCN are including named data, in-network cache, named-based routing. 

Since wireless ad hoc networks will be the promising architecture for wireless sensor networks and vehicle networks, the research on 
the wireless networks in CCN has become essential. The limitation of battery power is one of the major problems in wireless ad hoc 
networks, the caching and retrieving process of data may cost some power, and more data that a node caches, more power will be needed. It 
would be obviously inconvenient if a node with a great amount of data is suddenly out of power, and all the data it has been cached turns 
into nothing. And in this case, consumers have to go all the way up to the source server to get the corresponding data which has already been 
cached in the previous node, and that results in greater time delay. 

In this paper, battery power is taken into consideration when deciding the probability of caching in each wireless node. When two 
nodes are of the same importance, the node with relatively low battery power should contain relatively less information compared to the 
other node. Then the node topology potential and its corresponding battery power are combined together to determine the cache probability 
of each node. 

The main contribution of this paper is as follows: 
1) propose a probability based caching strategy jointly considering the node topology potential and battery power;  
2) evaluate the performances of the proposed strategy and compare with the traditional caching strategies. 
The rest of the paper is organized as follows. Section II introduces the background and relative works. Section III shows the content 

centric ad hoc network model. Section IV gives the proposed strategy. Section V validates the proposed strategy has better performances 
compared to traditional strategies. Section VI concludes this paper. 

 
2.  Backgroud and relative works 
 
2.1 CCN Architecture 
 

Content-Centric Network appears as a new architecture in network, which is focused on the data distribution and retrieval, rather than 
the communication between hosts. The sharp growing number of data and the incompatibility between networks have caused a lot of issues, 
such as: availability and security. The appearance of CCN is trying to solve these problems. There are two basic characteristics of CCN: one 
is that the communication is initiated by the consumer (i.e. the requester), the other is that each node has the cache functionality. The 
communication in the network is driven by the transmitted data through terminals.  

In the CCN, the routing address is no longer used as an entity, but treats the content as the most basic entities, and also the data itself is 
directly named. The data content is a series of content blocks, each block has a unique domain name prefix, and each piece of content is 
requested by an interest packet of the same block level. Positioning, routing and transmission in CCN are based on the unified prefix of the 
content, and thus the scalability, security and performance can be achieved simultaneously [2, 3]. CCN only focuses on the content object 
and the requester's interest, the content forwarding mechanism is cache storage and forwarding, which realizes the highly efficient and 
reliable transparent distribution, and improve the utilization rate of the cyber source [4]. 

CCN has two kinds of packets: interest and data. To obtain a specific content, the requester issues an interest packet with a specific 
name, interest packet would continue to be forwarded in the network until a corresponding cache in the intermediate nodes or data server 
respond to it. Then the data packet will trace back to the requester. 

 
2. 2 Catch in CCN 
 

Since the request and transmission of each data packet is relatively independent, routers can store the data into CS in case of further use. 
The CS in CCN routers is much alike the buffer in IP routers, which are both used to cache the data packet. The only difference is that CCN 
routers can reuse the specific data after it has been forwarded, since the data can be recognized by the only name in CCN. For static files, 
CCN can nearly reach the best content distribution; for dynamic files, in the case of multicast and retransmission, the functionality in CCN 
has its own advantage. Thus, caching and cache replacement is one of the issues to be studied. 

Leave Copy Everywhere (LCE) is the standard caching strategy in CCN [1]. In this method, caching every content in every cache-
enabled device along the delivery route, inherently causes huge caching redundancy. For releasing the caching redundancy, two cooperative 
caching strategies, Leave Copy Down (LCD) and Move Copy Down (MCD), have been proposed [5]. LCD is an implicit cooperative 
caching strategy, the data will duplicate for only once through the path on each requested interest. MCD is another implicit cooperative 
caching strategy; the difference from LCD is that the data is not copy, but move down to another node. 
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Considering the network topology, the caching node selection can be decided by degree centrality [6] and betweenness centrality [7]. If 
a node has higher degree or betweenness centrality, it probably represents the more delivery paths passing through it than other nodes. [6] 
shows that a caching strategy according to degree centrality could achieve good network performance. In [7], a caching strategy exploiting 
the betweenness centrality is proposed to improve the caching gain. 

Another cache strategy is probability based caching which sets a cache possibility for each router [8]. If the probability is p, then the 
router will cache the content which goes through it under the possibility of Prob(p), and forwarding the content at the rate of 1-p. When the 
same data is requested for the nth time in a specific router, the probability of the router has the request content of the corresponding copy is 
1 (1 )np− − . It can be seen that, probability caching can effectively promote the cache space to be occupied by high frequency requested 
data, so as to improve the efficiency of cache. 

Some studies introduce CCN into ad hoc networks to help data dissemination recently [9-11]. Content centric ad hoc networks can take 
advantage of CCN, e.g. content caching, to improve the content distribution efficiency in ad hoc networks. Furthermore, the features of ad 
hoc can be leveraged to enhance the efficiency of CCN, such as broadcast nature of radio channel [12]. The wireless ad hoc networks are 
made up of user nodes and these user nodes act as routers as well to achieve multi-hop communication between nodes. However, the 
caching strategies mentioned above are all designed for wired networks where user nodes are located at the edge of the network and are less 
effective when immigrated into ad hoc networks. The authors in [13] propose a broadcasting based neighborhood cooperative caching 
strategy.  In ad hoc networks, the power limitation of wireless nodes, such as sensors and vehicles, will be an important factor should be 
considered when making cache choices. This motive us to design a caching strategy for content centric ad hoc networks considering the 
battery power limitation. 

 
3. Content-Centric Ad hoc network model 
 

In the CCN model, the entire network is consisted of two kinds of components: consumers and producers. The consumers are the nodes 
that can request for a certain data. The producers are the ones that contain the data, which can be considered as the data servers. Both the 
consumers and producers are equipped with cache for data storing. 
Figure 1 shows the forwarding engine of CCN [18]. It has three core structures: Forwarding Information Base (FIB), Pending Interest Table 
(PIT), and Content Store (CS). 

 

Figure. 1  CCN forwarding engine 
FIB is used to forward the interest packet toward nodes which may have the potential corresponding data. It is almost identical to a FIB 

in IP network, except it allows for a list of outgoing faces rather than a single one. And that implies CCN allows multiple data to be 
requested at the same time.  

PIT is responsible for recording the route of the packets, so that data packet can go back to its original requester by looking into PIT.  
CS is a buffer memory, where the cached data is stored. It should keep the data as long as possible in order to minimize the time delay. 
To receive data, the requester sends the interest packet carried with the requested data. Routers record the interface of interest packet, 

and by looking into FIB to forward the interest packet. This process is common in the named routing protocol. When it gets a hit in a node, a 
data packet contains the data name and data content is returned to the sender as a response, and the tag of the sender is in the data packet. 

In terms of the caching replacement, the typical least recently used (LRU) strategy is used. It is assumed that, the capacity of cache 
storage of the router is defined as a number of slots and content in the router are placed in the slots as a sequence. If the requested data is not 
in cache, it would be put in to the first place in the slots, thus all the other data are pushed down for one position. And when the cache is full, 
the data in the last place would be discarded. For the other, if the requested data is already in the cache, it would be brought to the top of the 
sequence, and all the data that are ahead of it would be pushed down for one position. 

The wireless ad hoc network is considered to be consisted of n wireless nodes, including a provider, and some consumers. All the 
wireless nodes are interconnected through a multi-hop topology. The topology is generated randomly, and the shortest path is chosen as the 
best route. 

In the ad hoc network, wireless node i has an original power before any data has been cached, and has its own specific charge and 
discharge current iI  , as well as charge and discharge efficiency factor iη  . 

 
4. Proposed caching strategy 
 

In this paper, the battery power is taken into consideration when deciding the probability of caching in each wireless node. So the 
battery power state of each node need been obtained firstly. Then the topology potential for each node is calculated, and the cache 
probability is determined finally.  

 
4.1 Battery power state 
 

State of charge (SOC) is used to represent the fraction of the remaining power of the battery to its fully charged capacity, often 
represents in percentage [15]. The range value of SOC is [0, 1]. When SOC=0, it means that the battery is out of charge, while SOC=1, 
means the battery is fully charged. 
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Ampere hour integral and temperature compensation is used to calculate the remaining power. The SOC of the node i is calculated as, 

0 0

1 t

i i i
n

SOC SOC K I d
C

τ= − ∫                                                                          (1) 

where SOC0 is the initial power of the node i, and Ii is the discharge current. iK  is a constant related to temperature compensation 

factor tK  and charge and discharge efficiency factor iη , that is, 

i t iK K η= × .                                                                                     (2) 
The commonly used temperature compensation formula is, 

( )1 0.008t aK T T= + −                                             (3) 

where aT  is the standard temperature (20 °C), and T is the temperature that the wireless ad hoc networks is working in. 
In the design of the caching strategy, when some wireless nodes are of the same importance in the network topology, the nodes with 

relatively low battery power should contain relatively less content compared to the other wireless nodes. 
Topology potential 
The concept of node topology potential is based on the field theory in physics data. The network is considered as a physical system 

which contains n nodes and the interaction between them. Each node in the field is affected by the joint influence of other nodes. According 
to the modularity and other properties in the real network, the interaction is supposed to be regional; the influence of each node will 
gradually decrease with the increase in distance. 

First, the definition of topology potential is given in a graph. For a graph ( ),G V E= , where { }1 2, , , nV v v v=   is a nonempty finite 

set of nodes, and E V V⊆ ×  is a set of nodes or edges of the pair, then the topology potential of the ith node can be represented as, 
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where ijd  is the distance between the node i and node j, influence factor σ is used to control the effect range of each node, and jm  
is a description of the intrinsic characteristic. 

The topology potential describes how a node affected the networks. In the original method, jm can be any intrinsic characteristic of the 

node. Since considering the remaining battery power of each node, j jm SOC=  is set, when deciding the importance of each node in the 
network. Then the topology potential of wireless node in the ad hoc network is redefined as follows, 
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∑                                           (5) 

where ijd  is the hops between the node i and node j in ad hoc network. Thus, the remaining battery power and the influence of 
wireless node are combined together, which is more comprehensive when determine the importance of nodes. 

 
4.2  Cache probability 
 

The topology potential of each node can be got in Eq. (5), and a node with the maximum potential will be selected, denoted as 
ˆ arg max ii ϕ=  and ˆmax iϕ ϕ= . Thus, the cache probability of each node can be calculated by 

max

i
ip

ϕ
ϕ

= ,                            (6) 

from which, obviously, when maxiϕ ϕ= , 1ip = , in this case, the node ˆ arg max ii ϕ= will cache all the contents that go through 
it. 

 
4.3 Process of the proposed strategy 
 

Figure 2 shows the process of the proposed topology potential based probability caching strategy. 
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Figure.2  Flow chart for the proposed caching strategy 

The proposed strategy needs a cache management controller to collect the control information, such as, the topology potential values of 
all the nodes, the maximum potential value, and the caching decision for each node. The preliminary studies have discussed the cache 
management of CCN based on software defined networking SDN [15-16]. SDN, which decouples the control plane and data plane, can 
satisfy this requirement. Typically, in the control plane, a controller is responsible for collecting network information and making caching 
decisions which will be configured at routers. In the data plane, routers will forward packets according to the flow tables configured by the 
controller. 

 
5. Simulation results 
 

In the simulation, ndnSIM platform [17] is used. The ndnSIM is a CCN simulator built on the basis of CCN. The ad hoc network 
simulates 20 wireless nodes which are powered by battery. In this paper, the working environment of ad hoc networks is set as T =30 °C, 
and thus tK  is 0.92. Different wireless node has different charge and discharge efficiency factor, which follows the [0, 1] uniform 
distribution. Under such assumption, all the wireless nodes have varying battery power state with the times of the simulation. The simulation 
parameters are summarized in Table II. 

In the simulation, the proposed strategy is compared, named as Topo-Based ProbCache, with LCE [1] and Prob(p) [8]. In the Prob(p), 
set p=0.5. 

 
Table 1 Simulation Parameters 

Parameter Value 
Bandwidth 10 Mbps 

Delay of each hop 10 ms 
Number of contents 1000 

Content size 10 Mbytes 
Request arrival rate 5 HZ 

Number of requests for each requester 3000 
 
In the simulation, the following performance metrics are evaluated: cache hit ratio, average hop count, and time delay. 

 Cache hit ratio 
The cache hit means there is a response on the content store in the router, the cache hit ratio is calculated as a ratio of the count of total 

cache hits in relation to the number of overall cached packets. Higher cache hit ratio can effectively reduce the time delay of the service and 
load of the server, and shows the cache strategy is more effective. The expression is as, 

 
  

  

hit packets
all cached packetsr

number of nodes
=
∑

                          (7) 

 Average hop count 
The average hop count can reflect the performance of a caching strategy. The average hops is defined as the average distance from the 

requester to where the content lies, given by 
    

  avg

hop counts for each node
h

number of nodes
= ∑                                          (8) 

A shorter distance means getting data more efficiently. 
 Time delay 

Time delay measures the time that the data transmission costs. The expression is shown in Eq. (9). Obviously, less time delay refers to 
a better performance. 

delay receive requestt t t= −                                                            (9) 
First, evaluate the network performance in the condition that all the nodes are in the operation state. Figure 3-Figure 5 show how the 

performances change according to the varying of the storage capacity of the cache.  
Figure 3 presents the performance comparison of the cache hit ratio according to the cache storage capacity. LCE shows the lowest 

cache hit ratio due to its popularity-blind and aggressive caching. Prob(0.5) has a better performance than LCE. Topo-Based ProbCache has 
the maximum cache hit ratio. 

Figure 4 is the performance of the average hop count. When the cache storage capacity is small, Topo-Based ProbCache reaches the 
lowest average hop count than the other schemes, which will result in faster content retrieval. When the storage capacity becomes large 
enough, LCE has the minimum average hop count, since there 

Step 2: Calculate the remaining power for each node 

Step 3: Calculate the topology potential for each node 

Step 4: Calculate the cache probability for each node 

Step1: Network topology and SOC information collection 
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Figure 3  Cache hit ratio versurs cache storage capacity   Figure  4  Average hop count versurs cache storage capacity 
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Figure  5 Time delay versurs cache storage capacity         Figure 6 Cache hit ratio versurs simulation time 
will be less data to be replaced when the cache storage capacity is large enough. From Figure 5 it can be seen that, at the beginning, 

LCE has the maximum time delay for data retrieval, and Topo-Based ProbCache has the minimum time delay, so it does improve the time 
delay performance when the storage capacity of the cache node is small. When the storage capacity of the cache node gets larger, the full 
cache in LCE shows its advantage. 

The simulation results above show that the proposed strategy does not outperform the other two strategies in terms of all the 
performance metrics. It should be noted that, the simulation assumption in Figure 3-Figure 5 is that, all the nodes are in the working state, 
i.e., all the nodes are not run out of power. This is the reason that the proposed strategy only outperforms the other two strategies in term of 
the content hit ratio, since the proposed strategy takes the network topology into account when decides the caching nodes of the contents. 

Then, the network performances are evaluated in the condition that the wireless nodes may run out battery power. According to the 
network topology generated in the simulation, the node 3, node 8, and node 14 are out of power at the time 4s, 10s, 16s accordingly. When 
these nodes are power off the nodes are physically "dead", that is, the contents stored in these nodes are useless, and the links associated 
with them are unreachable. 

Figure 6-Figure 8 show how the performances change according to the varying of simulation times. From the simulation results it can 
be seen that the proposed strategy has the best performance among these three caching strategies. This is because the design of the Topo-
Based ProbCache considers the remaining power of nodes when deciding the caching nodes, as a results, the proposed strategy suffers least 
from the sudden out of battery power of the wireless nodes. The Prob (p) only has a random probability without considering the limitation of 
wireless node and the topology of the network. The LCE leaves any content in the route path, which makes the cache  
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Figure 7  Average hop count versurs simulation time              Figure 8  Time delay versurs simulation time 
nodes has a high content replacement rate resulting the poorest performances in terms of cache hit ratio, average hop count, and time 

delay. 
 

6. Conclusion 
 

CCN is a content centric networking architecture, which fundamentally changes the packet encapsulation structure and addressing 
mode. In-network caching technology is one of the key technologies of CCN. In the content centric ad hoc networks, the wireless nodes 
have capability limits, such as, limited power, constrained storage, and etc. In this paper, the Topo-based ProbCache strategy has been 
proposed. It combines the topology potential and the battery power state of wireless nodes together to determine the caching probability of 
each node in the ad hoc networks. The simulation results show that, the proposed strategy has better network performances in terms of 
average hop count, ache hit ratio, and time delay. 
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Research on Coordination Model of Sea-Railway Transportation Based on Stackelberg Game 
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Abstract: This paper investigates the issue of channel coordination for a two-stage supply chain with one retailer (railway freight 
forwarding) and one manufacturer (port freight forwarding) based on Stackelberg game. The demand of sea-rail intermodal transport is 
influenced by the retailer's sales effort. We found that using the wholesale price contract alone cannot coordinate the sea-rail intermodal 
transport service supply chain well. Joining the wholesale price contract with the sales effort cost sharing model remains ineffective in 
managing the two-stage supply chain. To effectively coordinate the channel members, we were joining the wholesale price contract with the 
sales effort cost sharing and the revenue sharing contract. We identify the optimal level of retail sales effort, optimal level of revenue 
sharing and optimal supply chain profit. And the enterprises in sea-rail intermodal transport service supply chain can achieve the purposes of 
market development. 
 
Keywords: sea-rail intermodal transport; stackelberg game; revenue sharing contract; supply chain coordination. 
 
1. Introduction 

 
Sea-railway transportation is an advanced integrated transport mode where the imported or exported goods are transported by railway 

to coastal seaport and directly shipped by a vessel or such goods were delivered by ship to the seaport from where goods are transported by 
railway merely requiring “declaration for once, inspection for once and release for once” to complete the entire transportation process [1]. 
Port container throughput sea-railway transportation accounted 50% in the United States, 40% in France, 30% in England and about 35% in 
India [2]. However, the number in China merely accounted for about 1.5% of the national port throughput, despite of obvious strength. Sea-
railway transportation in China is less developed. Taking Dalian as an example, Dalian Port ranked first in the national sea-railway 
transportation by 349,000 TEU in 2015, but only accounted for 3.75% of the total container handling capacity of 9,301,000 TEU. 

In June 2016, the National Development and Reform Commission proposed in the Plan of Creating a Favorable Market Environment to 
Promote the Integration of Transport Logistics Development, that after railway reform, railway should build up strategic cooperation with 
ports, freight forwarder and other logistics entities, or even joint venture enterprises of specific operation, building a benefit community, i.e. 
operational union-based entity by vertical integration of sea-railway transportation. Subsequently, the management of the vertical 
relationship between the main members of the supply chain of sea-railway transportation should be done. Research results on vertical 
cooperation mainly concentrate on supply chain coordination [3], Vendor Managed Inventory (VMI) and Joint Managed Inventory (JMI) [4]. 
The links in sea-railway transportation reflect the vertical relationship between upstream and downstream. In this paper, supply chain 
management ideas are applied to the business of sea-railway transportation, but similar as the supply chain of product, there is also the 
problem of supply chain coordination in the sea-railway transportation service supply chain whose core product is pure service. 

 
2.Supply Chain Coordination Contract Mechanism of Sea-railway Transportation Service 
 

Supply Chain Coordination (SCM) refers to the attribute of whether the individual optimal purchase quantity is the same as the 
purchase quantity of the entire supply chain when the profit is maximized when a supply chain member makes a decision on purchase 
quantity in specific contract condition. When the expected profit of the supply chain is equal to expected profit of the integrated supply 
chain, we say that the decentralized supply chains are in coordination. 

Many research results were made on contract coordination but little contract coordination is applied to logistics transportation. Sun 
Xijing (2013) brought the idea of coordination into the operation of container logistics chain by proposing main coordination relationship 
and strategies [5]. In the research of many scholars on transportation coordination game, they focus more on the coordination of horizontal 
relations, few involving the research on the coordination of vertical relation game. As sea-railway transportation service supply chain is a 
vertical integrated relationship, we need to learn from the contract coordination of product supply chain coordination to achieve the 
coordination of sea-railway transportation service supply chain. 

Most traditional product supply chains are based on the pure price mechanism, but the pure price mechanism usually cannot coordinate 
the supply chain due to the double marginal effect while the supply chain contract coordination is still an important tool for supply chain 
coordination. To gain real coordination, other coordination contracts have to be introduced. Cachon and Lariviere (2005) argue that a 
revenue-sharing contract is popular because it can be used in the supply chain alone or in combination with repurchase agreements [6]. Yao et 
al (2008) show that revenue-sharing contracts can boost supply chain performance more than pure-price mechanisms [7]. Zhao et al (2007) 
probed into Stackelberg master-slave game of a revenue-sharing contract in the supply chain combined by one vendor and one retailer and 
they conclude that if the profit distribution ratio is determined in advance, the party occupying larger share as the Stackelberg leader will 
maximize the overall profit of the supply chain [8]. Railway transportation system, service price and service quality are the main factors 
hindering development of home container sea-railway transportation. The price adjustment mechanism of railway transportation is not 
flexible compared with highway and waterway, which make railway transportation lacking low-cost transportation [9]. Hence, in this paper, a 
sea-railway transportation service supply chain is constructed with the port freight forwarder as principal and railway freight forwarder as 
subordinate for Stackelberg game by introducing the revenue-sharing contract coordination mechanism in order to explore an effective 
operational mode of sea-railway transportation service supply chain. 

 
3. Model Building 
 

Position difference of sea-railway transportation in supply subject market determines organizational form and system stability. Practice 
indicates that vertical integration strategic alliance is conductive to the win-win cooperation of supply subjects. It is therefore suggested to 
play the role as operating subject of sea-railway transportation and set up an economic community with railway departments and shipping 
companies with the carrier of ports by intensified cooperation. Due to historical causes, railway departments are lack of effective agency 
system and freight forwarding companies, causing supply contracting to be a weak link. They can combine with ports, the center for goods 
gathering and distributing center and information amassing, to effectively link up goods and railway transport and realize resource sharing. 

This paper thereby developed a two-level supply chain composed by single port freight forwarding and single railway freight 
forwarding. If both are risk-neutral with information symmetry and make decisions according to the principle of maximizing expected profit, 
then port freight forwarding can be the dominant player and railway freight forwarding can be the follower in Stackelberg game. In 
reference to the quality control model for member enterprises in the supply chain of Tapiero [10] and market demand model of Gurnani [11], 
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assuming that the service order quantity Q of railway freight forwarding equals to market demand D , with linear correlation with service 

price p of sea-railway transportation and market effort level e of railway freight forwarding, namely D a bp eγ= − + . 
Symbol description: 
D : Market demand; 
p : Retail price of railway freight forwarding; 
e : Market exploitation effort level of railway freight forwarding; 
c : Cost of service rendered by railway freight forwarding; 
Q : Service order quantity of railway freight forwarding; 
R : Railway freight forwarding; 
P : Port freight forwarding; 
a : Market scale (assuming product market scale is unchanged and the value is constant); 
b : Price elasticity of demand; 
γ : Impact on demand by market exploitation effort of railway freight forwarding; 

Assuming that the function for market exploitation cost of railway freight forwarding is exponential function, namely
2

( )
2
ec e η

= , 

wherein η  is coefficient for market effort cost ability of railway freight forwarding, then the larger it is, the greater cost brought by market 
effort would be. 

 
4.Integrated Supply Chain Model 
 

This part develops an integrated supply chain model, in which railway freight forwarding of service retailers of integrated supply chain 
service retailers determines the service order quantity Q  and the railway freight forwarding will select an optimal retail price p to sell the 
sea-railway transportation service to freight agents to obtain maximum profit. The profit function of integrated supply chain is shown below: 

2

( )( )
2c
ep c a bp e ηγΠ = − − + −                                                                     (1) 

Function formula (1) was used to calculate partial derivatives of parameters p and e assigning 0 as value, whose result is shown below: 

2 0c a bp e bc
p

γ∂Π
= − + + =

∂
                                                                          (2) 

( ) 0c p c e
e

γ η∂Π
= − − =

∂
                                                                        (3) 

Its Hessian matrix can be calculated as

2 2

2
2

2 2

2

( , ) 2

c c

c c

p p e
p e b

e p e

η γ

 ∂ Π ∂ Π
 ∂ ∂ ∂ Η = = −
 ∂ Π ∂ Π
 
∂ ∂ ∂ 

and if 22 0bη γ− > is met, it would be a negative 

definite matrix and cΠ would have its maximum. Optimal solution of integrated supply chain can be calculated by solving (2) and (3) as 

below: 
2

22
c a bc cp

b
η η γ

η γ
+ −

=
−                                                                             (4) 

2

( )
2

c a bce
b

γ
η γ
−

=
−

                                                                                        (5) 

2

( )
2

c b a bcD
b
η
η γ
−

=
−

                                                                                   (6) 

2
*

2

( )
2(2 )c

a bc
b

η
η γ
−

Π =
−

                                                                                (7) 

From the above, we can know optimal retail price cp , market effort level
ce and optimal profit value *

cΠ can be obtained. If the 

supply chain contract is applied in the decentralized supply chain model below to equal cp ,
ce , *

cΠ and the value of integrated supply 

chain, then this contract is deemed to coordinate the supply chain. This paper then makes efforts to seek for such contract to coordinate the 
sea-railway transportation supply chain.  

 
5. Decentralized Supply Chain Model 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                                      105.3 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/105 

 
5.1 Decentralized Supply Chain Model Based on Wholesale Price Contract 
 

Wholesale price contract is the simplest contract form, under which port freight forwarding sells the sea-railway transportation service 

to railway freight forwarding and the latter can order goods from ports based on market demand D (with order quantity of Q ) for market 
exploitation effort e , but the port freight forwarding and railway freight forwarding have no any other contract form. Researches show that 
wholesale price contract cannot realize coordination of supply chain. Can wholesale price contract realize the quality coordination of supply 
chain under the context of this paper? 

2

( )( )
2R
ep w a bp e ηγΠ = − − + −                                                                    (8) 

( )( )P w c a bp eγΠ = − − +                                                                                   (9) 

Function formula (8) was used to calculate partial derivatives of parameters p and e ; and then if 22 0bη γ− > is met, Hessian 

matrix 
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of RΠ  would be negative definite matrix and railway freight forwarding can acquire 

its maximum profit. It can be calculated by solving R

p
∂Π
∂

and R

e
∂Π
∂

as well as putting in D a bp eγ= − +  and formula (9) as 

below: 
2
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After getting partial derivatives of first and second orders of and solving w in formula (13), we can know that: 

2
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As long as 22bη γ>  is met, pΠ  would be a concave function and in which case the maximum profit is obtained. 

Assuming 0P

w
∂Π

=
∂

, then *

2
t a bcw

b
+

= and after putting *

2
t a bcw

b
+

= in formula (10) and (11), we can know that: 
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After putting
*tw , *tp and

*te in formula (8), (9) and (12), we can know that: 
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The total profit of decentralized supply chain model based on wholesale price contract is *t
DΠ and after comparing it and *

cΠ in the 

integrated supply chain model, then
2

* *
2

( ) 0
8(2 )

t
c D

a bc
b

η
η γ
−

Π −Π = >
−

, namely * *t
c DΠ > Π . It can thus be concluded that 

wholesale price contract cannot realize the supply chain coordination. 
 

5.2 Effort Cost Sharing Decentralized Supply Chain Model  
 

In the effort cost sharing decentralized supply chain model, port freight forwarding shares the effort cost of railway freight forwarding. 

Assuming that the effort cost sharing coefficient isβ (satisfying 0< β <1), then railway freight forwarding would assume the effort cost of 

part β , while port freight forwarding would assume the effort cost of part 1-β . Under decentralized control conditions, port freight 
forwarding and railway freight forwarding may make respective decisions per the principle of revenue maximization and their profit 
functions are shown below: 

2

( )( )
2R
ep w a bp e βηγΠ = − − + −                                                           (22) 

2(1 )( )( )
2P
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Π = − − + −                                               (23) 

Function formula (22) was used to calculate partial derivatives of parameters p and e ; and then if 22 0bη γ− > is met, Hessian 

matrix 
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of RΠ  would be negative definite matrix and railway freight forwarding can 

acquire its maximum profit. It can be calculated by solving R

p
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e
∂Π
∂

as well as putting in D a bp eγ= − + and formula (9) 

as below: 
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            (26) 

If decentralized supply chain after effort cost sharing can coordinate the whole supply chain, then s cp p=  and s ce e=  should 
be met. However, the two results are not correct after comparison, due to which the decentralized supply chain after effort cost sharing still 
cannot function the coordination. 

 
5.3 Effort Cost Sharing Decentralized Supply Chain Model Based on Gain Sharing 
 

From the above, we can know in Stackelberg game, port freight forwarding is the dominant player, while railway freight forwarding is 
follower. The former determines gain sharing factorθ , while the latter decides service order quantityQ . Railway freight forwarding sells 
sea-railway transportation service to freight owners to get profit, so such service has no storage property with surplus value of zero. It 

follows that railway freight forwarding gets the profit of pθ from each unit of service, while port freight forwarding gets the profit 

of (1 ) pθ− from each unit of service sold. At the same time, port freight forwarding assumes the effort cost of railway freight forwarding 
and sharing coefficient of effort cost is set in 5.2. 

Under decentralized control conditions, port freight forwarding and railway freight forwarding may make respective decisions per the 
principle of revenue maximization and their profit functions are shown below: 
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2

( )( )
2R
ep w a bp e βηθ γΠ = − − + −

                                        (27) 

 

2(1 )[(1 ) ]( )
2P

ep w c a bp e β ηθ γ −
Π = − + − − + −                (28) 

Function formula (27) was used to calculate partial derivatives of parameters p and e ; and then if 22bβη γ θ> is met, then 

Hessian matrix 

2 2

2

2 2

2

2
( , )

R R

R R

bp p e
p e

e p e

θ γθ
γθ βη

 ∂ Π ∂ Π
  −∂ ∂ ∂   Η = =    −∂ Π ∂ Π  
 
∂ ∂ ∂ 

of RΠ  is a negative definite matrix and railway freight forwarding 

can acquire its maximum profit. It can be calculated by solving R

p
∂Π
∂

and R

e
∂Π
∂

as well as putting in D a bp eγ= − + and formula 

(9) as below: 
2

*
2(2 )

b w w ap
b

βη γ θ βηθ
βη γ θ θ
− +

=
−

                                                             (29) 

*
22

ar bwre
b
θ
βη γ θ
−

=
−

                                                                                    (30) 

*
2

( )
(2 )
b a bwD

b
βη θ
βη γ θ θ

−
=

−
                                                                            (31) 

After putting
w
c

θ = and
w
c

β = in formula (29) - (31), we can know that: 

*
2

( )
2

n a bce
b

γ
η γ
−

=
−

                                                                                        (32) 

2
*

22
n a bc cp

b
η η γ

η γ
+ −

=
−

                                                                            (33) 

*
2

( )
2

n b a bcD
b
η
η γ
−

=
−                                                                                       (34) 

After putting w cθ= andθ β= in formula (27) and (28), we can know that: 
2

[( )( ) ]
2R C
ep c a bp e ηθ γ θΠ = − − + − = Π                                                  (35) 

2

(1 )[( )( ) ] (1 )
2P C
ep c a bp e ηθ γ θΠ = − − − + − = − Π                            (36) 

*n
R P CΠ = Π +Π = Π                                                                                                 (37) 

After comparing formula (32), (33) and (34) respectively and formula (4), (5) and (6), we knew that 

when w cθ= and w cβ= , *n cp p= ,
*n ce e= , *n cD D= and *n

CΠ = Π . It follows that optimal decision of effort cost 

sharing decentralized supply chain model based on gain sharing can realize an optimal decision like integrated supply chain does. 
 

6. Numerical Simulation Analysis 
 

This paper made a numerical simulation analysis on the above conclusion by Matlab. Assuming that 100a = , 3b = and 0.8g = , 

then the demand function is 100 3 0.8D p e= - + . If the unit cost for ports to offer logistics service 10c = , then influencing factor 

of effort level of railway freight forwarding would be 1.2h = . The optimal sale price in the integrated sea-railway transportation service 

supply chain by maximized expected profit is 22.80cp = , optimal effort level of railway freight forwarding is 8.54ce = , optimal 

service quantity is 38.41cD = as well as maximized expected profit of optimal integrated supply chain is * 448.17cP = . Then decisions 

of port freight forwarding and railway freight forwarding in the decentralized supply chain were analyzed, under which case the wholesale 

price of optimal logistics service determined by ports is * 21.67w = , optimal sale price and effort level of railway freight forwarding 
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are * 28.07tp = and * 4.27te = , so the order quantity of logistics service is * 19.21tD = , maximized expected profit of port freight 

forwarding and railway freight forwarding are * 224.09t
PP = and * 112.04t

RP = as well as the total expected profit of decentralized supply 

chain is * 336.13DP = . Obviously,
*c te e> , *c tD D> , * *

c DP >P 。 

To coordinate the supply chain, this paper introduced the effort cost sharing contract based on gain sharing in the form of { },θ β . 

When w cθ=  and θ β=  are met, the supply chain can be coordinated. In this case, the expected profit function of port freight 

forwarding is (1 )p cθΠ = − Π  and expected profit function of railway freight forwarding is R cθΠ = Π  , as shown in the figure 

below. There’s the Pareto interval [ ]0.26,0.51θ ∈  making both expected profits of port freight forwarding and railway freight 

forwarding higher than the maximized expected profit in decentralized supply chain. 

 
Figure 1 Expected Profits of Port Freight Forwarding and Railway Freight Forwarding as Profit Sharing Factor Changes 

 
7. Conclusions 
 

As a typical vertical integrated alliance, the sea-railway transportation service supply chain will face the problem of supply chain 
coordination without any doubt. This paper build up a two-level service of port freight forwarding and railway freight forwarding, in which 
the sea-railway transportation service demand is affected by market effort of service retailers made for railway freight forwarding. As the 

dominant player in Stackelberg game, railway freight forwarding determines the wholesale price of service w and gain sharing factorθ and 
boosts sea-railway transportation service retailers to make more market efforts by wholesale price contract, effort cost contract sharing and 
gain sharing contract, thus coordinating the decentralized supply chain based on gain sharing. 

To prove the effort cost sharing supply chain model based on gain sharing of capable to coordinate, this paper analyzed the integrated 
supply chain model and decentralized supply chain model based on wholesale price contract and effort cost contract sharing, compared the 
profits of the two models, and concluded that single wholesale price contract and effort cost contract sharing fail to coordinate the sea-

railway transportation service supply chain. Finally, the effort cost sharing contract based on gain sharing in the form of { },θ β  ,was 

introduced in order to coordinate the supply chain and when  w cθ=  and θ β= are met, the supply chain can be coordinated. In this 
case, the total expected profit of port freight forwarding and railway freight forwarding equals to that in integrated supply chain. 

Marketization is a key factor for normal operation in domestic sea-railway transportation. Although market participants are active in 
sea-railway transportation business, contradictory interests among them still exist. During the training period of sea-railway transportation 
market, we should intensify cooperation between ports and railway departments, establish a feasible sea-railway transportation pricing 
mechanism suitable for the current market, apply contract to coordinate relationship among stakeholders and to form an open and efficient 
sea-railway transportation operation mode, develop a market situation allowing for win-win cooperation of sea-railway transportation 
business, as well as boost the collaborative consistency of sea-railway transportation system. 

 
Acknowledgements 
 

(1)Phase achievements on Research on Countermeasure & Policy of speeding up the construction of the Ningbo Port rai-sea intermodal 
transportation comprehensive experimental area(2015A10078). 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 
0 

50 

100 

150 

200 

250 

300 

350 

400 

450 

Profit Sharing Factor 

Expected Profit 

0.26 0.51 

112.04 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                                      105.7 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/105 

(2)Phase achievements on Research on Sea rail transportation enterprise alliance Based on Collaborative Competition------ Taking 
Zhejiang Province as an example (Y201534806). 

 
References 
[1]  HAN Xiao-ming, Discussion on Public Information Platform of Railway Container Logistics, Railway Freight Transport, 2010（6）:4-

7. 
[2]  HONG bo, Sea-rail Intermodal Transport Develop fast by the Belt and Road Initiatives, China Water Transport, 2015.3.16. 
[3]  Cachon G, Kok G. Competing  manufacturers  in  a  retail  supply  chain:  on  contractual  form  and coordination. Management Science, 

2010, 56 (3):571 - 589.   
[4]  LIU jian, Coodination Strategies in Intermodal Freight Virtual Enterprise Logistics Supply Chain, Lanzhou Jiaotong University, 2013.8. 
[5]  SUN Xi jing,  Coordinated Development of Railway Logistics and Port Logistics Based on Containers, 15th Annual Meeting of China 

Association for Science and Technology, 2013：1-6. 
[6] Cachon, G. P. & Lariviere, M. A. Supply chain coordination with revenue-sharing contracts: strengths and limitations[J]. Management 

Science,2005, 51(1): 30-44. 
[7] Yao, Z., Leung, S. C. H. & Lai, K. K. Manufacturer's revenue-shari ng contract and retail competition[J].European Journal of 

Operational Research, 2008(186): 637-651. 
[8]  Zhao, X.，Xie, J. & Wei, J. C. The value of early order commitment in a two-level chain[J]. Operational Research, 2007(180): 194-214. 
[9]  Liu peng, Study on Development Strategy of sea-rail intermodal transport, Railway Transport and Economy, 2011（9）：91-94. 
[10]Tapiero C S. Consumers risk and quality control in a collaborative supply chain[J]. European Journal of Operational Research, 2007, 

182: 683-694 
[11]Gurnani H, Erkoc M. Supply contracts in manufacturer-retailer interactions with manufacturer-quality and retailer effort-induced 

demand[J]. Naval Research Logistics, 2008, 55(3): 200-217. 
 
 

 

http://www.baidu.com/link?url=kJ67Sbh4AbkmueXVtyksUw0-cMZ5etftsL8gNdt5gpmnMAsQmGeS80ZdftOhTXybSaGIJHotdgiNRb7iXVkpPJPByrlFgv5so7cUcchJfUfenjj4yCBYepnI93jDj8FF


 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                                      106.1 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/106 

Application of the Genetic Algorithm to the Design of Frequency Selective Surfaces 
 

Xiao-kun Chen1,*, Jia-ao Yu2 
 

1. College of Science, Huanong Agricultural University, Wuhan，Hubei, China. ） 
2. Early Warning Academy, Wuhan,  China. 

 
Abstract: An optimization procedure based on the genetic algorithm in conjunction with an electromagnetic solver based on the method of 
moments (MoM) is applied to the design of frequency selective surfaces (FSSs) fabricated by printed circuit technology. Two examples,  
designs of a spatial filter and an artificial magnetic conductor (AMC) using GA/FSS, are presented and the inclusion of the shape of the 
mask in the set of parameters controlling the optimization scheme enables us to obtain the requisite frequency and polarization performance. 
 
Keywords: genetic algorithm; frequency selective surface (FSS); spatial filter; artificial magnetic conductor (AMC) 
 
1. Introduction 
 

Genetic algorithms (GA)[1-2] are a special class of global optimization scheme that consistently exhibit robust performance 
and ,therefore, enjoy a wide range of applications in the design of electromagnetic systems. 

Frequency Selective Surfaces (FSSs), which have the bandpass or bandstop characteristics, comprise periodically arranged resonant 
cells in two directions. The resonant cell may be metallic patch element or aperture element within a metallic screen. FSS finds widespread 
applications as  satellite dish subreflectors, frequency and angular filters for microwaves and radomes. GA optimization is useful for this 
problem not only because the search space is unimaginably large and multimodal, but also because most of the FSS design work is 
accomplished using heuristics and educated guesswork. 

 
2. Formulation 
 

Firstly, we consider the formulation of scattering from a FSS in the spectral domain. A MoM-based computer code has been employed 
to perform the electromagnetic simulations of the FSS. The numerical analysis follows the well-established procedure of solving the electric 
field integral equation (EFIE) for the current distribution on perfectly conducting patches, derived by enforcing Floquet’s periodicity 

condition in an elementary cell[3]. Consider a screen lying in the x-y plane, with cell periodicities xd  and yd  along the x- and y-directions, 

respectively. Then we can cast the EFIE in the form: 
2 2
0 m

2 2
0 n

1
m n

inc m,n=+
x x m nm n j(α x+β y)

m ninc
m,n=-0y y m nm n

-E (x,y) J (α ,β )k -α -α β
= G(α ,β ) e

jωε-E (x,y) J (α ,β )-α β k -β

∞

∞

    
⋅     

         
∑




          (1)                                                                       

Eqn. 1 must be solved for the unknown current distributions xJ  and yJ , which are expressed in terms of a set of subdomain basis 

functions, known as 'rooftops', that are particularly suited for handling arbitrarily-shaped patches[3]. Next, a matrix equation is derived by 
applying the Galerkin procedure and is solved for the current distribution. The FSS response is then computed from the knowledge of this 
distribution. 

In this paper, spatial filters and AMC consist of twolayer FSS screens. To conveniently analyze them using GA, we resort to the 
scattering matrix technique[4]. The generalized scattering matrices of the individual FSS screens can be derived by using the MoM. These 
matrices can be subsequently used to generate a composite scattering matrix for the entire system by using the following relationships: 

                            

(1) (1) (2) (1)
11 11 12 11 21

(1) (2)
12 12 12

(2) (1)
21 21 21

(2) (2) (1) (2)
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C

C

C

C
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S =S RS
S =S TS
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                                                                          (2) 

where 
-1(2) (1)

11 22IR= -S S   , 
-1(1) (2)

22 11IT= -S S   , and the superscripts are associated with the two subcomposites. The AMC in this 

paper is consisting of a single substrate layer between the FSS screen and PEC ground plane [5], so (2) (2)
11 22 IS = S =-       ，

[ ](2) (2)
12 21 0S = S =       . 

GA is employed to synthesize and optimize spatial filter and AMC using FSS. The parameters of FSS, the electrical characteristics and 
the thickness of the dielectric substrate and the dimensions of the FSS element, are fixed: for spatial filter, 3.0rε = , 0.5mmh = and 

20mmx yd =d = ; for AMC, 10.2=rε , 4mm=h , and 4.8mmx yd =d = . The only optimization parameter is a discretised mask of 

the printed element in the basic periodic cell which is subdivided into elementary pixels coded as 1s or 0s depending on whether they are 
covered by a printed metal or not. The fitness function for spatial filter has been chosen in the form: 

                        
freqN

2 2test test
obj i ideal i

i=1
f = Γ(ω ) - Γ (ω )∑                                                                        (3) 

where the 
test
i freqω ,i=1,......,N , are test frequencies of interest, and  

i

i

1 if is in a stop band,
0 if is in a pass band.

2
ideal iΓ (ω )

ω
ω


= 
                                                                (4)  



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                                      106.2 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/106 

For AMC, it has the form: 

                                
freq inc(1- )F= F + Fα α⋅ ⋅                                                                     (5) 

where 0 1α≤ ≤ , { } { }2 2

1 1

1 1 1( (100 100 Re ( ) ) (100 Im ( ) ) )
2

c cn n
freq

TE,TM i i
i= i=c c

F f f
n n

= − × Γ + × Γ∑ ∑ , 

{ } { }2 2

1 1

1 1 1( (100 100 Re ( ) ) (100 Im ( ) ) )
2

a an n
inc

TE,TM i i
i= i=a a

F
n n

θ θ= − × Γ + × Γ∑ ∑ , cn is the total number of frequencies if  

in the desired band and an is the total number of incidence angles iθ  considered at the central frequency of the desired band. 
 

3. Simulation results 
 

In our implementation, the population 
popN  is 50, crossover probability 

crossoverp  is 0.8 and mutation probability mutp  is between 

0.01 and 0.001. The final spatial filter is presented in Figure 1. Figure 2 shows its transmission coefficient of 00, TE450 and TM450 
incidence. The bandwidth below -15dB is 1500MHz from 4.7GHz to 6.2GHz which is our interested frequency range, and is insensitive to 
the variations in the incidence angle and polarization. 

H=15mm

mmhr 5.0,0.3 ==ε

air

 

Figure 1  Geometry of the GA-designed spatial filter 
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Figure 2  Transmission of the GA-designed spatial filter 
The final AMC generated by the GA is exhibited in Figure 3. The reflection coefficient magnitude and phase responses of the AMC 

structure are plotted for 00, TE450 and TM450 in Figure 4(a) and (b), respectively. We see that the magnitude is close to unity and the phase 
between +900 and -900, marked in Figure 4(b), shows a bandgap[6] (4.6GHz~6.2GHz) of interest for two different incident angles and 
polarizations. 
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Figure 3  Geometry of the GA-designed FSS element with PEC backing 
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(a) magnitude response                                (b) phase response 
Figure 4  Reflection of the GA-designed AMC 

 

4. Conclusion 
 

The design presented in this paper demonstrates the ability to successfully combine polarization and angular stability to achieve 
practical FSS design. Two examples were presented that demonstrate how the GA-FSS technique can be used to successfully obtain an 
interested frequency response that exhibits angular and polarization stabilities. 
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Abstract: As urbanization accelerates in China, large scale expansion and huge economic growth occur in metropolis. At the same time, 
however, enormous pressure has been placed on ecology and particularly, on the utilization of water resources environment. To study the 
relationship between economic system and water environmental system in metropolis, this article brought in the concept of “system 
coupling”, and calculated their coupling degree using coordinate coefficient model. Specifically, the economic system consists of population 
and economic development subsystems; the water environmental system consists of water supply and water environment carrying capacity 
subsystems, and a total of twelve components were chosen including population, water consumption per ten thousand yuan GDP, etc. 
Following that, the stochastic production frontier approach was used to obtain the input-output function of water usage efficiency. Finally, 
using Beijing as a case study, we reached the following conclusions: (1)There are complex interactions between economic system and water 
environmental system in metropolis, and their coupling degree will increase with the optimization of economic structure and advancement in 
technologies. (2)Many factors could have an impact on water usage efficiency in a metropolis setting, among which the coupling degree 
between economic system and water environmental system exerts the most influence. 
 
Keywords: metropolis; economic system; water environmental system; system coupling; water usage efficiency 
 
1. Introduction 
 

Metropolis is a natural outcome of urbanization and an advanced stage of city development. In China, urbanization accelerates as the 
industrialization speeds up, resulting in many metropolises and metropolitan areas. Economic system and water environmental system are 
very important components of a metropolitan system. On one hand, well-functioned economic system facilitates socioeconomic 
development, powers the water environmental system, and brings about water pollution; on the other, water environmental system provides 
the water resources necessary for industry production and daily life, faces the pressure from water pollution, and is responsible for water 
purification and decontamination. In general, the economic system and water environmental system couple with each other and have 
complex interactions.[1] 

Water usage efficiency is an important indicator of how water resources are utilized, which, to a certain extent, reflects the economic 
and social development structures, and could be used to test if the water resource environment well supports socioeconomic development. In 
general, a higher water usage efficiency suggests a well-shaped energy-saving economy, an advanced economy developing model and a 
good match between water environment resources and socioeconomic development. 

 
2. Methodological framework 
 
2.1 Coupling coordination model 
 

To study the coupling degree between economic system and water environmental system, we first divided these systems into four 
subsystems, each of which consists of several components (Table 1). The economic system consists of population and economic 
development subsystems, in which the population subsystem consists of gross population, natural population growth rate and urbanization 
rate; the economic development subsystem consists of PGDP, water supply investment and water consumption per ten thousand yuan GDP. 
The population subsystem provides the labor force capital necessary for the well function of economic development subsystem, while the 
well-functioned economic development subsystem will in turn benefit the population subsystem. The water environment system consists of 
water supply and water environment carrying capacity subsystems, in which the water supply subsystem consists of total amount of water 
supply for the whole year, water consumption for industry and water consumption for daily life; the water environment carrying capacity 
subsystem consists of centralized processing rate of sewage, daily sewage treatment capacity and quantity of waste water effluent [2-3]. The 
water supply subsystem provides the water resources necessary for the functioning of the social economy, and the water environment 
carrying capacity subsystem absorbs the waste water and sewage from the economic activities.  

 
Table 1 Components of economic system and water environmental system in metropolis 

System Subsystem Component Unit 

Economic 
System 

Population subsystem 
Gross population X1 Ten thousand people 

Natural population growth rate X2 ‰ 
Urbanization rate X3 ﹪ 

Economic development 
subsystem 

PGDP X4 yuan 
Water supply investment X5 100 million yuan/year 

Water consumption per ten thousand yuan X6 m3 

Water 
Environmental 

System 

Water supply subsystem 
total amount of water supply for the whole year Y1 100 million m3/year 

water consumption for industry Y2 100 million m3/year 
water consumption for daily life Y3 100 million m3/year 

Water environment 
carrying capacity 

subsystem 

centralized processing rate of sewage Y4 ﹪ 
daily sewage treatment capacity Y5 10 thousand m3/day 
quantity of waste water effluent Y6 10 thousand m3/year 

 
(1) Data pre-processing 
Data were processed using the maximum difference normalization method. Evaluation indexes include: 
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Where i = 1, 2, …, N refers to years, j = 1, 2, …, N refers to parameters, ijX  represents original values of the parameters, ijX ′  

represents the value after standardization, and max( )jX  and min( )jX are the maximum value and minimum value of the 

parameter, respectively. 
(2) Determine index weight using mean square deviation method 

The coefficient of variation jCV  was introduced into the mean square deviation method to determine index weight,       

 

j
j

j

CV
X
σ

=
                                                                                             (3) 

1
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j n

j
j

CV
W

CV
=

=

∑
                                                                                         (4) 

Where jCV  represents the coefficient of variation, jσ  represents the standard deviation of the jth parameter, jX  and jW  

represent mean value and weighted value, respectively. 
(3) Calculating comprehensive index between economic system and water environment system 

The comprehensive indexes of economic system f(x) and water environment system g(y) were obtained by multiplying the standardized 
value of parameters and their corresponding weights.  
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(4) Coordination degree analysis 
The coordination degree reflects how uniform are the development of different components within a system, which is described by  

2
( ) ( )

( ) ( )
2

k

f x g yC
f x g y

 
 × =  

+  
                                                                             (7) 

( ) ( )T f x g yα β= +                                                                              (8) 

  D C T= ×                                                                                            (9) 
Where C represents the coordination degree, k represents accommodation coefficient (let k = 2 in this study), T represents 

comprehensive evaluation index of economic system and water environment system. α and β are undetermined coefficients, in this study, let 
α=β=0.5 as they are equally important. D is the coordinated development coefficient[4-6]. 

 
2.2 Building stochastic frontier model using translog cost function 
 

(1) Model form 
In this study, the stochastic frontier model was built to study the water usage efficiency in Beijing, using the translog cost function. The 

model was first introduced in 1973 by Christensen, Jorgenson and La, who studied the efficiency of economic operations based on 
maximum profits (output) and minimum cost (input). In our study, water usage could be treated as an economic practice, in which the labor 
force, capital investment and resource supply are the input variables and the gross earnings are output variable in the coupling system. 
Specifically, the employed population, investment in fixed assets and total amount of water supply for the whole year corresponded with 
labor force, capital investment and resource supply, respectively, and the regional GDP corresponded with gross earnings. 

Let water usage efficiency be described by the following stochastic production frontier function:  

( ) ( ) ( )
0 1 2 3 4 5

2 2 2
6 7 8 9

( )( ) ( )( )
( )( )
it it it it it it it it

it it it it it it it

LnY LnK LnL LnW LnK LnL LnK LnW
LnL LnW Ln K Ln L Ln W u
β β β β β β

β β β β γ

= + + + + +

+ + + + + −                       (10) 

Where i = 1, 2, …, N refers to cities, t = 1, 2, …, N refers to time points.  
itY  represents local GDP, itL  represents employed population, itK  represents investment in fixed assets, itW  represents total amount 

of water supply for the whole year, itu
 represents water usage efficiency, which follows non-negative tail normal distribution. 

( )2~ ,it it uu N m σ
（ itm  and 

2
uσ are the average and variance of itu

, respectively），i.e. 0itu ≥   

0 1 1 2 2 3 3it it ititm Z Z Zδ δ δ δ= + + +                                                              (11) 
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In formula(11), 1it
Z , 2it

Z , 3it
Z  represent factors influencing water usage efficiency, specifically,  1it

Z  represents the coupling degree 

between economic system and water environment system, 2it
Z

 represents drop rate of water consumption per ten thousand yuan GDP, 3it
Z

 

represents water pollution treatment rate, and 0δ 、 1δ 、 2δ 、 3δ  are the vectors of parameters to be estimated. itγ  represents 

stochastic error term, in this study, representing the uncontrolled factors, which follows normal distribution, i.e. 
2~ (0, )it N γγ σ

. 
Let itTE , the metropolis water usage efficiency, be described by  

( )
( )

/ ,
/ 0,
it it it

it
it it it

E Y X
TE

E Y X
µ

µ
=

=
                                                                            (12) 

Where, ( ),it it itX K L=  is the corresponding input vector.. 

(2)Assumptions 
In this study, the model to calculate metropolis water usage efficiency was built under the following assumptions: 
①The relationship between in-output components in the model follows the basic form of translog production function; 

②The stochastic error of technical efficiency itv
 follows normal distribution, i.e. ),0(~ 2

Vit Nv σ ; 

③The corresponding non-efficiency factor itu
 follows the non-negative tail normal distribution, i.e. ),0(~ 2

uit Nu σ . 

④ iit uTtu ⋅−⋅−= )]}({exp[ η . 
 

2.3 Data source 
 

Taking Beijing as a case study, all data were obtained from the “Beijing Statistical Yearbook 1997-2013” and related bulletins. 
 

3. Empirical results and analyses 
 

Based on the coupling coordination degree model built above, we plugged the related data from 1997 to 2003 into formula (1) to (9) to 
obtain the coupling degree, which was then put into table 2. Based on the logistic cost function of stochastic frontier model, the Beijing 
water usage efficiency was calculated by solving (10) to (12). 

 
Table 2. Index weight of Beijing economic system and water environment system 

Year 

Output Input Influence factor 
Y  

regional 
GDP/100 
million 
yuan 

X1  
employed 
population 

/ten housand 
people 

X2 
 fixed 

investment/100 
million yuan 

X3  
whole year 

water 
supply/100 
million m3 

Z1  
coupling 
degree 

Z2  
decrease in water 
consumption rate 
per ten thousand 

yuan GDP /% 

Z3 
 sewage 

processing 
rate/% 

1997 2077.1 655.8  961.2  40.26  0.00717239 10.0000  22.0000  
1998 2377.2 622.2  1155.6  40.47  0.00705115 11.0000  22.5000  
1999 2678.8 618.6  1170.6  41.71  0.01198626 11.5000  25.0000  
2000 3161.7 619.3  1297.4  40.40  0.02391783 12.0000  39.4000  
2001 3708 628.9  1530.5  38.90  0.02766985 13.7900  42.0000  
2002 4315 679.2  1814.3  34.60  0.05041163 20.2200  45.0000  
2003 5007.2 703.3  2157.1  35.80  0.04440176 6.9100  50.1000  
2004 6033.2 854.1  2528.3  34.55  0.11024704 15.2900  53.9000  
2005 6969.5 878.0  2827.2  34.50  0.1501251 11.0700  62.4000  
2006 8117.8 919.7  3371.5  34.30  0.18594337 12.0100  73.8000  
2007 9846.8 942.7  3966.6  34.80  0.36492068 11.3800  76.2000  
2008 11115 980.9  3848.5  35.10  0.3685112 7.5600  78.9000  
2009 12153 998.3  4858.4  35.50  0.42312846 8.1200  80.3000  
2010 14113.6 1031.6  5493.5  35.20  0.39365799 10.1400  81.0000  
2011 16251.9 1069.7  5910.6  36.00  0.58939231 5.4900  81.7000  
2012 17879.4 1107.3  6462.8  35.90  0.62662634 7.3800  83.0000  
2013 19500.6 1141.0  7032.2  36.40  0.70111639 5.8500  84.6000  

Data source: Beijing Statistical Yearbook “1997-2013” and “Beijing Water Resources Bulletins”, coupling degree was calculated by 
solving (1)-(9). 

 
3.1 Hypothesis testing of the model 
 

(1) Statistical test result of maximum likelihood 

Let )/( 222
vuu σσσγ +=

                                                                         
(13) 

0H : 0=γ  (water usage technologies in metropolis is effective), 
1H : 0>γ ( water usage technologies in metropolis is ineffective)  
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Following the maximum likelihood statistical test using Frontier 4.1, we obtained 0.99γ =  and the corresponding standard error 0.22, 
t  ratio 4.5, indicating that γ  is not equal to 0 at 5% level of significance. Thus the null hypothesis is rejected, the analyses of metropolis 
water usage efficiency has its practical meaning.  

The maximum likelihood function is  
)]}(ln[)]({ln[2)]}(/)({ln[2 1010 HLHLHLHLLR −−=−=                                   (14) 

Where )( 0HL  represents the maximum likelihood statistical value under null hypothesis, )( 1HL  represents maximum likelihood 

statistical value under alternative hypothesis. LR value follows the mixed distribution of )(2 ⋅χ . Using related table and Frontier 4.1 

software, we obtained that under 5% level of significance, 236.9)2(2 =αχ , LR=38.47 with unilateral standard error 9.4. Since 

)2(2 αχ>LR , the null hypothesis is rejected. 
(2)Analysis of translog production function 

0 0 1 2 3 4 5 6 7 8 9: 0H β β β β β β β β β β= = = = = = = = = =  
Using software Frontier 4.1, the estimated values of the corresponding parameters of stochastic frontier production function are 

calculated, results showing: 

0 504.9233β = , 1 173.3999β = − , 2 50.6221β = , 3 66.2332β = − , 4 8.2528β = − , 5 5.6573β = , 6 2.6363β = − ,

7 16.2708β = , 8 0.9682β = , 9 6.8445β =  
None of the parameter above equal to zero, indicating the null hypothesis should be rejected and the analyses match actual situation, no 

specification bias in the description[7-8]. 
 

3.2 Stochastic frontier analysis of water usage efficiency in Beijing 
 

(1) Parameter estimation 
We plugged in the data from 1997 to 2013 mentioned above into Frontier 4.1, and obtained the stochastic frontier estimation results 

(table 3). 
 

Table 3. Stochastic frontier estimation results 

Variables Parameters Estimated value 

constant 0β  
504.9233 

lnL 1β  
-173.3999 

lnK 2β  
50.6221 

lnW 3β  
-66.2332 

lnLlnK 4β  
-8.2528 

lnLlnW 5β  
5.6573 

lnKlnW 6β  
-2.6363 

ln2L 7β  
16.2708 

ln2K 8β  
0.9682 

ln2W 9β  
6.8449 

constant 0δ  
0.3401 

Z1 1δ  
-0.3740 

Z2 2δ  
-0.0071 

Z3 3δ  
-0.0012 

 

In table 3, 1δ , 2δ , 3δ  represents the coupling degree between economic system and water environment system, decrease in water 
consumption rate per ten thousand GDP, and sewage treatment rate. When using SFA to calculate technical efficiency factors, a positive 
parameter estimate suggests a negative correlation between that factor and the technical efficiency, i.e. with the factor increases, the 
technical inefficiency increases and technical inefficiency decreases, vice versa. 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                                      107.5 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/107 

In table 3, 1δ = -0.3740, indicates a positive correlation between the coupling degree (between economic system and water environment 

system) and water usage efficiency, the higher the coupling degree, the lower the corresponding technical inefficiency. 2δ = -0.0071 
indicates a positive correlation between decrease rate in water consumption per ten thousand yuan GDP and water usage efficiency, the 

higher the decrease rate in water consumption, the lower the technical inefficiency. 3δ = -0.0012 indicates a positive correlation between 
sewage treatment rate water usage efficiency, the stronger the capacity to treat sewage, the higher the water usage efficiency[9].  

From the estimated value of 1δ 、 2δ 、 3δ , it is easy to reach the conclusion that the coupling degree between the economy system 
and water environment system has the highest impact on the water usage efficiency, followed by decrease rate of water consumption per ten 
thousand yuan GDP and sewage treatment rate. Optimizing the functions of economy and water environment, improving sewage treating 
capacity and especially improving the coupling degree will all increase the water usage efficiency[10-12]. 

(2) Analysis of technical efficiency 
The water usage efficiency of Beijing was obtained using data from 1997 to 2013 operated by Frontier 4.1. Compare the system 

coupling degree and water usage efficiency, we obtained results shown in Table 4 and Figure 1. 
 

Table 4 Water usage efficiency and system coupling degree in Beijing from 1997 to 2013 
Year Water usage efficiency System coupling degree 
1997 0.7772842 0.007172388 
1998 0.78391535 0.007051152 
1999 0.78492562 0.011986265 
2000 0.87830308 0.023917832 
2001 0.79063485 0.02766985 
2002 0.90894356 0.050411633 
2003 0.80896256 0.044401761 
2004 0.91721454 0.110247038 
2005 0.8916833 0.150125104 
2006 0.8864349 0.18594337 
2007 0.93474425 0.364920681 
2008 0.97585452 0.368511203 
2009 0.92601417 0.423128459 
2010 0.98950068 0.393657992 
2011 0.99981459 0.589392305 
2012 0.98336503 0.626626336 
2013 0.98787185 0.701116389 
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Figure 1 Diagram of water use efficiency and coupling degree in Beijing from 1997 to 2013 
From table 4 and figure 1, the system coupling degree and water usage efficiency followed a similar trend from 1997 to 2013. 

Generally, water usage efficiency increases with the increase in system coupling degree. More fluctuation is observed in the water usage 
efficiency, as from 1997 to 2006, it experienced two times of decreases at a large scale, occurring in 2001 and 2003, respectively. During 
these times, the system was not well coupled, thus having limited influence on the water usage efficiency. Besides, even if there were 
decreases in the coupling degree, it would not be obvious as the coupling degree had been very low during that time. By contrast, after 2007, 
the trend between the coupling degree and water usage efficiency became more uniform, especially in 2011 when the coupling degree 
reached 0.5894 (approximately at the extreme), the water usage efficiency reached 0.9998, the highest among all 17 years, indicating a 
positive relationship between the two. 

 
4. Conclusions 
 

(1) In metropolis, the economic system and water environment system couple with each other and have complex interactions. With the 
optimizing of economic structure and advancing in technologies, the coupling degree would increase between the two systems. 

At the early development stage of metropolis, more emphasis was placed on the increase in economy, leading to unbalanced 
development with heavy pollution and higher energy consumption, causing great pollution to the ecology, especially to water environment. 
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In this stage, the economic system and water environment system had lower coupling degree. With the optimizing of the economic structure 
and the development of energy saving economy, development in a scientific and sustainable way is more and more valued, coupling degree 
is getting higher and the development is getting more balanced. 

(2) The coupling degree between the economic system and the water environment system has the most impact on the water usage 
efficiency. 

Water usage efficiency in metropolis is related to regional GDP, employed population, fixed asset investment and whole year water 
input, and is also influenced by coupling degree, water consumption per ten thousand yuan GDP and sewage treatment rate. The coupling 
degree correlates with the water usage efficiency, a higher coupling degree indicates a lower technical inefficiency of water usage, and a 
better functioned society. Increasing the coupling degree will improve the functioning of both systems as it exerts the most influence on the 
water usage efficiency.  
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Abstract: During combined microwave-hot air drying, a temperature gradient occurs inside the sample due to the temperature difference 
between the hotter center and the colder surface. Larger temperature difference leads to larger temperature gradient inside, which makes the 
diffusion due to the concentration difference and the condensation due to flowing to colder area both easier when the vapor moves outwards. 
So it is a challenge to determine how to change the temperature gradient is beneficial to dehydration. In order to solve the problem, a 
combined microwave-hot air drying system with temperature control was built to construct the needed temperature gradients, and then 
drying processes under different gradients are researched based on vapor diffusion theories and thermodynamics. The results show that the 
drying time consumption does not change monotonously with the temperature gradient. There is a temperature gradient which is the most 
suitable for dehydration, but leading to terrible product quality. When the temperature gradient under which the vapor diffuses outwards 
slowly is used, the taste of the product is still not satisfactory. When a proper temperature gradient under which the rate of vapor diffusion 
outwards is medium is achieved, products with better quality can be obtained although the drying process is not the fastest. 
 
Keywords: drying; temperature control; temperature gradient; vapor diffusion; vapor condensation 
 
1. Introduction 

 
Drying is a widely used processing technique for agricultural products. After moisture removal, the storage time of the products can be 

effectively extended [1, 2]. Compared with the traditional method of drying with sunshine, the modern drying methods based on different 
kinds of drying devices have been developed rapidly. During some industrial applications, microwave drying combined with some other 
drying methods are achieved for some specific purposes such as fast speed, energy conservation, good quality, etc. [3, 4]. Among them, 
combined microwave-hot air drying is a common and effective method [3] during which process the microwave energy and the convective 
hot air are simultaneously applied to the sample. With this method, the in-to-out heating of microwave and the out-to-in heating of hot air 
are perfectly combined, hence a better drying effect can be achieved [5] The temperature of the hot air is a key parameter in combined 
microwave-hot air drying. So far some works have been carried out to study the effect of the air temperature in drying process [2, 3, 6]. 
Bouraoui set the temperature of the hot air at 18 oC and 65 oC respectively to dry the potato slices with thickness of 10 mm. Temperatures at 
the surface and center of the sample were measured during drying. It was found that the surface temperature was obviously lower than that 
at center, and the time consumption of the drying process under the hot air of 65 oC was much less that under the hot air of 18 oC [3]. Alibas 
used combined microwave-hot air drying for pumpkin slices with thickness of 5 mm, and the adopted air temperatures were 50 oC and 75 oC 
respectively. The result also showed that the drying process was faster if the hot air of higher temperature was used [2]. Varith used the 
combined microwave-hot air drying to investigate the drying process of longan with the diameter of 25mm. The hot air of 40 oC, 50 oC and 
60 oC were respectively used in the experiments. Infrared thermometry was used to measure the surface temperature of the sample online. It 
was concluded that the hot air of higher temperature resulted in hotter sample surface and less drying time consumption, on the premise that 
the power of microwave remained the same [6]. To sum up, the adopted objects in the experiments above were all within several millimeters 
thick, and the hot air of different temperatures was set to fixed levels to find the most effective process. It seemed to be that hotter 
convective air leaded to shorter drying period from the reported results above.  

With the effect of microwave and the hot air, a temperature gradient occurs inside the sample due to the temperature difference 
between the center and the surface during combined microwave-hot air drying. Under the temperature gradient, the vapor pressure at the 
center is larger than that at the surface, leading to a driving force for the vapor diffusion outwards [5]. On the other hand, some vapor 
condenses into water when diffusing from hot area to cold area. And therefore this vapor has not really left the sample, but comes back to 
the sample again. As the temperature difference between the center and the surface increases, the temperature gradient turns to be larger, 
therefore the diffusion and condensation of vapor both become easier. So it is a challenge to determine how to change the temperature 
gradient is beneficial to dehydration. Whereas The center temperatures of the samples were up to 100 oC iling point of water under room 
pressure) or more during the drying mentioned above, while the temperatures of the adopted hot air were all lower than 75 oC [2, 3, 6], 
which were much lower than the center temperature. Thus the temperature gradients where the center and the surface temperatures were 
close had not been carried out in the reported researches. As a result, the inference that the hot air temperature is inversely proportional to 
drying time consumption cannot be finalized. 

In this study, a combined drying system with temperature control online was built to construct the needed temperature gradient inside 
the sample by adjusting the hot air temperature and the center temperature of the sample. The specific objectives were: (1) to investigate the 
effect of the temperature gradient on the rate of vapor diffusion outwards, (2) to investigate the effect of the temperature gradient on the 
product quality, (3) to develop a method for setting processing parameters of combined microwave-hot air drying based on the temperature 
gradient research. 

 
2. Materials and methods 
 
2.1 Drying system  
 

A combined microwave-hot air drying system was designed as Figure 1. The system mainly consisted of a microwave oven (maximum 
output power of 700 w), an optical fiber sensor, a hot air gun, an electronic weighing scale (with the range 0 ~ 5kg, resolution 0.01g) and a 
PC-based data acquisition unit. The microwave oven was placed on a shelf. The electronic weighing scale was located below the microwave 
oven, so that the samples placed above can be weighed online. The temperature of the air from the hot air gun could be adjusted by changing 
the power of the heating wire inside the gun. The optical fiber sensor contains three fiber probes, which were used to measure the air 
temperature, the temperature at the center and the surface of sample respectively. All measurements were transformed to standard signals of 
0~5V before transmitted to the data acquisition card via signal lines. 
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Figure 1 Schematic diagram of the drying system 

The drying processes were carried out under different temperature gradients, including the small gradient where the center and the 
surface temperatures of the sample are almost the same. In order to avoid product quality decline due to the hot air of high temperature [7, 8], 
which would affect evaluating the influence of temperature gradient to product quality, the temperature at the center of the sample is 
therefore controlled at a lower value with the control method reported in Z. Li’s previous work [9]. The procedure for controlling the center 
temperature of the sample in the PC is shown in Figure 2. The temperature was first detected by the optical probe, and then the signal was 
transmitted to the PC. With the designed PID controller, the output signal for adjusting the power of microwave magnetron could be 
calculated according to the detected and the set temperatures immediately, so that the center temperature can be controlled to the set value. 
Figure3 shows the temperature curves at center of the sample during drying process. The detected temperature varies around the set value 60 

oC with a fluctuation less than ±2 oC. With this procedure, the air temperature can also be controlled to the set value by adjusting the power 
of the heating wire, and the fluctuation is less than ±2.5 oC 

.
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microwave oven Samples
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Figure 2 The procedure of temperature control 
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Figure 3 Temperature at the center of the sample achieved by the control scheme in Figure2 
 

2.2 Sample preparation 
 

Potatoes purchased from the local market were used for experimental research. The peeled potatoes were cut into the samples with the 
sizes of 10×10×10 mm or 10×10×6 mm using a commercial cutting machine, and then balanced in 80 oC water for several minutes to avoid 
oxidation. Initial moisture content of 488.24% (d. b.) was determined by drying potato samples in a hot air oven. 30±1g samples were used 
in each drying experiment. And the final moisture content of the product was 10% (d. b.).  

 
2.3 Theories of vapor diffusion and thermodynamics 
 

In the drying process, most moisture exists in the form of free water inside the sample. With thermodynamic theory, the vapor pressure 
near the water surface equals to the saturated vapor pressure at the temperature of the water here. Table 1 shows the saturated vapor 
pressures at different temperatures [10]. Formula 1 expresses the standard gas state equation: 

PV nRT=                                                                                 (1)  
where P is the pressure of the vapor, V is the volume of the vapor, n is the molar numbers of the vapor, T is the temperature of the 

vapor, R is the ideal gas constant. The molar concentration of the vapor (marked with c) can be expressed as n / V, which is proportional to P 
/ T. It can be seen from Table 1 that the molar concentration increases as the increase of air temperature. Therefore the molar concentrations 
inside a sample are different due to the temperature gradient, leading to the driving force of vapor diffusion according to Fick's first law 
expressed in Formula 2. 

d
d

cJ D
x

= −                                                                                  (2)  

where J is the vapor diffusion rate per unit area, D is the diffusion coefficient reflecting the diffusion velocity, dc/dx is the 
concentration gradient along the thickness direction. 

 
Table 1 Pressures of saturated vapor at different temperature 

Temperature
（K） 

Saturated 
pressure of water 
vapor （kpa） 

Saturated pressure of 
water vapor/ 

Temperature (kPa/K) 
293 2.337 0.00798 
303 4.243 0.01408 
313 7.378 0.0236 
323 12.340 0.0382 
333 19.926 0.0598 
343 31.169 0.0909 
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Vapor diffuses to the convective air surrounding mainly through convective mass transfer at surface of the sample, and the expression 
is as follows: 

( )sN D A c c∞= ⋅ ⋅ −                                                         (3)                       

where N is the mass transfer rate of vapor, D is the diffusion coefficient which is related to the flow field of the convective hot air and 
the vapor diffusion rate outwards from center, A is the surface area contacting with the convective air, cs is the mole concentration of vapor 
at sample surface which is close to the value under saturated pressure, c∞  is the molar concentration of vapor in the convective air which is 
related to the environment humidity. 

When we blow onto a cold glass, condensate water appears. This is the phenomenon of condensation when hot vapor moves to cold 
area. During drying, some hot vapor (60 oC for example) diffuses outwards from the center of a sample, the initial pressure of vapor is 
19.926 kPa shown in Table 1. As the hot vapor moves to the cold area (50 oC for example) in the sample, the local saturated pressure of 
vapor is 12.340 kPa. Therefore a part of vapor condensing, and the pressure of the rest vapor to be 12.340 kPa, which means the vapor after 
condensation is saturated at 50 oC. Hence, the condensation can be considered as a resistance of vapor diffusing outwards, which increases 
as the driving force of vapor diffusion increases. So it is necessary to investigate the joint action of the driving force and the resistance on 
dehydration under different temperature gradients. 

 
2.4 Experimental procedures 
 

With the built system, the center of the sample was controlled at two fixed temperature of 60 oC, 70 oC, and the convective hot air was 
controlled at four fixed temperature of 30 oC, 40 oC, 50 oC, 60 oC. So that 8 couples of center and surface temperatures could be achieved. 
Potato samples with the size of 10×10×10mm were then dried at the 8 temperature couples. The drying curves and temperature curves were 
recorded, and the quality of each product was analyzed. Samples with the size of 10×10×6mm were also used for investigating the effect of 
the sample thickness.  

 
2.5 Quality assessment 
 

The dry basis moisture content of the sample during drying is expressed as follows: 
 0

0

(% . .) tm mMoisture content d b
m
−

=                                                                         (4)  

where m0 is the weight of the dry matter in the sample, mt is sample weight at the moment of t. 
The drying rate (DR) is expressed as follows: 

1 2

2 1

m mDR
t t
−

=
−                                                                                            (5)   

where m1、m2 are the sample weight at the moments of t1 and t2 respectively. 
In order to observe the microstructure of the products, the cross-sections of the products are captured with a scanning electron 

microscopy (Hitachi SU1510). The magnification is 200.  
A chrome meter (3nh NR20X) with a 5 mm diameter measuring area is used for surface color measurements. The L* coordinate ranged 

from 0 (black) to 100 (white), the a* coordinate indicates red color (minus value)-green color (positive value), and the b* coordinate 
indicates yellow color (minus value) -blue color (positive value). Measurements are conducted in triplicates and mean values are reported.  

A texture analyzer (TMS-PRO) is used to measure the surface hardness of the products. The cylindrical probe of P0.5 is chosen, and 
operation mode is set pressure stress measurement. The first peak of pressure stress during test is extracted to show the minimum pressure 
stress of piercing the product surface. Thus the hardness of the product surface can be indicated. 

Sensory evaluation in terms of overall appearance, taste and textural consistency was conducted by a taste panel of ten untrained judges 
(five males and five females, age 20–50, students and staffs in food engineering) to acquire the preliminary information of consumers’ 
preference and acceptance. Five grams of samples were given to each panelist after color measurements on the same day that the samples 
were dehydrated. Assessments were conducted at room temperature under fluorescence light. The judges were asked to indicate their 
preference for each sample based on the visual appearance and taste. The results were expressed in the categories of unsatisfactory, poor, 
neutral, good, and satisfactory. 

 
3. Results and discussion 
 
3.1 Temperature measurements during the drying 
 

During the drying processes, the temperatures of the potato samples are recorded. The curves of the center temperatures are shown in 
Figure4, and the curves of the surface temperatures are shown in Figure 5. It can be seen from Figure 4 that the fluctuation ranges of the 
temperatures are all almost less than 2.5 oC. Figure 5 shows the  
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Figure 4 Center temperatures of the samples (The curves overlap so well that each curve cannot be distinguished, but the purpose of 
this figure is to point out that each curve fluctuates within a small range) 

 
(a) 60 oC at center and 6mm thickness                                        (b) 60 oC at center and 10mm thickness 

 

(c) 70 oC at center and 10mm thickness 
Figure 5 Surface temperatures of the samples 

 
Figure 6 Schematic diagram of temperature gradient inside a sample 

surface temperatures of the samples, which are a little higher than the hot air temperature. The curves all fluctuate within a range of 2.5 

oC. The reason is that there is a distance between the probe for air temperature measurement and the sample surface, and the sample surface 
is heated by microwave as well as the hot air. In all, the temperatures at the surface and the center can both be controlled to a constant value, 
although a little deviation from the air temperature occurs. Thus the temperature gradients inside the sample shown in Figure6 can be 
constructed as a result.  

 
3.2 Drying curves 
 

Figure 7 illustrates the drying curves of the 10×10×10mm samples under different temperature gradients, where the center temperature 
of the sample is controlled at 60 oC in Figure7a and at 70 oC in Figure7b. The corresponding drying rate curves are shown in Figure8. It can 
be seen in Figure7 that as the hot air temperature increases, the drying time consumption does not vary monotonously. Taking Figure7a for 
example, the process under the hot air of 40 oC is the fastest, and a little slower under the hot air of 30 oC and 50 oC, finally the slowest under 
the hot air of 60 oC. Also considering the driving force and the resistance of vapor diffusion outwards both increase as the temperature 
gradient becomes larger, the effect of the driving force and the resistance on the vapor diffusion outwards can be depicted as the schematic 
diagram shown in Figure9. The two curves indicate the effect changes along with the temperature gradient. The drying process consumes 
the least time when the difference between of the two effects is the largest, which means the most suitable temperature gradient for 
dehydration. If only the drying processes under the gradients on the left side of the dotted line in Figure9 are carried out, the drying time 
consumption decreases monotonically as the increase of the hot air temperature, which is the phenomenon reported in the publications [2, 3, 
6]. 

 

(a) 60 oC at center                                     (b) 70 oC at center 
Figure 7 Drying curves of the 10×10×10mm samples with different temperatures gradients inside 

In Figure 7a, the time consumptions under the hot air of 30 oC and 50 oC are both obviously larger than that under the hot air of 40 oC. 
While in Figure7b, the time consumption under the hot air of 50 oC is just slightly larger than that under the hot air of 60 oC. It is inferred 
that the fastest drying process can be carried out under the hot air of several degrees higher than 50 oC. Thus as the center temperature of the 
sample is changed to 70 oC from 60 oC, in order to construct the most suitable temperature gradient for dehydration, the temperature 
difference between the surface and the center of the sample becomes smaller, and so does the temperature gradient. 
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(a) 60 oC at center                                   (b) 70 oC at center 
Figure 8 Drying rate curves of the 10×10×10mm samples with different temperatures gradients inside 
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Figure 9 Effect of driving force and resistance on vapor diffusion 
Figure10 illustrates the drying curves of the 10×10×6mm samples under different temperature gradients when the center temperature of 

the sample is controlled at 60 oC. And the corresponding drying rate curve is shown in Figure11. It can be seen that the process under the hot 
air of 50 oC consumes the least time. Therefore the most suitable temperature gradient for dehydration appears under the hot air of about 50 

oC. It is because when the sample thickness decreases, the temperature gradient inside increases although the temperatures at the center and 
the surfaces remain the same. So the hot air temperature should be increased for the fastest dehydration, if the center temperature is 
controlled at the same temperature. 
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Figure 10 Drying curves of the 10×10×6mm samples with different temperatures gradients inside 
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Figure 11 Drying curves of the 10×10×6mm samples with different temperatures gradients inside 
Comparing the curves in Figure7 and Figure8, in general, the drying processes consumes less time when the center temperature is 70 oC. 

The main reason is that the microwave power is larger when the center temperature is higher [11]. It indicates that the drying rate is mainly 
related to the microwave power, and less related to the temperature gradient. 

 
3.3 Quality assessment  
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(a) Hot air of 30 oC                                                                  (b) Hot air of 40 oC 
 

 
 

(c) Hot air of 50 oC                         (d) Hot air of 60 oC 
Figure 12 Photographs of dried samples with the size of 10×10×10mm under the center temperature of 60 oC 

Figure 12 illustrates the photographs of the cross-sections in the products taken with a scanning electron microscopy. The products are 
obtained from the samples with the size of 10 × 10 × 10mm when the center temperature is controlled at 60 oC. Table 2 shows surface 
hardness measurements of the products. Table 3 shows the surface color measurements of the products. Table 4 shows the sensory 
evaluations of the products. 

 
Table 2 Hardness of dried samples 

Serial 
numb

er 

Temperature 
at core/℃ 

Air 
temperature/

℃ 

Thickness 
/mm 

Hardness / 
N 

1 60 30 10 35.4 
2 60 40 10 34.4 
3 60 50 10 37.3 
4 60 60 10 43.2 
5 70 30 10 34.3 
6 70 40 10 34.0 
7 70 50 10 31.7 
8 70 60 10 32.1 
9 60 30 6 34.9 

10 60 40 6 33.8 
11 60 50 6 33.3 
12 60 60 6 41.5 

 
In Figure 12, the products dried under the hot air of 40 oC have the largest pores, and the products dried under the hot air of 60 oC have 

the smallest pores. It is because that large vapor flux may destroy the vapor diffusion channel made of sticky material in the potato sample, 
leading to the rupture of microscopic structure and the generation of larger pores [12]. From Figure 7a and Figure8a, it can be seen that the 
drying process under the hot air of 40 oC consumes less time than others, and the drying rate is the largest. According to Formula 3, the rate 
of convective mass transfer at surface of the sample under the hot air of 40 oC was not the largest, if the flow field of the convective hot air 
and the vapor diffusion rate outwards were the same to those under other gradients. Thus it is confirmed that the largest vapor flux is mainly 
due to the vapor diffusion outwards. As a result, the largest pores are produced. Considering the drying rate under the hot air of 60 oC, it is 
large at the beginning stage of drying process, and much smaller at the middle and late stages. According to Formula 2, the driving force of 
vapor diffusion outwards is very small, especially at the beginning stage when the moisture contents at center and surface are almost the 
same, leading to small pores in the sample. Whereas according to Formula 3, the rate of convective mass transfer at surface is large. So the 
large drying rate at the beginning stage is mainly due to the dehydration at surface, and the vapor flux from center is much smaller. As a 
result, the water loss is greater than the amount of coming vapor at surface of the sample. So the structure at surface shrinks, resulting in 
hard surface (shown in Table 2) 

The pores in Figure 12a are almost as big as those in Figure 12c, which means the vapor diffusion fluxes are close in the two processes. 
Comparing with the drying rate curves in Figure8a, the one under the hot air of 50 oC is larger at the beginning stage because of the larger 
(cs –c∞) at surface. So the samples under the hot air of 50 oC shrinks more seriously, leading to a little harder surface shown in Table 2. In 
all, under the most suitable temperature for dehydration, the largest vapor flux leads to the biggest pores. As the temperature gradient 
changes, smaller pores are produced because the vapor flux decreases. The surface hardness of the product is mainly related to the 
dehydration at surface and the coming vapor flux from center. If dehydration is larger, the product surface shrinks more seriously and 
becomes harder. 

Under the most suitable temperature gradient for dehydration (such as the one constructed with the center temperature of 60 oC and the 
hot air of 40 oC), the charring effect appears, corresponding to the darker and redder measurement in Table 3. It is because after the 
microscopic structure is destroyed, vapor at some locations cannot diffuse immediately for the channel is cut off [13]. 
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Table 3 Color parameters of dried samples 

Serial 
numb

er 

Temperat
ure at 

core/ oC 

Air 
temperat
ure/ oC 

Thic
knes

s 
/mm 

L* a* B* 

1 60 30 10 53.56 3.40 20.01 
2 60 40 10 49.82 3.53 17.29 
3 60 50 10 53.22 3.10 20.98 
4 60 60 10 54.93 2.81 22.03 
5 70 30 10 49.83 1.45 19.72 
6 70 40 10 46.94 2.12 19.35 
7 70 50 10 45.4 3.58 14.17 
8 70 60 10 50.63 2.25 16.34 
9 60 30 6 53.15 2.39 21.12 

10 60 40 6 51.77 3.19 19.94 
11 60 50 6 49.65 3.23 16.41 
12 60 60 6 54.23 2.82 21.4 

 
Therefore the local boiling point of water increases due to the increase of the vapor pressure here, which is similar to heating water in a 

pressure-cooker. So the water here still remains liquid state at a high temperature, and continues to absorb the microwave till the water 
becomes high enough to cause the potato charring. After changing the temperature gradient, the charring effect can be avoided, leading to 
the products with brighter and yellower measurement in Table 3. On the other hand, it can be seen from Table 3 that as increasing the center 
temperature, the products turns to be darker and redder in general, which means the charring effect is more serious under larger microwave 
power. 

According to the sensory evaluations shown in Table 4, the darker and redder products get lower scores in both visual appearance and 
taste, the brighter and yellower products get higher scores in visual appearance, and the products with harder surface get lower scores in 
taste appearance. The drying processes consuming long time taste poor, such as the 4th, the 5th and the 12th products shown in Table 4, 
because the accumulation of the flavor matter loss is big [14]. Products dried under the  

Table 4 Sensory evaluation of dried samples 
Serial 

number 
Temperature 
at core/ oC 

Air 
temperature/ oC 

Thickness 
/mm 

Visual 
appearance Taste 

1 60 30 10 Good Good 

2 60 40 10 Poor Poor 

3 60 50 10 Satisfactory Satisfactory 

4 60 60 10 Good Poor 

5 70 30 10 Neutral Poor 

6 70 40 10 Poor Neutral 

7 70 50 10 Poor Unsatisfactory 

8 70 60 10 Good Good 

9 60 30 6 Good Good 

10 60 40 6 Neutral Neutral 

11 60 50 6 Poor Poor 

12 60 60 6 Good Poor 
 
temperature gradient corresponding to a medium dehydration rate get higher scores both in visual appearance and taste. Comparing the 

1st and the 3rd products shown in Table 4, which are both processed with a medium dehydration rate, the sensory evaluation of the 3rd 
product is a little better. It is mainly because the shrink at surface leads to a resistance of the flavor matter loss under the hot air of 50 oC. So 
when the center temperature of the sample is constant, the product dried under the gradient a little smaller than the one the most suitable for 
dehydration tastes the best. Comparing the 3rd and the 7th products shown in Table 4, the sensory evaluation of the 7th product is a little 
worse due to more serious charring effect.  

 
4. Conclusion 
 

A combined microwave-hot air drying system with temperature control is built to study the temperature gradient inside the sample 
during drying process. Potato samples were taken as the objects for experimental research under different temperature gradients. The drying 
processes were then evaluated by the drying time consumption and the product quality. The results show that the drying time consumption 
does not change monotonously with the temperature gradient.  When the center temperature of the sample was controlled at a constant value, 
there is a corresponding temperature gradient which is the most suitable for dehydration. Nevertheless, the quality of the product dried under 
this gradient is not so good because of the big pores inside, the charring effect and the terrible taste. When the temperature gradient under 
which the vapor diffuses outwards slowly is used, although the big pores inside and the charring effect can be avoided, the drying time 
consumption is very large and the taste of the product is still not good. When the vapor diffusion flux outwards is medium under a proper 
temperature gradient, especially the gradient a little smaller than the one the most suitable for dehydration, the visual appearance and the 
taste of the product are both satisfactory, despite the drying time consumption is not the smallest. If the center temperature of the sample is 
raised, the over all performances of the products turn to be a little worse due to more serious charring effect. 
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Abstract: The dried taro slices were obtained at water content below 0.11kg water/kg dry solids using hot-air drying(AD), microwave 
drying (MWD), microwave vacuum drying (MWVD), Freeze drying (FD). The chosen drying methods provided wide variation in residence 
time, from 15min (in MWD) over 14h (in FD).  The influence of drying conditions and various drying methods on the polysaccharide 
content, color, shrinkage, sensory evaluation and micrographs of dried taro slices was studied. The colors of AD dried taro slices were 
comparable to the MWVD slices, but were significantly different from MWD (darker) and FD (lighter) counterparts. MWVD and VFD of 
dries taro slices were higher than AD and MWD in terms polysaccharide content, moreover, there are no significant differences between 
MWVD and FD. The microstructure of FD and AD dried taro slices was smooth and flaky, Particles of FD-dried taro slices were porous 
compared to the other three products. The study concludes that MWVD drying can produce taro slices with quality comparable to that 
obtained via freeze drying, and better than the MW and AD-dried taro slices. 
 
Keywords: taro, microwave vacuum drying; freeze drying; microstructure; polysaccharide 
 
1. Introduction 
 

Taro (Colocasia esculenta (L.) Schott) is a major tuber crop cultivated in the tropical and subtropical regions of the world. Planting of 
taro is very broad in many countries, such as Africa, and Asia. Taro is not only edible, but also can be medicinal [1-2]. Taro contains 
polysaccharide, which can improve the body's immune ability and strengthen the body's ability to resist disease. Taro’s output is up to 6 
million tons in China. Taro tubers are known to start rotting as early as two weeks post-harvesting, recorded post-harvest losses of about 
90% during six months of storage. Moreover, mucus of taro cuticula contains vegetable base. The human body skin contact vegetable base 
will cause tickling, which limits the taro's consumption and edible, thus demand of taro are not in proportion with the intensive processing, 
and deep processing of taro is imperative. To prevent loss of nutrients, taro can be made dry products. But because of the limitation of 
processing levels and the market ability, local taro production always stays on the original stage of processing. Traditional drying method is 
simple, and the dried taro products have the poor quality and large deformation, which cannot satisfy the demand of market for high quality. 
Thus the development and application of new drying technology can solve the current problem of taro effectively. Several drying 
technology can be viable commercial options for manufacture of dried taro, including hot-air drying（AD）, microwave drying (MWD), 
microwave vacuum drying (MWVD) and freeze drying (FD).The final product obtained may be differ in physicochemical or nutrition 
properties and microstructure [3-4]. Freezing drying is generally considered as the best method for production of high quality dried product 
[5]. But it suffers from high production costs, high energy consumptions and low throughputs. 
Hot-air drying (AD) has been to date the most common drying method used for food materials. However, this method has many 
disadvantages, including poor quality of dried products, low energy efficiency and long drying time. Prolonged exposure to elevated drying 
temperature of hot-air drying results in substantial deterioration of quality attributes as color, nutrient concentration, flavor and texture [6]. 

In order to eliminate these problem, use of microwaves technology is increasing for its preventing significant quality loss and achieving 
fast and effective thermal processing. The energy supplied during MW heating reaches all the parts of dried material at the same time. It 
enables to shorten dehydration time and to control desirable biological transformation [7,8]. Microwave-assisted vacuum drying (MWVD) 
drying has been investigated as a potential method for obtaining high-quality dried foodstuffs [9-11]. It permits a shorter drying time and a 
substantial improvement in the quality of dried materials, in related to those dried with AD and MWD [12]. 

Studied were reported that compared the influence of different drying methods on various quality attributes of fruits and vegetables, 
including the color of dehydrated apple[13], banana[14] peeled longan [15]and potatoes[6]. However, no studied have been conducted to 
evaluate the effect of drying method on taro slices in term of color, bulk density, microstructure. Thus the objective of this work was to 
investigate the influence of four drying methods (MWD ,MWVD, AD, and FD) on the physical properties and microstructures of resulting 
taro slices to provide better understanding in selecting drying technology that can be applied toward the manufacture of high quality taro 
slices.  

 
2. Materials and methods 
 
 2.1 Materials 
 

Fresh taros were purchased from a local supermarket in Wuxi, Jiangsu Province. Those with no damage part, no mildew points and 
uniform shape taros were selected as the raw materials. The samples were washed, peeled, sliced, then stored in the refrigerator (5oC) for 
sample preparation. Three replications were run for each experiment. 

 
 2.2 Drying methods 
 

The taro slices were dried by four different drying methods (AD, MWVD, MWD, FD) and the drying process continued until the final 
sample's moisture content reached 0.11kg water/kg dry solids. A series of preliminary drying experiments were done to ensure dried 
products in almost the same final moisture content. The original weight of the taro slices was 150 g. Three different drying trials were 
conducted, averaged and the drying parameters were determined triplicate and average. These methods are described as follows: 

AD drying was carried out using a electro thermostatic blast oven (Model no. DHG-9076A, Shanghai Jing Hong Laboratory Instrument 
Company, Shanghai, China),  The airflow velocity of dryer was 1.5 m/s and the temperature was 60 oC. 

 The lab-scale MWV dryer in which the samples to be dried can be rotated in the cavity was described in detail elsewhere[16]. The 
actual measured full power output of the magnetron was 380 W. The vacuum pressure was operated at 10 kPa and the rotation speed of the 
turntable was 5 rpm. 

A laboratory-scale freeze dryer (Model no. 6L, Labconco Instrument Company, Kansas City, KS, USA) was used for drying tarp slices. 
The vacuum pressure of dryer was set at 20 KPa, the plate temperature was 20 oC, and the condenser was at -50 oC. 

 Domestic MW over was utilized in this experiment ((Model no.EM-208 whirlpllo Co., LTD, Hefei, Anhui, P.R.China). The actual 
measured full power output of the magnetron was 380 W and the rotation speed of the turntable was 5 rpm.  
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2.3 Physical properities of taro slices 
 
 2.3.1 Moisture content 
 

Moisture content of samples was determined by the method (AOAC,1995). The samples were placed into a vacuum oven at 70 ℃ and 
57.6 kPa gauge pressure until reach a constant weight. The initial moisture contents of taro slices were 5.21 (d.b.). Weighing was performed 
on a digital balance, and then moisture content (w.b.) was calculated. The tests were performed in duplicate. 

 
 2.3.2Color  
 

Color was measured by a colorimeter (WSC-S system, Shanghai Precision Instrument Co. Ltd., Shanghai, China). Each sample was 
placed at the light port and tested for color values at three different points along the radius for three times to avoid inhomogeneity. The 

instrument was initially calibrated with a white standard plate ( 0L =8.28, 0a =1.51, 0b =0.68). The information given by L , a , and b  is 
commonly expressed as color values of taro slices, and L represents the brightness or dullness, a  for redness to greenness, and b  for 
yellowness to blueness[18,19].                                                                      

The total color difference (∆E) was then determined using the following equation  

 
2 2 2

0 0 0( ) ( ) ( )E L L a a b b∆ = − + − + −
                                                                (1)  

The subscript “ 0 ” in both equations refers to the original taro.   
                

2.3.3 Sensory evaluation 
 

To evaluate the acceptability of the final products, a preliminary sensory evaluation by a taste panel of 20 experienced judges was used. 
They were instructed to indicate their preferences for each sample based on the quality attributes of texture, flavor, and overall acceptability. 
A balanced seven-point hedonic rating was employed for all the indexes evaluated where “1-very poor, 2=poor, 3=fair, 4= satisfactory, 
5=good, 6=very good, and 7=excellent.” [19] The judges were asked to give their scores for each sample. 

 
 2.3.4 Polysaccharide 
 

The total polysaccharide content was determined using phenol–sulfuric acid method [17]. Data were calculated on a dry basis and 
expressed as micrograms per 100 g solids. The analyses were carried out in duplicate. Polysaccharide content of the dried taro was 
converted to the polysaccharide content per 100 g fresh taro. Polysaccharide value of taro slices after blanching was used as the control 
value. 

 
2.3.5  Shrinkage 
 

    Determination of shrinkage of each citrus peel taro cube was achieved by using an electronic digital slide gauge of 10−2 mm 
accuracy. Shrinkage of volume (VS) of citrus peels cube was calculated according to Eq. (2) 

 
( )

(%) 100i f

i

V V
VS

V
−

= ×
                                                                             (2) 

Where iV
and fV

are the volume of peeled stitches before and after drying respectively [18]. 
 
 2.3.6 Microstructure 
 

Scanning electron microscopy (SEM) was used to analyze microstructure changes after drying. Small slices of inner part were cut from 
the dried taros. The sample was coated with a very thin layer of gold and analyzed using a scanning electron microscope (model SU151, 
HITACHI high-tech，Tokyo, Japan) with an accelerating voltage of 5 kV. 

Finally, the specimen fragments were mounted on aluminum stubs, coated with gold and photographed by using an scanning electron 
microscope SEM (Quanta-200, FEI, Eindhoven, The Netherlands) using an accelerating voltage of 5 KV[20,21]. 

 
2.4 Statistical analysis 
 

 All experiments were carried triplicate, the data were statistically analyzed using the general linear model procedure of SAS (SAS 
Institute Inc., Cary, NC) and Difference among the mean values of the samples was performed by the ANOVA procedure. Mean values 
were considered significant different for P<0.05. 

 
3. Results and discussions 
 
3.1  The resident time 
 

The dried taro slices were obtained at water content below 0.11kg water/kg dry solids using AD, MWD, MWVD, FD. The chosen 
drying methods provided wide variation in residence time (Table 1), from 15min (in MWD) over 14h (FD).  The resident time of MWD 
is slightly shorter than that of MWVD. 

 
 3,2 Colors  
 

Color is one of the critical quality parameters that affects consumer acceptance degree and the market value of the products. The 
highest possible value L and lowest color difference (ΔE) are considered to be the bench mark in the industry for the color 

http://www.sciencedirect.com/science/article/pii/S0926669012001471#eq0015
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Table 1 Colors (  L*, a*, b*) and color different (△E) of taro slices using different drying methods compared to fresh taro slices 

Drying methods The resident time 
L* a* b* ΔE 

Fresh - 
94.23±2.56a 11.44±0.56a 40.56±0.98a - 

AD 11h 
73.39±1.51b 8.72±0.34a 29.14±1.26b 23.92±1.16a 

MWD 15min 
65.61±2.14a 10.07±0.85b 41.38±1.73b 28.66±1.37a 

    FD 14h 
92.37±1.62a 9.17±0.48b 26.86±1.47a 14.01±1.45b 

MWVD 20min 
76.75±1.76b 10.34±0.73b 28.94±0.89b 21.02±1.79b 

a,b   Different letters in the same column indicate a significant difference (p≤0.05) 
 

Table 2 The results of sensory evaluation on different drying process 
Drying method Color   Flavor Appearance Texture Total score 

AD 4.2±0.5b 5.2±0.3b 3.3±0.2a 4.5±0.2b 17.2±0.4a 

MWD 1.4±0.2a 4.8±0.4b 1.5±0.3a 4.5±0.5a 12.2±0.6a 
MWVD 4.8±0.5b 5.5±0.6b 4.6±0.5a 6.2±0.3b 21.1±0.3a 

FD 6.5±0.3a 5.0±0.5b 5.6±0.7a 5.2±0.6a 22.3±0.5a 
a,b   Different letters in the same column indicate a significant difference (p≤0.05) 
 
quality of dried foods [23,24]. The surface color parameters of AD, MWD, MWVD, and FD taro slices can be seen from Table 1. In 

general, dried taro slices showed lower lightness (L value), redness (a values) and yellowness (b values) compared to  fresh taro slices. 
Moreover, there were significant differences (p < 0.05) in L, a, and b values of the four different drying methods. FD taro slices exhibited 
the highest L values and lowest ΔE values, followed by MWVD. In addition, the color parameters  of FD were close to those of fresh taro 
samples. MWVD presents the higher L and lower ΔE values compared to MWD.This can be explained by the fact that less oxygen in a 
vacuum drying chamber leads to a less enzymatic browning reaction, which is the main cause of color degradation of dried samples [25]. 
The lowest L values and highest ΔE values were gained for the taro slices dried by MWD. This clearly indicated that more browning 
occurred because of non-enzymatic browning. The non enzymatic Maillard reaction occurs between proteins or amino acids and reduce 
saccharides during drying, which leads to brown compounds in foods[26]. For AD, the long resident time may have caused AD taro slices to 
darken. Drying temperature and the resident time are critical in the development of browning. The lower color degradation of the MWVD 
product might, therefore, also be caused by the short drying time. 

 
3.3 Sensory evaluation 
 

The quality assessment of the taro slices treated by different drying methods was evaluated mainly in terms of the colour, flavor, 
appearance and texture. Moisture content was fixed below below 0.11kg water/kg dry solids. It can be seen from Table 2 that the FD 
samples showed the highest product quality. While the score of  MWVD samples is very near to that of FD, which may be due to the short 
drying time, low drying temperature, and less oxygen in microwave vacuum drier. In other words, MWVD can be considered as a potential 
efficient process for commercial taro slices manufacturing. MD got the lowest score, meaning that MD cannot be accepted for drying taro 
slices. Figure1 also showed that the color of taro slices dried by MD is brown and shrink greatly. Compared with MWVD and FD, AD 
samples curl significantly. FD samples has the better color, flavor and uniform, while the surface of sample is rough.  

 
3.4 Shrinkage and polysaccharide 
 

Figure2 shows these four drying methods resulted in volume shrinkage and polysaccharide content of taro slices. During the drying 
process, food materials undergo changes in volume (shrinkage or expan sion) along with water loss. 

 

(a)AD                                        (b)MWD 
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(c)MWVD                                            (d)FD 
Figure1 Taro slices dried by different methods 

The shrinkage of taro slices dried using AD, MWD, MWVD, and FD was calculated based on the initial volume of the fresh samples. MWD 
showed the highest shrinkage ratio (40.16%), followed by MWVD products (28.44%), while FD taros showed the lowest shrinkage ratio 
(15.36%), followed by AD samples (22.56%). Food 

drying involves complicated processes relevant to the mass, heat, and momentum transfer within the food material because multiple 
phases are usually present in the form of solids, liquid water, and gas [26]. Therefore, shrinkage is relevant to moisture content of food and 
the different heating transfer mode. AD provided a moderate drying condition but long shrinkage time, which was explained by the fact that 
t the long drying time gives more time for the taro slices product to shrink [27]. The water molecules in the form of sublimation from taro 
slices leads to reduce the amount of deformation of samples in FD. During the MWD process, Evaporation of water within the food is 
accelerated by the preferential absorption of microwave energy, accelerating the transport of water vapor, which promoted the shrinkage of 
taro slices. However, negative pressure was exerted within the taro slices, which offsets the shrinkage of samples due to the effects of the 
puffing. Hence, shrinkage of MWVD samples is lower than that of MWD. Overall, MWD taro slices were greater than that of MWVD and 
AD taros, and significantly greater than FD in terms of volume shrinkage. 

The polysaccharide content changed in taro slices dried by different drying methods was shown in Figure1. It can be seen that the 
polysaccharide content in FD taro slices was the highest and the value was 17 g/100 g d.b., MWVD and AD taro slices obtained the 
polysaccharide content was 16.5 g/100 g d.b. and 12.4 g/100 g d.b.. The polysaccharide content of MWD reached a minimum value of 8 
g/100 g d.b.. MWD had the lowest soluble polysaccharide content. High microwave power alone leaded to a severe temperature increase in 
taro slices to produce Maillard and caramelization reactions, thus some polysaccharides were converted to oligosaccharides or part of 
caramel. However, MWVD may maintain better retention of polysaccharides due to the high drying rate and low drying temperature in 
vacuum conditions, which implied that MVD was a better method for maintaining the polysaccharides from taro slices. FD permited the 
water in food material freeze condition then sublimated under the low temperature. Thus, FD preserve the highest polysaccharide content 
compared the other three drying methods. 
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Figure 2 Shrinkage ratio and polysaccharide content dried by the different methods 
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(a)AD                                                                                             (b) MWD 

     

(c) MWVD                                                                                              (d) FD 
Figure 3 Scanning electron micrographs of dried taro slices 

3.5 Microstructure analysis 
 

  Figure3. shows SEM (scanning electron microscopy) images of dried taro slices samples obtained from different processes. The 
difference in microstructure after FD, MWVD, MWD and AD was clearly visible. The samples dried by MWD exhibited collapsed and 
compact structure and the cells were tightly packed, which may be due to the higher diffusion rate generated by the microwave power. FD, 
AD and MWVD samples revealed a clear porous structure, indicating that smaller shrinkage occurred during vacuum and AD drying. Ice 
crystals between cells directly sublimated in freeze drying, which resulted in minimum structural shrinkage [28]. The cells dried by FD were 
great and soft. For MWVD, internal moisture evaporated rapidly under the vacuum and the microwave energy. Expansion power of the 
steam brought the degeneration of high polymer material between components, which formed honeycomb structure.         

 
4. Conclusion 
 

Based on the experiments investigated in this article, it is observed that the drying methods significantly affects the drying 
characteristics and quality properties of dried taro slices. MWD is the fastest means of drying in term of drying time, followed by MWVD. 
On the basis of product quality, MWVD presents the better quality in term of color, shrinkage, sensory evaluation, polysaccharide content. 
the polysaccharide content of MMVD and VFD was similar and high. The polysaccharide content of MWVD reached a minimum value of 
8%. MWD presents the best quality properties. Among different drying methods, microwave vacuum drying seemed to be a more suitable 
method to preserve the better quality attributes of dried taro slices. 
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Abstract: With the homogeneity of merchandise, every corporation is hard to beat the competitor simply by the lead of technology or the 
advantage of price, in such circumstance, the consumer percipience play a decisive role, this article illustrated The function and value of 
consumer insight in film and television advertisement. 
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1. What is the consumer insight 

1.1 The concept of consumer insight 

Consumer insight is the use of human truth, provide new view, it is people-oriented, whether it is marketing or communication, our 
target is people; it is the truth, because it is not made out, there is no fact, it needs to pass through the investigation[1] system, the law was 
eventually personalized we are dedicated to the. It is relative to the consumer survey and the concept of the investigation is static, the 
respondents were doing or what they say. For example: Beijing City, 35.8% of the target customers have purchased one of our products, of 
which 60.7% of people said they continue to consume our products, etc.. Is there any use of this information? Useful, but its contribution is 
limited. The insight is different, it is a dynamic, is deeply dynamic tracking why consumers will buy our products, why would agree, why 
repeated consumption as well as a considerable proportion of consumers no longer buy our products such as a lot of problems. These are the 
consumer insight into the scope of the study, it is the bond between the brand and customers, in the market competition has played a 
decisive role. 

1.2 Consumer insight research 

Consumer insight is a dynamic, is deeply dynamic tracking why consumers will buy our products, why would agree, why repeated 
consumption as well as a considerable proportion of consumers no longer buy our products such as a lot of problems. The mining process is 
not simple, if not a pair of eye, it is likely to fall into the trap of a cloth under the consumer. A foreign brand of instant macaroni has done a 
consumer research, so they found that when consumers buy back their products when heated, will also add some onions, in order to better 
meet the needs of the consumers, enterprises in the new product immediately add more onions, and when again further research found 
consumers, consumers still continue to add onions in their pasta. What's going on here? In fact, this phenomenon is a hidden deep consumer 
insight: when a housewife in the preparation of instant macaroni for the family, there is a kind of not doing the housewife duties of guilt, in 
order to eliminate this guilt, add a little onion to prepare their own, is not only one of family members caring housewife expression way that 
is a kind of compensation due to the convenience of guilt, and whether the taste of onion macaroni with Never mind. Therefore, research on 
consumer insight should be a deep and lasting and systematic project[2], and it is not a simple question, as shown in Figure 1, is an ordinary 
consumer insight, need some basic understanding of the situation. 

Figure 1 research areas of consumer insight 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                                      110.2 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/110 

 

It is worth noting that, deep consumer insight not only on the surface but also consumer behavior, see the surface of the ability, it can 
get insight into the general public's sympathy, not to exaggerate one's perception. For example, in the liquor brand marketing, usually 
considered to show pride, a message of friendship China drinking consumers, or show off status and wealth. But the depth of consumer 
insight we found that consumers drink drinking the subconscious is actually childish, naive because can bring numerous benefits, safety 
testing each other can talk rubbish; vino Veritas can make candid atmosphere, close the distance with each other. To do a good job in brand 
marketing consumer insight, to a large extent, the need for continuous practice and practical experience, the need to use a variety of 
disciplines of knowledge and tools. The past of sociology and social psychology as the analysis framework of consumer insight, now 
consumer insight has been developed to even the psychological analysis method of cultural studies, anthropology, and exploring the deep 
motivation of consumers and mind password. From discovery to pop, from pop to the final form of trend, brand building and product 
marketing development should always keep up with the market, this requires the consumer insight must keep pace with the times, and in the 
market transaction and market trend keep keen sense and judgment, so as to ensure the effectiveness of brand marketing. 
 
1.3 Consumer insights consumer demand 
 

About consumer demand, in accordance with the commonly used classification, divided into practical needs and enjoy the 
demand.Needs Utilitarian (utility demand) is the basic function and the material benefits of the need to contact. When consumers were 
driven by practical needs, the choice behavior is rational, demand preference can be relatively clearly defined, has practical value judgment 
of product standards, such as high quality, reliable, easy maintenance etc.. 

Needs Hedonic (enjoyment of demand) is derived from the consumer to obtain pleasure, respect and status and performance of self 
desire. To enjoy the demand associated with the purchase of decision-making has a certain subjective experience and emotional color. It is 
difficult for consumers to make an accurate definition of the order of preference, the stability of preferences is low, in the process of 
interaction with the manufacturers are vulnerable to the impact of manufacturers. In early 1970s, Reitz and K raises the important position of 
marketing theory. The theory is that, in the consumer's mind, the brand is filing, like a drawer, once consumers to solve specific problems or 
to meet specific needs, will directly thought in mind a "location" brand. Marketing staff's task is to establish a clear position in the minds of 
consumers to make consumers realize that our brand is different from the competitors. If the consumer's mind in the beachhead established, 
it is a successful positioning, there will be a good harvest, this is the era of a powerful competition oriented marketing theory. 

 
1.4 Consumer insight in the big data environment 
 

The true value of big data it is not big, but in the cross retrieval from different angles and dimensions on its multi-level information; 
continued to show the time dimension of the social organism with people or activities associated with information. Big data is not for any 
applications, big data analysis requirement we according to different goals, using statistical and mathematical model to extract data from 
multiple databases, in association and clustering analysis of data and data, find out the valuable information. As long as the rational use of 
these large, multi-dimensional data, can be in any place, from any point of view in order to understand the trend of charts and other popular, 
scientific and rational form of presentation. The more comprehensive analysis of the data, the more close to the real results of the analysis, 
which means that the company will be able to obtain a more keen insight from these new data, and its integration with the various details of 
the known business. If you have to master the big data standard, entrance, collection and integration process of the company, can get all 
network users and network service providers of all network behavior, cross site, cross product, cross terminal, cross platform to manage 
large data generated on the basis of the data of insight, will undoubtedly have a new value experience for advertising the Lord brought. 
 
2. Consumer insight in the role of film and television advertising 
 

Consumer insight is not a panacea. But in the current market environment, not to do consumer insight, I am afraid it is absolutely not. It 
is the biggest contribution is the real reason behind the appearance can help enterprises to find and market opportunities, make enterprises 
more accurate and efficient out of the plight of the market, to create a more differentiated marketing strategy, so as to avoid the vicious 
competition among enterprises. So, you can quote a classic PHILPS advertising language to illustrate its benefits: let us do better. 

In real estate advertising, with a pragmatic attitude to target consumers, can be separately from the architectural style, building 
standards, environmental planning, landscape design, service and other details, extract the "good house standards". In specific ideas, it is to 
focus on the real issues of the consumer in the collection phase of the data collection stage, decision-making stage and so on, so as to create 
the best advertising can resonate with the audience. 

Insight to reverse the situation in Hongkong "Haicheng Lake" residential area for example: what can allow consumers to wait, can not 
wait any longer? The planning team thought of the child. Children's childhood only a few years, it is not so, I believe that every parent, for 
this insight must have the same, because parents know that children grow up fast, a moment to grow up. Children will become what the 
future, no one can predict, parents can fully control is to give them a best childhood. Parents and children the most close period of time, only 
the childhood that only a few years, because people know that as a child in the middle school stage, and parents will naturally open their 
own life to carry out alienation. A few years of childhood should cherish, can not be missed. Parents also think that children's childhood is 
the most important period of growth, which gives them the most perfect environment and conditions for growth. 

The consumer insight reflected the human truth, also provides for buying a house and the "DB Haicheng Lake" a fresh view. Because 
the child's childhood only a few years, may transport a little inconvenient, but it is still the best childhood to the children, the best growth 
environment. The "DB Haicheng Lake" advantage, naturally self-evident. On the definition of challenges and insights on the basis of how 
the combination of communication? What is the appeal? Planning team will spread into force and attract two parts, 

The purpose of forcing the marketing campaign is to allow consumers to reflect on their current kind of "I do not know because, 
unlimited waiting" behavior. The point of the communication is: "childhood is short, and now we want to give the best". 

In the TV ads, "father and son" seen most dads will shoot for the children's growth record, at the same time you hear a father for the 
child's letter, telling children face growing feelings and aspirations of their own, such as advertising 1: 

60 seconds of "father and son"" 
Camera 1: This is a few years...... Just a couple of years...... Thank you, make me change; 
Lens 2: all of a sudden, I think they are very important; 
Lens 3: don't know when to start, I become very fond of laughing; 
Camera 4: sometimes it's silly to think...... I really don't want you to grow up so fast. Don't know what will happen in the future...... 
Camera 5: I don't know what will happen in the future...... Only know...... Today, I want to give you one of the best childhood; 
Scene 6: DB Siena one; 
The results of the first phase of the housing in three weeks and sold out, at the time of the property market downturn under a miracle. 

 
3. Consumer insight in the value of film and television advertising 
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3.1 Consumer insight is an important means to obtain consumer perceptual information 

 
Advertising is not pure natural science, it has a lot of social, psychological, emotional value in it. To gain insight into the inner world of 

consumers and potential demand hit consumers, this demand is not only the material, it also includes the psychological and emotional needs, 
value. Through big data platform, to obtain accurate data of the consumer insight, including the living habits of different aspects of the basic 
necessities of life, enterprises can screening related commodity information from the data, accurate delivery of advertising, hit the target 
population.For example: "Vanke building infinite life" advertising language is from advertising, residential environment, online virtual 
communities, to internal communication, industry image, full contact, making communication and interaction deeply, standing in the new 
height, bring added value for enterprise brand, consolidate the "first brand" China to the advantage of industry[3]. 

McDonald's attempts to establish a localization image in the Chinese market, which is demonstrated by the value and culture of its 
advertising. The following kinds of ads from China's sharp insight into the changes since 90s twentieth Century, as well as a profound 
understanding of the Chinese traditional culture and value, showing a McDonald's full insight into the hearts of Chinese consumers. 

Advertising 2: noisy crowded streets, a man is tying up a newspaper, a worker is pushing a car of mineral water, some people in a hurry, 
some people take the old small bus. The clamor, we can clearly hear a woman in poetry. When the lens is pulled back, the voice is more and 
more clear, a dress neat elegant lady sat in, with the golden logo of McDonald "M window". She suddenly stopped smiling face, then appear 
in the front is a dish of food. At this time, the screen a subtitle "wonderful morning from McDonald's," Song Rang "gather laughter every 
moment". 

Successful white-collar workers to pursue a distinctive modern way of life, the social status of the article to meet their needs. In the ad 
2, one side is gathered in the noisy streets dressed ordinary plain, while enjoying leisure and dress formal professional clean quiet 
McDonald's restaurant, phase contrast. Since 90s twentieth Century people have a new understanding of personality, which produced the 
pursuit of differences. In the early 80s, China was a country that advocates collectivism morality, seeking personal interests is regarded as 
selfish or immoral. The same people's way of life: everyone is wearing a simple, enjoy the same music, study for the national prosperity of 
this common ideals and work. Since the middle of 80s, especially in 1992, Deng Xiaoping put forward the development of the economy as 
the country's first priority, the personal wealth for everyone to be recognized, and the development of a standard for evaluation of personal 
achievement. With the increasing purchasing power, the success of professionals to show off their status began to seek a different way of 
life. McDonald's to capture the people of this awareness, very strategic position to be able to let the white-collar workers do fashion. 

 
3.2 Use big data mining consumer's perceptual information, cultivate people's consumption habits 
 

Research on consumer insight into current limited use of consumer interest data, match up the sale, here, we put forward by mining the 
emotional needs of consumers, actively cultivate people's consumption habits, so that the consumer is not only a kind of trend, but has 
become a kind of spiritual pursuit, even is a kind of dependence. For example: the popularity of mobile intelligent terminal equipment, is a 
typical new behavior, is based on the large data platform of consumer insight and developed new products. Big data is not for any 
applications, big data analysis requirement we according to different goals, using statistical and mathematical model to extract data from 
multiple databases, in association and clustering analysis of data and data, find out the valuable information. 

As long as the rational use of these large, multi-dimensional data, can be in any place, from any point of view in order to understand the 
trend of charts and other popular, scientific and rational form of presentation. The more comprehensive analysis of the data, the more close 
to the real results of the analysis, which means that the company will be able to obtain a more keen insight from these new data, and its 
integration with the various details of the known business. 

If you have to master the big data standard, entrance, collection and integration process of the company, can get all network users and 
network service providers of all network behavior, cross site, cross product, cross terminal, cross platform to manage large data generated on 
the basis of the data of insight, will undoubtedly have a new value experience for advertising the Lord brought. 
 
4. Conclusion 
 

Now, in the fierce market environment, how to make your products in the tens of thousands of kinds of talent shows itself similar 
products, this is the biggest problem, every enterprise faces so can do deep insight into consumer is very important, it is the key factor for 
enterprises to win the hearts of the. In the film and television advertising, it is showing its importance. 
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Abstract: There are many cooperative spectrum sensing means in cognitive radio networks (CRNs) have been proposed. However, the 
combination between signal noise ratio (SNR) and distance information was rarely considered which can improve the detection performance 
of cooperative spectrum sensing. We consider CRNs consists of a primary user (PU) and multiple secondary users (SU). Considering the 
radio environment with the influence which made by path loss, shadow fading and Rayleigh fading in detection accuracy, in order to get a 
better detection performance for the recognition of PU, a novel data fusion scheme which joint signal noise ratio and inverse distance 
weighted (IDW-SNR) is proposed. The detection probability  and false alarm probability  are derived and simulated. Our analysis and 
simulation results show that the proposed method is better than the conventional manners for the detection performance. 
 
Keywords: cognitive radio networks; cooperative spectrum sensing; idw-snr; detection performance 
 
1. Introduction 
 

With the rapid development of wireless communication system, it posed a strong requirement for the limited radio spectrum resource. 
On the other hand, with regard to the spectrum report which conducted by the Federal Communications Commission (FCC), the majority of 
the radio spectrum is not in use for significant periods of time in reality [1]. Therefore, the concept of CRNs has been proposed as a 
promising technology to cope with the spectrum scarcity as well as the spectrum underutilization problem [2]. Considering the definition of 
CRNs that talked about an intelligent wireless communication system in which SU can constantly sense their operational electromagnetic 
environment, and then opportunistically function in spectrum holes, without causing destructive interference to the PU [3]. 

The most popular spectrum sensing methods that have been proposed are energy detection, cyclostationary feature detection and 
matched-filtering detection. These single-user spectrum sensing manners are relatively simple. However, when these means were applied in 
a stand-alone cognitive radio device, owing to the path loss and shadow fading it might draw a false conclusion about the presence of PU [4]. 
For example, if a SU senses low or no PU signal in a certain spectrum band, it may be because of the shadow fading rather than being a 
white space. To deal with these problems, cooperation between SU is extremely necessary. Cooperative spectrum sensing has been shown to 
be an effective way to conflict channel fading and improve the detection performance by utilizing the cooperative diversity among SU [5-8]. 

In this paper, we propose a data fusion scheme joint signal noise ratio with inverse distance weighted (IDW-SNR). More specifically, 
the detection probability  and false alarm probability  are evaluated and compared with conventional manners, for example, majority voting 
rule, equal gain combining (EGC) and SNR gain combining. It can be further extended to the CRNs with more SU. 

The rest of this paper is organized as follows. In Section 2, the system model and fading-channel-based sensing model is presented for 
the proposed scheme. In Section 3, the novel proposed data fusion method is explained. In Section 4, the performance of proposed manner is 
analyzed, and numerical results are presented. Finally, section 5 briefly concludes this paper. 

 
2. System Model and Fading-channel-based Sensing Model 
 
2.1 System model and assumptions 

 
In this section, we consider fundamental CRNs which consist of a PU and N SU. Let )(tx  stands for the signal received at the SU. 

)(ts  and )(tn  denote the signal transmitted by PU and the additive white Gaussian noise with a zero mean in the channel, respectively. 

)(tx  is alternatively classified into two cases 
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where 0H  and 1H  represent the absence and the presence of PU signal. For PU signal detection, the detection probability dP  and 

the false alarm probability fP  are defined as 
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The goal of the spectrum sensing scheme is to maximizing dP  for a specific fP . Performance of a detector can be evaluated via the 

receiver operating characteristic (ROC) curve, in which dP   is drawn in terms of fP [9]. 
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0
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Fig. 1. Energy Detector 
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A block diagram of the energy detector is given in Fig. 1, the input band pass filter with center frequency cf  and bandwidth of 

interest B , filters the out-of-band noise. This filter is followed by a squaring device in cooperation with an integrator which measures the 

received energy over the observation interval T . The output of the integrator is then normalized by 
2

0N
, where 0N  represents one-

sided noise power spectral density. For individual sensing, the normalized output Y  is then compared to a decision threshold λ  to decide 
the presence of primary transmitter, which is described by [10] 
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where 2
2uχ  is a chi-square distribution with u2  degrees of freedom, )2(2

2 γχ u  is a non-central chi-square distribution with u2  

degrees of freedom and non-centrality parameter γ2 , TWu =  is the time-bandwidth product and 
0N

Es=γ  is the ratio of signal 

energy to noise spectral density. 
 

2.2 Fading-channel-based sensing model 
 
There exists fading in the signal transmission process, such as path loss, shadow fading and Rayleigh fading, etc. Therefore, we can 

reckon that the average value ][rΕ  of the sensing domain as the radius of the sensing model approximately by analyze the channel 
character. As we know, the channel fading has influence on the SU sensing ability. Assume that SU obey the random distribution in two-

dimensional surface 2R , its space location follow the Poission distribution },,3,2,1,{ nixi ==ψ  with the probability density 

0λ  and the emission power is tP  while the noise power is N , after that the sensing radius sR  can be denoted as 

 ηβκ
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Ε=Ε=                                                                 (4) 

where iC  represents the probability distribution density of the chosen model, κ  stands for the channel transmission constant which 

determined by the physical layer, and β  indicates the SNR , η  points out the power loss exponent which is usually a constant in the 
range 2 ~ 6. Considering that the existence of functional scheduling mechanism in MAC layer, which ensure no interference between SU, 
consequently the )(rSNR  can be illustrated as 
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The PU can cover the SU when β≥)(rSNR , that is to say, PU can communicate with SU as usual. At the moment, the sensing 

radius sR  is the communication radius. 
Path loss caused by the transmission of the signal in the square rate channel while the distance are related to the loss, the farther away 

from the PU, the larger the path loss is, and this kind of power loss is usually called large-scale fading. The path loss l  can denoted as 
ηκ −= rl , and 1=iC  when only take the path loss factor into account according to (5). In the mean time, the first moment and second 

moment of the equivalent sensing radius sR  can characterized by 
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Beside the path loss, there is often encounter the occlusion from obstacles, architectures and forest, etc. Meanwhile, partial energy has 
been absorbed, reflected and scattered in the power transmission which also result in the shadow fading. Normally, the received signal 

power obeys the lognormal distribution, for this reason the probability distribution )(xSi  of shadow fading can indicated by 
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where x  denotes the distance between PU and SU, and σ  describes the standard deviation of the shadow fading that follow 

Gaussian distribution. When shadow fading has influenced the signals transmission, then ii SC =  according to (5). For the moment, the 

first moment and second moment of the equivalent sensing radius sR  can represented as 
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The signal of the PU can reach SU through a number of paths in the transmission process, and each received signal can be modeled as 
the sum of orthogonal vectors at SU. At this point, the envelope of the signal is the Rayleigh random variable, which is the usually used 

Rayleigh fading. The probability distribution )(xhi  of Rayleigh can illustrated as 

 x
i exh µµ −=)(                                                                                                 (11) 

where x  stands for the distance between PU and SU, µ  denotes the channel gain of Rayleigh distribution, and ii hC =  when the 
signals have been affected by Rayleigh fading in the channel according to (5). Currently, the first moment and second moment of the 

equivalent sensing radius sR can represented as 
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where ∫
∞ −−=Γ

0

1)( dtetx tx
. 

 
3.Novel Proposed Data Fusion Scheme 

 
In order to improve the performance of spectrum sensing, the SU can cooperate to detect the presence of the PU. The detection 

topology used for cooperative detection is a parallel network with a fusion center, this kind of topology consists of 2≥N  local detectors, 
all observing the same phenomenon. The local detectors transmit their measurement statistics to the fusion center, and then the dedicated 
node makes a global decision. 

It is assumed that all the N  SU experience an independent and identically distributed (iid) fading. The sensors are conditionally 

independent, which means that the SU measurements are independent, but that for each SU the same hypothesis }{ 10 , HH  applies. 
 
3.1 Majority voting rule 

 
This decision rule is based on majority of the individual decisions. If half of the decisions or more say that there is a PU, then the final 

decision declares that there is a PU. Mathematically, define ∑
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, where  x  denotes the smallest integer not 

less than x , then the PU is declared to be present; otherwise, there is no primary user. 
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the probability of detection dP  and probability of false alarm fP  of the final decision are given by 
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3.2 Equal gain combining 
 

In measurement combining, the fusion center weights and combines the measurement values of the N  local detectors. Based on a 

threshold test a global decision is generated, the test statistic Y  is the weighted sum of the N  local measurements [11] 
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where Y  is the non-quantized output of the energy detector and iw  is the weight for node N . A special case of measurement 

combining is equal gain combining (EGC) [12], the fusion center combines the measurements with equal weight 1=iw  in EGC for all 

N . The global probability of detection dP  and global probability of false alarm fP  for both schemes in the AWGN channel are derived. 

However, for the log-normal shadow fading and log-normal plus Rayleigh fading channel dP  has to be derived numerically. 
 
3.3 SNR gain combining 
 

Assume that the SNR, which delivered by PU, was known in every SU, and then the fusion center execute the data fusion according to 
the weight, which made in the light of SNR. We will analyze the optimal combination on the basis of above assumption as follows. 

At first, considering CRNs has N SU, and the number of sample used for energy detection is M [13], then the observation result can be 
denoted as 
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where ijs , ijn  denotes the signal received by iSU  from jPU  and noise, respectively. Besides, the PU is inactive under 

hypothesis 0H , and active under hypothesis 1H . 

Assume the noise ijn  is a Gaussian, independent and identically distributed (iid) random process with mean zero and unit variance; 

and denote ∑
=

=
M

i
iji s

M 1

21γ  as the received signal of PU measured SNR at SU under the hypothesis 1H . According to central limit 

theorem, when M is large, iY  subject to Gaussian distribution as 
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Denote iw  as iSU  weight coefficient, therefore the sum can be expressed as (16), then on the foundation of (18), Y was also 
belongs to Gaussian distribution, that is 
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Consequently 
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where dtexQ
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∫= π
, combined (20) and (21), the possibility of detection can be represented as 
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where define the normalization weighted factor as 
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α , then the problem can be simplified as maximum the 

possibility of detection which given by 
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3.4 Novel proposed IDW-SNR scheme 
 

We have discussed the situation that the SNR of PU was known before the spectrum sensing above, nevertheless, this assumption is not 
factual in reality. Therefore, considering the radio environment and the influence which made by path loss and shadow fading in detection 
accuracy, we propose a novel scheme that integrate inverse distance weighted with signal noise ratio (IDW-SNR) for cooperative detection. 

The distance between SU and PU can denoted as  ,,,, 21 iddd , and then the inverse distance weight factor diw  can be 
represented as 
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  In the equal gain combining (EGC) cooperative algorithm, the sum of the value is N . Consequently, the fusion factor can be 
expressed as 
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after that the above formula can be indicated as 
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Suppose that the location of SU has been setting in advance, as a result the distance id  which between PU and SU was known. At 

first, every single node detects the energy of jis , afterward we can get the jγ ; next send the jY , jγ and id  to the fusion center; 

subsequently, the fusion center can calculate the weighted coefficient according to (27); and then, work out the energy summation from 
every SU; eventually, we can get to know whether the PU present by compare the energy summation with the threshold λ . 
 
4. Simulation and Analysis 
 

Simulation experiments based on MATLAB platform are made to check the detection performance in this section. The radio frequency 
band of the very high frequency is taken for the registered band waiting for the opportunistic access of SU. Consequently, the carrier 
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frequency cf  is set as Hz8100.1 ×  and the sampling frequency sf  of SU is Hz8100.3 × . Considering the sensing time and 

detection performance simultaneously, 100=N . 

The performance of spectrum sensing is characterized by the probability of detection dP  and probability of false alarm fP . In this 

case, the SU causes a severe interference to the PU. On the contrary, fP  means the probability that the SU judges PU to be detected even 

though the PU does not occur. Besides, the consumption of radio resource becomes worse because the SU changes the currently used 

channel into another available channel. It has been recognized that there is a tradeoff between dP  and fP  according to the sensing 

threshold [14] [15]. 
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Fig. 2. Detection performance evaluation in AWGN channel 

Fig.2 ~ 4 displays the ROC curves of several processes for spectrum sensing under various channels. Obviously, the detection 
performance of IDW-SNR increases about 20% on average for a given probability of false alarm compared with the classical majority 
voting rule. Moreover, it is also superior to the EGC gain combing method and even has much advantage over the SNR gain combing fusion 
scheme. In summary, the classical majority voting based method always suffers from noise uncertainty, even for the relevant improved 
methods, resulting in a poor detection performance under strong noise conditions. However, the IDW-SNR scheme performs spectrum 
sensing through the joint SNR with distance information, which does not depend on the estimation of noise variance and dramatically clears 
the influence form noise uncertainty. Additionally, the consideration of the correlation between SNR and distance makes the detection of 
idle spectrum more accurate. As a result, the detection performance is greatly improved in return. 
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Fig. 3. ROC curves comparison of different schemes in Rayleigh channel 

The major concern of any proposed algorithm is the complexity-performance tradeoff, how much we should trade the complexity to get 
better performance. The computational complexity of the proposed format is approximately as the conventional method; nevertheless, the 

increase in detection performance reaches about two times as majority voting rule at 05.0=fP  in Fig. 3, which is the common rated 

value for useful CRNs. 
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Fig. 4. Detection performance assessment in Rician channel 

 
5. Conclusion 
 

In this paper, we proposed a novel IDW-SNR scheme to determine the weighted coefficient of SU detected energy for data fusion in 
the CRNs, in which the detected energy of SU has been weighted for cooperative spectrum sensing. The analysis results show that the 
proposed method is better than the conventional manners for the detection of PU. Even though the channel experiences path loss and 
shadow fading, the intended process maintains constant probabilities of detection and false alarm. The proposed data fusion algorithm is 
expected to be applied effectively in the CRNs. 
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Abstract: Effective exploitation of technology values is subject to the complementarities of organizational resources. The present study 
used the emerging technology of Fuel Cells as an example to show that firms may commercialize the values of technology according to their 
organizational resources. By aligning firms’ patenting strategies and the imparities between book values and market values this study 
concludes a technological ambidexterity with respect to firms’ technology development. On the one hand, the exploitative firms tend to 
file patents to defend their leadership in the product market as a result their technology is constrained within a firm’s boundaries. On the 
other hand, the exploratory firms generate profits by selling or licensing their technologies (where the value imparity is widened). 
Managerial implications are drawn according to the findings 
 
Keywords: patent; resource complementarity; value exploitation 
 
1. Introduction 

 
Technology about Fuel Cells is widely recognized as one of the top four important technologies (biology, Nano, and information 

technologies) of the new century. This technology was firstly developed in the US in the 1970s. Japan caught up with the US in the 1980s. 
In the 1990s, Canada, as well as several European countries, started to participate in developing relevant technologies. The high price of 
crude oil nowadays and the accordance of the Kyoto Protocol on carbon-dioxide emissions both encourage the development of green 
energies. The Fuel Cells’ environmental friendliness has attracted much current research attention. As a result, the beginning of the new 
century is the right timing to observe its patenting activities.  

Fuel cells are categorised according to their type of electrolyte, the six main types of fuel cells are outlined below. 

 
Figure from http://photos1.blogger.com/blogger/804/1035/1600/FCsummary.gif 

The diagram below shows the mechanisms by which the different fuel cell types operate: 

Table 1 Summary of six main types of the fuel cell 
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Figure from http://www.doitpoms.ac.uk/tlplib/fuel-cells/types.php 

The market size of this fuel cell is expected to reach US $ 11.8 billion dollar in 2020 and to grow to US $ 16.2 billion dollar in 2030. In 
addition, spread of stationary fuel cell was about 54.6MW for 2011, taking 64% of total fuel cells. Accumulated sales volume of fuel cell 
electric vehicle is expected to exceed 1.2 million cars by 2020(Young-Il Kwon and Dae-Hyun Jeong,2015).  

 
Figure from https://ec.europa.eu/research/rtdinfo/42/01/print_article_1317_en.html 

For the transaction of IPs (Intellectual Properties) such as patents, on the one hand as “Arrow (1962) pointed out that a potential 
licensee would naturally wish to verify the quality of the invention before paying for it. However, once the inventor discloses the invention, 
the potential licensee would have little incentive to pay for it. (Arora and Ceccagnoli, 2006).” On the other hand, licensee may be afraid of 
being holdup with licensor’s IPs; For instance, when enhanced version comes out licensor may charge a high premium to replace earlier one, 
particularly when the utilization of licensed IPs require investments on specialized assets. Therefore to strengthen the technology transaction, 
it may require a reduction of the double-side moral hazards.  

The present study postulates that firms may seek to avoid the moral hazards by adopting the exploratory or exploitative strategies 
which are the consequences of firms’ complementary resources. And the imparity (gap) of firm’s book and market values serves the 
revelation of those intentions. Firms of wider imparity hinge on exploratory strategy that seeks wider acceptance of technology developed 
by other firms; whereas firms of smaller imparity hinge on exploitative strategy that aims on selling products rather than the technology. A 
key antecedence for the imparity is the complementary assets for products production and marketing. The greater resourceful of 
complementary assets firm owns the less likely of adopting the exploratory strategy. The finding implies that firms could reveal their 
intentions (exploration or exploration) by widening or narrowing the market-to-book value imparity and consequently reducing the 
likelihood of the double moral hazards. 

The remainder of the article will be organized as follows. Section 2 reviews the relevant literature, Section 3 elaborates on the research 
methods, the results are shown in section 4 and the conclusions presented in the final section. 
 
2.Literature review 
 

Patents are often considered to be a superior source for the timely recognition of technological changes (Ernst, 2003). A frequently 
cited patent represents its technological maturity, while a rarely cited patent represents its beginning stage in technological 
development(Young-Il Kwon,2011). Since not all of the technology inventors own sufficient resources to convert developed technologies 
into products for end consumption spot market for technology transaction as a result burgeons in the last decades. Nevertheless, the 
uncertainty related to technology transaction, particularly the double moral hazard problem stated above, shadows the market. In the 
following we will review the literature about patent valuation and move onto firm’s ambidextrous strategies in realizing benefits.  

 
2.1 Patent valuation 

http://www.doitpoms.ac.uk/tlplib/fuel-cells/types.php
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Research concerning a firm’s R&D activities influencing market value has been abundant in the past two decades, where mostly 

motivated by the eminent work of Griliches (1981), in which adopted Tobin’s Q to measure firms’ market value with respect to patent 
number and R&D expenditure. Griliches’s pioneering work address the effectiveness of patents and shows that a firm’s value is the result of 
its tangible and intangible assets, whilst intangible assets may partially and positively attribute to their past investments in R&D activities 
and the resulting patents. Pakes (1985) analyzes the relationship between patents, R&D expenditure and stock performance, concluding that 
around 5% of stock value changes may be attributed to a firm’s R&D activities and the utilization of the achieved patents. Connolly and 
Hirschey (1988) adopt Thomadakis’ (1977) approach to show the positive impact of a patent on firm value, where Thomadakis calls his 

approach the “relative excess valuation (EV) ” defined as ( ) salesbook value - uemarket val . 
However, Narin et al. (1987) show that the number of patents may reflect a firm’s leadership in technology but not necessary result in a 

positive financial performance. Cockburn and Griliche (1988) revise the measures adopted by Griliches (1981) and include factors regarding 
innovation to evaluate the relationship between market value and the tangible and intangible assets. Cockburn and Griliche’s work shows 
that holding constant of the R&D specialty and endogenous variations of firms, firm’s returns may still vary even when R&D expenditures 
utilize the same level of spending.  

Ambivalent results as the above empirical studies may find induce more studies on this topic. Griliches et al. (1991) increased the 
sample size (340 firms) in order to include more independent variables (sales, employee numbers and investment amount) into the model. 
They found that the growth of the newly added variables and the firm’s R&D spending positively affect the firm’s returns. In addition to 
these new variables, Griliches et al.(1991) recognized the potentials of patent citation numbers by showing that this number exerts a positive 
impact on a firm’s financial performance. Meanwhile, Trajtenberg (1990) also echoes this finding that a patent’s value positively correlates 
with the citation number of patents. Besides, Jaffe et al.’s (2000) survey shows that cited patents are more valuable than patents without any 
citation. In addition to value, patent citation considerations have also motivated further research into citation behavior, such as Carpenter 
and Hart (1998), who found that patents listed in RI100 attracted twice the citations of other patents outside the list; Trajtenberg (2001) 
shows that there is a huge imparity between the US and Israel by comparing patent qualities in terms of citations. 

To file patents, cited patents should be stated clearly in the application document to avoid infringement later on. This is also a crucial 
factor when patent referees grant the applicable boundaries of a particular patent. In light of this rigorous process, Hall et al. (2000) concur 
that patent citations contain information regarding technology innovation activities, thus it is an indicative factor for weighting patents to 
reflect the imparities of quality among patents. In sum, they conclude a positive relationship between a firm’s market value and their patent 
citation numbers.  

Recently, Breitzman et al. (2002) conducted a comparison of patent count and patent citation analyses on patents owned by 12 leading 
pharmaceutical companies in the US and Europe. The results show that patent count fails to explain a firm’s technological leadership; 
instead, the cross citations that indicate that Merck acquire the edge in pharmaceutical technologies are close to practice. The above findings 
indicate that the patent citation count is superior to the patent count for validating a patent’s quality and a firm’s technological 
competitiveness(Lin et al., 2005).  

Concerning patent application, it is mandatory that the applicant clearly illustrates the existing technologies or literature which his/her 
invention is based on. Once the patent application is granted it is likely to be cited to build new inventions. Thus, the citations of patents can 
be categorized into patent-citing and patent-cited, before and after the granting of the patent application. Besides, citations can also be 
categorized as self-citation and other-citation, according to the citation sources. Self-citations arise when citations are due to the inventers 
themselves, whereas other-citations arise when citations are made by others excluding the inventers. Since other-citations are made by 
others who cannot be manipulated by the patents’ inventers, they are viewed as an important indication of the power of the patent. That is to 
say, the more of the other-citations the larger their technological impact.  Nevertheless, the present study argues that both types of citations 
contain underestimated strategic implications and can deliver managerial impacts in different approaches. Jointly the two categories results 
in four types of citations: self-citing self-cited, other-citing and other-cited. Consequently, the present article provides strategic perspectives 
with respect to the four types of citations in the following. 

 
2.2 Antecedents of exploration and exploitation 

 
The objectives of technology innovation are often multi-fold. For example, it may help to gain protection from imitation in light of laws, 

acquire necessary complementary resources, enhance capabilities in imitating rivals’ technologies, or pursue the leadership on the 
technological edges, and so on. To these ends, certain patenting strategies are important and necessary: for example, one can gain market 
exclusivity to deter followers (or rivals) by patenting critical technologies; or use patents to gain revenues via licensing as others step into 
the boundaries set up by other patents; or use patents as R&D performance measures to motivate R&D personnel (Hall et al., 2005). 

To simplify understanding, we will begin with a novice condition where the market is composed of firms equipped either with or 
without complementary assets, such as marketing resources. For those equipped with complementary assets, they may take invented 
technologies as input production factors and share the goal of selling their final products -- product oriented firms. On the other hand, those 
who do not have complementary assets have no choice but to sell or license their invented technologies to generate profit -- technology 
oriented firms. For product-oriented firms, due to their revenues being gained by selling end products, it is essential for them to deter any 
harmful imitations by their rivals. Patents are one of the most powerful instruments to achieve this end. Meanwhile, it is critical for leading 
firms to innovate as fast as possible to shake out their followers’ by-pass inventions. As a result, those leading firms with powerful patented 
technologies may take two patenting actions. Firstly, they use patents as one of the weapons to deter followers. When they choose a 
technology for patenting, its goal is to defend their territory; therefore, knowledge-spillover benefiting followers due to the declaration of 
patent applications, is strongly prohibited. Secondly, to speed up innovation it may be helpful to have knowledge diffused within an 
organization. Building new technology on those existing and owned technologies may help not only utilize those existing technologies but 
also strengthen technology leadership. In light of these two patenting actions, the first action is likely to cause a low score for other-cited 
citations and a high score for self-citing citations due to the second action. This is why we call the firms with these two characteristics 
“exploiters.” 

For technology oriented firms, they generate revenue by selling or licensing. Therefore, it is critical to have technologies that are 
widely recognized by industrial users; that is, firms that don’t have critical technologies to compete with the leading players. To this end, 
technology oriented firms can choose to invent and patent technologies for the reason of solely selling or licensing them. These types of 
firms act as a explorer for those firms that choose not to develop the technologies by themselves.  

From a strategic perspective, firms make choices in line with resources at hand. That is to say, firms may choose to match their 
patenting strategies with their own resources to optimize investment returns. In the present study, we hypothesize that a product oriented 
firm would choose to employ the “exploiter” style patenting strategy to match its resources in manufacturing and marketing whereas the 
technology oriented one would take the “explorer” style patenting strategy to compromise the lack of resources in manufacturing and 
marketing in order to achieve competitiveness with strong R&D capabilities. 
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3.Methods – data and variables 

 
Gallini (1992) suggests that the difficulty of “inventing around” a patent is of importance in determining its value. The U.S. NASA 

Space Program began to use fuel cell since 1982. According to the U.S. Department of Energy Fuel Cell Technologies Office 2013 report, 
the goal of the Fuel Cells is to develop and demonstrate fuel cell power system technologies for transportation, stationary, and portable 
power applications. Academic research by Sjoerd Bakker(2012) suggests that fuel cells were at the peak of inflated expectations began in 
2002 ,amounting to 4940 patents (Chris Moore & Jason Lessard(2015). Not surprisingly, From 1982 to 2002, the evident positive 
correlation between patent counts and firm’s market value renders a legitimate call for firm to engage in R&D activities. The patent volume 
of the United States Patent & Trade Office (USPTO) increased almost triple from 63,381 to 184,530, from 1982 to 2002. Therefore the 
studied patents are collected from a database provided by the US Patent and Trademark Office. As online searching was made available 
after 1976, the present study took 1976 as the initial year to conduct the patent search. Up to 2001, there are 2269 patents classified in the 
H01M 008/00~H01M 008/24 category, which is the category concerning Fuel Cell technologies under the classification of the International 
Patent Classification (IPC). 

Since the market-to-book-ratio is only available for public firms and can be acquired from the Compustat database, the 2269 data set is 
reduced to 1090 patents owned by 93 companies. Excluding those companies holding patents without any citations, the data set is 
furthermore reduced to 70 companies for analysis. 
 
3.1 Independent variables 

 
Persuader and Defender:Following the theory regarding the persuader and defender, an immediate question in testing this theory is how 

we measure the “persuader” and “defender” concepts. An eligible candidate of instrumental variable is the Market-to-Book (MTB) ratio for 
the reasons as follows. The wedge of the MTB may emerge from investor’s evaluation about the advance of firm’s technology, the R&D 
capability, or the capability to add value to its real assets, which are not explicitly reflected on its balance sheet (P. Thomas & McMillan, 
2001)(Thomas et al., 2001). In light of our rationale above, persuader is likely to be observed with higher MTB ratio because the gap 
between the market and the book values is widen due to the large intangible assets associated with innovation within persuader style firms. 
The gap is reduced when book value is approaching market value which is defender style firms’ characteristic. We thus classify firms in 
“persuader” style when firm’s MTB value is large; classify firms in “defender” style when firm’s MTB value is small. 

The market values and book values needed for the MTB calculation are derived with database – DATASTREAM. Observations are 
sorted according to the averaged MTB ratio from 2000 to 2002. The top 25% percent of the observations are classified as persuader type 
firms and coded “1” for the dummy variable “persuader”. The bottom 25% percent firms are assigned as the defender type firms and coded 
“1” for the dummy variable “defender”. Other firms are coded “0” for both dummy variables. 

Technology difference:This variable is defined as the difference between the patent IPC code and H01M8, which is the IPC for fuel 
cell related technology. The degree of technology difference is defined as following format:  

H  01  M  008 /  00 
Distance= 5   4   3    2    1 
According the definition of IPC we divide the code into 5 different levels, the first character represent the 5th degree of difference, the 

following two digit represent the 4th degree of difference, the next character represent the 3rd degree of difference, the following 3 digit 
represent the 2nd degree of difference, and the final two digit represent the 1st degree of difference.  

For example, the IPC codes of patent No. 6,454,978 are B29C 059/00and and H01M 008/02, therefore for the first IPC code, the 
distance to H01M8 is equal to 5, since the difference is up to the 5th degree according to our specification, and the second IPC code has 
distance equal to 1. T technology distance to the fuel cell of a particular patent is defined as the average distance of all the IPC codes 
recorded in the patent. In the above example the variable “techdiff” is equal to 3 for the patent.  

UPC scope:This variable is defined as the number of US Patent Classification (UPC) assigned to the patent. According to the 
application fields of the filing patent, the examiner in the patent office will assign one to several UPC codes to the patent. More UPC codes 
are assigned to the patent means the patent can be used in a wide range of distinct technology fields. Usually, a wide range application can 
obtain more citations hence indicate to have higher potential market value.   

Claim number:This variable is defined as the number of claims recorded in the patent document. The claim of each patent describes the 
valuable functions the patent is provided, which are the scope that the patent law is protecting. The more claims that a patent consist, the 
wider range the patent is protected by the patent law. Empirical studies show significant correlations between the value of a patent and its 
number of claims (Lanjouw and Schankerman, 1999). Therefore, we assume that more claim numbers will have a positive effect on the 
length of legal protection. 

Citing citations:The patent citation counts are the most widely used indicator of patent value(Trajtenberg, 1990). In the paper we 
further classify the citations into the counts of the citations that the patent is citing self-owned or other-owned patens or other non-patent 
reference, and the counts of citations that the patent obtained after its granting. The applicant is asked to reveal in the application document 
the patents and references it cites. By checking the patent holder and the destined country of these patents, we can identify the variable 
“ussecg” as the number of citing own patent that are granted in the US, and “fosecg” as the number of citing own patents granted in other 
country. Furthermore, variables “usotcg” and “footcg” are number of citing US granted and other country granted patents that are owned by 
other companies, accordingly. Finally, the variable “otrefcg” is defined as the number of references that the patent cites.  

Cited citations:For each patent, as long as it is cited by other patents, the patent records provided by the USPTUO website will 
document the citation. Therefore, the variable “hrsecd” is defined as the cumulated citation obtained from patents owned by the same patent 
holder up to the legal protection expiration year. The variable “hrotcd” is defined as the cumulated citation obtained from patents owned by 
other firms up to the legal protection expiration year. 

Citation lag:This variable noted as “cdlag” is defined as the time lag up to the first citation that a patent gets. Jaffe et al., (1993) found 
that the degree of knowledge spillovers is negative related to the citation lag of patents. In other word, patent receives citation within a short 
period of time will have a fast impact on the technology hence obtain more citations than average patents.  

The description with respect to each variable is summarized in Table 2:  
Table 2：Variables, abbreviations and definitions 

Variables 
notations 

Variable 
short names 

Definition 

persuader Persuader “1” if the firm is classified as the “persuader” type; “0” otherwise. 

defender Defender “1” if the firm is classified as the “defender” type firm; “0” otherwise. 

R&D 
intensity 

R&D 
Expense intensity 

The average R＆D expenditure to sales ratio during year   1997 to year 2002. 
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employee Employees 
Number 

The average number of employees of the company in 1997-2002. 

techdiff Technology 
different 

The average distance of IPC code to H01M8. For example, the IPC codes of patent 
6,454,978 are B29C 059/00 and H01M 008/02. Then the distance would be 3. 

H  01  M  008 /  00 
Distance=  5  4   3    2    1 

upcscope UPC scope The number of UPC code assigned to the patent, which is the number of the 
technological field that the patent can be applied. 

claimno Claim 
number 

The number of claims. 

ussecg 

Patent citing 

Counts of citing own US granted patents. 

usotcg Counts of citing other owned US granted patents. 

fosecg Counts of citing own foreign granted patents. 

footcg Counts of citing other owned foreign granted patents. 

otrefcg Other 
reference citing 

Counts of citing references. 

hrsecd Self-cited 
number 

Accumulated citations from own patents up to the legal protection expiration year. 

hrotcd Other-cited 
number 

Accumulated citations from other owned patents up to the legal protection 
expiration year. 

cdlag Cited lag The time lag between patent issue year and the year that first citation is obtained. 

 
3.2 Hypotheses 

 
Following the previous discussion we propose a set of hypotheses for testing as follows. These hypotheses are categorized into to three 

groups due to the characteristics of patents, including holder’s resource characteristics (persuader or defender), technology characteristics 
(technology difference, UPC scope, claims) and patent characteristics (cited citations and citing citations). 

H1a: The “persuader” type firms have shorter legal entitlement survival on their patents than other firms. 
According to the theory above, for “persuader” type firms their R&D investment returns are mainly gained from technology transfer or 

licensing, therefore they tend to have shorter legal entitlement survival. 
H1b: The “defender” type firms have longer legal entitlement survival on their patents than other firms. 
Contrary to the “persuader”, the “defender” type firms focus on developing and improving their products and mainly benefit from their 

product sales, consequently they tend to have longer legal entitlement survival for their patents. 
H2a: The average technology difference with fuel cell technology has negative effect on legal protection survival. 
Technology difference is calculated based upon the International Patent Classification (IPC) code assigned to each patent. The 

technology distance measures the difference between average distances of assigned IPC codes and the IPC code for fuel cell technology, 
which is H01M8. The lower the value of technology distance means the existing patent is targeting fuel cell technology and more focused on 
the technology and hence more likely to be renewed.  

H2b: UPC scope has negative effect on patent legal protection survival. 
For each patent, UPC scope is assigned upon its issue. The patent scope identifies the application fields of the patent. Within the UPC 

fields documented on the patent record, the technology claimed by the patent are entitled to be used only by the patent holder. A small 
number of UPC code assigned to the patent means it can be apply only to a narrow range of technological field. Hence, for the patent holder, 
it indicates the patent is applicable in a more focused application and is more likely that the patent holder will have the legal protection on 
the technology. Therefore, UPC scope is positively related to patent legal entitlement survival. 

On the other hand, as indicated by Klemperer (1990) and Gilbert and Shapiro (1990), the breadth of the patent can have a positive 
effect on innovator’s profit function. In this scenario, the UPC scope then will have a positive effect on patent value as well as legal 
protection length. Since the fuel cell is still an emerging technology, we consider an innovation that is more specific to the fuel cell is more 
valuable to the patent holder. Hence we propose a negative effect of UPC scope on the patent renewal probability.   

H2c: The number of claims has positively effect on patent legal protection survival. 
Patent claims are statements describing the function or characteristics of the invention or technology in detail. When a patent provides 

more claims meaning the invention has a lot distinct characteristics and has a high market value (Lanjouw and Schankerman, 1999). In this 
case, when the number of claim is large it is more likely that the patent is in need to be protected by patent law. Therefore, the patent would 
have a higher probability to be renewed by holders. 

H3a: The citing citations have positive impact on patents’ legal entitlement survival. 
Self-citing number reveals the degree of relevance between the existing patent to former patents. When applying for patent, the citing 

of US or foreign existing patent is mandated. Thus, higher citing counts indicate the holder has accumulated experience within the 
technology field and up to certain degree of specialty; hence the patent is more likely to be renewed(Harhoff, Scherer, & Vopel, 2003). 
Besides, when patent cites other patents it may indicates that there are other firms sharing similar technology, therefore the patent could be 
in need of longer legal entitlement survival and the probability of renewal is thus higher. 

H3b: The citing citations of other reference have positive impact on patents’ legal entitlement survival. 
In addition to the citing citations of other patents, the citing of other reference, such as academic journals or books may indicate that the 

innovation is more original or more related to fundamental sciences(Harhoff, et al., 2003). Therefore, the patent’s impact is greater in 
general; as a result, it induces higher probability to be renewed by patent holder. 

H3c: The cited citations from other patents have positive impact on patents’ legal entitlement survival. 
Different from the citing citations, cited citations may indicate great interests for the patents from other parties and the demand drives 

up the market value of patent (Trajtenberg, 1990); therefore the probability that the holder will renew the patent is higher. 
H3d: Patent with shorter citation lag has longer legal entitlement survival. 
The citation lag is defined as the time lag between patent granted-date and the year of first citation’s occurrence. Patent with shorter 

cited lag indicates the invention is well up to date or the technology is emerging or changes rapidly. Since the knowledge spillover speed is 
this case is very fast (Jaffe & Trajtenberg, 1993), it is likely that the patent is in need of longer legal entitlement protection. 
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4. Analysis and results 
 
4.1 Descriptive statistics  

Patents that fall into the International Patent Classification (IPC) codes from H01M008/00 to H01M008/24 are collected, which result 
in 2,155 observations that are related to the Fuel Cell technology from 1976 to 2002. The 2,115 patents are hold by 49 different firms. Since 
the survival analysis does not allow missing values hence only 574 patents remain in the sample. Among the observations, there are 186 
patents (32%) with survival=1, 212 patents (37%) with survival=2, 82 patents (14%) with survival=3, and 94 patents (16%) with survival=4. 
Table 3 provides the descriptive statistics of the variables used in the regression equations. The correlation coefficient of each pair of 
variables is reported in Table 4. 

Table 3：Descriptive statistics of variables 
Variable Mean Std. Dev. Min Max 
Survival 2.13 1.04 1 4 
Techdiff 1.26 .73 1 11 

Upcscope 3.71 2.13 1 23 
Claimno 16.57 17.80 1 300 
Ussecg .82 1.55 0 15 
Usotcg 6.79 14.23 0 214 
Fosecg .09 .43 0 6 
Footcg 1.28 2.44 0 24 
Otrefcg 1.46 4.07 0 34 
Hrsecd .77 2.26 0 22 
Hrotcd 4.42 6.69 0 51 
Cdlag 2.45 2.72 0 25 
MTB 2.79 1.51 .44 7.65 

MTBsq 10.08 9.99 .20 58.45 
Table 4：Correlation coefficients of variables 

 1. 2 3 4 5 6 7 8 9 10 11 12 

1.survival 1.000            

2.techdiff -.070* 1.000           

3.upcscope -.131** .285*** 1.000          

4. claimno -.079* .016 .100** 1.000         

5. ussecg -.069* -.051 -.011 .055 1.000        

6. usotcg -
.151*** 

-.022 .004 .476*** .107** 1.000       

7. fosecg -.039 -.015 -.038 .017 .043 -.024 1.000      

8. footcg -
.160*** 

-.032 .009 .080 .065 .194*** .263*** 1.000     

9. otrefcg -.098** -.044 .008 .218*** .040 .631*** .057 .195*** 1.000    

10. hrsecd .227*** -.026 -.009 ..056 .003 .033 -.004 -.048 .070** 1.000   

11. hrotcd .525*** -.049 -.048 .001 -.004 -.085** -.016 -.082** -.050 .516*** 1.000  

12. cdlag .223*** -.006 -
.081** 

-.096** -.074* -.101** -.023 -
.099*** 

-.047 -.075* -.057 1.000 

13. MTB -
.264*** 

.025 .026 .147*** .100** .232*** -.039 .075* .102** .096** .052 -.018 

Note: * represents the coefficient is significant at 10% level; ** at 5% significance level; *** at 1% level. 
 

4.2 Hazard ratio and the Cox survival analysis 
 

Figure 2 shows the graph for the hazard rate regarding the collected patents. This graph helps to outline the hazard rates of patent’s 
legal entitlement survival. It shows that the highest hazard rate occurred at the 2nd period of legal entitlement, which indicates most patent 
failed to be renewed at the 2nd renewal date. 
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Figure 2: The Estimated Hazard function 

Two sets of estimations are performed: the non-parametric and the parametric estimations. For the non-parametric estimation a Cox 
proportional hazards model is fitted whereas the Weibull, lognormal and log-logistic models are fitted for parametric estimations. Three 
models were estimated. In model 1, firms with MTB ratio on the top 25% percentile are defined as “persuader” and the firms with MTB 
ratio on the bottom 25% percentile are defined as “defender”. Two dummy variables “persuader” and “defender” are set to equal to 1 when 
the patent holder is a persuader or defender type of firm. In model 2, the type of patent holder is instrumented with the MTB variable, which 
is the market-to-book ratio of the firm. In model 3, MTB and the squared MTB ratio are added into the regression to characterize the non-
liner relationship between survival and MTB. 

Table 5 below shows the nonparametric Cox regression results. According to the non-parametric results, patent claim number is 
negatively related to hazard function as predicted by the hypothesis, which means as the claims would decrease the hazard rate and thus has 
longer survival. Besides, the hypotheses regarding citations are also supported at significant level. Furthermore, the “persuader” type of firm 
has a higher probability not to renew its patent than the average firm firms, which is indicated by the significant positive coefficient. The 
“defender” effect nevertheless is not significant in the Cox hazard regression.  

Table 5：Regression results of Cox model 
Variables Expected sign 

(hazard rate) 
Model 1 Model 2 Model 3 

Techdiff + .036 
(.080) 

.018 
(.078) 

.037 
(.073) 

Upcscope + .033 
(.035) 

.026 
(.035) 

.019 
(.033) 

Claimno -- -.014** 
(.006) 

-.014** 
(.006) 

-.016** 
(.006) 

Ussecg -- -.197*** 
(.054) 

-.172*** 
(.053) 

-.177*** 
(.051) 

Usotcg -- -.046 
(.029) 

-.059** 
(.029) 

-.054** 
(.026) 

Fosecg -- .398** 
(.181) 

.380** 
(.177) 

.394** 
(.182) 

Footcg -- -.139** 
(.052) 

-.135** 
(.053) 

-.134** 
(.052) 

Otrefcg -- -.107** 
(.052) 

-.118** 
(.054) 

-.110** 
(.053) 

Hrsecd -- .001 
(.026) 

.008 
(.025) 

.001 
(.025) 

Hrotcd -- -.032** 
(.010) 

-.031*** 
(.009) 

-.029** 
(.009) 

Cdlag + .018 
(.022) 

.020 
(.022) 

.023 
(.021) 

Persuader + .743*** 
(.169) 

  

Defender -- .039 
(.136) 

  

MTB   .207*** 
(.039) 

-.172* 
(.095) 

MTBsq    .065*** 
(.013) 

LogL  -992.638 -994.889 -991.450 
Note: 1. The predicted signs here are opposite to the parametric regressions due to the results of Cox model predict the coefficients of 

hazard function. 2. The standard errors are in the parenthesis. 3.* represents the coefficient is significant at 10% level; ** at 5% level; *** at 
1% level. 

If using the MTB to proxy firm type, ambiguous results are obtained. In Model 2, only the MTB is included and in Model 3, the MTB 
and the square of the MTB are both included. The contradictory signs for the MTB found in both models may be solved by the variable of 
the square the MTB as follows. The reason for the contradiction may arise for the possible relationship between survival and MTB. 
According to the negative sign of the square of the MTB, it suggests that the relationship between the two variables is non-liner and is an 
inverse U shape. We will revisit this issue in the parametric analysis section in the following section. 
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4.3 Parametric survival analyses 
 

The parametric survival function is estimated by assuming three different distributions: Weibull, lognormal and log-logistic. The results 
are reported in Table 6. In order to choose the right model, we use both the log likelihood value and AIC (Akaike information criterion) 
statistics as the criteria of our choice. The AIC statistic is calculated as:  AIC = -2 (log likelihood) + 2(c+p+1), where c is the number of 
model covariates and p is the number of model-specific ancillary parameters (STATA release 8, pp.202). The regression equation that has 
largest log likelihood and the smallest AIC value is the best-fitted model. The estimated values are reported at the second bottom row of 
each regression equations. In addition, the numbers on the bottom row are those estimated parameters corresponding to each distribution. 
The parameter p in the Weibull distribution is close to 3.27; and the parameter, sigma in the lognormal regression is near 0.48; and the 
parameter gamma in the log-logistic regression is close to 0.26 with respect to Model 1. Accordingly, the best-fitted model is the Weibull 
model. 

Variables Exp
e. 

sign 

Weibull Log-logistic 
Model 

1 
Model 

2 
Model 

3 
Model 

1 
Model 

2 
Model 

3 
Model 

1 
Model 

2 
Mode

l 3 
Techdiff -- -.004 

(.026) 
.004 

(.026) 
-.004 
(.025) 

-.014 
(.043) 

.003 
(.040) 

-.001 
(.040) 

.0003 
(.037) 

.013 
(.036) 

.007 
(.033) 

Upcscope -- -.018 
(.012) 

-.017 
(.013) 

-.017 
(.011) 

-.021 
(.017) 

-.018 
(.015) 

-.018 
(.016) 

-.019 
(.0164) 

-.019 
(.014) 

-.017 
(.015) 

Claimno + .004* 
(.002) 

.004 
(.002) 

.005** 
(.002) 

.003 
(.003) 

.004 
(.003) 

.005 
(.003) 

.005 
(.003) 

.005 
(.003) 

.006* 
(.003) 

Ussecg + .061** 
(.020) 

.054** 
(.020) 

.054** 
(.019) 

.085*** 
(.026) 

.073** 
(.026) 

.076** 
(.026) 

.074*** 
(.023) 

.060** 
(.023) 

.064*
* 

(.024) 
Usotcg + .012 

(.010) 
.017* 
(.010) 

.017** 
(.008) 

.012 
(.012) 

.015 
(.012) 

.014 
(.012) 

.015 
(.012) 

.019 
(.012) 

.018 
(.012) 

Fosecg + -.099 
(.089) 

-.094 
(.089) 

-.099 
(.0870 

-.148** 
(.066) 

-.140** 
(.068) 

-.145** 
(.069) 

-.157* 
(.085) 

-.146* 
(.008) 

-
.153* 
(.090) 

Footcg + .034* 
(.018) 

.031* 
(.018) 

.032* 
(.017) 

.045** 
(.020) 

.041** 
(.021) 

.042** 
(.021) 

.042** 
(.019) 

.040** 
(.019) 

.041* 
(.019) 

Otrefcg + .031* 
(.018) 

.034* 
(.018) 

.030* 
(.017) 

.045** 
(.020) 

.046** 
(.021) 

.045** 
(.021) 

.036* 
(.021) 

.039* 
(.021) 

.036* 
(.021) 

Hrsecd + .005 
(.009) 

.004 
(.009) 

.008 
(.009) 

.011 
(.014) 

.007 
(.014) 

.009 
(.014) 

.014 
(.012) 

.010 
(.012) 

.011 
(.012) 

Hrotcd + .015**
* 

(.004) 

.015*** 
(.004) 

.013**
* 

(.004) 

.023*** 
(.005) 

.023**
* 

(.005) 

-
.023*** 
(.005) 

.020*** 
(.005) 

.019**
* 

(.005) 

.019*
** 

(.005) 
Cdlag -- -.0003 

(.008) 
-.0001 
(.007) 

-.001 
(.007) 

-.019 
(.012) 

-.021* 
(.012) 

-.021* 
(.012) 

-.013 
(.014) 

-.016 
(.015) 

-.014 
(.015) 

Persuader -- -
.236**

* 
(.060) 

  -
.293*** 
(.075) 

  -
.346*** 
(.078) 

  

Defender + .031 
(.047) 

  .107 
(.076) 

  .092 
(.069) 

  

MTB   
 

-
.084*** 
(.016) 

.070* 
(.039) 

 -
.112**

* 
(.018) 

-.013 
(.059) 

 -
.123**

* 
(.018) 

-.007 
(.054) 

MTBsq   
 

 -
.027**

* 
(.006) 

  -.017** 
(.009) 

  -
.020*

* 
(.008) 

LogL  -
199.04

1 

-
199.503 

-
193.44

9 

-
220.900 

-
221.30

6 

-
219.838 

-
214.530 

-
215.87

0 

-
213.5

29 
AIC  428.08

2 
427.006 416.89

8 
471.800 470.61

2 
469.676 459.060 459.74 457.0

58 
Paramete
r 

 3.265 3.288 3.340 .480 .479 .480 .255 .256 .256 

 
4.4 Cases of exploiter style patenting strategy 
 

Motorola is a well known enterprise in the US that specializes partially in communication products such as mobile handsets. For Fuel 
Cell technology, Motorola is one of the leading companies specializing in portable fuel cells for mobile usage. It particularly focuses on 
Direct Methanol Fuel Cell’s that can be employed as a power source for mobile phone handsets, PDA and such products. Motorola’s Fuel 
Cell related patents attain an average self-citing citation rate of 0.64 per patent (higher than the sample mean of 0.62), and an average other-
cited citation rate of 2.86 per patent (lower than the sample mean of 6.00). Its market-to-book-ratio is 1.47 (lower than the sample mean of 
2.04). It’s a typical exploiter style firm. 

 Daimler Chrysler (DC) is a well known German company that gained its brand equity largely in luxury automobiles. It produces 
more then four million automobiles yearly. Concerning Fuel Cell technology, DC is famous for its Proton-Exchange Membrane 
technologies. It helps DC to maintain a leading position in powering automobiles with Fuel Cell engines. Back in 1994, DC made the first 
prototype Fuel Cell car. Today, the technology has been applied to public transportation for a test run. DC is also allied with UPS, providing 
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delivery vehicles for a test run in the city of Hamburg. The Fuel Cell patents owned by DC attain an average self-citing citation rate of 0.75 
per patent (> sample mean 0.62) and an average other-cited citation rate of 4.42 (< sample mean 6.00). Its market-to-book-ratio is 0.38 (< 
sample mean 2.04). It is another example of a exploiter style company. 
 
4.5 Explorer style patenting strategy cases 
 

Valence Technology (VT) is a US battery company operating. The company specializes in lithium-ion polymer that is essential for 
materials used in rechargeable batteries. VT owns several important Fuel Cell technology patents. VT is also a research partner in the area of 
backup powers for military uses for the US government. VT attains an average self-citing citation of 0.5 (< sample mean of 0.62) and other-
cited citation of 11.5 (> sample means of 6.00). The average market-to-book ratio is 9.76 (> sample mean 0f 2.04). VT is a typical model of 
a company using explorer style patenting.  

Another case is Imperial Chemical, which attains an average self-citing of 0 (< sample mean of 0.62) and other-cited of 8 (> sample 
mean of 6.00). Its average market-to-book ratio is 10.66 (> sample mean of 2.04). Texas Instruments also attains an average self-citing of 0 
(< sample mean of 0.62) and other-cited of 7 (> sample mean of 6.00). Its average market-to-book ratio is 3.09 (> sample mean of 2.04). 
This is a typical example of a explorer style patenting company. 
 
5. Conclusion 
 

As production factors switch from tangible labor, land and capital inputs to intangible technology and knowledge inputs, the latter have 
taken a large share of firms’ strategic attention. To compete in this new battle, firms not only need to focus on the accumulation of strategic 
assets but also utilize those assets optimally. Amit and Schoemaker (1993) show that firms adopt R&D strategies to achieve favorable patent 
portfolios due to the uniqueness of the resources they own. This patent portfolio helps to reduce the costs and time consumption to achieve 
valuable innovation. In other words, the cause and effect relationship between a firm’s value and their owned intangible assets (e.g. patents) 
is almost indisputable. Nevertheless, this understanding is far from appreciation in the evaluation of the contribution of intangible assets to a 
firm's value. The present study aims to provide a strategic perspective on how firms in the Fuel Cell industry implement patenting strategies 
in light of their complementary resources. 

Our empirical results show that Fuel Cell firms can exploit the value of their R&D activities through two different strategies: 
exploitation or exploration. Exploitative firms choose to deter their rivals by limiting knowledge diffusion across firms for imitation. To this 
end, exploitative firms may cast heavy fixed investment on tangible assets, such as land and machines, to utilize the developed techniques 
and produce end products to reach customers. Our samples of Fuel Cell firms in exploitative strategy indicate a mechanism for attaining this 
goal via a patent consolidation of technology portfolio with characteristics of high number of self-citing citations and low number of other-
cited citations.  

Exploratory firms on the other hand seek to generate profit by technology licensing. In this case, it is essential to develop technologies 
that have been adopted by relevant (particularly downstream) firms. In the long run, knowledge-spillover may be beneficial for a firm by 
gaining the dominant position in supplying the required technologies. Consequently, these firms may try to profit by distributing developed 
technologies with a role of technology “exploration,” a mechanism for attaining the goal by carrying patenting characteristics of high 
external citations and low self-citing ones. In the light of the two (exploitation versus exploration) orientations, our samples show that the 
gap between market value and book value is significantly wider for exploratory firms than it is for the exploitative ones.  

It is not uncommon for wide imparities between a firm’s book value and market value to exist. This is even more widely observed in 
the knowledge-based and technology intensive industries. A common explanation about this imparity is that the book value merely reflects 
the tangible assets owned by a firm, such as plants, equipments whereas, the market value includes not only those tangible assets but also 
intangible assets such as a firm’s brand, technologies, management capabilities (Booth et al., 1998; Hamel, 2000; Johnson, 1999). 

Earlier studies have shown that the accumulation of patents does affect firms’ value. However, when holding constant of patent number, 
firms’ value still vary at a wide difference. This hints the existence of other affects besides patent counts. Thus, citations per patent are 
considered as weights for each patent. Nevertheless, patent owners who also play a critical role in exploiting the potentials of patents attract 
minimal attention. The present study shows that patenting strategies abided by firms’ complementary assets does induce different valuation 
concerns by both the market and shareholders.  

For firms that hold complementary assets, such as marketing capabilities, may take a product orientation approach to generate profits 
by selling end products directly to buyers. This approach may direct firms to use R&D resources to strengthen their leadership in the product 
market by building a technology “exploiter.” The exploiter is constructed with a number of patents developed and linked to each other. 
These patents carry two characteristics in low other-citied and high self-citing citations. For firms who lack complementary assets, they are 
likely to be limited in their ability to generate profits by selling or licensing technologies. As a result, their R&D resources may be spent on 
building leadership in technologies, which would attract the attention of firms who are short of competitive technologies to compete in the 
relevant product market. In other words, they act as technology “explorers” for downstream firms. A explorer may consider developing 
technologies rendered in patents with two characters in citations of high other-cited and low self-citing. The two patenting strategies affect a 
firm’s market-to-book ratio by stretching to the two extremes. On one hand, the exploiter patenting style reduces the gap between the market 
value and the book value; hence, the market-to-book ratio moves toward the minimum due to tangible assets dominating the ratio. On the 
other hand, the explorer patenting style enlarges the gap; hence, it makes the ratio move toward the maximum such that the intangible assets 
become the dominator. 

This finding provides the following managerial implications for R&D management. For firms that do not hold complementary assets to 
sell their end products to buyers it is essential for them to build technologies that attract downstream users. The present study shows that to 
attract downstream users they need to develop technologies that result in patents with two citations characteristics – low self-citing and high 
other-cited. Low self-citing indicates that the technology is relatively independent of earlier technologies, which can reduce buyers’ concern 
about piracy accusations and technology hold-up. High other-cited indicates that the technology may have been widely adopted by the 
industry, hence easy technology buyers’ concern of upgrading obsolete.  

In addition, this study provides an alternative perspective about exploiting the information contained in patent citations (an extension of 
Lin and Chen (2005)‘s framework). By dividing citation information into four dimensions – self-citing, other–citing, self-cited and other-
cited, a refined strategic fit could be achieved in light of firms’ R&D approaches and their complementary assets resources.  

One issue lacking in this study is how a strategic fit could affect firm performance? This question is difficult to answer for two reasons. 
Firstly, most Fuel Cell related products are not commercialized yet. The estimation of profits solely on Fuel Cell technology is subject to a 
large variation. Secondly, the economic contribution attributed to Fuel Cell technology within a firm is unclear. This is especially true for 
conglomerates, such as Motorola, 3M, and Dupont, who all produce thousands of products. 
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Abstract: The production type of the agricultural machinery cooperatives has played a huge role in the realization of the scale of 
agricultural operations and the promotion of farmers' income. In Heilongjiang province, agricultural machinery cooperatives provide 
machinery service for members and directly product and operate in the field of agriculture though the land circulation or absorbing farmers 
with land into agricultural machinery cooperatives. Therefore, these agricultural machinery cooperatives are composed of the production 
type of cooperatives in Heilongjiang province. First, it analyzes the current biggest difficult in the production type of the agricultural 
machinery cooperatives, by means of typical investigation, using partial correlation analysis, taking the production type of the agricultural 
machinery cooperatives in Heilongjiang province as an example. It finds that the lack of funding become the biggest difficulty which 
restricts the development of the production type of agricultural machinery cooperatives. Second, it analyzes the degree of financial 
difficulties faced by the production and operation of agricultural cooperatives by analyzing the big gap between the money supply and 
demand. Thirdly, it analyzes the characteristics of the supply and demand of funds for the production and operation of agricultural 
cooperatives. At last, it puts forward three relevant suggestions. Cooperatives should stimulate the potential reinvestment of the production 
type of the agricultural machinery cooperatives. The production type of the agricultural machinery cooperatives should strengthen 
cooperation with social capital. The financial institutions should strengthen the support of the production type of the agricultural machinery 
cooperatives. 
 
Keywords: production type; agricultural machinery cooperatives; financial distress; suggestions 
 
1. Introduction 
 

In 2007, the people's government of China issued the farmers' professional cooperatives (FPC) law that made China's FPC developing 
rapidly. By the end of October 2015, the national FPC amounted to 1479 thousand and 99.97 million farmers to join in agricultural 
machinery cooperatives(AMC).FPC have become the main body about agricultural production and the effective carrier of the big market 
docking. The AMC is a type of the FPC. It has reached 54 thousand and the number of cooperatives’ members is 1.9 million by the end of 
2015. In Heilongjiang province, AMC provide machinery service for members and directly product and operate in the field of agriculture 
though the land circulation or absorbing farmers with land into AMC. Therefore, AMC are composed of the production type of cooperatives 
in Heilongjiang province. In this paper, the production type of agricultural machinery cooperatives (PAMC) are divided into agricultural 
machinery professional cooperatives and the planting farmers' professional cooperatives based on using the country's large agricultural 
machines. The production type of AMC need more money, compared with the service type of AMC and small spread. Although the central 
government strongly support on them, many PAMC still fall into the predicament of the lack of funding. 

At present, the lack of funding problems in the development of FPC research focus on the financing channels (WenxianWang, Sijie 
Dong[1],2008; Yuehui Su[2],2014) and the financial support (Yougui Zheng[3],2008; Zhuohong Hu[4],2009;Qi Wang [5],2009).From the 
existing researches, the fund shortage of the FPC has aroused the attention of academic circles, but the lack of the research of the current 
situation(Dan Zheng[6],2011).Furthermore, focused on the financial difficulty in the PAMC less. Therefore, it analyzes the current biggest 
difficult in the production type of AMC, by means of typical investigation, taking the PAMC in Heilongjiang province as an example. Then, 
it puts forward relevant suggestions. 

 
2 The biggest issue in the PAMC  
 
2.1 Data sources 
 

Presently, the number of the PAMC is 1107, including 166 provincial demonstration cooperatives, which are composed of the 
production of PAMC. In this paper, we were sampling to select 37 AMC in 166 PAMC investigations as the research sample. The sample 
covered in Harbin, Qiqihar, Jiamusi, Daqing, Suihua and Heihe. According to the different number of AMC, 2-7 PAMC was selected at 
each city. Therefore, the survey of AMC can basically reflect the problems in the development of PAMC in Heilongjiang province. 

The interview content is divided into two parts. The first part of the respondents to the overall business situation of the AMC scoring, 
the maximum mark is100.All respondents average of AMC scoring 100-85 (including 85), on the operation of AMC rating is excellent, the 
assignment was 1; average in 85-70 (including 70), on the operation of AMC rating is good, the value 2; the average score of 70-60 
(including 60),the ratings for the operation of AMC, assigned to 3; the average score is below 60; the AMC operating ratings for the poor, 
value 4. Respondents include 3 persons: the president of the sample point of AMC, the board of supervisors, accounting and others, and 4 
Ordinary members, a total of 259 copies of questionnaires were issued. The evaluation results are as follows: 10 PAMC operating conditions 
got the excellent, 9 of them operating well, 7 operating in general, and 11 agricultural cooperatives operating poor. The second part is the 
interview, respondents as the presidents and the leaderships of AMC, through interviews to understand what are the difficulties faced by 
AMC, and the degree of difficulty scoring, evaluation criteria are shown in table 1. 

Table 1: Evaluation of the difficulty degree of each factor in the management of AMC 
Degree of difficulty  
in the operation of 

AMC 

Difficulty 
level Perception characteristics Value 

1v  
Lower No influence 1 

2v  
Low Less impact 2 

3v
 

ordinary Affected degree of acceptable edge 3 

4v  
high Restrict the development of cooperatives 4 
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5v
 

higher Seriously restrict the development of 
cooperatives 5 

 
2.2 Measurement results 
 

Table 2: The correlation coefficient of AMC operating conditions and control factors 

Variable Y  
Marketing 
difficulties
（X1） 

Funds 
deficiency 
（X2） 

Technology 
Deficiency 
（X4） 

Talent 
deficiency 

（X5） 
operation 

status(Y = 1 
excellent; Y = 2 

good; Y = 3 medium; 
Y = 4 poor) 

correlation .278 -.650 -.330 -.542 

conspicuousness .112 .000 .057 .001 
In the survey we found that restrict the development of agricultural cooperatives, including sales, capital, technology, personnel, and 

other four aspects of the development of agricultural cooperatives. In order to avoid the interaction between variables that affect the analysis 
results, this paper will adopt partial correlation analysis method, to estimate the sales, capital, technology, talent four factors in the 
production and operation of agricultural cooperatives development influential factors, the use of SPSS19.0, get the partial correlation 
coefficients are shown in table 2. 

The conclusions can be drawn from Table 2 as following Funds deficiency, talent deficiency highly with the operation status of PAMC 
operating, and bilateral conspicuousness tests were significant. But the technology deficiency, marketing difficulties not correlate 
significantly with it, and not conspicuousness. It shows that the technology deficiency and marketing difficulties does not restrict the PAMC 
at this stage of development. Sorting the main issue in the PAMC, the first is funds deficiency and the second is talent deficiency that is 
basically consistent with the actual research situation. All the cooperatives interviewed indicated that there was a large funding gap in the 
operation of cooperatives. Thus, the production and operation of agricultural cooperatives lack of funds has become the production and 
operation of agricultural cooperatives in the development of the biggest dilemma facing. 
 
3 Degree analysis on the funds deficiency of PAMC 
 
3.1 Descriptive statistics of fund demand for AMC 

Descriptive statistics on the number of AMC sample financial needs  
Table 3: Fund demand of sample cooperatives 

The number of valid Minimum Maximum Average Median Mode 
35 1 million 10 million 5.31 million 5 million 6 million 

As the table3, 37 PAMCs were investigated, excluding two missing values, the effective number of 35. From the survey of agricultural 
cooperatives point of view, the minimum required funds of 100 million, up to 10 million yuan, the average capital demand of 5.3143 million 
yuan, the median of 5 million, the mode is 6 million yuan. These data are shown that the PAMC need a large amount of funds. 

Descriptive statistics on the use of funds for AMC sample 
Table 4: Statistics on the Use of Funds in AMC 

Use of funds Direct production and operation 
input Extension of industrial chain input Other inputs 

Frequency 37 14 11 
Percentage 100% 40% 31.43% 

* This option can be multiple selected in the questionnaire 
As it can be seen from Table 4, most of the PAMC required funds was mainly used for three aspects, one is direct production and 

operation input, another is extension of industrial chain input, and then extend include other inputs. In the research sample, 37 AMC funds 
will be used for direct production and operation input, accounting for 100%; 14 AMC funds needed to extend the industrial chain investment, 
accounting for 40%; 11 AMC required funds for other inputs, accounting for 31.43%. The input of direct production and operation mainly 
includes the payment of land costs, the purchase of seeds, pesticides, chemical fertilizers and other material information, to pay labor costs 
and other factors directly used for planting inputs. Extension of industrial chain input, including R & D investment, deep processing of 
agricultural products, logistics. Agricultural products, such as agricultural production chain extension to the upstream and downstream 
extension of investment. Other inputs include the construction of field storage sheds, field road construction and other infrastructure 
investment. A phenomenon was found, just like the research, that most of the demand to extend the industrial chain of PAMC needs a larger 
amount of funds. 

Descriptive statistics on AMC with different scales 
Table 5: Statistical data of the funds needed for different scale AMC 

Business scale 
(million ㎡) Required funds（million） Frequency Proportion Total

（Ge） 

≤3.33 1-5 （including5） 8 0.7273 
11 

5-10（including10） 3 0.2727 

＞3.33，≤20 
1-5 （including5） 7 0.4375 

16 
5-10（including10） 9 0.5625 

＞20 
1-5 （including5） 3 0.375 

8 
5-10（including10） 5 0.625 

As can be seen from Table 5, the size of the production and operation of agricultural cooperatives vary in the amount of funds required. 
Operating area of 3.33 million square meters in the following agricultural cooperatives, the amount of funds requirement in the range of 1 
million -5 million (including 3.33), the ratio was 72.73%. Operating area of 3.33- 20 million square meters (including 20) of AMC mainly 
need 5 million to 10 million (including 10 million), however there has seldom difference with the needs of 1 million -5 million (including 5 
million) of AMC. It is that operating area of more than 20 million square meters need more than the amount of funds for 5 million -10 
million (including 10 million), the ratio was 62.5%. Accordingly, it can be tentatively concluded that with the expanding PAMC ,the scale 
of its required funds will increase sharply. 
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3.2 money supply in the sample of agricultural machinery cooperatives 
 

The PAMC to be investigated can get the funds from the government and the bank. The average ratio was 37.27%. There are still 
62.73% of the financial needs of PAMC to seek other ways to get the supply of funds to be met. At the same time, the majority of PAMC’s 
presidents think that the lack of a large amount of money in the PAMC has become the norm, because of long loan application approval, low 
single loan amount and loan issued in a timely manner.The central government actively introduced subsidy policy and allocated financial 
funds to support the development of PAMC. Each PAMC founded before 2009 has10 million yuan which is from the government to 
purchase large agricultural machineries. From 2009 to 2010, the government subsidized 70% and the cooperatives themselves invested 30% 
to purchase large agricultural machineries. From 2010 to now, the proportion of the government dropped to 60% and the cooperatives 
investment increased to 40%. There are 28 PAMC which are established in 2012 making use of Nordic loans, including Nordic borrowing to 
the Chinese government which accounted for 50%, the other from cooperatives themselves. Although there is government support, the 
conditions for the establishment of PAMC still need members raise some of the funds themselves. Therefore, the conditions for the 
establishment of PAMC not only include land circulation into the community, but also need some members raise part of the fund which is a 
large amount. 

In summary, the established funds of the PAMC mainly constitute by members of investment and government subsidies. The 
government investment accounted for 50%-60% and the members of the investment accounted for 40%-50%. Sponsor investment accounted 
for more than 90% in the members’ investment section. The other members invested less. The vast majority of members joined PAMC only 
by land shares. It caused the PAMC have a low ability of creating follow-up money themselves. In addition to some PAMC could apply to a 
number of special funds after the establishment. The other PAMC basically didn’t have other government subsidies.On the whole, the 
government subsidy funds began to reduce after the establishment of PAMC. At the same time, most of the PAMC can obtain very few 
loans from the banks.It is unable to meet the needs of the PAMC to develop. 
 
4 Analysis of the fund demand and supply characteristics of PAMC 

 
4.1 Fund demand characteristics of PAMC 

 
(1)The demand for funds is large. 
The PMAC rented a large number of lands from the farmers to achieve large-scale management of land. Land rent is the cost of PAMC 

every year which is very large. Simultaneously, compared to the ordinary farmers and the service type agricultural machinery cooperatives, 
PAMC have the greater demand for funds with the continuous expansion of the scale of production and operation in the PAMC. The reason 
is they pre need more agricultural infrastructures, such as seeds, pesticides, fertilizers, machinery, labor and so on. At the same time, they 
need to build more agricultural infrastructure and the total production cost is higher than other types of AMC. 

With the development of production and operation, some PAMC choose to expand the scale of production and extend the industrial 
chain in order to increase the production profit. This choice is to form a "breeding and production and marketing integration" mode of 
production management as soon as possible which will have a greater demand for funds. Therefore, the PAMC have a greater demand of 
funds from the beginning of the establishment, comparing with other agricultural production and operation organizations. 

(2) Funds need to be used for a long time. 
In general, the fund demand of agricultural production and operation organizations has the characteristics of periodicity. The fund 

demand of ordinary farmers and service type agricultural cooperatives is usually an agricultural production cycle. But the PAMC required 
most of the money to be used to extend the industrial chain investment which is the investment to extend the industrial chain of agricultural 
products to the upper and lower reaches, including R & D investment, agricultural products deep processing, logistics and sales of 
agricultural products. The PAMC required most of the money also to be used for fixed capital investment which included field shed 
construction, field road construction and other infrastructure construction. These investments are long-term investment. The fund recovery 
period is longer, generally in 3 years or more than 5 years. Therefore, it takes a longer time to fully repay, after the PAMC loans from banks 
and other financial institutions. 
 
4.2 Fund supply characteristics of PAMC 
 

From the actual investigation of the situation, the main characteristics of the supply of funds in the current PAMC include: 
The PAMC owned insufficient funds  
(1)Core members have no willingness to invest funds. 
As the cooperatives take a completely open state to the members of the entry and exit, the assets of the cooperatives in the state of the 

time may change. The PAMC which is better development probably have new members continue to join in. Because of the same residual 
claim, the profits of the core members are diluted. So the core members do not want to inject capital. While the poor development PAMC 
face greater sales difficulties, slower return of funds. These cause the lack of funds owned cooperatives. 

(2)The economic participation of ordinary members is insufficient. 
Most of the interest distribution mechanism is not perfect in the PAMC. The equity concentrated in the hands of a few people. The 

democratic management system which includes one person one vote system cannot be effectively implemented in the majority of 
agricultural cooperatives, due to the large differences in investment among members of PAMC. The member heterogeneity in the PAMC is 
very serious that cause serious "Free rider" problem. 

It makes the lack of the economic participation of the ordinary members in the PAMC. There is no sense of belonging to PAMC. It 
affects the enthusiasm of members to participate in the management of PAMC. And it led to the members do not want to invest more in 
cooperatives. Therefore, the production and operation of agricultural cooperatives stepping into the development period, the internal follow-
up investment is a serious problem. 

Insufficient support from the financial institutions 
(1)Low loan amount 
Financial institutions loans are mainly loans, while the production and operation of agricultural cooperatives can provide less collateral, 

more for the plant shed, machinery, etc., and the value is relatively low. At the same time, the mortgage can’t be secured by the land contract 
because the PAMC for the inflow of land does not have the right to contract. Therefore, the amount of loans is relatively small that the 
PAMC can be obtained from the relevant financial institutions. The loans can’t meet the needs of the development of PAMC. 

(2)Short supply of loan funds 
In general, small scattered farmers to loan funds are mainly used to purchase the next year's production materials. The amount of funds 

required is small and the time is short, usually for a production cycle. The development of the PAMC need funds to use a longer time than 
small and dispersed farmers, generally in 3 or 5 years or more. However, it is the short-term loan that the current financial institutions 
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provide loans for PAMC. The time of the use of funds unable meet the two aspects demand of the PAMC, including operating in the capital 
turnover and the expansion of production. 
 
5 Conclusion and suggestion 
 
5.1 Based on the above analysis, it mainly draws the following conclusions: 
 

(1)Financial difficulties have become the most difficult problem to restrict the development of the PAMC. 
(2)The number of the funds that the PAMC need is very large, at least 1 million yuan, at most 10 million yuan. The average demand for 

funds is 5 million 314 thousand and 300 yuan. Most of the PAMC need 6 million yuan. But the funds of the PAMC can be obtained from the 
government and the bank's average is only 37.27%. 

(3)The PAMC need funds mainly to use for the direct production and operation of investment, the extension of industrial chain 
investment and other inputs. Among them, the extension of the industrial chain investment and other investment are the main reasons for the 
PAMC funds demand for a large number and a long time. 

(4)In reality, the PAMC generally exist in the phenomenon of insufficient funds. To analyze from two aspects of the PAMC and the 
financial institutions, the phenomenon existing mainly reasons are the insufficient funds in the PAMC and the lack of support by the 
financial institutions. The PMAC lacking their own funds include two aspects: core members have no willingness to invest funds and the 
economic participation of ordinary members is insufficient. The insufficient support of the financial institutions is mainly because of the low 
loan amount and the short supply of loan funds. 
 
5.2 In the end, it puts forward the following policy recommendations: 
 

Firstly, cooperatives should stimulate the potential reinvestment of the PAMC. It is the main way to establish the cooperative profit 
distribution system and the democratic management system, in order to enhance willingness to inject of the old members and to improve the 
economic participation of ordinary members. It can be strengthen their reinvestment capacity of the PAMC. 

Secondly, the PAMC should strengthen cooperation with social capital. 
(1)Pay attention to the cooperation among different types of cooperatives. Strengthen the communication among different types of 

farmers' professional cooperatives. Encourage cooperation among different types of funds to carry out mutual funds. For example, the 
production and operation of agricultural cooperatives and farming cooperatives can be specialized farmers cooperatives. Because the 
production cycle and the use of funds cycle are different, the cooperation between different types of cooperatives can make up for the 
shortage of cooperatives liquidity problems in some degree. 

(2)Encourage industrial and commercial capital injection production and operation of agricultural cooperatives. PAMC is a new type of 
business enterprise which is suitable for the enterprise management. In addition, the PAMC are in the growing number of continuous 
expansion of the scale of development stage.T he lack of funds has seriously restricted the development speed and the degree of 
development. However, a large number of industrial and commercial funds are looking for new investment direction and investment fields 
in the environment of the market changing. It is a new development opportunity for the production type of agricultural cooperatives and 
industrial and commercial capital. The government should guide the PAMCto seize the opportunity to create a new situation in the 
development of agriculture in a timely manner. 

Thirdly, financial institutions should strengthen the support of the PAMC. 
(1)The financial institutions should speed up the establishment of thecredit evaluation system of the PAMC.It should appropriate to 

increase the loan amount for the credit rating of the PAMC. 
(2) The financial institutions should increase the type of the loan collateral that the PAMC can be used for. For example, to increase the 

effective legal collateral like the motor vehicle registration certificate. If the PAMC purchase the large agricultural machineries themselves, 
the government should establish the large-scale agricultural machinery registration certificates for them that can be used as collateral for 
loans. The government should introduce documents that the PAMC be allowed file operations for 5 years and above the land contracted by 
one-time, obtain loans from financial institutions to pledge form, according to the land area and land use to determine the different loan 
amount. 

(3)Financial institutions should extend the loan period for PMAC. The PAMC need the fund to operate the cooperatives. The fund is 
divided into two parts of the fixed investment and expansion of production. Different use of funds needs different times. Financial 
institutions should make different loan period based on the loan purposes of the PAMC. For the operation of the required liquidity loans, the 
number of years is set to a production cycle, usually one year. For the expansion of the production of fixed investment, should be based on 
the amount of loans and depreciation of fixed assets to extend the loan period of time, usually three to five years. 

(4)Financial institutions should lower lending rates for the PAMC. Banks should make different rates based on the use of the PAMC to 
apply for loan funds. According to the PAMC loaning for long-term investment in fixed assets, the government should carry out appropriate 
discount, so that the bank loan interest rate cut. 
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Test of High-performance Polycarboxylate Superplasticizer 
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Abstract: Polycarboxylate superplasticizer has the best application prospect in concrete engineering at present, this paper conducted test of 
working performances such as dispersibility and water-reducing rate to cement particle, slump, slump flow and its gradual loss of concrete 
by taking one modified high performance polycarboxylate superplasticizer as the study object. The study demonstrated that the modified 
high performance polycarboxylate superplasticizer solved the problem of sensitization of traditional high performance polycarboxylate 
superplasticizer to the mixing quantity of superplasticizer, it had good dispersibility to cement particle, and the optimum mixing quantity 
was 2.3%-2.9%, and the water-reducing rate was 25.6%-33.0%, this test proved that it had good water-reducing effect, which can 
significantly improve the fluidity and compressive strength of concrete if added with it. 
 
Keywords: high performance polycarboxylate superplasticizer; water-reducing rate; fluidity of cement paste; slump of concrete; gradual 
loss 
 
1. Introduction 
 

 With the constant development of engineering technology in China, the superplasticizer is widely used in a variety of concrete 
engineering as a kind of surface active material to improve the fluidity and workability of concrete. Adding the superplasticizer in the 
process of mixing concrete can lower the water consumption, reduce the water to binder ratio, thereby improving the rheological property of 
concrete, and improving its strength and durability[1] while keeping the slump of fresh concrete constant. 

The polycarboxylate superplasticizer has the best application prospect at present, and is an important premise of preparation of high 
performance concretes such as high-strength and high-flowability concrete and a large amount of fly ash concrete. The author found that in 
engineering practice, though the polycarboxylate superplasticizer can keep the slump loss of concrete within a smaller range, it was sensitive 
to the mixing quantity of polycarboxylate superplasticizer, which was more difficult to control in practical engineering application. When 
the mixing quantity of polycarboxylate superplasticizer was small, insufficient slump and poor workability of the fresh concrete will easily 
occur; when the mixing quantity of polycarboxylate superplasticizer was large, bleeding and segregation of the fresh concrete will easily 
occur.In order to solve this problem, this test improved the synthetic method of traditional high performance polycarboxylate 
superplasticizer, and conducted test of its performance. 

 
2.Test  

 
2.1Synthetic method of new high performance polycarboxylate superplasticizer 
 

The high performance polycarboxylate superplasticizer used in this test was synthesized by a modified synthetic method, which can 
react at room temperature without heating, simplifying the preparation condition significantly, and thus further reducing the production cost. 
The results of the research of Li Chunmei[2] et al at Research Institute of Building Materials of Xi'an University of Architecture and 
Technology indicated that the leading functional groups of —COOH and—SO3H showed unique properties in admixture molecules, and 
played a leading role in application.The leading role of —SO3H was to produce high water-reducing rate through high dispersibility; the 
leading role of —COOH was to retard and retain slump; and the leading role of —COOH and —SO3H was to combine in the same 
molecule with one or more polar groups or polar atoms in atomic group, thus giving new leading role and some other features to the 
compounded high performance polycarboxylate superplasticizer.In this test, a large number of polar functional groups of —SO3H and —
COOH were introduced into the molecular structure of polycarboxylates using the modified synthetic method to improve all performances[3] 
of high performance polycarboxylate superplasticizer such as water-reducing rate and reduce the slump loss. In addition, it can achieve good 
water-reducing effect without compounding[4]  with reagents such as sodium gluconate and calcium gluconate with retarding effect, and the 
fresh concrete contained proper air and had good workability. 
 
2.2 Test scheme 
 

In this test, the high performance polycarboxylate superplasticizer was synthesized using a modified synthetic method, with solid 
content of mother liquid of 40%, and was diluted to solid content of 8% with water according to the proportion of 1:4. 

In accordance with GB/T 8077—2000 Methods for Testing Uniformity of Concrete Admixture,  W/C=0.29 was kept steady, 300g 
Jingyang cement P.O42.5R and 87g water (including quality of water used as solvent in admixture) was weighed, and the mixing quantity (0, 
1.9%, 2.1%, 2.3%, 2.5%, 2.7%, 2.9%) was changed, and the fluidity of cement paste was tested, and its gradual loss within 2h was tested. 

In accordance with GB/T 50080—2002 Standard for Test Method of Performance on Ordinary Fresh Concrete, the water-reducing rate, 
slump, slump flow and its gradual loss within 1h of high performance polycarboxylate superplasticizer added with different mixing quantity 
was measured; In accordance with GB/T 50081—2002 Standard for Test Method of Mechanical Properties on Ordinary Concrete, the 
compressive strength of concrete was measured. 
 
3.Test results and analysis 
 
3.1Disperslbility of high performance polycarboxylate superplasticizer to cement particle   
 

At 20 ℃, added the cement sample to mix according to the operating rules usin   -600A cement mortar mixing machine, mixed it at 
slow speed for 120s, and stopped for 15s, and then mixed it at high speed for 120s, and then stopped the machine. Then tested the fluidity of 
cement paste, first, poured quickly the mixed cement paste into an uncated conical die with height of 60mm, upper opening diameter of 
36mm and lower opening diameter of 60mm on a glass plate, and then scraped the extra cement at the upper opening to evenness, and then 
lifted the uncated conical die vertically and started the timer, after the cement paste flowed for 30s on the glass plate, took and measured the 
maximum diameters (accurate to 1mm) of flowing cement paste in the two perpendicular directions, and took the average as the fluidity of 
cement paste. The test results are as follows: 

Table 1 Fluidity and Gradual Loss of Cement Paste Added with Different High Performance Polycarboxylate Superplasticizer 

http://cn.bing.com/dict/search?q=Polar&FORM=BDVSP6&mkt=zh-cn
http://cn.bing.com/dict/search?q=atoms&FORM=BDVSP6&mkt=zh-cn
http://cn.bing.com/dict/search?q=accordance&FORM=BDVSP6&mkt=zh-cn
http://cn.bing.com/dict/search?q=Jingyang&FORM=BDVSP6&mkt=zh-cn
http://cn.bing.com/dict/search?q=Cement&FORM=BDVSP6&mkt=zh-cn
http://cn.bing.com/dict/search?q=accordance&FORM=BDVSP6&mkt=zh-cn
http://cn.bing.com/dict/search?q=accordance&FORM=BDVSP6&mkt=zh-cn
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Mixing quantity
（%） 

Solid content（g） Fluidity（mm） 

0h 0.5h 1h 1.5h 2h 

0 
0 186 92 62 — — 

1.9 
0.456 239 245 242 237 232 

2.1 
0.504 259 262 265 263 261 

2.3 
0.552 273 269 273 271 275 

2.5 0.600 278 275 281 283 285 

2.7 0.648 285 283 287 286 290 
When the mixing quantity of high performance polycarboxylate superplasticizer was increased to 2.9%, the cement paste showed slight 

bleeding. According to the above test results, the fluidity of all groups of cement pastes added with high performance polycarboxylate 
superplasticizer was improved significantly compared with the control group without adding high performance polycarboxylate 
superplasticizer, suggesting that the high performance polycarboxylate superplasticizer had good dispersibility to cement particle. Through 
comparison with the fluidity at 0h and 1h with different mixing quantity, it can be found that the fluidity of cement paste increased rather 
than lost within 1h; the fluidity of cement paste had almost no losses within 2h with different mixing quantity. These phenomena fully 
indicated that the high performance polycarboxylate superplasticizer had good performance in keeping the fluidity of cement paste. 
According to the test, the optimum mixing quantity of the high performance polycarboxylate superplasticizer was determined to be 2.1%—
2.7%, and the optimal water-reducing effect can be achieved at 2.7%, and the economic mixing quantity was 2.1%—2.5%. 

 
Fig.1. Fluidity and Gradual Loss of Cement Paste Added with Different High Performance Polycarboxylate Superplasticizer 

 
3.2Performance of concrete added with high performance polycarboxylate superplasticizer 
 

According to the test results of the fluidity of cement paste, the test of water-reducing rate and slump of concrete added with 1.9%—
3.1% (here it referred to the ratio of the quality of high performance polycarboxylate superplasticizer with 8% solid content to the sum of the 
quality of cement and fly ash for each trial mix) mixing quantity was conducted. The benchmark amount of raw materials for each trial mix 
was: 3.2kg Jingyang cement P.O42.5R, 0.8kg fly ash, 7.28kg Ba River medium sand, 10.92kg Fuping gravel, the water consumption and the 
mixing quantity of the high performance polycarboxylate superplasticizer were adjusted according to the needs of the test. When the mixing 
quantity of the high performance polycarboxylate superplasticizer was 1.9%—2.3%, the water-reducing effect of the high performance 
polycarboxylate superplasticizer was slightly insufficient, however, after testing, the indexes such as strength and workability of the 
prepared concrete were eligible. When the mixing quantity of the high performance polycarboxylate superplasticizer was 3.1%, the prepared 
concrete showed slight bleeding and segregation. Therefore, the mixing quantity of the high performance polycarboxylate superplasticizer 
was determined to be 2.3%—2.9% in this test. 

The concrete slump was controlled to be within 70mm - 90mm, and the mixing quantity (0, 2.3%, 2.5%, 2.7%, 2.9%, respectively) of 
the high performance polycarboxylate superplasticizer was changed, and the water consumption (2.15kg, 1.60kg, 1.51kg, 1.47kg, 1.44kg, 
respectively) was recorded, and the water-reducing rate of the high performance polycarboxylate superplasticizer was calculated and the 
result was 25.6%—33.0%. 

On the premise of adoption of benchmark amount for all raw materials, the water consumption for concrete was kept to be 1.7kg 
(cement water ratio 0.425), the mixing quantity (0, 2.3%, 2.5%, 2.7%, 2.9%) was changed to obtain the slump and gradual loss within 1h of 
concrete added with different mixing quantity of high performance polycarboxylate superplasticizer, and the result was rounded off to be 
approximately 5mm; for concrete with slump greater than 220mm, the index of slump cannot accurately reflect its fluidity, so the slump 
flow and its gradual loss within 1h needed to be tested as indexes to observe the flowability of concrete; the workability and cohesiveness of 
concrete wasobserved; the compressive strength of concrete at 3d, 7d and 28d was measured respectively, and the compressive strength rate 
to concrete without adding high performance polycarboxylate superplasticizer was obtained. The test results are shown in Table 2. 

Table 2Slump, Slump Flow, Gradual Loss of Concrete Added with Different Mixing Quantity of High Performance Polycarboxylate 
Superplasticizer 

Mixing 
quantity 

Solid 
content

Slump（mm）   Slump flow  Compressive  Compressive 
strength rate

http://cn.bing.com/dict/search?q=shown&FORM=BDVSP6&mkt=zh-cn
http://cn.bing.com/dict/search?q=in&FORM=BDVSP6&mkt=zh-cn
http://cn.bing.com/dict/search?q=Table&FORM=BDVSP6&mkt=zh-cn
http://cn.bing.com/dict/search?q=2&FORM=BDVSP6&mkt=zh-cn
http://cn.bing.com/dict/search?q=2&FORM=BDVSP6&mkt=zh-cn
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（%） （g） （mm） strength（MPa） （%） 

0h 0.5h 1h  0h 0.5h 1h  3d 7d 28d  3d 7d 28d 

0 0 75 30 —   — — —  21.3 31.0 42.9  100 100 100 

2.3 0.736 225 205 180   410 385 350  23.3 34.4 48.0  109 111 112 

2.5 0.800 235 220 205   475 430 405  24.7 37.4 50.6  116 121 118 

2.7 0.864 250 245 230   550 535 525  27.1 37.6 52.6  127 121 123 

2.9 0.928 260 240 235   590 550 540  27.5 39.1 53.1  129 126 124 

By comparing the data of slump and slump flow of concrete added with different mixing quantity of the high performance 
polycarboxylate superplasticizer, it can be seen that the high performance polycarboxylate superplasticizer can significantly increase the 
slump of concrete under fixed cement water ratio. By observing the rheological parameters change with time of slump and slump flow of 
concrete, it can be seen that the initial slump of concrete was 225mm—260mm and the initial slump flow of concrete was 410mm—590mm 
when the mixing quantity of the high performance polycarboxylate superplasticizer was 2.3%—2.9%; however, after 1h, the slump of 
concrete was kept to be 180mm—235mm and the slump flow of concrete was kept to be 350mm—540mm. The small losses of slump and 
slump flow of concrete showed that the high performance polycarboxylate superplasticizer can well reduce the gradual loss of the fluidity of 
concrete. By comparing the data of compressive strength and compressive strength rate for each group, it can be seen that the high 
performance polycarboxylate superplasticizer can greatly improve the compressive strength of concrete. 
 
4.Conclusion  
 

(1)The optimum mixing quantity of the modified high performance polycarboxylate superplasticizer in this test was 2.3%—2.9%.The 
expansion of range of mixing quantity showed that the modified high performance polycarboxylate superplasticizer can solve the problem of 
sensitization of traditional high performance polycarboxylate superplasticizer to the mixing quantity, and reduce the possibility of serious 
quality incident in practical project. 

(2)The high performance polycarboxylate superplasticizer in this test was synthesized using a modified synthetic method, which 
simplified the preparation condition, and reduced the production cost. 

(3)The high performance polycarboxylate superplasticizer had very good disperslbility to cement particle. The cement paste added with 
it was improved significantly in  fluidity, and had almost no losses within 2h. 

(4)The modified high performance polycarboxylate superplasticizer had very good water-reducing effect, with water-reducing rate of 
25.6%—33.0%; the slump and slump flow of concrete added with it were greatly improved, and the gradual loss was small within 1h, and 
the strength of concrete was improved. 
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Abstract: In this paper, the theory of screw is briefly discussed. According to the different result of platform’s moving situation caused by 
constraints’ linear association, the linear association of the platform constraints are classified into two types. The one may cause platform 
singularity in the design configuration and destroy the rightness of the design, it needs to be avoided. On the opposite side, linear associated 
constraints may form a new over-constrained parallel manipulator, it needs to be used. We present a method for avoiding platform 
singularities by avoiding constraints’  linear association. And we also present the structuring method for over-constrained parallel 
manipulators by using constraints’ linear association. Finally, some design sketches are shown as examples. 
 
Keywords: structural synthesis; parallel mechanism; singularity; constraint; screw theory 
 
1. Introduction 
 

A parallel manipulator typically consists of a moving platform that is connected to a fixed base by several limbs. The number of limbs 
is usually equal to the number of degrees of freedom (DoF). Parallel manipulators have attracted much attention among researchers in the 
past two decades because they have the advantages of higher stiffness, more accuracy, and higher load carrying capacity as compared with 
the conventional serial manipulators. Initially, most of designs are Stewart parallel mechanism and its extensive forms with 6-DoF. However, 
a 6-DoF fully parallel manipulator has the limitations of small workspace volume, difficult mechanical design and more difficult kinematics, 
dynamics and control because of its excessive number of limbs. Therefore, fewer than 6-DoF, or called low-DoF, parallel manipulators have 
been investigated to overcome the shortcomings of 6-DoF fully parallel manipulators. 

Firstly, researchers designed such mechanisms by their talent idea and experience from long time studying. Finally, some systematic 
methodologies were presented for structural synthesis Researchers have done great work in this field[5,6,7]. In general, these methodologies 
can be classified into two types. One is based on the theory of screw[2,3,4], and another is based on the Li group. Relatively, the method 
based on screw theory is more successful one[12,15,16]. In the whole view, the structural synthesis approach based on the theory of screw is 
clear and simple[11,13,14]. Because any moving body in space has 6 DoFs at most, while a part of freedoms are constrained by relative 
constraints, the body’s freedom will be decreased consequently. On the other side, forces and couples provided by limbs acting on the 
platform can be expressed by screw forms. If any virtual work produced by the two screw systems that the one expresses platform moving, 
and another expresses such constraints acting on the platform is equal to zero, the desired degree of freedom is left. It means if the order of 
constraints’ screw is n, the relative freedom of platform is 6-n . 

Since there is a problem while the constraints are linear associated, the order of constraints’ screw will be decreased to a number less 
than n, at the same time, the freedom number of platform will be more than 6-n . Commonly, the singularities are caused and the moving 
characteristic is destroyed by this reason[8,10]. Because of the increased but undesired degree freedoms, the whole mechanism will be in a 
uncontrollable situation. However, this kind of constraints linear association sometimes has its advantages for structuring some over-
constrained parallel manipulators[1,9]. In this situation, two or more constraints are linear associated and they over constrain the platform, in 
another word, two or more constraints acting on the platform just like one of them acting on the platform in the view of constraint. The 
reason of more constraints is for having enough limbs to equal the freedom degrees of the platform, therefore, only one actuator will be 
mounted on the each limb to keep a good dynamic characteristic.  

Some researchers have studied the singularity problem for current exiting parallel manipulators to avoid its shortcomings. However, 
how to avoid singularity caused by constraint’s linear association in the process of structural synthesis is still an open problem, Here, we 
call it singularity in the design configuration, and it is caused by constraints linear association in the design configuration. In the opposition 
situation, the advantage of the constraints linear association is that most of over-constrained parallel manipulators are designed based on this 
situation. But no one discussed that how to use its advantages for structuring over constrained parallel manipulators in system. Therefore, 
it’s very important and necessary issue to analyze these two different cases. 

In this paper, firstly, the theory of screw is briefly discussed. Then, we classify constraints’ linear association into two types initially, 
between them, the one needs to be avoided, and another needs to be used. And we present a method for avoiding platform singularities by 
avoiding constraints’ linear association. Furthermore, we also present the structuring method for over constrained parallel manipulators by 
using constraints’ linear association too. Finally, some design sketches are shown as examples. 

 
2. The theory of screw 

In this section, the definition of screw and reciprocal screw are reviewed. A unit screw, S/ , is denoted by a dual vector );( 0ss . If 
1=⋅ ss  were satisfied, the screw is called the unit screw. The pitch of the screw h is defined as: 

   
ss
ssh
⋅
⋅

=
0

                                                                                                              (1) 

If h = 0, namely, 00 =⋅ ss , we call the screw S/ a line vector, denoted by );( 0ss , where s  is a vector, srs ×=0  defines 
the moment of the screw axis about the origin of a reference frame, r  is the position vector of any point on the vector s  with respect to 

the reference frame. If h  were equal to infinite, namely, the screw’s form is );0( s , a infinite pitch screw can represent a linear velocity 

in kinematics or a force moment in static. If two screws, S/  and rS/ , satisfy the following condition 

0=// rSS                                                                                                             (2) 
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They are said to be reciprocal, and the symbol “  ” denotes the reciprocal product. If the screw S/  represents an instantaneous motion 
of a rigid body, the first three components of it represent the angular velocity and the last three components represent the linear velocity of a 
point in the rigid body that is instantaneously coincident with the origin of a reference frame, and we call it a twist. In comparison, the 

reciprocal screw rS/  denotes a system of forces and moments acting on a rigid body, then the first three components of it represent the 
resultant force and the last three components represent the resultant moment about the origin of a reference frame, and we call it a wrench. A 
wrench represents a single force if the pitch is equal to zero, and a single force moment if the pitch is infinite. 
 
3. Freedoms and constraints analysis 
 

All reciprocal screws provided by limbs form a constraint system. Assume each symmetrical limb has m-order motion screws, and the 
platform’s freedom degree is n (≤ m) , and the limb’s number is k(≤ n). While k = n, the number of limbs is equal to the number of freedom 
degrees, this is the most desired type to keep better dynamic characteristic. So, the total constraint number is k(6−m) , and the following 
expression must be satisfied to keep right design. 

 

[ ] nSSRank Tmk
rr =// − )6(1                                                                                  (3) 

As an example, Figure 1 shows the relationship between constraint screws and motion screws provided by one limb with 5 single-DoF 

pairs, those constraints both acting to the platform and limb at the same time. It shows one constraint screw rS/ , and 5-order motion screws 

1S/ , 2S/ , 3S/ , 4S/ , 5S/ , and these screws form a 6 orders screw system. If the limb has 4 or 3 single DoF pairs, the number of constraint 
screw is 2 or 3 respectively. 

 
Fig. 1. Setting for document template. 

Here, all possible parallel manipulators in view of the number of limbs, number of constraints, and number of limbs screw orders are 
enumerated as listed in table 1. In Table 1, only in the situation that marked by √, the number of total constraints adds on the number of 
platform’s DoF is 6. In this situation, if all constraint screws provided by each limb are non-linear associated, the moving characteristic will 
be kept well. Furthermore, all limbs’ constraints form a system that decides moving characteristic of the parallel manipulator together. Only 
one limb can not perform the constraints task, and the resultant of constraints provided by all limbs will decide the final DoF of the parallel 
manipulator. So, if they are linear associated, the constraint screws’ order will degenerate, and increase one or more extra DoF of platform 
and cause the singularity problems. But in the other situations, the number of total constraints adds on the number of platform’s DoF is more 
than 6, i.e., the number of constraints is more than its basic need. Therefore, if they are not linear associated, the platform will have some 
extra constraints and decrease the designed DoF. In this situation, constraints’ linear association is useful for structuring over constrained 
parallel manipulators. So, we have to study how to classify these two types of constraints’ linear association situation and use them in 
structuring process respectively. 

Table 1 The constraints and screw number of PM 

 
 
4.Method avoiding platform singularities 
 

In this section, we present how to avoid constraints linear association to avoid the singularity in the design configuration. Taking 3-DoF 
translational parallel manipulators as an example, we build a family of parallel manipulators that can satisfy the design requirements but 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                                      115.3 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/115 

without singularity in the design configuration. According to above analysis, to structure a family of 3-DoF translational parallel 
manipulators, the 3-left rotation freedom of the platform must be constrained by 3 independent limbs. Three constraints can be written in the 
screw form as: 

 

[ ] )3,2,1(,,;0,0,0 ==/ inmlS iiiri                                                                           (4) 
In view of constraints’ linear association or not and its effect, there are 2 kinds of cases.  
Case1: Any of limbs can perform the total constraints task for moving platform, thus 
 

)3,2,1(,0,0,0 =≠≠≠ inml iii                                                                         (5) 
Resume limb-1 can satisfy this demand,1 the following two equations will be met at the same time or respectively when the constraints 

are linear associated: 
 

[ ] [ ]1111112222 ,,,, nmlkSknmlS rr =/==/                                                                       (6) 

[ ] [ ]1112123333 ,,,, nmlkSknmlS rr =/==/                                                                       (7) 
In this case, two or one of 3 limbs will lose function. Therefore, the platform will lose stability. Actually, it loses the advantage of 

parallel manipulators and fall into the serial mechanism. So, we have to avoid this case. 

Case 2: When the one or two parameters of iii nml ,,  is zero, any one limb of 3 limbs can not perform the constraints task for 
moving platform. It needs 3 or at least 2 limbs to form a resultant effect to decide the DoF of parallel manipulators. Actually, this is a 
necessary condition of parallel mechanism. When the constraints are linear associated, the order of platform constraints will degenerate and 
it may be linear associated sometime. Thus, platform singularities will happen, and may strongly destroy the kinematic and dynamic 
characteristic of parallel manipulators. So, to find 3 1-order linear independent of constraint system to form an orthogonal constraint system 
is a good choice to guarantee free-singularities in design configurations. Firstly, we decompose the constraint screw into several 1-DoF 
screws. Then, we make all 1-order screws in spatial orthogonal. Finally, we use the reciprocal equation to get all kinds of limb’s structures. 
According to this method, we obtain 3 linear independent constraints for a 3-DoF translational parallel manipulator as follows. 

 

[ ]0,0,1;0,0,01 =/ rS [ ]0,1,0;0,0,02 =/ rS [ ]1,0,0;0,0,03 =/ rS  
And we obtain basic pairs’ screw system of limb as follows: 
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Since any basic 1-order pair can be expressed by a screw as equation (2) described, by linear combining them as any possibilities, we 
can get all possible structures of 3-DoF translational parallel manipulators. For example, figure 2 shows a kind of parallel manipulator that is 
singularity free in the design configuration as. In this parallel manipulator, each of 3 limbs has 5 1-order revolute pairs, among these 5 pairs, 
their axes belong to two group of parallel lines. The first 3 revolute pairs’ axis from base are parallel to each other, and the last 2 revolute 
pairs’ axis are parallel to each other. Furthermore, two group of axes in the same limb of 3 limbs are parallel to the plane XOY, XOZ, YOZ 
respectively to keep their constraint in orthogonal. 
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Fig. 2. 5R singularity free parallel. 

 
5.The situation for using constraints linear associated 

 
In section 3, we discuss how to structure parallel manipulator without singularity. Designers have to arrange constraints specially to 

avoid linear association. On the opposite situation, designers must arrange constraints specially to make them linear association. 
Traditionally, 4-DoF and 5-DoF parallel manipulators should have 4 and 5 limbs to make sure each limb with unique actuator. But the 
moving platform only needs 2 or 1 constraints. Whatever the limbs are arranged, they must be linear dependent to make sure the resultant 
constraint is 2-order or 1-order. Thus, keeping linear dependence is a necessary step for the structural synthesis. For 4-DoF and 5-DoF 

parallel manipulators with 4 and 5 limbs respectively, each limb provides a screw constraint as 4,3,2,1, =/ iSir  (for 4-DoF) and 

5,4,3,2,1, =/ iSir  (for 5-DoF), to keep the right design of constraint acting on the platform. All constraint should satisfy the following 
equation: 

 

[ ] 4,,, 4321 =//// T
rrrr SSSSRank

 (For 4-DoF)                                                                    (11) 

[ ] 5,,,, 54321 =///// T
rrrrr SSSSSRank  (For 5-DoF)                                                             (12) 

Here, we take a 4-DoF parallel manipulator without translation mobility along x-axis and y-axis (Fig. 3) to explain that making 
constraint screws’ linear association is necessary. It has 4 symmetrical limbs. Among these 4 limbs, any 2 neighbor limbs are assembled in 
two orthogonal planes, and any two opposite limbs are assembled in two parallel plans. Each limb has 4 pairs. Three of them are 1- order 
rotation pair, and one of them is 2-order cylindrical pair as the third pair. All the third and the fourth pairs in all limbs intersect into the same 
point. The first and second rotation pair in each limb are in parallel. 

For analyzing its DoF and each limb’s moving screw system, we structure a fixed coordinate system as Figure 3 shows. Assume the 

rotation center point is ),,( zyxO , r is the vector of OO1 , and )5,4,3,2,1;4,3,2,1(, == jisij , represents the vector of jth 

pair’s axis of the ith limb. we have: 

 
Fig. 3. Setting for document template. 

(1) 1is  is parallel to 1is , 2is  is in the same plane, 11s  is parallel to 31s , and 21s  is parallel to 41s . 

(2) 3is , 4is  and 5is  intersect into the center point， ),,( zyxO , and 3is  and 4is  is orthogonal to 2is . 

(3) ),,( ijijij NML  and ),,( ijijij RQP  represent the vector of pair axis’ direction and position of ijS/ , respectively. 

(4) 11s  is through into original point, so, 011 =r .  

(5) 12s  is orthogonal to 13s , so two vector’s product is zero, and we have, 01313 == LP . 

(6) 13s  and 15s  are through into original point, and we have, rrr == 1513 . 
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After obtaining their geometrical and dimension relationship, we can describe each limb’s motion in the screw system form 

4321 ,,, SSSS ////  as follows: 
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Based on the reciprocal theory and equation (2), we can get the reciprocal constraints of each limb as the following equations. 
 

[ ]yzS r −=/ 00011    [ ]xzS r 00102 −=/  

[ ]yzS r −=/ 00013    [ ]xzS r 00104 −=/  
 
Till now, we get all constraints acting on the platform, and their resultant effect will decide the mobility degree number and its 

characteristic. Make these 4 screws as a matrix form, we can find that 4 constraints acting on the platform are linear associated. So, we get 
the rank of this constraints’ matrix 

 

[ ] 2,,, 4321 =//// T
rrrr SSSSRank

                                                                          (17) 

Consequently, the remaining DoF of platform is [ ] 44,3,2,1,6 ==/− T
ir iSRank . According to the above analysis, we can 

prove that a parallel manipulator has 4–DoF with 3 rotation degrees and 1 translation degree along z-axis. Generally, most of over-
constrained parallel manipulators are structured by this method. So, in the structural synthesis process for such mechanisms, we usually 
make screw constraints in linear associated by arranging them in special geometrical or dimensional relationship. This method is opposite 
application type as compare to the application type of avoiding linear association for singularity free design process described in section 3. 
Based on the traditional spatial freedom formula, Kutzbach-Grubler formula, to calculate the freedom of this parallel manipulator, we have: 

 

220)11614(6)1(6
1

=+−−×=+−−= ∑
=

j

i
ifjnF                                                         (18) 

where, n is the number of total parts, j is the number of total pairs, if  is the freedom of the ith pair, and F is the freedom of parallel 
manipulator. Actually, the freedom is four just like we analyze based on the theory of screw. In this parallel manipulator, we increase two 
limbs to keep it with four limbs. In fact, we increase two constraints to the platform. Because we arrange them in parallel and keep them 
linear associated, we get the right design by this way. At the same time, we violate the traditional freedom formula, and it is called over 
constrained. Otherwise, we can find if we keep all constraints non-linear associated. We just need two limbs to constrain the platform. By 
cutting two limbs from this parallel manipulator, we have the structure as Fig4. And the freedom can be calculated as: 
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410)188(6)1(6
1

=+−−×=+−−= ∑
=

j

i
ifjnF

                                                               (19) 
We find that the freedom number is right. However, only with two limbs it will degenerate into a link. Therefore, we use the constraint 

linear association to keep the right structural synthesis that can satisfy the design condition of parallel manipulators. And this is a different 
application method as compare to the avoiding linear association described in section 3. 

 
6. Conclusions 
 

In conclusion, we analyze the constraints linear dependence, into two types. 1) When the number of constraints is equal to the number 
of DoFs, we have to arrange the constraints to avoid linear association. 2) When the number of constraints is more than the 6-DoFs , we 
have to arrange them to keep linear association. Therefore, the redundant constraints may not decrease the desired DoF of platform. This 
provides a useful method in the process of structural synthesis both for designing singularity free in the design configuration and for over-
constrained parallel manipulators. 
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Abstract: This paper presents a new spatial 3-DOF parallel manipulator with two degrees of rotational freedom and one degree of 
translational freedom, consists of a base plate, a movable platform, and four connecting legs. Each leg is a closed-loop subchain and 
symmetrical six-bar spherical metamorphic mechanism. The concept of generalized kinematic pair and screw theory are used to investigate 
the terminal constraints of its connecting legs, containing closed-loop subchain. Considering the geometric characteristics of the manipulator, 
the singularity criterion of the manipulator is derived based on the dependency of the screw system, and the existing conditions of the 
singular configuration are determined. 
 
Keywords: singularity analysis; parallel mechanism; screw theory; constraints analysis 
 
1. Introduction 
 

Singularity analysis is an essential issue for the development and application of parallel manipulators, and has received a great attention 
in the parallel manipulator literature[2,6,7]. One of the early works to touch upon the undesirable configurations of robot-arms is that of Hunt. 
Many scholars have studied the singularity of the manipulators with Jacobian matrices. Cervantes- Sánchez et al. used the properties of the 
Jacobian matrix to investigate the singular points of a planar RRRRR-type manipulator. Gosselin and Angeles analyzed the divisions of 
configuration singularities encountered in closed-loop mechanisms. A general classification of these singularities based on the properties of 
Jacobian matrices of the mechanism was described. Joshi and Tsai developed a methodology for the Jacobian analysis of limited-DOF 
parallel manipulators, and investigated the Jacobian matrix which provides information about both architecture and constraint 
singularities[11,12]. Using screw theory to set the six-dimension force-balancing screw equation, Huang and Qu analyzed the discriminant 
matrix of the special configuration and discovered a geometry singularity configuration of the parallel manipulator[8]. Fang and Tsai divided 
the singularity cases of limited-DOF parallel manipulators as limb singularity, platform singularity and actuation singularity[5]. Merlet 
proposed a new method based on Grassmann line geometry to find the singular configuration of parallel manipulators in the case that the 
Jacobian matrix is complex. Zhao addressed the singularity problems of the parallel manipulator with its terminal constraints based on screw 
theory, and the method avoids solving the Jacobian matrices[14,16]. 

This paper presents a novel 3-DOF parallel manipulator that consists of a base plate, a movable platform, and four connecting legs. 
Each leg of the parallel manipulator contains a closed-loop subchain, which is symmetrical six-bar spherical metamorphic mechanism. The 
mobility characteristics of special six-bar spherical metamorphic mechanism with   constraints of the connecting legs are investigated 
applying concept of generalized kinematic pair[1,9]. Considering the geometric characteristics of the parallel manipulator, the singularity 
criteria of the manipulator can be gained based on the dependency of screw system and line geometry. The existing conditions of certain 
configuration that a singularity must occur are determined. 
 
2. Description of the parallel mechanism 

 
The new parallel manipulator, shown in Figure 1, contains two square plates referred to as the base plate 7 and moving platform 8. 

Both the plates are square described by parameter r , the inscribed circle radius of the square. The moving platform is connected to the 
fixed-base plate through four legs Ⅰ, Ⅱ, Ⅲ and Ⅳ with revo            ntical 
chains[4]. Each leg consists of a closed-loop subchain, which is symmetrical six-bar spherical metamorphic mechanism, as shown in Figure 2. 

 
Fig. 1. A new spatial three-DOF parallel mechanism. 

Looking at the six-bar spherical metamorphic mechanism, shown in Figure 2, all the axes of the revolute joints intersect at a common 

point iB  (i =1, 2, 3 and 4), and the neighboring axes are coplanar. The angles between two neighboring axes are denoted as 1iα , 2iα , 

3iα , 4iα , 5iα  and 6iα , and they remain constant while the configuration of the mechanism changes. As a symmetrical mechanism, 

that 41 ii αα = , 2iα = 3iα = 5iα = 6iα  and 1iα + 2iα + 3iα + 4iα + 5iα + 6iα = 360 . The six-bar spherical metamorphic 

mechanism is highly expandable and collapsible. 
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Fig. 2. Closed-loop subchain. 

It is noted that axes of the revolute joints on the moving platform and base plate are coplanar respectively, and the revolute joints on 
each plate are perfect symmetric distributed. Considering symmetrical structure and geometric characteristics of the parallel manipulator, the 

intersection points iB  lie in a common plane, which is the symmetrical plane between the base plate and the moving platform of the 
complete mechanism. 
 
3.Relationship between the number of constraints and degree of freedom 
 

For the parallel manipulator with closed-loop in limbs, such as Delta robot and Tsai’s robot, the concept of a generalized kinematic pair 
will aid the mobility analysis[3,15]. If we consider a closed-chain as a generalized kinematic pair, it must allows an output link to remain a 
fixed orientation with respected to a fixed link. It is shown that a planar four-bar parallelogram in a kinematic chain can be treated as a 
generalized prismatic pair. 

Due to the symmetry of the manipulator, we can select only one of the connecting legs, shown in Figure 3, to study the kinematic 

characteristics. The six-bar spherical metamorphic mechanism allows an output link 14l  to remain fixed orientation with respected to the 

fixed link 11l  at general configurations. If we take the six-bar spherical metamorphic mechanism as a two-limb spatial parallel mechanism, 
we can use screw theory to analyze the kinematic properties of the output link. Considering the structural characteristics of the mechanism, 

we set the intersection point of the six revolute axes as the origin of the limb frame xyzB −1 , the x-axis coincident with the second 
revolute axis and the z-axis is perpendicular to the second and the fifth revolute axes, as shown in Figure 3.  

 
Fig. 3. Closed-loop subchain. 

Thus, the limb twist system of limb 23L  in general configuration is given by 

)000;(
)000;00(
)000;(

3333

22

1111

cbaS
aS

cbaS

=/
=/
=/

                                                                      (1) 

where )( 111 cba , )00( 2a  and )( 333 cba  are the coordinate of the three revolute joints in limb 23L . The limb 

twist system of limb 56L  with respect to the same frame is given by 
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where )( 444 cba , )0( 55 ba  and )( 666 cba  are the coordinate of the three revolute joints in limb 56L . Thus the 
mechanism constraint system of the six-bar spherical metamorphic mechanism is 
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As the linear independent number of the mechanism constraint system is three, link 14l  has three freedoms. The screw reciprocal to 

the mechanism constraint system representing the feasible motion of link 14l  is 
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Where gkS/  (k = 1,2,3) represent three rotational DOFs of output link 14l  with respect to fixed link 11l . And the six-bar spherical 

metamorphic mechanism can be regarded as a generalized kinematic pair with three rotational DOFs. In order to investigate the terminal 
constraints of the connecting legs, we replace the six-bar spherical metamorphic mechanism with the 3-DOF generalized kinematic pair. 
Thus, such a connecting leg can be treated as serial kinematic chain, which consists of four links and five kinematic pairs. The local 

coordinate system 1111 zyxo −  is superposed with the limb frame xyzB −1 . The twist system of the equivalent serial kinematic chain 
is a 5-system, that is, 
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Where ),,( nml  and ),,( nml −  denote the direction of rotation of the revolute joint P5 and P1, ),,( zyx  and 

),,( zyx −  the coordinate of P5 and P1 in the local coordinate system. Thus, the constraint system of the equivalent serial kinematic 
chain is obtain 

)000;0( zmynzlxnSro −−=/                                                              (6)  
This shows that each connecting leg exerts one constraint force on the moving platform. The constraint force locates in the symmetrical 

plane defined by the four points iB . The constraint screw roS/ is coplanar with 1oS/ and 5oS/  respectively, for the screw roS/  is the 
reciprocal to the 5- system of twists. The same are true of the other three connecting legs of the manipulator. So, the connecting legs apply 
four pure constraint forces to the moving platform, and the four constraint forces are coplanar. According to the constraint screw system, the 
moving platform has 3-DOF with respect to the base plate, two rotational and one translational motion. 
 
4. Singularity analysis 
 

A schematic kinematic model of the manipulator being considered is shown in Figure 4, where the connecting leg is transformed into a 
serial kinematic chain. The connecting revolute joints of the base platform are denoted as Pi  (i = 1, 2, 3, 4), and the connecting revolute 
joints of the moving platform are denoted as Pj (j = 5, 6, 7, 8). The fixed global reference frame (Ob-XYZ) is attached to the fixed base at 
point Ob, located at the center of the fixed platform with the Z-axis normal to the base plate and the X-axis directed along ObP1. For each 
leg, local coordinate system (Pi- xi yi  zi) is located at Pi . The zi  -axis is parallel to the Z-axis and the xi -axis directed along ObPi. 

 
Fig. 4. Kinematic architecture and design parameters of the new spatial three-DOF parallel mechanism. 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                                      116.4 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/116 

According to the geometric characteristics of the novel parallel manipulator, the two identical square platforms are also described by 

parameter r, the inscribed circle radius of them. The link lengths are same for all equivalent kinematic chains, where LBPBP == 1511  
in leg Ⅰ, as shown in Figure 4. Notably, L is equal to r in the novel manipulator. The parallel manipulator is symmetrical through the plane 

H defined by any three of the four points iB (i =1, 2, 3, 4). The angle iβ  is measured from xi  to the lower arm iiBP , and three of them 

can be the actuated joint angle. The location of the point iB  in the absolute coordinate system is given by  
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The matrix i
X Bi  is given by [ ]Tiii

X rSrCBi 10 ββ= . 

It is noted that 0=iθ  and 0=iψ , substituting these angles into Eq. (7) results in 
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Where 01 =φ , πφ 5.02 = , πφ =3  and πφ 5.14 = . Take iβ (i=1, 2, 3) as the actuated joint angles. The symmetrical 

plane H can be determined by the three points iB (i =1, 2, 3), that is 
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The intersection of the symmetrical plane and XOY plane can be yield 
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Considering the geometric characteristics of the manipulator shown in Fig. 4, the equation of the line 11DP  can be written as  
 

0=− rx                                                                                                   (11) 

Combining equations (10) and (11), the position of the intersecting point 1D  can be obtained 
 

T
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 Thus the Plücker coordinate of the constraint 1roS/  in the absolute coordinate system is 
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Using the same method, the Plücker coordinate of the constraints 2roS/  and 3roS/  are given by 
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According to the dependency of screw system, the singularity will occur when the constraints roiS/  (i =1, 2, 3) dependent[10,13]. Thus, 
the singularity criterion of the manipulator is 

3)()( 321 <///=/ T
rorororo SSSRSR

                                                          (16) 
If we presume 
















=

333

222

111

rororo

rororo

rororo

RQP
RQP
RQP

A  

The singularity criterion of the manipulator is rewritten as 
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Since πβ ≤≤ i0 , the singular condition of the manipulator can be discussed as follows: 

(i) When 321 βββ ≠≠ , πβ ≠i  and 0≠iβ , the rank of  roS/  is 
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The rank of roS/  is 3)( =/ roSR . 

(ii) When 321 βββ ≠= , πβ ≠i  and 0≠iβ , the rank of roS/  is 3)( =/ roSR . 

(iii) When 231 βββ ≠=  , πβ ≠i  and 0≠iβ , Eq. (17) can be rewritten as 
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However, there is no solution for this condition. It clear that when the actuated joints located at the any conditions (i) , (ii) and (iii) , the 
constraints applied on the moving platform are independent, and the DOFs of the parallel manipulator will not change. 

(iv) When 231 βββ == , Eq. (17) can be rewritten as  
 

0)2()2(16 24 =ii SC ββ                                                                          (20) 

Therefore, the solutions of Eq. (20) are 0=iβ  or πβ =i  (i=1,2,3). 
According to the geometric characteristics of the six-bar spherical metamorphic mechanism, the mechanism loses 1-DOF when the six 

revolute joint axes are coplanar simultaneously. Hence, the closed-loop subchain can’t replace with the 3-DOF generalized kinematic pair at 
the special condition. The limb singularities occur when the manipulator locate at these configurations. 

Form the discussion above, we can obtain that the singularities occur just when the manipulator reaches some boundaries of its 
workspace. 
 
5. Conclusions 
 

This paper presents a novel 3-DOF parallel manipulator with two degrees of rotational freedom and one degree of translational freedom. 
The terminal constraints of the connecting legs are investigated. The singularities of the manipulator are analyzed according the dependency 
of the screw system of the terminal constraints, and the singularities of the manipulator are boundary singularity, and there is no inner 
singularity. This property of the manipulator is desirable for real applications. 
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Abstract: Danjiangkou Reservoir is the water source of the Middle Route Project of South-to-North Water Transfer Project, the study of the 
effects of land use change in relevant basins of Danjiangkou Reservoir on runoff is of great significance to make water and soil conservation 
measures. In this study, the Qiaoyu River basin was taken as the study area, and SWAT model was used to quantitatively analyze the effects 
of different land use changes on basin runoff. The results show that the SWAT model can effectively simulate the runoff process of Qiaoyu 
River basin in 1996-2005, and four land use simulation scenarios were set up. The Scenario 1 and Scenario 2 are mainly concentrated in the 
upper and middle reaches of sub-basin to reduce runoff; the control of Scenario 3 and Scenario 4 over the downstream water yield is 
significantly higher than other areas. The effect of four scenarios on reducing runoff can be summarized as: Scenario 1>Scenario 2>Scenario 
4>Scenario 3. Therefore, in the future management of basin, we should first consider the conversion of all land use types of >15° into 
forest (Scenario 1). In addition, the main land use type of Scenario 1 that is converted to forest is located in the hilly area and far away from 
human habitation, the human economic production activities shall be taken into consideration while giving full play to the role of forest. 
 
Keywords: land use, simulation scenario, swat model, water yield, qiaoyu river basin 
 
1. Introduction 
 

The study of hydrological cycle under changing environment is one of the hotspots of water science research in the 21st century. Land 
use is the main form of terrestrial ecosystem change, and it is the most significant activity of human beings that is influencing and 
transforming the nature. It is very important to analyze the effect of land use change on the regional water resources, since hydrological 
cycle changes the terrestrial surface morphology, the hydrological and water resources effect brought by it changes the size of the basin 
runoff in different degree[1,2]. 

Hydrological model is the main method to understand the effects of land use change on hydrological processes. The use of distributed 
hydrological model to simulate the relationship between hydrological processes and land use change has become one of the current hot 
research directions in hydrology[3]. As an internationally widely used distributed hydrological model for assessing the effects of human 
activities on the water cycle, SWAT (Soil and Water Assessment Tools) model can simulate the hydrological processes of complex and 
large-area basin in a long time, which is widely used in the analysis and prediction of land use change effects on basin runoff[4-6]. T. J. 
Baker et al studied the effects of land use change on hydrological processes in the 1990s by using SWAT model and taking East Africa 
basin as the study area[7]. M. Sahu et al studied the effects of forest belt along the riverbank and contour line on runoff and non-point source 
pollution in Walnut Creek basin by using SWAT model[8]; P. Zhao et al used the SWAT model to analyze and predict the hydrological 
processes under different landscape patterns by defining different types of riparian zones[9]. 

Danjiangkou Reservoir is the water source of the Middle Route Project of South-to-North Water Transfer Project[10], and Qiaoyu 
River is one of the sources of Danjiangkou Reservoir. The hydrological processes of the basin not only affect the water supplies for 
people’s production and daily life, but also have a direct influence on the coordinated development of socio-economic and environmental 
protection in Danjiangkou Reservoir area. In this study, SWAT model is used as a tool to study the effect of different land use simulation 
scenarios on the runoff and basin water yield, so as to guide the soil and water conservation work of Qiaoyu River basin more effectively. 
The rational planning of forest structure and layout in the study area is of great significance to give full play to the role of forest in soil and 
water conservation. 

 
2 Method and materials 
 
2.1 Description of the study area 

 
The Qiaoyu River basin, with an area of 56.8 km2, is located in the southwest of Henan province in China (Figure 1). The watershed, 

with longitude between 111°18′~ 111°26′E and latitude between 32°48′~ 32°56′N, is wet warm temperate continental monsoon climate, its 
annual precipitation is 820 mm and average annual temperature is about 15.5。C, the elevation ranges from about 105 m to 919 m above sea 
level. Its annual sunshine hours is about 2320 hours, the frostless season is 223 days. The Qiaoyu River basin represents a typical peripheral 
region of the lower mountain range dominated by extensive agriculture and forestry. 
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 Figure 1. Location and DEM of Qiaoyu River basin 

 
2.2 Description of SWAT model 
 

SWAT is an empirical model developed by USDA (United States Department of Agriculture) through summarizing the relationship 
among precipitation, runoff, water yield, sediment and water quality in many small watersheds with different land use types and soil 
types[11,12]. Much spatial diversities have been homogenized at certain scale to enhance the operability in SWAT model[13]. SWAT can 
analyze the catchment by discretising into sub-basins which would further be subdivided into HRUs. SWAT model mainly contains 
hydrological modeling component, suspended sediment modeling component and nitrogen modeling component，and the hydrological 
components include evapotranspiration (ET), surface runoff, percolation, lateral flow, groundwater flow, transmission losses and ponds[14,15]. 
The water balance is the driving force behind everything that happens in the catchment when using SWAT to simulate any kind of problem. 
The hydrological simulation contains land phase of the hydrologic cycle and routing phase of the hydrologic cycle. The water balance 
equation on which SWAT simulate the hydrologic cycle is shown in Equation (1): 

                       (1) 
Where  is the final soil water content (mm H2O),  is the initial soil water content on day i (mm H2O), t is the time (days),  is the amount 

of precipitation on day i (mm H2O),  is the amount of surface runoff on day i (mm H2O),  is the amount of evapotranspiration on day i (mm 
H2O),  is the amount of water entering the vadose zone from the soil profile on day i (mm H2O),  is the amount of return flow on day i (mm 
H2O). 

 
2.3 Data preparation 
 

The input data of SWAT model includes the digital elevation model (DEM), soil data, land use map and climate data. The DEM data of 
Qiaoyu River basin was derived from the National Earth System Science Data Sharing Infrastructure which provides a consistent coverage 
of topography at a resolution of 30 m (Figure 1). The soil data, with 30 m resolution provides a database of all these soil properties including 
particle size, bulk density, organic carbon content etc, about 7 types of soils are classified by the genetic soil classification of China and 
recorded into SWAT soil data base. The land use map in 2005 was constructed from digitizing the land use map. According to the 
requirement of SWAT model, about 8 land use categories were reclassified (Figure 2) .The climate data was derived from Henan 
metrological Bureau for the period of 1995- 2005, including rainfall, temperature, wind speed, solar radiation and other data.  
 
3 Results and discussion.  
 
3.1 Model calibration and validation 
 

The SWAT model discretized Qiaoyu River basin into 23 sub-basins, the simulation period was from 1995 to 2005, of which 1995 was 
the preheating period and was not involved in the follow-up calculation. The hydrological flow monitoring data of Qiaoyu River were used 
to determine and test the parameters of the model simulation, the data from 1996 to 2002 were used for calibrating model and the data from 
2003 to 2005 were used for model validation. Two objective functions including Nash-sutcliffe efficiency (Ens) and coefficient of 
determination (R2) were applied to assess the performance of SWAT model in simulating stream flow. According to the simulation results 
(Table 1), the Ens and R2 values in monthly and yearly simulation are all above 0.75, which satisfies the accuracy requirements of the model 
simulation. The results suggest that the SWAT model is capable for simulating runoff responses to changes of land use variability during 
calibration and validation periods in Qiaoyu River basin.  

Table 1 Evaluation of model simulation results 

Period 
Year  Month 

Ens R2  Ens R2 

Calibration 0.87 0.91  0.77 0.82 

Validation 0.88 0.91  0.79 0.84 
 
3.2 Simulation scenarios and discussion 
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Studying the hydrological effects of land use change usually requires the use of land use change scenarios, that is, using simulation 
scenarios to quantitatively analyze the extent to which the specific land use change affects the hydrological cycle of the basin. For a more 
rational planning of forest structure and layout in Qiaoyu River basin, 4 simulation scenarios (Figure 2) were set up as follows: 

Scenario 1: all land use types of >15° are set to forest; 
Scenario 2: all land use types of >25° are set to forest; 
Scenario 3: 50m along the Qiaoyu River is set to riparian forest; 
Scenario 4: 100m along the Qiaoyu River is set to riparian forest. 

 
Figure 2. Simulation of 4 scenarios and land use of 2005 

Table 2 shows the proportions of land use areas under different simulation scenarios. It can be seen that all land use types except water 
were reduced to varying degrees by the increase of forest. The most increase of forest area was Scenario 1, with an increase of 30.39%. 
Scenario 3 was the least, with the increase of 42.82%, the increase rate of only 4.92%. Further analysis shows that in Scenario 1, the land 
use types of forest mainly transformed to shrubland and bare land, accounting for 41.03% and 22.75% of the total transforming area, 
respectively. In Scenario 2, the forest mainly transformed to shrubland and bare land, accounting for 41.76% and 21.22% of the total 
transforming area, respectively. The analysis with Figure 1 shows that the main transforming area in Scenario 1 and Scenario 2 is located in 
the hilly area with relatively high elevation, the area is steep and with large high slope area, and the land use change has less influence on 
human economic life. In Scenario 3, the land use types of forest mainly transformed to agriculture and bare land, accounting for 28.46% and 
25.41% of the total transforming area, respectively. In Scenario 4, the forest mainly transformed to agriculture and shrubland, accounting for 
26.33% and 26.22% of the total transforming area, respectively. The analysis with Figure 1 shows that the area transforming to forest in 
Scenario 3 and Scenario 4 is mainly located in the lower reaches of Qiaoyu River basin, which is relatively flat and has a great impact on 
human economic life. 

Table 2. The proportions of land use areas under simulation scenarios 
Land use Scenario 1 Scenario 2 Scenario 3 Scenario 4 Year 2005 

Agriculture 10.76% 13.70% 14.43% 13.25% 15.83% 

Forest 67.86% 52.17% 42.39% 47.27% 37.47% 

Shrubland 8.38% 14.27% 19.70% 18.28% 20.85% 

Urban 2.50% 3.31% 3.73% 3.48% 4.03% 

Water 1.10% 1.10% 1.10% 1.10% 1.10% 

Pasture 4.54% 6.77% 8.04% 7.26% 8.76% 

Bare land 4.21% 7.70% 9.57% 8.47% 10.82% 

Wetland 0.65% 0.98% 1.04% 0.89% 1.14% 
According to the simulation scenarios, the SWAT model was used to quantitatively study the runoff response of Qiaoyu River basin to 

different land use change. Results are shown in Figure 3 that in 1996-2005 years, the decrease of annual runoff from highest to lowest is 
Scenario 1, Scenario 2, Scenario 4 and Scenario 3. The decline of each runoff curve reached the minimum in 1996, and the decrease in 1999 

Scenario 1 Scenario 2 Scenario 3 

Scenario 4 Land use of 2005 
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was the maximum value of each curve. Compared with the rainfall data, there is a strong correlation between the runoff reduction and 
rainfall of each curve, and the 4 scenarios can enhance the water holding capacity of basin with the increase of rainfall moderately. 

 
Figure 3. Annual runoff reductions from 1996 to 2005 based on different simulation scenarios 

The sub-basin water yield reflects the net amount of water that leaves the sub-basin and contributes to streamflow in the reach during 
the time step, and the runoff generation capacity of Qiaoyu River basin can be evaluated effectively by analyzing the sub-basin water yield 
in different years. 

 
Figure 4. The proportions of forest area change in different sub-basins under 4 simulation scenarios 

Figure 4 describes the changes of forest in each sub-basin area based on different simulation scenarios. It can be seen that in No. 1-10 
sub-basins, the curves of forest area increased proportion cross each other, analysis of the main reason with Figure 1 is that the area is the 
lower reaches of Qiaoyu River, with relatively few high slope areas, and the riparian zone is mostly non-forest land. The 4 scenarios had the 
minimum values in No. 11 sub-basin, because the forest area ratio in this sub-basin is almost 95%, as the forest is the only land use type in 
riparian zone within 100 m, the area of other land use types is too small to transform, especially in Scenario 3 and Scenario 4. No. 12-23 
sub-basins are located in the hilly areas with relatively high elevation (Figure 1), the area is larger, the slope is higher, and the proportion of 
riverbank area is relatively small, hence the proportion of forest area based on high slope increases higher. 
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Figure 5. The difference values of sub-basin water yield based on simulation scenarios and land use of 2005 in 2003-2005 

Figure 5 reflects the difference values of sub-basin water yield based on simulation scenarios and land use of 2005 in 2003-2005. 
Comparing the simulation results, the Scenario 1 and Scenario 2 had a greater impact on the sub-basin water yield of the upper and middle 
reaches of the basin, especially on the central basin in 2004, the water yield of No. 12 and 13 sub-basin declines in Scenario 1 was greater 
than 40mm, the water holding capacity was very obvious. The Scenario 2 shows the same trend as Scenario 1 as a whole, but the capacity of 
holding water in each sub-basin was weaker than Scenario 1, and the effect of reducing water in central area was not prominent. Scenario 3 
and Scenario 4 had a greater impact on sub-basin water yield in the middle and lower reaches of Qiaoyu River basin, especially the control 
of the downstream sub-basin water yield was significantly higher than other areas. Scenario 4 had a better control of sub-basin water yield 
than Scenario 3, but the maximum decrease of sub-basin in 3 years is less than 30mm. In general, water and soil conservation measures 
(Scenario 1 and Scenario 2) based on slope settings had greater impacts on sub-basin water yield than on river buffers (Scenario 3 and 
Scenario 4). The Scenario 1 had the greatest impact on sub-basin water yield, followed by Scenario 2, and Scenario 3 was the worst. 
 
4 Conclusion 
 

In this paper, 4 different simulation scenarios of land use were set up, and the distributed hydrological model (SWAT) was used to 
quantitatively analyze the effects of different water and soil conservation measures on water yield in Qiaoyu River basin. The results shows 
that: 

(1) The SWAT model has a good applicability in both calibration and validation periods, and is capable for simulating runoff responses 
to changes of land use variability in Qiaoyu River basin. 

(2) The 4 land use simulation scenarios had different effects on the basin water yield, and there was a strong correlation with the 
rainfall. The Scenario 1 had the greatest impact on the annual runoff, and the runoff reduction was the most obvious, while Scenario 3 was 
the worst. Comparing the sub-basin water yield, Scenario 1 and Scenario 2 had a greater impact on the sub-basin water yield of the upper 
and middle reaches of Qiaoyu River basin, the impact on the central basin was the greatest; Scenario 3 and Scenario 4 had a greater impact 
on the water yield of the sub-basin in the middle and lower reaches of the basin, especially the control of the downstream sub-basin water 

Scenario 1 

Scenario 1 

Scenario 1 

Scenario 2 

Scenario 2 

Scenario 2 

Scenario 3 

Scenario 3 

Scenario 3 

Scenario 4 
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Year 2004 
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yield was significantly higher than other areas. The effect of four scenarios on basin water yield can be summarized as: Scenario 1>Scenario 
2>Scenario 4>Scenario 3. 

(3) In conclusion, as Qiaoyu River basin is the water source area of Danjiangkou Reservoir, in the future management of basin, we 
should first consider the conversion of all land use types of >15° into forest (Scenario 1). On the one hand, it can effectively improve the soil 
and water conservation capacity of the sub-basins of Qiaoyu River basin, on the other hand, the main land use type of Scenario 1 that is 
converted to forest is located in the hilly area and far away from human habitation, it has the least impact on the main residential areas, the 
human economic production activities shall be taken into consideration while giving full play to the role of forest in order to achieve 
harmony between human beings and nature. 
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Abstract: Purpose: To study optimal fermentation conditions of Bifidobacterium S7. Method: Fermentation temperature, pH value, 
inoculum size, stirring rate and fermentation time were optimized through plate colony-counting method. Results: Experiment indicated that 
after the bacterium was cultured with inoculum size being 3% mass fraction, stirring speed being 180r/min and pH value being 6.6 under 
37°C for 12h, viable count in fermentation broth could reach the maximum value, namely 3.401010mL-1. Conclusion: parameter 
optimization of fermentation technology could elevate viable count by approximate one order of magnitudes and provide reference for 
development and utilization of this bacterial strain in the future. 
 
Keywords: bifidobacterium; viable count; fermentation conditions 
 
1. Introduction 
 

Bifidobacterium is a kind of bacillus found in breast-feeding infant faeces by a French scientist—Tissier in 1899, as its tail end usually 
forks, it is called Bifidobacterium[1], and it has become one of important indexes for human body health. Planting quantity of 
Bifidobacterium in intestinal tract of human body changes as age and health status change, Bifidobacterium in intestinal tract[2] of breast-
feeding children could occupy 91% in total bacterial count in intestinal tract[3], while Bifidobacterium quantity in intestinal flora decreases 
very obviously[4], so many old people take orally Bifidobacterium microecological agent in order to greatly improve constipation caused by 
shortage of Bifidobacterium. In addition, Bifidobacterium can not only synthesize multi-amino acids and vitamins[5] such as valine, alanine, 
threonine and aspartic acid as well as nutrient substances like vitamins B1, B2, B6 and B12 but also can control bacteria decomposing 
vitamins in decomposing  in-vivo vitamins of the host. Bifidobacterium forms biological pellicle on surface of intestinal epithelium or 
intestinal mucosa in engine body, which enhances host immunity, and competitive nutrition and inhibition of pathogenic bacteria adherency 
[6-7] and other methods can be used to prevent pathogenic microorganisms from planting in intestinal tract[8]. Bifidobacterium can also 
activate immune system of intestinal mucosa by exciting intestinal mucosa to make it generate antibodies and cytokines so as to better 
improve immunity and anti-infection ability of intestinal mucosa, degrade potential cancerogens, prevent intestinal cancer, etc.  

However, Bifidobacterium belongs to strict anaerobic bacterium having rigorous requirements for production conditions, and how to 
conduct high-density culture is an important problem needing urgent solution. Fermentation conditions of Bifidobacterium were analyzed in 
this paper to provide reference for industrialized application of Bifidobacterium. 

 
2 Materials and method 
 
2.1 Experimental materials and equipments 
 

Bifidobacterium S7 was screened out from chicken ileum contents in Hefei Vocational Technical Institute and then preserved; TPY 
culture medium was adopted, and raw materials were tryptone, yeast extract and beef extract; instruments and equipments were manual 
pipettor (Eppendorf), bacteria identification/drug sensitivity analyzer (HX-21A), centrifugal machine (TDZ4-WS), biological clean bench 
(SW-CJ-1BU), fermentation tank (HF8-500), etc.  
 
2.2 Method 
 

HF8-500 fermentation tank was used to conduct this experimental study of fermentation, and influences of fermentation temperature, 
pH value, time and stirring rate on viable count in fermentation broth were respectively studied.  

30mL fermentation broth was firstly taken, PBS buffer solution was used to do gradient dilution, 3mL diluents with appropriate 
dilution gradient was placed in plate and poured into TPY culture medium, then it was put under anaerobic culture under 37°C for 48h, 
viable count was counted [10], and the experiment was repeated for three times.  

Bifidobacterium with inoculum size being 3% mass fraction was inoculated into TPY culture medium, its pH value was kept at 6.0, 
stirring speed was set as 180r/min, then it was placed under three different temperature conditions (30°C, 37°C and 41°C ) for fermentation 
for 24h, and then it was placed into tank after fermentation.  

Combining optimal fermentation temperature determined in the last step, Bifidobacterium was inoculated into TPY culture medium 
respectively when pH values were respectively 5.4, 6.0 and 6.6, stirring speed was set as 180r/min, fermentation time was 24h, and it was 
placed into tank after fermentation.  

Combining optimal fermentation temperature and fermentation pH value determined in the last two steps, Bifidobacterium was 
fermented for 24h respectively at stirring rates of 120, 180 and 400r/min, and it was placed into tank after fermentation. 

According to the above steps, optimal fermentation parameters were set, fermentation broth was taken every three hours, viable count 
and OD value of bifidobacterial fermentation broth were measured, corresponding actual growth curves of Bifidobacterium S7 were 
obtained so as to determine optimal fermentation time for Bifidobacterium S7 [5]. 
 
2 Results 
 
2.1 Analysis of influence of fermentation temperature on viable count in fermentation broth 
 

Viable counts after Bifidobacterium S7 was put under anaerobic fermentation with inoculum size being 3%, PH being 6.2 and stirring 
speed being 180r/min for 24h under temperatures 30°C, 37°C and 41°C were as seen in Figure 1. 

It could be found through Figure 1 that influence of fermentation temperature on viable count in Bifidobacterium S7 fermentation broth 
was obvious, under three different temperature conditions, viable counts in fermentation broth had significant difference (P<0.05), whereby 
viable count under 37°C reached the highest value being 1.89× 109mL-1, which indicated that optimal fermentation and culture temperature 
of Bifidobacterium was 37°C. 
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2.2 Influence of pH value on viable count in fermentation broth 
 

Viable counts after Bifidobacterium S7 was cultured with inoculum size being 3%, and stirring speed being 180r/min under 37°C for 
24h when pH values were respectively 5.4, 6.0 and 6.6 were as seen in Figure 2.     

 
 

It could be seen from Figure 2 that fermentation pH value would also obviously influence viable count in Bifidobacterium S7 
fermentation broth, viable counts of fermentation broth under three different pH values had significant difference (P<0.05) whereby 
fermentation thallus concentration was the highest being 5.96× 109mL-1 when pH value was 6.6, which indicated that optimal pH for 
Bifidobacterium fermentation was 6.6. 

 
2.3 Influence of stirring rate on viable count in fermentation broth 
 

Viable counts after Bifidobacterium S7 was cultured with inoculum size being 3% and pH value being 6.6 under 37°C for 24h when 
stirring rates were respectively 120, 180 and 400r/min were as seen in Figure 3. 

 
 

As shown in Figure 3, stirring rate was also an important factor influencing viable count in Bifidobacterium S7 fermentation broth, 
viable counts in fermentation broth at different stirring rates presented significant difference (P<0.05) whereby viable count at speed of 
180r/min reached the highest value being 9.07× 109mL-1, which indicated that optimal stirring rate of Bifidobacterium was 180r/min. 
 
2.4 Influence of fermentation time on viable count in fermentation broth 
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Viable counts and OD values obtained at different fermentation time after Bifidobacterium S7 was cultured with inoculum size being 
3% and pH value being 6.6 at stirring speed of 180r/min under 37°C for 24h were as seen in Figure 4 and Figure 5. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
It could be seen from Figure 4 and Figure 5 that when other parameters were optimal, both viable count and OD value in fermentation 

broth presented ascending trend as time went by, after it was cultured for 12h, both viable count and OD value in fermentation broth reached 
peak values and viable count reached3.40× 1010mL-1, however, after then, viable count presented descending trend as fermentation time 
lengthened, which indicated that this bacterium could enter decline phase after being fermented for 12h.  
 
3 Discussion 
 

As Bifidobacterium belongs to strict anaerobic bacterium having rigorous requirement for production conditions, once anaerobic 
environment can’t be maintained during production process, it will give rise to fermentation failure and great waste of raw materials; 
Bifidobacterium has high requirement for nutrition, its growth and reproduction not only needs common nitrogen sources and carbon 
sources but also needs bifidus factors like amino acids and peptides, and consequently, difficulty for bacterial culture is enhanced. 
Bifidobacterium can’t be preserved under normal temperature for a long term, so viable Bifidobacterium concentration in product is low and 
its industrialization progress is restricted.  

W.Bai[11] studied high-density culture method of supplemental medium of Bifidobacterium adolescentis, based on study of batch 
culture of Bifidobacterium adolescentis liquid, alkaline liquid was supplemented to adjust pH of culture medium during fermentation 
process, and in the meantime, glucose was added to eliminate inhibition of Bifidobacterium reproduction by carbon sources so that 
logarithmic phase of high-density culture in fermentation tank was lengthened by 8h, maximum viable count increased from 3.9×108 mL-1 to  
4.6×109 mL-1, which realized high-density culture of Bifidobacterium adolescentis. BAO Xinghao et al [12] studied influence of culture 
solution preheating on Bifidobacterium growth, and results indicated that fed-batch culture had the best effect, followed by bottle culture 
and intermittent culture of fermentation tank. Fed-batch culture could lengthen growth cycle of Bifidobacterium, OD value of 
Bifidobacterium reached 1.167 and viable count reached 2.87×1010 mL-1, both of which were obviously superior to those of optimized 
culture medium.  

Plate colony-counting method was used in this paper to optimize fermentation temperature, pH value, inoculums size, stirring rate and 
fermentation time, and optimal fermentation conditions of Bifidobacterium S7 were obtained. In TPY culture medium, after it was cultured 
with inocolum size being 3% mass fraction, stirring speed being 180r/min and pH value being 6.6 under 37°C for 12h, the maximum value 
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of viable count in fermentation broth could be reached, being 1.40× 1010mL-1 , and viable count was elevated by approximate one order of 
magnitudes.  

As people are paying more and more attentions to health problem, Bifidobacterium microcapsulation will continuously develop, and 
future microencapsulation will probably develop towards the direction which is good for large-scale industrialized production, 
Bifidobacterium with stronger stress resistance will be produced with smaller particle size of microcapsule, and it will be extensively 
applied to food fields of soda water, cookie, fruit juice, bread, chocolate, etc. Therefore, Bifidobacterium will certainly become a research 
and development hotspot among domestic and foreign scholars with broad market prospect.  
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Abstract:Acting as a cleaning and great efficiency fuel, natural gas has gained more and more notice. Reflect on the low percentage of 
natural gas usage in China, how to motivate natural gas production and usage from macroeconomic view worth discussing. Although carbon 
tax can be used as an effective policy tool to promote carbon emission reduction, the implementation of levying carbon tax has a negative 
impact on natural gas and other clean energy industry. Based on this, with the employment of CGE theory, this paper applies GAMS 
advanced modeling system to construct a CGE model which takes natural gas tax exemption as the target, and takes Beijing as an example 
to simulate and analyze the impact of gas tax exemption policy on carbon emissions, economic system and social welfare. The paper reveals 
that the exemption of natural gas might be a possible choice which can control the CO2 emission in Beijing to a certain extent. At the same 
time, it has a positive impact on the macroeconomic variables and social welfare of the residents in Beijing. Therefore, we suggest that in 
the early stages of the design and implementation of carbon tax, the protection of natural gas industry can be considered 
 
Keywords: carbon tax; CGE; carbon emission; economic system; social welfare 
 
1. Introduction 
 

Nowadays, energy shortage and environmental pollution are seriously restricting the sustainable development of the world economy. 
As a developing country, the issues of energy and environment in China is particularly prominent. Therefore, we should agree on way to 
lower the road of carbon development, transform the traditional economic development pattern and vigorously promote the energy-saving 
emission reduction, which is not only in line with the national conditions of the development strategy, but also can resolve the problem of 
current international climate and ease the political pressure. However, with the acceleration of industrialization and urbanization, China's 
CO2 emissions continue to grow rapidly. Therefore, it is an important and urgent task to take effective measures to achieve the "double 
dividend" of emission reduction and economic growth, and China needs to implement politically feasible, economically efficient 
environmental economic policy to develop a “low carbon” economy which is characterized by low energy consumption and low pollution. 
And based on these measures, it can realize the optimization of source structure and industrial structure, improve energy efficiency, reduce 
greenhouse gas emissions, and ultimately realize the sustainable development of economy and society. 

Many of developed countries implement the path and mode of low carbon economy in the form of government macroeconomic 
regulation and control, and it is mainly through levying carbon tax or climate change tax to reduce domestic energy consumption, decrease 
carbon emissions and exploit and apply advanced technology. Therefore, carbon tax, as a long-term system to promote the reduction of 
carbon emissions, is not only an important tool for the government to actively control climate change, but also an effective measure to 
achieve emission reduction. 

It is important to note, however, that as a tax system, the carbon tax involves the distribution of social wealth, and the difference in the 
level of its burden rate will inevitably lead to the change of social welfare. As a result, many scholars have conducted researches from 
different perspectives on the social welfare effects of the carbon tax: Ma et al.[1] established the optimization model of current energy tax 
system in China to maximize social welfare; Weitzed et al.[2] analyzed the impact of the carbon tax system on carbon emissions and social 
welfare in India by building a single national equilibrium model; Springmann[3] believed that the external effects of carbon tariffs have no 
significant impact on the social welfare of the country; Liao et al.[4] explored the impact of different carbon tax policies on the social 
welfare of the country by constructing a game model of two stage trade, and the study shows that the carbon tax in the developing countries 
is conducive to enhancing the level of social welfare; Wang[5] used the Stackelberg game model to analyze the impact of carbon emissions 
on the national social welfare, and the result shows that whether levying carbon tax has boosted social welfare depends on the social costs 
and other factors; Almutairi et al.[6] proposed a design theory of carbon tax policy based on the emission factor, and took the cement 
industry as an example to verify that this policy can effectively reduce the emissions of carbon dioxide, but the impact on social welfare is 
not significant; Chen et al.[7] thought that levying carbon tax has a significant positive effect on improving the social welfare and 
controlling the emission of greenhouse gases through studying the existing carbon tax system in the United States; Grimand et al.[8] pointed 
out that CCS technology can change the negative impact of the carbon tax system on social benefits and consumption levels through 
constructing endogenous growth model of non renewable resources. 

According to comprehensive analysis of existing literature, scholars at home and abroad have not yet formed a unified opinion on the 
welfare effect caused by the carbon tax. Natural resources are classified as coal, oil and natural gas in the research process. But the 
consumption of each type of fossil energy and the carbon emission process caused by it are more complicated in reality. The impact of 
carbon tax on various types of energy is also different. Especially it will bring some negative effects for the development and use of natural 
gas and other clean energy. 

Further, as a country with coal dominating its energy structure, the energy consumption structure in China determines that there is a 
large differences on the carbon emissions per unit of output between the China and other countries. And natural gas as a clean and efficient 
fossil energy, if the gas tax exemption policy can be implemented, its utilization rate can be increased as well, and it is conducive to 
improving the energy utilization patterns of traditional manufacturing industry, balancing the social welfare and improving environmental 
quality. Therefore, the study of implementing the natural gas single tax exemption policy has a important practical significance on the 
production of the social sector, social welfare, regional economic and social development.  

In the study of policy analysis tool, General Equilibrium Computable (CGE) has been widely used in the world after years of effort. 
CGE model can use the economic operation of the real data for solving equations and measuring variables, and it can effectively predict the 
impact of changes in government policy on the economic behavior of the various sectors of society. Therefore, the CGE model has been 
widely used to study the effect of carbon tax policy implementation in different countries: Ferran[9] used CGE model to study whether the 
energy tax can achieve the double dividend effect in making government revenue unchanged and improving the quality of the environment; 
Xiao et al.[10] discussed the impact of environmental tax on social and economic effects in China by using a dynamic recursive multi-
sectoral CGE model; Xu et al.[11] explored the impact of coal resource tax reform on GDP and regional economy in China by using a 
dynamic CGE model; Virginie[12] studied the replacement efficiency of bio diesel and fossil fuels by using a dynamic CGE mode; On the 
basis of CGE model, Guo[13] studied the effects of carbon tax on social economy, carbon emissions and fossil fuel consumption in Chinal; 
Hirte et al.[14] used a dynamic CGE model to analyze the impact of the income tax on the automobile travel and commuting distance in 
Germany; Wissema and Dellink[15] used CGE model to explore the impact of changes in the energy tax policy on the carbon dioxide 
emissions and the use of renewable energy sources in Ireland; Jia and Li[16] explored the relationship between carbon emissions quota ratio 
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and carbon trading price through using a dynamic recursive CGE model; Waschik et al.[17] used CGE model to analyze the influence of 
Australia's new carbon tax on domestic coal industry; Li et al.[18] used CGE model to study the impact of China's existing carbon dioxide 
emission reduction measures on future society. 

Through the analysis of existing literature, it can be known that the CGE model not only can closely combined the various components 
of the national economy, but also can guide the activities of various economic entities under the market mechanism. In view of the good use 
effect of CGE model in economic or tax policy evaluation, this paper intends to use CGE model to study the impact of carbon tax policy 
fluctuation on social welfare and energy consumption. 

Based on the above reasons, this study constructs a CGE model which takes natural gas tax exemption as the target, quantify and 
analyze comprehensively the dual influence of natural gas tax policy on social welfare and carbon emissions, and takes Beijing as an 
example to simulate and analyze the impact of gas tax exemption policy on economic development and investigate the policy effect of 
different carbon tax policy design. The results are expected to provide a reference for optimizing the industrial structure and energy 
consumption structure of Beijing region, exploring a win-win strategy of low carbon development and regional economic coordination and 
formulating regional carbon tax system. 

 
2 The construction of CGE model 
 

The CGE model constructed in this paper mainly consists of six parts: Production module, Revenue module, Consumption module, 
Balance and closing module, Social welfare module and Carbon emission module. 

Figure 2-1  Model structure 

2.1 Production module 
 

The overall production process is represented by a two-layer, nested CES function (Fixed constant substitution elasticity production 
function) as depicted in Fig. 1. Total output is composed of two parts, the intermediate input and value-added. Leontief production function 
(Fixed input proportion production function) is used in the middle part of the second layer. This paper takes two factors into consideration, 
labor and capital. Therefore, the production function of value-added part is composed of labor and capital elements. The concrete layer is 
shown in Figure2. 
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Figure 2-2  Nesting relation of production function 
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Where, Formula (1) and (2) are  the first layer CES production function; Formula(3) indicates that the output price ( iPP ) is equal to 

the cost of the production unit multiplied by the indirect tax rate and Carbon tax rate；Formula (4) and (5)indicates the intermediate input 
beam demand for labor and capital; Formula (6) and (7) are the intermediate input function, which are make up of Leontief direct 
consumption coefficient. In which, the symbols and the meaning of the parameters are shown in table 2-1. 

Table 2-1 The meaning of symbols and parameters in production function 
Symbol Implication Symbol Implication 

iND  
Intermediate input demand of 

department i  iPX  Output producer prices of department i  

iPND  
Intermediate input price of department 

i  iXP  Total input of department i  

iVA
 

Department i demand for added-value 
bundle iPVA  Department i Synthetic price of inputs of added-value 

bundle  

iPP
 

Department i  tax inclusive price of 
input 

d
iL  Department i  demand for labor 

R
 

Average wage of labor d
iK

 Department i  demand for capital 

W
 

Average profit rate of capital iXA  The demand for the i  species of Amin's goods 
nd
ia

 
CES share parameter of intermediate 

input beam 
va
ia  CES share parameter of added-value 

l
ia

 
CES share parameter of labor k

ia  CES share parameter of capital 

ija
 

Intermediate input coefficient p
iσ  Elasticity of substitution between ND and VA  

x
iτ  

Indirect tax rate c
iτ  Carbon tax rate 

v
iσ  

Elasticity of substitution between labor 
and capital   

 
2.2 Income module 

 
Income module includes residents, enterprises, government。Resident income primarily comes from labor income, profits distributed 

by enterprises and transfer payments from the government, which showed in formula (8) ; Enterprises primarily obtain income from capital 
revenues, while governments also contribute to an enterprise's income, which showed in formula (9) ; The government receives income 
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from corporate income taxes , government indirect taxes, residents income taxes and carbon taxes, and the calculation method was found 
(11), (12), (13), (14) . 

d g
i h

i
RI WL EI TRβ= + +∑                                                                         

(8) 
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i e
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                       1 2 3 4PR TAX TAX TAX TAX= + + +
                                                              

(10)                       
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4
c

i i i
i

TAX XPPX t=∑  
                                                                                       

(14) 

Table 2-2 The meaning of symbols and parameters in income module 
Symbol  Implication Symbol Implication 

RI  Resident income g
hTR  Government transfer payments to residents 

EI  Enterprise income g
eTR  Government transfer payments to enterprise 

PR  Government revenue 1TAX  Corporate income tax 

2TAX  Personal income tax 3TAX  Government indirect tax 

4TAX  Carbon tax β  Enterprises to residents of the profit distribution of the 
proportion of enterprise income 

et  Direct corporate tax rate rt  Personal income tax rate 
x
it  Indirect tax rate c

it  Carbon tax rate 

 
2.3 Consumption module 
 

Consumption module includes productive consumption, consumption of residents, government consumption and investment demand. 
Consumption in the production process is mainly in the form of intermediate inputs as the production factors, It is described by Leontief 
function on the number of factors of production demand; Residents' consumption is based on the consideration of savings and income levels, 
and the principle of maximizing the effectiveness of the utility to determine the amount of consumption of the product; Government 
consumption and investment demand is based on the total level of fixed ratio to determine. In which, the symbols and the meaning of the 
parameters are shown in table2-3. 
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Table 2-3 The meaning of symbols and parameters in consumption module 
Symbol Implication Symbol Implication 

i jXAP  Intermediate input demand for j of ija  Intermediate input coefficient 
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department i   

jND  Intermediate input demand of department j  jPND  Intermediate input price of department j  

iPA  Composite price of i  Amin goods iXAc  The residents' demand for i  Amin goods 

c
ia  The proportion of the residents 'consumption of 

i  commodity 
YD  Disposable income of residents 

mpsh  Residents'savings rate hS  Savings of residents 

iXAg  The government's demand for i  Amin goods 
g
ia  The proportion of the government's consumption 

of i  commodity 

P  GDP price deflator XG  Total government expenditure 

gS  Government savings YG  Total government revenue 

g
hTR  

Government transfer payments to residents g
eTR  

Government transfer payments to enterprises 

eS  Enterprise savings YE  Enterprise income 

1TAX  Business tax 4TAX  Carbon tax 

iXAi  Investment demand for i  Amin goods 
i
ia  The proportion of the investment's consumption 

of i  commodity  

XI  
gross investment iXA  the demand for i  Amin goods 

 
2.4 Equilibrium and macro closure module 

 
Equilibrium and macro closure module is mainly described in a variety of equilibrium relationships, that is, the total investment is 

equal to the total savings, supply and demand balance of commodity market and factor, balance of payments. In which, the symbols and the 
meaning of the parameters are shown in table2-4. 

 
h g e fXI S S S ERS= + + +                                                                      (24) 

d S
i iXD XD=  

                                                                                          
(25) 

d
i

i
L L=∑                                                                                            (26) 

d
i

i
K K=∑                                                                                           (27) 

d d
i i

i
GDPFC WL RK= +∑                                                                         (28) 

0 0
d d
i i

i
RGDP W L R K= +∑                                                                         (29) 

/P GDPFC RGDP=                                                                          (30) 
Table 2-4 The meaning of symbols and parameters in equilibrium and macro closure module 

Symbol Implication Symbol Implication 
XI  Gross investment hS  Savings of residents 

gS  Government savings eS  Enterprise savings 

ER  exchange rate fS  The residents' demand for i  Amin 
goods  

d
iXD  The domestic market’s demand 

for i domestic goods  
S
iXD  The output of  sector i  for the 

domestic market 

L  Total labor supply d
iL  The demand for labor of  sector i  

K  Total capital supply d
iK  The demand for capitalof sector i  

GDPFC  Nominal GDP W  Average profit rate of capital 

RGDP  Actual GDP R  Average wage of labor 

 
2.5 Social welfare part 
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The determination of social welfare indicator could be calculated by numerous different functions. In this paper, we choose Hichsian 
equivalent variation function to analyze the influence degree of the social welfare when set the different carbon tax to natural gas. The 
symbols in the calculation equation and their implementation are shown in table2-5. The calculation equationis: 

( , ) ( , )s b b b b s b b
i i i i

i i
EV E U PQ E U PQ PQ HD PQ HD= − = ⋅ − ⋅∑ ∑

        
                  

    

(31) 

Table 2-5 The meaning of symbols and parameters inHichsian equivalent variation function 
Symbol Implementation symbol implementation 

EV  Equivalent variation ( , )s bE U PQ
 

Effectiveness level after policy 
implementation 

( , )b bE U PQ
 

Effectiveness level before policy 
implementation 

b
iPQ

 
The ith commodity price before policy 

implementation  

b
iHD

 
The ith commodity consumption 

quantity before policy implementation 
s
iHD

 
The ith commodity consumption 

quantityafter policy implementation 
EV represents Hichsian equivalent variation of residents' welfare, and the economic meaning of EV is that consumers are willing to pay 

at most the EV’s price in return for the disappearance of the government tax. IF the EV based on the calculation result is minus, it indicates 
the policy implementation is advantageous to residents' welfare; If it is positive number, it means the policy implementation is 
disadvantageous to residents' welfare. 

 
2.6 Carbon emission part 
 

This paper assumes that the main fossil fuels are coal, oil and natural gas. The fossil energy consumption multiplied by the coefficient 
of each carbon emission, which converted to the carbon dioxide emissions. It is the tax basis when the government impose a carbon tax in in 
the production process. Formula(32),(33) represent the carbon dioxide emissions. 

                                   
j j j

j
CE Q ε= ⋅∑

            
                                                              

              

(32) 

                                   
j

j
TCE CE=∑

      
                                                                        

            

(33) 

Table 2-6 The meaning of symbols and parameters in carbon dioxide emissions function 
Symbol Implementation Symbol Implementation 

jCE  Total carbon dioxide emissions of the jth 
fossil fuels TCE  Total carbon dioxide emissions 

jε  Each carbon emissionco efficient 2iCO  Carbon dioxide emissions of department i 

2 jCO  Carbon dioxide emissions of finally using 
part 2TCO  The total carbon dioxide  

emissions 

iCOEI  Carbon dioxide emissions intensity of 
department i TCOEI  The to talcarbon dioxide  

emissions intensity 

coalθ  Carbon dioxide emissions coefficient of 
Unit coal  oilθ  Carbon dioxide emissions coefficient of Unit 

oil 

gasθ  Carbon dioxide emissions coefficient of 
Unit natural gas   

 
3 Social sector division and social accounting matrix 
 
3.1 Division of social production sector  
 

This paper mainly studies the effects of different natural gas carbon tax levels on the economic system, social welfare and carbon 
emission in Beijing. Based on the input-output table of Beijing city in 2012, the 42 production sectors are divided into 16 sectors as shown 
in table 3-1 according to the characteristics of energy consumption, energy intensive industries and other industries. 

Table 3-1 CGE Model sector allocation table 
No. Code Sector classification 

01 Agriculture, forestry, animal husbandry and fishery products and 
services Agriculture, forestry, animal husbandry and fishery 

02 Coal mining products Mining and Washing of Coal  

03 Oil and natural gas products 
Natural gas and gas industry 

04 Gas production and supply 

05 Dressing and other non-metallic mineral products 
Manufacture of Non-metallic Mineral Products  

06 Non-metallic mineral products 

07 Food and tobacco Manufacture of Foods and Tobacco  

08 Textile 
Manufacture of Textile and Related Product  

09 Textile, leather and feather products 

10 Processed wood and furniture 
Processing Manufacture of Timber, Paper, Printing  

11 Paper printing and educational and sports goods 
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12 Petroleum, coking and nuclear fuel processed products Petroleum and Coke  

13 Chemical products Chemical industry 

14 Metal smelting and rolling processed 

Manufacture of Metals and Related Product  15 Metal product 

16 Metal mining products 

17 General equipment 

Manufacture of Machinery and Equipment  

18 Professional setting 

19 Electrical machinery and equipment 

20 Instruments 

21 Other manufactured products 

22 Transportation equipment 
Manufacture of Transport and Storage  

23 Transportation, storage and postal services 

24 Communications equipment, computers and  
other electronic devices Manufacture of Communication Equipment, 

Information 
Instruments and Other Manufacturing  25 Information transmission, software and information technology 

services 
26 Electricity, heat production and supply 

Production and Supply of Water and Electricity 
27 Water production and supply 

28 Building Construction  

29 Wholesale and Retail 

Service 

30 Metal products, machinery and  
equipment repair services 

31 Accommodation and catering 

32 Financial 

33 Real estate 

34 Leasing and business services 

35 Scientific and technical services 

36 Water conservancy, environment and  
public facilities management 

37 Resident services, repairs and other services 

38 Education 

39 Health and social work 

40 Scrap waste 

41 Culture, sports and recreation 

42 Public administration, social security and  
social organizations 

 
3.2 Preparation of social accounting matrix 

 
Social Accounting Matrix (SAM), which is based on the input-output table, is the most important primary data sources of CGE model. 

This paper prepares the Beijing 2012 Social Accounting Matrix (SAM) based on the input-output table of Beijing in 2012 and the Beijing 
Statistical Yearbook 2011 in conjunction with article studies need. The SAM is divided into eight categories of accounts: activities, products, 
account factors (labor and capital), residents, businesses, government, investment savings. The activity accounts reflect the input and output 
of the manufacturer's production activities in Beijing City, it obtains income through the total output while paying the middle input, factor 
costs and indirect taxes. The commodity accounts reflect the supply and demand of all commodities, mainly for intermediate inputs, 
consumer spending, government consumption, investment demand, and its expenditure is the purchase of the activities account. The factor 
accounts mainly reflect the input of the factors and the distribution of the income. The resident accounts reflect the main source of income of 
the residents, including labor income, capital income, the government's transfer payments to the residents, and its main expenditure items 
are consumption, personal income tax and savings. The corporate accounts reflect the main source of revenue, including capital income, the 
government transfer payment to the enterprise, and its item of expenditure is on the residents of the profit distribution, corporate taxes and 
savings. Residents' savings, corporate savings and government savings together constitute the total savings, and all of the investments are 
used to meet the needs of the commodity investment. 
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Figure 3-1  Energy - economy - environment interaction diagram 
 

4 Model forecast analysis 
 

4.1 Carbon tax design of natural gas 
 
From the practice of carbon tax policy abroad and the theoretical study of carbon tax policy in China, it can be known that carbon tax 

levy for different fossil energy will have different degrees of influence on social economic system, social welfare as well as carbon 
emissions. The carbon emissions of natural gas is less relative to other fossil energy due to its own default carbon content is far less than the 
coal, oil energy. Therefore, in order to protect the development and utilization of natural gas, the international carbon tax rate on natural gas 
is low, and the natural gas carbon tax reduction and exemption may become the trend of tax reform.  

Natural gas carbon tax is levied on the production sectors of natural gas, which is based on the carbon content of natural gas to levy tax 
on products of natural gas mining industry. Combined with the experience of developed countries and the current situation of our country, 
we sets natural gas carbon tax rates at 100 yuan/tons of carbon, 50 yuan/tons of carbon, 0 yuan/tons of carbon on the assuming the condition 
that coal, oil and other fossil energy carbon tax keeping invariant, and uses GAMS(the optimal computer numerical analysis of commercial 
software) which is commonly used to solve CGE model to simulate implementation of natural gas carbon tax policy. The aim is to study the 
effect of natural gas carbon tax reduction and exemption, especially the effect of carbon tax exemption policy on Beijing's economic system, 
social welfare and carbon emissions. 

 
4.2 Effects of different carbon tax rates on the output of the production sector 
 

The introduction of carbon tax policy on natural gas and other energy sources will lead to rising energy prices, thereby increasing the 
cost of energy exploitation and utilization, resulting in a decline in energy product of the production sector. As a clean and efficient fossil 
energy, natural gas is in the upper reaches of the industrial chain, and is widely used in chemical, smelting, manufacturing, building 
materials and other energy consuming industries. Gas price fluctuations caused by different carbon tax levels will also lead to changes in the 
cost and price of the downstream industry sectors as well as the alternative energy industry sectors, thereby affecting the sectors' output. As 
can be seen from table 4-1, the growth of natural gas prices caused by the tax has a negative impact on the output of most related industries, 
but the negative effect gradually decreases with the reduction of the carbon tax level. Among them, to Beijing's main supply of energy like 
coal, oil etc, the reduction of natural gas carbon tax rates promotes the exploitation and utilization of natural gas and restrains the demand of 
high energy consuming, high polluting energy, which makes sector output declined sharply. For the chemical industry, transportation, gas 
and other strong correlation of energy intensive industries, natural gas carbon tax levy usually bring great impact to these industries, and 
with the implementation of the gas tax reduction and exemption policy, the outputs of various industries will be restored. For example, when 
the carbon tax rate reduces from 100 yuan/ton to 50 yuan/ton, the chemical industry output increases by 0.0791%, transportation increased 
by 0.0768%; Tax is 0 yuan (tax exemption), the sector output increased significantly. Metal smelting, power production and other industries 
due to their own large correlation degree with coal and other traditional fossil energy, their output indirectly affected by the carbon tax of 
natural gas, presenting a gradual decrease trend; Agriculture, forestry, animal husbandry and fisheries, textiles, food and other industries due 
to the need to invest less fossil energy, the impact of natural gas carbon tax on them is small.  

The exploitation and use of fossil energy is the main source of carbon dioxide, the carbon tax not only affects the output of the social 
sector, but also is an effective means to promote the intensive energy industry, high energy-consumption industry to reduce emission. 
Through the calculation and simulation of CGE model, the table 4-1 lists the impact of the reduction of natural gas carbon tax level on 
carbon emissions of related energy industry as well as alternative energy industry. In general, levying the carbon tax restrains the carbon 
emissions of the energy consumption sector, the implementation of natural gas single carbon tax reduction and exemption policy will 
weaken this effect and make carbon emissions increase. However, due to the low carbon content and less pollution of natural gas itself, the 
increase in carbon emissions of various sectors is not large, as shown in table 4-1. In the chemical industry, for example, when the level of 
carbon tax decreases from 50 yuan to 0 yuan (tax exemption), natural gas price decreases and output increases, the development and use of it 
has been released, carbon emissions increases by only 0.4722%; While the output of transportation and manufacturing sector increase, 
carbon emissions increase by only 0.4759%, which shows that the negative impact of natural gas carbon tax reduction on carbon emissions 
is small. For coal, oil, etc. Beijing's main source of fuel, under the conditions that coal and oil and other energy carbon tax remain 
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unchanged, the implementation of natural gas carbon tax reduction and exemption policy will greatly promote the use of natural gas and 
restraint use of coal, oil and other high pollution traditional energy. From the results of carbon emissions, when the natural gas carbon tax 
decreases from 50 yuan to 0 yuan, the natural gas industry carbon emissions increase by only 0.0334%, while coal, oil and other energy 
carbon emissions reduce by 0.0474%, 0.0908%, the effect of carbon emission reduction is significant. This shows that the reduction of 
natural gas carbon tax will make the relevant industrial sector carbon emissions increase, but smaller. It has a inhibitory effect on 
development and utilization of other energy sources such as coal, oil and other fossil energy, which can control the amount of carbon 
dioxide emissions in Beijing to a certain extent and contribute to the realization of fundamental objectives of carbon emission reduction and 
environmental protection. 

Table 4-1 Effect of natural gas carbon tax on the output of social production sectors(%) 

Item 
Output Carbon emission 

100 
yuan/ton 50 yuan/ton 0 yuan/ton 100 

yuan/ton 50 yuan/ton 0 yuan/ton 

Mining and Washing of Coal 0.1721 0.0899 0.0237 0.1915 0.0997 0.0523 
Petroleum and Coke 0.4327 0.2254 0.1325 0.4317 0.2235 0.1327 
Natural gas and gas industry -15.703 -8.805 1.2328 -4.8951 -3.8544 -3.8210 
Chemical industry -0.1672 -0.0881 0.7695 -1.3174 -0.6915 -0.2193 
Production and supply of water 
and electricity 0.0777 0.0408 0.0125 0.5789 0.3041 0.2712 

Construction -0.1576 -0.0823 0.2437 -0.9137 -0.4781 -0.1787 
Manufacture of Metals and 
Related Product -0.1003 -0.0531 0.2185 -0.9959 -0.5246 -0.0500 

Manufacture of Non-metallic 
Mineral Products -0.1389 -0.0728 0.2391 -1.0679 -0.5594 -0.0736 

Manufacture of 
Communication Equipment, 
Information 

-0.0274 -0.0142 0.0937 -0.6290 -0.2791 -0.2536 

Manufacture of Transport and 
Storage -0.1618 -0.0850 0.6932 -1.5951 -0.8360 -0.3601 

Manufacture of Transport and 
Storage -0.0889 -0.0469 0.4573 -0.7855 -0.4126 -0.0795 

Agriculture, forestry, animal 
husbandry and fishery -0.0139 -0.0075 0.0547 -0.5224 -0.2737 -0.1565 

Manufacture of Textile and 
Related Product -0.1596 -0.0829 0.4372 -0.3626 -0.3581 -0.1877 

Manufacture of Foods and 
Tobacco -0.0404 -0.0213 0.0436 -0.1929 -0.1012 -0.0774 

Processing Manufacture of 
Timber, Paper, Printing -0.0371 -0.0196 0.0253 -0.3127 -0.3123 -0.0789 

Services -0.0458 -0.0242 0.0318 -0.4648 -0.2437 -0.1545 
 

4.3 The influence of natural gas tax exemption policy on social economic variables 
 
The reduction and exemption for natural gas carbon tax relief will reduce the production department cost and increase the production 

output, thus causing the rise of demand for capital goods and inputs, and ultimately affect real GDP, nominal GDP, resident income, resident 
consumption, business income, government revenue, government consumption and other macro social economic system variables, as shown 
in table 4-2. 

For the resident subject of social economic system, residents' income mainly includes labor income, capital income and government’s 
transfer payment to the residents. In the social economic system of Beijing involved in this paper, labor price is as a benchmark price and 
the labor market is full employment, thus the labor income of the residents is invariant. With the reduction of natural gas carbon tax level, 
social production sector’s output is generally increased, causing the demand for capital and the capital price rise accordingly, thus the capital 
income of the residents shows the increasing trend. Consumption and savings is increasing accordingly. 

For the enterprise subject, capital income is the main source of income of the enterprise . In this paper, the reduction of natural gas 
carbon tax causes the rise of capital price, which leads to the increasing of the income of the enterprise, and the savings of the enterprise also 
increases. 

For the government subject, natural gas carbon tax level’s decreasing and carbon tax relief reduce the government income for 
enterprise income tax the and the reduction range of enterprise income tax is far greater than the increasing range of indirect taxes, personal 
income tax of residents and other tax, so government revenue decreases gradually with the reduction of natural gas carbon tax. In addition, 
from the point of view of data, government consumption gradually rise, which makes the government savings decreases with the decreasing 
of natural gas of carbon tax level. 

For variable GDP, the social real GDP and nominal GDP presents a rising trend with the reduction of natural gas carbon tax, and there 
are some differences in the range. In the process of social and macroeconomic estimates, nominal GDP is the sum of capital income, total 
labor income and indirect tax revenue, due to the lowering of the level of carbon tax, the income of the total social capital is increasing, 
labor income remains unchange, indirect tax increases with the increase of output, therefore the nominal GDP is rising steadily. Real GDP is 
the sum of consumption, investment and net exports, although the consumption of residents rises, the government consumption falls, the 
proportion of government consumption is relatively small, so the overall consumption rises in consumption; in addition, the investment 
equals savings, the total savings increases, investment will also increase with it; carbon tax level reduction causes a relative decline in the 
prices of domestic products, foreign products prices remains unchange, net exports also rise to a certain degree, eventually leads to a rise in 
real GDP.As shown in table 4-2, with the  natural gas carbon tax level reducing from 100 yuan / ton to 50 yuan / ton, nominal GDP rises 
from -0.2212% up to -0.1101%, when cancels the tax revenue, nominal GDP rises by a large margin, resulting in 0.1214% positive 
fluctuations; with the natural gas carbon tax level reducing from 100yuan/ton to 50yuan/ on, real GDP from -0.1812% up to -0.0508%, when 
cancels the tax revenue, actual GDP produces 0.1020% positive fluctuations. From this we can know that the reduction or even relief of 
natural gas carbon tax level will have a positive impact on the social macroeconomic variables. 
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Figure 4-1  Effects of natural gas carbon tax on social macro economic variables in Beijing (%) 
 
4.4 Influence on social welfare of Beijing City 
 

The relative changes in the product output price will lead to changes in consumer decision-making in different consumer groups, and 
then the welfare benefits will eventually be affected by varying degrees. Table 4-3 lists the changes in the level of natural gas carbon tax 
caused by changes in social welfare indicators. From the table, we can learn that when natural gas carbon tax is collected, the social welfare 
of the residents is reduced, and when the carbon tax level reduces from 100 yuan / tons to 0 yuan / ton, which means tax level decreases and 
gradually abolishes tax revenue, the welfare level of the residents will be improved ,which indicates that the residents' income increasing 
due to the reduction of the carbon tax leads to an increase in the level of welfare benefits brought by their own consumption and the 
increasing range will gradually increases.  

 
Figure 4-2  effect of carbon tax on social welfare in Beijing City 

5 Conclusion 
The implementation of different energy carbon tax rates will lead to fluctuations in the output of the social production departments and 

ultimately affect the social welfare of the residents. However, the existing research rarely on the carbon tax policy under the background, the 
quantitative estimation of the level of different natural gas carbon tax impacts on energy saving and emission reduction and energy structure. 
Based on the theoretical framework of CGE model, the paper simulated the implementation situation of different natural gas carbon tax rates, 
and then analyzed the effects with different extents of Beijing’s social economic system, social welfare and carbon emission. According to 
the simulation results, this paper obtains the following policy implications: 

(1) The implementation of natural gas carbon tax reduction and exemption policy has a certain effect of energy-saving emission 
reduction. With the decreasing of natural gas carbon tax, natural gas can gradually replace the traditional high carbon emissions energy in 
some sectors, thereby gradually reducing the carbon emissions from coal, oil and other traditional energy sources. Therefore, Beijing can 
restrict the use of coal and oil by means of encouraging natural gas and other clean energy, and reduce carbon emissions so as to achieve the 
emission reduction effect. 

(2) The decreasing of natural gas carbon tax rate gradually leads to a rise of output, as well as the rising of demand for capital and the 
price of capital. Accordingly, the overall capital income of residents is rising. Carbon tax reduction and exemption reduces the government's 
income and transfer payment from the government to residents, But the total income of the residents has been improved with the reason that 
reduced income is less than the rise of capital income. With the gradual reduction of carbon tax, increasing of factor income enhance the 
level of welfare brought by the consumption of residents, and so does the social welfare level. The carbon tax policy has produced some 
positive effects on most macroeconomic variables. From the view of relative amount, such effects are not obvious because natural gas 
accounts for a smaller proportion in the energy consumption structure. However, due to the larger economy, so the absolute cost of emission 
reduction is relatively high, so in the design of carbon tax rates, should avoid a higher carbon tax rates.  
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(3) Natural gas carbon tax reduction has different effects on social production sector. For energy intensive industries, such as chemical 
industry, transportation and other industries sectors, natural gas can become the alternative energy of coal, oil and other traditional energy 
sources to develop and utilize. With the decrease of natural gas carbon tax, such classed of industries can achieve the increasing of output 
under the condition of low cost and low pollution, thereby enhance the comprehensive benefit of the enterprise. For the non-energy sector, 
natural gas carbon tax reduction and exemption policy is relatively weak. For other energy extraction industries, such as coal, oil and other 
high-polluting fossil energy industries, they will be influenced greatly by natural gas carbon tax reduction and exemption policy. On the 
opposite, other green clean energy with low pollution can become complement with natural gas so as to promote the realization of the goal 
of environmental protection. Overall, the impact of natural gas carbon tax reduction and exemption on the various sectors is different. How 
to achieve the increase of output by the implementation of carbon tax policy is worth further research. Foe example, the government should 
consider tax return of manufacturers and environmental technology support, in order to mobilize the enthusiasm of production and emission 
reduction, and thus to achieve industrial upgrading and product structural adjustment. 

The research resulted from this paper on Beijing can provide some theoretical support for the formulation of Chinese carbon tax policy 
of natural gas and other clean energy. The energy saving and emission reduction only relying on administrative means is usually difficult to 
mobilize the enthusiasm of the economic subject. Furthermore the radical emission reduction targets and actions may inhibit economic 
growth potential and reduce social welfare. Therefore, in addition to rely on administrative means to promote energy saving and emission 
reduction, the government should make the economic main body to undertake certain obligations for emission reduction. It’s necessary for 
China to give full play to the market mechanism regulation to improve the cost hard constraints of carbon emissions of enterprise, such as 
carbon tax policy with the characteristics of price control and carbon emissions trading mechanism with the characteristics of number 
control. To ensure the realization of emission reduction targets by 2020 and the continued growth of our country economy, we should 
mobilize the enthusiasm of social production and emission reduction from government and market dimensions to achieve "win-win" 
situation of economic growth and improving the quality of the environment. 
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Abstract: Using a sine wave to simulate soil temperature in a single cycle has high accuracy, but for continuous simulation of soil tempera-
ture in several consecutive cycles, the accuracy is poor. To solve this problem, based on the sine wave model and combined with changes in 
soil temperature trends, the simulated model was improved by polar coordinate conversion process. The results showed that the fitted values 
of soil temperature accorded with the measured values after the coordinate transformation, and its simulation precision was higher than the 
sine wave model. This modified model is simple, convenient and accurate, as well as provides an accurate method for soil temperature 
simulation in farmland. 
 
Keywords: soil temperature; soil heat flow; soil heat flow equation; coordinate transformation; simulation 
 
1. Introduction 
 

Soil temperature affects on physical process such as soil moisture[1-3], air [4-6] and so on; besides, soil temperature influences 
crop growth[7-9] as well as surface layer energy balance[10-12]; hence, soil temperature became a hot topic of the research in recent 
years. Fan’s [13] studies have found that there is a periodical change between each spot of soil temperature and radiant energy from soil 
surface, in addition, basing on the mathematical model of heat and mass transfer in porous media, assimilation on the daily change of 
soil temperature under various environment conditions has been done[14]. By utilizing the methods of heat conduction(combined with 
mathematical fitting rule) and conduction-convection separately，Dai[15] got the result of soil thermal diffusivity in the Loess Plateau 
Region. Gao[16]applied Laplace transform to derive the analytical resolution to soil thermal conductive equation and analytical 
solution of the soil heat conduction equation with heat convection terms, therefore, the result of soil thermal diffusivity over Nagqu 
area can be reached. Zhu [17] based on the model of IBIS to simulate the spatial and temporal changes of soil temperature in China, the 
report demonstrates that there is a significant upward trend in northern China. In the studies of Zheng[18], which used numerical 
difference scheme and grid point setting simulation of soil temperature, in the three difference schemes, the error of explicit scheme is 
minimal, followed by Crank-Nicolson’s method, and implicit scheme accumulate the maximum error. Above all, we can conclude that 
the change of soil temperature not only has the periodicity, but also has the trend. Thus, it requires us to consider both of the factors 
when simulating the soil temperature. 
 
2. Basic theory 
 
2.1 Soil heat flow equation 
 

To establish a rectangular coordinate system in the soil, taking any side zyx ∆∆∆ ,,  as one unit, in the period of t∆ t, the three 
direction of inflow and outflow as x, y, z; the difference of the unit total heat is: 
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Using Fourier’s Law into it, 
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This is the basic heat flow equation for the same character in the soil. 
For (3) the one-dimensional equation are as follows: 
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2.2 Improved soil heat flow equation 
 

In addition to the daily periodic variation of the soil temperature, there are ascending or descending trend, or others format of 
change. The overall ascending can be simplified as changing the daily soil variation by turning a certain angle around the origin to make 
counterclockwise rotation; on the contrary, the overall descending trend is around the origin making clockwise rotation; the rest of the 
changes are regarded as the combination of ascending and descending. 

To calculate: 
(1)Calculate the trend change, slope of K  
(2)Find the angle of rotation based on the slope of K 
(3)Calculate the temperature after rotation through coordinate transformation 

 
2.3 Simulation evaluation index 
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In this paper, mean, mean deviation error (MBE), root mean square error (RMSE), the relative error and relative root mean square error 

are included. 
The mean deviation error (MBE) and relative mean deviation error (RBE) are: 
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In the equation, N is number of determination, Oi is measured value and Pi is predicted value, overline stands for mean. 
Root mean square error (RMSE) and relative root mean square error (RSE) are: 
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3. Model application 
To verify the temperature of soil surface (down to 5cm) in wheat field from May 28 2015 to June 3 2015, the test used HMP45C 

temperature/relative humidity probe to observe, collected data every half an hour automatically. Ren[19] proved that there is no significant 
difference between automatic observation and manual observation for soil temperature, which provided theoretical supports for the 
experimental model.  

As the Figure 1 shows below, the average temperature is 20°C, amplitude is 10°C, the period is 24h. 

 
Figure. 1 The soil temperature simulated by the heat flow equation. 

From the figure, we believe that there is a crucial distinction between the simulated value and measured value. The trend line of 
simulated is horizontal but the trend of measured value is ascending gradually. According to the slope of measured value, it suggests the 
angle is 2 degrees.  

Based on coordinate transformation formula: 

 θθ sincos 001 YXX −=                                                                    (10) 

θθ cossin 001 YXY +=                                                                        (11) 
Put angle 2 degree into (22, 23), we confirm X, Y coordinate data, as is demonstrated in the Figure 2: 

 
Figure. 2 The soil temperature simulated by coordinate rotation improvement. 

This is the comparison table: 
 

Table 1 Simulated error comparison 
evaluation index Measurement Simulation Improved simulation 

average 22.50 19.98 23.11 
standard error 0.21 0.21 0.23 

median 22.29 20.00 23.10 
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standard deviation 3.50 3.55 3.83 
variance 12.22 12.59 14.70 
kurtosis -0.65 -1.51 -1.11 

skewness -0.03 0.00 -0.01 
minimum 13.85 15.00 15.62 
maximum 29.40 25.00 30.22 

sum 6501.23 5775.00 6679.21 
numberof observation 289.00 289.00 289.00 
confidence (95.00%) 0.40 0.41 0.44 
mean deviation error 0.00 2.51 -0.61 

relative mean deviation error 0.00 11.17% -2.73% 
root mean square error 0.00 3.60 2.24 

relative root mean square error 0.00 16.01% 9.96 
fitting degree 1.00 0.71 0.90 

 
We compare the two sets of data from simulations (Figure 1&2) and the original data from observation, as table 1 states the error. From 

Figure 1&2, we can conclude that (1)soil temperature can be simulated with a sine wave, the highest value of temperature within a day is 
around 15:00, the lowest value comes around 6:00.The time of highest value of temperature is consistent with Fan’s[13-14]studies. 
However, there are some documents[20]show that the highest value of temperature turns up around 13:00 due to the difference of the 
solar zenith angle in different latitudes. (2)Figure 1&2 also indicate that the results of the simulation of heat flow equation is smaller, the 
simulation of coordinate rotation leads to a great value; from Table 1, we found that the average deviation of simulation of heat flow 
equation is 2.51℃, the relative average deviation is 11.17%; but the coordinate rotation improved model has average deviation of 
simulation as -0.61℃ and the relative average deviation as -2.73%；(3) The average temperature, the average temperature of the 
simulated soil temperature and the rotation of the coordinate system are 22.5℃, 19.98℃ and 23.11℃ respectively，the data infer the 
value of coordinate rotation improved model and measured are not very much; (4)Root mean square error and relative root mean square 
error are 3.60℃and16.01%; after the model of coordinate rotation been improved, the root mean square error and relative root mean 
square error are 2.24℃ and9.96%, which states that simulation of heat flow equation keeps low degree of dispersion; (5) Fitting of the 
heat flow equation temperature and coordinate rotation improved temperature are 0.71 and 0.90; (6) the phase angle increasing with the 
result of heat flow equation simulation over time, although coordinate rotation improved simulation does not. 
 
4. Results and discussion 
 

Combined the analysis of the error of the model, the research provides that the accuracy of coordinate rotation improved simulation 
is higher than simulation of pure heat flow equation for soil temperature. There are many models for soil temperature, such as SWCT 
(soil water content and temperature)[21], 2DSOIL[22], Soil-crop[23], three-time-scale[24], SHAW[25] and so on, however, the 
universal module can not be generalized for each model, the reason may be the programming language can not be docked as well as the 
focus of researches direction are vary. We suggest that in the future, there would be a general module can be developed to adapt every 
model. 

As the study for temperature, we normally use mechanism model, mathematical algorithms, or both. This report starts with heat 
flow equation, building a quadratic modeling for the result of heat flow equation by applying coordinate rotation improved model in the 
method of mathematics. The result implies that the accuracy of simulation is significantly improved. On the other hand, the effects of 
crop growth condition and the physical and meteorological conditions of soil were not considered in the simulation of soil temperature, 
which should be improved in the future. 
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A Case Study on Financial Support of Urban Cultural and Creative Industry 

 Mingliang Xu 

Zhejiang Business Technology Institute, Ningbo, China 

Abstract: Since the beginning of this century, the cultural and creative industry has been developing rapidly in cities of China. As an 
important part of modern service industry, the financial support is indispensable for its emergence and development. Based on the relative 
data of Ningbo cultural creative industry financing supply and demand, in this paper, the present situation and existing problem of financial 
support to cultural creative industry are analyzed, the successful experience of developed countries is learnt from, and the financial 
countermeasures to promote the development of urban cultural creative industry are proposed from the following five aspects: establishing 
and perfecting the policy system of financial support, making bank indirect financing work, broadening the direct financing channel 
of cultural creativity enterprises, promoting new financing modes, optimizing the external environment of matching between financing and 
culture. 

Keywords: urban cultural and creative industry; financial support; countermeasures.  

1. Introduction 

As an important part of modern service industry, the rapid development of cultural and creative industry plays an important role in
promoting the urban industrial structure upgrading, urban functions perfecting and urban economic development. Besides, finance is an 
important force to boost the development of cultural and creative industry, and it has an important support function for promoting the 
scientific development of the urban cultural and creative industry. Therefore, how to speed up the financial innovation to promote the 
development of urban cultural and creative industry has become a hot topic of common concern of all countries in the political, industrial 
and theoretical circles. 

In recent years, China’s cities have achieved certain results in actively building cultural and creative industry financial support system 
to promote the cultural and creative industry and financial capital connection, but the financing difficulty is still a major bottleneck 
restricting the development of urban cultural and creative industry. Taking Ningbo city as an example, the current situation and problems of 
financial support in urban cultural and creative industry are analyzed in this paper on the basis of field research, and the successful 
experience of developed countries is learnt from, and the financial countermeasures to promote the development of urban cultural creative 
industry are proposed, which are of immediate significance for the reference of the government and enterprise decision-making.  

2. Data and research methods

The methods of case study and field investigation are mainly used in this paper to firstly collect, collate and analyze the related data and
materials objectively reflecting the financing demand status and financing supply and demand of cultural and creative industry in Ningbo. 
The research data and materials are as follows:  

2.1 Financing demand status of cultural and creative industry in Ningbo  

2.1.1 Diversified fund demand 

The result of survey by research group on the financing demand of cultural and creative industry in Ningbo shows that there is a 
shortage of funds in more than 70% of the cultural and creative enterprises, of which 11% of companies indicate the gap in funding demand 
is larger, and 59.8% of the enterprises indicate the gap in funding demand is slight. From the perspective of the use of funds, the fund 
demand to maintain the normal production and operation accounts for 15.6%, the fund demand for the capital construction accounts for 
32.8%, expanded reproduction accounts for 28.1%, and creative R&D accounts for 23.5%; from the perspective of the period of fund 
demand, the fund demand within 6 months accounts for 12%, 6-12 months accounts for 50%, 12-36 months accounts for 32.8%, and over 36 
months accounts for 5.2%. Thus it can be seen that cultural and creative enterprises in Ningbo have diversified financial demands. There are 
both working fund demand to maintain the normal operation and project fund demand to expand the scale of operation, improve the 
technical level, both short-term funding needs but also long-term funding needs. 

2.1.2 Still narrow financing channels 

The result of survey on financing channels of cultural and creative enterprises in Ningbo shows that 45.2% of enterprises lend money 
from banks, 20% rely on government funding, 17.5% count on internal fund-raising, only 7.8%, 5.2% and 4.3% raise capitals respectively 
from the venture investment companies, folk lending and small loan companies. Factors for enterprises to choose financing channels shall be 
sorted as financing limit, financing cost, financing timeliness, whether to mortgage, conciseness of financing formalities in terms of their 
importance.  

2.1.3 Lower satisfaction rate of loan demand 

The result of survey on the satisfaction rate of loan demand of cultural and creative enterprises in Ningbo shows that among the cultural 
and creative enterprises with loan demand, 14.6% of enterprises are fully satisfied in loan demand, 41.5% are basically satisfied, 23.2% are 
partially satisfied, while 20.7% are not satisfied. Thus it can be seen that the satisfaction rate of loan demand of cultural and creative 
enterprises in Ningbo is lower, only 56.1%, and there are still 43.9% of enterprises cannot be satisfied in terms of loan demand.  

2.1.4 Financing costs are mostly within a reasonable range, but some high 

The level of financing costs directly affects the level of efficiency and even the survival and development of enterprises. The result of 
survey on the financial costs of cultural and creative enterprises in Ningbo shows that the financing cost of 71.5% of enterprises is 
maintained at 10% and below, 27.1% is maintained at 10%-20%, and 1.4% is up to 20%-30%. Thus it can be seen that the financing cost of 
about 2/3 of cultural and creative enterprises in Ningbo is maintained at a reasonable range, but 1/3 is still high. 
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2.1.5 Relatively traditional loan guarantees 
 

The result of survey on loan guarantee of cultural and creative enterprises in Ningbo shows that in addition to a few enterprises’ credit 
loan, 33.9% of enterprises have provided real estate, land, equipment and other collateral securities for the bank loan, 32.2% have provided 
credit guarantee for the bank loan, and 24.2% have provided third party guarantees for the bank loan. Thus it can be seen that the loan 
guarantees of cultural and creative enterprises in Ningbo are limited to mortgage and guarantee without intellectual property, products, 
receivables and other pledge guarantees, which needs the cooperation and innovation of the banking institutions and cultural and creative 
enterprises.  

 
2.2 Financing supply status of cultural and creative enterprises in Ningbo  
 

Over the past few years, in order to break through the financing bottleneck of cultural and creative industry, Ningbo Municipal 
Government has formulated and issued a series of financial support policies, set up special government funds, guide the connection between 
financial capital, private capital and cultural resources, and speed up financing supply to the cultural and creative industry.  

 
2.2.1 Current situation of financial policy support 
 

(a) Create a policy environment. Taking the opportunity of issuing Guidance on Revival and Development of Financial Support 
Cultural Industry jointly formulated by nine ministries and commissions such as the Propaganda Department of the Central Committee of 
the CPC, the Ministry of Finance, the People’s Bank of China, the Ministry of Culture, etc., Ningbo municipal Party committee and 
government successively formulated and issued Suggestions on the Implementation of Development and Prosperity of Financial Support 
Cultural Industry, Some Opinions on Encouraging and Guiding Private Capital Investment for the Development of Cultural Industries and 
other political documents in 2011, which created a good policy environment for the financing capital and private capital to enter into the 
fields of cultural and creative industry.  

(b) Provide tax breaks. Ningbo provides tax breaks to the emerging cultural and creative enterprises meeting conditions to reduce their 
tax burden. For example, the animation enterprises identified as developing, producing animation products independently may enjoy 
favorable added-value tax and income tax; the identified new animation enterprises may enjoy the incentives of “the former two-year 
income tax exemptions and later six-year halve” since the year with profit; the identified new high-tech enterprises may enjoy the 
preferential tax rate of 15% business income tax; related sales revenue of enterprises engaged in film production, issuance and projection is 
exempted from added-value tax and business tax.  

(c) Set up special government funds. Since 2008, Ningbo has set up a multiple of special government funds, such as special fund for the 
development of cultural industries in Ningbo, special fund for the development of software industry in Ningbo, special fund for the 
development of industrial design in Ningbo, special fund for the development of anime & game industry in Ningbo, to specially support the 
development of related sectors in cultural and creative industry in Ningbo in manner of grants, subsidies, incentives, guarantee risk 
compensation and investment guide, etc. Districts, counties (cities) of Ningbo also set up special funds for cultural and creative industry at 
the level of district government one after another to support the development of local cultural and creative industry according to their own 
development situation.  

 
2.2.2 Current situation of bank credit support 
 

Since 2011, the Bank of Ningbo has provided a strong credit fund support for a large number of local cultural industrial projects and 
cultural and creative enterprises. For instance, China Development Bank together with China Construction Bank, Agricultural Bank of 
China formed a bank consortium to provide the project financing of 2.2 billion yuan to Ningbo Cultural Plaza; Export-Import Bank of China 
provided the tourism and cultural international financing of 0.2 billion yuan to Phase II project of Butterfly Lovers Cultural Park; Ningbo 
Branch ICBC customized “scenic spot charging right support financing”, “Film & TV” and other financing products for cultural and 
creative enterprises. Until the end of June 2014, the financing balance of cultural and related industry in Ningbo was up to 42.898 billion 
yuan, of which the balance of the cultural industry financing was 12.916 billion yuan, increased by 7.511 billion yuan than that of the end of 
2012 with the growth of 138.96%, and the incremental ranked the first in the province (see Table 1). 

 
Table 1 List for the Financing Balance of Cultural and Related Industries in Ningbo from 2012 to June 2014  ( RMB 108 yuan) 

       Year  
Project                     2012 2013 June 2014 

Financing balance of cultural and related 
industries  290.22 432.84 428.98 

Including: Financing balance of cultural industry  54.05 131.51 129.16 
      Financing balance of related industries 236.17 301.33 299.82 
Source of data: Ningbo Municipal Government Finance Office 
 

2.2.3 Current situation of capital market support 
 

In addition to the support of financial policies and bank credit, city level quality cultural and creative enterprises in Ningbo also get 
access to enterprise development funds by dint of the capital market. For example, 4 cultural enterprises in Ningbo, namely Guangbo Group 
Stock Co., Ltd., Ningbo Ligong Online Monitoring Technology Co., Ltd., Ningbo GQY Video Company Limited and Hailun Piano 
Company Limited have been listed in the Shenzhen Stock Exchange with the total net fund-raising of 2.05 billion yuan. “Guangbo Stock” 
and “LGOM” were listed in the Shenzhen SME board with the net fund-raising of 0.298 billion and 0.627 billion yuan; “GQY Video” and 
“Hailun Piano” were listed in Shenzhen GEM with the net fund-raising of 0.81 billion yuan and 0.314 billion yuan. These 4 enterprises not 
only achieved successful financing on the capital market, but also improved their corporate governance structure and company profile and 
brand, which are helpful to their development.  

 
2.2.4 Current situation of informal financial capital investment  
 

Since 2005, the informal finance capital began to enter the field of cultural and creative industries in Ningbo, and has now become one 
of the main forces for investment of the industry, which mainly relates to the field of business venturing, project development and original 
production. In terms of cultural and creative business venturing, the survey statistics show that private investment is the main source of 
corporate venture capital, and private cultural and creative enterprises account for over 90% of the total in Ningbo. In terms of cultural and 
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creative project development, private investment is also increasing, in which there is no lack of large investment of billions of yuan, for 
example, Romon invested 3.2 billion yuan for the development of Ningbo Universal City Project; in terms of original production, the 
original TV plays with private investment such as Zheng’s 17 Houses, Hotelier, Kiss the Dolphin and so on reflecting the local conditions 
and customs of Ningbo have gone into production successively; a number of original animations such as The Story of Three Character 
Primer have been broadcasted by CCTV; the original online game, Empire Reborn has successfully entered the South Korean, Japanese, 
European and American markets. 

 
3. Results and discussion 
 

Although Ningbo government departments, financial institutions and all sectors of the community try to provide financial support after 
being aware of the great value of the cultural and creative industry, supply of funds is not enough to meet the needs of the development of 
cultural and creative industry in Ningbo. Financing difficulty is still one of the major bottlenecks in the cultural and creative industry in 
Ningbo. There are problems mainly in the following aspects: 

 
3.1 Obstructed financing channel 
 

From the perspective of the existing financing channels, bank credit, government funding, capital markets, private capital each can 
respectively meet the financing needs of a part of the cultural and creative enterprises, but for most of them, financing channel is obstructed. 

Government special funds play a positive role in promoting the development of cultural and creative industry in Ningbo, but due to the 
limited number and main orientation for national, provincial and municipal cultural industry demonstration bases, national, provincial and 
municipal key cultural industry projects, cultural enterprises with bank loans and good social and economic benefits, many small and 
medium-sized cultural and creative enterprises not meeting the conditions cannot get the government funding, which makes it difficult for 
the government special funds to play a comprehensive funding catalytic role in the development of the cultural and creative industry.  

For a long time, bank loan is the main financing channel of small and medium-sized enterprises in China. However, cultural and 
creative enterprises in Ningbo are still in the initial stage of growth with small size of capital, scarce cash flow, unsteady profits, and unable 
to provide the commercial bank with a recognized guarantee, so it is difficult for them to lend money from banks, which can be verified by 
the fact of lower satisfaction rate of loan demand of cultural and creative enterprises.  

Large scale enterprises in general can use the capital market to raise a lot of money to meet the needs of its development, but Ningbo is 
lack of intensive, collectivized and demutualised cultural enterprises. There are only 4 listed cultural companies accounting for 0.035% of 
total throughout the city. Compared to other similar cities such as Hangzhou and Shenzhen, Ningbo is lack of not only listed cultural 
companies but also quasi-listing cultural companies, thus increasing the difficulty of financing from the capital market by the cultural and 
creative industry in Ningbo. 

According to the international experience, the main channel for the financing of the pioneering enterprises or the growth-type 
enterprises is to attract all kinds of venture capital funds. In this regard, Beijing film and television industry has many successful cases. 
Based on the situation in Ningbo, for entering the field of cultural and creative industry, venture capital institutions are still in a state of 
wait-and-see. In addition to Zhejiang SOE Network Technology Co., Ltd. successfully introducing foreign venture capital, there are few 
other examples of successful investment. 

 
3.2 Inadequate financial support 
  

In recent years, although the financial industry in Ningbo has increased the support to the cultural and creative industry and achieved 
some success, compared with its growing financial need, financial support is still low. Firstly, there are less special cultural and financial 
platforms or exclusive agencies. Currently, there is only 1 exclusive agency, Agricultural Bank of China Ningbo Cultural and Creative 
Branch. Secondly, financing supply cannot keep up with the financing needs. The survey result shows that there is a funding gap in nearly 
2/3 of the cultural and creative enterprises, and 43.9% of enterprises have loan demand but cannot be met. Thirdly, the financing structure is 
unreasonable. Cultural and creative enterprises in Ningbo are mostly in the pioneering or growth period, and they are in need of a certain 
percentage of medium and long term capital. In addition to the entrepreneur’s personal investment or equity investment, loans from banks 
are usually short term, so the duration of the loan is not matched with the demand for funds.  
 
3.3 Lagged financial innovation 
 

The cultural and creative enterprise is a kind of “human brain+ computer” asset-light enterprise with a large proportion of intangible 
assets and a small proportion of tangible assets. In countries with developed cultural and creative industry, the cultural and creative 
enterprises get loans from banks by pledging the registered brand, patent, copyright and other intellectual property. In China, most banks are 
cautious about the implementation of loans by intangible asset pledge, so it is difficult for cultural and creative enterprises to borrow money 
from banks since they are unable to provide effective collaterals in kind, which is related to Chinese intellectual property market 
construction lagging, professional appraisal institutions shortage, as well as financial innovation lagging.  
 
4. Experience learning 
 

Throughout the development history of supported cultural and creative industries in Britain, the United States, Japan and South Korea 
and so on, the successful experience can be summarized into the following points:  
 
4.1 Powerful financial supporting  
 

Since the end of last century, Britain, Japan, South Korea and other countries have spent a lot of financial capital to support their 
cultural and creative industries. Firstly, fiscal appropriation is used directly to fund the cultural and creative enterprises or projects with the 
governmental intention. For example, among the funds invested by the municipal government of London, Britain, 46.1% comes from the 
fiscal appropriation; South Korea’s cultural and creative industry budget accounted for 0.17% of the total government budget in 2003, up 
from 0.02% in1997, and this proportion rose to 1% in 2015. Secondly, special funds are set up to support the development of emerging 
cultural and creative industry. For instance, the creative seed fund, venture capital fund, guarantee fund, etc. in Britain, radio development 
fund, film promotion fund, publishing fund, etc. in Korea, all of which promote the growing prosperity of the cultural and creative industries 
in the UK and South Korea. Thirdly, investment intermediaries guide and assist small and micro cultural and creative enterprises to obtain 
funding. In the past 15 years, Britain invested to set up many professional intermediaries, such as Merseyside Arts, Culture and Media 
Company, London Hamlet Fort Culture Industry Development Promotion Center and so on. Japan has set up policy-based financial 
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institutions for small and medium enterprises to provide short-term financing, emergency financing, unsecured financing and long-term 
guaranteed financing and other credit support for cultural and creative enterprises.  
 
4.2 Temperate cultural and financial connection  
 

Britain, the United States, Japan, South Korea and other developed creative countries actively promote in-depth connection of culture 
and finance to guide the financial institutions’ innovation to serve cultural and creative industry. By dint of its financial system innovation, 
the financing methods for cultural and creative industry in the United States are increasingly diversified, specifically including copyright 
pledge financing, equity financing, bond financing, priority bond financing and the issuance of AAA bonds, etc., thus acquiring a large 
amount of funds needed for its own development. British Culture, Media and Sports Department specially published a “bank operating 
manual” to guide the cultural and creative enterprises to obtain financing from financial institutions. South Korea encouraged the banking 
sector to provide financial support to prioritized animation game enterprises, businesses in the cultural and creative industrial park and 
cultural software export enterprises. Japan established a credit guarantee insurance system in order to reduce the credit risk of financial 
institutions and enhance the driving force of financial institutions to provide financing for cultural and creative enterprises.  
 
4.3 Obvious function of capital markets  
 

In addition to financial and banking support, developed cultural and creative countries actively encourage and support qualified cultural 
and creative enterprises to seek financing by listing on the stock market by dint of financing function of the capital market. Developed 
capital markets in the United States provide a large number of cultural and creative enterprises with financing and stock trading services. At 
present, the New York Stock Exchange, NASDAQ stock market, open quotation system and local counter markets have respectively 
become the main channels for large companies in the cultural and creative industry and high growth potential companies, unlisted 
companies and small and medium-sized enterprises equity financing. 
 
5. Conclusion and suggestions 
 
5.1 Establishing a sound policy financial support system 
 
5.1.1 Optimizing the mode for supporting the special fiscal funds  
 

During the “13th Five-year Plan” period, the fiscal budget of cultural industry shall be increased gradually; the size of special funds for 
the cultural industry, software industry, industrial design and animation and game industry shall be expanded; the special funds for  film and 
television industry, the exhibition industry shall be added. The mode for supporting the special fiscal funds shall be optimized. The special 
funds in stock are mainly for public welfare projects and key cultural and creative projects identified by the government, shall be supported 
by means of project financing, financing interest subsidy, creative awards, etc., while incremental special funds are mainly for the potential 
small and medium-sized cultural and creative enterprises and projects, shall be supported via staged participation, follow-up investment and 
other modes, so as to guide and drive the social capital to flow to start-up type or growth type cultural and creative enterprises.  
 
5.1.2 Setting up a cultural and creative industry fund 
  

The cultural creative industry fund with government guidance, marketable operation and professional investment shall be set up. 
Sources of funds shall highlight the characteristics of diversification and multiple channels. In addition to raising government financial funds, 
state-owned enterprise funds and private funds, trust companies, insurance companies, securities companies and other institutional funds as 
well as local pension funds and overseas institutions can also be absorbed. Cultural and creative industry funds are mainly invested in 
cultural and creative enterprises in the initial stage and growth period by means of equity investment with value-added services to ensure the 
sound development of investment enterprises and the effect of the fund’s investment.  
 
5.1.3 Perfecting loan guarantee mechanism 
 

Policy guarantee agencies shall be led to provide high-quality guarantee services to the loans for cultural and creative enterprises or 
projects. Guarantee agencies shall be encouraged to broaden the channels to sources of guaranteed funds, attract business, insurance 
institutions and individual investors to buy shares, expand the scale of security funds, and enhance the ability to guarantee. Government 
shall cooperate with the guarantee agencies to build a guarantee fund for the cultural and creative industry, improve the tax breaks, risk 
compensation, incentives and other support policies of guarantee agencies. Guarantee agencies shall be encouraged to research and develop 
credit insurance products. Insurance shall be provided to the loans secured by the guarantee agencies in order to decentralize the guaranty 
risk of them.  
 
5.2 Giving play to indirect financing function of banks 
 
5.2.1 Establishing cultural and financial institutions 
 

Local cultural and creative banks and cultural and creative investment companies shall be established with the state support, joint 
investment by city commercial banks, large cultural group enterprises, listed cultural companies, state-owned investment institutions, 
insurance companies and rich natural persons led by the local government. Policy banks, state-owned commercial banks, joint stock 
commercial banks having set branches in cities are encouraged to establish cultural and creative branches or special credit departments to 
serve the cultural and creative industry. Meanwhile, local government shall arrange supporting funds to establish a cultural and creative 
credit risk compensation mechanism to share the credit risk of the bank to support the cultural and creative industry.  
 
5.2.2 Researching and developing cultural credit products  
 

The banking institutions are encouraged to customize cultural and creative credit products for cultural and creative enterprises directing 
at their features such as small scale, scattered distribution, light assets and valued originality, focus on research and development, pilot and 
gradually promotion of copyright, trademark and patent and other intellectual property rights, future earnings, accounts receivable, 
television broadcasting rights and other rights’ pledge loan varieties to provide credit support for the independent innovative cultural and 
creative enterprises  and help them grow. 
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5.2.3 Perfecting cultural credit mechanism  
 

The banking institutions shall be promoted to, according to the features of cultural and creative enterprises, design scientific and 
reasonable credit evaluation model and credit evaluation system, formulate special credit procedures, carry out specialized check and 
positive-side incentive mechanism, and moderately increase the tolerance degree of the loan risk of the small and medium cultural creative 
enterprises. 
 
5.3 Expanding the direct financing channels of cultural and creative enterprises 
 
5.3.1 Guiding the high-quality cultural and creative enterprises to issue stock financing 
 

Medium and small-sized enterprises in the cultural and creative industry chain shall be actively guided to establish shareholding 
enterprises with scale and strength to a certain extent linked by capital by means of combination, merger and reorganization. Qualified 
cultural and creative shareholding enterprises shall be promoted to enter the domestic capital market or overseas capital market to issue 
stock financing, so as to provide adequate funding for major cultural and creative projects. Potential, commercioganic cultural and creative 
enterprises shall be encouraged to cooperate with listed companies, and realize indirect listing financing via asset injection or asset 
replacement, etc.  

 
5.3.2 Supporting cultural and creative enterprises to issue bonds financing 
 

Some large cultural and creative enterprises with good credit, powerful strength and stable cash flow shall be supported to raise capital 
through issuing enterprise bonds or corporation bonds. Some potential, commercioganic medium and small-sized cultural and creative 
enterprises shall be guided to enter the bond market and supported to raise the social capital by issuing collective trust bonds, short-term 
financing bonds, collection notes and other new debt financing products to break through the capital bottleneck in the business start-up and 
development.  

 
5.3.3 Attracting venture capital into the field of cultural and creative industry 
 

According to international experience, the main channel of financing for the start-up cultural and creative enterprise is to attract all 
kinds of venture capital funds. The local government should give full play to the guiding role of venture capital guiding fund, and provide 
tax incentives to attract domestic and foreign venture capital funds to invest in local start-up cultural and creative enterprises, at the same 
time, build a risk investment fund and cultural and creative enterprises connection platform, organize creative project presentation, 
recommendation conference and meeting to promote the effective connection between the two. 
 
5.4 Vigorously promoting the new financing models 
 
5.4.1 Internet financing model 
 

Socialized professional training shall be strengthened to correctly guide the cultural and creative enterprises to master new financial 
knowledge, know the Internet financial products, open up internet financing channels, raise the temporary working capital of enterprises in 
virtue of compliant Internet lending platform, publish and promote cultural and creative projects relying on “AngelCrunch”, “Dajiatou” and 
other crowd funding platforms so as to raise funds for project implementation and operation.  
 
5.4.2 Industrial chain financing model  
 

For cultural and creative enterprises in the industrial chain, the loan bank should take the enterprise group in the whole industrial chain 
as the object of study to approve overall line of credit, and inject credit funds directly or indirectly into the small and medium-sized cultural 
and creative enterprises through the core enterprise’s providing financing guarantees or commercial credit, etc. to the peripheral enterprises, 
which not only alleviates the financing problems of small and medium sized cultural and creative enterprises and reduce the risk of bank 
loans but also prompts the core enterprise in the industrial chain to establish a cooperative relationship with peripheral enterprises so as to 
enhance the competitiveness of cultural and creative industry chain.  
 
5.4.3 Joint guarantee financing model 
 

Cultural and creative industries cluster members can make use of geography, information and other advantages to establish a joint 
guarantee organization based on the principle of mutual benefit. In this way, if one company within the organization applies for a bank loan, 
other member enterprises can provide joint and several liability guarantees for its loan, which will greatly enhance its financing capacity and 
success rate of loan application. Banks should strictly review the assets, operations, finance, management, technology research and 
development, market and other conditions of each member of the joint guarantee organization and analyze their profitability, repayment 
ability and development ability before the loan approval, and use the scientific risk analysis evaluation model or method to determine the 
joint guarantee organization’s comprehensive line of credit. Within the comprehensive line of credit, banks will make decisions on lending 
according to the fund demand and credit information of the applicant enterprise, including the amount of the loan, interest rates and duration, 
guaranteed by other member enterprises.  
 
5.5 Optimizing the external environment for financial and cultural connection 
 
5.5.1 Building a bank-enterprise connection platform 
 

Relevant departments of the local government shall establish long-term strategic partnership with local banks, regular or irregularly 
organize bank and enterprise matching conference or connection activities. On the conference, government departments shall focus on 
introducing the current development situation, development planning and development focus of local cultural and creative industry; 
commercial banks shall emphasize financial operation, credit policies and fields supported by the credit funds; while cultural and creative 
enterprises shall stress general situation of enterprise and creative projects, as well as the fund demand. Through the matching conference 
and later exchange and communication, banks and enterprises will cultivate a mutual trust, complementary strategic cooperation, which 
helps to reduce the problem of information asymmetry between the two and increase the availability of cultural and creative enterprise loans. 
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5.5.2 Developing intermediary institutions 
 

Cultural and creative industry intermediaries shall be cultivated and introduced to serve the market pricing, pledge and trading services 
of cultural and creative property right. Cultural and creative property right appraisal agencies shall be established to give a fair value after 
industry analysis and market analysis of professionals so that there are prices for transaction of cultural and creative property right to follow. 
Cultural and creative property right supervision organizations shall be set up to supervise the production schedule, quality and cost of 
products of loan applicant enterprise on behalf of commercial banks to ensure the formation of the final product and access to cultural and 
creative property rights. The regional cultural property right exchange shall be built to put up a bridge for combination of cultural industry 
and capital market, which can not only activate the regional cultural factor market but also provide small and medium size cultural and 
creative enterprises failing to meet the listing qualification with financing services. 
 
5.5.3 Strengthening IPR protection  
 

The cultural and creative industry features high creativity input and low cost of reproduction. Cultural and creative intellectual property 
protection is indispensable, so it to a certain extent determines the initiative of cultural and creative enterprises to develop new products, 
technological content and competitiveness of cultural and creative products, as well as the promotion of economic efficiency of enterprises. 
Relevant government departments should further improve IPR protection policies and regulations, establish and improve the specialized IPR 
agencies, and strengthen the effective supervision of the cultural and creative market and IPR protection.  
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Measurable Inheritability of Developing Component-based Big Data System 
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Abstract: This research paper presents a research Structure for measurement procedure and does an extensive review on inheritability of 
Developing Component-based Big Data System. A mechanism based model “Inheritability Measurement of Developing Compo-nent-based 
(CS)” has been presented by establishing the relationship among structure characteristics and inheritability and prov-ing the correlation with 
the help of analyzing measures. The standard issue of component graph is important because it has an important effect on overall standard of 
the Big Data System. Also, “Inheritability Measurement Model” is confirmed and seman-tics of the study shows the high correlation for 
model acceptance. This research promotes Big Data System developing and re-searching, including inheritability measurement model of Big 
Data System. This research has been proved by Developing Com-ponent-based Mechanism and Analyzing Model of Inheritability 
Measurement. 
 
Keywords: inheritability; semantics; developing component-based (cs); big data system 
 
1. Introduction 
 

An inheritability standard constantly supports structurer for improved Big Data System structure at an early stage of Big Data 
System development procedure. Structure phase has direct impact on the product testing cost and effort and plays the backbone role of 
any product. To structure and develop a good standard product, inheritability plays a key role for assessment of Big Data System 
Evaluation. Estimating inheritability issue early in the development life cycle may greatly reduce the overall product development cost 
and enhance the customer satisfaction. Big Data System structure is a method in Big Data System engineering that produces a model of 
the system and allows system structurers/developers to rotate your computational model into a workable algorithm that resolve the 
issues by the help of qualitative and quantitative assessment [1]. ISO 9126 standard model defines: “level of standard and performance 
of structure achieves expected functionalities by inheritability issue [2]”. The Developing Component-based structure principle is a 
suitable language for generalized productivity. The component of this study is to produce a model that quantifies inheritability at 
structure instant of development life cycle. In this regard, research presents an “Inheritability Measurement Structure”, which is 
summarized in Figure 1. 

The developed model has been empirically confirmed; furthermore, the research paper concludes with Big Data System industry 
utility of model for project leveling in conclusion section. This paper is structured in such an approach that it initially describes the 
inheritability: an important issue to Evaluation for measurement procedure and then lists and describes inheritability measurement 
model with their correlation establishment and also highlights information for analyzing significance of the developed model that are 
important for further study.  

Inheritability plays an important role in Big Data System standard assessment at structure time and also acts as the basis to find 
Evaluation indices for industry project’s ranking. The basic standard for evaluating Evaluation issue is inheritability. If a component is 
not reusable then the whole concept of component based Big Data System development fails. An accurate evaluation of Big Data 
System standard depends on Evaluation estimation, which in turn depends on the issue that can affect Evaluation. Inheritability is 
strongly associated to Evaluation and continuously plays an important role to deliver best standard and high component Big Data 
System within fixed time and given budget [3]. Inheritability issue is not new; Mxllroy defines “inheritability issue” has been behind 
many Big Data System developments for product’s standard. Important efforts have been made in the field of Big Data System 
measurement for improving the standard of product and most of them pursue the goal of the standard of final product, i.e. later phase in 
system development life cycle [4]. In Big Data System engineering it is widely accepted that the standard of finally delivered product is 
highly dependent on the early decision in the development procedure [5]. 
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Fig. 1.  Inheritability Measurement Structure 
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2. Inheritability: an evaluation view 
 

Component of this study is to evaluate Big Data System inheritability by using the concept of Big Data System standard assessment 
during the initial stage in development life cycle. Here research is required to develop a structured approach to make sure that Big Data 
System is reusable, effective and high standard. In general the overall component of the inheritability measurement is to deliver good 
standard Big Data System that is effective in function, easily approachable to user and permit the incorporation of changes in a product 
structure and gives an early focus to deliver testable Big Data System within specified condition i.e. fixed time and bounded budget because 
delivering good standard product is no longer an advantage, but an essential issue.  

The IEEE defines Big Data System inheritability as the capability of a system or component to perform its required function under its 
specified condition that means “a component is reusable then the whole component of product structure do not required to change [6]”. 
Inheritability is recognized as a very important issue to Evaluation of Developing Component-based Big Data System, which consent to the 
inclusion of changes in a structure and gives an early focus to create testable Big Data System within development life cycle. 
 
3. Developing component-based structure characteristics 
 

Encapsulation is a mechanism to realize data abstraction and information hiding. It hides internal specification of a component. 
Inheritance is the distribution of operations and attributes among component. Coupling indicates the relationship or interdependency 
between modules. Component in Developing Component-based structure system provide an excellent structuring principle that allows a 
structure to be divided into well structure units which may then be implemented separately. These ideas importantly include structure 
characteristics i.e. encapsulation, inheritance, coupling, and cohesion. Cohesion refers to the internal reliability inside the components of the 
structure. A component is cohesive when its components are greatly interrelated and it should be difficult to divide a cohesive component. 
Cohesion can be used to recognize the defectively structure components. In Big Data System development environments, Developing 
Component-based structure and development is becoming very preferred paradigm in industrial Big Data System development environments 
for large-scale system structure. This technology offers support to deliver final Big Data System product with higher standard and lower 
maintenance costs. 

One of the major advantage of having component orientation is its support for Big Data System inheritability, which may be achieved 
either through the simple reuse of a component in a library or via inheritance among relationship. Developing Component-based principles 
direct the structurers what to avoid and what to support. Several procedures have been defined in this method so far to estimate Developing 
Component-based structure. There are several essential qualities of component orientation that are recognized to be the basis of internal 
qualities of Developing Component-based structure that support in the context of measurement. 
 
4. Developing component-based structure (DCS) mechanism 
 

Most of the metric is accepted by practitioners on “heavy usages and popularity” and by academic experts on empirical (post 
development) validation. This led to the definition of four new mechanisms, Encapsulation Mechanism (EM), Coupling Mechanism (CM) 
and Cohesion Mechanism (COM), Inheritance Mechanism (IM) which could be calculated from structure information only. Several research 
works in the Developing Component-based mechanism arena were done in recent years [3].  
 
5. Correlation establishment 
 

To establish a correlation between Developing Component-based structure characteristics and inheritability, the effect of structure 
mechanisms are being examined with respect to developed inheritability measurement model. It was observed that every Developing 
Component-based Structure (DCS) mechanism affect standard issue. The correlation establishment among Inheritability, DCS 
Characteristics and Mechanism, describes the measurement procedure of inheritability model in order to establish a multivariate linear 
model for inheritability and DCS constructs. Evaluation of inheritability is very helpful to get Evaluation index of Big Data System structure 
for high standard product as early as possible in development life cycle. After rigorously evaluation of existing literature on the topic 
correlation between inheritability and structure mechanism have been established. The values of these structure mechanisms can be 
identified by component graph mechanism. Identified mechanism will take part in the role of independent variables while inheritability will 
be taken as dependent variable. Identified independent variables, namely Data Access Mechanism (DAM), Measure of Functional 
Abstraction, Direct Component Coupling (CC), the values of dependent variable “Y” can be found out by using the “Inheritability 
Measurement Model of Developing Component-based Structure”. 
 
6. Inheritability measurement model development 
 

It is clear from in depth literature survey that inheritability is not a new word; rather it has been in conversation among the engineering 
professionals at various forum, but there is no commonly accepted complete and comprehensive model or Structure available to estimating 
the inheritability index of the Big Data System product at structure phase in development life cycle, that motivate to develop “Inheritability 
Measurement Model of Developing Component-based Structure”, using Developing Component-based principle based on its inner structure 
property in development life cycle. This model used above mentioned structure mechanism to illustrate a range of measurement for Big Data 
System project. In order to create a model for inheritability issue, following multiple regression technique has been selected. Inheritability = 
α0 ± α1* Coupling ± α2 * Inheritance ± α3 * Encapsulation (1) 
Using “SPSS” math work Big Data System values of all structure mechanism, intercept, and coefficient of the respective mechanism are 
calculated. On the basis of this technique, the multiple regression inheritability has been developed in Equation (2). The developed multiple 
regression model takes the following form： 

Inheritability = −38.2 + 3.95 * Coupling + 32.40 * Inheritance + 20.68 * Encapsulation 
The standardized beta coefficient give a measure of the contribution of each independent variable to the inheritability model and 

significance values give a rough suggestion of the impact of each predictor variable. The data used for developing Inheritability model has 
been collected through large commercial Developing Component-based system. The coefficients part and analyzing significance of structure 
mechanism and constant for inheritability model gives the value, that need in order to write the inheritability model and prove that all the 
three identified structure mechanism do the analyzing significance role at the 96% confidence level.  
The Inheritability Measurement Model summary of the output is most useful when performing multiple regressions. “R” is the multiple 
correlation coefficient that used to know how strongly multiple independent variable are related to dependent variable. “R square” gives 
supportive coefficient of determination. 

The descriptive statistics of the output table gives the valuable record of statistics that are mean, standard deviation and number of Big 
Data System projects selected for each of the dependent variable and independent variable. ANOVA examination for dependent variable 
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(inheritability) gives the result of F (frequency ratio) with df (degree of freedom). ANOVA output gives frequency ratio of 19.1 with (3, 
4) degree of freedom by experimental tryout at the confidence interval level of 96%.The important values of F is 9.12 [20]. Study 
obtained F ratio at (3, 4) degree of freedom is 19.1that is larger than this, so result conclude that F-ratio is likely to occur by chance 
with a P < 0.06 level of significance. 
 
7. Empirical validation of developed model 
 

To justify claiming for acceptance of developed model, an experimental validation of the presented inheritability measurement 
model at structure phase has been carried out using tryout data from different versions of two famous windows application Structures, 
component windows library (OWL) of four publicly released versions OWL 4.0, OWL 4.5, OWL 5.0, OWL 5.2 and Microsoft 
foundation component (MFC) of five publicly released versions MFC 1.0, MFC 2.0, MFC 3.0, MFC 4.0, MFC 5.0. This validation is 
an essential phase of research to evaluate the developed model for appropriate execution and high level acceptability. It is also the fine 
approach and practice for claiming the model acceptance. In order to validate developed model, the value of mechanism are available 
by using above data set for following projects. Empirical validation of work proves that how important developed model, where 
mechanism and model are able to quantify the inheritability index of Developing Component-based structure in structure stage. 
 
8. Analyzing model of inheritability measurement 
 

Comparison between calculated inheritability rank correlation coefficient and threshold value (0.65) at 95%confidence level is 
finished. Study results have proved that the correlation is acceptable with high degree of confidence that is 96%.Therefore research is 
concluded without any loss of generality the “Inheritability Measurement Model of Developing Component-based Structure” highly 
important, because estimation values are more reliable and valid in the context. 
Charles Spearman’s Rank Correlation Coefficient (rs) was used to test the significance of correlation between calculated index values of 
inheritability by Inheritability Measurement Model of Developing Component-based Structure and its known index values given by expert. 
The “rs” was calculated using the following formula： 

 
Where 
rs is coefficient of Rank Correlation, 
d is the difference between calculated index values and known values of inheritability, 
n is the number of Big Data System projects for experiment, (In this research n = 15 Big Data System projects) 
Σ is notification symbol, significance “The Sum”. 

 
9. Key discussions and findings 
 

Some of the major findings are as given below: 
1) A guideline [7] produced by developed Structure to be followed right from beginning of development so as to structure 

component hierarchy as per the prescriptive inheritability index for the project under development. 
2) Developed Structure may be used to get inheritability metric in structure phase for inheritability measuring. 
3) For Industry project ranking, Inheritability indexing (RI) [8] is possible using the “Inheritability Measurement of Developing 

Component-based Structure”. The developed model may be generalized and used by others researchers. 
4) Inheritability indexing (RI) can be done using the presented model “Inheritability Measurement of Developing Component-

based Structure”. 
5) “Inheritability Measurement of Developing Component-based Structure” provides a Inheritability indexing (RI) benchmark for 

other researchers and structurers. 
6) Inheritability has been identified as a key issue to Big Data System Evaluation, addressed in structure phase of Developing 

Component-based Big Data System development to produce standard Big Data System. 
7) The three mechanism DAM (Data Access Mechanism), IM (Inheritance Mechanism), CC (Direct Component Coupling) are 

identified for each of Developing Component-based structure constructs such as encapsulation, inheritance and coupling respectively. 
8) Big Data System structure constructs are most appropriate and power full for controlling Big Data System standard issues in 

structure phase. 
“Inheritability Measurement of Developing Component-based Structure” has been Developed for Developing Component-based 

structure. The Model has been confirmed using the same set of try-out data. An empirical validation of the developed model is also 
performed using try-out data. 
 
10. Conclusion 
 

This paper also validates the measurable ability [9] of developed model. That validation study on this research work proves that 
presented inheritability measurement model is highly acceptable, more practical in nature and helps the Big Data System industry [10] 
in project ranking. The developed model presented the possibilities to estimate overall inheritability from structure information. 
Developed model has been demonstrated using functionally equivalent projects [11] and the assessment of inheritability index in DCS 
has been confirmed using structural and functional information from Developing Component-based Big Data System. This paper has 
developed an efficient and accurate model for inheritability measurement through Developing Component-based structure mechanism 
using the technique of multiple regressions [12]. 
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Abstract: As a non-parametric iterative mode-seeking algorithm, mean shift can be applied in digital forest resource monitoring using 
airborne laser scanning to analyze the forest point cloud and detect single trees. In this paper, we propose a mean shift-based computational 
scheme to segment and cluster the 3D point cloud data for the aim of detection and delineation of individual trees. The scheme employs 
mean shift iterative procedures on the data sets to cluster points with similar vegetation modes together. A defined complex multimodal 
feature space, containing information about the discrete target points’ geometrical shape and energy intensity, and a two-staged sequential 
segmentation procedure are adopted in this approach. Denoising and filtering operations between the coarse and fine segmentation stages are 
performed to improve the overall detection performance by clearing unwanted features, eliminating tiny clusters and pruning canopy 
structures. The proposed approach is validated on 20 test plots of a dense and multi-layered forest located in South China. Experimental 
results reveal that it can work effectively and when compared to the conventional raster-based methods, its accuracies are relatively high: it 
can detect 84 percent of the trees (“recall”) and 91 percent of the identified trees are correct (“precision”). 
 
Keywords: mean shift; point cloud; single-tree detection; forest segmentation; airborne laser scanning; lidar 
 
1. Introduction 

 
Mean shift is a powerful and versatile non-parametric feature-space analysis technique for locating the maxima of a density function, a 

so-called mode-seeking algorithm [1]. As a filtering and clustering approach, it has recently found much interest in the image processing 
community [2]. For example, the mean shift algorithms have been widely applied in image and video segmentation to identify homogenous 
regions in a stationary image or dynamic video sequences [3]. This kind of methods can also be used for visual tracking. Keck Jr. et al. 
proposed a mean shift-based method of tracking multiple objects in 3D for applications in video surveillance [4]. Mean shift can also be 
applied as a key point cloud data processing technique in the area of digital forest resource inventory and monitoring using airborne laser 
scanning (ALS) or LiDAR to detect single trees and delineate the forest canopy structure. 

The conventional approaches to detect individual trees using ALS data usually rely on the canopy height model (CHM) derived from 
the raw ALS data, which is the difference between the canopy surface height and a digital elevation model (DEM) of the earth surface [5]. A 
processing technique for locating and identifying individual trees involving local filtering with both square and circular windows of variable 
size and data fusion with multi-spectral optical imagery was proposed by Popescu et al. in [6]. Tiede et al. developed a local maxima 
algorithm to identify tree tops and a region growing algorithm to delineating the respective tree crowns [7]. A similar local maxima 
algorithm was used to detect tree tops and a marker-controlled watershed segmentation scheme was applied into isolating individual trees in 
[5]. In the scheme proposed in [8], possible tree tops were detected with a local maximum filter and then the crowns were delineated with a 
combination of a pouring algorithm, knowledge-based assumptions on the shape of trees, and a final detection of the crown-edges by 
searching vectors starting from the tree tops. The spatial 2D wavelet analysis was utilized to automatically determine the location, height, 
and crown diameter of individual trees from the ALS data [9]. However, as the CHM is essentially a raster image interpolated from spatially 
discrete points depicting the vegetation canopy top, there can be inherent errors and uncertainties in it [10]. The spatial errors introduced in 
the interpolation process could decrease the accuracy of tree segmentations and relevant measurements [11]. Although some auxiliary 
information, e.g. a priori knowledge about the geometrical shape of trees, can improve segmentation results in a certain degree, these 
methods tend to merge crowns in dense stands of deciduous trees [8] or fail to detect understory trees in a multi-layered forest [12]. 
Reitberger et al. proposed an approach combining a conventional watershed-based segmentation with a RANSAC-based stem detection 
method, which could lead to excellent segmentation results and be superior to a standard watershed approach in the best case by 12 percent 
[13]. 

Another group of methods have been developed to identify individual trees directly from the small-footprint ALS points. For example, 
Morsdorf et al. extracted seed points from a rasterized digital surface model (DSM) and then employed a k-means clustering algorithm to 
segment individual trees from the point cloud [14], but the segmentation accuracy did not directly rely on the point cloud. An adaptive 
clustering approach to segment individual trees from the raw 3D point data was proposed in [15]; this method is similar to the concept of 
watershed segmentation, but it requires sufficient training data for supervised learning, and its performance in complex forests has not been 
tested. Li et al. developed a scheme which adopts a top-to-bottom region growing approach segmenting trees individually and sequentially 
from the tallest to the shortest using raw ALS points [10]. However, this algorithm performs well only in forest zones with low canopy 
density and clear tree structures. 

As mean shift does not depend on any geometric model assumptions, it can thus be applied to vegetation structures. The mean shift 
procedure can also be used to obtain a classification or segmentation of an unstructured 3D point cloud in airborne laser scanning (ALS) 
data processing. The processing of unstructured ALS point clouds using the mean shift algorithm was first proposed by Melzer who 
extracted power lines from high density vegetation areas [16]. Ferraz et al. directly worked on the 3D point cloud and proposed a mean shift-
based scheme for simultaneous segmentation of vertical and horizontal structures of forest canopies [12,17]. In a forest mainly covered with 
eucalyptus and maritime pine trees, they announced an overall detection rate of 69.3%. The specific detection rates were observed to 
decrease with the dominance position: from 98.6% for the dominant trees to only 12.8% for the suppressed trees. 

The objective of this paper is to develop a different mean shift-based clustering scheme dedicated to segmentation of 3D forest point 
cloud and detection of individual trees, which is suitable for dense and multi-layered forests. We do not use the three-dimensional space 
described in [12], but define a complex multimodal feature space, on which the mean shift analysis is performed, aiming to improve the 
overall detection performance. The proposed approach is experimentally applied to small-footprint ALS data acquired in a field survey 
performed in an evergreen broad-leaved forest located in South China, and we validate its performance using 20 sample plots. 

This paper is organized as follows. Section 2 briefly introduces the basic mean shift theory. Next in Section 3, the mathematical 
procedures of the mean shift-based individual tree clustering as well as necessary design considerations are described in detail. Then Section 
4 presents the information about the test site and the experimental equipments, and the experimental results are also given in this section. 
Finally, Section 5 concludes this paper. 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                                      123.2 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/123 

 
2. Mean Shift Theory 
 

The mean shift is a recursive computing procedure using a non-parametric probability density estimator based on the Parzen window 
kernel function \cite{Ref-Comaniciu2002}. It can estimate the stationary points (modes) of the underlying probability density function 
without explicitly estimating the density. Define 

1/ 2 1/ 2( ) ( )K K− −=H x Η Η x ,                                                              (1) 
where, K (x) is the d-variate kernel function and H is a symmetric positive definite d × d bandwidth matrix. Given n data points x j  (j = 

1, …, n) in the d-dimensional space Rd, the kernel estimator for the probability density function f (x) at point x can be written as 

1

1ˆ ( ) ( )
n

K j
j

f K
n =

= −∑ Hx x x .                                                               (2) 

The multivariate kernel can be generated from a radially symmetric univariate kernel, assuming the following form: 
2

,( ) ( )k dK c k=x x ,                                                                    (3) 

where, ck, d is the normalization constant making K(x) integrate to one and k(⋅) is called the profile of the kernel that describes how 
strongly the data points are taken into account in the estimation. For the sake of complexity reduction, the bandwidth matrix H is chosen as 
proportional to the identity matrix: H = h2 I, in which the only one parameter h > 0. Employing only one bandwidth parameter and the 
profile notation, the kernel density estimator (2) becomes the following expression [1]:  
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The mean shift tries to determine the local modes of the density function f (x), which correspond to the zeros of the gradient ∇f(x) = 0. 
The linearity of Eq. (4) is exploited to estimate the density gradient from the gradient of the density estimator: 
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Define g(x) = -k' (x)   and use it for profile, then the kernel G (x) can be defined as 
2

,( ) ( )g dG c g=x x ,                                                                      (6) 
where cg, d is the corresponding normalization constant. Introducing g(x) into Eq. (5) yields 
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or 
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where c = cg,d / ck,d . In Eq. (8), the first term is the density estimate at point x computed with kernel G: 
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and the second term is the so-called mean shift vector: 
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which is the difference between the weighted mean, using the kernel G for weights, and x, the center of the kernel. 
Rewriting Eq. (8) can yield 
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This equation shows that the mean shift vector at point x computed with kernel G is proportional to the normalized density gradient 
estimate obtained with kernel K. The mean shift vector thus always points towards the direction of the maximum increase in the probability 
density. By setting 

,( 1) ( ) [ ( )]h Gt t t+ ← +x x m x ,                                                               (12) 

where t denotes the iteration number, the iterative process converge towards the local maxima. Thus it can be seen that the mean shift 

procedure does not need to evaluate the density function ,
ˆ ( )h Kf x  itself but only the induced kernel g (x). 

Mean shift is essentially a hill climbing algorithm which involves shifting a kernel iteratively to a higher density region until 
convergence. The relation captured in Eq. (11) is intuitive and the local mean is shifted toward the region in which the majority of the points 
reside, as depicted in Fig. 1. Since the mean shift vector is aligned with the local gradient estimate, it can define a path leading to a 
stationary point of the estimated dens 
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(a)                                                                                                      (b) 

                   
(c)                                                                                                      (d) 

Fig. 1. Intuitive description of the mean shift procedures. (a) Distribution of identical billiard balls. (b)-(d) Find the densest region. 
computation of the mean shift vector , ( )h Gm x ; 

translation of the kernel (window) G (x) by , ( )h Gm x . 

Successive execution of the mean shift procedure is guaranteed to converge at a nearby point where the kernel estimator, expressed in 
Eq. (2), has a zero gradient [2]. 

 
3.Mean Shift-Based Single-Tree Detection 
 
3.1 Definition of Feature Space 
 

Employing the above-described mean shift algorithm to detect and delineate individual trees from laser scanning point data implies 
performing analysis of complex multimodal feature spaces. Feature vectors should be firstly extracted from the original 3D point clouds 
acquired by the airborne laser scanner and then mapped into the feature space spanned by their components. Since the characteristics of the 
feature space will have a significant impact on the results of clustering and segmentation of the point cloud, how to define a feature set, 
which specifies the feature space, is an important issue. 

In the mean-shift based clustering analysis of 2D images for remote sensing applications, the imagery is typically represented as a 
spatial-range joint feature space. The spatial domain denotes the coordinates and locations for different pixels, and the range domain 
represents the spectral signals for different channels [18]. Bo et al. selected three bands from a multi-spectral image and performed all 
feature space computations in the L*u*v* color space measured by Euclidean distances, whose coordinates are related to the band values by 
nonlinear transformation [19]. As for the processing of the unstructured 3D point clouds, Melzer1 proposed a mean shift segmentation based 
on an augmented feature set consisting of the 3D point coordinates, the amplitude and the pulse width of each laser echo [16]. Ferraz et al. 
used only the spatial coordinates both in horizontal and vertical directions to constitute the mode space [12]. In [20], the data point’s spatial 
information (3D space coordinates) along with the reflectivity intensity and spectrum attributes (chromaticity coordinates) extracted from 
aerial images were employed to classify the LiDAR data into groups by kinds of feature, such as buildings, vegetation, water etc. 

Definition of the feature space for the mean shift-based forest point cloud clustering should be aimed at improvement of detection 
performance for all trees, especially the dominated and suppressed trees underlying the overstory. Pure spatial location features can not 
achieve acceptable detection performance for the understory trees, as reported in  [12], and thus it is necessary to introduce additional 
features into the mode space. 

In this study, we define a complex multimodal feature space that consists of three subspaces: the spatial feature subspace, the 
geometrical shape feature subspace and the energy feature subspace. Accordingly, the proposed feature set can be divided into three subsets: 
the spatial feature vector, the geometrical shape feature vector and the energy component. The spatial feature vector, denoted as xs, is 
assumed to be the data point’s three-dimensional coordinates (x, y, z). Owing to the approximately coned shape of the tree crowns, there 
exists close coherence between the local normal vector and curvature at the same point of a discrete surface, so we take the point’s normal 
vector (nx , ny , nz) as the shape feature vector xn. The energy component xe is the reflective intensity value for each laser pulse. As the 
complex multimodal feature space is composed of three independent domains: the spatial domain, the geometrical domain and the energy 
domain, we can regard the defined feature space as a joint spatial-geometric-energy domain of dimension 3 + 3 + 1 = 7. 

 
3.2 Definition of Feature Space 
 

The mean shift algorithm is a non-parametric technique to locate the local maximum in the feature space by iteratively shifting a kernel 
(or window) with a bandwidth h to a denser region until it converges to a stationary point, whose spatial coordinates can be regarded as the 
approximate position of a single tree. The kernel bandwidth, namely the diameter of the hyper-sphere, has a strong impact on the quality and 
speed of the decomposition and clustering. The mean shift procedure with a small kernel bandwidth is time-consuming but will lead to more 
distinct modes (small basins of attraction, more and smaller objects), while a large bandwidth has a fast convergent rate but will aggregate 
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small structures into larger ones (small number of modes with large basins of attraction) [17]. The determination of an optimal value for the 
kernel bandwidth is actually a major challenge for the clustering techniques based on mean shift. 

 

 
Fig. 2. The value-frequency distribution and histogram statistics for the height of trees in the study zone. 

The center of the largest operating range over which the same number of clusters are obtained was taken by Fukunaga as the kernel 
bandwidth based on such an assumption that the bandwidth selection technique should be related to the stability of the decomposition [21]. 
Comaniciu devised a variable bandwidth technique that imposes a local structure on the data to extract reliable scale information by 
maximizing the magnitude of the normalized mean shift vector [22]. Huang et al. proposed two algorithms to adaptively select bandwidth 
parameters for remote sensing image classification and object recognition: one is based on the separability in feature space, and the other 
exploits local homogeneity [18]. An improved mean shift method was proposed in [19] to find arbitrary density, size and shape clusters in 
remote sensing imagery by considering the local bandwidth (or local scale) and structure information of the neighborhood around individual 
samples. In the 3D point cloud analysis for vertical forest segmentation, Ferraz et al. adopted an adaptive kernel bandwidth based on the 
ground forest pattern and increased the bandwidth's value as a function of the vegetation height [12,17]. 

Next we will discuss how to determine the kernel bandwidth in the spatial domain, which has a vital influence on the performance of 
the mean-shift based segmentation. There is always a tradeoff between computation complexity and performance. Although an adaptive 
selection scheme for the kernel bandwidth considering local structure information outperforms that using a single bandwidth for the whole 
feature space, a globally appropriate bandwidth could produce acceptable results on general clustering and segmentation of 3D forest point 
cloud. We select the spatial-domain bandwidth on the basis of statistical analysis results in this study. Being the diameter of the hyper-
sphere of the multi-dimensional space, the kernel bandwidth in the spatial domain should reflect the size of tree crowns. The ratio is usually 
less than 1/2 when comparing the diameter and thickness of the tree crown to the height of the tree, and thus the spatial-domain bandwidth 
should be theoretically set to values of less than half of the tree height. However, it is difficult to acquire exact quantitative information 
about each individual tree prior to the mean shift-based clustering procedure. Therefore, we determine the kernel bandwidth in the spatial 
domain according to the tree height statistic instead of the tree height itself. Fig. 2 shows the statistical analysis result for the tree heights in 
the study zone, which reflects the value-frequency distribution by depicting a histogram for the height of all trees using the well-known 
ArcGIS software. With these statistical analysis results, we try several bandwidth candidates (the 1-st quartile, the 1-st tertile, the median, 
the 2-nd tertile and the 3-rd quartile) to find the optimal value for the spatial-domain kernel bandwidth. Taking account of both the detection 
accuracy and the reliability of results, we decide to adopt the 1-st quartile of the height of all trees in a sample plot as the spatial-domain 
kernel bandwidth. 

 
3.3 Mean Shift-Based Clustering of Individual Trees 
 

The unstructured vegetation point cloud, which contains information about the three-dimensional coordinates, intensity values and the 
pulse return numbers for all discrete target points, should be mapped into the defined feature space. The data used for constituting the spatial 
feature vectors and the energy components of the data sets in the defined feature space can be directly derived from the raw point cloud, yet 
the data for the shape feature vectors should assume all discrete point's surface normal vectors. We estimate the surface normal vectors using 
the classical surface fitting method described in [23]: firstly fit points of  k-nearest neighbors to a least-squares best plane, then compute the 
eigenvector corresponding to the smallest eigenvalue of the covariance matrix of the k-neighbors, and finally set the eigenvector as the 
estimate of the normal vector. 

The mean shift analysis is performed on the well-prepared data sets in the defined complex multimodal feature space to cluster points 
with similar modes (in the forestry scenario, the term “mode” has close relations with each single tree's structure and shape) together and 
delineate individual trees. As the Gaussian function has similar characteristics with the forest point cloud in statistical distributions and peak 
shapes, we choose the truncated, multivariate Gaussian function as the kernel (or window) function. Employing the joint domain 
representation in this study, the multivariate Gaussian kernel can be defined as the product of three radially symmetric kernels and the 
Euclidean metric allows a single kernel bandwidth parameter for each domain: 
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where, C is the corresponding normalization constant, xs is the spatial feature vector, xn is the shape feature vector, xe is the energy 
component, h s, hn and he are the employed kernel bandwidths for three domains, respectively, and g(⋅) is the common profile of the induced 
kernel G(x) used in all three domains. So the mean shift vector defined in Eq. (10) can be rewritten as: 

2 2 2

1
, 2 2 2

1

( ) ( ) ( )
( ) .

( ) ( ) ( )

s s n n e en
j j j

j
j s n e

h G s s n n e en
j j j

j s n e

g g g
h h h

g g g
h h h

=

=

− − −

= −
− − −

∑

∑

x x x x x x
x

m x x
x x x x x x

                                    (14) 

Let X = {x i } (i = 1, …, N) be the input data set of the multi-dimensional (7D in this study) feature space, which is transferred from the 
original LiDAR point cloud. Run the mean shift computation on the data set X for each data point x i  and each iterative process will 
converge towards their corresponding stationary points or modes. Let Y = {y i } (i = 1, …, N) denote the data set of mean shift points, i.e. 
values at point x i  after its mean shift iteration. The detailed mean shift procedure proposed for the identification and delineation of 
individual tree crowns is described as follows: 
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I. Specify the spatial-domain kernel bandwidth h s, the geometric-domain kernel bandwidth hn and the energy-domain kernel bandwidth 
he. Specify a value for the allowable error - ε. Kernels are also associated with data points in the multimodal feature space. 

II. For each point x i, execute the following computations: 
Initialization: associate a mean shift point y i  with the point x i , and initialize it to coincide with that point. Let t = 0 and y i (0) = x i , 
where t denotes the current number of mean shift iterations. 
For 0 ≤ t ≤ c (c represents the word “convergence”), repeat the following two steps until convergence. 
Calculate the mean shift vector: 
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Update the mean shift point: 

,( 1) ( ) [ ( )]i i h G it t t+ = +y y m y ,                                                        (16) 

stopping when , [ ( )]h G i tm y  is less than the specified value of ε. 

Set y i = y i  (c). 
III. Merge all modes whose mutual distance is less than the kernel bandwidth, i.e., closer than h s in the spatial domain, hn in the 

geometrical domain and he  in the energy domain, by concatenating the basins of attraction of the corresponding stationary points, to produce 
the clusters {Cp } (p = 1, …, M). 

 

 
Fig. 3. Flowchart of methods used in this study. 

Direct use of the above described mean shift procedures in the forest point clouds would result in different types of vegetation segments 
of a sample plot: tree canopy, shrubs, bramble, weeds and grasses, etc. Since our study focuses on the identification and delineation for trees 
in this paper, the non-canopy objects are the unwanted surface features whose data points should be recognized, marked and then cleared. In 
addition, the kernel bandwidths for the geometrical and energy domains are predefined parameters, but the spatial-domain kernel bandwidth 
relies on the statistical information of the field survey plot. Therefore, it is necessary to perform pre-processing to acquire requisite statistical 
data and eliminate the unwanted features plus other “noisy” data points according to some priori knowledge about forest and tree structures. 

The most important task of the pre-processing is to draw a rough sketch of the forest structure for a plot. A fast mean shift procedure is 
utilized to achieve the goal of coarse segmentation, which performs clustering analysis in a simple feature space, constituted by each data 
point’s three-dimensional coordinates, using a fixed value for the kernel bandwidth, denoted by h init, and a uniform kernel function: 

2
1,     || || ,   

( )
0,          else.         

ss
init

init

h
g

h
 ≤

= 


xx
                                                       (17) 

With such rough knowledge about the vegetation structure, we can do a statistical analysis to get the histogram for the height of all 
trees in the plot, from which the first quartile of the tree heights is derived to feed the subsequent mean shift-based fine segmentation as the 
spatial-domain kernel bandwidth. 

The coarse segmentation also provides information for denoising and filtering of the 3D point cloud data. Considering the non-canopy 
features lie in the undersized vegetation strata, we could identify these objects by deciding whether their heights fall in a predefined height 
range whose upper limit is a preset threshold value - HSV. The points belonging to these non-canopy features are not taken into account to 
further calculations. This step would remove the scrubby layers which are usually denser than the higher tree layer. Tiny segments 
containing less than a given number of data points, MF, should also be eliminated. Furthermore, we also need to prune each regular cluster 
of data points, which delineate an individual tree’s crown, by removing all points beneath the 1/2 height of the corresponding stationary 
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point on the basis of such an observation that the stationary point is situated close to the top of the tree and the vertical crown height does 
not exceed half of the tree height. 

These filtering operations mentioned above would improve the ultimate segmentation results by eliminating possibly detrimental 
influences of non-canopy data points. Finally in the fine segmentation stage, the mean shift procedures described in this section are 
performed on the filtered point cloud for identification and delineation of individual tree crowns. Taking into accounts all necessary 
mathematical processing mentioned in this paper, we draw a flowchart of methods used in this study, as illustrated in Fig. 3, where the 
ellipses represent data or parameters and the rectangles represent processes or calculations. 

 

 
Fig. 4. The test site in Dinghushan National Nature Reserve, Guangdong Province, China. 

 
4. Experiments and Results 
 
4.1 ALS Data Acquisition 
 

The ALS data along with high-resolution CCD (Charge Coupled Device) image data were acquired through a flight experiment 
conducted in the Dinghushan National Nature Reserve, which is situated in Zhaoqing, Guangdong Province, China. The test site is mainly 
covered by a low subtropical evergreen broad-leaved forest and a coniferous and broadleaf mixed forest as well as evergreen shrubs and 
bushes. Fig. 4 shows the test site and the forest plot of the Dinghushan National Nature Reserve. In this study, every sample plot was set up 
as a square area with the size of 100m × 100m, which consists of two quadrats with the same size of 30m × 30m. 

The ALS system used in this experiment is the LiteMapper 5600, which integrates a Riegl LMS-Q560 laser scanner operating in a full-
waveform mode with a wavelength of 1550 nm, a pulse repetition of 150 kHz, a pulse width of 3.5 ns and a beam divergence of no more 
than 0.5 mrad. The small-footprint ALS system can yield high-density data in discrete point clouds. The point cloud data directly generated 
by the system are delivered in the LiDAR standard file exchange format - Log ASCII Standard (LAS), which can record three-dimensional 
coordinates, intensity values and the pulse return numbers for all discrete target points. 

 
4.2 Results 
 

The overall processing flow depicted in Fig. 3, except the initial classification and statistical analysis, is performed on the MATLAB 
platform by calling a C++ wrapper which implements a mean shift-based iterative computing procedure. Necessary parameters used in this 
experiment are listed in Table 1. 

 
Table 1 Experimental parameters 

Parameter Value 

Initial spatial-domain kernel bandwidth h init 10  m 
Geometric-domain kernel bandwidth he 0.4 
Energy domain kernel bandwidth he 31.65 
Allowable error ε 0.0025 
Maximum height of scrubby vegetation HSV 3 m 
Maximum number of points of tiny fragment 

MF 
50 

 
Experimental results are presented to validate the effectiveness of the proposed mean shift-based clustering scheme for detection and 

delineation of individual trees. Fig. 5 shows the two different views (from top and side, respectively) of segmented point cloud after the 
coarse segmentation (namely the first round mean shift-based iterative computations), with spatially adjacent clusters separated by dark 
curves. We perform statistical analysis for all point clusters generated by the coarse segmentation procedure and show the statistical results 
in Fig. 6. The clustering and statistical results for the fine segmentation (namely the second round mean shift iterative computation 
procedure) are shown in Fig. 7 and 8, respectively. By comparing the clustering results and tree height statistics between the coarse and fine 
segmentation processes, we can see that the segmentation results could be improved by filtering out non-canopy clusters from the original 
point cloud. 
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(a)                                                                                                         (b) 
Fig. 5. Segmented point cloud after the first round mean shift procedure (coarse segmentation). (a) Top view. (b) Side view. 

 
(a)                                                                                                       (b) 

Fig. 6. Statistics for clusters of the point cloud after the coarse segmentation. (a) Data point numbers contained within each clusters. (b) 
The elevation distribution for all steady-state points. 

 
(a)                                                                                                         (b) 

Fig. 7. Segmented point cloud after the second round mean shift procedure (fine segmentation). (a) Top view. (b) Side view. 

     

(a)                                                                                                         (b) 
Fig. 8. Statistics for point clusters after the fine segmentation. (a) Data point numbers contained within each clusters. (b) The elevation 

distribution for all steady-state points. 
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Fig. 9. Digital orthophoto map overlaid with detected approximate positions of individual trees. 

Finally, the performance of the proposed mean shift-based scheme will be evaluated by means of both qualitative analysis and 
quantitative calculations. The approximate positions of individual trees (namely the black markers in Fig. 9 acquired through the mean shift 
procedures are overlaid onto a digital orthophoto map (DOM) of a typical sample plot (Plot ID: DHS0401) to see if the detected tree 
locations coincide with the regions of actual trees. Fig. 9 indicates that the spatial fitness is fairly good. 

 
4.3Analysis 
 

To quantitatively assess the accuracy of the segmentation results, we compare the identified trees with the reference trees in 20 testing 
plots. As mentioned in [10], the measures of perfect segmentation, under-segmentation and over-segmentation can be indicated by true 
positive (TP), false negative (FN) and false positive (FP), respectively. We can evaluate the detection accuracy in terms of “recall”, which 
indicates the tree detection rate, and “precision” that indicates the correctness of the detected trees. The “recall” (r) and “precision” (p) are 
defined as follows [24]: 

TPr
TP FN

=
+

,                                                                          (18) 

TPp
TP FP

=
+

.                                                                          (19) 
 

Table 2 Accuracy assessments for different tree classes in six test plots 
Class of trees Reference 

trees 
Identified 

trees 
TP FP FN Recall 

(r) 
Precession 

(p) 

Dominant trees 199 196 194 2 5 0.97 0.99 

Codominant trees 184 177 170 7 14 0.92 0.96 

Intermediate trees 161 145 119 26 42 0.74 0.82 

Suppressed trees 143 116 85 31 58 0.59 0.73 

Total 687 634 568 66 119 0.83 0.89 

Table 2 shows the accuracy assessments for trees located in different forest storeys within six test plots with Plot ID of DHS0101, 
DHS0102, DHS0201, DHS0202, DHS0301 and DHS0302. Similar to the results reported in [12], the “recall” and “precision”, which 
indicate the detection accuracy, also decrease with the forest storey, but almost 60 percent of the suppressed trees can be detected and the 
overall detection rate (“recall”) can reach 81 percent. 
Table 3 Accuracy comparison of the proposed mean shift-based method and the traditional CHM-based method for all trees in 20 test plots 

Class of trees Reference 
trees 

Identified 
trees 

TP FP FN Recall 
(r) 

Precession 
(p) 

Dominant trees 199 196 194 2 5 0.97 0.99 
Codominant trees 184 177 170 7 14 0.92 0.96 
Intermediate trees 161 145 119 26 42 0.74 0.82 
Suppressed trees 143 116 85 31 58 0.59 0.73 
Total 687 634 568 66 119 0.83 0.89 

It is difficult to compare our results with those reported by literature using different methods since the experimental scenarios (e.g., the 
ALS configuration and the forest morphology and architecture) are not exactly the same. We assess the overall detection performance of our 
proposed scheme for all trees in 20 testing plots by comparing the results, in terms of the indicators of “recall” and “precision”, obtained 
with two different methods: one is the proposed mean shift-based method, the other is the CHM-based method adopted in [25]. From the 
data listed in Table 3, we can see that the overall detection accuracy (namely the indicator of “recall”) of our proposed scheme could reach 
84% and outperform the traditional CHM-based scheme by more than 10 percent. 

 
5. Conclusions 
 

This paper presents a novel computational approach to segment and cluster the 3D forest point cloud data for the aim of detection and 
delineation of individual trees. The approach employs mean shift-based two-staged recursive computing procedures on the data sets in a 
defined complex multimodal feature space to cluster points with similar vegetation modes together. Experimental results show the proposed 
approach can work effectively: individual trees in the sample plots can be detected, their crowns can be delineated and most of the detected 
trees also coincide with the regions of actual trees. The accuracy of the segmentation results are also quantitatively assessed by calculating 
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the tree detection rates for twenty typical sample plots. Test data reveal that the accuracies, in terms of “recall” and “precision”, are 
relatively high when compared to the traditional CHM-based methods, indicating that the mean shift-based approach has good potential for 
use in the area of forest inventory. 
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Abstract: With the development of economy, lack of environmental management, the haze weather become residents concerned about 
environmental pollution incidents. Residents awareness of environmental protection has an important influence on attitudes to 
environmental protection and environmental protection act. This study used random sampling methods, in many regions of our country and 
haze, conducted a questionnaire survey for the residents. And by using the method of regression analysis and correlation analysis, analysis 
of the relationship between environmental protection awareness, environmental protection attitude and environmental protection behavior of 
residents. The results of the study have a positive significance to improve the supervision level of environmental protection in China, 
enhance the awareness of environmental protection, and promote the healthy and orderly development of the economy. 
 
Keywords: environmental protection awareness; environmental protection attitude; environmental protection behavior 
 
1. Introduction 
 

Beginning in autumn and winter in 2012, spread over more than half a China haze weather, have had a serious impact on people's lives 
and health. What caused such a severe weather phenomenon? It is PM2.5. It refers to particles that are less than or equal to 2.5 microns in 
the atmosphere, also known as particulate matter. Although PM2.5 is only a component of the earth's atmospheric composition,it has an 
important influence on air quality and visibility. With the development of economy, the improvement of people's living standard, the 
public's demand for the environment is also improved, hoping to breathe clean air, drink no pollution of water. But in recent years, various 
local governments and enterprises, in order to develop the economy, at the expense of the air pollution, emissions into the atmosphere, 
leading to Beijing, Nanjing, Nanchang gan the frequent fog weather. As in 2011, Beijing city PM10 although reduced to nearly 3 years the 
lowest 0.114mg/m3, but also repeatedly appeared heavy pollution days(Zhou Tao, Ru Xiaolong. 2012). This seriously affected the health 
level of residents, resulting in children and the elderly respiratory diseases increased. With all kinds of reports of haze weather, the PM2.5 
knowledge through various media reports and popularization, the people of air pollution status, causes and protective measures have a 
general understanding, awareness of environmental protection gradually strengthened. In recent years, the management of the air, mostly 
through the research of haze weather causes, such as restrictions on emissions emissions, strengthen environmental supervision, improve the 
scientific level of air pollution control measures. And for the cultivation of the residents' awareness of environmental protection, improve 
the level of residents' knowledge of environmental protection, so that environmental protection into residents' conscious behavior, so as to 
fundamentally solve the problem of air pollution. Therefore, this study intends to study the residents' awareness of fog and haze, and to 
analyze the impact of environmental protection and environmental protection. It is very important to improve the effect of air pollution 
control. 

 
2 Theoretical research and assumptions 
 
2.1 Awareness of environmental protection 
 

Consciousness so far is still an incomplete and fuzzy concept. Generally considered to be on the environment and personal cognitive 
ability and cognitive degree of clarity. The researchers can't give it a precise definition. John Hirler, popularly interpreted it as: "dreamless 
sleep after waking up, unless another sleep or into a state of unconsciousness, otherwise in ongoing during the day, perception, sensation or 
awareness". Haze weather consciousness refers to people in haze weather cognitive ability, namely the formation reasons and mechanism of 
haze weather, the degree of harm to know. At present ,the haze weather related research has : 

(1) The status quo of haze: Duan Zaiming (2011) according to the characteristics of industry of Shanxi Province, on the coking industry 
especially currently were analyzed based on the status quo of coking waste water coke quenching are measured and analyzed the chemical 
composition of fog and haze, and analyzes the causes of haze weather. The results show that wet quenching is one of the main causes of fog 
and haze. Zhou Tao, Ru Xiaolong (2012) research shows that the mobile emission sources have become an important source of urban 
pollution in Beijing. In addition to the Spring Festival for a brief set off firecrackers to PM2.5 concentrations were significantly increased, 
leave the Beijing fine particles concentration to a minimum. This shows that people's activities on the leading role of fine particles.Therefore, 
it is necessary to actively carry out frontier science PM2.5 and PM1 study and formulate strict compliance plan; in Beijing Tianjin Hebei 
region to carry out defense of air pollution control, open and transparent information; implementation of "one vote veto" system; enhance 
environmental access threshold; strengthen the motor vehicle pollution control; perfect the monitoring report and early warning system of 
atmospheric pollution under extreme adverse weather conditions . 

(2) Hazardous haze: Yang Danhui, Li Hongli (2010) in the SEEAE,stablish environmental pollution loss accounting index system 
based on damage and cost, and compare the technical characteristics of the two accounting methods. Taking Shandong Province as an 
example, the economic losses caused by air pollution and water pollution in 2000-2005 are calculated by using these two methods. Hu Yan 
(2003) use the international general air pollution health risk assessment method, analyzes the relationship between air pollution and human 
health in Qingdao City. In different health outcome, the mathematical model was calculated to confirm the damage of air pollution to human 
health.Yu Fang (2007) according to the model of incomplete calculation, found that health economic loss caused by air pollution in 2004 
underestimated about 170 billion 300 million yuan, accounted for 1.02% of the total GDP; overestimation is about 6 446 million yuan, area 
accounted for 6.0% of the total GDP. Cai Chunguang, Zheng Xiaoying (2007) using the conditional value assessment method to investigate 
Beijing residents' willingness to pay for improving air quality and health level is 652.327 yuan / year. 

(3) Haze influencing factors: Zhong Juan, Wei Yanjie (2011) using 28 manufacturing industries from 2001 to 2008 panel data, by the 
pollution of the supply and demand model, taking SO2 as an example to analyze the relationship between China's industrial development, 
environmental regulation and pollution emissions. The results show that the energy consumption intensity, total factor productivity , 
industrial capital expenditure and other factors significantly affect the level of pollution emissions of manufacturing industry.  

(4) Haze measures: Zhao Haixia, Qu Fukuda, Guo Zhongxing (2006) using the 1990 - 2002 mixed section data of social and economic 
and environmental statistics to conduct an empirical study, to analyze the cause of the deterioration of environmental pollution in Jiangsu 
Province, the main economic reasons. The preliminary research results show that: the economic activity, the heavy industrial structure 
adjustment and the urbanization process are the main factors that lead to the increase of environmental pollution. Improve the level of 
environmental science and technology progress, increase investment in environmental protection and government control efforts can 
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effectively control the pollution of the environment.Zhou Ying (2012) in the post Olympic period, temporary, emergency measures can be to 
some extent to improve the quality of atmospheric environment, but the implementation of the measures will be accompanied by a certain 
social and economic losses.From a long-term point of view, the local emission control and regional emission control is the key to improve 
the quality of atmospheric environment in Beijing . Yuan Jianhua (2012) believes that the treatment of urban motor vehicle exhaust 
emissions, from the technical, administrative, social management of the three dimensions of governance.Improve the environmental liability 
insurance laws and regulations, formulate environmental liability insurance directory, the environmental risk units to enforce environmental 
liability insurance, strengthen the cooperation between the insurance company and the environmental sector.Wang Jinnan, Ning Miao, Yan 
Gang, Yang Jintian (2010) believes that during the 12th Five Year Plan, China's climate friendly air pollution prevention and Control 
Strategic: focus on the cooperative control of black carbon, N2O, CO2 and conventional air pollutants, in monitoring in the concentration of 
greenhouse gases, emissions statistics, cooperative control policy formulation and technology research and development in areas such as 
strengthening capacity building to address climate change.Wei Yi,Jia Xuhui, Wei Yong (2011) by use of Urumqi city from 2004 - 2008 air 
quality data statistics and analysis, the result shows: the Urumqi City air pollution is still serious, the implementation of control for total 
amount of pollutants in the urban atmosphere will be the main method for controlling air pollution in cities. 

(5) The awareness of environmental protection: Liu Wenjia,Ming Tingquan (2012) believes that environmental awareness is a multi-
level, all-round reflect the content system of relationship between man and environment. Environmental behavior refers to the main body in 
the environmental protection consciousness everything is good for environmental protection and environmental improvement under the 
domination of positive practices. The environmental behavior is influenced by the environmental consciousness, and then acts on the 
environmental consciousness. Wuhan city public environmental awareness and behavior to do a survey, analyze the existing problems, and 
to mobilize the enthusiasm of the public participation in environmental protection and puts forward suggestions to vigorously promote the 
construction of "two oriented society".Liu Ruihuan (2010), farmers' effective actions in environmental protection consciousness still lags 
behind. In the face of raising awareness of the farmers' environmental awareness, the mass media has an inescapable and vital role in such a 
major task. To achieve this strategic goal, not only to rely on the organization and administrative power, but also the role of mass media to 
play the role of public opinion, the impact of social and cohesion of the masses. Therefore, the mass media how to play their own functions 
to join the new rural construction, do a good job in the construction of a new socialist countryside is a great significance. 

Wang Xiuyu (2012) taking the college students as the research object, through the analysis of the data collected from the past data and 
questionnaire survey, this study mainly explored the feasible ways of cultivating college students' environmental consciousness and 
behavior. Mainly in the following aspects: first, to strengthen the theoretical knowledge of education.Through a variety of means and ways 
to improve the effectiveness of theoretical education, supplemented by text practice to consolidate the results of teaching. At the same time, 
but also increase the awareness of the environment, so that the results of the theory of teaching can be integrated into the life.Secondly, to 
carry out the various environmental activities, to stimulate the students' love of the environment, and make it to be able to personally 
participate in the environmental cause. Yu Yan (2012) suggested that through the campus environmental protection education, 
environmental protection NGO in community advocacy and the role of the media to raise awareness of environmental protection of 
citizens.Liu Wenjia, Ming Tingquan (2011) believe that environmental awareness is a from the understanding of the environment to the 
formation of stable attitude, and to develop the consciousness to protect environment behavior, the relationship between people and the 
environment in the cognition, attitude, evaluation, behavior level objectively reflect. The content can be roughly into two parts: 
Environmental knowledge, that is, the experience of environmental problems and the evaluation of scientific knowledge and judgment; 
Environmental assessment, that is, the subjective evaluation and judgment on the environmental problems. According to the above analysis, 
the public weather haze cognition is divided into two dimensions of environmental knowledge and environmental assessment. 
 
2.2 Environmental protection attitude 
 

Attitude is the evaluation and behavior tendency of people on the basis of their own moral values and values. Attitudes are expressed in 
three aspects of the inner feelings (ethics and values), emotions (that is, "like - dislike", "love -hate") and intentions(delibration, attempt) of 
the outside world. The attitude of environmental protection, that is, the evaluation of people's environmental protection and behavior 
tendency, which shows the positive and negative attitude of the people to the environmental protection. That is, actively devoted to 
environmental protection and negative about environmental protection, pessimistic attitude to environmental protection.Many scholars have 
analyzed the environmental protection attitude problem from many angles, Peng Xianze, Song Ming, Wang Xin (2013) by analyzing the 
individual characteristics of the variables to reflect the Long Lake Basin residents' environmental protection attitude. Wang Yanbin (2013) 
analysis of the formation of the relevant data of Dianchi river basin within the county using sampling method to get the investigation object. 
In regard to the personal attitude and behavior of environmental protection in Dianchi, residents generally hold a positive attitude to enhance 
the understanding of the environmental protection of Dianchi. The behavior of people in Dianchi environmental protection has the 
difference between the individual interests and the public interests. The people's participation in environmental protection activities is 
positively related to the environmental protection in Dianchi.Cheng Shaowen, Zhang Jie and Xu Feifei (2010) pointed out that the natural 
protection attitude of the residents is very important to the natural protection and sustainable development of tourism. The influence of 
natural protection attitude factor and the influence of natural tourism residents, has become an important part of natural tourism management, 
but the related research is weak.  

To Jiuzhaigou, China and the UK New Forest National Park (New Forest National Park, NF) as an example, according to the 
questionnaire data, from the perspective of the relationship between the population attribute, the environmental expectation of tourism, the 
environmental impact of tourism, the relationship between the environmental ethics and the nature of the environmental protection of the 
two places, the quantitative comparison is carried out. The study found: (1) The natural protection attitude of the two residents is affected by 
different factors, there are obvious differences between China and foreign countries; (2)Demographic characteristics such as gender, age, 
years of residence, education level and the tourism participation of community residents in the New Forest National Park to protect the 
natural attitude did not affect, but gender, tourism participation has affected residents in Jiuzhaigou Nature Preserve attitude.Women and 
travel industry participants more support in the Jiuzhaigou Nature Reserve; (3) The natural protection attitude of the residents in the New 
Forest National Park is influenced by the expectation of tourism environment and the ethic of tourism environment:,a higher tourism 
environmental protection expectations, to protect environmental ethic view of the New Forest National Park residents, are more likely to 
support to the New Forest National Park Nature Conservation; (4) Residents in Jiuzhaigou nature preserve attitude is not affected by the 
impact of the tourism environmental expectations and tourism environment ethics, but by the effects of the environmental impacts of 
tourism perception; residents' tourism perception of environmental impact is negative, the more support in the Jiuzhaigou Nature Reserve. 
 
2.3 Environmental Protection Behavior  
 

Environmental protection behavior refers to the actions taken by the residents to protect the environment. Stern believes that there are 
four types of public environmental behavior: radical environmental behaviour, such as participation in environmental organizations and 
demonstrations; public sphere of non aggressive behavior, such as environmental problems petition, support environmental protection laws 
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and regulations and willing to pay higher taxes for the protection of the environment; environmental protection behavior of the private 
sector ;other environmental protection behavior. 

The earliest scholar who studies the behavior of environmental protection in China is Tang Jun (2000), he believes that the 
environmental protection behavior of Beijing residents has some features: (1) in daily life, People are able to protect the environment from 
the small points; (2) in the practice of protecting the environment, people's consciousness is strong; (3) To stop the damage to the 
environment, people's initiative is relatively weak. Li Xiaohong (2010) believes that in China, the main factors affecting the superficial level 
of public participation in environmental protection is social background and environmental awareness; the influence factors of its deep 
participation in environmental protection is gender, income, place of residence and occupation. While in the United States, the main factors 
affecting the public participation in environmental protection behavior are marital status, age, gender, education level, religious belief, 
occupation and environmental knowledge. Through the comparative study found that although the impact of the two public in environmental 
behavior of some factors are the same, but its direction is the opposite, causing this difference is that the two countries' public participation 
in environmental protection behavior is subjective ,the social economy and the degree of democracy is different. 

Finally, summarize the characteristics and causes of the environmental behavior of public participation in our country, that should be 
through environmental education enhanced public awareness of environmental protection, develop environmental activists leading role, 
stimulate the enthusiasm of the people to participate in environmental protection.Zeng Yu Yan (2012),Saint Jun (2011) analyzes the factors 
that influence the environmental behavior of the public at home and abroad, finds that mainly includes the situational factors, individual 
characteristic factors, habits and attitudes of the factors three aspects affect residents' environmental behavior. According to the above 
analysis, this study suggests that residents environmental behavior for the personal behavior, namely residents found environmental 
problems, and consciously safeguard their own environment, such as to maintain environmental health, economic action, through the 
purchase of environmental protection equipment, such as air purifiers to avoid environmental risks. And persuasive behavior, found that 
environmental problems, such as waste incineration, to convince each other, let the other end burning behavior, legal action, namely 
environmental issues that affect residents' personal health and other aspects of the residents. Residents to take an appeal, administrative 
arbitration and other acts to safeguard their rights and interests, education behavior, namely residents found environmental problems, 
through the dissemination of knowledge on environmental protection, educate others to protect the environment behavior. 
 
3 Research Assumptions 
 
3.1 The influence of environmental protection awareness on attitude 
 

Environmental protection awareness is divided into the environmental knowledge and the evaluation of the environment. Citizens 
understand the amount of knowledge on the environment, have different effects on the citizens' attention to haze weather. If the citizens have 
more knowledge of the environment, then the principle of air pollution, source and risk awareness is more deep, the more attention to the air 
pollution, the attitude is positive. Vice versa, if the lack of environmental knowledge of citizens, then he has less knowledge of haze weather, 
the more negative attitude towards environmental protection. For environmental assessment, residents realize the harm of haze weather, 
know the degree of harm to human health, the attention degree is high, evaluation of the higher, the more positive attitudes to environmental 
protection, whereas it is more negative.According to the above analysis, proposed the following assumptions: 

H1: environmental protection awareness has a positive impact on attitude; 
H2: environmental protection awareness has a negative impact on attitude. 

 
3.2 The influence of attitude on environmental protection behavior  
 

Residents’ attitudes to environmental protection will have a great inpact on environmental protection behavior. if the environmental 
protection of the residents is a positive attitude, it will personally comply with environmental law and moral constraints, take to buy air 
filtration device to avoid the influence of fog and haze on the body. The behavior of air pollution, such as burning garbage, car load, engine 
long time idle, dust and other behavior of persuasion and education. Harm to their health, such as engineering at night not in accordance 
with the provisions of the exercise, earthwork dump, chemical plant emissions and other acts to take legal action. The relevant personnel of 
the pollution air to take education and other measures to reduce air pollution, to maintain the health of the residents.Therefore, based on the 
above analysis, the attitudes of residents' environmental protection will have a positive impact on the environmental protection behavior, and 
put forward the following assumptions:  

H3: environmental protection attitude has a positive impact on practice behavior; 
H4: environmental protection attitude has a positive impact on economic behavior; 
H5: environmental protection attitude has a positive impact on the persuasion behavior; 
H6: environmental protection attitude has a positive impact on the legal behavior; 
H7: environmental protection attitude has a positive impact on educational behavior. 

 
Figure 1: Environmental protection awareness-environmental protection attitude- environmental protection behavior theory model 

Data source: This study compiled 
 

4 Research methods 
 
4.1 Research samples and data 
 

This study is in the period of 2014.1 -2015.7, in view of China's frequent haze weather provinces, such as Guangdong, Henan, Beijing, 
Shandong, Jiangsu and other provinces, to take a random sampling method in these provinces. A total of 1000 questionnaires were issued, 
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and 881 copies were recovered. Through preliminary screening, the final effective questionnaire is 841, the effective rate of the 
questionnaire is 84.1% 

Descriptive statistical analysis: descriptive statistical analysis refers to the structure and the overall situation of the statistical data 
description, the specific analysis of the following table 1, table 2. 

Table 1: Descriptive statistics of residents 
Gender The number of samples (unit: a) percentage 

Man 434 51% 
Woman 407 49% 

Age The number of samples (unit: a) percentage 
15-25 167 19.8% 
26-35 278 33% 
36-50 265 31.5% 

Beyond 50 131 15.7% 
Educational background The number of samples (unit: a) percentage 

Below High School 173 20.5% 
University level 481 57.2% 
Graduate level 187 22.3% 

Data source: This study compiled 
 
4.2 Questionnaire and variable measurement 
 

The consciousness of environmental protection does not have the same scale, so according to Yu Yan (2012) and Liu Wenjia, Ming 
Tingquan (2011) results, to design the questionnaire, and use of environmental knowledge and environmental assessment of the two 
dimensions, each dimension using four questions. The attitude questionnaire according to Cheng Shaowen, Zhang Jie, Xu Feifei (2010) , 
Wang Yanbin (2013) , Peng Xianze, Song Ming, Wang Xin (2013) results, revised by eight questions.The behavior of environmental 
protection is based on Stern's scale, which is divided into five dimensions. After revising each dimension, four questions are adopted, which 
are 5 points. In this study, SPSS21.0 was used to test the Cronbach ' s α reliability of the recovered samples, and the revised total table 
reliability coefficient is 0.761, which had high reliability.At the same time, the reliability coefficient of each component is above 0.7, which 
indicates that the revised scale has good reliability. Environmental protection consciousness scale validity test, the first test of the correlation 
between variables, the KMO sample measure value is 0.714.At the same time, Bartlett test of sphericity is less than 0.001. It is significant 
and support for factor analysis. Explain the construct validity of the scale is good. The load of each factor are shown in table 3, Show the 
validity of the scale is good.Attitude scale KMO sample measure value is 0.701. At the same time, Bartlett test of sphericity is less than 
0.001. It is significant and support for factor analysis.That good construct validity of the scale. Environmental protection behavior scale first 
test the correlation between variables, KMO sample measure value is 0.728. At the same time, Bartlett test of sphericity is less than 0.001. It 
is significant and support for factor analysis. The construct validity of the scale is good. 
 
4.3 Regression analysis 
 

In this paper, we use SPSS 21 to analyze the environmental protection awareness-attitude model by using the multi variable regression 
method. In order to study the influence of environmental protection consciousness on attitude, we choose the sense of environmental 
protection as the independent variable and the attitude of environmental protection as the dependent variable to make multiple regression 
analysis: 

Table 2: Environmental protection awareness-attitude model regression analysis: adjusting the R^2 

 Environmental knowledge Environmental evaluation 

Attitude 0.503 0.513 
Data source: This study compiled 

Table 2 data shows that the adjustment of R of the environmental knowledge - attitude and the environmental evaluation-attitude model 
are 0.503, 0.513. And the environmental evaluation - attitude model fit better. 

In this paper, we use SPSS 21 to analyze the attitude - behavior of environmental protection model by using the multi variable 
regression method. In order to study the influence of environmental protection attitude on behavior, we choose the attitude of environmental 
protection as the independent variable and the behavior of environmental protection as the dependent variable to make multiple regression 
analysis: 

Table 3: Environmental protection attitude-behavior model regression analysis: adjusting the R^2 

Data source: This study compiled 
 

Table 3 data shows that the adjustment of R of the attitude - practice behavior, attitude - economic behavior, attitude - persuasive 
behavior, attitudes - legal behavior and attitude - education behavior model are 0.587, 0.765, 0.654, 0.581..677. And the consciousness of 
environmental protection attitude model fit better. 
 
4.4 Correlation analysis 
 

In this paper, we use SPSS 21 to do the correlation analysis, the results of the analysis are as follows: 
Table 4: Correlation coefficient matrix of variables 

 1 2 3 4 5 6 7 8 

 Practice 
behavior 

Economic 
behavior 

Persuasive 
behavior 

Legal 
behavior 

Education 
behavior 

Attitud
e 0.587 0.765 0.654 0.581 0.677 
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1.Environment
al knowledge 1        

2.Environment
al evaluation 0.41** 1       

3.Attitude 0.517*** 0.532*** 1      

4.Practice 
behavior 0.429*** 0.412*** 0.512*** 1     

5.Economic 
behavior 0.512*** 0.525*** 0.401** 0.312*** 1    

6.Persuasive 
behavior 0.412*** 0.512*** 0.519** -0.502*** -0.312** 1   

7.Legal 
behavior 0.412*** 0.421* -0.303*** -0.318*** -0.401** 0.407*** 1  

8.Education 
behavior 0.412*** 0.521* 0.313*** -0.439*** -0.315** 0.417*** -.0321* 1 

Note: * * *P<0.01 * * * P<0.05 
Data source: This study compiled 

From the correlation coefficients in Table 4 can be seen that the correlation coefficient of environmental knowledge and environmental 
assessment on attitudes were: 0.517, 0.532. This shows that environmental knowledge and environmental assessment have a very large 
positive effect on attitude. The correlation coefficient of practice behavior, economic behavior , persuasion behavior , legal behavior anf 
education behavior on attitudes were: 0.521, 0.401, 0.519, 0.313, 0.313. This shows that attitude to practice behavior, the economic 
behavior ,behavior of persuasion and education behavior is positive correlation, the attitude of legal acts to negatively correlated.This means 
that attitude of legal behavior has a negative effect, namely positive attitude of residents generally do not take in addition to legal action to 
maintain their own interests, while the negative attitude of the residents will take legal action to protect their own interests. 
 
5 Management implications 
 
5.1 Strengthen the popularization and promotion of environmental protection knowledge 
 

By the analysis of the above data, environmental knowledge has a positive impact on attitude and environment evaluation also has a 
positive impact on attitude, which requires the government and the Department of education vigorously environmental protection knowledge 
of general residents, systematically develop education system for environmental protection, increase environmental hazards, avoidance, 
health education. For the haze weather is concerned, the government and the education sector not only to educate students from textbooks on 
environmental protection knowledge, but also to cultivate their ability to identify the degree of haze weather hazards. That is, the 
environment evaluation ability, know the occurrence mechanism, control measures and the benefits of environmental protection for the 
residents themselves. In this way can people's emphasis on environmental protection from the heart and form a positive attitude towards 
environmental protection. From the inner consciousness to participate in the ranks of environmental protection, from passive environmental 
protection to the active environmental protection, in order to fundamentally control the hazards of haze weather. 
 
5.2 Strengthen the guidance of environmental protection behavior 
 

People's environmental protection behavior plays a very important role in environmental protection. Environmental protection needs 
the active participation of each resident. If negative treatment of environmental protection, it will be very detrimental to environmental 
protection. Therefore, government, social organizations and public should opinion to create an atmosphere of good environmental protection 
consciousness and guide the behavior of environmental protection. Such as personally, by every resident of personally involved in 
environmental protection, on the one hand obtained knowledge of environmental education and environmental protection experience, on the 
other hand improve the environmental protection consciousness, so that residents can by persuading behavior affect the surrounding 
residents to participate in environmental protection action, also will education around the masses, improve the environmental protection 
level of knowledge. By holding a series of environmental protection activities, such as car free day, government officials walk to and from 
work, take public transportation and other activities to guide the attention of environmental protection and improve the awareness of 
residents. 
 
5.3 Strengthen science and technology investment, improve the level of environmental management 
 

The formation of haze weather is due to the majority of exhaust emissions, such as automobile exhaust emissions, factory emissions. 
For automobile exhaust, on the one hand to increase the intensity of research and development of internal combustion engine, improve the 
efficiency of fuel use, on the other hand to improve the quality of fuel. Some time ago the national development and Reform Commission 
proposed to improve the quality of domestic fuel. It is an important measure to improve the emission of automobile exhaust. For the factory 
emissions, on the one hand to strengthen environmental assessment, on the other hand to strengthen the technical research and development 
efforts, to take more advanced measures to reduce emissions of air pollution. For dust pollution, increase the construction unit of the 
supervision, prevent sand pit emissions, earthwork transportation to closed transportation, transportation management departments to 
strengthen the management and punishment measures. For the frequent outbreak of sand and dust storms in the north, to increase the 
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investment in science and technology of sand dust storm sources, improve the level of desertification control, reduce the occurrence of sand 
dust storms. 
 
6. Conclusions 
 

The level of people's environmental protection consciousness is the key to the behavior of environmental protection. The government 
and educational institutions should guide the residents' attention to environmental protection from all aspects and all directions, so that 
residents can participate in environmental protection actively and environmental governance can be fundamentally good.  
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Abstract: In order to solve some problems of layer house environmental monitoring device,such as poor stability , low precision and high 
cost problems, reveal the variation of harmful gases with space, time, temperature and humidity in poultry housing, provide data support for 
house environment assessment and improvement , a portable environmental monitoring device was designed.This instrument was composed 
of a touch screen, data acquisition box, gas detection module, temperature and humidity detection module, light detection module, wind 
detection module, DC-DC module, pump, insurance, a combination of the gas chamber and the gas sensor. The environmental parameters 
data and the system running status were send to touch screen through RS232/485.The system can form a standard Excel format and provid 
USB download function. The results showed that: (1) harmful gases (CO2, H2S, NH3) response time T90 <1min (2) temperature and 
humidity, light, wind accuracy <± 5% full scale (3) the device was reliable, stable and accurate, meet the livestock farming environment 
continuous onitoring.. 
 
Keywords: harmful gas; environment;  monitoring; poultry housing 
 
1. Introduction 
 

Good species, balanced nutrition and environmental control are three main factors of the layer production.The balanced nutrition and 
feed technology of laying hens have been widely spread , but the environmental control of laying hens is not very well in the process of 
feeding. To solve the environmental problems, it is necessary to monitor and evaluate the internal and external environment of the hen house, 
find out the existing problems, and propose solutions to local conditions.  

Environmental factors including temperature and humidity, harmful gases (NH3, H2S, CO2) content, dust, wind speed, light, etc. More 
traditional detection methods rely on manual sampling, or hold instrument to measure environmental parameters. The disadvantage is that 
the monitoring of environmental parameters is single, time node is confused, human interference factors, and the measurement error is large. 
Moreover, it not only cause stress response in chickens, but also a potential threat to the flock biosecurity [7-10]. Based on this, we designed 
a portable environmental monitoring devices, realized the comprehensive and continuous monitoring of temperature, humidity, light, 
harmful gas (ammonia, hydrogen sulfide, carbon dioxide) and wind speed It can fully reveal harmful gases changing with the variation of 
space, time, temperature, humidity.It was easy to use, and can provide environmental assessment and improving. 

 
2. Design of portable monitoring device  
 
2.1 Overall Structure Design 

The dimensions of the equipment was: 295mm * 255mm * 218mm. Structure was shown in figure 1, the temperature, humidity, wind 
speed sensor can lift .Harmful gas sensors in the chamber. Equipped with a standard USB interface, historical data storage and convenient. 
protection probe assay sensitivity. Equipped with a standard USB interface.. 
 

Fig.1 Portable detecting instrument overall structure 
 

2.2 Internal Structure 
 

It was consists of a touch screen, data acquisition box, gas detection module, temperature and humidity detection module, light 
detection module, wind speed detection module, DC-DC step-down module, sampling pump, insurance, combination gas chamber and gas 
sensors. The operating status ,CO2, H2S, NH3 gas concentration and temperature, humidity, light, wind speed and other environmental 
parameters were send to touch screen through RS232 / 485 . The instrument was equipped with 24V portable rechargeable lithium battery, 
can provide 24 hours of continuous measurement data.It has battery power detection module, can display voltage,estimate the battery life,  
remind users to charge in time, increase the service life of the instrument. 

There was a 24V to 5V DC-DC, which supply power for 5vDC pump. Touch screen model was tpc7062k 7 Inch Touch screen, TFT 
LCD display, true color LED backlight), resolution (800 * 480). In order to avoid lights affect chickens, the touch screen backlight was 
turned off automatically. In order to make the data continuous and stable, the pump was used to sampling. sampling flow was 1L / 
min.Three combination gas chamber were designed using anticorrosion materials. To avoid the influence of henhouse dust, wind speed, gas 
sampling, a filter device was installed in air inlet. The internal structure diagram and electrical connection diagram of the device are shown 
in Figure 2 and Figure 3. 
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Fig. 2 Internal structure 

 
Fig.3 Electrical connection diagram. 

Fig. 4 Harmful gas monitoring module 
 

2.3 Sensor Selection 
 

Temperature and humidity sensor type: SKS-HT201, range: temperature -20-80, humidity 0-100%RH 
Wind speed sensor:EE65, range: 0-10m/s 
Light sensor:YS-CG-X, range: 0-1000lux 
Carbon dioxide infrared sensor: 
CO2-INE20-CO25-NCVSP 
Range:0-5000PPM 
Ammonia sensor:3E100SE,range:0-100PPM 
Hydrogen sulfide sensor:4H2S-100  
Range:0-100PPM 
The harmful gas sensor module was shown in Figure 4 
 

2.4 Instrument Data Display and Storage 
 

To make the measurement results presented quickly and intuitively,there are real-time and historical curves. A screen can display eight 
real-time curves.Each channel data can be enlarged to full screen .Eight history curves can be viewed at any time. An alarm was used to find 
abnormal data. It was equipped with a USB interface, support for USB 1.1, 2.0,and convenient to storage historical data. 

 
3 System Performance Testing 
 
3.1 Accuracy  
 

A mercury thermometer (accuracy 0.1 ℃ ) was used to calibrate temperature.A high precision humidistat. was used to calibrate the 
humidity sensor.A high-precision digital anemometer was used to calibrate flow sensor. KYORITSUMODEL 5202 was used to calibrate 
light sensor.The result was shown in Table 1 

 
3.2 Sensors Respons Time and Accuracy Test 

 
The response time is that the sensor should reach to 90% test concentration within a minute.It is an important indicator to evaluate the 

performance of the sensor. 
Ammonia and hydrogen sulfide concentration was less than30 ppm in open sheds .So we choosed 10ppm, 50ppm, 100ppm standard 

gas to test the sensor response time. The carbon dioxide concentration is about 1500ppm in the house , So we choosed 1500ppm and 
5000ppm standard gas to test the sensor response time. The connection diagram of gas response time and accuracy test was shown in Figure 
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5, using a variety of concentrations of the standard gas, the equilibrium gas is N2. Accuracy test results were shown in table 1. Response 
time test results were shown in figure6-8. 

Table 1 Precision test 

 

 
1 – Standerd gas 2 –Trachea 3 –Computer 4 –USB cable 

5 –TB300- CAL calibration box 6 –4 pin signal lines 7 –EC series motherboard  8 –5 pin signal lines 9 – sensor board 10 – sensor 11 - 
calibration cap 

Fig. 5Harmful gas response time and accuracy test connection diagram 

 
Fig. 6 H2S response time at 10, 50, and 100 ppm 

 
Fig. 7 NH3 response time at 10, 50, and 100 ppm 

 
Fig. 8 CO2response time at 10, 50, and 100 ppm 

 
3.3 The application of the system 
 
The environmental monitoring was carried out with 

a hen housing located at the Shijiazhuang ,hebei province, Birds: Hyline Gray (26wk of hen age). The capacity was 3000 hens. 
 
3.3.1 Materials and Methods 
 
Type of the henhouse: semi-open sheds. 
 Size:28*8*3m。 
There are 17 plastic windows on each north and south walls. windows size was 1.2*0.73 m. Two fans were mounted on the east wall, fan 

size: 1.1 m × 1.1 m 
Measuring time: from February to April 2013 (Spring) 

 

 temperature mercury 
thermometer 

Humidity humidistat wind anemometer Light 
 

KYORITSUMODEL 
5202 

1 19.8 20 65 67 0.3 0.3 55.1 55 
2 20.1 20 71 70 0.2 0.24 61 60 
3 20 20．2 68 69 0.1 0.1 78 79 
4 20.4 20．5 69 70 0.2 0.2 93 93 
5 20.3 20.4 71 72 0.1 0.1 112 112 

Average Errors  0.14                     1.2 0.012  0.42 
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Fig. 9 An open Henhouse 

 
Fig. 10 Sampling distribution diagram 

3.3.2Results 

 
Fig.11 Temperature change in henhouse 

 
Fig.12 Humidity change in henhouse 

Table 2 the test precision of harmful gases 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
Fig.13 CO2 change in henhouse 

 CO2 
Standar
d Sas  

CO2 
 

H2S 
Standar
d Sas 

H2S 
 

NH3      
Standar
d Sas 

NH3 
 

1 1000 1009 10 9.8 10 10.3 

2 1500 1498 30 30.2 30 29.6 

3 2000 2011 50 51 50 50.2 

4 3000 2993 80 80.5 80 79.7 

Average Error 7.25  0.475  0.3 
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Fig.14 NH3 change in henhouse 

 
Fig.15  Wind in inlet, outlet and middle position 

The maximum temperature was 19.03 ℃, the lowest tempera            
68.92% and the minimum humidity was 14.84%,the difference was 54.08%. 

In February the weather is cold, the fans and the windows were closed,it resulted in higher carbon dioxide, ammonia concentrations. 
 

4 Conclusion 
 

A portable detector for continuous measurement of environment has been developed .The performance of the equipment is quite 
comparable to the higher-cost, and less portable.The equipment had high precision,low price ,efficient inquiry function, a simple 
combination of conditions. it can avoid a lot of repetitive manual operations. Experimental results show that the instrument is reliable, it 
meets multi-parameter detector design requirements.It can make accurate scientific evaluation for laying hens manage, provide metrics 
reference for upgrading the facilities. 
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Abstract: PThe hydrodynamic characteristics have been emphasis of the amphibious vehicle research. This paper analyzes the structure and 
shape parameters of the amphibious ice-breaking vehicle under operating conditions. In an aim to study the performance of the amphibious 
ice-breaking vehicle, hydrodynamic model coupling 6-dof rigid motion and free surface of water are adopted to simulate the variables 
investigated including appearance angles, sailing velocity, sailing resistance and sailing posture acting on the amphibious ice-breaking 
vehicle based on the Computational Fluid Dynamics (CFDs) method. It is demonstrated that The amphibious ice-breaking vehicle would 
have the best hydrodynamic characteristics when its appearance angles are with  ,  ,  , and  . And the vehicle has the least resistance when the 
over cutting angle is 60°and the side cutting angle is 30°. And the resistance is the least when the bellow cutting angle of the head and rear 
are 30° 
 
Keywords: numerical simulation; dynamic mesh model; computational fluid dynamics (cfds); amphibious ice-breaking vehicle; 
hydrodynamic characteristics. 
 
1. Introduction 
 

The ice-breaking vehicle, as a disaster-fight tool, would have complex motions under the effect of wind-force, wave-force and ice crash, 
when sailing in the river. It plays a critical role for the safety of equipment and stuffs to study the hydrodynamic characteristics of 
amphibious ice-breaking vehicle. With the widely application of the Computational Fluid Dynamics (CFDs), comprehensive evaluation of 
schemes could be given out ahead of time to improve dynamic performance of amphibious vehicle and shorten the test period, which could 
be as design reference for the following experiments.  

The most research approach take the research of ships as lessons to reduce the workload for their similarities. In the early years, 
Abdelmegnid [1] predicted three-dimensional turbulent flows around ship's hull by using CFDs method and encouraged the application of 
CFDs. Moustafa Abdel-Maksoud [2] build two different flow fields for ship model and studied the flowing status by CFDs method. 
Streckwall H and Tigges K [3] utilized CFD to establish the numeric basin and simulate the stern flow field of a propeller ship using 
dynamic grid technique. Ebert M P and Gorski J J [4] simulated the flow field around the propeller ships. 

It is the key problems for development of ice-breaking vehicle to analyze the hydrodynamic performance in uniform and accelerated 
motion. In order to meet this goal, the appearance angles of the vehicle were analyzed to obtain the optimal values. And this paper, referring 
to the research approach of ships, predicts the operational hydrodynamic characteristics of the amphibious ice-breaking vehicle with optimal 
appearance angles by using the Computational Fluid Dynamics (CFDs). Finally, the effects of sailing velocity, sailing resistance and sailing 
posture acting on the amphibious ice-breaking vehicle were got. 

 
2. Research Object and Numerical Simulation 
 
2.1 Research Object 
 

This paper researches on an amphibious ice-breaking vehicle, which takes the track as the running machine on land and the water-jet 
propulsion system in the 3 meters deep river with a 2m/s flow speed. To makes the research results more convincing, the model parameters 
are all from the real vehicle body parameters which would be designed in the following task. The design parameters of the amphibious ice-
breaking vehicle are L (=9m) meters long, H(=2.1m) meters high and B(=5.6m) meters wide. And the vehicle weights 10t. As is shown in 
the picture, the appearance angles included head over cutting angle  , head side cutting angle  , head below cutting angle   and rear below 
cutting angle  ,which would be studied in the sections below. 

 
Fig. (1). The basic size of the amphibious icebreaker 

 
2.2 The Governing Equations 
 

The water and air was regarded as the incompressible fluid, for the low velocity of the amphibious ice-breaking vehicle in the river and 
the low-proportion of the air friction. Based on the theories of the hydrodynamics, flowing fluid should satisfy the continuity equation and 
momentum conservation equation [5] as follows: 
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Here, xu , yu  and zu  are the velocity in x, y and z axis directions; µ  is the kinetic viscosity of a fluid; ρ  is the fluid density; p  is the 

pressure; xf , yf  and zf  are the volume force components in x, y and z axis directions acting on the unit mass fluid element.  

In order to study the effect of the pulse, Reynolds Average Numerical Simulation is adopted to simulate the N-S equations. Regarding 
the turbulent motion as the superposition of the average flow and transient pulse flow [6], transient values can be decompose as follows: 

'u u u= +
    

Where: u is the liquid velocity vector, u is the time average of the liquid velocity vector and 'u is the pulsating quantity of the liquid 
velocity vector. 

By substituting equation (5) into equations (1)~(4), we obtain: 
( )( ) ( ) 0yx z

uu u
x y z

ρρ ρ∂∂ ∂
+ + =

∂ ∂ ∂
 

' '( ) ( )( ) i j j i ji i
i

j i j j i j

u u u u uu upf
t x x x x x x

ρ ρρ
ρ µ

  ∂ ∂ ∂∂ ∂∂ ∂
+ = − + + −   ∂ ∂ ∂ ∂ ∂ ∂ ∂   

 

Here, iu  is the temporal velocity component in Cartesian coordinate system, 1,2,3i = ; if  are the volume force components of axis 

direction acting on the unit mass fluid element; ' '
i ju uρ  is the Reynolds stress tensor.  

Comparing with the N-S equation, RANS equation is exactly the same except adding a nonzero Reynolds stress. But the simultaneous 
equations composed by (6) and (7) are not closed. To make the equations closed, we should use corresponding Turbulence Modeling to 
virtualize a Reynolds force and get the simulation of the equations. 

 
3.  The Hydrokinetic Modeling of the Amphibious Icebreaker 
 
3.1 The Definition of coordinate System and the Amphibious Transformation 
 

The motion of the vehicle includes three translations and three rotations. Referring to the conventional coordinates of the vessel, the 
ITTC coordinate system [7-9], we can build two coordinates, fixed-coordinate system and co-moving coordinate system (cf. Fig. (2)). 

Regarding the icebreaker as a rigid body, we could build a fixed-coordination system OXYZ to describe the 6-DOF motion. However, 
some characteristic parameters are complex to describe in the fixed-coordination system, so we should build a co-moving coordinate system 
oxyz in the center of mass of icebreaker to simplify the calculation model. 

The definitions of variable parameters of motion and forces in two coordinate systems are shown in Tab 1. 
Tab 1 The definitions of variable parameters. 

Reference 
OXYZ oxyz 

X 
axis 

Y 
axis 

Z 
axis 

x 
axis 

y 
axis 

z 
axis 

Displacement x y z x y z 
Velocity u v w u v w 
Angle ϕ  θ  ψ  ϕ  θ  ψ  

Angle velocity ϕ  θ  ψ  p q r 
Force X Y Z X Y Z 

Torque K M N K M N 
 
The angle displacements are the same in two coordinate systems, while the angle velocities should be translated according to equation 

(8). 
1 sin tan cos tan
0 cos sin
0 sin / cos cos / cos

p
q
r

ϕ ϕ θ ϕ θ
θ ϕ ϕ
ψ ϕ θ ϕ θ

     
     = −     
          







 

 
Fig. (2) Fixed-coordinate system and Comoving coordinate system 

 
3.2 The Dynamics and Kinematics Equations 
 

The vehicle is considered as a rigid body without elastic and plastic deformation, for its small deformation in the water. Thus, the 
motion can be divided into translation and rotation. According to the momentum theorem, the translational motion equation is: 

dH F
dt

=


  

Where: H


 is the translational vector; F


 is the resultant force vector.Meanwhile, 

H mU=
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Where: m  is the mess tensor; U


 is the velocity vector in co-moving coordinate system. 
According to the Poisson formula, we can arrive at the following equation: 

di i
dt
dj j
dt
dk k
dt


= Ω×




= Ω×



= Ω×



 


 




 

Where: , ,i j k
 

are unit vectors in accessory coordinate system; Ω


 is the angular velocity in co-moving coordinate system.  
In the co-moving coordinate system, each motion component of the icebreaker is: 

0

0

0

( ) =
( ) =
( ) =

x z y

y x z

z y x

m u X
m v Y
m w Z
j p j j qr K
j q j j pr M
j r j j pq N

=
 =
 =
 + −
 + −


+ −













 

Where: , ,u v w is the velocity component in co-moving coordinate system; , ,p q r  is the angular velocity vector; , ,u v w    is 
linear acceleration vector; , ,p q r    is angular acceleration vector; , ,X Y Z  is force component in co-moving coordinate system; , ,K M N  is 
torque component in co-moving coordinate system. 

 
4. Mesh of the solution Domain 
 

The simulation has been carried out with the use of ANSYS CFX v.14 software. The boundary condition is divided into the parts, as 
shown in Fig. (3). The unstructured grid is adopted to fit the complex shape of the vehicle to improve the veracity [10-11]. A finer 
unstructured grid scheme in the interior rectangle is adopted to mesh the surface of the vehicle, as shown in Fig. (4). Then size function is 
adopted to refine the meshes. The grid around near wall of vehicle is meshed by a dense unstructured grid- tetrahedral grid, as shown in Fig. 
(5).  

 

 
Fig. (3) Partition map of the solution domain 

 
Fig. (4) The mesh generation picture of the icebreaker 
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Fig. (5) Mesh generation around the icebreaker 

The external region of the device has little impact on the forces, so structured grid can be adopted to mesh the region to reduce the 
number of the grid with necessary accuracy and reduce the CPU time, as shown in Fig. (6).  

 
Fig. (6) The overall grid map 

 
5. Boundary Conditions 
 
5.1 The Boundary Condition of Inlet Speed 
 

In the solution domain, the RNG k ε−  model was used and the values of k and ε ware determined by the following formulas: 
3/2

2 3/4 1/83 ( ) ; ; 0.16(Re)
2 0.07

kk uI C I
Lµε −= = =

 

Where: Re is the Reynolds Number.  
 

5.2 The Other Boundary Conditions 
 

The outlet boundary is far enough to the vehicle tail and meets the free reflux condition. Considering the effects of water viscosity, the 
vehicle surfaces ware set as sliding surface. Slip wall condition was used for the bottom boundary. After setting the boundary conditions, 
multiphase flow model was used to initialize the solution domain, dividing the domain into two parts (cf. Fig. (7)). 

 
Fig. (7). The solution domain dividing into two parts 

 
6. Numerical Results and Discussion 
 

90s later, the flow domain approximately trends to be stable and convergence graph of the residue is shown in Fig (8). After 90s 
unsteady calculation, UDF is adopted to control the motion of the amphibious ice-breaking vehicle and dynamic mesh technique is used to 
calculate the flow field, when the flow field got stable. Meanwhile, local re-meshing method and spring-based smoothing method are 
adopted to adjust the calculation process [12]. 

The thrust force provided by water-jet propeller is assumed maximum and constant 25000thrusterF N= , when the icebreaker 
accelerates in the river.  

 
Fig. (8) Convergence graph of the residue 

 
6.1 The Optimization of the Correlated Angles of the vehicle 
 

By changing the appearance angles ( sα , cα , xα  and xβ ,), different numerical models were developed to simulate the motion of 
amphibious ice-breaking vehicle using Computational Fluid Dynamics (CFDs). And relationships between different appearance angles and 
sailing resistance were found. As is shown in the tab. 2, we can select out the optimal angles which are benefit for the vehicle sail.  

Tab. 2 The relationship between different angles and sailing resistance. 
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Total 
resistance with 
different angles 

sα (N) xα (N) cα (N) xβ (N) 

25° \ \ 8115.78 8052.65 
30° \ 7855.80 8047.29 8054.25 
35° \ 8052.65 8052.65 8560.21 
40° \ 8268.59 8129.05 8870.72 
45° \ 8548.62 8157.61 9000.70 
50° 8052.65 8683.65 \ 9157.60 
60° 7974.41 \ \ 9234.94 
70° 8017.30 \ \ 9277.33 
80° 8228.95 \ \ 9404.90 

 
According to the tab.2, we can study that the total resistance would increase with the increase of xα  and xβ . We would select 30xα = °  

and 25xβ = ° . In addition, total resistance would get minimum value when 60sα = °  and 30cα = ° . The sailing resistance decreases by 20% 
after optimizing the angle and rounding the position of the shape change.  

The following analysis was got with the optimal values of the appearance angles. 
 

6.2 The Analysis of Sailing Velocity and Resistance 
 

As is shown in Fig. (9), the acceleration of the amphibious ice-breaking vehicle becomes zero and keeps stable after 8s, proving that the 
velocity arrives maximum at this time. As is shown in Fig. (10), when sailing upstream in the river with 2m/s flow rate, the vehicle velocity 
can arrive at 1.672m/s after 9s’ acceleration process. After this, the curve becomes steady, proving that the velocity can arrive at 3.672m/s in 
still water. Fig. (11) shows the resistance curve when the vehicle accelerates on the river. The sailing resistance gradually increases with the 
increase of velocity and arrive at 25000N at the maximum velocity 1.672m/s.  

 
Fig. (9) The change curve of acceleration 

 

 
Fig. (10) Speed change curve when icebreaker going against the stream 

 
Fig. (11) Resistance and velocity curve 
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6.3 The Analysis of Sailing Posture 
 

The increase of average flow velocity on the vehicle bottom causes the decrease of the pressure, especially the low pressure area on the 
front and tail region. As a result, the buoyant force on the vehicle decreases and the draft of water increase under the gravity. Fig. (12) shows 
the curve of draft of water.  

Due to the effect of inertia, when the relative velocity arrives at 1.672m/s, the draft of water will continue to increase with a small 
amplification. After 9s’ acceleration, the draft gets to be maximized, 0.275m (cf. Fig. (13).  

 
Fig. (12) The curve of draft and velocity 

 
Fig. (13) The relationship between draft of water and time 

Fig. (14) shows the change of pitching angle in acceleration process. The blocking function of the head of vehicle on the water reduces 
the water velocity causing a high pressure area around vehicle head. Meanwhile, the vortex at the rear of vehicle produces a low pressure 
area. These two areas generate a torque and inclination. In acceleration process, thrust force generates a torque raising the head of vehicle 
with a maximum angle 0.98°. About 9s later, the pitch angle gets stable and keeps at 0.58°. 

 
Fig. (14) The change of pitch angle in acceleration process 

 
7. Conclutions 
 

In the paper, a numerical model was developed to simulate the motion of amphibious ice-breaking vehicle using Computational Fluid 
Dynamics (CFDs). Simulations have been done to investigate the optimal appearance angles of the amphibious ice-breaking vehicle and the 
working performance with different appearance angles. 

The amphibious ice-breaking vehicle would have the best hydrodynamic characteristics when its appearance angles are with 30xα = ° , 

25xβ = ° , 60sα = ° , and 30cα = ° . And the hydrodynamic characteristics were studied with the optimum appearance angles.  
The result shows that the over cutting angle and side cutting angle have little impact on the sailing resistance. And the vehicle has the 

least resistance when the over cutting angle is 60° and the side cutting angle is 30°. And the resistance is the least when the bellow cutting 
angle of the head and rear are 30°.  

Finally, based on the optimization result of the amphibious ice-breaking vehicle, this paper builds the optimized model and gets the 
curve of acceleration and speed and pitch angle in acceleration process. In addition, the relationship curves between Resistance and velocity, 
draft and velocity, draft of water and time. 
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Yanhui Jia1,2, Liangjun Fei1, Xiuqiao Huang2*, Xiaofeng Zhang3, Junjie Feng2, Hao Sun2 

 
1. Institute of Water Resources and Hydro-electric Engineering, Xi'an University of Technology, Xi'an, China 

2. Key Laboratory of Water-saving Agriculture of Henan Province, Farmland Irrigation Research Institute, Chinese Academy of 
Agricultural Sciences, Xinxiang, China 

3.Tongliao Hydraulics Design and Research Institute, Tongliao, China 
 
Abstract: Hazard monitoring and early warning play key roles in farmland disaster relief. In this article, hardware for a hazard monitoring 
system and a software system for the early warning about flood condition system are proposed. Parameters for the proposed model were 
determined via in situ experiments, and an early warning system for farmland subsurface waterlogging was developed. Experiments 
demonstrated that the hardware for the hazard monitoring system was portable and the early warning system interface was user-friendly; 
furthermore, the simulation results were highly consistent with experimental measurements. The proposed system exhibits great potential for 
practical applications. It could create a significant effect on local drainage system management and significantly improve economic benefits 
derived from farming.. 
 
Keywords: farmland subsurface waterlogging； early warning system； drainmod model 
 
1. Introduction 
 

Floods are agrometeorological disasters that occur with high frequency and bring severe consequences. Indeed, 40% of the overall 
losses caused by natural disasters can be attributed to floods (J. Zhang and N. Li, 2007). It is therefore vital to domestic food security for 
researchers to develop a system that encompasses early warning and real time monitoring for floods. In China, considerable efforts have 
been expended to advance monitoring (D. Zhang et al., 2015; L. Tian et al., 2015; P. Cui et al., 2015), warning (Y. Gan and Y. Li, 2004; S. 
Li et al., 2006), and regulation (Y. Bai et al., 2011; D. Liu et al., 2011; C. Wang et al., 2015; P. He et al., 2015) of agrometeorological 
disasters. Nevertheless, few studies of early warning systems for farmland subsurface waterlogging have been reported. This article designs 
and demonstrates a viable approach for monitoring and providing early warning for farmland subsurface waterlogging. 

 
2. Methods  
 
2.1 Theories behind early warning of farmland subsurface waterlogging 
 

The single drainage norm of crops involves confining the water table level to H m over N d, where H and N are determined by the 
waterlogging resistance of the crop. 

 

Restrictive Layer

Deep Seepage(DS)

Drainage(D) Drain Tube or Ditch

Water Table

ET
Infiltration(F)

Surface Storage(S)
Runoff(RO)

Rainfall or Irrigation(P)

 
*Form DRAINMOD Reference Report 

Fig. 1 Schematic of water balance in the phreatic aquifer. 
 

As shown in Fig. 1, the water balance in the phreatic aquifer can be described by the following equation: 
FDSETDVa −++=∆                                              (1) 

where ∆Va denotes the variation in air volume, D denotes the lateral drainage from the section, ET denotes evapotranspitation, DS 
denotes deep seepage, and F denotes the infiltration entering the section. D and the water table level can be determined as follows: 

W
x
hKh

xt
h

d +







∂
∂

∂
∂

=
∂
∂µ                                                          (2) 

where h represents the water table level, μd is the specific yield, K is the permeability coefficient, W is the source-drain term, x is the 
set of spatial coordinates, and t is time. 

Given the parameters of soil water movement, the initial waterlogging level, and the properties of the farmland’s drainage system, both 
the draining process and variations in the water table level can be predicted. To this end, simulations of various drainage approaches based 
on real-time water monitoring can be deployed to determine an optimized approach that minimizes the loss caused by subsurface 
waterlogging. 

 
2.2 Design of early warning system for farmland subsurface waterlogging 
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The proposed system combines the functions of monitoring and providing early warning of farmland subsurface waterlogging. The 
depth of waterlogging and the water content of 0-100 cm of soil were measured using a water level sensor and a soil moisture sensor, 
respectively, while the proposed early warning system simulated farmland draining processes using different approaches. 

 

 
Fig. 2 Schematic of the early warning system for farmland subsurface waterlogging 

 
2.2.1 Monitoring system (hardware) 
 

Unlike industrial products, agricultural information products require strict cost control, as well as guaranteed accuracy and stability. 
Additionally, these products usually operate in humid environments like farmland. Therefore, the following requirements must be met: 

a) Good long-term stability in farmland; 
b) Reasonable level of waterproofing; 
c) Capacity to measure water contents within 1 cm in up to five layers of depth and to determine farmland water levels with 

accuracy above 1%. 
 

 
Fig. 3 Structure of the monitoring system 

 
Fig. 4 Physical Picture of Hardware 

The monitoring system consists of a main station that receives and stores data and daughter stations that collect data and send it to the 
main station via wireless data transmission. 

The daughter stations (Fig. 4) in this system were used for data collection, modulus conversion, and data transmission. Several 
electrodes were used in combination to measure farmland water levels, thus enabling alteration of the range and improving measurement 
accuracy. The electrodes were distributed homogeneously, with a distance of 20 mm between adjacent electrodes. Water levels between 20 
and 120 mm water level could be measured. The water contents in up to five layers of soil were measured using time domain reflectometer 
(TDR) probes, five in each daughter station. 

The system’s main station was deployed for transmission of data received from the daughter stations. The main station communicated 
with its daughter stations and the host computer via a radio modem and USB interface, respectively. The maximum permissible distance 
between the main station and a daughter station was 500 m. 
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2.2.2 Early warning system (software) 
 

The proposed early warning system’s software accounted for real-time monitoring of farmland waterlogging, data storage, and 
information management. It also served an early warning function by performing simulations of waterlogging and analyzing the water table 
level. The key functions of the early warning system included: 
• Real-time monitoring of farmland waterlogging. The daughter stations measured soil water level and water content in real time. 
• Data storage. Software stored the data collected from daughter stations. 
• Information management. Information related to the daughter stations could be viewed and modified. 
• Pre-handling for the warning model. Software converted the fundamental information and data collected into files that the simulation 

program could read. 
• Simulation. Several drainage approaches were developed based on different drainage systems, and the early warning system predicted 

variations in soil water content. 
• Visualization of simulation results. Simulation results were visualized and compared with each other in various formats. 
• User guidance. Software provided guidance to users in order to guarantee a user-friendly manipulation process. 

 
Fig.5 Structure of the proposed early warning system. 

The early warning system was used for real-time monitoring of farmland waterlogging, data storage, information management, model 
pre-handling, and visualization of simulation results. The data comparison and user guidance modules were developed using Visual Basic 
6.0, and the interface is shown in Fig. 6. 

The numerical simulation used the DRAINMOD model for calculation. The input data were obtained from the pre-handling module, 
and the simulation result visualization module displayed the results. Proposed in 1978 by Skaggs, the DRAINMOD model is a hydrologic 
model for farmland. In this simulation model, straightforward functions including infiltration, underground drainage, blind irrigation, 
evapotranspitation, and deep percolation are used to describe hydrologic processes (Z. Jia et al., 2003; L. Negm et al., 2016). 
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Fig.6 Software interface of the proposed early warning system. 

 
3. Results 
 
3.1 In situ measurements 
 

In a demonstration, the DRAINMOD model made in situ measurements on farmland located near the Huai River and used for drainage 
optimization. The experimental area measured 8,100 m2, and no significant hills were observed. This area was divided into two groups with 
different drainage distances (15 m and 30 m), and a total of seven 60 m buried pipes with wave veins were installed. The depths of pipes 1 
through 4 were 0.9 m, and the depths of pipes 5 through 7 were 1.2 m. In Zones B and E, observation holes were installed at a distance of 3 
m. 
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Fig.7 Schematic of experimental design 

The model required information on meteorological parameters, soil parameters, and drainage system parameters. The meteorological 
parameters included the highest and lowest temperatures in a day, precipitation per unit time, and potential evapotranspiration. This study 
used a 112 mm precipitation figure, observed in 2014; the soil and drainage system parameters used are shown in Table 1. 

The DRAINMOD model predicted the dynamic variation of underground water depth in the experimental area, and the simulation 
results were compared with measured values to verify the model’s efficacy. The verified parameters were then used as input parameters for 
the warning system. On July 4 and 5, 2014, the overall precipitation in 

the experimental area was 112 mm. The water table level at the location shown in Fig. 8 and Fig. 9 were measured and compared with 
the simulation results. 

Table 1: Main parameters for the DRAINMOD model-based drainage system. 
Category Parameter Value 

Lateral saturated Depth (cm) 0~450 
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hydraulic 
conductivity Hydraulic conductivity (cm/h) 0.294 

Water discharge 
and evaporation 

Depth of 
underground water 

(cm) 
0 10 20 30 45 60 90 120  

Water discharge 
(cm) 0 0.275 0.717 1.306 2.423 3.76 6.829 9.981  

Evaporation (cm) 0.35 0.35 0.228 0.102 0.044 0.016 0.005 0  

Green-Ampt 
permeability 
parameters 

Depth of 
underground water 

(cm) 
0 10 20 40 60 80 100 150 200 

A (cm/h) 0 0.491 0.981 2.031 2.845 3.808 5.094 7.361 7.361 
B (cm/h) 1.2 1.2 1.2 2.7 2.7 2.7 2.7 2.7 2.7 

Characteristic 
curves of water 
content in soil 

Negative pressure 
(cm) 0 -10 -30 -100 -300 -700 -3000 -10000  

Water content 
(v/v) 0.385 0.356 0.343 0.317 0.255 0.179 0.128 0.098  

Water discharge 
characteristics 

Water discharge modulus (cm/d) 2.05 
Depth of non-permeable layer (cm) 450 
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Fig.8 Water table level 

 

 
Fig.9 Water table level 

As Fig. 8, 9 shows, the second part of the water table level curve exhibits better consistency with the experimental values than the first 
part. This may be attributed to significant variations in the underground water level in the first part, as well as differences in the moments 
corresponding to different points on the curve. 

In essence, the simulation results were highly consistent with the experimental values, regardless of distance and depth, demonstrating 
excellent efficacy of the early warning system for farmland subsurface waterlogging. 
 
4. Discussion 
 

As the water table level plays a key role in subsurface waterlogging, the proposed early warning system for farmland waterlogging is 
applicable despite differences in drainage systems. This system, based on the DRAINMOD model, can also be used for farmland drainage 
management. Powered by lithium-ion batteries, the monitoring instrument is portable and capable of wireless data transmission. The 
warning system was developed using Visual Basic 6.0, and the interface is user-friendly. In situ measurements revealed that the approach 
could significantly improve drainage management and reduce losses associated with farmland subsurface waterlogging. Finally, Predictions 
by the proposed system were highly consistent with experimental values, suggesting great potential for practical applications. 

 
5. Acknowledgments  

 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                                      127.6 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/127 

We acknowledge the financial supports from the National Basic Research Program of China (2014BAD12B05), and the science and 
technology innovation project of CAAS. 

 
References 
[1] Zhang J., Li N., Quantitative methods and applications of risk assessment and management on main meteorological disasters. Beijing 

Normal University Press, 2007 (in Chinese). 
[2] Zhang D., Li J., Jiang Q., Shen J., Zhang J., Lu J., et al., The agrometeorological disaster early warning indicators of strawberry vinyl-

house culture. Acta Agriculturae Shanghai, 2015, 5, 56-60 (in Chinese) 
[3] Tian L., Gao Q., Han Y., Li S., Kang X., Effects and affecting range of meteorological disasters on agriculture. Southern Agriculture, 

2015, 30, 218-219 (in Chinese) 
[4] Cui P., Su F., Zou Q., Chen N., Zhang Y., Risk assessment and disaster reduction strategies for mountainous and meteorological 

hazards in Tibetan Plateau. Chinese Science Bulletin, 2015, 32, 3067-3077 (in Chinese) 
[5] Gan Y., Li Y., Guangxi's main agricultural weather disaster and prevention countermeasures in 2003. Journal of Guangxi Meteorology, 

2004, 4, 21-23 (in Chinese) 
[6] Li S., Yan L., Lou W., Sun Y., Agricultural meteorological disasters and their prevention in Zhejiang Province. Chinese Agricultural 

Science Bulletin, 2006, 9, 483-486 (in Chinese) 
[7] Bai Y., Duan H., Hou X., Effects of meteorological disasters on agricultural production and countermeasures in China. Journal of Anhui 

Agricultural Sciences, 2011, 16, 9931-9935 (in Chinese) 
[8] Liu D., Liu Y., Xiong H., Xu F., Pang L., Wang M., et al., Research on the harmfulness, prevention and control of main agricultural 

weather disaster in Southwest China. Chinese Journal of Argometeorology, 2011, S1, 208-212 (in Chinese) 
[9] Wang C., Zhang J., Huo Z., Cai J., Liu X., Zhang Q., Prospects and progresses in the research of risk assessment of agro-meteorological 

disasters. Acta Meteorologica Sinica, 2015, 1, 1-19 (in Chinese) 
[10] He P., Li X., Lin Z., Main agrometeorological disasters in Sichuan and technology demands for prevention and relief. Science and 

Technology of Sichuan Agriculture, 2015, 12, 5-7 (in Chinese) 
[11] Jia Z., Luo W., Mo F., Cheng H., Prediction of drainage and inflow on wetland hydrology under different climatic conditions using 

DRAINMOD. Journal of Soil and Water Conservation, 2003, 5, 54-58 (in Chinese) 
[12] Negm L., Youssef M., Chescheir G., Skaggs R., DRAINMOD-based tools for quantifying reductions in annual drainage flow and 

nitrate losses resulting from drainage water management on croplands in eastern North Carolina Original Research Article. Agricultural 
Water Management, 2016, 1, 86-100 

 

http://c.wanfangdata.com.cn/Periodical-qxxb.aspx


 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                                      128.1 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/128 

The Change Characteristics of Groundwater in the Dagu River Estuary Based on the Underground Inter-
seepage Dam 

 
Jianwei Zhang1* 

 
1. Department of Environmental Sciences, Qingdao University, Qingdao 266071, China 

 
 
Abstract: In the Dagu River estuary, overexploitation of groundwater led to seawater intrusion and the deterioration of geological 
environment the late twentieth Century. Inter-seepage dam project was completed in 1998, it from the west side of the Mawan, east to Dagu 
River left bank. It prevents the seawater intrusion in the downstream of the Dagu River, and relies on the superior geological conditions in 
the upstream of the river to build an underground reservoir. Since then, the quantity of groundwater has been increased and the quality of 
groundwater has been greatly improved. 
 
Keywords: dagu river; inter-seepage dam; estuary; underground reservoir 
 
1. Introduction 
 

Qingdao is a coastal city in Shandong province of China. With the rapid development of economy in recent years, over exploitation of 
groundwater caused water supply crisis in Qingdao city, and led to seawater intrusion and the deterioration of geological environment (Guo 
et al. 2015, Liu et al. 2012, Zhang et al. 2009). In order to solve this problem, the underground inter-seepage dam was built in the Dagu 
River estuary, and the upstream area of the dam was built into the underground reservoir (Han et al. 2014, Meng et al. 2010, Wang et al. 
2009, Zhang et al. 2014). Since then, the inter-seepage dam has played an important role in the accumulation of fresh water resources and 
prevent the seawater intrusion. The quantity and the quality of groundwater have changed in the Dagu River estuary. 

 
2.Undweground reservoir 
 

Inter-seepage dam project was completed in 1998, it from the west side of the Mawan (river gate), east to Dagu River left bank (State 
Road G204 south of 600m). Underground reservoir inter-seepage dam located in Xiaomawan, formed an artificial water partition boundary, 
to cut off the hydraulic connection of groundwater between the upstream and the downstream. It adopted two methods to construction with 
vertical geotechnical membrane and high pressure jet concrete curtain, and it is 4350m in length (Currell et al. 2012, Jin et al. 2016, Norio et 
al. 2009). It not only accumulated the fresh water resources in the upstream of the underground reservoir (Guo et al. 2014), but also 
prevented the underground saltwater of downstream to invade upstream when the upstream groundwater was exploitated. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure. 1 Schematic diagram of the underground reservoir in the Dagu River estuary 
 
3.Regional background conditions 
 
3.1 Natural geography 
  

(1) By the influence of Dagu River alluvial, the landform type of the study area is the valley plain. There is the interaction 
sedimentary facies of marine or continent in the estuary. The thickness of groundwater aquifer is 10~25m. The lithology structure is 
complex, mainly including sand and soil, interval sandy clay and silty clay. 

(2) The precipitation has obvious seasonal characteristics in the study area. The main flood season is from June to September, during 
this period a large number of flood runoff into the sea, but in the non flood season rainfall is less, the river often stop. 

 
Fig. 2 Stratigraphic structure profile of the Dagu River Estuary 

3.2 Hydrological conditions 
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(1) The main recharge sources of groundwater are the precipitation of atmosphere and the seepage supply of the Dagu River, 
particularly evident in the flood season 

(2) Dagu River is a seasonal river, rich in water resources, each year a large amount of waste water into the sea. When the water level 
of the river is high and the runoff time is long, the water level of the groundwater is rising fast and the range is large. The water level near 
the river bed is rising fast and the range is large, continuous time is basically the same step as the time of runoff. In addition, farmland 
irrigation also supply groundwater, but the supply is small. 

(3) Under the influence of large-scale exploitation, the groundwater level will change, and mining intensity and quantity are the 
decisive factors that affect the water level change. When the mining intensity is large and the mining quantity is large, the water level of the 
groundwater is large and the speed is fast. 
 
4 Dynamic characteristics of groundwater 
 
4.1 Dynamic of groundwater level 
  

In the annual flood season (from July to September), with the increase of rainfall, the groundwater level is rising. But in the irrigation 
season of spring and autumn, the changes of groundwater level are mainly related with the quantity of exploitation. From the data of many 
years, the groundwater level is influenced by rainfall and artificial exploitation. 

(1) In 1976, the groundwater was mainly supplied to the rural small scale water for people and livestock in the study area. In 1978, it 
began to supply water to Qingdao urban, but the groundwater exploitation was smaller. Under the influence of arid climate, this period were 
continuous dry years, the overall level of the groundwater is decreasing slowly. 

(2) Since the beginning of 1981, a large number of groundwater exploitation as a centralized water source was supplied to Qingdao 
City. 1981~1984 years of continuous dry years, the underground water level is declining to 1~4m. In 1985, under the influence of the 
typhoon, heavy rain was falling in the study area, underground water level rose sharply before September, that still have rebounded slightly 
from October to December, until the end of the year, the underground water level returned to the levels of the 1981 year. 1986~1989 years 
of continuous dry years, the underground water level is declining to 1~3m in the May of the 1990 year. With increased rainfall, groundwater 
level rebounded sharply from June to December in 1990. During 1991~1995 years, it was showing the rule about season of “dry, dry, 
normal, wet and dry”, underground water general level rose slightly, the average level increased by 0.3m than the 1990 year. Since 1994, 
affected by the impact of the sea water intrusion, groundwater exploitation decreased, and groundwater level rose rapidly to 3~4m in the 
flood season. During 1996 ~2000 years, it was showing the rule about season of “dry, dry, normal, normal, and dry”, the average depth of 
water level was 3.83m at the end of 2000 year, increased by 0.18m than the average level of the 1995 year. 

(3) After 2000, the area is no longer provides water to Qingdao city, groundwater exploitation decreased, the groundwater level 
remained in a stable state. 

(4) Since 2001, groundwater level was significantly higher in wet years; and in dry years, precipitation decreased and exploitation 
increased, leading to decline of groundwater level. The changes of groundwater level are mainly affected by precipitation. 
 
4.2 Dynamic of groundwater quality 
  

With the exploitation of groundwater resources, the groundwater quality becomes worse, and the chemical type is changed from 
HCO3·Cl-Ca type to HCO3·SO4·Cl-Ca type. 

(1) During the 1991~1997 years, groundwater overexploitation has formed a groundwater drop funnel with the area about 100km2, 
caused the the sea water intrusion in the southern and southeastern of he Dagu River downstream. It caused the deterioration of water quality, 
Cl- concentration is increased from 44mg/L to 435mg/L, total salinity is increased to 1.5g/L.  

(2) After 1998, the Cl- concentration showed a trend of gradual decline in the underground water because of the decrease of the 
exploitation and the construction of the inter-seepage dam, the sea water intrusion line retreat to the ocean and this disaster becomes light. 

 
5. Quantity changes of groundwater 
 
5.1 Characteristics of changes 
 

(1) According to the Dagu River groundwater reservoir width 5~8km, length 51km, the total area of 422km2, when the highest water 
level of the groundwater storage space, we can get the maximum reservoir capacity is 38,413×104 m3. 

(2) After the construction of the inter-seepage dam, the storage space of the underground reservoir became larger, so that we can 
exploit the groundwater as much as possible under the climatic conditions. This part of the increase of groundwater resources was storage 
resources, it was the groundwater resources between the highest water level and the lowest water level in the groundwater reservoir (An et al. 
2013, Viviana et al. 2011, Zhang et al. 2015). When the lowest water level, the capacity of Dagu River underground reservoir is 14,634×104 
m3, then it can be calculated that the increased reservoir capacity is 38,413×104 m3-14,634×104 m3=23,779×104 m3. 

(3) At a historical low groundwater level, average thickness of aquifer greatly reduced, the typical area were significantly changes such 
as Lige, Shaliang, Yifeng, Renzhao etc. In particular, the change of the Yifeng area is the largest, which is about half of the total thickness of 
the original groundwater storage layer. However, because of the existence of the inter-seepage dam, the groundwater level can be recovered 
to the original level quickly during the wet year. 
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Fig. 3 Hydrogeological data at the historical low groundwater level 

5.2 Groundwater recharge 
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(1) According to the analysis of groundwater recharge in Dagu River underground reservoir, above 97% of the total recharge is related 
to atmospheric precipitation. Therefore, the resources recharge were mainly in flood season. Atmospheric precipitation has become the 
protection of adequate supply of groundwater reservoir in wet year. 

 

61%

25%

11%
3%

0%

20%

40%

60%

80%

Precipitation Irrigation River Groundwater

Source

Percentage

 
Fig. 4 The composition of groundwater recharge 

(2) The precipitation data of 1899-2012 years (114 years) shows, the general frequency was one wet year and four dry years every five 
years. Then, we can exploit the groundwater of underground reservoir as much as possible in four dry years. And groundwater resources of 
the underground reservoir will be fully recharged in one wet year. 

Dry year
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Wet year
20.2%

Normal year
31.6%  

Fig. 5 Statistic and analysis of precipitation years 
 

6. Quality changes of groundwater 
 
6.1 Upstream of the inter-seepage dam 
 

(1) After the construction of the underground inter-seepage dam, it can effectively prevent the seawater intrusion of the downstream, 
and also make the groundwater resources to be purified. Ions' concentration of groundwater has a significant reduction such as Cl-, NO3

-, 
NO2

-, SO4
2- etc. 
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Fig. 6 Cl- concentration of the groundwater in the upstream 

(2) Concentration analysis of typical Cl- shows that Cl- concentration of Huangjia and Zhouchen increased continuously in dry year 
period from 1998 to 2002. And since then, with the truncation of pollution and exploitation of groundwater, Cl- concentration gradually 
reduced to the lower levels. 
 
6.2 Downstream of the inter-seepage dam 
 

(1) After the construction of the underground inter-seepage dam, the relationship was smaller between groundwater quality of the 
downstream and groundwater exploitation of the upstream, but the ions' concentration of groundwater near the inter-seepage dam was 
greatly increased such as Cl-, NO3

-, NO2
-, SO4

2- etc. 
(2) Concentration analysis of typical Cl- at Chenjia and Datun shows that the Cl- concentration of groundwater was related to the 

distance to the Dagu River. When the test point was near the river, the groundwater exchanged frequently, Cl- concentration was low, and 
when the test point was far from the river, the groundwater exchangd less, Cl- concentration is high. 
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Fig. 7 Cl- concentration of the groundwater in the downstream 

 
7. Conclusions 
 

(1) Based on the analysis of the background conditions of the Dagu River underground reservoir and the groundwater dynamic data in 
many years, the change characteristics of groundwater were compared and studied after the construction of the inter-seepage dam, result 
shows that the quantity of groundwater has been increased and the quality of groundwater has been greatly improved. 

(2) According to the change characteristics of the groundwater, with the groundwater reservoir operation in the future, pollutant 
accumulation and groundwater pollution should be prevented. And it should be avoided river bank damage, secondary salinization, 
ecological damage or other issues that caused by the rising of the water level. 
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Abstract:In general, there are more than three attributes in economic statistical data. When studying the inherent structural characteristics of 
these data, such as clustering and distribution, researchers need to reduce multidimensional information to three-dimensional (or less) space 
to achieve multidimensional visualization. There are many dimension reduction methods; their results differ from each other because of 
differing mathematics theories and application ranges, and the visualization results of these methods will vary. Therefore, the evaluation of 
different methods can provide important references for the selection of methods in different areas. In this paper, the authors analyze 2007 
economic statistical data for Sichuan province by county unit, implementing five commonly used algorithms— principal component 
analysis (PCA, a linear method), nonlinear mapping (NLM), self-organizing feature mapping (SOFM), a support vector machine (SVM, a 
supervised classification method), and locally linear embedding (LLE)—to obtain a series of classification results. Considering the status of 
economic development in Sichuan, the authors analyze the differences between the results of these methods and find the following. 
Although PCA reveals the overall development trend, the result is not consistent with the real condition in Sichuan. NLM accurately shows 
the regional trend and core areas of economic development in Sichuan and accounts for the development status. SOFM also shows the 
development status, but there are several classification errors in the northeast areas, and it is impossible for comparison within each cluster. 
Because it is a supervised method, SVM needs a known sample set to train the classification process, which makes the sample selection 
subjective, and the search process for optimal parameters is complicated. LLE retains more information and reveals the regional economy’s 
regularity of distribution more accurately; this is done by selecting a certain value of the nearest neighbors. The comparison of these 
methods and its application in the economic statistics field can provide a reference for future relevant spatial dimension reduction research. 
 
Keywords: dimension reduction; PCA; NLM; SOFM; SVM; LLE 
 
1.Introduction 
 

With the rapid development of the information era, the amount of accumulated information in various fields is exploding. In the field of 
economic statistics, it is often necessary to deal with a large number of high-dimensional data. Because of the inherent limitations of human 
cognitive abilities, finding and extracting knowledge from massive multidimensional information and data is an unprecedented challenge. 
Therefore, in the process of knowledge discovery, information cognizing, and decision-making, multidimensional information visualization 
techniques have been effective tools to express abstract information and can help people understand and analyze the inner structures of 
multidimensional data sets. The human eye can only process information in three-dimensional space; thus, the characteristics of 
high-dimensional data can easily lead to the curse of dimensionality, and such data may not be easily perceived. In order to study the 
characteristics and inherent structures hidden in high-dimensional data, dimensionality reduction methods were used for high-dimensional 
data to reduce the number of dimensions and then visualization methods were used to study features in multidimensional information. 

Dimension reduction methods can be divided into linear and nonlinear methods. In the study of economic statistics, Principal 
component analysis(PCA) dimensionality reduction and other linear methods are the most commonly used analytical methods and nonlinear 
methods include kernel PCA, nonlinear mapping (NLM, a nonlinear mapping method), and neural network and manifold learning methods. 
Different dimension reduction methods have different data requirements. PCA and other linear dimensionality reduction methods are 
applicable to high-dimensional data whose structure is essentially linear, but linear dimension reduction methods cannot accurately reveal 
the inherent regularity of nonlinear multidimensional datasets. The results obtained by nonlinear methods are different because the bases of 
the mathematical theories of these methods differ from each other. 

To determine the merits of different methods in terms of analysis of the multidimensional data, this paper compares the different results 
obtained by the linear method PCA, nonlinear methods NLM and SOFM, the supervised classification method (SVM), and locally linear 
embedding (LLE, a manifold learning method) for the case of statistical data in Sichuan, China, which are taken from the Sichuan Statistical 
Yearbook 2007. These results are then analyzed to illustrate the differences in the various methods according to Sichuan’s economic 
development and economics planning. 

 
2.The principal dimension reduction methods 
 
2.1 Principal component analysis (pca) 
 

Principal component analysis (PCA) is one of the most widely used linear dimension reduction methods: its concept is simple and the 
algorithm is efficient. It uses an orthogonal transformation to convert a set of observations of possibly correlated variables into a set of 
values of uncorrelated variables called principal components[1]. PCA takes the variance as the standard measure of the amount of 
information. The greater the variance is, the more information is provided. The principal components of PCA are used to reassemble the 
original variables into new several independent variables; according to actual need, the values of certain variables can be taken out to reflect 
the original variables as much as possible. 

 
2.2 Nonlinear mapping method (nlm) 
 

Multidimensional scaling (MDS) is a linear method that expresses the similarity between objects as a distance in lower-dimensional 
space[2-3]. Widely applied in image processing, computer visualization, and other areas, MDS describes each item in high-dimensional data 
sets as a point that will be projected into three-dimensional (or less) space, and the distance is smaller when these items are more similar to 
each other. The inner structures of multidimensional data sets can be observed and studied visually based on this graphical representation of 
the relationship between data items. Consistency between the original distance and projected distance is weighed by an error function called 
a stress function, such as the Kruskal stress function: 
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Sammon proposed a non-linear mapping method (NLM) based on the same theory[4]. Like MDS, NLM maintains the local geometric 
relationship of high-dimensional data in two-dimensional or three-dimensional space. The error function is: 
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Compared with the classical MDS algorithm, because of the presence of (1/ )ijd , the NLM error function gives smaller weights to 
larger dissimilarities, which weakens the contribution of the great dissimilarity in the error function to maintain a low dissimilarity in the 
process of minimizing the objective function. This is a better way to smoothly map data to two-dimensional space and visualize them[5]. 

 
2.3 Self-organizing feature map (sofm) 
 

Using a self-organizing feature map (SOFM) as a competitive neural network algorithm was proposed by Kohonen[6]. The SOFM 
simulates the feature map function of the brain and neural system and can carry out unsupervised self-organizing learning. The SOFM has 
been proved to be a valuable tool in data mining, classification, and multidimensional visualization. It has been successfully applied in many 
engineering fields and various forms of information analysis, including pattern recognition, image and voice analysis, classification, feature 
extraction, and multidimensional visualization. 

The SOFM has two neural layers, the input layer and the output layer. The input layer contains N neurons; the output layer, also called 
the competitive layer, contains M neurons. The SOFM is able to map a structured, high-dimensional signal manifold from the input layer 
onto the lower-dimensional output layer in an orderly form like hexagon and quadrangle. In the output layer, each neuron represents a 
category. Every neuron in the input layer can be connected to all the neurons in the output layer, and the connection weight values are preset 
randomly. The basic idea of the SOFM is to train the network to map similar input signals to the same output neuron, and classification can 
be accomplished through this process. 

In the original SOFM method, the neurons in low-dimensional space are fixed and orderly; thus, distance information between data is 
difficult to maintain. To show the structure of the data naturally, in addition to topology, the mapping process should also try to maintain the 
distance information between data items, so the location of this neuron should be adjustable. This is done through position-adjustable SOFM 
algorithms such as the grouping neuron SOFM, adaptive coordinate SOFM, and double SOFM. These algorithms add only a step adjusting 
the neurons’ position on the SOFM algorithm, and the extra computation is very small and has the same robustness as the original 
SOFM[7-10]. In the training process, neighbors are forced to be close to the best matching unit, thus making the neighbors very similar to it. 
Thus, the samples on the grid most similar to the best matching unit are closest to it. 

 
2.4 Support vector machine (svm) 
 

The current standard support vector machine (SVM) algorithm was first published by Cortes and Vapnik in 1995. It overcomes 
over-learning and under-learning problems, the local minimization problem, and other problems with machine learning methods such as 
neural networks. SVM thus has many unique advantages in solving small-sample, nonlinear, and high-dimensional pattern recognition 
problems. It has been applied successfully in many areas, such as bioinformatics, text, and handwriting recognition. 

SVM is based on the Vapnik–Chervonenkis dimension theory of statistical learning and the structural risk minimization principle. It 
achieves the best compromise between the complexity of the model (the learning accuracy of training samples) and learning capacity (the 
capacity to identify any sample correctly) based on limited samples. SVM can automatically find support vectors that can better distinguish 
classes from each other, and such support vector classifiers can make the distance between classes maximal. 

SVM is developed from the optimal classification plane under linearly separable condition[11-14]. In multidimensional space, the 
classification hyperplane is the plane that can separate samples correctly, and the classification margin is the distance between two 
hyperplanes that are parallel to the classification hyperplane and which pass through the samples nearest to it. These nearest samples are 
known as support vectors, and are critical factors in determining the position of the optimal classification hyperplane, which not only makes 
the classification accurate but also maximizes the intervals between different types. The SVM process first seeks support vectors and then 
finds the optimal classification hyperplane. 

The low-dimensional space vector set is usually not linearly separable, and its solution maps the data to high-dimensional space using 
non-linear methods, which also increases the computational complexity. While the kernel function can solve this problem, the classification 
function of high-dimensional space can be determined as long as the appropriate kernel function is selected. In SVM theory, using different 
kernel functions will form different SVM algorithms; commonly used kernel functions include the linear kernel function, polynomial kernel 
function, radial basis function (RBF) kernel function, and sigmoid nuclear function. Compared to other nuclear functions, experiments show 
that the RBF kernel not only has fewer parameters but also has good performance. 

There are two parameters for an RBF kernel: C and γ. The penalty parameter C indicates the experience risk generated by the training 
samples’ effect on the model and controls the degree of punishment on the samples classified wrongly. The parameter γ plays a key role in 
SVM performance. If the value of γ is very small, SVM will be over-trained, and the inverse is true as well. There are many methods to 
select parameters C and γ, including the bilinear selection search method, grid search method, gradient descent method, and genetic 
algorithms. 

In essence, SVM is a supervised classification method, and must first have a small correctly classified sample set. As there is no known 
correctly classified sample set in our economic statistics data, we use a small set selected from the results of PCA and other algorithms 
instead of the known sample set. We import it into the SVM model to obtain the classification results. 

 
2.5 Locally linear embedding (lle) 
 

Roweis and Saul developed a manifold learning algorithm called locally linear embedding (LLE)[15-16]. This is an unsupervised 
non-linear technique that analyzes high-dimensional data sets and reduces their dimensionalities while preserving local topology; that is, the 
data points that are close in high-dimensional space remain close in low-dimensional space. This algorithm can effectively find nonlinear 
structures in high-dimensional data, and it is translation-invariant and rotation-invariant [17-19]. 

As a nonlinear dimensionality reduction method, LLE assumes that the topology of local neighborhood points is preserved in 
high-dimensional observation space and low-dimensional embedding space. LLE requires the weight of each neighborhood in 
low-dimensional space to be unchanged, and the reconstruction error is minimal when the data can be linearized locally. Each sample point 
in the observation space can be embedded by weighted average reconstruction from its neighborhood points. The weighted value of all the 



 

 3 

points in high-dimensional space form a weight matrix, which is used to compute the samples’ embedding coordinates in low-dimensional 
space. 

The LLE algorithm consists of three main steps: finding the neighborhood of each data point, assigning weights to pairs of neighboring 
points, and computing the low-dimensional embedding forms according to the weights and minimizing the error.  

The advantages of LLE are as follows: (1) there are only two parameters to be set; (2) there is a single global coordinate system of the 
embedded space; (3) there is good preservation of the local geometry of high-dimensional data in the embedded space; and (4) LLE is a 
non-iterative way of effectively solving scaling to large, high-dimensional data sets (because of a sparse eigenvector problem) and avoiding 
the problem of local minima that plagues many iterative techniques. 

The LLE algorithm requires the original sample set to be continuous and to have a uniform distribution in the manifold. Thus, the 
selection of the neighbor number k is very important: if k is too small, it is difficult to ensure the geometry of the data; if k is too large, 
points far away may be taken as neighbors and thus distort the results of the dimensionality reduction. For sparse and uneven economic 
statistics data sets, the selection of the number of neighbors is particularly important. 

 
3.Description of study area and the data 
 
3.1 Data description 
 

Using statistics data from the Sichuan Statistical Yearbook 2007, this paper selects 17 available properties that reflect economic 
development well. These properties include values of domestic production (primary sector, secondary sector, tertiary sector, and GDP), 
private economic production (primary sector, secondary sector, tertiary sector, and the private economic value added per capita), 
practitioners (employees, number of employees, average wages), local governments (revenue and expenses), animal husbandry, fishery 
output, retail sales, and fixed asset investment. This paper then analyzes these properties using the methods discussed above. 

 
3.2 Study area description 
 

Sichuan Province is located in southwest China on the upper reaches of the Yangtze River. Its east longitude and north latitude are 97° 
21’–108° 31’ and 26° 03’ – 34° 19’, respectively (as Figure 1 shows). The capital city of Chengdu is the political, economic, and financial 
center of Sichuan Province; it has developed extensively because of economic development policies, business investments and other factors. 
The terrain of eastern Sichuan Province is primarily plains, this area has an extensive transportation infrastructure and location advantage is 
obvious, which is the most intensive area with towns in Sichuan and the highest level of economic development in Southwest China. In 
southern Sichuan, the altitude is high, landforms are complex and diverse, and resources are very rich. In recent years, the government has 
made great efforts to develop tourism resources and develop the economy there. The terrain of western Sichuan and northern Sichuan is 
comprised of a mountainous plateau; here, infrastructure is undeveloped and the industrial foundation is weak, and the socioeconomic 
development gap between eastern and western Sichuan is substantial. 

 
Fig.1 The location and terrain of Sichuan Province 

 
In recent years, Sichuan’s private economy has grown much faster than its public economy. According to the relevant statistics data, 

the private economy in Sichuan Province grew by 527.3 billion Yuan in 2007, an increase of 21%. The value added is 6.8% more than the 
GDP growth rate, 3.3% more than that of the previous year. It accounts for 50.2% of the GDP, and its growth contribution rate to the GDP is 
68.5%. It can be concluded that the private economy is the main component of the provincial economy of Sichuan and the main driving 
force in promoting rapid economic development. 

Sichuan is now comprised of five economic regions: Chengdu Plain and its surrounding areas, southeastern Sichuan, eastern Sichuan 
and northeastern Sichuan, the Panzhihua–Xichang area, and western Sichuan plateau. Chengdu Plain and its surrounding area accounts for 
about 60% of Sichuan’s economy, followed by eastern and northeastern Sichuan, southeastern Sichuan, Panzhihua–Xichang, and the 
western Sichuan plateau. Chengdu Plain and its surrounding area has the highest per-capita GDP, although it is only in accordance with the 
national average, while the other regions are much lower than the average. 

 
4.Analysis of the algorithm results  
 
4.1 Classification results by pca 
 

Using PCA and setting the variance threshold to 90%, the authors analyzed the economic data in Sichuan and classify the results. The 
classification results (as shown in Figure 2) reflect the overall state of regional economic development in Sichuan, showing that there exists 
a pattern with the cities of Chengdu and Panzhihua (southwest of Chengdu) as the core. As the capital city, Chengdu has a solid basis for 
economic development. Furthermore, Chengdu has accelerated its pace of industrial restructuring since becoming a national comprehensive 
reform pilot area in June 2007. The resulting new investment and innovation will inevitably lead to the rapid development of the economy. 
In addition, because of the ease of transportation northeast of Chengdu together with the effect of economic development radiating from 
Chengdu, every county is well developed. The southeast and northeast areas of Sichuan have their own cores in terms of economic 
development, while the weak infrastructure and transport facilities in the majority of Sichuan’s western areas lead to sluggish development. 
However, the PCA classification results do not fully reflect the level of economic development of the counties surrounding Chengdu, and 
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they also fail to show the development loop region of southern Sichuan. Most of Sichuan northeastern counties are designated as fourth 
grade, but in fact, the economies in the northeast counties are more developed than those in the northwest. 

 
4.2 Nlm classification results  
 

Using the NLM algorithms, the data sets were reduced into one-dimension. The classification results are shown in Figure 3. According 
to Sichuan’s present status, the results accurately reflect the province’s economic development. The results also divide Sichuan into four 
grades: most of Chengdu as well as the East County of Panzhihua and Cuiping County of Yibin are first grade; counties around Chengdu 
and a number of counties in the northeast area are second grade, the remaining counties in the northeast are classified as third grade, and 
large portions of the west and southeast are fourth grade. The results fully reflect the spatial distribution pattern of the five major economic 
areas and the four major core development areas in Sichuan. However, between the second and third grades and between the third and fourth 
grades, some classification details cannot be confirmed. 

     
Fig. 2 PCA classification results    Fig. 3 NLM classification results 

 
4.3 Sofm classification results  
 

Figure 4 shows the results of the SOFM classification. Similar to the results for NLM, the SOFM classification results reflect the 
overall pattern of economic development in Sichuan, but in northeast Sichuan, excluding the Suining–Nanchong–Guang’an region, most of 
the surrounding counties have also been classified as second class, which does not reflect the economic core of the development pattern in 
the northeast. There is also the same problem as with NLM that the level of detail between the classifications cannot be verified. 

 
Fig. 4 SOFM classification results 

 
4.4 Svm classification results  
 

Three samples from the center of each cluster generated by the PCA were extracted and considered as the known sample sets for SVM. 
Given the good performance of the RBF kernel, the experiment was conducted using the grid-searching algorithm by using different pair 
values of (C, γ). Results show that a larger value of γ will result in the under-learning problem; in such cases, most of the northeast counties 
are assigned to the fourth grade (Figure 5a), and area of the first grade is enlarged (Figure 5b). Making the parameter γ between 0.01 and 0.1 
and varying the value of C, the results become more stable, and the differences in the clusters lie mainly in the third and fourth grades. With 
the value 0.01 for γ, the results are still more stable. From this parameter-searching experiment, we can conclude that when parameter γ lies 
in the range of 0.01–0.1 (Figure 5c–5f), the SVM results are stable and more convincing.  

     
(a) C = 0.5, γ = 0.5     (b) C = 30, γ = 8 
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(c) C = 1, γ = 0.01     (d) C = 1, γ = 0.1 

     
(e) C = 30, γ = 0.01    (f) C = 30, γ = 0.1  

Fig. 5 RBF–SVM (PCA) results 
 

The same experiment were conducted again, changing the inputs of SVM, which are extracted from the center of every cluster 
generated by NLM. With small pair values of (C, γ), the partitions of the northeast counties do not match their economic development, as 
Figure 6a shows. When the value of C is increased, it shows the development pattern (Figure 6b). The experiment also shows that an 
overlarge value of γ leads to totally wrong results (Figure 6c), and with γ in the 0.5–2 range and C in the 10–100 range, the classifications 
have high similarity and match the development pattern well (Figure 6d–6f). 

    
(a) C = 0.1, γ = 0.1               (b) C = 100, γ = 0.01 

      
(c) C = 0.5, γ = 8               (d) C = 30, γ = 0.5 
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(e) C = 10, γ = 2                (f) C = 100, γ = 1 

Fig. 6 NLM–SVM results 
 

4.5 Lle classification results  
 

The total 17 economic factors were reduced into three primary ones by LLE algorithm. To evaluate the dimension-reducing effect of 
every algorithm, the parameter k of KNN was determined first and SOFM was used to classify the dimension reduction results with k = 8, 
10, and 12. Figures 7, 8, and 9 show the clusters.  

     
Fig. 7 k = 8          Fig. 8 k = 10 

 

 
Fig. 9 k = 12 

 
The classification shown in Figure 7 reflects the geographical distribution law of Sichuan’s overall economic development status. It 

divides Chengdu and some surrounding counties into the first grade as Chengdu, as the provincial capital, has good economic development 
infrastructure, rich tourism and cultural resources, and supporting policies. These advantages contribute to its high economic development. 
The eastern and northeastern counties are divided into the second grade. With a good transportation infrastructure and economic promotion 
from Chengdu, these counties have good economic development. While western and southwest Sichuan are relatively rugged and 
inaccessible, with poor infrastructure and below-average GDP, it is reasonable to assign this geographical area to the fourth grade. However, 
there are only a few counties assigned to the third grade, which is contrary to the actual situation. 

From the comparison of the results, we can see that each of the classifications is able to reveal the basic features of economic 
development in Sichuan, but the different k values lead to slight diversity in the results. After multiple experiments, we concluded that the 
results were more accurate near a certain neighbor value and that the LLE algorithm does not completely eliminate the dependency on the k 
number of neighbors. Therefore, we suggest that the range of the neighbor value should be determined first, that the elementary results 
should be analyzed next, and that the neighbor value should be adapted last in order to achieve more accurate results. 

 
5.Comparison of classification results by different algorithms 
 

The differences between the results of each method of classification were summarized and the conclusions are as follows. 
(1) In terms of the rank distribution, there is a huge difference between the classification results based on PCA and those based other 

methods, mainly in the second, third, and fourth grades, which indicates that only a small number of counties around Chengdu are assigned 
to the second grade, while most surrounding counties and the three major economic core areas are assigned to the third grade and most 
counties belong to the fourth grade. Thus, the results fail to present the exact pattern of economic development. This is because the linear 
algorithm cannot fully excavate the internal structure of nonlinear data. However, PCA can provide each target score, and the overall 
economic development sequence of each county is known through the rank of those scores. 

app:ds:sequence
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(2) The classification results for NLM and NLM–SVM can reveal four levels of regional economic development: Chengdu and its 
surrounding economically developed areas, well-developed counties in the southeast, the Panzhihua-Xichang region, and the northeast poor 
developed northwest region. The main difference is the classification of minor counties in the southeast and counties in northeast of Sichuan. 
However, the results reveal the economic developing levels and the overall spatial distribution. At the same time, counties have 
one-dimensional coordinates after dimensionality reduction, and the development level of the inner targets in each classification grade can 
be compared through their coordinates. 

(3) Compared with NLM, the difference in SOFM is mainly manifested in the classification of the second and third grades in northeast 
and southeast Sichuan and the third and the fourth grades in the center region. Furthermore, there is some discrepancy in the number 
assigned to the first grade. SOFM assigns Jingyang, Mianzhu, Wenjiang, Longquanyi, and Pixian to the first grade and adds some counties 
in northeast Sichuan to the second grade. The number in the third grade is equal to that of NLM, but small differences in the spatial 
distributions exist in the northeast area, and the majority of targets in the northeast been assigned to the second category, with the addition of 
several counties in the south-central region. The number assigned to the fourth grade is 12 fewer than that of NLM, but the distribution is 
roughly the same; the main differences are in the south-central area. The SOFM results reflect the economic development of Sichuan and are 
similar to the results for NLM. However, in the northeast area, because of the new economic concentration zone in the 
Suining–Nanchong–Guang’an areas, it has certain advantages over the surrounding counties that are not shown in SOFM. Thus, the NLM 
result may include some mistakes. Because the classification results are determined according to whether each data item can be mapped to 
the same output knot, which is an absolute classification code, these targets can’t be compared with each other. This is a limitation of this 
algorithm. 

(4) There is a substantial difference between the SVM results of the two separate sample sets extracted from PCA and NLM. There are 
too few counties in the second grade, while the majority of northeastern counties are assigned to the fourth grade in the PCA–SVM result, 
whose classification results are similar to that of PCA. Both fail to represent the current trend of economic development. However, the 
results of NLM–SVM are similar to those of NLM, and both reflect the core areas of economic development. Given the huge difference 
between the two results, we can conclude that a change in the small known sample set has a tremendous influence on the results, which 
leads us to further study to determine a better original sample. This search process is a difficult and inefficient way to determine the 
optimum parameters. 

(5) The classification results show that the LLE method can retain more information and reveal the distribution of regional economy 
situation more accurately when selecting a suitable nearest neighbor value. Our experiments show that the neighborhood value k is 
important for the result. If k is suitable, the neighborhood structure of the original data can be maintained when using the LLE algorithm to 
map the neighborhood of the original data to target the space neighborhood; if k is not suitable, the embedded data structure may be 
significantly distorted. Thus, the LLE algorithm is sensitive to the selection of k when the manifold structure of the data (such as economic 
statistics data) is unknown. A different k should be used to obtain a better result. 

The diversity of these results show a displacement phenomenon from the classification results of the algorithms mentioned above, 
which can show a consistent overall trend but also leads to substantial differences among those results concerning the displacement of the 
boundary. Thus, we can conclude that all the results are somewhat reasonable in terms of the general trend. Moreover, it is the differences 
between these algorithms that brings about the discrepancy. Compared with the actual situation, it is evident that NLM is best at revealing 
both the economic development level and the spatial pattern. 

The methods adopted in this article have their respective advantages and disadvantages, which lead to substantial differences in the 
classification results. Table 1 presents each method’s advantages and disadvantages, establishing a base for further application and 
improvement. 

 
Table 1 Comparison of the multidimensional reduction algorithms 

Algorithm Pros Cons 
PCA Complete theory; simple concept; low cost of 

calculation; optimal linear reconstruction error; 
reveals the overall trend of classification; 
enables comparison within a single 
classification 

Unfeasible for calculating the high-dimensional data vector; 
no clear way to determine the principal components; 
unfeasible to calculate nonlinear data; classification results 
are more accurate in showing the actual situation. 

NLM Better to keep the similarities and differences 
of the data; classifications are in line with the 
actual situation; enables comparison within a 
single classification 

High cost to calculate huge high-dimensional data; Euclidean 
distance cannot reveal the internal data structure  

SOFM Able to maintain the topological relationships 
of the data; results are more in line with the 
actual situation 

The initial weight vector and the algorithm’s learning rate 
impact the learning outcomes; broad input mode may cause 
confusion; classification accuracy is not high; there is certain 
error in the classification results. difficult to compare within 
the single classification 

SVM Solid mathematical theory basis; Avoids 
dimension disasters; perfect generalizing 
performance; effective computing ability; 
sufficient sample capacity. 

Too many parameters; needs repeated debugging to obtain 
the results; classification must be supervised; need to use 
some data from given sample to train the data, which rely too 
heavily on the results from other methods; sample choice is 
somewhat subjective. 

LLE Small number of selected parameters; can 
optimize the feature parameters better; can 
explore the inherent structure of the data and 
maintain their essential characteristics better. 

Local neighborhood parameter k, embedding dimension d, 
and the noise in the signal affect the effect of dimensionality 
reduction. 

 
6.Conclusions 
 

Considering the differences in mathematical theory basis and scope of application, the final results also must be diverse. Because of the 
limitation of using linear methods to analyze the non-linear multidimensional data, the authors chose and applied four algorithms: PCA, 
NLM, SOFM, SVM, and LLE. Using 2007economic statistics data for Sichuan, the classification results were analyzed according to 
Sichuan’s actual development trend to illustrate the strengths and weaknesses of each method. The results obtained from PCA accurately 
describe the overall economic development of Sichuan, but do not show the exact core economic areas of the surrounding counties in 
Chengdu and the south loop area in the southeast; PCA also includes some mistakes in the northeast area. NLM effectively shows the major 
five economic areas of Sichuan and the core developing areas as well as the exact spatial pattern. SOFM also shows the true status of 
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app:ds:algorithm
app:ds:algorithm
app:ds:algorithm
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economic development in Sichuan; however it is somewhat inaccurate in the northeast and cannot uncover the differences within each class. 
The SVM is a supervising classification algorithm that needs a given sample set to train the classification course, and there is tremendous 
subjectivity in the choice of known samples; it also involves a complex seeking process to obtain the optimum parameters.  

Manifold learning is a nonlinear dimension reduction method that is increasingly attracting researchers’ interest. It can be used to 
determine the intrinsic structure of sample data. This paper also applied the LLE method on dimensionality reduction to sparse and 
non-uniform economic statistics data. By visualizing the dimension reduction data, the experiment showed that the LLE method can retain 
more information and that it shows the distribution of the regional economic situation more accurately when a suitable nearest neighbor 
value is selected. 

Considering the nonlinear distribution property of the economic statistics data and the features of dispersion and uneven distribution, 
the local linear embedded method was used for the nonlinear dimension reduction process and the the methodology for calculating the 
distance of neighbor points and choosing the number of neighbors was also improved. The visualized results show that the improved 
algorithm can retain much more information in the dimension-reduction process and can obtain more accurate results. However, the local 
linear embedded method cannot totally eliminate the dependency of choosing the neighbor value, which can affect the dimension-reduction 
to some extent.  

In conclusion, every algorithm has its advantages and disadvantages. In our verification experiments, the NLM algorithm accurately 
revealed the economic development situation of Sichuan, while other methods had misclassifications in some regions. The SVM algorithm, 
which has good mathematical theory, can maximize the distance of the clusters and works well when given the sample data, but the choice 
of a small sample is subjective when the sample data are unknown, and extra work should be done to study the methodology of how to 
choose the samples. The NLM algorithm using Euclidean distance ignores the potential manifold structure of multidimensional data. Thus, 
our further work should address whether ISOMAP algorithms can eliminate these shortcomings.   
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Abstract: China telecom used the resources rationally and minimized vicious competition to do a new round of restructuring and make the 
formation of three telecom operators which have full business capacity and strong competitive – China mobile, China Unicom and China 
Telecom, in order to break the equilibrium of the original telecom market in 2008. This article aims to take advantage of the knowledge of 
game theory to build a model and analyze the monopolistic competition and market pattern of the three telecom operators in the aspect of 
mobile communication services and fixed-line business before and after the restructuring in order to compare the market changes before and 
after the reorganization of the telecommunications, explain the role that telecom reorgani-zation play on the market rationalization competi-
tion , and reach conclusion of the recommendations on the development of the telecom market. 

Keywords: telecommunications; industry reorganization; competition pattern; game theory 

1.Introduction 

China telecom industry broke a dominant market equilibrium state to adapt to the development of full-service business model. The
Ministry of Industry and Information Technology, National Development and Reform Commission and Ministry of Finance jointly issued 
the “Circular on deepening the reform of the telecommunications system” and conducted the new round of telecom reorganization. After 
that, China Unicom's CDMA network and GSM network was split, the former was merged into China Telecom to format a new China Tele-
com. China Unicom merged with China Netcom to set up a new China Unicom, China Tietong Telecom was merged into China mo-bile to 
format a new China mobile, the basic tele-communications business of China Satcom was merged into China Telecom. Thus, after the reor-
gan-ization, it formed the pattern of the three pillars of the new China Telecom, new China Unicom and the new China mobile. The main 
ideas and basic path of reform and reorganization is to separate government from enterprises. Since the split of China Telecom for the first 
time in 1999, China Telecom has already experienced three major reorganization, the tele-communications industry introduced competition 
from complete monopoly, from unity of the gov-ernment with enterprises to separation of govern-ment from enterprises, from the duopoly 
competition to three oligopoly, a basic aim always adhered to the process is to break the monopoly and introduce competition, and ultimate-
ly to establish an inde-pendent telecommunications regulatory agencies, and made traditional telecom operators privatization to form a com-
pletely open market. 

Clearly, in order to break the equilibrium state of the original telecom market, the state took the measures of rational use of resources 
and reducing the vicious competition to support the formation of the three market competitors which have a nation-wide network of re-
sources, similar strength and scale and a full business ability and strong competitive. But after this reorganization, the competition pattern of 
the telecommunications market and whether the target can be completed were also open to question. So, summary of analysis of this phase 
of the devel-opment of the telecommunications market is condu-cive to better development in the future market. This paper adopts the prin-
ciples and methods of game theory to analyze on change of the competition and market pattern before and after the reorganization of the 
three telecom operators in the aspect of mo-bile communication services and fixed-line business, furthermore, the article also describes and 
compares to the current operational status of the three compa-nies. Finally, it gives reasonable proposals for the development of China's 
telecommunications indus-try. 

2.Literature review 

Oligopoly market competition analysis in foreign countries mainly concentrated in the mixed oligopoly market research and market
analysis using Cournot model. Study of Anna Agliari, Laura Gardini and Tönu Puuused cournot model analysis under the conditions of the 
three oligopoly market in elastic demand and constant marginal cost, in a special case, two of the three oligarchs would have the same con-
centration [1] . Attila Tasnádi  found that the market price setting and quality settings in the mo-nopoly market would lead to different re-
sults, and proved that the market would appear Cournot game[2]. Elasdany researched dynamic Cournot game model, when the model pa-
rameters were varied, the Nash equilibrium would be destabilizing and appear complex chaotic phenomena, these complex analy-sis could 
help companies to take some measures to avoid competition [3] . 

The research of oligopoly on the telecommunica-tions market and enterprise focused on the market competitive landscape and the price 
competition after restructuring. Fang Chen  studied by analyz-ing the characteristics of competition in the telecom market operators, this 
study was based on Bertrand model, priced as a research variable, established a series of oligopoly dynamic repeated game model[4].  Fur-
thermore, she also analyzed its complexity, and its performance in practical problems. Study which carried by GONG Yong-hua, LI Bang-yi 
was con-cerned about business differentiated strategy and for single pricing strategies and discrimination Pricing Strategies based on the 
three oligopoly market struc-ture, the results showed that underwent decision-making enterprises would take the initiative to im-plement 
differentiated strategy with the enterprise of the first decision based on single pricing strategy in order to reduce risk and competition 
through product differentiation  [5]; When the enterprise implement dis-criminatory pricing, its profit would be significantly higher than the 
profits generated under a single pric-ing strategy, and discriminatory pricing can reduce the dependence of the business-to-product differen-
tiation in the competition. FAN Hong-hong through amendments to the Cournot duopoly model and Stackelberg model analysis proved that 
after the reorganization of the market, the equilibrium price and market share of advantages manufacturers is reduced, and formed a certain 
competitive effects[6]. Furthermore, for the validity of the competition, he put forward the relevant countermeasures. YAO Hai-xin, WANG 
Qian-qian  analyzed competition among China mobile operators at different stages, using game theory principles and methods[7]. However, 
these studies rarely associated with changes in mar-ket structure and changes of market concentration degree after the reorganization of the 
telecommuni-cations market. This article will take advantage of the knowledge of game theory to build a model, ana-lyzes changes in mar-
ket structure before and after reorganization of the telecommunications market. 

3.Theoretical analysis 

3.1 Model Construction 

The assumptions are as follows: the target market is effectively competitive market; all participants are rational, their actions are in-
tended to achieve maximize profits; constant marginal cost of each enterprise; all enterprises are facing the same anti-linear demand 
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curve P a Q= − , where P  is the price of communications products; Q  is the total volume of business communications products on the 
market; a  is a constant. 

The profit function is:  
3

1
( )= ( ), =1,2,3i i i i i

i
q P c q a c q iπ

=

= ∗ − ∗ − −∑  

 iq is the production of the first i company, and  ic  is the marginal cost of the first i enterprise. 
 

3.1.1 The game theory model of the mobile phone market 
 

According to China Mobile, China Unicom and China Telecom's annual report data, we can estimate the marginal cost of mobile phone 
between them is 1:4:5, so we set the marginal cost ic  of China Mobile, China Unicom and China Telecom to ,4 ,5k k k . The China Mo-

bile's production is 1q ∗  while China Unicom and China Telecom is 2 3q q， . 
The strength of enterprises in the mobile phone market is already public information, in this area China Mobile has "a dominant" abso-

lute advantage, super strength can be pre-emptive (recent fact is also true). 
In this case, the first stage of the game conducts according to dynamic game Stackelberg Model in complete information, it means that 

China Mobile first decided the production, China Unicom and China Telecom made decisions in the second stage based on the Cournot 
model after observing the production. 

Analysis starts with the beginning of the second stage that the profit function of the China Telecom and China Unicom is: 
*

2 2 1 2 3( )iq a c q q qπ = ∗ − − − −  
*

3 3 1 2 3( )iq a c q q qπ = ∗ − − − −  

We seek result on the type of 2 3,q q  partial derivation and let the equation be zero, so we solve for: 
*
1

2
( 3 )

3
a q kq − −

= ,
*
1

3
( 6 )

3
a q kq − −

=  

Now, China Mobile forecasts that China Unicom and China Telecom will product in accordance with the above production, China Mo-
bile's profit function in the first stage is: 

*
* * 1

1 1 1
( +6 )( )

3
a q kq P c qπ
−

= − =  

On the type of *
1q  derivation, let equation be zero to seek the optimal, we can see: *

1
+6
2
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So, 2
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6
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We can know, 

*
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a kQ q
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−
= =

+
= − =

− −
= = =

∑
 

In the mobile communications market, the yield q is the number of users. Calculated from the above results, we can see, 2-3 years af-
ter the reorganization, the yield of China Mobile accounted for more than 60% of the market, while China Unicom accounted for about 20% 
of the market, China Telecom market occupied by the smallest, less than 20%. Compared mobile phone business market share among China 
Mobile, China Unicom and China Telecom in Table 1, you can clearly see that the theoretical results are consistent with the status quo of the 
mobile phone market after the reorganization.  

The strength of enterprises in the fixed - line and broadband markets is the public information, The current situation in the field is that 
two companies are strong while one is weak, China Mobile temporarily be limited to invest to the Tietong in the development of fixed-line 
and broadband services. In this case you can use the complete information dynamic game Stackelberg model to analyze. 

 
Table 1 Telephone service market share of China Mobile, China Unicom and China Telecom (%) 

 2010 2011 2012 

China Mobile 69 66.5 65.3 

China Unicom 19.1 20.5 21 

China Telecom 10.9 13 13.7 
 

3.1.2  Fixed-line and broadband market game model 
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  China Telecom first gives an optimal production: 
*
1q  

China Unicom observes *
1q , and then gives the optimal production *

2q . 

China Mobile observed two yield, and then gives the optimal output 3q  to let their own interests 3π be the biggest. 
* *

3 3 1 2 3( )q a c q q qπ = × − − − −  

We seek result on the type of 3q  derivation and let the equation be zero, we can see: 
* *
1 2

3
( )

2
a c q qq − − −

= . 

China Unicom will forecast China Mobile products in accordance with the above production, it's profit function is:  
* *

* 1 2
2 2 2 2

q qa cqπ
 −−

= × − 
 

 

We seek result on the type of *
2q  derivation and let the equation be zero, we can see: 

*
* 1
2

( )
2

a c qq − −
=  

Similarly, China Telecom will forecast China Mobile and China Unicom product in accordance with the above production, it's profit 
function is: 

*
* * * * 1

1 1 1 2 3 1( )
4 4

qa cq a c q q q qπ
 −

= × − − − − = × − 
 

 

We seek result on the type of *
1q  derivation and let the equation be zero, we can see: *

1 2
a cq −

=  

And then get: 

* *
2 3,

4 8
a c a cq q− −

= =  

The result in this case is : 
3
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Thus, by the results of the above model can be obtained: 
Over a period of time after the reorganization, each company's market share of the fixed-line and broadband markets is: China Mobile 

14%, China Unicom 29% and China Telecom57%. 
 

3.1.3 Market concentration index 
 

Market concentration index is Herfindahl-Hirschman Index or HHI, which is a measure of market monopoly (competition) degree of 
market structural indicator. It refers to the sum of square of the industry market competitors occupy the percentage of total revenue or total 
assets of the industry, which used to measure the changes of the market share, and that is the dispersion of vendors in the market. The higher 
of HHI value, the higher the degree of market concentration it is, and the higher the degree of monopoly as well. Market concentration index 
is the better one in the industry market concentration measure, which is an indicator that economists and government regulatory departments 
frequently used. The formula is: 

2

1

1

10000
n

i
n

i
j

j

SCALEHHI
SCALE=

=

 
 
 = ×
 
 
 

∑
∑

 

And n is the number of enterprises, iSCALE is the market scale of enterprise i . 
In accordance with the 2007-2012 annual report released by the China Mobile, China Unicom and China Telecom, collected the num-

ber of users of mobile phones, fixed-line and broadband markets of each operator, and calculated six years of market concentration index. 
The calculated results show in Table2. 

 
Table 2  Mobile communications, fixed telephone and broadband market concentration index of telecom operators 

time 
   

market 

Mobile commu-
nication 

Fixed tele-
phone 

Broadband 

2007 5756.18 9675.48 9573.24 

2008 5950.54 5615.11 5366.00 
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2009 5648.98 5432.90 5131.30 

2010 5322.27 5416.52 5107.81 

2011 5019.06 5427.50 5127.58 

2012 4766.19 5388.18 5145.29 

 
First of all, we analyze the changes in the mobile communications market concentration index. It is easy to see from the analysis of the 

data in the table, in 2007, the market concentration index was 5756. According to the standard of the market concentration index, if HHI> 
3000, it means that the industry had a high degree of monopoly. Therefore, the monopoly of the mobile communications market in 2007 was 
very high. And telecommunications industry executed reorganization in 2008, the market concentration was the highest at that time. Since 
2008, the market concentration index began to decline, but remained at a high level, so the mobile communications market was still in a 
state of monopoly. 

For the fixed-line market, we conduct a similar analysis. In 2007, the fixed-line industry market concentration index was very high; it 
was a very high degree of monopoly in the market. The reason was that there is very few fixed-line business of China Unicom and China 
Mobile at that time, China Telecom occupied almost all the fixed-line business. However, in 2008 the telecommunications industry carried 
out reorganization, China Unicom acquired the China Netcom, China Mobile acquired the China Tietong Telecom, fixed market break the 
monopoly of one enterprise. Market concentration index decreased significantly after the reorganization, the market concentration of the 
fixed-line industry was in decline, and the monopoly of the industry continued to reduce. 

For the broadband market in 2007, the telecommunications industry market concentration was 9573, which illustrated that broadband 
market had a higher monopoly before the reorganization. However, after 2008, HHI index dropped to over 5 thousand, and from that point 
maintained at a relatively stable level. This was precisely because of the restructuring of the telecommunications industry in 2008, but the 
broadband market concentration remained high, it was still a monopoly industry. 

In the telecommunications industry, mobile communications, telephony and broadband market concentration index change analysis can 
be seen that after the restructuring of the telecommunications industry in 2008, the three market monopoly had some obvious changes, and 
the degree of monopoly was in the gradual decline. However, the three markets HHI index remained at a high level, telecommunication was 
still a high monopoly industry. Results of the restructuring just reduced the degree of monopoly and increase the intensity of competition, 
but there was no fundamental change in monopoly situation. 

 
3.2 Model results instructions 

 
a. The above conclusion is in the telecommunications industry to compete effectively on the premise; 
b. The conclusion will change by the forces of the following: 
（1）Government forces: If the Government gives exclusive resources to a particular enterprise, it will increase the dominance of the 

enterprise, and reduce the competitiveness of the market. And the government has decision-making power on price and entering control to 
the telecommunications market. 

（2）Technical force: The enterprise owns the core technology is bound to occupy a strong position in the market, to enhance its own 
competitiveness, while reduce the competition vitality in the telecommunications market. 

（3）Business interests: Once the two weaknesses of three telecom companies reach a cooperation agreement, telecom market share 
will change. The balance of power between the two parties will form the incentive of competition and hinder the development and expan-
sion of the telecommunications market. 

（4）Consumers and external oversight mechanisms. 
c. In addition, many need to consider about the practical issues, such as: the fixed-line and broadband of installation and removal bring 

many troubles, so users do not want to replace; the length of time about China Mobile blocked outside the broadband market; the process of 
"wireless city" to promote and so on, are all imponderables. 

 
           4.Market outlook 

 
4.1 The analysis of the operators and the development strategies 

 
After the reorganization, the advantages and dis-advantages of the three major telecom operators contrast will depend on the progress 

of the reorgani-zation, the speed of the low cost of voice service as well as the understanding and operation of new in-formation services, 
but regardless of which operator, a longer period in the future time, it will continue to maintain its leading position in the existing areas of 
strength, but the advantage will narrow. In addition, in the era of 3G or 4G which the value-added busi-ness content as the leading, the oper-
ators' competi-tors also include Baidu, Tencent .etc, which is the leader in the Internet value chain. Therefore, the fu-ture of the three opera-
tors will present a competing relationship. The comparison of the advantages and disadvantages of the three major operators as well as busi-
ness strategies show in Table 3. 

 
          4.2 Changes after reorganization 

 
                    a. Full-service operation 

According to the reorganization, China Telecom has obtained the permission of the mobile business, China Unicom and China Netcom 
merger together. Chinese mobile obtained fixed telephone service license to operate. After the reorganization, the three operators have be-
come full-service operators. Sub-sequently, the government officially hand over the third generation mobile communication services (3G) 
licenses which the industry highly anticipated for three year. Full-service operation makes the field of mobile communications to China 
Mobile and fixed-line areas to China Telecom and China Netcom's market position have a potential threat. But this threat is an effective 
competitive for the entire mar-ket. Three full-service business operators can give full play to the advantages of their respective brands, prod-
uct, cost and expert, on the basis of these, con-tinue to expand product line and make efforts to achieve personalized services for different 
categories of customers. Give full play to its advantages in re-sources, on the basis of the existing resources, con-tinue to promote the devel-
opment of new types of business. Through the full-service business operations, the telecom markets is moving in the direction of promoting 
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industrialization development with infor-mation technology and continuously improve the information service industry's contribution to the 
national economy. 

 
Table 3  Resources and business strategy comparison of operators 

 China Mobile China Telecom China Unicom 
Network 
resources 

Advantages: 
strong in financial capital; 
high-quality，wide coverage of 
mobile networks; 
the construction of core network, 
wireless network and service net-
work is perfect;  
little restructuring costs;  
large user base. 
 
Disadvantages: 
lack of basic resources , parts of 
pipeline resources are only 1/5 of 
China Telecom, cable resources are 
less than 1/2 of the telecommunica-
tions;  
the TD technology has not yet fully 
mature. 

Advantages: 
pipelines, fiber optic cable, access to 
the engine room and other basic 
resources  are abundant; 
MAN and CN2 are large scale and 
architectures tend to improve;  
the enterprise has a wealth of net-
work maintenance operations expe-
rience. 
 
 
Disadvantages:  
the CDMA 
network are required to further 
improve the quality and coverage; 
the CDMA2000 industry chain 
exists problems, the latter part of the 
technology evolution exists un-
known  risks. 

Advantages: 
GSM network construction is rela-
tively complete, WCDMA  has 
technical advantages;  
the original China Netcom's broad-
band access and metro networks has 
a certain scale;  
the enterprise has rich experience in 
network maintenance and opera-
tions. 
 
Disadvantages:  
the quality and coverage of the 
mobile network are to be improved;  
the quality of data network is low 
and the devices are relatively not 
advanced . 

Business 
strategy 

the mobile network is the main 
source of the current profits, which 
is still the focus; 
 the Internet is the future profit 
growth point; 
fixed - line is not the focus of devel-
opment, which only as a supple-
ment;  
the TD network optimization expe-
rience need to accumulate. 

the acquisition of CDMA network 
for mobile in the short term is very 
small;  
continue to promote the new FMC 
(fixed-line converge with mobile) 
development;  
launch the dual-mode handsets of 
Wi-Fi and CDMA network. 

the sale of CDMA network can 
obtain a large amount of cash; 
the use of the existing business 
model abroad to play the advantages 
of WCDMA industry chain. 

 
b. Reduce the degree of market concentration and enhance competition 
After the reorganization, changes in the pattern of China's telecom industry will inevitably bring fierce competition between operators, 

rates continue to drift lower, product has more innovation, the tech-nology is more mature, the management is increas-ingly scientific, pro-
mote the rapid development of the telecommunications industry, and provide a rich-er and better quality communications services for the 
community and users. After the reorganization and the first year of 3G large-scale launched, we can see the absolute strong position of the 
original Chinese mobile has significantly challenges, China Unicom and China Telecom's weak position has improved and the competitive 
landscape has been optimized. For the entire telecommunications industry, the reor-ganization has reduced the number of operators, and 
tried to enhance the competitiveness of enterprises through effective competition to promote the devel-opment of telecommunications indus-
try healthy and coordinated. As the same time, reorganization of market competition changes have a profound im-pact, which helps to 
change imbalance that share of China Mobile is too large, moreover, we can make full use of the existing 2G mobile communications net-
work covering the whole country resources to promote the optimization of configuration. The im-pact and pattern of the industry changes 
also re-quires a process after the reorganization, however, by the policy regulatory environment, the restructuring of telecommunications is 
not the true sense of the telecommunications reform, and is not a fundamen-tal solution to the market mechanism and institu-tional key 
issues. To be precise, this restructuring is in fact a recombination of state-owned assets, has not taken into account of market issues includ-
ing private capital and foreign capital. In fact, the simple addi-tion and subtraction of state-owned resources per-haps will produce signifi-
cant results in short term, but from the long-term development perspective, this is bound to cause a certain degree of impact on the healthy 
development of the individual enterprise and entire industry. 

 
4.3 Problems to be solved 

 
a. Redundant construction 
Waste of resources , low utilization and redundant construction have been the difficulty faced by the construction of the telecommuni-

cations industry, but the improvement effect of the restructuring process on this issue is not obvious. Moreover there are shortcomings and 
negative impact in the business model brought by the reorganization. From the point of view of entire industry, under the premise of the 
problems existing in interconnection, if our operators all use full-service operations, will lead to more seri-ous repeated construction prob-
lems. After 3G licens-es launched, three to four 3G network construction will be quite a huge investment, and the main body of the invest-
ment is only the government. So in order to avoid duplication, take a new round of restructur-ing is not desirable in the short-term practical. 
At the same time, the domestic 3G in business remains con-troversial, it exists huge risk in the current situation. From the perspective of the 
enterprise, full-service operations require the enterprise to put limited enter-prise resource configuration in a variety of business. This makes 
the power of the enterprise fragmented and weakened their business of advantage, and it brings difficulties to enterprise resource allocation 
optimization. 

b. Shortage of network resources 
Severely affected by the many times of the re-form of China's telecommunications industry, there are serious shortages in mobile base 

station accessing network resources of the individual enterprise branch. Therefore, the telecom operators should build access resources, at 
the same time, should also actively tracking the development of wireless technology, make efforts to seek an alternative to fixed wire line 
access technology to compensate for the existing shortcomings, fully prepared to do a good job on the network resources for the entire busi-
ness operations. 

c. The organizational structure of the enterprise is difficult to meet the future needs 
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The organizational structure of the operators is set to carry out its communications operators, while full-service operation is different 
from traditional opera-tors, so operators must adjust its development strate-gy. Corresponding organizational restructuring is es-sential as 
well, and become the key protection to the successful implementation of corporate strategy. Once the full-service operation is carried out, it 
is necessary to redesign of the organizational structure and job settings. 

 
           5. Conclusion 

 
Looking to the future, Chinese telecom industry will step into a new era. Multiple types of media content and communication services 

can be delivered through a single network platform, the advances of triple-play technology make many industry value chain disintegration 
and reorganization. Simultaneously, the influence of consumers has significantly strengthened. This has prompted the development of cus-
tomer demand towards diverse. Thus, the various activities in the value chain are facing great changes in the business model. All in all, the 
unification of three nets is leading towards a new level of business diversification. 

Face of these challenges, the telecommunications industry needs to develop a clear strategic positioning and adjustment of the existing 
business model to respond to the challenges brought by increasingly fierce competition and new business models. By exploring the new 
markets and taking advantage of new distribution channels, the operators can expand the customer to accelerate the pace of innovation in 
order to meet the increasingly complex needs of consumers, as well as continue to shorten the release cycle of new products. Operators 
should evaluate capital expenditures and upgrades the technology and equipment, thus meet with the trends of today's communications 
technology. At the same time, the three operators should continue to deepen brand competition and differences in management strategies to 
avoid vicious price, pay attention to the brand image and channel construction, and explore their unique competitive advantage. Technically, 
improve network quality and coverage; on the service, accelerate the advancement and improve the quality of service and service system; in 
business, you can try the competition through cooperation in the development of a new model. In the upcoming era of full-service operation 
and even after the 3G era, the telecom operators should fully understand their own ability to contemplate and foresee the future competitive 
situation, so that they will implement the strategic plan in the key period. 
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Abstract: The efficiency and reliability analysis is an important issue for the design and operations management of transfer lines. In this 
paper, a method combining discrete event simulation (DES) and metamodel is presented to predict the performance of transfer lines with 
unreliable workstations and finite buffers. The DES can conduct computer experiments for transfer lines with different system parameters 
under the Matlab environment. The metamodel is constructed by using stochastic Kriging integrated with Latin hypercube sampling (LHS), 
which can predict the responses from a limited set of simulation results. The main advantages of the proposed method are its flexibility and 
ease of use. Also, it is the first time to investigate stochastic Kriging opportunities in modeling the performance of transfer lines. Finally, 
numerical cases indicate that the proposed procedure can achieve higher prediction accuracy than analytical method. 
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1. Introduction 

 
A transfer line, also known as production line or flow line, is one of the most important and common types of manufacturing systems 

employed for mass production of industrial components. It consists of a predetermined sequence of workstations and intermediate buffers 
arranged in a serial structure and connected by a conveyor system. Transfer lines are designed for high-volume low-variety production, 
which plays a significant role in processing the main products of a plant, and usually require high capital investment. Because of high vul-
nerability to failures, the losses in downtime and the risk of delayed delivery are two important industrial problems that managers face. It is 
therefore necessary to improve the efficiency and reliability of transfer lines. 

In modern manufacturing environment, transfer lines are becoming much more complex and different from various produced objects. 
The common structural models include: serial lines, parallel lines, hybrid lines, assembly/disassembly lines, closed loop lines, etc. [19]. 
From the perspective of mathematical models, they can usually be categorized into synchronous/asynchronous lines, discrete/continuous 
lines, homogeneous/inhomogeneous lines, and reliable/unreliable lines. In this paper, we limit our discussion to the analysis of unreliable 
serial systems with finite buffers in this paper.  

It has generated a substantial literature on analysis of transfer lines via probabilistic approach [42]. This review focuses on efficiency 
and reliability analysis of serial transfer lines. These techniques can be grouped into three categories: exact analytical methods, approximate 
analytical methods and simulation.  

Exact analytical methods are usually based on queueing theory and Markov models [15]. To describe the models by Markov processes, 
either discrete time or continuous time, all the distributions have to be of special form: geometric or exponential, respectively. These meth-
ods can obtain the exact solutions of steady-state probability, thus provide qualitative insight into the behavior of systems. However, they 
are only available for small systems, because of the state explosion of the Markov chains and attendant computational problems [23]. Some 
early studies on reliable lines and lines with no intermediate storage are summarized in Dallery and Gershwin’s review [42]. Although only 
models of small sizes are tractable, exact analytical methods are still of significant importance because two-stage line models are the essen-
tial parts of approximate analytical methods.  

For lines with more workstations, approximate analytical methods are investigated. Generally speaking, most of them are either based 
on decomposition or aggregation approaches. The common idea of decomposition methods is to decompose a J-workstation line into a set 
of J-1 subsystems which contain two pseudo-workstations and be associated with a buffer of the original line. Gershwin [35] developed an 
efficient decomposition method for synchronous lines by solving 4(J-1) polynomial equations. This method can get accurate results with the 
help of the Dallery–David–Xie (DDX) algorithm [41] which is simpler and always converged. Afterwards, Burman [27] modified the con-
tinuous model for inhomogeneous lines and presented a new accelerate DDX (ADDX) algorithm which can provide a faster and more accu-
rate estimates. Other extensions of the DDX algorithm can be found in [13]. Compared with decomposition methods, aggregation methods 
are more straightforward and simpler. The general idea is to aggregate the original line into a unique equivalent workstation by iteratively 
replacing a two-workstation one-buffer subline by a single equivalent workstation [19]. Meerkov and his group have obtained some 
achievements on aggregation methods for lines with Bernoulli, geometric, exponential, and non-exponential machines. This method can get 
good accuracy result in most cases through backward and forward aggregation repeatedly, and the recursive procedure is proved to be con-
vergent. Detailed descriptions are summarized in Ref.[20] and a corresponding software called PSE Toolbox is developed. Considering 
multiple failure modes machines, Belmansour and Nourelfath [2] introduced an aggregation method for series homogenous lines by repre-
senting the dipole via Markov chain. Inspired by some existing methods, Yan and Zhao [10] presented the steady-state equivalence, based 
on which they aggregated the multi-machine stage into a single machine without the limitation of aggregation order and failure mechanisms. 

Although analytical methods have been fully investigated, to the best of our knowledge, industrial designers or managers rarely use 
them for the performance assessment. Instead, simulation has wider applicability and practicability. As typical discrete event dynamic sys-
tems, transfer lines usually have complex stochastic behavior. Compared with analytical methods, simulation can model transfer lines at any 
requested level of detail [38] and not be restricted by assumptions like specified distributions of random processes. Consequently, discrete 
event simulation (DES) have been proved to be the perfect tool to exhibit the dynamics of complex manufacturing process, meanwhile, the 
accuracy can be controlled. “A comprehensive and state-of-the-art” discussion of many important aspects of discrete event simulation is 
given by Law [5] from fundamentals to applications. It is not hard to find simulation has been used for predicting and optimizing the per-
formance of transfer lines in many respects, for instance, buffer allocation, throughput analysis, and bottlenecks identification. Furthermore, 
on the basis of simulation, some authors [36] investigated the different behaviors of real transfer lines by means of case studies. In addition, 
many general-purpose and application-oriented commercial software packages (e.g., Flexsim, Witness, Plant Simulation, etc.) have been 
designed specifically to simulate manufacturing systems, thus increasing the popularity of simulation in recent years. 

Despite the modeling flexibility and greater ease of use, DES is generally time-consuming, especially in the early design phases when 
many alternative system configurations are indeterminate. Although more powerful computers are available, a lot of simulation time and 
resources are still required to obtain statistically significant results. To increase the efficiency, design of experiments (DOE) [11] technique 
is usually integrated into the simulation, which also be referred to as computer experiments or simulation experiments. This technique can 
help us to find out which input parameters (factors) affect the performance measures (responses) most with the least amount of simulating. 
The common design types for computer experiments are Latin hypercube sampling (LHS), uniform design, optimal design, and so on [24].  

Another use of DOE is to construct a metamodel, also known as surrogate model or response surfaces, which is a simplified model of 
the simulation model for representing the quantitative relationship between factors and responses [3]. Fig. 1 illustrates the relationship of 
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these models. Metamodeling provides one approach to predict the responses from a limited set of simulated factor-level configurations, and 
therefore offering some potential assistance for optimiza-  
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Fig.1 The relationship of different models 

tion. There are a number of alternative model types, including polynomial regression, splines, Kriging models, radial basis functions (RBF), 
moving least squares (MLS), support vector machines (SVM), and artificial neural network (ANN) [34]. Development of metamodeling in 
manufacturing is reviewed by Yu and Popplewell [9]. Buffer allocation problem has recently been analyzed by alternative metamodels, such 
as Kriging [4] and genetic algorithm [25]. With the help of a spline based surrogate model, Pettersen et al. [16] built a three-dimensional 
performance surfaces generated by WIP, lead time and throughput for a small production line. In Farouk et al. [22]，the authors developed 
a methodology using ANN metamodeling for availability modeling in series system with buffers under imperfect repair. 

As previously mentioned, there is an abundant literature on the analysis of transfer lines. Much of this research has focused on the pro-
duction performance, especially throughput [33]. However, to the best of our knowledge, there are relatively few publications concerning 
reliability issue, even though it is one of the essential indicators of transfer lines. Literature on the reliability of manufacturing systems is as 
follows. Miriyala and Viswanadham [23] conducted a basic research on the reliability of flexible manufacturing systems. Afterwards, some 
authors investigated this problem by Markov model [6] and Petri nets [1]. Some real production lines were evaluated according to the field 
failure data [17]. But they were studied as a whole system at line level without considering interaction between stations. Lin and Chang [43] 
proposed a graphical-based methodology to evaluate the reliability of manufacturing networks. Unfortunately, these systems are constructed 
with no buffer, thus losing dynamic characteristics of transfer lines. In Sethia et al. [31], WIP buffers was introduced under parallel standby 
redundant arrangement. But they were not researched deeply and just modeled as hybrid configuration. The joint availability and throughput 
of process production line with one buffer inventory are obtained by Macchi et al [29]. In order to analyze the effect of related buffer dy-
namics, the reliability block diagram method is integrated with a state space analysis of the production flow degradation and isolate time. 

The aim of this paper is to propose a methodology to predict the reliability-related performance of transfer lines with unreliable work-
stations and finite buffers. In the next section we describe transfer line model, assumptions, and notations. Section 3 outlines a general DES 
proposed to model the production process of transfer lines. Section 4 presents a metamodel combined with LHS and stochastic Kriging. A 
numerical example is reported in Section 5. Finally, conclusions and further research close the paper in Section 6. 

 
2.Transfer line model, assumptions, and notations 

 
2.1 Problem description 

 
A transfer line is often organized with workstations connected in series and separated by buffers. A workstation may be composed of a 

set of machines in series/parallel or just one machine (and the terms “workstation” and “machine” are used interchangeably in this case). 
The graphical-based structural model of a J-workstation transfer line is represented in Fig. 2, where the squares represent workstations and 
the circles represent buffers. In the transfer line, workpieces from outside enter the system at the first workstation 1WS . Each workpiece is 

processed by 1WS , after which it moves to the first buffer 1B . Then it flows in the direction of the arrows until it is processed by the last 

workstation JWS , and exits the system. 
In real-life manufacturing systems, the workstations always experience random breakdowns. Consequently, failure of one workstation 

may affect all other workstations upstream and downstream. This complex phenomenon is generally regarded as perturbation propagation 
[20]. This is what makes the investigation of transfer line difficult. To limit the propagation of disruptions, buffer storages are usually insert-
ed between workstations. In fact, buffers are capable to providing continuity by the means of 
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Fig. 2 The block diagram of a J-workstation transfer line 

Accumulating parts from the upstream subsystem and releasing parts to the downstream subsystem. The buffer inventory level can pro-
vide a period of isolation time for maintenance actions before the buffer becomes empty or full without bringing down the entire system 
immediately [29] . From this point of view, buffers alleviate this mutual interference by decoupling adjacent workstations from “rigid” con-
nection to “elastic” connection.  

A workstation is starved if its upstream buffer is empty. It is said to be blocked if its downstream buffer is full. There are two types of 
blocking mechanism: Blocking after service (BAS) and Blocking before service (BBS) [42]. BBS mechanism, which leads to a simpler 
description, has been considered in this study. In this case, the workstation can start processing a workpiece only if the downstream buffer is 
not full. Otherwise, it has to wait until a space becomes available. It has been proved that the performance measures under these mechanisms 
are quite similar, especially when the buffers are large. 

When a workstation is up/operational, it is said to be busy/processing if it is processing a workpiece, and is said to be idle if it is either 
starved or blocked (may be simultaneously both, but rarely). Generally, uptimes (consist of busy times and idle times) and downtimes exhibit 
statistical regularity, and be expressed as independent and identically distributed (i.i.d.) random variables. The state is summarized as: 
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Two types of failures are of interest: time dependent failures (TDF) and operation dependent failures (ODF). TDF are failures that can 
occur at any time, including when a machine is idle, and mainly caused by electronic systems failures. On the other hand, a machine subject 
to ODF cannot fail if it is not processing on a workpiece, and breaks down mainly due to mechanical causes. A workstation, which is com-
prised of electromechanical equipment such as CNC machines and gantry robots, usually has multiple failure modes. Thus we assume that 
failures of a workstation are time dependent in a broad sense. For another reason, virtually the failure rates of TDF and ODF are measured 
using uptimes and busy times respectively, and have different numerical values. In many factories, only the times that the machines fail and 
go back up are recorded. Thus, the uptime data may be available but not busy time data, and the failure rates of ODF may be unknown [5].  

As mentioned above, the parallel machines are simplified to one workstation in this research (see Fig.2). In the real production process, 
the parallel machines are generally used to balance the transfer line, and have the same operation as well as configuration in most situations. 
They are therefore assumed to have identical processing time and parameter distributions. We define “degradation ratio” as the production 
capacity coefficient of the workstation when one of the parallel machines is down. For example, the degradation ratio is 2/3 when the work-
station contains three parallel machines. Without loss of generality, let it be 0 in the series case. 

 
2.2 Assumptions 

 
The following additional assumptions are also used: 
(1)The supply and storage of transfer line are beyond the scope of this research and are simply considered to be infinite. In other words, 

the first workstation is never starved and the last one is never blocked. 
(2)Transfer times between machines are considered negligible compared with processing times. 
(3)Processing time of each workstation which contains setup time is constant because most machines are controlled by predetermined 

computer code. 
(4)Failures don’t destroy workpieces. Therefore, the workpiece remains at the machine during repair, and processing resumes when the 

machine is up. 
(5)Deterministic downtimes such as breaks, shift changes, and preventative maintenance are not treated in this paper because they are 

scheduled and relatively easy to model. 
(6)There is an unlimited maintenance resource, in other words, the machines can be repaired immediately. Furthermore, perfect 

maintenance actions are done so the machines are restored to be as good as new. 
Moreover, the 2-Parameter Weibull [12] distribution is used to model uptimes and downtimes. Although the proposed DES model is 

available for general distributed workstations, the Weibull distribution is the most widely used distribution in reliability engineering and can 
be conveniently transformed into exponential distribution which used in most approximate methods. 

 
2.3 System parameters and reliability-related indicators 

 
It is necessary to present a summary of basic notations and formulations used throughout the paper. The system input/output parameters 

and reliability-related indicators regarded in this research are listed below: 
 

2.3.1 Input parameters 
 

J  total number of workstations (machines); 

jWS  the j th workstation of the transfer line, 1,2, ,= j J ; 

jB  the j th buffer of the transfer line, 1,2, , 1= −j J ; 
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jT  processing time of jWS , and vector ( )T
1 2, , ,=  JT T TΤ ; 

jK  maximum capacity of jB  (include the space at +1jWS  ), and vector ( )T
1 2 1, , , −=  JK K KK ;  

jD  degradation ratio of jWS , and vector ( )T
1 2, , ,=  JD D DD and [0,1)∈jD ; 

i  subscript specifying a particular failure number, 1,2,= i ; 

ijut  uptime of jWS  before the ith failure, and the set { }1 2, , , ,=  j j j ijUT ut ut ut ; 

ijdt  downtime of jWS  during the ith failure, and the set { }1 2, , , ,=  j j j ijDT dt dt dt ; 

simt  simulation time;  

warmupt  warmup period; 

r  number of independent replications of the simulation; 
α  scale parameter of Weibull distribution; 
β  shape parameter of Weibull distribution. 

 
2.3.2 Output parameters 

 
( )jk t   inventory level of jB  at time t , and 0 ( )≤ ≤j jk t K ; 

jk   average inventory level of jB , and sim

sim1
= ( )

=∑ t
j jt

k k t t ； 

( )jct t   cumulative busy/processing time of jWS  at time t ;  

( )jop t   output of jWS  at time t ; 

ijbt   total accumulated busy (processing) time of jWS  during ijut , and the set { }1 2, , , ,=  j j j ijBT bt bt bt ; 

ijit   total accumulated idle time (starved and blocked) of jWS  during ijut , and the set { }1 2, , , ,=  j j j ijIT it it it ; 

( )js t   state of jWS  at time t ; and =j js D  during jDT , 1=js  during jBT , " "=js starved or " "blocked  during jIT ;  

OP   total amount of output workpieces, and sim( )= JOP op t ; 

( )OPh t  hourly output of system at time t ; 

( )WIP t  work-in-process, the total number of workpieces contained in transfer line at time t , and 
1

1
( ) ( )−

=
= ∑ J

jj
WIP t k t ; 

WIP  average work-in-process, and 
1

1

−

=
= ∑ J

jj
WIP k ; 

qrt  residence time, total time that the qth workpiece spends in the transfer line (either being processed at a workstation or waiting in a 

buffer), the set { }1 2, , , ,=  qRT rt rt rt ;  

RT  average residence time, and 
1=

= ∑OP
qq

RT rt OP ; 

 
2.3.3 Reliability-related indicators 

 
MTBF  mean time between failures, and = jjMTBF ut ; 

MTTR  mean time to repair, and = jjMTTR dt ; 

PR  production rate, the average number of completed workpieces leaving the systems (i.e. the last workstation) per cycle/processing 
time.  

PR , in general, is appropriate for transfer lines with all workstations having identical cycle times [20]. In the asynchronous case, this 
indicator is referred to as： 
TP  throughput, the average number of completed workpieces leaving the systems (i.e. the last workstation) per unit of time, and 

/= simTP OP t . Obviously, TP  can be employed in the synchronous case as well, in this case, /=TP PR T . 

MT  mean time to process one workpiece, and 1=MT TP . 

E  efficiency of the whole line, defined as the probability of system  being processing. Actually, in the steady 
state, max= × simE OP T t  max= ×TP T , where maxT  is the maximum processing time of workstations. And in the synchronous 

case, the above equation turns into = × =simE OP T t PR .  

DCR  downtime conversion ratio, defined as the probability that workstation breakdowns convert into the whole line breakdowns. Thus 
DCR  is the ratio of whole line’s total downtime to the sum of every workstation’s total downtime, and is given by: 
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 where isdt  is the i th downtime of system. 
 
3. Discrete event simulation 
 

In this section a general DES is developed using Matlab software to model the production process of transfer lines. The simulation 
model can provide real-time information on operating characteristics, and assess the reliability-related indicators of lines with various sys-
tem parameters. 

 
3.1 Simulation process 

 
The flow chart of the DES model is shown in Fig. 3 with the following description of main step: 
(1)Set the system parameters for transfer line: J , T , K , D  and simulation time simt , warmup time warmupt . 

(2)Initialization of inventory level (0)jk , cumulative processing time (0)jct , output (0)jop  for every buffer and workstation, and 

the defaults values are all 0. 

Set system parameters: J,K,T,D,α,β and 
simulation time tsim ,warmup time twarmup

Generate UTj and DTj using Monte Carlo ,
and sort in chronological order

Scan the system state at each time unit from t=1 

kj-1(t-1)>0 and
kj(t-1)<Kj ?

Initialization of inventory level kj, cumulative processing 
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Fig.3 The flow chart of DES model for transfer lines 

 
(3)Generate sample sets jUT  and jDT  with general distribution by Monte Carlo for every workstation. Accumulate and sort these 

samples in chronological order until simt  end. 
(4)Scan the real-time state for every buffer and workstation at each time unit by means of a nested loop of which the outer loop runs 

from 1=t  to sim=t t  and the inner loop runs form 1=j  to =j J . In this process, record ( )jk t , ( )jct t , ( )jop t  and the real-time 

state of jWS . 
(5)Calculate other output parameters and reliability-related indicators in section 2.3. 
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3.2 Validation & Case 
 

The validity of proposed DES model was achieved by comparing the results with Plant Simulation software in different lines. 4 cases 
were investigated as follows, with the configuration details in Table 1. They are synchronous series line with same workstations, synchro-
nous series line with different workstations, synchronous series-parallel line and asynchronous series-parallel lines, respectively. 

We made r=100 independent replications of the simulation, each of length simt =4320 hours (or 6 months). It took about 5554 seconds 
for each case on a PC with system configuration Intel(R) Core(TM) 2 Duo CPU E7500 (2.93 GHz) with 3.00 GB of RAM. The results, 
summarized in Table 2, indicate that the percentage errors of output parameters are relatively small. That means the proposed DES model is 
practicable. 

 
3.3 Warm-up 

 
The initial transient or startup problem is a common problem in simulation process. In order to ensure that observations can represent 

steady-state behavior, the technique called warming up or initial-data deletion is often suggested. In this study, a graphical procedure pro-
posed by Welch is employed to choose the warm-up period (see Ref.[5]). This procedure can smooth out the plot of observations based on r 
independent replications simulation and moving average with w (where w is the window, a parameter to adjust the smoothness). Output 
parameters ( )OPh t , ( )WIP t  and qrt  are selected as observations 

Taking case 1 as an example, we made r=100 independent replications of the simulation, each of length simt =4320 hours (or 6 months). 

Fig. 4(a), 4(b) and 4(c), respectively, show the moving averages for ( )OPh t  with w=200h, ( )WIP t  with w=200h and qrt  with w=2400 
(note that the unit here is the number of workpiece, and need to transform to corresponding time). From the plot we conservatively chose a 
warmup period of warmupt =720h. 

Table 1  Configuration details of 4 cases 
 Case 1 Case 2 Case 3 Case 4 

J  6 6 6 6 

T (min) (5,5,5,5,5,5) (5,5,5,5,5,5) (5,5,5,5,5,5) (5,5,4,6,5,5) 
K  (10,10,10,10,10) (10,8,15,12,10) (10,8,15,12,10) (10,8,15,12,10) 
D  (0,0,0,0,0,0) (0,0,0,0,0,0) (0,0,0,0.5,0,0) (0,0,0,0.5,0,0) 

UT (h) 
α  (200,200,200,200,200,200) (200,300,200,100,200,150) (200,300,200,100,200,150) (200,300,200,100,200,150) 
β  (1,1,1,1,1,1) (1,1,1,1,1,1) (1,1.2,1,0.8,1,0.9) (1,1.2,1,0.8,1,0.9) 

DT (mi
n) 

α  (60,60,60,60,60,60) (60,60,90,30,60,45) (60,60,90,30,60,45) (60,60,90,30,60,45) 
β  (1,1,1,1,1,1) (1,1,1,1,1,1) (1,0.8,1,1.5,0.9,1.2) (1,0.8,1,1.5,0.9,1.2) 

Table 2 Simulation results of Plant Simulation and proposed DES in Matlab  
 Case 1 Case 2 Case 3 Case 4 
 Matlab PS error% Matlab PS error% Matlab PS error% Matlab PS error% 

OP  50870 50896 -0.05% 50890 50921 -0.06% 50952 50942 0.02% 42836 42769 0.16% 
E  0.9813 0.9819 -0.06% 0.9817 0.9824 -0.07% 0.9829 0.9828 0.01% 0.9916 0.9902 0.14% 

MT (min) 5.095 5.093 0.05% 5.093 5.090 0.06% 5.087 5.088 -0.02% 6.051 6.060 -0.16% 
WIP  27.86 29.21 -4.62% 29.82 31.29 -4.70% 29.11 31.01 -6.13% 36.91 37.86 -2.51% 

     

 (a) ( )OPh t  with w=200h (b) ( )WIP t  with w=200h (c) qrt  with w=2400 
Fig. 4 Moving averages for output parameters 

 
4. DOE and metamodel 

 
4.1 Latin hypercube sampling 
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As a kind of space filling design, LHS is widely used for computer experiments because its stratification properties allow it to cover the 
input domain uniformly in a relatively small sample size. A LHS with n sample points in v dimensions is written as an ×n v  matrix 

T
1 2[ ]= nX x x x , in which each column represents a factor and each row (1) (2) ( )[ ]v

i i ix x x=ix   represents a sample. Firstly, a 

LHS divides each dimension into n equal levels and gets vn grids. Then select n of them to make that exactly one is selected at each level. 
Finally, generate one point randomly in every grid and get n sample points. A LHS is called midpoint Latin hypercube sampling (MLHS) if 
the points are the midpoints of the above levels. To get better uniformity, various criterions are available to optimize the design. More de-
tails about LHS can be found in Ref.[18]. 

In this paper, the LHS experiment plans were created by Matlab function lhsdesign with MLHS and maxmin criterion (maximize the 
minimum Euclidean distance between any two points) in 20 iterations. For example, a LHS with 100 sample points in the range of 
MTBF∈ [50,350]h and MTTR∈ [20,100]min is shown in Fig.5. 

 
4.2 Stochastic Kriging metamodel 

 
Kriging is a popular interpolation methodology for computer experiments to construct a cost-effective metamodel as a surrogate to a 

tedious and time- 

 

Fig.5 A 100×2 LHS experiment plan 

consuming engineering simulation. Actually, the Kriging interpolator is the best linear unbiased predictor (BLUP) and has the ease of im-
mediate metamodel validation by measuring its uncertainty [37]. Compared with traditional polynomial regression, Kriging can give better 
global predictions because Kriging assumes that the prediction errors are correlated, i.e., gives more weight to ‘neighboring’ observations 
[39]. Thanks to the property of ‘exact’ interpolation which ensures the prediction equals the observed simulation output, standard Kriging is 
attractive in deterministic simulation.  

In stochastic simulation, however, this Kriging property seems to be undesirable, since the observed values contain variance infor-
mation, and even the average value is only an estimate of the expected output. Fortunately, Ankenman et al. [7] extended the basic theory of 
Kriging for approximation instead of interpolation, and proposed stochastic Kriging for metamodeling discrete event simulation. 

In stochastic Kriging, the simulation output on replication h at design point x  is defined as:  

 T( ) ( ) ( ) ( )h hε= + +x b x λ x xMy                                                         (1) 

This model is a summation of three distinct terms. The first one, representing the global trend, is a linear combination where ( )b x  is a 

vector of known basis functions of x , and λ  is a vector of unknown coefficients to be estimated. The second term is a extrinsic uncertain-
ty represented by a second-order stationary stochastic process with mean zero and covariance 

[ ] ( )2Cov ( ), ( ) || ||;Rσ′ ′= −x x x x θM M , where 2σ can be elucidated as the variance of ( )xM  for all x , and R  is the spatial 

correlation function (SCF) that depends on the ‘distances’ || ||′−x x . For simplification, the form 

( ) ( )( ) ( ) ( )1
|| ||; | |;v

d d dd
R R x x θ

=
′ ′− = −∏x x θ  is used for studying v-dimensional problems. The parameters 2σ  and θ  are esti-

mated from the experimental data. This term describes the local bias about the response surface at an unsimulated point. Additionally, the 
first two terms constitute the standard Kriging. The last term ( )ε x  is the intrinsic white-noise with variance Var[ ( )]ε= xV . It repre-
sents an i.i.d. Monte Carlo error across replications at design point x . 

There are two steps to build a metamodel by stochastic Kriging: first, model M  and V , i.e., estimate the unknown parameters; second, 
make predictions for given points. We perform these tasks by using stochastic Kriging Matlab toolbox developed by Nelson et al. (available 
at www.stochastickriging. net). The basis functions ( )b x  are commonly expressed as polynomials of orders p=0, 1 and 2. For spatial cor-
relation function, the toolbox provides three types: exponential, Gaussian and cubic, which are defined as follows, respectively: 

 ( ) ( )exp ; =expR δ θ θδ−                                                                                  (2) 

 ( ) ( )2
Gauss ; =expR δ θ θδ−                                                         (3) 
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where | |x xδ ′= − . More details about stochastic Kriging can be found in [21].  
The goodness of prediction fit for different models is measured by their mean absolute percentage error (MAPE), root-mean-square er-

ror (RMSE) and R-square (R2), which are given by: 
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where iy is simulated value and ˆiy  is predicted value. For the first two terms, a value closer to 0 indicates a better fit. In respect to R2, 
it can take any value between 0 and 1, and the higher the value, the better the accuracy of predictions will be. 
 
5. Numerical example 

 

Taking case 1 as an example, we made r=100 independent replications of the simulation with simt =4320h and warmupt =720h for 
n=100 sample points obtained via experiment plan in Section 4.1. Figure 6 and 7 show these average simulated values of E and DCR in 
scatter points. Then we built the stochastic Kriging metamodel from above simulation result, and made predictions for grid points with step 
sizes of MTBF=25h and MTTR=10min. The same simulation was performed for these grid points as verification group. 

We compared various stochastic Kriging (SK) models with aggregation method proposed by Li and Meerkov [20]. The summarized re-
sults are listed in Table 3. We observe that stochastic Kriging provides better predictions than aggregation method for E, and R2 is relatively 
high. Furthermore, Gaussian correlation function delivers better performance than others, and it is followed by the cubic function. 

Fig. 6 displays the predictions obtained from stochastic Kriging with constant basis function and Gaussian correlation functions. The 
surface is virtually identical to that of simulated values. It also demonstrates that the prediction accuracy is high enough. Meanwhile the 
response surface proves that E is an increasing function of MTBF as well as a decreasing function of MTTR. 

 
Table 3  Comparison of prediction accuracy 

Method 
Goodness of fit for E Goodness of fit for DCR 

MAPE RMSE R2 MAPE RMSE R2 

SK: p=0&exp 0.1231 2.693e-03 0.9862 1.078 7.599e-03 0.9938 
SK: p=1&exp 0.1258 2.509e-03 0.9880 0.8838 6.221e-03 0.9959 
SK: p=2&exp 0.1024 1.896e-03 0.9932 0.9011 6.342e-03 0.9957 

SK: p=0&Gauss 0.04874 7.686e-04 0.9989 0.7985 5.653e-03 0.9966 
SK: p=1&Gauss 0.04908 7.729e-04 0.9989 0.7949 5.594e-03 0.9966 
SK: p=2&Gauss 0.04736 7.505e-04 0.9989 0.8314 5.779e-03 0.9964 
SK: p=0&cubic 0.05652 9.978e-04 0.9981 0.8227 5.770e-03 0.9964 
SK: p=1&cubic 0.05386 9.830e-04 0.9982 0.7986 5.642e-03 0.9966 
SK: p=2&cubic 0.05377 8.985e-04 0.9985 0.8321 5.774e-03 0.9964 
Aggregation* 0.2316 2.741e-03 0.9857 — — — 

* Calculated by PSE Toolbox. 
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 Fig.6 Response surface of efficiency E Fig.7 Response surface of efficiency DCR 

Similarly, response surface of DCR is acquired, as shown in Fig. 7. It is positively correlated with MTTR, and seems to have little cor-
relation with MTBF. The possible reasons are that: first, as MTTR decreasing the buffers alleviate perturbation propagation more efficiently; 
second, system downtimes and workstation downtimes vary in the same proportion no matter how MTBF change. From this perspective, it 
appears that maintainability is more significant for whole system instead of blindly pursuing high MTBF values. 
 
6. Conclusions and further research 
 

In this paper, a new procedure for the reliability-related performance prediction of transfer lines with unreliable workstations and finite 
buffers has been proposed. The main advantages are its flexibility and property that is not restricted by specified distributions. This proce-
dure consists of two phases: DES and metamodeling. The first phase involves conducting computer experiments for transfer lines under 
different system parameters with the help of DOE. These system parameters can describe transfer lines with different structures, processing 
times, uptimes, downtimes and buffer capacities. This DES was executed in Matlab and obtained various performance indicators, including 
a newly defined reliability-related indicator DCR. The second phase aims to predict the responses (such as E and DCR) from the simulated 
results. Stochastic Kriging technique integrated with LHS was used to construct the metamodel.  

The numerical results have shown that the proposed method provides better predictions than approximate analytical method, and 
Gaussian correlation function performs best. The response surface versus MTBF and MTTR are also obtained. The main novelty of this 
paper is to import stochastic Kriging technique to the domain of modeling the performance of transfer lines. 

In the future, we will investigate prediction of performance measures with more system parameters for higher dimensions, especially in 
asynchronous lines. Sensitivity analysis methods should be helpful to gain a deeper understanding of the relationships between factors and 
responses. It would also be interesting to observe the performance of other DOE and metamodeling techniques. 
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Abstract:There are some evaluation methods used to evaluate on new urbanization, such as FCE, AHP, PCA, etc. These methods play an 
appositive role in the evaluation of new urbanization. But they also have disadvantages such as the factors are incomprehensive and the 
results are imprecise. Now the evaluation of new urbanization has become a hot research topic, which lacks of the use of artificial 
intelligence method. Support vector machine (SVM) is recognized as one of the evaluation of concerns. SVM has been used for automatic 
evaluation of the usability of urbanization applications. The weakness of SVM approaches is that it is difficult to select important parameters 
such as penalty factor and radial basis kernel parameters, which affect the performance of the results. One possibility to overcome these 
limitations is to use PSO-SVM framework for assessing the usability of the evaluation. However, few research has been devoted the 
evaluation of new urbanization development of PSO-SVM frameworks. This paper presents PSO-SVM, a framework designed and 
implemented with aspects for evaluating the level of new urbanization in China and uses 27 provinces as a case study to analyze the 
application of PSO-SVM patterns. Experiments show that the regression curve is relatively smooth. The result reaches a better fitting result. 
According to the simulation results of the level of development of new urbanization in 27 provinces, this paper analysis the results, and puts 
forward the corresponding countermeasures and suggestions, in order to provide some suggestions for promoting the new urbanization 
construction in China.  
 
Keywords: New urbanization; PSO; SVM; Evaluation  
 
1. Introduction  
 

By the end of 2011, the urban population of China has reached 691 million, that the urbanization has reached 51.27%. The Chinese 
urbanization rate became 56.10% in 2015, which was more than 50% in 2011. In early 2014, the Communist Party of China (CPC) central 
committee and the state council issued the national planning of New Urbanization (2014-2020), and pointed out the direction of 
development for China in the future. The expert of State Research Center predicted that urbanization rate in China would reach 60% in 
2020.  

Urbanization construction of China is advancing, about the construction of evaluation index system of urbanization, there are different 
index systems based on the different understanding of the connotation of urbanization by domestic scholars. Xiao-qiang Chen (2011) 
improved the urban land index method. The improved method provides a certain basis for scientific, reasonable, objective and accurate 
evaluation of urbanization. Yun-long Cai and Wen-bo Wang (2008) analysis the differences of urbanization level of a district in Xi'an by 
fuzzy comprehensive evaluation (FCE). Hai-liang Ren (2010) estimated the urbanization level of Hebei province based on FCE. NieSa 
(2007) adopt the factor analysis method to analysis the level of rural urbanization of 12 provinces in western region. Yachen Liu (2008) 
estimated the level of urbanization of Liaoning province by means of analytic hierarchy process (AHP). Qianrong Li, Jianhui Liu and Huang 
Qing-hua (2010) evaluated the development level of urbanization of chongqing municipality and the national using AHP. Ting-fan Yi, Liao 
Rongrong (2011) combines the method of AHP with FCE to analyze the development level of Baihu and the national. Yu-zhou zhang 
(2010) measured the level of urbanization in Henan province with the improved principal component analysis (PCA) and the method of 
Delphi. Wang Xian, Zhe-ming Wang (2013) empirical researched on the urbanization level of Hebei province based on entropy weight 
method. 

At present, there are some evaluation methods used to evaluate on new urbanization, such as FCE, AHP, and so on. These play an 
appositive role in the evaluation of new urbanization. But they also have disadvantages such as the factors are not comprehensive and the 
results are imprecise. With the advent of the information age, artificial intelligence has become an important method of evaluation. The 
evaluation of new urbanization has become a hot research topic, which lack of the use of artificial intelligence method, such as artificial 
neural net and support vector machine ( SVM). 

In recent years, SVM technology has become another research hot spot after artificial neural net in the field of artificial intelligence 
( that is AI). SVM a new artificial intelligence algorithm in evaluation modeling, due to its perfect theory basis, has succeeded in 
engineering applications, and has attracted the worldwide extensive attention. The optimal parameters search of SVM plays a crucial role in 
building a evaluation model with high accuracy and stability. However, there is no general guide for the determination of parameters. In 
general, parameters of SVM are searched by grid-search method and a number of experiments, which is obviously time-consuming[1].A 
weakness of SVM approaches is that it is difficult to select important parameters such as penalty factor C and radial basis kernel parameters 
γ , which affect the performance of the results. One possibility to overcome these limitations is to use PSO-SVM framework for assessing 
the usability of the evaluation. However, little research has been devoted the evaluation of new urbanization development of PSO-SVM 
frameworks. PSO is a general adaptive optimization search method based on natural selection and natural evolution. 

The present study arises from the following questions: How should PSO-SVM framework for automatic evaluation of the usability of 
user tasks in evaluation of new urbanization? What strategies can be applied to achieve reusable and flexible evaluation index system of new 
urbanization of the PSO-SVM in such a framework? 

This study makes three contributions. Firstly, constructing the evaluation system of development level of new urbanization based on 
the connotation of the new urbanization and domestic existing research, PSO-SVM models for evaluation of the development of new 
urbanization. Secondly, the paper presents PSO-SVM, a framework designed and implemented with aspects for evaluating the level of new 
urbanization in China. Thirdly, the paper uses 27 provinces as a case study to analyze the application of PSO-SVM patterns. 

The aim of this paper is to report on the design and implementation of PSO-SVM framework for evaluating the usability of tasks in 27 
provinces applications. At the same time, it seeks to provide empirical evidence that the strategies used achieve a reusable, flexible and 
feasible design for evaluating the level of new urbanization. According to the simulation results of the level of development of new 
urbanization in 27 provinces, this paper evaluates and analysis the results, and puts forward the corresponding countermeasures and 
suggestions, in order to provide some suggestions for promoting the new urbanization construction in China. 

 
 

2. Materials and methods 
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SVM is a new method in data mining which is put forward by Vapnik based on the statistical learning theory. It can deal with the 
regression problem and pattern recognition problem successfully. 

SVM operation involves some important parameters such as penalty factor C and radial basis kernel parameters γ  which affect the 
performance of the algorithm. Among them, the penalty factor C determines the degree of penalty when the sample is incorrectly classified. 
Kernel parameter γ  determines the radial range of functions and controls the essence of the nonlinear mapping which is the width of the 
Gaussian distribution. Therefore, in the actual application process, the inevitable problem is the setting of the penalty factor C and the 
nuclear parameterγ . In fact, there is no obvious functional relationship between the parameters C and the learning performance in the same 
SVM. Nowadays, the parameters C and the method of cross validation are not only time-consuming but also blind. The learning efficiency 
and momentum parameter are generally determined by repeatedly training and using the law tries in order to drawing relatively ideal value. 
But these methods could be very uncertain, and it is impossible to get the optimal solution, which will influence the result of training. 
Therefore in order to achieve effective and efficient selection the parameters of SVM , the optimization method is often used. There are a lot 
of training methods for SVM，such as neural network. But they have a few defects, like over fit phenomenon. It looks like that the results of 
learning is pretty good, but in fact the generalization is rather bad. When the SVM is been training, a lot of parameters need to drafted, such 
as the input layer and the latent layer of nodes counts, times of the maximum training, efficiency of learning, parameter of momentum, 
etc[2]. But the methods of drafting these parameters need to be well characterized. In this paper, PSO algorithm optimized SVM is the use 
of PSO to derive parameter C and the optimal solution. 

PSO is a kind of new evolution algorithm developed in recent years. In addition, PSO is also applied to a lot of industrial fields, such as 
controlling reflection by the energy and voltage, optimizing the mixed composition, planning workshop the real time route of robot in 
homework deployment, automatic goals detection and frequent analyzation, etc. 

In this paper, SVM of artificial intelligence has a complete theoretical basis, which has not the problem of model selection, the problem 
of dimension disaster and the problem of local minimum, etc., so the SVM concept is brought into the urbanization construction, servicing 
for the evaluation of the new urbanization. PSO is used to all parameters of the SVM, and reach the goal of training through changing and 
substituting these optimal parameters, and then SVM is trained to the transformed samples. 

 
2.1 Mathematical models of pso-svm algorithm 
 

Definition 3.1 Suppose xi and its category yi  of the samples and express as:(xi, yi),xi∈Rd,yi∈{ + 1,-1},i=,...,n,Super plane equation 
w·x+b=0,can distinguish two types correctly between the samples,The maximum of the class interval optimization problem can be 
expressed as follows: 

                 yi[(w·xi )+b]-1≥0                                               (1) 
i=1,…,n   For the minimum φ(w)= 1

2
‖w‖2.  

Training sample points of H1 and H2 is called support vector. 
Theorem 3.2（Mercer condition）:For any symmetric function ( )k x x′， ，and it is a necessary condition for the inner product in the 

feature space.For arbitrary ( ) 0xφ ≠ and 
2
( )x dxφ < ∞∫ ， ( ) ( ) ( ) 0k x x x x dxdxφ φ′ ′ ′ >∫∫ ， can be permanent establishment. It is 

not difficult to meet generally for the condition[3]. 
According to the theorem, it is known that appropriate kernel function is used in the optimal hyper plane.                  

K(xi,yi)=(Φ(x i).Φ(x i ))                              (2) 
At this point, the objective function of two time programming becomes  

                 
1 1 1

1( ) ( )
2

l l l

l i i i j i j
i i j

w y y K x xα α α α
= = =

= −∑ ∑∑ ，                        (3) 

The corresponding classification decision function also becomes 

    
1

sgn( ( ) )
l

i i i j
i

f x y K x x bα
=

+∑（ ）= ，                             (4)                                                                                                                       

This is the SVM. 
The PSO algorithm proposed by Kennedy and Eberhart adopts parallel technology to quicken the speed and has proved to be very 

effective in solving global optimization for multidimensional problems in noisy and continuously changing environments. Particle flies by a 
certain speed in a searching space and will dynamically adjust itself according to the flying status of itself and its companions. The particle 
will update its own velocity and position according to following formulas: 

           V i = WVi- 1 +c1Rand()(Pi-Xi)+c2Rand()(Pg-Xi)                       (5) 
X i = X i- 1 + V I                                         (6) 

where Vi is the velocity of the particle; Xi is the position of the particle; Pi is the best position of all particles occupied（pbest）; W is 
the inertial weight, which is able to adjust the abilities of over all and local search; c1 and c1are called the study factors and usually taken as 
two; and rand are the random data between 0 and 1.The right side of the formula consist of three parts. The first part is initial particle 
velocity and inertia, and the next two parts reflect the updated particle velocity and inertia. The first part of VI , offers an essential 
momentum for particle, which determine its inertia ability according to its own velocity[4,5].  

There are two versions of PSO algorithm:global and local.The former is fast but sometimes fall into local optimum,convergence speed 
of the latter is slow but it is hard to fall into local optimum.In practice,global PSO can at first be used to find about the results,then by local 
PSO search carefully.(Fig 1.)(Fig 2.) 

 
Fig.1(a) global model   Figure. 2(b) the local model 

 
Fig.3 PSO algorithm is initialized 
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2.2 Pso-svm algorithm procedures 
 

 
Fig.4 Flow-process diagram of pso-svm 

 
(1)PSO-SVM evolutionary SVM for initialization settings, including setting group scale, the number of iterations, random initial 

particles  and velocity is given  Initialize position and velocity of each particle in PSO. The initial position and velocity of the particles 
usually are produced at random in the permitting range. Consider i as the particle in the total swarm. The best previous position of the 
particle is to red and represented as pbest . The best value among all is represented as gbest [6].( Fig 3.) 

(2) Calculate the new position of each particle fitness; For each particle, if the particle's fitness is better than that of the original 
individual extreme value best, set the current fitness for individual extreme value pbest. Usually, randomly generated each particle pbest 
coordinates is set to its current location, and calculate the corresponding individual extreme value that is, the individual fitness value of 
extreme value point; Evaluate each particle, calculate the fitness value of particles, if better than the particle current individual extremum, 
sets the pbest to the particle's position, and update the individual extremum[7].( Fig 5.) 

 
Fig.5 PSO algorithm pbest Settings 

 
Fig.6 PSO algorithm gbest Settings 

 
According to each individual extreme value pbest to find global extreme value gbest particle; Global extreme value (that is, the global 

extreme value point of fitness value) is one of the best in individual extremum, and record the best value of particle number, and set the 
gbest to the current location of the best particle. If the best good of all particles individual extremum in the current global extreme value, 
those are set gbest to the particle's position, record the serial number of the particles, and update the global extremum[8].( Fig6.) 

 (3) After the training of the training set, the error value of each particle in the particle swarm is obtained, and the fitness function of 
each particle is calculated.  

                          
2m

1i
ii y-f

m
1)( ∑

=

= ）（XF                           (7) 

(4) With the PSO optimization model, the speed and position of particles is adjusted, and the latest parameters of SVM are obtained. 
Update pbest and gbest. According to formula as (5), (6), update the location and flying velocity of each particle. 

(5) If the stopping criteria are met, the positions of particles represented by gbest are the optimal solution. Otherwise, stop and return to 
step 2 . 
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(6)The best parameters of the last step are applied to the SVM model, and the training SVM model is tested to test set.When the 
parameters of SVM are optimized with PSO algorithm, the elements of location vectors of PSO are defined as the learning efficiency, 
etc[9,10].  

 
3. Experiments  
 

Various experiments have been conducted to evaluate the development of usability testing with the PSO-SVM framework. 
This paper begins from the actual situation of the process of new urbanization in China, fully reference the existing index system of new 

urbanization, comprehensive considerate the connotation, characteristic and the representation and accessibility of indicators and datum of 
new urbanization. Then the paper analyses the connotation of new urbanization and preliminary drafts77 evaluation indexes to construct the 
evaluation index system from economy, life, society, ecological environment and urban and rural areas as a whole five aspects. The alternate 
index set make up of a target layer, five criterion layers and 77 indicators. The index layers are more detailed explanation on the former. 
Analysis 27 provinces in our country by using spss18.0, establish valid for each subsystem indicator set index, and then build the evaluation 
index system, makes the results more scientific and more objective. 

This article selects 1600 preprocessing data form 27 provinces in 2012 for significance and correlation analysis. In this paper, the 
authenticity of the datum is the key to evaluate the level of new urbanization, so the comprehensive datum in this paper comes from 27 
provinces’ statistical yearbook in 2012, the related statistical datum and actual research for the evaluation of materials. 

According to the five correlation coefficient and significance level matrix of the indicators analysis the significance level of 55 
alternated index. Establish corresponding correlation coefficient matrix, combined correlation coefficient of 0.7 and above alternative 
indicators, finally determine the index system. The evaluation index system of new urbanization such as Table1.  

 
Table1 The evaluation index system of  new urbanization 

The 
target 
layer
（A） 

The rule 
layer（B） 

 
The index layer（C ） 

The new
 evaluation index system

 of urbanization 

economic 
development 
level 

C1 per capita GDP(yuan/person) 
C2 the growth rate of GDP  (%) 
C3 the third industry of GDP (%)  
C4 profit rate of industrialcosts and expenses (%)  
C5 total retail sales of consumer goods (billion)  
C6 technology spending as a share of GDP(%)  
C7 effective number of invention patents of industrial enterprises above designated size R&D 
 

people 
living 
standard 

C8 per capita urban road length (m/persen)  
C9 per capita of posts and telecommunications business (yuan)   
C10 Per capita with a public library (volume)  
C11 with public transport vehicles per ten thousand people (tai)  
C12 With public toilets per ten thousand people (zuo)           
C13 TV comprehensive population coverage (%)  
C14 city gas penetration (%)   

social 
development 
levels 

C15 urbanization rate (%)  
C16 urban population density (people/ km2)  
C17 registered urban unemployment rate (%)  
C18the ratio of the number of basic medical insurance and the population of permanent residents 
  C19 per thousand population health technical personnel (wei)  
C20 public service accounts for the proportion of fiscal expenditure (%)  
C21 state financial education funding per capita spending (yuan)  
C22 number per thousand population with college students (ren)  

ecological 
sustainable 
development 
level 

C23 forest coverage rate (%)  
C24 built up area greening coverage (%)  
C25 park green land area per capita (m2/ people)  
C26 complete investment per capita industrial pollution control (yuan/people)   
C27 The ratio of the energy conservation, environmental protection expenditure and fiscal 

   C28 comprehensive utilization rate of industrial solid wastes (%)  
C29 hazard-free treatment rate of household garbage (%)  
C30 city daily sewage treatment capacity (thousands of cubic meters/day)  
C31 ten thousand yuan GDP energy consumption (tons of standard coal/ten thousand yuan)  
C32 wastewater total amount (million tons)  
C33 dust emissions exhaust ZhongYan (powder) (million tons)   

urban-rural 
orchestratio
n level 

C34 urban and rural residents' income difference degree (%)  
C35ratio of Consumption Level (%)  
C36 engel's coefficient of urban and rural areas (%)  
C37 ratio of urban and rural medical and health institutions beds per thousand population (%)  
C38 Urban and rural residents savings deposit balance(billion yuan)   
C39 per capita passenger turnover (million people*km)  
C40 urban and rural community affairs spending accounts for the proportion of local fiscal 

   C41 urban and rural residents of social endowment insurance rate (%)   
 
4. Main operating procedure  
 
…… 
index1=randperm(length(Outputdata)); 
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numberTest=3; 
……. 
PData1=Inputdata(:,indextrain); 
TData1=Outputdata(:,indextrain); 
% PData2=Inputdata(:,index1(end-numberTest+1:end)); 
% TData2=Outputdata(:,index1(end-numberTest+1:end)); 
PData2=Inputdata(:,indextest); 
TData2=Outputdata(:,indextest); 
PData1Temp=PData1; 
PData2Temp=PData2; 
TData1Temp=TData1; 
TData2Temp=TData2; 
[PData1,inputps]=mapminmax(PData1Temp); 
[TData1,outputps]=mapminmax(TData1Temp); 
PData2=mapminmax('apply',PData2Temp,inputps); 
TData2=mapminmax('apply',TData2Temp,outputps); 
…… 
[bestc,bestg] = SVMParmsearchPSO(Ttarget, Tdata,-8,8,-8,8,5); 
bestc 
bestg 
tic; 
cmd = ['-c ', num2str(bestc), ' -g ', num2str(bestg) , ' -s 3 -p 0.01']; 
model = svmtrain(Ttarget, Tdata, cmd); 
timeSVM=toc; 
disp; 
[predict_label0, mse] = svmpredict(Ttarget, Tdata, model); 
…… 
 
5. Results  
 

According to the datum contained in index system of 27 provinces of Hebei, Shanxi, Inner Mongolia, Liaoning, Jilin, Heilongjiang, 
Jiangsu, Zhejiang, Anhui, Fujian, Jiangxi, Shandong, Henan, Hubei, Hunan, Guangdong, Guangxi, Hainan, Gichuan, Huizhou, Yunnan, 
Tibet, Shaanxi, Gansu, Qinghai, Ningxia and Xinjiang in 2012 analysis comprehensive rating of these provinces based on principal 
component. Regard the index datum of 1-26 province as the training set, the index datum of 2-27 provinces as testing set. RBF is chosen as 
the kernel function of SVM.PSO is used to optimize the parameters of SVM to determine the penalty parameter C and gamma RBF kernel 
parameters. 

Initialize the population size N=26, initialize the population size c1=1.5, c2=1.7. The largest number of iterations is 200, the aximum 
and minimum value of penalty parameters C are 100 and 0.1. As is shown in table, finally the results of parameter optimization: C=10.0179, 
γ=0.0527.After determine the parameters C and gamma of SVM, regard the index datum 1-26 provinces as the training set and train SVM, 
then simulate the level of new urbanization of 2-27 provinces by PSO-SVM. The inertia weight is set to w=1, the results as shown in Fig7. 
and figure. The regression curve is relatively smooth, the relative error rate is below 0.00705317, the fitting correlation coefficient R = 
99.7104%, mean square error is 0.00565827 (Fig7.) . 

The simulation results of the training set is as Tab2, which means the result reaches a better fitting results.Guangdong ranks first in the 
development level of new urbanization in China, followed by Jiangsu and Zhejiang. Liaoning, Shandong, Fujian and Ningxia rank fourth, 
fifth, sixth and seventh,and so on.(Table2)  

 
Table2 The simulation results of the training set 

 
 

Province 
The 
comprehensive 
score The real 

ranking 

The simulation 
value 

The 
simulation 
values 
ranking 

 
Province The 

comprehensive 
score The real 

ranking 

The 
simulation 
value 

The 
simulati
on 
values 
ranking 

Guangzhou 
3.90553025 1 

3.75001535
9 1 

Shanx 
1.61463492 15 

1.5883947
8 18 

Jiangsu 
3.73563436 2 

3.57219714
4 2 

Sichuan 
1.605806973 16 

1.5999158
5 17 

Zhejiang 3.48651038
9 3 

3.32272287
1 3 

Hebei 
1.60289485 17 

1.7026985
3 14 

Shandong 2.76956494
7 4 

2.71159957
2 5 

Jiangxi 
1.55254715 18 

1.6262097
1 15 

Liaoning 2.76051922
1 5 

2.71265311
3 4 

Guangx
i 1.52732536 19 

1.5338506
7 21 

Fujian 2.40599386
7 6 2.34052509 6 

Shanxi 
1.50030663 20 

1.5757089
0 19 

Ningxia 2.03532962
5 7 

2.04697022
3 7 

Hunan 
1.49912470 21 

1.5397481
5 20 

Hainan 1.99570698
3 8 

1.86699552
7 11 

Qinghai 
1.36927246 22 

1.3568994
6 23 

Hubei 1.96762006
9 9 

1.97920165
1 8 

Henan 
1.29219455 23 

1.3727580
9 22 

Jilin 1.88109650
2 10 1.91886465 10 

Gansu 
0.90067466 24 

0.9963061
4 24 

Inner 1.85210931 11 1.94792082 9 Yunan 0.71472721 25 0.8160060 25 
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mongolia 3 5 8 
Anhui 1.70769968

3 12 
1.74155320

5 13 
Guizho

u 0.39992555 26 
0.4935123

8 26 
Heilongjian
g 

1.70343129
5 13 

1.78592301
4 12 

Xizang 
0.08595251 27 

0.1853740
5 27 

Xinjian 1.66167086
1 14 

1.61572137
3 16 

     

 

 
 

 
Fig.7 China's new urbanization level evaluation simulation diagram 

 
6. Discussion 

 
   Countermeasures for the development of new urbanization in our country such as follows: 

1) Cultivate the national benchmark level of new urban in the highest level area  
Under the background of the new normal, Guangdong, Jiangsu, Zhejiang should accelerate the process of urbanization of agricultural 

population transfer, scientific optimize the population structure and layout; strive to build a domestic benchmark level cities cluster. 
Guangdong should actively and steadily push the urbanization process of migrant workers and agricultural transfer population, scientific 

planning the function orientation and industrial layout within big and medium cities, small towns and city cluster, constructing the domestic 
benchmark level city cluster. Jiangsu and Zhejiang should hold the opportunity as the provincial national pilot, should be closely around the 
urbanization and accelerate urbanization process of agricultural transfer of population under the background of the new normal. In the same 
time, Zhejiang should deepen the reform of the urban public service supply system and enact new public service supply which is linked 
integral evaluation.  

2) Strengthen green urbanization construction in higher level area 
Higher level area need to improve and further perfect the policy system, and promote green development of urbanization in the process 

of speeding up the construction of new urbanization. 
Firstly, ensure green development of urbanization by perfecting the related policy system. Improve the transfer payment policy, 

establishing an effective compensation mechanism for ecological environmental protection. Implement tighter industry admittance 
environmental standards, and gradually realize the "three wastes" harmless emissions. Secondly, promote the green development of 
urbanization by more measures. Thirdly, form the growth way of innovation-driven connotative, priority to the development of high and 
new technology industries and modern service industry, promote strategic adjustment of industrial structure, and speed up the development 
of low carbon strategic emerging industries.  

3) Promote new urbanization in general level area base on multipath 
According to the social environment, cultural background, characteristics and features of factor market of Heilongjiang, Jilin, Hainan, 

Hubei, Inner Mongolia, Anhui, Hebei, Jiangxi, Xinjiang, Sichuan, Shaanxi, Shanxi, Hunan, Guangxi, Henan and Qinghai, adjust measures 
to local conditions, and our strengths, promote the reform of household registration system as a whole and equal basic public services based 
on the requirements of step. Step by step to boost urbanization of agricultural transfer population, giving full play to the advantages of city 
resources endowment at different levels in general level area, and build modern urban system which regard urban agglomeration as the main 
form and coordinated develop big and medium cities and small towns.  

4) Develop new towns with mountain characteristics in low level area 
Gansu, Yunnan, Guizhou , Tibet ,Yunnan, Guizhou and Tibet adhere to the "keep the red line, balance urban and rural, urban hill, 

farmers into the city, the general requirements, the construction of mountain towns, and realize the development of small and medium-sized 
town, promote the development of urban and rural integration mode. First of all, promote new urbanization and industrialization of benign 
interaction. The practice of the new type of urbanization, which is beneficial to promote industrial gradient shift to the central and western 
regions by gansu east and regional harmonious development. Orderly planning management information systems as a whole, intelligent 
infrastructure, public service facilitation, the modernization of industry development and the social governance and clarify with intelligent 
transportation, safe city and digital city as the focus of the next development direction, the key information system and enhance city key 
information resources security capabilities.  
 
7. Conclusion 

 
This paper established evaluation index system of the development model of new urbanization. 
PSO has already widely applied to optimizing calculating at present, intelligent design, neural network training etc., it is a rising 

method. PSO - SVM models were established for evaluation of the development of new urbanization. The result of SVM algorithm trained 
by PSO is better than that of the SVM.The study on one group of algorithms of PSO-SVM, whether in the theory or in practicing, is 
developed.The existing research results are still quite scattered. Many unknown fields need studying, especially the mathematical foundation 
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of PSO seems much weaker, lacks deep theoretical analysis with general significance, which is also an important direction that needs to be 
studied in the future.  
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Abstract: Collaborative teaching is the most effective way to improve the overall level of teachers, and to promote the development of 
teaching staff. Such teachers co-teaching model is an important means of changing traditional independently teaching methods in China. 
This paper sums up the different method of co-teaching in China, analyses the feasibility of teachers co-teaching model, discusses the prob-
lems of implementation of co-teaching, and proposes some strategies for the development of collaborative teaching model in China. 
 
Keywords: collaborative teaching; teaching management; teacher accomplishment; innovation 
 
1. Introduction 
 

With the development of the new curriculum reform in China, the traditional independent teaching model can not meet the times devel-
opment, teachers collaborative teaching has become an important topic to explore, many universities have also explored and tried this meth-
od. Due to limited personal factors, each teacher can not be a comprehensive talent, there is always the knowledge field that they are not 
familiar with or do not understand, but with the development of the times and knowledge renewal, education put forward increasingly high 
demand for teachers. Therefore, co-teaching method adapts to the times, and is an effective way by changing the past single teaching meth-
od. Collaborative teaching can not only take full advantages of teacher resources for students, but also reduce the burden on teachers, and 
greatly improves the efficiency and quality of teaching. 

Collaborative teaching is also called team teaching, and boasts many pedagogical and intellectual advantages: it can help create a dy-
namic and interactive learning environment, provide instructors with a useful way of modeling thinking within or across disciplines, and 
also inspire new research ideas and intellectual partnerships among faculty [1]. Successful collaborative teaching integrates the strengths of 
multiple viewpoints in a synthetic endeavor that no single member of the project could have completed independently. It also provides an 
expanded number of teaching styles that may connect with more student learning preferences [2]. 

 
2. Models for collaborative teaching  
 
2.1 Decentralized system of collaborative teaching 

 
Teachers, experimental teachers and auxiliary teaching staff constitute teaching team, research and compile teaching program, to com-

plete the task of teaching and evaluation of teaching effectiveness by division of labor. The course is spoken by the main teacher (introduc-
ing unit activities, causing motives, describing teaching materials, designing learning activities, evaluating learning outcomes, etc.), and 
assisted by other teachers. Then the student group learning and discussion, teachers counseling in cooperation, and finally the students go to 
a particular teaching center, using a variety of instruments, books, and equipments independently learning (independent reading, listening to 
recordings, records, independent observation, experimentation, producing, writing notes and reports, etc.). Teachers in collaborative teach-
ing team meet regularly to study, evaluate and plan their works. 

 
2.2 Equal system of collaborative teaching 

 
In this method, there is no hierarchical relationship between teachers. Collective teaching involves two or more instructors teaching the 

same course. The instructors are involved in a collaborative endeavor throughout the entire course. Some team teaching is more like tag-
team teaching, in which only one instructor meets the class to cover a segment of the material. Tag-team teaching has its benefits, but it 
misses out on the benefits of dialogue and the give and take engaged by the team of instructors. 

 
2.3 Collaborative teaching system of the teachers inside and outside the university 

 
With the development of information technology, many professional activities use popular software in the industry. To enable students 

to keep pace with the times, in the lecture, the teacher introduces the most advanced network software tools, which often need to invite 
business manager of certain software company to introduce how to use the software to the students. At the same time, software companies in 
order to expand the social influence usually host some nationwide competitions for the university students, and the introduction of competi-
tion also must be explained by the software company manager. Thus, in the practical curriculums, the teacher of university needs to explain 
the basic theory, and arrange some lessons to the software manager to explain the use of the software and the introduction of competition. 

 
2.4 Collaborative teaching system of linked courses 

 
In some professional courses, there are some relationships between them [3]. Part content in these courses is the same or related. Such 

as money and banking, finance, financial markets, fiscal and finance and so on. Teachers of these professional courses should cooperate 
with each other. Once each week the instructors of these linked courses provide a one-hour seminar for the cohort in which the instructors 
jointly discuss connections, similarities, and differences between the content and objectives of the courses. 

 
2.5 Interdisciplinary collaborative teaching system 

 
This model involves a pair or series of connected courses arranged and connected by the instructors to meet at the same scheduled time 

so that the classes can meet as a whole when the instructors think it is appropriate. The instructors can illustrate and emphasize the inter 
disciplinarity of certain topics or approaches appearing in both courses. 

 
3. Feasibility of the implementation of collaborative teaching in China 
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The feasibility refers to a plan or model is suitable for the objectives pursued by the people, and there are values and means to imple-
ment. Clearly, collaborative teaching has the feasibility to implement. From the aspects of environment, value, practice, etc., this paper 
studies feasibility of implementation of co-teaching model. 

 
3.1 Good implementation environment 

 
Traditional Chinese teaching mode is one teacher in charge of one curriculum, from mastery of knowledge, knowledge preparation of 

all classes, to the after-class tutoring student, that a series of work is done by one teacher alone. This not only brings a lot pressure to the 
teacher teaching, but also leads to poor quality of teaching. With the national popularization of new curriculum reform, requirements of each 
university for teachers teaching level have gathered momentum. The new curriculum reform emphases the integration of courses, to satisfy 
diverse learning needs of students. In this environment, teachers co-teaching model becomes the preferred mode for teachers to solve these 
problems [4]. From the teacher's perspective, collaborative teaching can help teachers reduce their teaching load, and can also help them to 
learn more education methods and subject knowledge from other teachers. Therefore, this teaching model has been welcomed by many 
teachers.  

From the universities' point of view, collaborative teaching can fully integrate teacher staff resources to achieve maximum utilization, 
and collaborative teaching can also improve the quality of teaching. So this teaching model also received a positive response of the universi-
ties.  

From the aspect of the social environment, with network development, knowledge replacement rate is much faster than ever, one single 
teacher is impossible to cope with such changing times, so that only by the integration of teacher resources, teachers become teach collabo-
ratively, each teacher can develop himself or herself, to keep up with the times. 

 
3.2 Important educational value 

 
After the implementation of the new curriculum reform, the traditional independent teaching mode obviously can not meet the teaching 

development, and need for new teaching model to replace the traditional teaching model, collaborative teaching model come into being. 
For teachers, collaborative teaching mode allows teachers to learn something more not on the books in the teaching team, for example, 

other teachers teaching experience, teaching quality and so on. Throughout collaborative teaching process, teachers are the core of the whole 
team [5], they must strive to fulfill teaching objectives, to maximize improve themselves, to adapt themselves to the whole team [6].  

For students, co-teaching model brings more educational resources and knowledge for students, and helps enrich students' life and ac-
quire diverse knowledge. On the other hand, the cooperation spirit of teachers will influence students to a certain extent, so that students are 
more willing to interact with teachers, and beneficial collaborative learning and interactive learning among students. 

 
3.3 Significant practice effect 

 
Only after real practice, a teaching model is really known whether is suitable for university education, the requirements and the current 

development of education in China. Collaborative teaching model has been practiced in many universities, the facts proved that it is success-
ful, is in line with the requirements of universities education, and can play its due role [7]. From collaborative teaching team building, teach-
ers co-teaching model well integrates resource of teacher staff, teaching level and quality has been improved to a large extent, students and 
parents' satisfaction gradually improved. Meanwhile, the teaching and student achievement has also been improved.  

And from the situations of pre-class and while -class, the co-teaching model brings a big change to the classroom. Pre-class is no longer 
for a teacher to be lonely prepared for, and to be solely responsible for the teaching task, so that this mode not only reduces the teaching load 
of teachers, but also the courseware materials become diversified. The class is no longer one teacher teaching, but two or three teacher 
teaching jointly with speaker teachers and auxiliary teachers. The classroom obviously becomes active together, students' interest can be 
inspired, and teachers can achieve a good face to face communication with students. From aspect of practical results of collaborative teach-
ing, it is undoubtedly a success. Teachers, students and universities can get the harvest in this mode, and the level of education has been 
improved [8]. 
 
4. Analysis and discussion 

 
4.1 Co-teaching has not been gotten teachers' attention 

 
Collaborative teaching mode is a new teaching model, comparing with the traditional education models, and it has target, commonality, 

sharing, discipline and other characteristics. But this new teaching mode is not taken seriously [9], some teachers think it is not necessary, 
and each teacher to complete their teaching task is simple and skilled, there is no need to cooperate with other people. 

 
4.2 Co-teaching mode is abused in practice 

 
As co-teaching mode requires collaboration among teachers to complete the task, some teachers take this as an opportunity to escape 

the teaching task, and blindly rely on the teaching results of other teachers, take a free ride of collaborative teaching. In practice, some 
teachers are not responsible for teaching, and forget the fundamental purpose of collaborative teaching, misuse collaborative teaching model. 
This is not good for the development of education, and student learning. 

 
4.3 Students do not fully adapt to the co-teaching mode 

 
Chinese students in the traditional teaching model have been accustomed to the single way of teachers teaching, when suddenly there 

are several teachers collectively teaching, some students are afraid to speak, not active, not active, and performance rebellion mood facing 
the well-prepared course by teachers. This greatly discounts the effect of co-teaching model, and also hinders the development of teachers' 
collaborative teaching [10]. 

 
5. Conclusions 

 
Collaborative teaching model is a good and effective new teaching model, but as a new teaching model, its development is still imma-

ture, many teachers or students cannot grasp some law of it, and cannot fully produce its effect. The implementation strategies of collabora-
tive teaching are just as followed: 
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5.1 Teachers need to strengthen their cultivation 
 

Collaborative teaching model takes students as a fundamental, comes into play the role of teacher collaboration, and in the final analy-
sis, the teacher is the core of this model, if a teacher without a high quality, then this model is but a formality.  

Firstly, teachers should improve their understanding. Collaborative teaching model is a team teaching, not a teacher self-play platform, 
nor is it a teacher teaching experience learning platform, so each teacher should be aware of their role and status in the team, to do their best 
efforts to display their function. . 

Secondly, teachers must have real feelings. It looks like a simple request, but this requires that each teacher has a higher accomplish-
ment. For example, in collaborative teams, teachers should maintain a good self-image, in front of other teacher or in front of the students, 
teachers should learn self-love, respect for others, to really come up with real feelings to deal with this matter, and cannot have ideas of 
relying on other people. 

Finally, teachers need to improve their teaching quality. Although in the whole process of collaborative teaching, teaching quality of 
teachers will continue to be improved, but this is not the only way to improve their own quality, only teachers to improve their teaching 
quality, may further promote the development of co-teaching model, which is a kind of complementary relationship. For example, teachers 
can read a lot of books out of the team, to seek more knowledge, you can go to institutions of higher learning education, improve their theo-
retical level. All in all, the teacher is the core of collaborative teaching model, and only teachers have good manners, they can promote the 
development of this teaching mode. 

 
5.2 Teachers and students need to develop effective communication 

 
Students are consumers of co-teaching model, whether they can accept this teaching model is the key to the success of this model. 

While teachers service for students, but students are passive accepters of teacher education. First, teachers should master the basic situation 
of the students. The teacher through communication or investigation in-class and after-class, understands every student interest and his or 
her level, which will help teachers balance the gap between students in collaborative teaching. Second, to frequent communication in the 
classroom with students, the classroom is not just the teacher's, but also the students’, so teachers should pay more attention to establish 
more communication with students in teaching, which will help teachers to better teaching, and also help teachers teaching lessons in coop-
eration, to better promote collaborative teaching model development. Finally, student feedback mechanism needs to be established. In col-
laborative teaching mode, the effect of knowledge that the students actually received can only be reflected through after-school student 
feedback. Universities should set up feedback box or feedback investigation form in educational administration system at each grade level, 
for the students to speak out about their feelings. At the same time, teachers can also accept some of the comments and suggestions of stu-
dents, so make collaborative teaching model closer to students, and more satisfy the students. 

 
5.3 Establishment of collaborative teaching management mechanism 

 
To establish collaborative teaching management mechanism is reflects the orderliness and discipline principles of cooperative educa-

tion model. Compared with the traditional mode of teaching, collaborative teaching model is no longer the teachers’ thing, such a regulatory 
mechanism to regulate co-teaching teachers is very necessary. Firstly, to establish leader responsibility system, each collaborative teaching 
team must have a leader, and the leader duty should be clear. Leader should be responsible for coordinating the different views among 
teachers, and the teaching materials and equipments. Secondly, to establish education supervision mechanism, universities can set up special 
monitoring group for collaborative teaching, to inspect teachers in collaborative team, and if a teacher does not meet the requirements, the 
monitoring group gives the appropriate punishments. The monitoring group also asks collaborative teams to provide reports, specifically to 
understand the implementation effect of collaborative teaching model. Finally, to do effectiveness analysis of the collaborative teaching 
model, universities can divide coordinate teaching case into two kinds of successes and failures, and review these two types of cases, respec-
tively sum up the experiences or lessons of successes and failures, in order to make co-teaching model play a good role later on. 

Collaborative teaching model is a new teaching model, different from the traditional teaching mode, which not only adapts to the de-
velopment of the times, but also brings a significant impact on the teaching career development [11]. To a certain extent, co-teaching reduc-
es the burden on teachers, synthesize teacher resources, to produce a good role in promoting for students development. Collaborative teach-
ing mode is still in the exploratory stage in China, and teachers should constantly sum up experience in practice, and promote the develop-
ment of collaborative teaching. 
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Abstract:Green supply chain is becoming the core competitive instrument for more and more enterprises. At the same time, new business 
models are emerging for the application of 3D printing technology, which has a significant impact on supply chain. The co-existence of 
these two phenomena for manufacturing enterprises suggests the development of precise and efficient green supply chain performance 
indicators in connection with 3D printing. A green supply chain performance evaluation system was proposed for manufacturing enterprises 
assuming 3D printing business model is adopted in this paper. More in detail the paper proposed a Fuzzy Analytic Hierarchy Process (FAHP) 
approach to explicitly consider and evaluate the implication with respect to: 1) 3D printing business process, 2) financial implications, 3) 
environmental performance, 4) customer service levels. The case study confirmed the feasibility of the evaluation system and approach. The 
paper provides theoretical and practical reference for the green supply chain performance evaluation of manufacturing enterprise in 3D 
printing Times. 
 
Keywords: 3d printing; green supply chain; performance evaluation; analytic hierarchy process ; fuzzy synthetic evaluation  

 
1. Introduction 
 

3D printing is changing the world. It is believed to be driving the third industrial revolution [1]. 3D printing (Three-dimensional 
printing) is a process of joining materials to make objects from 3D model data, usually layer by layer [2]. Contrary to traditional subtractive 
manufacturing. 3D printing is an advanced manufacturing technology with the complex process of casting, forming and modeling of 
materials [3].  

In recent years, with the continuous decrease of material cost and equipment cost of 3D printing, and the continuous improvement of 
3D printing product quality, more and more manufacturing enterprises from aviation, automobile, medical equipment, construction, 
electronics, artwork and other fields have begun to use 3D printing technology to make prototype products, even the final consumer 
goods[4,5]. 

With this phenomenon, the business model of traditional manufacturing enterprises is also changing. First, it is because manufacturers 
themselves can make parts through 3D printing that the traditional processes such as purchasing raw materials and logistics will disappear 
from the supply chain. Second, manufacturers will enhance the application of Just-In-Time, for 3D printing has the characteristics of timing 
and quantification, which will change the traditional manufacturing process [6,7]. In addition, the relationship between manufacturing 
enterprises and customers, and sales channels and so on will change, too[8]. Taking into account the above factors, it is obviously necessary 
to carry out an exploratory study on the performance evaluation of supply chain for the manufacturing enterprises with 3D printing business 
model (3DPBM). 

On the other hand, the green supply chain has become the main trend of times development [9-11] because people have paid more and 
more attention to the environmental protection in recent years. Incorporating the green indicators into the supply chain development strategy 
has been the common requirement of the government and the public. Therefore, the green performance evaluation of supply chain is 
becoming an important tool to evaluate an excellent manufacturing enterprise. Given this, this paper will put the green supply chain 
performance evaluation of 3DPBM enterprises as the research object. The aim is to provide theoretical and practical reference for the green 
supply chain performance evaluation of manufacturing enterprise in the era of 3D printing. 

The remainder of the paper is organized as follows. First, a theoretical review is made about 3D printing business model and green 
supply chain performance evaluation. Then, the general supply chain structure of manufacturing enterprise with 3D printing business model 
is put forward by comparing with traditional supply chain framework, and the selected performance evaluation approach is introduced. After 
that, a green supply chain performance evaluation system of 3D printing business model is proposed, and the evaluation approach is 
designed. Besides, a typical manufacturing enterprise as an example is analyzed to confirm the feasibility of the evaluation system and 
approach. In the end, the conclusion is made in the last sector.  

 
2. Review of literature 
 

The related research on 3D printing business model is gradually increasing in recent years. Some scholars researched the common 
problems about the business model and business model innovation under 3D printing [12-17]. For example, Piller et al. [12] analyzed the 
opportunities and challenges of business models with 3D printing from the view of economics and management, discussing the economic 
effects of 3D printing on innovation and production. Bogers et al. [14] explored the implications that 3D printing technologies have for 
manufacturing systems in the new business models that they enable. Rayna and Striukova [17] put forward that in addition to enabling 
business model innovation, 3D printing technologies have the potential to change the way business model innovation is done. Some scholars 
analyzed 3D printing business model innovation of specific industries. For instance, Ji and Jin [6] analyzed the impacts of 3D printing on 
business model innovation. Four supply chain business models in the background of 3D printing were designed. Besides, the garment 
industry and the medical industry were taken as examples to discuss the important implementation points of these new business models 
Rayna et al. [18] investigated the changes brought about by online 3D printing platforms in co-creation and user innovation, and provided a 
presumption framework and a typology of co-creation activities. Several scholars analyzed 3D printing business model combined with 
supply chain. Jia et al. [19] put forward two business models suitable for the supply chain of 3D printed chocolates and evaluated the 
feasibility of models by computer modelling and simulation. Hasan et al. [20] paid close attention to the possibility and structure of a 
business model meeting 3D printing supply chain requirements. A Virtual Trading System was proposed according to supply chain 
functionality in this paper.  

On the other hand, a lot of progress has been made in related research on green supply chain and its performance system. The National 
Scientific Foundation (NSF), an independent federal agency created by Congress in 1950 to promote the progress of science, had an item 
called “Environmental Responsible Manufacture”, which proposed the definition of Green Supply Chain first in 1996 [21].The scholars such 
as Jha [22], Masoumik et al. [23]and Masoumik et al. [24] researched the strategic framework of green supply chain management. The 
performance measures appropriate for the extended supply chain have been presented in many research [25-27]. A performance 
measurement framework of green supply chain using an intra-organisational collaborative decision-making (CDM) approach was delineated 
by Bhattacharya et al. [28]. Kainuma and Tawara [29] evaluated the performance of a supply chain not only from a managerial viewpoint 
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but also from an environmental performance viewpoint. Some scholars have conducted a systematic review of green supply chain. For 
example, Fahimnia et al. [11] provided a review and bibliometric analysis on green supply chain management. Ahi and Searcy [30] carried 
on a review analysis of metrics used to measure green supply chain performance  

In particular, individual researchers analyzed the environmental issues of 3D printing. Gebler et al. [31] made a global sustainability 
perspective on 3D printing technologies in 2014. Oxman et al. [32] represent a sustainable approach to additive manufacturing and digital 
fabrication at large, and point towards new possible directions in sustainable manufacturing. Liu et al. [33] gave a critical review and 
recommendations on sustainability of 3d printing in 2016. However, these studies are only about the environmental issues of 3D printing 
technology, rather than the green supply chain performance evaluation issues of the manufacturing enterprises with the new business model 
derived from the 3D printing. 

As a summary, there is no publication discussing the green supply chain performance evaluation of 3D printing business model for 
manufacturing industry before. In this paper, for the first time we present a green supply chain performance evaluation system for the 
manufacturing industry assuming 3D printing is adopted. The paper may play a positive role in improving the green supply chain 
management, promoting the sustainable development and enhancing the overall competitiveness for 3DPBM enterprises.  

 
3. Materials and methods 
 
3.1 Supply chain structure of manufacturing enterprise with 3D printing business model 
 

In general, traditional supply chain structure of manufacturing enterprise consists of raw material acquisition, manufacture, 
supplementary material acquisition, sales, and waste material recycling and so on as shown in Figure 1. However, this kind of supply chain 
structure will have a significant change with the development of 3D printing as shown in Figure 2, where the two processes, raw material 
acquisition and manufacture, are integrated into a process, namely raw material acquisition for 3D printing. The reason is that 3D printing 
can make products or components through a printer and its raw material only once without intermediate links. As a result, the manual 
assembly process in the traditional supply chain is also replaced by 3D printing along with the post processing. In the supply chain structure 
of new business model, there are still some waste materials and other harmful substances from some processes, especially in the product 
circulation links, which causes an amount of carbon dioxide seriously[34,35]. Therefore, it is important to pay attention to waste materials 
and trash recycling process from the whole process of production to the completion of finished goods. And the sales link should particularly 
strengthen the control of carbon dioxide.  

 

Fig. 1 Traditional supply chain structure 
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Fig. 2 New supply chain structure under 3D printing business model 

 
3.2 Selected performance evaluation approach 
 

Analytic Hierarchy Process (AHP) is a multiple criteria decision-making tool that has been used in almost all the applications related 
with decision-making [36]. AHP is a theory of relative measurement of intangible criteria. With this approach to relative measurement, a 
scale of priorities is derived from pairwise comparison measurements only after the elements to be measured are known. The AHP is useful 
for making multicriteria decisions involving benefits, opportunities, costs, and risks [37,38]. AHP method has been used to carry on green 
supply chain performance evaluation by some scholars, such as Mangla et al. [39], Dey and Cheffi [40], Guan et al. [41], Mathiyazhagan et 
al. [42] and so on.  

Fuzzy set theory proposed by Zadeh [43] is helpful in dealing with the vagueness of human thought and expression in making decisions. 
Characteristics such as fairness and satisfaction mention the applicability of fuzzy set theory in measuring the vagueness of concepts that 
appear in subjective human judgments [44,45]. Fuzzy synthetic evaluation approach is also used to carry on evaluating the performance of 
supply chain before by many scholars, such as Yan et al. [46], Lin [47], Wang and Chan [48], Tsai and Hung [49] and so on.   

Fuzzy Analytic Hierarchy Process (FAHP) takes full advantage of new research results of fuzzy mathematics, and makes the method of 
analytic hierarchy extended to fuzzy environment. It has the unique advantages when performing multiple targets decision-making problem 
[50-52]. Especially, Wang et al. [53] put forward a two-stage fuzzy-AHP model for risk assessment of implementing green initiatives in the 
fashion supply chain, which has the important reference value. To sum up, this paper carried out the performance evaluation with FAHP. 
The weights are determined by Analytic Hierarchy Process. The whole performance is evaluated by fuzzy synthetic evaluation.  

 
4. Results and Discussion  
 
4.1 Constructing performance evaluation index system 
 

In the condition of the low carbon economy, 3DPBM enterprises must carry on a scientific, objective and reasonable evaluation for the 
whole supply chain if they want to implement green supply chain management effectively. In combination with the general supply chain 
structure of manufacturing enterprise with 3D printing business model, we hope to achieve the minimal negative impact on the environment 
and the unity of environmental benefits, ecological benefits and economic benefits. Therefore, we construct a new index system to evaluate 
the green supply chain performance for those 3DPBM enterprises. The system consists of 5 level indicators and 23 secondary indicators. 
The five indicators are 3D printing business process, financial value, sustainable development, customer service, and environmental 
performance respectively. 

The 5 level indicators can be divided into 29 secondary indicators, such as shown in Table 1. 
 

Table 1  Performance evaluation index system considering 3D printing business model 
Target layer Level indicators Secondary indicators 

The whole evaluation 
performance 

3D printing  
business process 

3D printer’s production capacity 
3D product quality 
Information rate 
Operational capability 
Time flexibility 
Transportation rate 

Financial value Profit growth rate 
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Target layer Level indicators Secondary indicators 
Total assets turnover 
Return on net assets 
Sales profit ratio 
Quick assets ratio 

Sustainable development 

Market forecast accuracy 
R & D investment rate 
3D Designer proportion 
3D new product yield 

Customer service 

Customer satisfaction 
Customer retention 
New customer growth 
Customer order fulfillment rate 
Market share of products 
Quick response capability 

Environmental 
performance 

UFP (ultrafine particles) emissions 
Aerosol emissions 
Carbon emissions 
Power consumption 
Environmental raw materials rate 
Utilization rate of raw materials and resources 
Uutilization rate of recycling of waste products 
Other toxic waste emissions 

3D Printing business processes index in table 1 reflects the overall operational efficiency of supply chain. It’s decided into five indexes, 
including 3D Printer’s production capacity, operational efficiency, information rate, 3D product quality, transportation rate and time 
flexibility. As many studies mentioned, overall, the production capacity of a single 3D printer is relatively low though productivity has been 
improving [54]. 3D printer prints out a product which can take from hours to days. For example, a medium-sized cup can take hours [55]. 
The main way to resolve this problem is to increase the number of 3D printers so as to achieve large-scale 3D printing production [56,57]. 
Therefore, for the manufacturing enterprises relying on 3D printing in the supply chain, production capacity has become an important index 
of measuring corporate performance. 3D product quality index decides whether enterprises can go to internationalization, production 
process and sales link in the supply chain can be efficient, and customers are satisfied [58,59]. 3D printing industry is closely linked to 
information rate. Product design, print production and customer demand all rely on a lot of information throughout [60]. 3D printing is thus 
an aspect of a wider technology movement where digital information becomes materialized and empowers users through future craft [61]. 
Therefore, manufacturing enterprise should lay emphasis on information rate first in the 3D printing business model. Operational capability 
index reflects a corporate ability of planning, organization, leadership and control [62]. It is an important index for business performance 
assessment. Time flexibility index can show the flexible manufacture ability of manufacturing enterprises [63] because the print speed of 3D 
printers is different. Therefore, different printers enterprises own can produce different time flexibility. Transportation rate index is set for 
evaluating the logistics capability for 3DPBM enterprises. 

Financial value index can reflect the core benefits after the 3DPBM enterprises implement green supply chain from a financial 
perspective. And quick assets ratio maintaining at 1:1 illustrates that the core enterprise and the nod enterprises in green supply chain can 
keep a good business relationship [64]. What’s more, the 3DPBM enterprises should have a high asset management level. Based on previous 
similar researches [65,66], we divide this index into profit growth rate, total assets turnover, return on net assets, sales profit ratio, and quick 
assets ratio 

Sustainable development index reflects a prosperous and enlightened trend based on current development status. For those 3DPBM 
enterprises, this index is divided into market forecast accuracy, R&D investment rate, 3D Designer proportion, and 3D new product yield in 
three level indexes. Market forecast accuracy index is of relative importance among these indexes, which reflects the design team’s insight 
and judgment for the markets. High accuracy leads to strong research and development capabilities. 3D Designer proportion index reflect 
the innovation potential. R&D investment rate index can reflect the importance of R&D and innovation ability. If a enterprise has the strong 
innovation ability, its competitive ability will be strengthened. 3D new product yield index can reflect the long-term development trend of 
enterprises. 

Customer service index is the main drive source of green supply chain performance. It is the main source of profit for 3DPBM 
enterprises. It is also the external manifestation of the overall performance of the green supply chain. Customer service index is divided into 
five aspects, including customer satisfaction, customer retention, new customer growth, customer order fulfillment rate, market share of 
products, and quick response capability. Customer satisfaction index is the ultimate value that 3DPBM enterprises should achieve, which is 
the strong guarantee for enterprises to obtain long-term performance. Quick response capability is a comprehensive index composed of the 
capabilities such as receiving information timely from markets or customer, quick production, and so on. The rest of indexes mainly reflect 
market orientation of 3DPBM enterprises in the whole supply chain. 

Environmental performance index, in the long term, will become more and more important, which can reflect the green level of 
environmental protection. The index consists of UFP (ultrafine particles) emissions, aerosol emissions, carbon emissions, environmental raw 
materials rate, power consumption, utilization rate of raw materials and resources, the utilization rate of recycling of waste products, and 
other toxic waste emissions. The pollution of 3D printing mainly comes from UFP. A recent research shows that 3D printers produce more 
potentially dangerous UFP than previously thought. The emission rates of total UFP concentrations resulting from the operation of desktop 
3D printers inside a commercial office space are pretty large [67]. Consumer-grade 3D printers pose similar health risk as cigarette smoke. 
For example, UFP emission rates ranged from 20 billion particles per minute to almost 200 billion particles per minute [68]. According to 
the scientists, the particles emitted by 3D printing have a potential health risk: it is possible that these inhalation settle in the lungs and head 
airways [69]. Besides, many desktop 3D printers rely on heated thermoplastic extrusion and deposition, which is a process that has been 
shown to have significant aerosol emissions in industrial environments [70]. Carbon emission is the main source of environmental pollution 
[71,72]. It remains, but less than in the past in the process of 3D printing. 3D printing can cut material consumption by 75%, CO2 emissions 
by 40% [73]. Therefore，carbon emission index is used to measure 3D printing’s impact on the environment effectively. Carbon emissions 
can be measured by controlling carbolic recycling and carbon trading [74,75]. Research at Loughborough University in the United Kingdom 
(in a study called the Atkins Project) revealed that the 3D-printing process consumes a frightening amount of electrical energy [76]. 
Researchers compared industrial-grade printers to injection molding machines. They learned that 3D printers that use heat or a laser to melt 
plastic consumed an estimated 50 to 100 times more electrical energy than injection molding to make an object of the same weight. 
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Therefore, power consumption index is environmental performance by evaluations of utilization rate of raw materials and resources, the 
utilization rate of recycling of waste products, and other toxic waste emissions directly based on previous studies [77,78]. 

 
4.2 Establishing performance evaluation model 
 
4.2.1 Constructing evaluation set 
 

Green supply chain’s performance evaluation system of 3DPBM enterprises has multi-level characteristics, mainly including three 
layers. We will maian important one used to carry on the green supply chain performance evaluation for 3DPBM enterprises. In addition, we 
can measure nly consider 3D printing business processes, financial value, sustainable development. customer service, and environmental 
performance as the second layer indexes. After that, the hierarchical model is divided into three layers as shown below.   

The first layer is target layer. 
T=｛the whole performance evaluation} 
The second layer is evaluation layer. 
T=｛T1，T2，T3，T4，T5｝={3D printing business processes, financial value, sustainable development, customer service, environmental 

performance} 
The third layer is index layer. 
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So the corresponding index sets are as follows. 

{ }54321 ,,,, TTTTTT = ; 

{ }1615141312111 ,,,,, ttttttT = ; 

{ }25242322212 ,,,, tttttT = ; 

{ }343332313 ,,, ttttT = ; 

{ }4645444342414 ,,,,, ttttttT = ; 

{ }58575655545352515 ,,,,,,, ttttttttT =  
 

4.2.2 Determining the respective weight of indicators by Analytic Hierarchy Process 
 

Assuming that T i ' weight for T is w1, w2, w3, w4 and w5. Therefore, the weight matrix is W= {w1, w2, w3, w4, w5}. Similarly, assuming 
Tij 's weight matrix for Ti is W1 to W5 respectively. 

W1=[w11, w12, w13, w14, w15, w16]； 
W2=[w21, w22, w23, w24, w25]； 

W3=[w31, w32, w33, w34]； 
W4=[w41, w42, w43, w44, w45, w46]； 

W5=[w51, w52, w53, w54, w55, w56, w57, w58]； 
Of course, these matrices must pass the consistency test, namely, their stochastic consistency ratios should less than 0.1. 
 

4.2.3 Determining the set of reviews 
 

The evaluation team is composed of 10 to 15 experts for evaluation system. The various factors are deliberated according to the content 
of the evaluation. We define the evaluation set V={v1,v2,v3,v4,v5}={Excellent, Good, Medium, Inferior, Bad}={100, 80, 70, 60, 40} , 
drawing lessons from previous related research [48,79,80]. 

 
4.2.4 Calculation process by Fuzzy Synthetic Evaluation 
 

We can makes the multi-level comprehensive evaluation from the bottom up gradually, until to the evaluation results of target layer 
based on Fuzzy Synthetic Evaluation approach. 

(1) Determining Ti’ fuzzy evaluation judgment matrix R. Considering level 2 indicators' membership degree of each evaluation 
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separately, we can get the corresponding numerical R1 to R5 by using expert evaluation method and fuzzy statistical method. First we need 
to make the survey form. The target of each concrete appraisal object is identified according to valuers' experience and their personal views. 
They should hit “√”in the correspond rank place of the marking form. After that, collect valuers' survey forms, and obtain each factor’s 
frequency to correspond levels, undergo unitary processing, obtain each factor’s degree of membership to correspond levels, and thus obtain 

the single factor judgment matrix jR as follows. 

R1=
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(2} Determining level 1 indicator's fuzzy comprehensive evaluation set C i. We can get level 1 indicator’s fuzzy comprehensive 
evaluation set by Ci=Wi*Ri as follows. 

C i=[c i1, c i2, c i3, c i4, c i5]; 
C=[C1, C2, C3, C4, C5]T ; 
C1= W1R1 =[c11, c12, c13, c14, c15]； 
C2= W2R2 =[c21, c22, c23, c24, c25]；     
C3= W3R3 =[c31, c32, c33, c34, c35]； 
C4= W4R4 =[c41, c42, c43, c44, c45]； 

C5= W5R5 =[c51, c52, c53, c54, c55]. 

(3) Determining fuzzy evaluation matrix P of target layer 

P=W×C=[ w1,w2,w3,w4,w5]×
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= [p1, p2, p3, p4, p5]

 

(4) The comprehensive grade of green supply chain's performance is S=P·VT. It reflects the operating conditions after 3DPBM 
enterprises implement green supply chain. With reference to The State-owned Capital Performance Evaluation Rules [80], combining with a 
given rating scores, we think, 

①if score>70, i llustrating that 3DPBM  enterprise can improve its performance evidently after implementing green supply chain. 
②if score<70, i llustrating that 3DPBM  enterprise can’t improve its performance evidently after implementing green supply chain. Then 

we should analyze the factors getting low score so as to improve those factors.  
 

4.3 Example Analysis 
 
4.3.1 Calculate each index weight by analytic hierarchy process 
 

The data values of each index in Table.1 are got from an artwork manufacturing enterprise in China, which is adopting 3D printing 
instead of traditional technology. Then, we calculate each index weight by analytic hierarchy process. 

Level 2 indicators` weight coefficient matrix is  
W=(0.32, 0.24, 0.20, 0.09, 0.15)； 
Stochastic consistency ratio CR=0.0669 <0.10. 
Level 3 indicators` weight coefficient matrix is 
W1= [0.33, 0.25, 0.11, 0.17, 0.07, 0.07]; W2= [0.28, 0.17, 0.19, 0.25, 0.11]; 
W3= [0.12, 0.24, 0.28, 0.36]; W4= [0.14, 0.18, 0.20, 0.09, 0.30, 0.09]; 
W5= [0.25, 0.12, 0.12, 0.21, 0.12, 0.07, 0.07, 0.04]. 
Stochastic consistency ratios of above matrixes are 0.0177, 0.0441, 0.0641, 0.0393 and 0.0577, which are all less than 0.1 by our 

calculations. 
 
4.3.2 Carrying on fuzzy synthetic evaluation 

 
Fuzzy relationship matrixes R (membership degree matrix of level 3 indicators) are as follows. 
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R1=



























15.01.02.025.03.0
2.015.02.025.02.0
1.02.02.02.03.0
0.015.015.035.035.0
05.025.025.015.03.0
0.01.03.03.03.0

 R2=























1.02.03.01.03.0
2.01.02.02.03.0
05.01.02.025.04.0
0.015.02.035.03.0
0.01.025.025.04.0

 R3=



















1.015.03.025.02.0
1.00.02.04.03.0
2.01.035.015.02.0
1.025.025.01.03.0

 

R4=



























1.02.025.025.02.0
2.01.02.02.03.0
1.01.03.03.02.0

05.01.03.02.035.0
2.015.02.015.03.0

015.03.02.035.0

 R5=

































2.02.025.015.02.0
2.015.02.02.025.0
1.01.02.03.03.0

15.02.025.02.02.0
05.005.03.035.025.0
05.015.02.03.03.0
01.03.025.035.0
01.02.03.04.0

 

We can get C1 to C5 as follows by Ci=WiR i 
C1=[0.30, 0.24, 0.24, 0.16, 0.05]；C2=[0.35, 0.24, 0.23, 0.12, 0.07]；C3=[0.24, 0.25, 0.28, 0.11, 0.12]；C4=[0.30, 0.20, 0.25, 0.13, 0.12]; 

C5=[0.30, 0.28, 0.24, 0.12, 0.06] 
  Namely,  

C=























06.012.024.028.030.0
12.013.025.020.030.0
12.011.028.025.024.0
07.012.023.024.035.0
05.016.024.024.030.0

 

Then, we can get P=W×C= [0.30, 0.25, 0.24, 0.13, 0.08]. The comprehensive evaluation result indicates that the five appraisal 
centralized degrees of membership respectively is 30%, 25%, 24%, 13%, and 8%. With the evaluation set branch vector 
V=[100,80,70,60,40], we can get the last comprehensive assessment value S= P×VT=77.72﹥70. The score is above average, which 
illustrates 3DPBM enterprise can improve its performance after implementing green supply chain management. 

 
5. Conclusions 
 

In this paper, a new green supply chain performance evaluation system is proposed for the manufacturing enterprise adopting 3D 
printing business model. The system consists of 5 level indicators and 23 secondary indicators. The five indicators are 3D printing business 
process, financial value, sustainable development, customer service, and environmental performance respectively. The 5 level indicators are 
divided into 29 secondary indicators. Besides, the paper carried out the performance evaluation with FAHP. The weights are determined by 
Analytic Hierarchy Process, and the whole performance is evaluated by fuzzy synthetic evaluation. Example analysis results show that the 
evaluation system and method can effectively evaluate the green supply chain performance for the manufacturing enterprise adopting 3D 
printing business model. 

This research can be further improved in the following aspects. First of all, the supply chain structure of the manufacturing enterprises 
with 3D printing business model in this paper is general, which was not analyzed by different kind of manufacturing enterprises. However, 
the business model and the corresponding supply chain structure of different manufacturing industry adopting 3D printing is often different 
in reality. Therefore, in the future research, we will explore the research potential in this field. What's more, the performance evaluation 
methods selected by this paper needs further innovation. Analytic hierarchy process has a serious impact on index weight from the 
subjective point of view in the process of establishing performance evaluation system. Thus, some other methods may be considered to 
improve the determination of index weight in future researches so as to evaluate green supply chain performance for 3DPBM enterprises 
objectively. 
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Abstract: In electrostatic precipitator casing, the enclosure wallboard is connected with skeleton column by continuous welding, which 
forms the structural system bearing capacity coordinately. The influence of wallboard on the stability of column subjected to axial 
compression was investigated when the wallboard played stressed skin effect. Different computation models were designed to imitate 
structural effects of wallboard on column by nonlinear finite element method. Research results indicate that the wallboard shares load with 
column, moreover, the lateral translation of column in the plane of wallboard and the torsional deformation of rear flange can be restricted 
effectively by wallboard. Consequently, wallboard increases the buckling capacity of column. The influences of structural parameters of 
wallboard on the stability of axially compressed column were analyzed. A great many computation results indicate that the stability of 
column could be improved by increasing the thickness of wallboard or the stiffness of stiffeners on the wallboard. The width of wallboard, 
the distance between stiffeners on the wallboard and the stiffness of the junction plate which connects the stiffeners and column have little 
effect on the stability of axially compressed column. 

 
Keywords: electrostatic precipitator casing; wall-column structural system; stressed skin effect; stability of column; nonlinear finite element 
method 
 
1. Introduction  

 
A large amount of dust would be emitted during the manufacturing process of some industries, such as: thermal power, metallurgy, 

chemical industry and building materials, which causes serious air pollution. The electrostatic precipitator is the important environmental 
protection equipment which is widely used in those industries to eliminate dust. At present, the researches about electrostatic precipitator are 
mainly concentrated on the technology of collecting dust. However, the researches about the supporting structure of precipitator are more 
deficient. Casing is the most important component of electrostatic precipitator. Its enclosure structure is composed of wall-column structural 
system whose structural forms and load conditions are very complicated. The wall is made of stiffened steel wallboard and the skeleton 
column is made of H shaped steel column. The wallboard is connected with column by continuous welding, which constitutes the entire 
structure that bears loads coordinately. The stability of column subjected to axial compression will be influenced when the wallboard plays 
the stressed skin effect.  

As for the study of the stressed skin effect, based on large number of experiments, Davies and Bryan carried out a theoretical analysis; 
put forward the calculation method of the shear strength and flexibility of stressed skin diaphragm [1]. It took the flexibility of whole 
stressed diaphragm as the sum of each component of stressed diaphragm. The strength calculation based on the particular computing 
hypothesis, the weakest part was determined and the minimum value of the failure load was taken as the critical design load. The research of 
Wright et al. showed that the connection between diaphragm and the supporting frame was important for the shear performance of the 
stressed diaphragm [2]. Lucas et al. studied the cold-formed purlin-sheeting calculation model. One was an entire model with purlins and 
sheeting, the other is a simplified model with only purlins. In the simplified model, the shear and rotational stiffness of the sheeting was 
simulated by using spring, which connected the edge of the purlins and the sheeting. By setting the reasonable spring parameters, the 
responding of two kinds of models and experiments got similar results [3, 4]. Lee et al. investigated the bearing capacity of the composite 
panels composed of gypsum wallboard and cold-formed steel stud, which were subjected to axial pressure. The connection of the gypsum 
wallboard and column flange was simulated by spring. The results showed that the gypsum wallboard was prone to bending or flexural-
torsional buckling, the deformation was localized. The stud was prone to flexural-torsional buckling and the stud interval had little influence 
on the bearing capacity [5]. Wang et al. investigated the influences of structural parameters on load bearing capacity of profiled steel sheet 
subjected to both bending and vertical compression, including: the loading path, the sheet width, the connection condition with side columns; 
and then a reference solution of bearing capacity for profiled sheet was proposed [6]. 

The structural effect of wallboard on axially compressed column was investigated firstly, and then the influence of structural 
parameters of wallboard on the buckling of column was analyzed. As for the design method of the stability of axially compressed column in 
electrostatic precipitator casing, the research work could provide reference. 
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Fig. 1 Structural Model 

 
2. Research model  
 
2.1 Structural model 
 

In the practical structure of electrostatic precipitator, casing is usually enclosed by multi-span wallboard. Only two spans of wallboard and 
three columns were built in research model so as to improve modeling and computation efficiency. The structural configuration and 
displacement coordinate system are shown in Fig. 1. The width of a span of wallboard is w. The plate thickness is t. The interval of angle 
steel stiffeners on wallboard is s. The column is made of hot-rolled H shaped steel. Its total height is H. To heighten the stability, column is 
located equidistant braces along the height direction (Z direction) which provide column with translation constraint perpendicular to 
wallboard. The interval of braces is l. Wallboard is connected with one side flange of H-shaped column by continuous welding. The flange 
is defined rear flange which is connected with wallboard by welding while the flange away from wallboard is defined front flange. In the 
practical project, the angle steel stiffeners on wallboard are connected with the section of column by continuous welding through the 
junction plate to strengthen the constraint on column torsional deformation (as shown in Fig. 1). This detail configuration was simulated in 
the model. As the bottom of wallboard is connected with hopper, the stiffened cross girder is located at the bottom of wallboard so as to 
strengthen the structure stiffness. 
 
2.2 Finite element model 
 

Finite element code package ANSYS was used to analyze. Shell element SHELL181 was used to simulate all the structural components. 
The ideal elasto-plastic model was adopted for the material. The Von-Mises principle was used to determine whether the steel yields. The 
electrostatic precipitator is commonly made up of Q235 steel. The yielding strength fy=235MPa. The elastic modulus E=2.06×105MPa and 
the Poisson’s ration v=0.3. In the casing, the smoke is always in high temperature. In order to release the temperature deformation, the 
translational constraints were applied to side columns in Y, Z directions and to the middle column in X, Y, Z directions respectively. 
Translational constraints perpendicular to wallboard were applied to the connecting edges between column and braces as the column was 
supported by equidistant braces. Translational constraints being perpendicular to wallboard (in Z-direction) were applied to the top boundary 
of wallboard as the top of wallboard was connected with the stiffened casing roof. Translational constraints being perpendicular to 
wallboard were applied to the bottom boundary of the wallboard as the bottom of wallboard was connected with the stiffened hopper wall. 
Uniform vertical load was applied to the top of middle column. The arc-length method was used to trace the structural response path in 
consideration of geometrical nonlinear effect. 
 
2.3 Influence of Imperfection 
 

In the process of manufacturing, transportation and erection of electrostatic precipitator, the imperfection would be produced inevitably 
and then would influence the stability of column. The previous researches indicate that the front half section closely below the top of axially 
compressed column is prone to elasto-plastic flexural-distortional buckling [7]. The deformed shape of the buckled column section is shown 
in Fig. 2. (The dashed lines indicate the undeformed section.) The deformation of rear flange is not obvious because of the constraints of 
wallboard. Resulting from the high compressive stresses, the lateral flexural and torsional deformation occur to the front flange closely 
below the top of column and the torsional deformation occurs to web obviously. At that time, column cross section is not kept plane and its 
profile is not kept H shaped anymore as warping develops. 
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Fig. 2 Deformed Shape of Buckled Column Cross Section 

 
The researches about the influence of various initial geometrical imperfection modes on the stability of axially compressed column 

indicate that, the initial flexural-distortional deformation occurring to the section closely below the top of column is more unfavorable where 
the axial internal force is significant. The researches of the influence of welding imperfection indicate that, welding residual stress has little 
favorable effect on the stability of column. In full consideration of the unfavorable initial imperfection, when the finite element models were 
set up, the axial compression with a gradient was applied to the top of the middle column in perfect structure so as to form the initial 
eccentric moment and the disturbing load being perpendicular to wallboard was applied to the edge of front flange closely below the top of 
column. The imperfect structure was loaded until the ultimate load. The deformed shape when the load reaches the limit point was taken as 
the initial geometrical imperfect mode for the structure. The amplitude of initial geometrical deformation was equal to H/1000 of the middle 
column. The influence of welding residual stress was neglected in the computation models. 
 
3.Effects of stiffened wallboard of the stability of axially compressed column 
 

The vertical load transferred from the top boundary of electrostatic precipitator casing is mainly borne by column. Meanwhile, the 
stiffened steel wallboard shares load with column coordinately when it plays the stressed skin effect. Because of the initial imperfection, the 
column subjected to axial compression is prone to bucking and the lateral deformation will develop. The structural effects of wallboard on 
column could be inferred, including three parts: firstly, constrains the lateral (in X direction) and vertical (in Z direction) deformation of 
column on the connecting edge with wallboard, which relies on the in-plane stiffness of wallboard. Secondly, constrains the translation 
deformation perpendicular to wallboard (in Y direction) and the torsion of rear flange (rotation around Z axis), which relies on the bending 
stiffness of wallboard. Thirdly, wallboard shares the vertical loads with column. In order to verify the main structural effects of wallboard on 
axially compressed column, for 2 groups of structures based on the practical projects, 7 types of computation models with different 
wallboard conditions were established respectively to conduct the comparisons and analyses. The characteristics of different models are 
showed in Table1. For every model, the corresponding relationship curve between the axial load and the maximum displacement of front 
flange in Y direction is showed in Fig. 3 respectively. The ultimate buckling capacity of column was defined as N cr  which corresponds to 
the axial compression applied to the column top at the limit point of curve. The buckling factor of column was defined as φ=Ncr /Ny, where 
Ny is the yielding load of column, Ny=Afy, and A is the cross section area of H shaped steel column. 
 

Table 1 Characteristics of different finite element models 
Model number Model characteristics 

Model a No wallboard. No constraint on column. Columns were connected with each other only by top and bottom beams  

Model b No wallboard. Lateral translational (in X direction) and rotational constraints (around Z axis) were applied to the 
connecting edge betwen wallboard and column. 

Model c Stiffened wallboard was included with 6mm thickness. No additional constraint on column. Corresponding to the 
practical structure. 

Model d Stiffened wallboard was included with 6mm thickness. Vertical translational (in Z direction) constraints were 
additionally applied to the connecting edge between wallboard and column. 

Model e Stiffened wallboard was included with 6mm thickness. Lateral translational and rotational constraints were 
additionally applied to the connecting edge between wallboard and column. 

Model f 
Stiffened wallboard was included with 6mm thickness. Translational constraints perpendicular to wallboard (in Y 
direction), lateral translational constraints and rotational constraints were additionally applied to the connecting 
edge between wallboard and column. 

Model g Stiffened wallboard was included with 20mm thickness. Lateral translational and rotational constraints were 
additionally applied to the connecting edge between wallboard and column. 
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(a) Structure 1 
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(b) Structure 2 

Fig. 3 Comparison among Load-Displacement Curves of Models with Different Wallboard Conditions 
 

Model a actually examined the axially compressed H shaped steel column which works independently. It was supported by braces in Y 
direction. However, there was no constraint on column in X direction, which resulted in its large effective length and the poor stability. For 
model a, the column finally presented the flexural buckling around y axis of section. The result agrees with the theoretical speculation that 
flexural buckling around weak axis occurs to axially compressed column with double axisymmetric cross section. Model c corresponds to 
the practical structure in project. Its buckling mode presented the elastic-plastic flexural-distortional buckling of the front half section 
closely below the top of column. The comparison of column stabilities between model a and model b indicates that, the flexural deformation 
around y axis of column is constrained effectively by wallboard. The buckling factors of structure 1 and structure 2 increase 3.5 times and 
46.1 times respectively. As the cover plate located on the top of column has large rigidity, a small proportion of load acted on column top is 
directly transferred to the top angle steel stiffeners and wallboard which are on both sides of column. Therefore, the load applied to column 
top could exceed Ny. Considering not only the design load need a certain safety margin in practical projects but also the structural 
deformation needs to be restricted, the load was no more added when it reached 1.2Ny.  

Model b fully considered the constraints of wallboard on the deformation of column. However, the effect of wallboard on sharing loads 
with column was neglected because the wallboard was not built in the model. The buckling mode of model b agrees with that of the practical 
structure. However, the values of φ for structure 1 and structure 2 decreased by 6.3% and 14.4% respectively. The results indicate that the 
effect of wallboard sharing loads with column on its stability could not be ignored.  

Vertical constraints were additionally applied to the connecting edge between column and wallboard in model d so as to simulate the 
case that the shearing stiffness of wallboard is infinite. Meanwhile, the axial compression borne be rear flange of column was directly 
digested by the vertical constraints. Consequently, the column did not buckle in the loading process. Both groups of structures could be 
loaded to 1.2Ny. Compared with the practical structure, such simulation of constraints is obviously excessive.  

The wallboard with same geometrical configuration as the practical structure was built in model e and model f, which could 
equivalently simulate the effects of wallboard sharing loads with column. In the model e, lateral translational and rotational constraints were 
additionally applied to the connecting edge between wallboard and column. As for the structure 1 and structure 2, the comparison of results 
between model e and the practical structure indicates that the load-displacement curves are in good agreement and the differences of values 
of φ are 0.1% and 0.9% respectively. It indicates that, the constraints of wallboard on column are mainly reflected in the effective restriction 
of the lateral translation of column and the torsion of rear flange. Compared with model e, the translational constraints on column which was 
perpendicular to wallboard were added in model f. As for the structure 1 and structure 2, compared with the practical structures, the values 
of φ of model f increased by 6.1% and 9.7% respectively. The results show that the constraints of wallboard on the deformation of column 
perpendicular to wallboard are weaker in the practical structure. 

Compared with the practical structure, the wallboard thickness was significantly added in model g so as to heighten the effect of 
wallboard on sharing loads with column. As for the structure 1 and structure 2, compared with the practical structures, the values of φ of 
model g increased by 14.7% and 36.6% respectively. As the constraints applied in model g are the same as those in model e, the both models 
could basically equivalently simulate the practical constraints of wallboard on the deformation of column. Consequently, it could be inferred 
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that the effects of increasing wallboard thickness are mainly reflected in sharing more loads with column, which could decrease the axial 
compression actually borne by H shaped column. 

For the structure 1, the column cross section is larger and the stiffness is higher than those of the structure 2. As for the models without 
building the wallboard, the effective length of column in the structure 2 is larger than that in the structure 1, which results in the worse 
stability of the structure 2. The increment of the value of φ for the structure 2 is greater than that of the structure 1 when the same wallboard 
is built in the computation models for the two structures. The results indicate that for the column with lower stiffness, the effect of wallboard 
on improving the column stability is more significant when the same configuration of wallboard are built and the same constraint conditions 
are applied. 
 
4.Analysis of the influences of wallboard configuration on stability of axially compressed column 
 
4.1 Influence of wallboard thickness 
 

In order to investigate the influence of wallboard thickness on the stability of column, two groups of computation models were 
designed. Only the wallboard thickness was varied while other configurations and geometries were kept constant. The relationship curves 
between axial compression applied onto column and the maximum displacement perpendicular to wallboard occurring on front flange of 
column are shown in Fig. 4 for structures with different wallboard thickness. The results indicate that the buckling factors of columns 
increase obviously as the wallboard thickness increases. For the structure 3 and the structure 4, values of φ increased 11.0% and 6.1% 
respectively when the wallboard thickness increased from 4mm to 8mm. The forementioned analyses indicate that the main effect of 
increasing the wallboard thickness lies in sharing more axial compression with column so as to decrease the compression actually borne by 
column section, which could improve the stability of column. 
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(a) Structure 3 
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(b) Structure 4 

Fig. 4 Comparison among Load-Displacement Curves of Models with Different Wallboard Thickness 
 
4.2 Influence of wallboard width 
 

In order to investigate the influence of wallboard width on the stability of column, a group of computation models were designed. Only 
the wallboard width was varied while other configurations and geometries were kept constant. The relationship curves between axial 
compression applied onto column and the maximum displacement perpendicular to wallboard occurring on front flange of column are 
shown in Fig. 5 for structures with different wallboard widths. The results indicate that the load-displacement curves coincide approximately 
when the wallboard width is varied. The values difference of φ of column doesn’t exceed 0.5% when the wallboard width increases by 
240%. The results indicate that the variation of wallboard width has little influence on the stability of column. The reason mainly lies in it 
that the wallboard will be reacted when it not only shares axial compression with column but also provides column with constraints. A block 
of wallboard is enclosed by the neighboring stiffeners and the columns on both sides. Due to its large edge length, thin thickness and the 
inevitable initial imperfection, the wallboard is prone to buckling when it suffers compression and shear. On the initial loading stage, the 
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middle region of wallboard block buckles obviously, and then the buckling deformation develops rapidly. On the middle and late loading 
stage, the middle region of wallboard block almost completely withdraws from working because of the significant buckling. However, only 
the marginal wallboard close to column is able to continuously bear the added load. Therefore, the variation of wallboard width slightly 
influences the bearing capacity of marginal wallboard, and then has little influence on the stability of column. 
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Fig. 5 Comparison among load-displacement curves of models with different wallboard width 

 
4.3 Influence of angle steel stiffeners on wallboard 
 
4.3.1 Influence of angel steel stiffener’s stiffness 
 

The angle steel stiffeners are welded on wallboard to increase the wallboard stiffness, which will influence the stability of column. In 
order to investigate the influence of the stiffeners’ stiffness on the stability of column, two groups of models were established. Only the 
stiffeners’ stiffness was varied by the method of varying the thickness of angle steel while other configurations and geometries were kept 
constant. (remaining the side length of angle steel stiffener unchanged). The comparison among buckling factors of columns with different 
thicknesses of angle steel stiffeners is shown in Table 2. The results indicate that the buckling factors of H shaped steel columns with 
different sections increase slightly when the angle steel stiffeners’ stiffness increase. Besides, the improvement of buckling factors of 
columns will almost be stagnant when the stiffeners’ stiffness reaches a certain value. 
 

Table 2  Comparison among buckling factors of columns with different thickness of angle steel stiffener on wallboard 

Structure 5 
H 250×250×8×12  l = 3110 mm 

w= 4812mm   L 125×80 

Structure 6 
 H 270×125×6×9.8  l = 6220 mm 

w= 4010mm   L 125×80 

Angle steel stiffener 
thickness（mm） Buckling factor φ Angle steel stiffener 

thickness（mm） Buckling factor φ 

4mm 0.976 4mm 1.072 

6mm 0.994 6mm 1.080 

12mm 1.003 8mm 1.090 

16mm 1.008 10mm 1.097 

The axial compression borne by column section decreases rapidly down the column height direction because the wallboard shares loads 
with column. The column section on the position being 0.02H below the column top is only subjected to 95% of the load applied to the 
column top. It could be inferred that the structural effect of stiffeners at different locations on the stability of column would vary. 4 different 
types of models were designed. The sections of top stiffener and other below stiffeners were designed different, and then the structures with 
different stiffeners were loaded respectively. The comparison among load-maximum displacement perpendicular wallboard curves of 
models with different angle steel stiffeners’ sections is shown in Fig. 6. 

The results indicate that the value of φ increases by 4.9% when only enhancing the stiffness of top stiffener. The value of φ increases 
by 3.5% when the top stiffener stiffness is kept unvaried while other below stiffeners’ stiffnesses are enhanced. The value of φ increases by 
7.8% when all the stiffeners are strengthened. As the buckling mainly occurs in the region closely below the column top, the top angle steel 
stiffener can directly constrain the column deformation and transfer the loads. Therefore, the stiffness of stiffeners in top region has greater 
influence on the stability of column. The influence of stiffeners away from the buckling region close to column top on the stability of 
column is relatively smaller. In terms of optimization of design, the stiffness of stiffeners in top region could be designed more rigid while 
the others in the medium and bottom regions of wallboard could be designed smaller. 
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Fig. 6 Comparison among load-displacement curves of models with different stiffness of angle Ssteel stiffeners 

 
4.3.2 Influence of angle steel stiffeners’ interval 
 

In order to investigate the influence of stiffeners’ interval on the stability of column, two groups of models were designed. Only the 
stiffeners’ interval was varied while other configurations and geometries were kept constant. The relationship curves between axial 
compression applied onto column and the maximum displacement perpendicular to wallboard occurring on front flange of column are 
shown in Fig. 7 for structures with different stiffeners’ intervals.  The load-displacement curves for structure 7 are almost coincident with 
each other. The difference of φ doesn’t exceed 0.8% when the stiffeners’ interval is enlarged by 8 times. The load-displacement curves for 
structure 8 are almost coincident with each other as well. The difference of φ doesn’t exceed 0.3% when the stiffeners’ interval is enlarged 
by 4 times. It indicates that the stiffeners’ interval slightly influences the stability of axially compressed column. The reason is analyzed as it 
that the variation of stiffeners’ interval mainly causes the variation of the aspect ratio of a wallboard block, which would influence the 
stability of wallboard subjected to compression and shear. Within the possible range of stiffeners’ interval in practical projects, the buckling 
of column occurs in the region between the first and the second stiffener below the top (usually within 300mm away from the column top). 
Consequently, even the layout of stiffeners were more intensive, firstly, the stiffeners could not directly constrain the buckling deformation 
in the top region of column. Secondly, local buckling would still occur to the wallboard on the middle and late loading stage, and then the 
middle region of wallboard would withdraw from load bearing. As a result, the variation of wallboard stability has not the obvious effect on 
the buckling capacity of column. Therefore, the stiffeners’ interval has little influence on the stability of column. 
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(b) Structure 8 
Fig. 7 Comparison among load-displacement curves of models with different distance between angle stiffeners 

 
4.4 Influence of junction plate 
 

The buckling mode of column presents the flexural-distortional deformation of its front half section. As for the design of wallboard of 
casing in practical projects, the angle steel stiffeners on wallboard are connected with column section by continuous welding through 
junction plate. Therefore, the torsional deformation of the front flange and web of column are restricted effectively on the positions where 
junction plates are located. In order to investigate the influence of junction plate stiffness on the stability of column, a group of computation 
models were designed. Only the thickness of junction plate was varied while other configurations and geometries were kept constant. The 
relationship curves between axial compression applied onto column and the maximum displacement perpendicular to wallboard occurring 
on front flange of column are shown in Fig. 8 for structures with different junction plate stiffness. The case that junction plate with infinite 
stiffness was simulated by setting the thickness of junction plate as 30mm and constraining the translation in Y direction and the rotation 
around X axis of the connecting edge between the front flange of column and the junction plate.  

The results shown in figure indicate that the stability of column develops very slightly as the stiffness of junction plate increases. The 
buckling factor of column only increases by 0.2% when the model without junction plate is compared with the model whose junction plate 
with infinite stiffness. The reason probably lies in it that the buckling of column usually occurs in the region between 200 to 300mm below 
the column top and the column section in this region presents the significant deformation. The computation models were established on the 
basis of the practical projects. The interval between junction plates is equal to the angle steel stiffeners’ interval which usually is not less 
than 500mm. Within the possible range of stiffeners’ interval in practical projects, the layout of junction plates would not be too intensive. 
Consequently, the buckling deformation of column section could not be constrained directly and effectively by the junction plates. The 
junction plates away from buckling area have little effect on constraining the deformation of column. Therefore, increasing the junction 
plate stiffness has little influence on the stability of axially compressed column within the possible range of junction plates’ interval in 
practical projects. 
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Fig. 8  Comparison among load-displacement curves of models with different junctionplate stiffness 

 
5.Conclusions 
 

On the basis of configurations and geometries of wall-column structural system in electrostatic precipitator casing in practical projects, 
the nonlinear finite element method was used to investigate the influence of stiffened wallboard on buckling of axially compressed column, 
and the conclusions were obtained as following: 

1.The effects of wallboard on stability of axially compressed column mainly lie in that: firstly, share loads with column; secondly, 
effectively restrict the lateral translation of column in wall plane and the distortion of column rear flange. The stability of axially 
compressed column will be improved significantly when the wallboard plays the stressed skin effect. 

2.The wallboard can share more compression with column and improve the stability when the thickness of wallboard increases. 
3.The wallboard width has little influence on the stability of axially compressed column. 
4.The stability of column can be improved when increasing the stiffness of angle stiffeners on wallboard. The influence on column 

stability of stiffeners stiffness in top region is greater than the stiffness of stiffeners in middle and bottom regions of column. The stiffeners’ 
interval has little influence on the stability of column. 

5.The stiffness of junction plate between stiffeners and column has little influence on the stability of column. 
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Abstract: The dual logic circuits based on Boolean Logic (TB) and Reed-Muller (RM) can obtain more results than alone TB or RM. In this 
paper, low-power RM logic standard cells are developed. The RM standard cells are optimized by using gate-length biasing (GLB) and 
dual-threshold (DG) techniques to achieve low power delay product (PDP). The layout design and description models for commercial EDA 
tools are also described. In order to show energy efficiency of the proposed standard cells, dual logic mapping based on the TB and RM 
standard cells are illustrated. An example is verified with the proposed RM cells. All circuits are simulated with HSPICE at SMIC 130nm 
CMOS technology by a 1.2V supply voltage at 100MHz. The results indicate the proposed RM cells are a good choice in energy-efficient 
designs.  
 
Keywords: mapping algorithm based on dual logic; design automation;reed-muller standard cells; low-power designs 
 
1.Introduction 

 
In nanometer integrated circuits, the leakage power consumption has been a great proportion in total power consumptions [1]. Moreo-

ver, the increasing complexity and operating speed mean that the power consumption of the circuits would increase dramatically. This chal-
lenge requires us to develop more effective design techniques to reduce the power consumptions of the circuits [2-5]. 

Currently, almost all the IC design methods are based on Boolean Logic (TB). However, except for Boolean algebra, there also exists 
the algebra system based on XOR/XNOR logic, which is called as Reed-Muller (RM) logic [6-8]. Compared with Boolean Logic (TB), the 
RM-based circuits have some advantages [6]. Firstly, for some function blocks, RM logic circuits have more simple structure than TB ones. 
Secondly, the RM-based circuits easily perform fault detections. Thirdly, RM-based logic circuits are easily mapped into the FPGA chips, 
which do not cause additional area by using the exclusive XOR gates in the FPGA chips. Therefore, it can be expected that dual logic cir-
cuits based on TB and RM should have better performance than TB or RM. 

The design flows based on standard cells have been widely used for complex digital IC chips with the help of commercial EDA tools [4, 
5]. For low-power IC designs, low-power standard cell libraries should be provided. However, the commercial low-power standard cells are 
mostly used for TB circuits. To the best of our knowledge, there are no low-power compound RM standard cells which are reported having 
being or being embedded in commercial EDA tools. In this paper, low-power RM logic standard cells are developed. With gate-length bias-
ing (GLB) and dual-threshold (DG) techniques, the RM standard cells are realized optimally to obtain low power dlay product (PDP). The 
layout design and description models for commercial EDA tools are also described. In order to show energy efficiency of the proposed 
standard cells, dual logic mapping based on the TB and RM standard cells are illustrated. Our method is explained by an example with the 
proposed RM cells. All the circuits with a 1.2 V power voltage source at 100MHz are simulated with SMIC 130nm CMOS technology in 
HSPICE. The results indicate the proposed RM cells are good choice in energy-efficient applications. 

 
2. Low-power xor/xnor cells 

 
The two input XOR and XNOR cells in SMIC 130nm standard cell libraries are illustrated in Fig. 1. It is realized using transmission 

gates. 
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Fig. 1 Xor and xnor cells in smic130nmcmos  process (smic) 

 
It is obvious that these XOR and XNOR cells in the standard cell libraries only are served as ordinary TB logic cells, and they aren’t 

specially optimized for RM logic realizations. In this paper, the XOR and XNOR cells for RM standard cells have been developed, as is 
shown in Fig. 2 [9]. 
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Fig. 2  Xor and xnor cells for rm logic (basic). 

 
In order to have an effective reduction in leakage power, gate-length biasing (GLB) and dual threshold (DT) techniques are used for 

XOR and XNOR cells. The power dissipation and power delay product (PDP) of four different XOR/XNOR cells are illustrated in Fig. 3 
and Fig. 4. 
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Fig. 3 Power dissipation comparison of xor and xnor cells. 
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Fig. 4 Power delay product (pdp) of the xor/xnor cells for rm logic. 

 
In Fig. 3 and Fig. 4, CLB and DT are the developed XOR and XNOR cells for RM logic by using gate-length biasing and dual thresh-

old techniques, respectively. The results show that the developed dual threshold XOR and XNOR cells for RM logic have the smallest EDP 
among all the cells. 
 
3.Low-power compound logic cells 
 

The four types of low power compound cells are proposed for low-power RM digital systems, as shown in Fig. 5 – Fig. 8. 
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Fig. 5 Nand/xnor for rm logic (nandxnor). 
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Fig. 6 And/xor for rm logic (andxor). 
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Fig. 7 Nor/xnor for rm logic (norxnor) 
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Fig. 8 Or/xor for rm logic (orxor) 
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The layouts of these cells are illustrated in Fig. 9. The metal lines are in a horizontal placement mode at the top and the bottom for the 
power supply (VDD) and ground (VSS). The layout areas of the NANDXNOR and ANDXOR cells are 3.69 µm × 4.60 µm, while the layout 
areas of the NORXNOR and ORXOR cells are 3.69 µm × 5.06 µm. 

In order to reduce leakage power, gate-length biasing (GLB) and dual threshold (DT) techniques are also used on these compound cells. 
For a typical CMOS technology with a sub-threshold slope of 100mV/decade, each 100mv reduction in threshold voltage is achieved at a 
cost of an order of magnitude incrassation in leakage currents. Therefore, slightly increasing the threshold voltage of a transistor can reduce 
its leakage power. For short channel transistors, the threshold voltage increases with the increase of the gate length, resulting in that the 
leakage dissipation can be in index reduced, while its delay increases linearly [10]. Therefore, in the GLB technology, a slight increase of 
the gate length can result in effective reduction of the leakage power with an accepted performance penalty. 

 

(NORXNOR)
3.69 μm × 5.06 μm

 

(NORXOR)
3.69 μm × 5.06 μm

 

(NANDXNOR)
3.69 μm × 4.60 μm

 

(ANDXOR)
3.69 μm × 4.60 μm

AND/XOR for RM logic NOR/XNOR for RM logic

OR/XOR for RM logic NAND/XNOR for RM logic

 
Fig. 9 Layouts of the four low power compound cells for rm logic. 

 
In the dual threshold (DT) design methods, some MOS devices on non-critical paths use a high-threshold transistor with low leakage 

current. On the critical paths of the circuits, the low-threshold transistors with better performance are used to realize fast operating. 
The power dissipation of the compound cells is shown in Fig. 10. The results show that the compound cells with dual threshold have 

the smallest leakage power and total power dissipation. 
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Fig. 10 Power dissipation comparison of compound cells among basic, gate-length biasing (glb) and dual threshold (dt) techniques. 

 
Fig. 11 shows the PDP of the compound cells from 100MHz to 1000MHz. The compound cells with dual threshold have the smallest 

power delay product. 
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Fig. 11 Power delay product of compound cells among basic, gate-length biasing (glb) and dual threshold (dt) techniques. 

 
4.Standard cell designs 
 

The design flow of standard cells is illustrated in Fig. 12 To establish the auto place and route (P&R) library, the GDS database is pro-
duced with the stream out function. The spice netlists are generated by using Caliber, while the synthesis library is generated with HSPICE 
and the liberty NCX. 
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Fig. 12 The design flow of rm standard cells 

 
In order to have a characterization, the behaviour of the library cells could be determined thought the liberty NCX. For a characteriza-

tion task, in the template file, the file name, netlist directory, the input and output library names, and used SPICE simulator of the SPICE 
model must be specified, as shown in Fig. 13. 
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//SEED LIBRARY
SET INPUT_LIBRARY ./INPUT_LIB/
TYPICAL_1V2C25.1IB

//OUTPUT LIBRARY
SET OUTPUT_LIBRARY ./OUT_LIB/
TYPICAL-1V2C25_OUT.LIB
SET WORK_DIR ./WORK

//MODEL FILE
SET MODEL_FILE ./MODEL/MODEL.TYP
SET NETLIST_DIR ./NETLISTS
SET NETLIST_SUFFIX .SPC
SET LOG_FILE ./LOG_FILE/NCX.LOG
SET SIMULATOR_EXEC /HOME/TOOLS/
SYNOPSYS/
HSPICE_VC-2009.09/HSPICE/LINUX/HSPICE
SET TEMPLATES TRUE
SET OUTPUT_TEMPLATES TRUE
SET COMPACT FALSE
SET TIMING_ARCS_TO TEMPLATE TRUE
SET SENSITIZATION_TO_TEMPLATE TRUE
SET PREANALYSIS_OPT FALSE
SET DRIVER_WAVEFORNT_TO_LIBRARY 
FALSE
SET 
USE_DRIVER_WAVEFORTN_FORM_LIBRARY 
FALSE
SET INPUT_TEMPLATE_DIR TEMPLATES
SET TEMPLATE_SUFFIX .OPT
SET PRECISION 5
SET FARM_TYPE NOFARM

##TIMING MODEL OPTIONS
SET TIMING TRUE
SET CCS_TIMING FALSE
SET COMPACT_TIMING FALSE
SET NLDM TRUE

##POWER MODEL
SET NCX_USE_PG_PINS FALSE
SET CCS_POWER FALSE
SET COMPACT_POWER FALSE
SET POWER TRUE
SET NLPM TRUE
SET VARIATION_LEAKAGE FALSE

 
Fig. 13 Template files of the liberty ncx 

 
After characterization, a description of the cell characteristics and parameters in Liberty format (.lib) is obtained, as shown in Fig. 14 

and Fig. 15. The library can be applied in circuits timing, power, and noise analysis with functions of various tools, such as Design Compile 
and Prime Time. 

The final extracted LEF (Library Exchange Format) tech file for the ANDXOR cell is show in Fig. 16, which is used for the place-and-
route tools. According to the LEF file, we find out that all parameters of the Pins are extracted, and their size is 5.06 µm × 3.69µm defined. 
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INCLUDE TYPICAL_1V2C25. INDEXES;  
NCX_CREATE_ARCS: 
ANDXOR2X1_R * * LEAKAGE_POWER STATES 
"!A&!B&!C"
\ "!A&!B&C" "!A&B&!C"

"!A&B&C" "A&!B&!C" 
"A&!B&C" "A&B&!C" \ 

"A&B&C";   
GLOBAL_VDD: VDD;   
GLOBAL_VSS: VSS;
NCX_USE_PG_PINS: TRUE;
DO {
ANDXOR2X1_R
}  
* GENERATED BY LIBERTY NCX VD-2010.06-SP3
CELL_FOOTPRINT: ANDXOR2;  
AREA: 18.6714000;  
PIN A 
{                    
DIRECTION: INPUT;
CAPACITANCE: 0.0002339;
}
PIN B 
{
DIRECTION: INPUT;
CAPACITANCE: 0.0001748;
}
PIN C 
{
DIRECTION: INPUT;
CAPACITANCE: 0.0004550;
}
PIN Y 
{
DIRECTION: OUTPUT;
FUNCTION: "((A B)^C)";   
NCX_INTERNAL_POWER_RISE_INPUT_TRANSITION_TIME_I
NDEX: 0;
NCX_INTERNAL_POWER_FALL_INPUT_TRANSITION_TIME_I
NDEX: 0;
NCX_INTERNAL_POWER_RISE_TOTAL_OUTPUT_NET_CAPA
CITANCE_INDEX: 1;
NCX_INTERNAL_POWER_FALL_TOTAL_OUTPUT_NET_CAPA
CITANCE_INDEX: 1;
NCX_RISE_INPUT_NET_TRANSITION_INDEX: 0;
NCX_FALL_INPUT_NET_TRANSITION_INDEX: 0;
NCX_RISE_TOTAL_OUTPUT_NET_CAPACITANCE_INDEX: 1;
NCX_FALL_TOTAL_OUTPUT_NET_CAPACITANCE_INDEX: 1;
}
NCX_OPTIMIZATION {
}  

Fig. 14 The characterization of the andxor cell 
 



Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                       136.9 
© 2016 DEStech Publications, Inc. 

doi:10.12783/issn.1544-8053/13/6/136 
 

CELL ("ANDXOR2X1_R") {
   CELL_FOOTPRINT: "ANDXOR2";
   AREA: 18.671400;
   CELL_LEAKAGE_POWER: 9.441002E+02;
   LEAKAGE_POWER () {WHEN: "!A&!B&C";   
                                  VALUE: "705.007275";}
   LEAKAGE_POWER () {WHEN: "!A&B&C"; 
                                  VALUE: "810.738143";}
   LEAKAGE_POWER () {WHEN: "!A&!B&!C"; 
                                  VALUE: "740.132233";}
   LEAKAGE_POWER () {WHEN: "A&!B&C";    
                                  VALUE: "791.644084";}
   LEAKAGE_POWER () {WHEN: "A&!B&!C"; 
                                  VALUE: "826.764768";}
   LEAKAGE_POWER () {WHEN: "!A&B&!C"; 
                                  VALUE: "845.860992";}
   LEAKAGE_POWER () {WHEN: "A&B&C";
                                  VALUE: "944.100242";}
   LEAKAGE_POWER () {WHEN: "A&B&!C"; 
                                  VALUE: "706.413039";}
   PG_PIN (VDD) {VOLTAGE_NAME: "VDD";PG_TYPE: "PRIMARY_POWER";}
   PG_PIN (VSS) {VOLTAGE_NAME: "VSS";PG_TYPE: "PRIMARY_GROUND";}
PIN (A) {DIRECTION: "INPUT";
               FALL_CAPACITANCE: 0.002606;
               CAPACITANCE: 0.002653;
               RISE_CAPACITANCE: 0.002699;
               RELATED_POWER_PIN: "VDD";
               RELATED_GROUND_PIN: "VSS";
               INTERNAL_POWER () {WHEN: "!B&!C";
               ……}}
PIN (B) {DIRECTION: "INPUT";
               RISE_CAPACITANCE: 0.002913;
               CAPACITANCE: 0.002791;
               FALL_CAPACITANCE: 0.002668;
               RELATED_POWER_PIN: "VDD";
               RELATED_GROUND_PIN: "VSS";
               INTERNAL_POWER () {WHEN: "!A&!C";
               ……} }
PIN (C) {DIRECTION: "INPUT";
               RISE_CAPACITANCE: 0.004416;
               CAPACITANCE: 0.004452;
               FALL_CAPACITANCE: 0.004489;
               RELATED_POWER_PIN: "VDD";
               RELATED_GROUND_PIN: "VSS";}
PIN (Y) {DIRECTION: "OUTPUT";
               FUNCTION: "(!(A B)^C)";
               RELATED_POWER_PIN: "VDD";
               RELATED_GROUND_PIN: "VSS";
               INTERNAL_POWER () {RELATED_PIN: "A";
               FALL_POWER 
               ……}}  

Fig. 15 The leakage power and pin information of characterized andxor cell 
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MACRO ANDXOR2X1_R
    CLASS CORE;
    FOREIGN ANDXOR2X1_R 0 0;
    ORIGIN 0.0000 0.0000;
    SIZE 5.0600 BY 3.6900;
    SYMMETRY X Y;
    SITE CORESITE;
    PIN A
        DIRECTION INPUT;
        PORT
        LAYER METAL1;
        RECT 0.1250 1.3450 0.5950 1.6050;
        RECT 0.1250 1.2600 0.3350 1.6050;
        END
    END A
    ……
    PIN Y
        DIRECTION OUTPUT;
        PORT
        LAYER METAL1;
        RECT 4.5150 2.4900 4.9350 2.7500;
        ……
        END
    END Y
    PIN VDD
        DIRECTION INOUT;
        USE POWER;
        SHAPE ABUTMENT;
        PORT
        LAYER METAL1;
        RECT 0.0000 3.4400 5.0600 3.9400;
        ……
        END
    END VDD
    PIN VSS
        DIRECTION INOUT;
        USE GROUND;
        SHAPE ABUTMENT;
        PORT
        LAYER METAL1;
        RECT 0.0000 -0.2500 5.0600 0.2500;
        ……
        END
    END VSS
    OBS
        LAYER METAL1 ;
        RECT  0.1250 0.7250 1.1150 0.9850 ;
        ……
    END
END ANDXOR2X1_R

 
Fig. 16 The extracted result of andxor cell 

 
5. Logic mappings for dual logic 

 
Technology mapping is a process by using a particular technology library of available logic components to implement a logic circuit. In 

the cell-based design flow, the technology mapping is a crucial step. For each of the standard cells, it contains the information of the area, 
delay, the internal and the external capacitor. The next three steps show the entire mapping process. The first step is called as the target 
graph construction, the second step is called as pattern matching, and the third step is called as coverage. 

The 8-bit array multiplier is taken as an example to verify the logic and physical mappings for TB/RM-based dual Logic. Fig. 17 shows 
the synthesis result by using Design Compile with the SMIC standard cells and the proposed RM cells. 
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Fig. 17 The synthesis result of the 8-bit array multiplier with the tb cells and proposed rm cells 

 
According to the design requirements by setting different restraining order, as a result of logic synthesis and technology mapping, a 

gate-level netlist is acquired for placement and routing.  Fig. 18 shows the layout of the 8-bit array multiplier by using Cadence's Encounter 
software, which automatically carries out the placement and routing of the layout. 

 
 

Fig. 18 The layout of the 8-bit array multiplier with the tb cells and proposed rm cells 
 

Fig. 19 shows the imported layout in the IC5141 layout Editor virtuoso. The design rule check (DRC) and layout versus schematic 
(LVS) are carried out by using Calibre. Full parasitic extraction is done. Hspice simulation results show that the dual logic implementation 
of the 8-bit array multiplier reaches power reduction of about 12% compared with TB one. 
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Fig. 19 The layout of the 8-bit array multiplier in cadence ic5141 virtuoso editor 
 
6. Conclusion 
 

Currently, almost all the IC design methods are based on Boolean Logic. The digital circuits can also be implemented only by using the 
Reed-Muller logic. Compared with TB, the RM-based circuits have some advantages. The dual logic circuits based on TB and RM should 
obtain better results than just TB or RM. The design flows based on standard cells have been widely used for complex digital IC chips. 
Therefore, low-power RM-based standard cells are demanded. 

In this paper, low-power RM logic standard cells have been developed. The RM standard cells are optimized with gate-length biasing 
(GLB) and dual-threshold (DG) techniques to reach low power delay product (PDP). In respect of energy efficiency of the proposed stand-
ard cells, it is illustrated the dual logic implementation of the 8-bit array multiplier reaches power reduction of about 12% compared with TB 
one. This result points out the proposed RM cells are good choice in energy-efficient designs. 
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Abstract: Background, insufficient setting load is a common problem for hydraulic supports in fully mechanized mining face in China, 
which will reduce the support performance of hydraulic supports and even cause serious accidents. Materials and methods, with the idea of 
improving safety of coal mining, saving cost and convince, a new kind of automatic pressure increasing device should be designed to 
increase the setting load to improve the support performance. First, based on the work requirements and characteristics, the control loop 
which could automatically increase the pressure of prop system was designed by means of functional combination. Secondly, the principle 
structure of pressure increasing mechanical device which was divided into pressure increasing structure and auxiliary structure was designed 
with the method of reserving liquid mouth and unit design.Then, some structural details were perfected to allow the units to reasonably 
contact with each other and constitu te a complete mechanical device.Finally,the application test of the automatic pressure increasing 
mechanical device was completed in ZY8800/22/45 hydraulic supports by supplying liquid, initially supporting and monitoring dates. 
Results, the results show that, after the application of the device, the setting load of ZY8800/22/45 hydraulic support is more than 30MPa 
and the resistance time is two seconds or less. Conclusion, through comparison and analysis of the test results, the pressure increasing 
mechanical device can increase the setting load and reduce the resistance time remarkably. Main conclusions, the device combines 
mechanics with hydraulics, gets rid of the restriction of the pump station, completes the work process without manual operation and can be 
widely used in various types of hydraulic supports and working face since it is designed based on general principle and convent to transport 
and install. 

Keywords: hydraulic support; automatic pressure increasing device; setting load; structure design 

1. Introduction 

Setting load is one of the important parameters of hydraulic support.The hydraulic supports,whose actual setting load meets the design
requirements, can increase resistance by the design law ,effectively restrain premature fracture and falling of the roof[1]-[2],avoid dynamic 
pressure impulse and play the best supporting performance[3]-[4].However, surveys found that some reasons, like the low pump pressure, 
serious pressure loss and improper manual operation caused that the actual setting load of hydraulic supports in fully mechanized mining 
face mostly adopted in China is far below the rated setting load 30.0MPa and some even below 15.0MPa.Eventually, hydraulic supports 
were unable to provide normal supporting performance, triggering many coal mining accidents. 

The experts and scholars in the field of coal in China have paid attention to and study the problem of insufficient setting load since the 
1980s.Wang Yuehan et al.[5] had described in details the function of setting load and studied the ratio between setting load and working 
resistance;Song Zhian et al.[6] had proposed a actively support hydraulic system to guarantee setting load and designed a kind of setting 
load device which could guarantee the liquid supply time. Zhang Hongming et al.[7] had proposed the DCF-PZ200/40 control valve system 
to adjust and guarantee the setting load;Mo Hualin,Huang Jinglong et al.[8] had tried to increase and guarantee the setting load by improving 
the pressure of pump station, reducing the pressure loss and designing different hydraulic system.More researches on the improvement of 
setting load had been done by previous scholars, but these researches were far from satisfaction in practical application.There are some 
existing problems as following: ① The measures are maint the 
supplying requirement in many coals because of the backward technology.So the setting load is also difficult to meet the working 
requirements; ② The methods that increase the settk for advanced 
technology,high cost and long period; ③ The pressure guaranteeingplicated 
adjustment, low degree of automation and high cost[9]. Besides, they are greatly affected by the working environment. 

To solve above problems, a kind of automatic pressure increasing device, which could directly link the prop system, rapidly increase 
the pressure of the prop during the initial support phase and get rid of the restriction of the insufficient pressure of the pump,was designed in 
this paper. 

2. Materials and methods 

Firstly,the pressurization scheme was designed and the control loop was built according to the requirements and characteristics that the
expected device could rapidly increase pressure and parallel link the original hydraulic system.Then, the mechanical device was designed 
based on the control loop with the method that the loop was divided into several function units.Finally, each unit is connected with others to 
constitute a complete setting load guaranteeing device. 

In order to change low pressure into high one, this paper needs to put Pascal law as the basic principle of the setting load increasing 
system [10]. However, the change is usually accompanied by the movement of the pressure cylinder piston, as a result, the control loop is 
divided into the process of preparation and rapid pressure increasing[11]. The process of preparation only plays a supplementary role, so it 
can’t take time alone and needs to complete during the stage of rapid prop rising; The process of rapid pressure increasing starts after the 
completion of the preparation, which needs the pressure of prop as excitation and completes in a flash. 

The mechanical device combines mechanics with hydraulics without using electrical components to guarantee the reliability, avoiding 
the shortage of exciting devices and has the advantages of small volume, easy installation, easy operation, rapid and high automation etc. 

2.1 Design of pressure increasing control loop 

The design of automatic pressure increasing device is based on the design of pressure increasing control loop. The loop should be 
parallel linked with the prop system to avoid affecting other systems [12]. This paper puts Pascal law as the key principle of pressure 
increasing, so the loop should include pressure cylinder that works as a pressure increasing component. The control loop is designed to 
complete the process of preparation and rapid pressure increasing. The preparation, which starts with the emulsion supply for the system and 
ends before the beam reaches the roof, needs the piston to move towards the rodless cavity. Therefore, the emulsion channel of rodless 
cavity shouldn’t be series with other control valves except the check valve from the emulsion supply control valve to the rod cavity. The 
process of rapid pressure increasing needs the piston to move towards the rod cavity. 

In order to avoid the conflict between the process of preparation and rapid pressure increasing, the loop plays the role of later only 
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when the pressure of prop cavity reaches a certain value according to the character that the pressure of prop during the stage of rapid prop 
rising is different from that when the beam reaches the roof. So a hydraulic control reserving valve should be linked in front of the liquid 
mouth of rodless cavity. 

O
P

1

2

3

4

5

 
1-reversing valve; 2-automatic pressure increasing valve; 3-prop; 4-safety valve; 5-hydraulic control check valve 

Fig.1 Pressure increasing control loop 
 

The loop increases the pressure of the prop in accordance with the set ratio. If the initial pressure is slightly high, the pressure after 
being increased will greatly exceed the required setting load. So a safety valve should be linked at the channel of rod cavity to limit the 
setting load to the practical requirement[13].The reliability of the entire hydraulic system is determined by the reliability of each element, 
and the fewer the valves are used, the higher the reliability will be, so the unnecessary control valves should be used less as far as possible 
during the design of the control loop. With the analysis and design, the paper determined the loop shown in Fig. 1. 

The pressure increasing control loop mainly consists of pressure cylinder, hydraulic control reserving valve, check valve, safety valve 
and the hydraulic lines. When the pressure of the rod cavity is less than the opening pressure of hydraulic control reserving valve, the valve 
works at the right position, and the emulsion into the pressure increasing valve is divided into two parts, namely, one enters into rod cavity 
to push the piston towards the direction of the rodless cavity to prepare for pressure increasing; then, the other one enters into the prop cavity 
through the check valve and at this time the valve doesn’t play the role of increasing pressure. When the pressure of the rod cavity is greater 
than the opening pressure of hydraulic control reserving valve, the valve works at the left position, and the emulsion will enter the rodless 
cavity through the hydraulic control reserving valve to push the piston to increase the pressure of the rod cavity and the prop. The pressure 
increasing valve and the prop system share a supply reserving valve and as long as the pump supplies emulsion for the prop, the pressure 
increasing loop will start to work to automatically increase pressure. 

 
2.2  Structure design of automatic pressure increasing device 
 

The pressure increasing control loop includes pressure cylinder, hydraulic control reserving valve, check valve, safety valve, etc., so the 
device should also include some structural units that can play the role of above valves. These units are assigned in one place and contact 
with each other by pipes to complete the function of controlling the emulsion flow and rapidly increasing pressure[14].The device can be 
divided into two parts in function according to the loop. Namely, one is the pressure increasing structure which includes pressure cylinder 
and pressure increasing control mechanism, the other is auxiliary structure which includes one-way conduction mechanism, safety 
mechanism and body structure. 

 
2.2.1  Design of pressure increasing structure 
 

The pressure cylinder, which works with the difference of the effective area between the rodless cavity and rod cavity, is the direct 
component to increase the partial pressure of the hydraulic system. 

123

P1

 
1-cylinder block; 2-piston; 3-cylinder bottom 

Fig.2 The pressure cylinder 
 

There are two kinds of hydraulic cylinder to increase pressure in general. Namely, the piston of one is extended and the other is not. The 
piston in the device needn’t work for outside and its movement is just to complete the process of preparation and pressure increasing, and 
the environment of mining face is harsh, so the one that the piston is not extended should be chosen, as shown in Fig.(2). 

There is usually emulsion in the seal space between the piston and cylinder in traditional design and the space can link the tank. By 
contrast, the space in the paper is closed and vacuum to offset part of external tension of cylinder and improve the sealing between the piston 
and cylinder. In order to reduce the device’s volume and weight and realize the displacement of overlap, the piston is designed to be hollow. 
According to the principle of the loop, the rodless cavity links the hydraulic control reserving valve and the tank, so the mouth P1 is 
reserved. 

The pressure increasing control mechanism, which works with the pressure cylinder to realize the switch between the emulsion channel 
of entering the rod cavity and rodless cavity, is the key mechanism of the device and controlled by the pressure of the rod 
cavity[15].According to the principle of the loop, the control mechanism links the channel of liquid supply for the rodless cavity, rodlss 
cavity, rod cavity and the tank. Two on-off states can be achieved: one is the conduction between the emulsion channel of liquid supply for 
the rodless cavity and the rodless cavity,which the tank is closed at this time; the other is the conduction between the channel of rodless 
cavity and the tank, which the channel of liquid supply for the rodless cavity is closed at this time. The channel of rod cavity is independent 
and doesn’t link the other three channels through the control mechanism. 
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According to the analysis of the control loop, it can find that as long as the channel of liquid supply of the whole system is linked to the 
rodless cavity, the pressure of rod cavity must be higher than that of rodless cavity, and the check valve will be closed at this time. So the 
pressure increasing control mechanism can be regarded as a on-off switch, which controls the on-off relationship among the channel of 
liquid supply for rodless cavity, rodless cavity and the tank under the pressure signal of rod cavity. 

The emulsion channel of liquid supply for rodless cavity is closed and the tank is opened during the process of preparation. And the two 
states will respectively change when the system works in the process of rapid pressure increasing. So it can be easily to realize the switch of 
above states by adopting the cooperation among the pushing rod with sealing convex platform, the sealing ring, steel ball and spring: the 
steel ball steams the mouth of the channel of liquid supply for rodless cavity under the action of the spring, and at this time, the pushing rod 
doesn’t contact with the steel ball and the convex platform doesn’t contact with the sealing ring under the action of the other spring, so the 
channel of tank can connect to the rodless cavity; when the force applied on the pushing rod by the emulsion in rod cavity is larger than that 
by the spring, the pushing rod will rapidly move and push away the steel ball to connect the channel of rod cavity to that of liquid supply for 
rodless cavity, at this time, the convex platform contacts with the sealing ring to close the tank. In order to avoid the conduction between the 
channel of the tank and that of liquid supply for rodless cavity, the channel of the tank must be firstly closed during the switch from the 
process of preparation to that of the rapid pressure increasing. If the device adopted one above pushing rod and the sealing ring were 
designed into movable along the axial, the convex platform would firstly contact and move together with the sealing ring and then the 
pushing rod would push away the steel ball to meet the on-off order. But the movement of the sealing ring will affect the sealing 
performance and can’t return to the initial position unless adding a spring, which would add the complexity of the device. 

 In accordance with the above ideas, this paper needs to design a structure that can replace the movement of sealing ring and will not 
affect the control function though it doesn’t return to the initial position after moving. So divide the pushing rod into large and small one 
shown in Fig. (3). 

P2

P3
P4

P5

1 2 3 4 5 6 7 8 9 10 11  
1-mechanism body; 2-large pushing rod; 3-large spring; 4-large spring sleeve;5-sealing gasket;6-small pushing rod; 7-retainer ring; 

8-mechanism seat;9-steel ball; 10-small spring; 11-plug 
Fig.3 The pressure increasing control mechanism 

 
In Fig.(3), P2 is the mouth of liquid supply for rodless cavity, P3 is the mouth of rodless cavity, P4 is the mouth of the tank, P5 is the 

mouth of rod cavity, the large pushing rod removes the sealing convex platform, emulsion channel is designed in the center axis of the small 
pushing rod to connect P3 and P4.During the process of channels switch, the large pushing rod firstly fast moves and contacts the small 
pushing rod to close the axial channel and the emulsion channel of the tank, and then moves together with the small pushing rod to push 
away the steel ball to connect the channel of liquid supply for rodless cavity and that of the rodless cavity. In order to limit large pushing rod 
initial position and provide force surface for spring, a limiting convex platform is designed on the large pushing rod. The large spring is set 
on the thin shaft section of the large pushing rod to avoid radial movement. The structure of large spring sleeve is designed as shown in Fig. 
(3),which provides force surface for spring as well as limits the maximum displacement of the large pushing rod to avoid the excessive 
displacement of the small pushing rod. It is difficult to guarantee the sealing just relying on the physical contact between the large and the 
small pushing rod, so the tail of the large pushing rod is hollowed to install the seal to flexibly contact with the small pushing rod. The 
maximum displacement of large pushing rod needs to be longer than the distance between the small pushing rod and the steel ball, so the 
steel ball could be completely pushed away to ensure that P2 and P3 are completely connected. The plug that is designed concavely, can not 
only fix the non-moving components, but also guide the small spring. 

When the system unloads, the large pushing rod can return to the original position under the action of the large spring, the steel ball can 
be repressed against the mechanism seat under the action of the small spring and push the small pushing rod back a short distance but not 
original position. It would not affect the normal on-off state that the small pushing can’t move back the original position, because in the next 
process of rapid pressure increasing, the large pushing rod still firstly contacts the small one, and secondly the steel ball is pushed away, 
which can still guarantee the switch sequence. There is usually a hydraulic shock effect what can lead to misoperation when the pump starts 
to supply emulsion for the system. So the axial distance between the large pushing rod and the small pushing rod can avoid the conduction 
between the channel of liquid supply for the rodless cavity and the rodless cavity under the hydraulic shock. 

 
2.2.2   Auxiliary structure 
 

According to the control loop, there should be two one-way conduction mechanisms: one can be opened from the mouth of liquid 
supply for the device towards the rod cavity of the pressure cylinder; the other can be opened from the rod cavity towards the exit of the 
device. The structure of the traditional check valve core is complex and difficult to be manufactured. So according to the work principle of 
the check valve, the two one-way conduction mechanisms are designed with a spring and a steel ball as the key structure shown in Fig.(4). 

The mechanism showed in Fig. (4). (a) is located in the channel of the entrance of the device, the mechanism shown in Fig. (4). (b) is 
located in the channel of the exit of the device. Both P7 and P9 connect to the rod cavity of the pressure cylinder. The P6 is the entrance of 
the device when the P7 is the exit. The two mechanisms are similar in structure, which are both composed of a plug, a mechanism seat, a 
steel ball and a spring. But the structure of the plugs are different from each other, which the one in Fig. (4). (b) can work as the spring 
sleeve to reduce the axial dimension of the mechanism. 
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P6

P7

12345  
(a) The one-way conduction mechanism located in the channel of the entrance 

P8

P9

12543  
(b)The one-way conduction mechanism located in the channel of the entrance located in the channel of the exit 

1-mechanism body; 2-plug; 3-mechanism seat; 4-steel ball; 5-spring 
Fig.4 The one-way conduction mechanism 

 
The relief valve usually works as the safety valve in practical application. The structure of DBD direct operated relief valve is simple 

and can apply to the high pressure, so the design of the safety mechanism of the pressure increasing device adopted its principle and 
simplified the cone valve and adjustment lever shown in Fig.(5). 

P11

P10

1234567  
1-mechanism body; 2-plug; 3-pressure adjusting screw; 4-spring; 5-cone valve; 6-retainer ring; 7-mechanism seat 

Fig.5 The safety mechanism 
 

The safety mechanism is composed of the mechanism seat, a retainer ring, a cone valve, a spring, a pressure adjusting screw and a plug. 
According to the principle of the control loop, the mouth P10 connects to the rod cavity of the pressure, the mouth P11 connects to the tank to 
discharge the unloading emulsion. The contact area between the cone valve and the mechanism seat is small, which there will be higher 
sensitivity, and the cone valve can be guided by the conical surface when closed. The retainer ring can not only fix the mechanism seat, but 
also cooperate with the cone valve to improve sealing performance. The pressure adjusting screw can adjust the required pressure to meet 
different conditions, so the application of the screw can improve the adaptability of the pressure increasing device. In order to improve the 
stability of spring, the convex platforms are designed on the rear of the cone valve and the bottom of the pressure adjusting screw, so the 
central axis of the spring won’t deviate when working. 

Complete device body not only includes all the structure body of above mechanisms, but also cooperates with the pressure cylinder. The 
body not only works as the carrier for all control mechanisms, but also connects them to each other to control the flow of the emulsion in 
accordance with the principle of the control loop. 

The pressure cylinder is cylindrical, so the device body what cooperates with the pressure cylinder is also cylindrical in shape. The main 
task of the design of the device body is to arrange the position of the pressure increasing control mechanism, the two one-way conduction 
mechanisms, the safety mechanism and the connecting channels. The P5,P7,P9 and P10 all connect the rodless cavity of pressure cylinder 
according to the design of above structure, so it is easy to think that the various control mechanisms should be arranged in parallel with the 
axis of the device body, and the P5,P7,P9 and P10 should be arranged at the same side of the device body, which means that the four control 
mechanisms respectively penetrate through the cylindrical body in the axial. 
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1-the cavity of pressure increasing control mechanism; 2-the cavity of safety mechanism; 3-the cavity of the one-way conduction 

mechanism located in the entrance; 4-the cavity of the one-way conduction mechanism located in the exit 
Fig.6 Position arrangement of mechanisms cavity 
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By contrast, the pressure increasing control mechanism is the most complex, and its axial length is longer than that of the safety 

mechanism and one-way conduction mechanism.If the length of the device body were designed with the the length of pressure increasing 
control mechanism, the size of the entire device would be increased. 

Combining with the hollow design of piston, the cylindrical device body is designed into "convex" shape, and the pressure increasing 
control mechanism is designed at the axial center position of the device body, so the convex part of the device body is contained by the 
piston, and the axial size of the entire device can be designed on the basis of the length of safety mechanism or one-way conduction 
mechanism. The safety mechanism and two one-way conduction mechanisms can only be designed in other position of the device body and 
there is no strict limit on the relative position among them, but the design of the channels connecting the control mechanisms needs to be 
based on the determined location of these mechanisms. The location of each mechanism is shown in Fig.(6), the safety mechanism and the 
two one-way conduction mechanisms are arranged with the interval of 90 degrees, and P6 and P8 respectively work as the the entrance and 
exit of the pressure increasing device. 

P2,The liquid mouth of pressure increasing control mechanism in Fig.(2) and P6, the liquid mouth of one-way conduction mechanism in 
Fig.(4).(a) both connect the entrance channel of the device. If the emulsion channels were respectively designed in the body for them to 
connect the entrance channel, the system would become complex, so it is a simple method to get through the cavity 1 and 3 in Fig. (6) in the 
corresponding axial position along the radial direction of the device body to get through P2 and P6.The P4 and P11 should both connect the 
tank in principle, if so, the installation and employ would be restricted by the location of the tank. The volume of the device is small, the 
emulsion capacity is little and the liquid discharge amount is even less, so the emulsion can be directly discharged to the working 
environment and the liquid mouth P4 and P11 connect outside along the radial direction of the device body. In order to keep the emulsion 
discharging from the device away from the device, the emulsion channel connecting the liquid mouth P4 needs to be designed with a small 
inclined angle to impart an upward initial speed for the emulsion to increase the movement time of emulsion. As is known from the earlier 
analysis, the liquid mouth P3 connects to the liquid mouth P1, but there is a long distance between them. If a emulsion channel were 
designed to connect them along axial direction of the device body and the cylinder, the bearing capacity of the cylinder would be severely 
weakened and it would be difficult to process the deep hole, so the two mouths need to be connected via an external pipeline instead of 
inside. 
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Fig.7 The device body 

 
After determining the location of each control mechanism and arranging the necessary channels, finally the device body is designed as 

shown in Fig. (7). The device body and the cylinder are both designed into cylindrical shape with steps to cooperate with each other better to 
improve sealing performance. 

 
2.2.3  Overall structure 
 

After the design of the structure of all control mechanisms,some details need to be perfected :the device body and the pressure cylinder 
need to be assembled by welding,the axis of liquid mouth P3 needs to be parallel with the one of P1, and the opening direction of them is the 
same;the pipe joints need to be respectively welded on the liquid mouth P6 and P8 to easily connect the external system;a base needs to be 
welded at the bottom of the device to improve the stability.The final structure of the device is shown in Fig.(8). 
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1-the base; 2-pressure cylinder; 3-pressure increasing control mechanism; 4-safety mechanism; 5,7-the one-way conduction mechanism; 
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6-elbow; 8-device body 
Fig.8 The automatic pressure increasing device 

 
The working process of the automatic pressure increasing device is that: the automatic pressure increasing device is parallel installed 

into the prop system according to the principle of the control loop, and the initial state of all mechanisms is showing in Fig. (8). The worker 
operates reversing control valve and the pump station starts to supply emulsion for the whole system. One part of the emulsion enters the 
prop cavity from the main emulsion channel through hydraulic control check valve to achieve prop rapid rising, the other enters the 
automatic pressure increasing device through the liquid mouth P6.One part of the emulsion entering the device flows towards the liquid 
mouth P2, but just can fill the channel due to the off state of liquid mouth P2, the other pushes away the steel ball of the one-way conduction 
mechanism located in the entrance of the device and enters the rod cavity of the device through the liquid mouth P7.One part of the 
emulsion entering the rod cavity opens the one-way conduction mechanism located in the exit of the device through the liquid mouth P9 and 
then enters the prop cavity through the liquid mouth P8, the other pushes the piston to move towards the direction of the rodless cavity, then 
the emulsion in the rodless cavity will continuously flows into the working environment through mouth P1, the elbow, mouth P3, the 
pressure increasing control mechanism, and mouth P4 until the piston arrives at the limit position to complete the process of preparation. At 
this time, the prop is still in the stage of rapid rising and all emulsion entering the device will flow into the prop cavity after the preparation. 

When the top beam contacts with the roof, the prop is no longer supplied with a lot of emulsion, the pressure of the prop cavity will 
increase to the control value of the pressure increasing control mechanism in a moment. At the same time, the large pushing rod moves fast 
to contact the small one to close the emulsion channel of the tank, and then moves together with the small pushing rod to push away the steel 
ball which closed the liquid mouth P2..The emulsion entering the pressure device will enter the rodless cavity passing through mouth P2, the 
pressure increasing control mechanism, mouth P3, the elbow and mouth P4 to push the piston to move towards the direction of the rod cavity. 
At this time, the one-way conduction mechanism located at the entrance of the device is closed, and the emulsion pressure of the rod cavity 
connecting the prop cavity rapidly increases with the designed ratio under the action of Pascal law. Meanwhile, the pressure of prop cavity 
also rapid increases and the prop moves a little. The required emulsion of the movement can be supplied by the device.If the pressure of the 
prop cavity exceeds the required value after increasing, the safety valve will be automatically opened to unload to maintain the appropriate 
setting load. After liquid supplying, the worker operates the reversing control valve to close the emulsion channel of the prop. When the 
prop unloads, the most components of the device will return to the initial position, but the piston and the small pushing rod could not, which 
it would not affect the next working cycle. 

The automatic pressure increasing device doesn’t include any manual operating mechanism,works totally relying on the driving of the 
emulsion, so its mechanical automation degree is high. 

 
2.3 Application test  
 

The automatic pressure increasing devices were applied in ZY8800/22/45 hydraulic support in Sichuan Aerospace Electrical Control 
Co., Ltd to validate the work performance.Test conditions and methods were shown as following: 

(1) The pressure of the working face pump station is 31.5MPa and the emulsion flow of prop is 400L/min. 
(2) Choose not less than 30 hydraulic supports for testing.Name the hydraulic support installed in the middle of the working face 

0#,respectively choose 15 hydraulic supports every interval from each side of the 0# support and name them 1~15 and 1*~15*. 
(3) Before the application of the automatic pressure increasing devices,the pump station supplies emulsion for the selected hydraulic 

supports one by one.Collect the date of setting load through pressure gauges installed on prop outer cylinder when the top beam of selected 
hydraulic support reaches the roof.Collect the setting time from the beginning of support rising to the end with stopwatch.Collect resistance 
increasing time from the beginning of prop pressure increase to the end through the observation of the pressure gauges installed on prop 
outer cylinder with stopwatch after initial setting stage . 

(4) After the above data acquisition is completed, the selected hydraulic supports are restored to the initial state. 
(5) Then the automatic pressure increasing devices are installed in each prop system of the selected hydraulic supports through the 

pipeline joints:a three ports pipeline joint is installed at the front of the hydraulic control check valve which is closest to the prop to connect 
the entrance of the automatic pressure increasing device;another three ports pipeline joint is installed at the end of the pipeline which 
connects the bottom cavity of the prop to connect the exit of the automatic pressure increasing device. 

(6) The pump station supplies emulsion for the hydraulic supports.Collect the date of setting load,setting time and resistance increasing 
time again. 
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(b) Change of setting time 
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(c) Change of resistance increasing time 
Fig.9 Date statistics of application effect 

 
3. Results 
 

The test results are shown in Fig.9. The date in Fig.9(a) shows the change of the setting load,it can be found that the setting load is 
generally lower than 21MPa before the application of the device,and can generally reach 31.5MPa after the application.The date in Fig.9.(b) 
shows the change of the setting time,it can be found that the setting time is between 7s to 8s and changes little after the application of the 
device.The date in Fig.9(c) shows the change of the resistance increasing time,it can be found that the time is generally above 2.5s before the 
application and is generally below 2s after the application. 

 
4. Discussion 
 

Setting load,setting time and resistance increasing time are taken for analysis since they can reflect the working performance of 
hydraulic supports and the automatic pressure increasing device.Through comparison and analysis of the test results, it can be found that the 
automatic pressure increasing device can effectively improve the setting load and can’t reduce the setting speed.At the same time,the 
resistance increasing time of the hydraulic support reduces mainly because the setting load has met the working requirement after the 
application of the device and the resistance increasing speed is faster than before.The results proves that the automatic pressure increasing 
device is feasible and effective. It can also be found that the value of the same kind of parameter is different for different hydraulic supports 
which have different sealing performance, channel loss, pipeline resistance etc, but the overall trend is the same. 

Compared with the reciprocating pressure increasing device whose small movable pillar and big piston do reciprocating motion with 
the control of hydraulic control reserving valve to increase the pressure,which was designed by China University of Mining and Technology 
in 1995[16],the automatic pressure increasing device can increase the setting load in a short time and just by working once, so the working 
efficiency is higher. Compared with the manual pressure increasing device that requires workers to knock to increase pressure,which was 
designed by Shandong University of Science and Technology in 2012[17], the automatic pressure increasing device can work properly 
without workers’ intervention after being installed, so the device has high automation. Compared with the CCFC primary supporting valve 
that relies on high pressure and low flow pump to increase the pressure,which ZHANG Hong-ming studied in 2008[7],the automatic 
pressure increasing device is independent and works relying on its own structure rather than other power equipment.In the United States, 
Australia and other major coal mining countries, there is little problem of insufficient setting load because of the advanced mining 
technology. The pressure of their pump station is high, the sealing performance of their hydraulic pipelines is great and the loss of the 
pressure is little. On the contrary, China's technology is relatively backward and it is difficult and complex for China to introduce foreign 
advanced technology. But the automatic pressure increasing device can easily and directly solve the problem of insufficient setting load 
without high-cost or long period. 

 
5. Conclusion 
 

(1)A new method, which adopts a kind of mechanical device to solve the problem of insufficient setting load for hydraulic supports,was 
put forward in this paper . 

(2)The principle structure of the automatic pressure increasing device that is divided into pressure increasing structure and auxiliary 
structure was designed based on the principle of the pressure increasing control loop with the method of reserving liquid mouth and unit 
design. Through the analysis and improvement, the pressure increasing control mechanism adopted double push rod structure that could fast 
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and easily control the emulsion channels. The one-way conduction mechanisms were simply designed by the cooperation between the steel 
ball and the spring. The safety mechanism was designed referring the principle of the structure of relief valve. Multiple details were 
perfected to achieve good cooperation among all the mechanisms of the device and convenient installation. 

(3)The device combines mechanics with hydraulic,can automatically increase the setting load without any electrical components and 
precision mechanisms, and has the character of simple structure, reasonable design, high reliability and adaptability. 

(4)The test results show that the device can effectively improve the setting load of the hydraulic supports, shorten the resistance 
increasing time, and has no negative effect on the other subsystems. 
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Abstract: Battle damage rate of tactical vehicle equipment is an important reference for determining the reserve scale of tactical vehicle 
equipment.In order to investigate the relationship between the battle damage and the damage of the tactical vehicle equipment,according to 
the combat damage principle of the maintenance equipment, this paper try to introduce the Bayesian simulation meta model basing on 
structure learning, and analyze the mechanism of battle damage of tactical vehicle maintenance equipment, determine the main source of 
injury fragment damage.Combining with the data of the battle damage simulation experiment, the result proves that this method can help us 
to accurately forecast battle damage probability of maintenance equipment, which laid a foundation for determination of store scale of 
tactical vehicle maintenance equipment. 
 
Keywords: Tactical vehicle equipment; regression analysis Bayesian ; damage rate simulation model 
 
1. Introduction  
 

Battle damage rate of tactical vehicle equipment is an important reference for determining the reserve scale of tactical vehicle 
equipment.Battle damage rate and damage consumption mode are influenced by many factors, such as operation mode, object, environment 
and so on, and the lack of maintenance equipment in wartime is not easy to grasp. Therefore,the imitation method is widely applied to 
estimate the battle damage rate. 
 
2. Damage mode and mechanism analysis of tactical vehicle equipment 
 
2.1 Threat mechanism 
 

Threat mechanism generally refers to the conditions of damage and its combination, which the enemy's offensive or defensive action to 
repair equipment in the fight. According to whether the threat element has the direct result of damage, it can be divided into indirect threat 
and direct threat [1]. Direct threats include two major parts:A launch platform, which includes the guidance device, missile launch device, 
carriage; second threat propagation material. It contains missile, projectile and bomb. 

Indirect threats include communication systems, target recognition, target monitoring, etc.. It is divided into two cases, one is the 
auxiliary direct threat, and its threat system; two is a direct threat as a branch, a subordinate system [2].   

Considering the threaten mechanisms are complex and diverse and vehicle equipment as non battle units, and not possible become 
destruction force missiles, shoot bombs and bomb attacks, so the paper only analyze the damage cause of the ammunition to the equipment 
maintenance.  

 
2.2 Damage mechanism 
 

Combat damage mechanism is a feature, which generally consists of warhead or warhead output. From the point of view of damage 
mechanism analysis, under the hostile threat, there are several typical type of combat damage which mainly exist in the following for target 
equipment: splintery battle damage, shock wave battle damage, ignition battle damage [3].  

Different threat types have different damage mechanisms, some of which are single, and some are very complex. Such as light weapons 
direct aiming shooting, ammunition indirect aimed only result in fragment damage. The bomb blast can result in ignite a variety of 
injuries ,such as generate fragments, shock wave, detonated. 

This paper only intends to make a further research on fragment damage. That if ammunition explosion happens, shrapnel in a spherical 
to around spouts, the quality of shrapnel at high speed Cause the damage on the vehicle equipment. 

 
3. Simulation model of tactical vehicle equipment battle damage rate 
 

In view of the wide variety of maintenance equipment, the relationship between the installation position of the equipment is very 
complex, it is difficult to Carry out the damage probability of various maintenance equipment through the way of manual calculation. For 
this purpose, the simulation model of the Bayesian network is introduced to simulate the damage probability of the tactical vehicles. 
 
3.1 Bayesian network simulation model based on structure learning 

Bayesian network is a kind of method through which could express the knowledge and use the data of various sources to carry out the 
comprehensive reasoning [4].  

Under the condition of uncompletely information, the Bayesian network can help us analyze the causal relationship between the combat 
damage and the influence factors from many aspects.  

The main purpose of the Bayesian network simulation model based on structure learning is to reflect the relationship between the 
position of the ammunition and the damage of the maintenance equipment and the internal damage.Assume the order d and joint probability 
distribution 1 2 nP(X ,X ,L,X ) of variables ( , , , )nx x L x1 2 . First, Establish x1  for a root node initial node, whose priority probability 
distribution is ( )1P X . Then, Establish 2x  for another root node, if there is a correlation between them, then 1x  can be considered as the 
parent node, which can be used to establish a connection between them. Its coupling strength is used to mean ( | )P X X2 1 .If there is no 
correlation between t x1  and 2x ,then 2x can be given priori probability ( )P X 2 ..Finally, with the direction of the line to 
connect ( { , ..., })1 2, 1X X XX X ii i

⊆∏ ∏ − and 1x , whose conditional probability is ( | )P X Xi i
∏ . After all the nodes are connected to the 

Bayesian network [5]. 
  

3.1.1 The causal link between the position of the ammunition and the damage of the maintenance equipment 
 

The status of maintenance equipment damage is related to the space position of the ammunition. This paper mainly considers the 
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influence of the position of ammunition in the near distance on the damage state of maintenance, and the most important reason for the 
damage of the maintenance equipment, the space position of the ammunition is expressed as the root node of the event. 

 
3.1.2 Cause and effect relationship between maintenance equipment damage state 
 

The causal link between the maintenance and the damage of the state can be interpreted as: the external energy function of the vehicle, 
which causes it to damage. This energy is not only in the vehicle as a whole, but also in the position of the vehicle on the vehicle. This can 
be explained as the front end of the energy transfer pathway is the the cause of the damage to the rear end repair equipment. Energy transfer 
pathway can be expressed in Fig. (1). 

Outside 
energy

cause and effect relation 

…… Device nDevice 2Device 1

cause and effect relation 

 
Fig. 1 The pathway of energy transfer 

 
The Fig. 1 shows the way of outside energe pass the device from outside to inside of the vehicle.Taking into account the vehicle 

structure is very complex, it is difficult to determine the energy transfer path, it is also unable to describe the structure of the multilayer 
Bayesian network. In view of this problem, this paper uses K2 algorithm to obtain the multi-layer Bayesian network structure of battlefield 
damage simulation model. 

 
3.2 K2 algorithm based on bayesian network structure learning 
 

For a Bayesian network with unknown structure, the method of structure learning can be established. Structural learning can be divided 
into two steps: model selection and model optimization. The aim is to establish the appropriate criteria to evaluate the structure of the pros 
and cons, the purpose of optimization is to find the optimal network structure. 

 
3.2.1 Bayesian network optimization score criteria 
 

In order to find out the optimal Bayesian network,  judge the data by using the score function should be solved. This paper uses the 
CH score criterion. Assuming a Bayesian network 

( , )ζζ θ  
existed, whose structure is ζ , and corresponding parameters of the collection is 

ζθ
, the random variable 

1 2, ,..., nX X X is its node, which is related to a set of data
1 2( , ,..., )mB b b b= . Thus the probability 

( | , )ζζ θiP b
of each sample 

ib  can be obtained, and Compute 
log ( | , )ζζ θP B

 simultaneously. 

According to the maximum likelihood estimation principle, in order to choose the optimal Bayesian network, it is required to make the 

log ( | , )ζζ θP B maximum, assuming that the parameters of the prior distribution ( | )p ζθ ζ of the product De Lickley step by 

step
1

1 1 1

i i
ijk

q rn

ijk
i j k

αθ −

= = =
∏∏∏

, then the optimal reference log likelihood function is: 

1 1 1

( ) ( )
( | ) [log log ]

( ) ( )

i iq rn
ij ijk ijk

i j kij ij ijk

m
l B

m
α α

ζ
α α

∗

= = =∗ ∗

Γ Γ +
= +

Γ + Γ∑∑ ∑                                (1)                             

On the right-hand side of the formula is the CH score type of structure ζ . 
 

3.2.2.  K2 algorithm for structural optimization 
 
In this paper, the K2 algorithm is to search for the optimal model, and is not the so-called score the highest model. In order to restrict 

the search space of K2 algorithm, a number of integer u and variables ρ  is introduced. u  is represented by the maximum value of the 
number of the parent nodes in any of the variables in the structure ζ , ρ is represented by a topological structure ζ . 

In order to further simplify the calculation of the CH score, Suppose the prior distribution of the parameters is subject to uniform 
distribution, that is, both the value of ijkα and ijα ∗  are 1 in Formula（2）. 

K2 algorithm of the specific operation method is: first of all study in topological sortρ , which is located in the variable jX , and did 
not become the variables of parent node jX , assuming they are iX , if iX  can meet that the new family CH score is the highest, and 
higher than the old family, that is: 

 
( , { } | ) ( , | ) 0j j i j jCH X X B CH X Bπ π〈 ∪ 〉 − 〈 〉 >   

                             

So iX  can be added to the parent node of jX .  
 

3.2.3.  Topological sort of network structure 
 
So it can be concluded that maintenance equipment which Damaged severitily is often in front of the energy transfer pathways. 

Similarly, in the topological sort ρ , considering more amount of shotted maintenance equipment top-ranking, so the topological sort 
ρ based on the average number of shotted maintenance equipment can be determined. 

Set the external energy pass on the maintenance equipment ( 1,..., )is i n= , among which n  means that the total amount of 
maintenance equipment affected by the outside world; in order to better express the energy transmission way, it can be got through the form 
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of directed graph's intuitive and clear description, as shown in Fig. (2) and Fig. (3). 

1s

3s

2s

4s

5s
1s 5s

2s

Shrapnel 1

Shrapnel 2

Shrapnel 3

 
Fig. 2 The energy delivers path  Fig. 3 Schematic diagram of energy cycle 

 
                   

4.The construction of the bayesian network simulation model for tactical vehicles 
 

In order to investigate the relationship between the location of ammunition and maintenance equipment, taking tactical vehicles as an 
example, the model of battlefield damage simulation based on Bayesian network can be established.  

 
4.1 Categorize of tactical vehicle component  
 

according to the various functions of the vehicle, the vehicle's assembly and components are divided into 9 systems, which are: engine 
system, electrical system, braking system, steering system, driving system, driving system, cab system, car system and accessories. Each 
system has its own assembly and components. Finally get table 1. 

 
Table 1 Tactical vehicle basic structure 

1 engine system  2 drive system 3 brake system 4 driving system 

1 organism 
2 radiator assembly 
3 starter assembly 
4 turbocharger assembly 
5 filter assembly 
6 fan assembly 
7 water pump assembly 
8 engine oil pump assembly 

1 clutch assembly 
2 transmission assembly 
3 drive shaft assembly 
4 bearing assembly 
5 semi axis 

1 brake hose assembly 
2 air compressor assembly 
3The tank assembly 
4 brake gas chamber assembly 
5 brake cylinder assembly 
 

1 frame 
2 axle 
3 tire assembly 
4 Suspension 

5 compartment system 6 cab system 7electrical system 8 steering system 

1 body assembly 
2 fuel tank 
3 battery 

1 Isolation and Protection 
Agency 

2 passenger seat 
mechanism 

3 door 
4 instrument panel 

assembly 

1 light bulbs 
2 lamp assembly 
3 wire harness assembly 

1 steering gear 
assembly 

2 steering oil storage 
tank assembly 

9 system steering 

1 gear assembly 
steering 

2 oil storage tank 
assembly steering 

 
4.2. Simulation experiment of tactical vehicle and damage 
 
4.2.1 Establishment of coordinate system of tactical vehicles 
 

This paper selects the origin of the axis of the front axle midpoint as coordinate system. In the direction of the Z axis in the vertical 
direction, the direction of the axis as the forward direction of the Y axis is the direction of the X axis in the right direction as shown in Fig. 
(4). 
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4.2.2 Setting up experiment of blast point 
 

In order to ensure the location of the explosion point must be placed in the effective killing range. This experiment adopts the similar 
method of static explosion experiments, several burst point set in the tactical vehicle around, as shown in Fig. 5.The tactical vehicle hit by 
incendiary ammunition shrapnel, statistics of its hit number. By hypothesis test, the effective killing distance of [6] is obtained. 

…
…

…
…

 
Fig. 5 The blast point distribution of vehicle 

Take a certain type of commander car for example,which was carried out with the distance between 6m, 8m, 4m, 10 m, 12 m, 14 m, 16 
m, 18 m, 20 m, 22 m, 24 m, 26 m, 28, 30 m,, 10 m. After each test statistics tactical vehicle hit the shrapnel number to obtain the overall hit 
the number of shrapnel and distance relationships such as shown in Fig. 6.  

The Fig. 6 shows that the effective killing distance of Tactical Vehicles is 6m~24m, that is, it is effective only to set the point of the 
explosion in the effective distance to make the collected data . 

 
Fig. 6 The number of Tactical Vehicles hit shrapnel 

 
4.3  The determination of nine systems of tactical vehicles  
 

According to the K2 algorithm, the nine systems thus determined are ordered as the cab system 1C , the car system 2C , the 
traveling system 

3C , the attachment 4C , the engine system 5C , the transmission system 6C , the electric system 7C , the brake 
system 8C , and the steering system 9C . The average number of each system is elastic as shown in Table 2 and Fig. 7. 
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Fig. 4 Vehicle model 
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From the figure 7,it can be shown that damage probability of Sort of each hit shrapnel system,the highest damage probability is cab 
system,the lowest is steering system. 

 
Table 2 Hit shrapnel of system number 

Blast point 
coordinate 

/m,m 

Engine 
System 

Transmis
sion 
System 

Brake 
System 

Driving 
System 

carriage 
System 

Cab 
System 

Electrical 
System 

steering 
System Annex 

0,-8 7 4 3 8 10 18 3 2 7 
4,-8 5 3 2 7 8 15 3 2 4 
8,-8 4 3 2 8 10 12 2 1 6 
-4,-8 5 4 2 6 9 14 3 2 6 
-8,-8 4 2 1 7 12 11 2 1 8 
0,-12 5 4 1 5 7 16 2 1 4 
4,-12 4 4 2 5 5 12 3 1 3 
8,-12 3 3 1 5 6 9 2 0 steering4 
12,-12 3 1 0 6 7 8 1 1 5 
-4,-12 4 2 1 7 8 11 1 0 5 
-8,-12 4 1 0 4 5 10 0 0 4 
-12,-12 2 2 0 6 7 6 1 1 5 
0,-16 4 2 1 5 5 8 0 0 3 
4,-16 2 1 1 3 4 7 1 1 3 
8,-16 2 0 0 4 4 5 0 0 2 
12,-16 1 1 0 2 3 6 0 0 2 
16,-16 1 1 0 4 4 3 1 0 3 
-4,-16 1 0 1 3 3 5 0 1 1 
-8,-16 3 1 0 3 3 4 1 0 2 
-12,-16 2 0 0 1 2 5 0 1 1 
-16,-16 1 0 1 3 4 3 0 0 3 

 
Fig. 7 Sort of each hit shrapnel system  

 
4.4 Learning of basic element model of bayesian network structure 
 

According to the arrangement order of the nine systems of Tactical Vehicles, the K2 algorithm is used to obtain the corresponding 
Bayesian network simulation element model Fig. (8).The model reflects the causal relationship between the position of the ammunition and 
the system of the Tactical Vehicles in the original model,The position of the ammunition B is the original event, According to the Bayesian 
network, the damage of the system can be used to damage location analysis, which is based on the premise of the location of the ammunition, 
according to the known system damage, can analyze the damage of the unknown system. 

 

2C

6C 8C

3C

9C4C 7C5C

1C

B Relationship between 
position and system damage

Inner 
relationship 

between 
system

 
 

Fig. 8 Topological structure of simulation element model 
 
4.5  Application of bayesian network simulation model 
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4.5.1 Damage analysis of the system 
 

Analye of damage of driving system based on the placement position of ammunition. Use the placement position point of ammunition 
B  as the input parameters of the model, and the driving system point （

3C ）as the output parameters of the model. The main output results 
are listed in table 3. 

In order to get the position of the ammunition in the front, the battle damage of the other systems is shown in table 4. 
 

Table 3 Output results of driving system damage 
Input parameters ammunition position Output parameters the probability of the occurrence of the driving system 

Front 47.47 

 
Table 4 Output results of other systems 

System name Cab 
system 

Compartment 
system 

Anne
x 

Engin
e 

Syste
m 

Transmission 
system 

Electricity 
system 

Brake 
Syste

m 

steering 
system 

damage 
probility 100 63.57 43.83 32.48 23.15 19.82 15.32 11.28 

 
4.5.2 Damage analysis of assembly 
 

Assembly damage analysis is mainly based on the damage of the system analysis, based on the assembly hit shrapnel number, using 
Bayesian network simulation meta model to complete. Two cases should be considered: one is the system completely hidden in the body, 
such as the transmission system, steering system, braking system, engine system; two is the system has a subordinate of the total exposure to 
the body of the most outside, such as: driving system, cab system, car system, electric gas system, annex. 

For the first case, take the engine system for example. That set engine system 
5C  as the initial node, set body 

51D , radiator 

assembly 
52D , a starter assembly 

53D , a supercharger assembly 
54D , filter assembly 

55D , fan 
56D , water pump assembly 

57D , oil pump assembly 
58D  to the end node, then establish the topology derived element model 1, which is shown in Fig. (9).From 

the Fig. (9),it can be shown that the relationship of the damage between inner body and parts of vehicle.The main output results of the model 
1 are shown in table 5. 

 
Table 5 Model1 output results 

Input 
para
mete

rs 

Output parameter（ Damage probability  %） 

Org
anis
m 

Rad
iato

r 
asse
mbl

y 

Star
ter 

asse
mbl

y 

Turbo
charge

r 
assem

bly 

Filt
er 

asse
mbl

y 

Fan 
asse
mbl

y 

Wat
er 
pu
mp 
asse
mbl

y 

Oil 
pu
mp 
asse
mbl

y 

Engi
ne 

syste
m 

dam
age 

87.2
1 

65.
31 

33.
35 25.14 18.

58 
51.
29 

47.
86 

17.
53 

 

51D

5C
Relationship 
of damage 

between body 
and parts

52D 53D
54D 56D

57D 58D55D
 

Fig. 9 Derived element model 1  
 
For second cases,take drive system for example. That set travel system 

3C
 as the initial node, exposure on the outer body of the tire 

assembly 
31D  as the middle node, hidden on the inside of the vehicle frame 

32D , an axle 
33D , suspension 

34D  to the end node, then 

establish the topology derived element model 2, which is shown in Fig. (10).from this figure ,it can be shown that the relationship of the 
damage between body and outer parts of vehicle.The main output results of the model 2 are shown in table 6. 

 

Input parameters Output parameter （damage probility %） 
Tire assembly Frame Axle Suspensi
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on 
Driving system damage 100 68.37 42.75 15.32 

Table 6 Model 2 output results 

33D 34D

3C

32D

31D

cause and effect 
of contact 

between system 
and assembly

cause and effect 
relationship 

between 
assembly

 
Fig. 10 Derived element model 2 

 
Similarly, the the damage probability P of system and parts through that condition of burst point set in Tactical Vehicles left can be got, 

right and rear effective lethal range, and repair the damage probability of equipment can be considered equivalent to the damage probability 
of the assembly, namely: 

 
4P P P P P= + + +f r f r（ ）                                             (3)                                                  

       =P P                                                       (4)                                                                                                                

Taking the oil pump as an example, to solve the problem of battle damage probability of assembly. 
According to Bayesian simulation meta model, effectively killing the burst location in the vehicle front, left, right and rear. Oil pump 

assembly damage probability were 17.53%, 21.78% and 15.46%, 13.27%. 
According to the formula 3 and 4, the damage probability of oil pump can be got: 

(17.53% 21.78% 15.46% 13.27%) 4
17.01%

=
= + + +
=

P P
 

 
5. Conclusion 
 

This article analyzed the mechanism of battle damage maintenance equipment, determine the main source of injury fragment damage. 
In order to avoid the complex damage process, a Bayesian network simulation model based on structure learning is introduced. The 
relationship between the damage and the damage of the equipment was analyzed. Taking the tactical vehicle as an example, on the 
foundation of structural decomposition, use the Bayesian simulation element model carry out the problem of engine oil pump's combat 
damage probability, and it has laid a foundation for determination of Store scale of tactical vehicle maintenance equipment. 
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Abstract: Prepare long chain hydrophobic monomer FW-12, achieve aqueous solution polymerization in micelles with acrylamide (AM), 
acrylic acid (AA), 2 - acrylamide - 2 - methyl propane sulfonic acid (AMPS), and obtain water-soluble hydrophobic associated polymer drag 
reducing agent FHAPAM. The paper focuses on exothermic characteristics of polymerization process, explores polymerization reaction heat 
change basic rule in hydrophobic group, studies hydrophobical association of FHAPAM aqueous solution with rheometer, examines effects 
of salt ions, shear rate and temperature on the properties of the solution, and provides a detailed analysis of changes in the viscoelasticity 
(storage modulus G', loss modulus G") with shear and frequency; pyrene probe experiment explores polarity and change regularity of the 
solution; discusses drag reduction performance through analysis of drag reduction mechanism and analyzes its application possibility for 
slippery water fracturing fluid field. The results show that FHAPAM is greatly impacted by hydrophobic monomer content and carbon chain 
length, polymerization heat is different from ordinary polyacrylamide, with obvious platform area, under shear performance, FHAPAM 
solution demonstrates strong thixotropy with increased hydrophobic monomer content, the bigger the loop area of shear curve and recovery 
curve is, the stronger thixotropy is; solution polarity decreases with hydrophobic monomer content increase, and there is mutational site in 
I1/I3 ratio; FHAPAM temperature tolerance is stronger than ordinary polyacrylamide (PAM); for different hydrophobic monomer contents, 
storage modulus (G') and loss modulus (G") show particularity, with G' about2 ~ 3 times of G". Indoor drag reduction performance test 
shows that, when drug-reducing agent FHAPAM remains in low concentration, its drug reduction effect is better than that of guanidine gum, 
hydrophobic side chains show strong "self-assembly", forming a supramolecular structure with characteristics of low viscosity, low friction, 
which demonstrates its good prospect for slippery water fracturing fluid. 
 
Keywords: hydrophobic association;self-assembly;rheological property;drag reduction performance. 
 
1.Introduction 
 

Hydrophobic association polyacrylamide (HAPAM) incorporates hydrophobic monomer of different side chain length into main pol-
ymer chain, so as to demonstrate particular rheological property. When polymer solution is above its critical association concentration 
(CAC), hydrophobic group undergoes aggregation, forming hydrophobic micro region, while molecule converts from intramolecular associ-
ation to intermolecular association, with hydrodynamic volume increased, thereby changing its rheological property. There is relatively 
much research on hydrophobic associated polymer mechanism, generally considering that two associative way between hydrophobic side 
chains changes property of polymer molecular chains and thus shows particularity in rheological property [1-14]. 

There are many HAPAM synthesis methods. Research on soluble hydrophobic monomer solves its solubility and mixing problems in 
water phase, which can more easily incorporate hydrophobic chain into polymer, thus receiving much attention. However, there are many 
limitations in aqueous solution micelle aggregation, such as small molecule monomer separation, low molecular weight, initiation tempera-
ture control. At the same time, chain transfer phenomenon will occur, resulting in not high molecular weight. Moreover, post-treatment 
purification process is relatively complicated. 

To address these limitations, researchers carry out relevant technical exploration, propose techniques of low temperature for initiation, 
high-temperature aging [12,14,28]. At present, inquiry into polymerization condition becomes research focus, temperature, monomer con-
tent, hydrophobic side chain length in reaction process will exert a significant impact on aggregation[22,35,37]. The study inquiries into 
reaction conditions of preparation of hydrophobic association polymer, analyzes rheological property, and explores into drag reduction ratio 
from aspect of mechanism, and thus provides a theoretical basis for hydrophobic associated polymer application in actual reservoir recon-
struction and reservoir protection field. 
 
2.Experimental part 
 
2.1. Test instruments and reagents 

 
Acrylamide (AM), acrylic acid (AA), 2- acrylamido-2-methylpropanesulfonic acid (AMPS), ammonium persulfate (APS), ascorbic ac-

id (Vc), water-soluble azo (V50) , the above agents are analytically pure; water soluble hydrophobic monomer (FW-12), home made in 
laboratory; dispersant (CP-12); normal saline (20000mg / L), surfactant (AS-25), transmission electron microscopy (TEM), fluorescent 
probe. 

 
2.2. Preparation of hydrophobic associated polymer FHAPAM 

 
Place thermostatic reactor in ice-water bath, with water bath temperature 6 ~ 8 ℃. According to mola        

(AM): n (AA): n (AMPS): n (FW-12) = 65: 25: 9: 1, prepare aqueous solution with monomer total concentration of 25%, dispersant CP-12 
content is 7% of the total monomer concentration, conduct deoxygenating for 30min; prepare1% initiator aqueous solution, with dosage at 
0.04% (based on monomer total mass), its mass ratio is m (APS): m (VC): m (V50) = 2: 1: 1, initiate reaction, total control time is 3 hours, 
thus colloidal product is obtained; smash and dry, maintain drying temperature at 90 ℃, moisture content at 30% -35%, obtain white powder 
hydrophobic associated polymer FHAPAM. Change hydrophobic monomer dosage to obtain series of hydrophobic associated polymer. 

 
2.3. Effect of hydrophobic monomer content on polymer property 
 

At low concentration, Huggins equation is used to evaluate intrinsic viscosity and Huggins constant of the solution, intrinsic viscosity 
and Huggins constant are used to study hydrodynamic volume between polymer molecular chains, and describe interaction between differ-
ent polymer molecular chains and between molecular chain and solvent. According to equation (1), test polymer solution viscosity at differ-
ent concentrations to obtain intrinsic viscosity and Huggins constant [23-30]. The equation is as follows: 

[ ] [ ] ck
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η
+=

                                                                                             (1) 
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Wherein: [η] represents intrinsic viscosity (ml / g), KH represents Huggins constant, ηSP represents specific viscosity, ηSP/c represents 
reduced viscosity. Intrinsic viscosity [η], Huggins constant KH are obtained by linear part calculation of experimental data obtained through 
equation. Hydrophobic monomer in polymer is the key factor deciding formation of hydrophobic domain. Intrinsic viscosity can express 
viscosity of solution under wireless dilute condition. This state can be understood as approximate single molecule in solution. When hydro-
phobic monomer content increases, intramolecular association makes polymer molecular chain curl up or crinkle, resulting in lower[η] at 
macro level[28-38].   
2.4. Microstructure of hydrophobic associated polymer 

Take TEM for characterization of hydrophobic associated polymer solution microstructure, compare its difference with ordinary poly-
acrylamide aqueous microstructure, provide analytical basis for special rheological property through structural comparison. Prepare 0.1% 
polymer solution, have stained sediment of phosphomolybdic acid, drop on 200mesh copper wire mesh, observe emulsion particle form with 
(JEM-200CX) transmission electron microscope of Japanese electronics company after drying. 

 
2.5. Polymeric thermal analysis 
 

By testing system temperature change under different polymerization monomer concentration conditions, obtain heat change curve in 
synthesis process of hydrophobic associated polymer and study the impact of presence of hydrophobic monomer on polymerization process 
and its variation rule. 

 
2.6. Analysis of fluorescent probe 
 

Pyrene (purchased from Alfa Aesar Corporation) is a fluorescence probe. Recrystallize pyrene twice with absolute ethanol, remove im-
purities and dry in vacuo at 50 ℃. At room temperature, weigh a certain amount of pyrene, to be dissolved in ethanol. With a 100ml volu-
metric flask, prepare ethanol pyrene-dissolved solution and obtain primary mother liquor. Extract certain amount of pyrene solution from 
primary mother liquor to 50mL volumetric flask with pipette tube, prepare ethanol pyrene-dissolved solution and obtain secondary mother 
liquor. Preparation of FHAPAM solution to be tested: first dissolve FHAPAM to be tested with high-purity water, prepare FHAPAM solu-
tions in various concentrations; accurately extract 0.5mL secondary mother liquor into 20m1ampoule, dry to a small drop with cold air; 
finally add FHAPAM solution in ampoule with pyrene, seal and conduct1 hour ultrasonic vibration, stand for 24 hours after shaking evenly 
to be measured. 
 
2.7. Rheological property test of hydrophobic associated polymer solution 
 

Rheological property test: Accurately weigh a certain amount of polymer FHAPAM, fully dissolve with distilled water and saline 
(NaCl) in different concentrations, measure rheological property of solution with RS6000 rheometer. Explore change in polymer storage 
modulus and loss modulus of different hydrophobic monomer contents with stress, frequency of shear, and ultimately determine the best 
content of hydrophobic monomer. 

 
2.8. Drag reduction performance evaluation of hydrophobic associatedpolymer  
 

Determination principle of fluid drag reduction rate: After checking of resistance test system, first conduct water calibration experiment, 
then test polymer drag reduction liquid of different concentrations. Measure pressure drop and flow at a constant temperature with experi-
ment pipe. 

Newtonian fluid Reynolds number Re can be calculated by formula (2): 

µ
ρudRe =

                                                                                            (2) 
Straight pipe resistance Fanning friction coefficient can be calculated by formula (3): 
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Wherein: qv is flow, m3·s-1; u is fluid flow velocity, m·s-1; ∆P is straight pipe resistance differential pressure, Pa; l is test pipe length, 
m; ρ is fluid density, Kg·m-3; d is test tube diameter, m. 

As the studied drag reduction fluid flow only proceeds in turbulent state, Prandtl-Karman curve can be used to describe turbulent flow 
characteristics of water, as shown in formula (4): 

( )1/2 1/24.0 log Re -0.4f f− =
                                                                              (4) 

Drag reduction performance is described by drag reduction rate, which can be calculated by formula (4): 
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f
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                                                                                         (5) 

In formula (5), DR% is drag reduction rate: f1 is friction coefficient of Newtonian fluid (herein, water medium); f2 is friction resistance 
coefficient of drag reduction fluid. 

Variation curve tested by the device of pure water friction coefficient in smooth pipe with Reynolds number coincides with resulting 
Prandtl-Karman curve at the same conditions. For calculation of drag reduction rate, f1 is calculated by formula (3). 

 
3. Results and discussion 
 
3.1. Microstructure of hydrophobic associated polymer FHAPAM  
 

Weigh accurately a specific quality of polymer FHAPAM, prepare aqueous solution at a concentration of 0.1%, 0.15%, 0.35%, add 
0.15% surfactant AS25into0.1% aqueous solution, and morphological observation image results by transmission electron microscopy is 
shown as follows: 
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Transmission electron microscopy (TEM) analysis reveals that: Hydrophobic associated polymer (FHAPAM) remains in small bead 
state in aqueous solution, mainly intramolecule association at lower concentration, molecular chain does not fully stretch; with concentration 
increase, polymer converts from intramolecular to intermolecular association, "self-assembly" between macromolecule hydrophobic side 
chains is obvious; after adding surfactant, molecular chain stretches out in the water, aqueous solution exhibits characteristics of network 
structure, surfactant acts as "crowded factor", prompting hydrophobic side chain aggregation, forming hydrophobic micro domains, with 
number of binding sites and solution flexibility increased; the reason is that surfactant aggregates into micelle-like cluster of certain size, 
shape, along hydrophobic association polymer molecular chains, cluster randomly distributes along FHAPAM molecular chain and forms 
"bead" shape, FHAPAM molecular chain stays in interface of AS25 head group within the cluster, while FHAPAM chain curls; FHAPAM-
AS25 micelle cluster in the solution demonstrates similar hydrophobicity, forms local highly ordered nodes, reduces mobility of AS25 mo-
lecular, meanwhile, FHAPAM skeleton in AS25 head group interface intertwines, which makes AS25 cluster closer than free micelles. Such 
micro domain has microscopic viscosity greater than free micelles, develops intermolecular association with apparent viscosity increased, 
thus obtaining three-dimensional network structure fracturing fluid with low viscosity and high elasticity. 

   
a                                 b 

   
c                                 d 

Note: a.0.1% FHAPAM; b.0.35% FHAPAM; c.0.1% FHAPAM + 0.15% AS25; d.0.1% FHAPAM + 0.15% AS25 
Figure. 1 Hydrophobic associated polymer TEM. 

 
3.2. Temperature curve of polymerization process 
 

Temperature effect in polymer synthesis is the most obvious, traditional synthesis temperature is fixed at between 40-50 ℃, initiator 
agent is added at a high temperature, which is prone to implosion phenomenon. In industrial production, system temperature should tend to 
be constant, or there should be no great temperature difference inside and outside, so special thermostat needs to be used. This study applies 
low temperature initiation, which means to observe and have preliminary analysis of its temperature curve at 5 ℃under different monomer 
concentrations. As can be seen from the temperature change, system response is broadly divided into three stages, first, acrylamide, acrylic 
acid, AMPS polymerization at low-temperature phase; second, in heating process, trace hydrophobic monomer is connected to the main 
chain, forming macromolecular segment; third, secondary warming makes more long-chain hydrophobic monomers successfully connected 
to chain segments, connecting each hydrophobic group with formed macromolecular chains and obtaining desired hydrophobic associated 
polymer. 

Analysis shows that system reaction temperature shows some variation rule with monomer concentration. As concentration increases, 
released system heat increases, reaction auto acceleration phenomenon becomes obvious, temperature increases; the higher monomer con-
centration is, the greater temperature of reaction end point is, which helps hydrophobic monomer have access to the main chain, also degree 
of polymerization in polymerization reaction increases, residual monomer body content decreases, molecular weight increases; meanwhile, 
polymerization process exhibits periodic change, after adding hydrophobic monomer, temperature rises after lowers during polymerization 
process, there is plateau region at different monomer concentrations. The reason is that at low temperature in the first phase, ammonium 
persulfate (APS), L- ascorbic acid (Vc) produce large amounts of free radical which triggers polymerization, system releases heat, tempera-
ture rises, at the same time, free radicals are continuously consumed, also hydrophobic monomer inhibits polymerization reaction, polymeri-
zation reaction levels off; but when temperature reaches 50 ℃ -60 ℃, water-soluble azo (V50) activity is inspired to produce more free 
radicals, highly reactive free radical increases polymerization power for system, which continues to initiate polymerization, then hydropho-
bic link has higher possibility to have access to main chain of macromolecule, easier to form strong hydrophobic polymer. The study also 
finds that under the same monomer concentration, if there is no hydrophobic monomer in the system, system temperature maintains growth 
state, which shows that hydrophobic monomer adjusts reaction progress to some extent, extends polymerization reaction time, easier to 
obtain hydrophobic polymer with high molecular weight. 
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Figure.2 Polymerization temperature change with time. 

 

3.3. Impact of hydrophobic monomer content on performance 
 

Intrinsic viscosity, Huggins constant can be obtained through Huggins equation. Intrinsic viscosity, Huggins constant, polymer concen-
tration can evaluate dilute solution property of polymer[35,37,38]. As can be seen from the table, introduction of hydrophobic monomer 
impacts intrinsic viscosity [η], Huggins constant KH. With the increase of hydrophobic monomer content, polymer intrinsic viscosity in 
clean water, saline shows a decreasing trend, while Huggins constant increases. Also, intrinsic viscosity of polymer in clean water is greater 
than that in saline. On the contrary, Huggins constant in saline is greater than that in clean water. 

In dilute solution, PAM molecular structure of general category of polyacrylamide is spiral or ring, polymer molecular chain stretches. 
As hydrophobic group is introduced in polymer molecular chain, hydrophobically modified polymer molecular chain crimps and shrinks, 
resulting in reduced hydrodynamic volume and decreased apparent viscosity. After introduction of long-chain hydrophobic monomer in 
FHAPAM, intramolecule hydrophobic association also occurs, resulting in crimped polymer molecular chain. Increase content of hydropho-
bic monomers, and intramolecule association grows stronger. So FHAPAM polymer intrinsic viscosity will gradually decrease. Huggins 
constant reflects interaction between polymer molecular chain and water and between polymer molecule chains. As can be known from the 
table, with the increase of hydrophobic monomer content, Huggins constant shows an increasing trend, especially when the content is of 
0.8% -1.5%, indicating that intramolecule association increases with increase of hydrophobic chain. In addition, the greater the Huggins 
constant, the lower solubility of polymer. When hydrophobic monomer content in the experiment reaches 12%, despite long-time stirring of 
polymer, polymer is still hard to dissolve. 

Meanwhile, hydrophobic monomer content influences apparent viscosity of polymer in clean water and saline. In clean water, as hy-
drophobic monomer content increases, molecular chain stretch is affected, intermolecular association phenomenon occurs, resulting in in-
creased apparent viscosity of solution. When hydrophobic monomer content reaches a certain extent, distance between intramolecule hydro-
phobic group reduces, during which intramolecule association is dominant, which makes molecular chain curl and apparent viscosity show a 
decreasing trend. The above reasons can be used to explain impact of changes in the hydrophobic monomer content on polymer CAC. The 
lower critical aggregation concentration of polymer, the stronger thickening ability. Therefore, excessive hydrophobic monomer content 
adversely affects polymer solubility and strength of association. In addition, after introduction of hydrophobic group (0.2%) in polymer, 
apparent viscosity in saline (0.5mol / L) is superior to that in clean water. To some extent, increase in amount of hydrophobic monomer 
promotes dissolution of polymer, increases solution pole which demonstrates "anti-polyelectrolyte effect" and enhances hydrophobic associ-
ation. Therefore, salt tolerance performance of hydrophobic associated polymer is improved. 

 
Table 1 Impact of different hydrophobic monomer content on polymer property. 

W(FW-
12)/% 

[η]/(mL/g) η/(mpa.s) KH Lfb CAC/(g/dl) 
Water Brinea Water Brinea Water Brinea 

0 821 740 50 32 0.29 0.43 0.9987 0 
0.2 730 699 71 80 0.77 1.06 0.9856 0.81 
0.5 625 601 102 84 1.13 1.34 0.9675 0.73 
0.8 563 485 157 102 2.21 3.01 0.9214 0.52 

1.0 579 501 169 115 3.75 4.18 0.9378 0.50 

1.2 517 420 98 62 4.24 4.63 0.9186 0.58 

1.5 456 408 72 40 5.12 5.47 0.9097 0.64 
Note: a. 20000mg / L   bLf. linear fitting degree can accurately represent Huggins equation 

 
3.4. Effect of polymer concentration on solution performance 
 

Take pyrene (Py) as fluorescent probe to conduct spectrofluorimetry of hydrophobic associated polymer. At 25 ℃, pyrene molecule be-
longs to hydrophobic non-polar molecule, with very low water solubility. Its single-body spectrum is very sensitive to polar environment 
[15,16,20-22]. Quintet appears in fluorescence spectra, strength of one peak and three peak changes with polar environmental change of 
solution. Usually, I1/I3 ratio is used to determine polarity of solvent, which can test microscopic changes in solvent environment polarity of 
polymer molecules. Without polymer, there is no formation of hydrophobic micro region, environment polarity of pyrene molecule is strong, 
its spectral characteristics in polar environment demonstrates as enhanced I1[17-19]. With addition of polymer, hydrophobic micro region 
gradually forms. Due to its strong hydrophobicity, pyrene molecule takes priority to become one part of formed hydrophobic micro region, 
thus showing pyrene (Py) spectral characteristics specific to oil-soluble environment, with enhanced I3. The smaller I1/I3 ratio, the smaller 
polarity environment of pyrene, which objectively reflects that the more hydrophobic micro region of inter and intra hydrophobic associated 
polymer molecules, the greater hydrodynamic volume, the stronger hydrophobic effect. Under the same concentration, as hydrophobic mon-
omer content increases, solution polarity decreases, I1/I3 ratio decreases. As can be known from the Figureure, I1/I3 ratio demonstrates 
particular variation trend with changes in concentration of hydrophobic associated polymer, with its mutational site basically the same as 
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critical association concentration. Apparent viscosity of aqueous solution has mutation at critical association concentration of polymer, 
viscosity instantly increases, while I1/I3 ratio momentarily reduces, with coincidence of mutational sites of the two. 

 
Figure.3 Performance changes of aqueous solution under different polymer concentration conditions. 

Apparent viscosity of hydrophobic associated polymer with different hydrophobic monomer content changes significantly with increase 
of polymer concentration, viscosity mutates, reaching critical association concentration C* of the substance. However, there is no such phe-
nomenon for general category of polyacrylamide, indicating that association does occur. When polymer working concentration C<C*, there 
is not big difference between viscosity of FHAPAM series product and common APAM, while apparent viscosity of some PAM increases. 
As can be known from association mechanism analysis, at lower concentrations, FHAPAM mainly demonstrates intramolecular association, 
resulting in curling of polymer coil, hydrodynamic volume reduction and small apparent viscosity of solution; when concentration C> C*, 
apparent viscosity of hydrophobic associated polymer increases rapidly. In contrast, there is little change in ordinary PAM. The reason is 
that long chain "comb" hydrophobic group FW-12 in FHAPAM undergoes intermolecular association, forming supramolecular structure, 
with molecular chain rigidity increased, system elasticity increased, hydrodynamic volume increased, thus forming dynamic physical cross-
linked structure with apparent viscosity increased rapidly; the reason for PAM viscosity increase is that concentration increases, opportunity 
for intermolecular contact increases, molecular winding density increases, thus apparent viscosity increases; meanwhile hydrophobic mon-
omer content FW-12 increases which promotes association process, aqueous solution viscosity increases significantly, critical association 
concentration tends to decrease. But when the concentration is too large, hydrophobic group of main chain block-type access increases, 
hydrophobic group spacing decreases which makes polymer more inclined to intramolecular association, apparent viscosity decreases. 
Therefore, when hydrophobic monomer concentration changes, hydrophobic monomer concentration is 1.0mol%, apparent viscosity of 
solution increases, variation trends to be more obvious, critical association concentration C* decreases. The study also finds that for too big 
hydrophobic monomer concentration, reaction time is longer, some even without polymerization. The reason may be that hydrophobic side 
chain is with strong steric hindrance, which leads to reduced polymerization degree of monomer such as acrylamide, acrylic acid and AMPS, 
forming a large number of small molecules link. Meanwhile, hydrophobic side chain is too long, intramolecular association enhances, in-
termolecular association weakens, "self-assembly" of polymer molecular chain weakens, difficult to form supramolecular structure, resulting 
in decreased solubility, decreased apparent viscosity. 

 
3.5. Rheological property of hydrophobic associated polymer 
 

The picture shows polymer viscoelastic change curve with stress and shear frequency under different hydrophobic monomer content 
conditions. Wherein, Gˊ represents viscoelastic fluid elasticity, i.e. energy stored by solution deformation under stress, G" represents vis-
cosity of viscoelastic fluid, i.e. energy consumed by solution deformation under stress[14,24-30]. The main reason for hydrophobic associat-
ed polymer solution viscoelasticity change is hydrophobic association between molecular chains. 

As can be known from the above Figureure, strain scan result is basically close to frequency scan result. As can be known from fre-
quency scan result: storage modulus G' at low concentration is less than loss modulus G'', mainly viscous; at concentration of 0.3%, storage 
modulus G' of polymer solution becomes greater than loss modulus G'', with solution changing from viscous to elastic; at concentration of 
0.6%, polymer molecules associate to form a compact three-dimensional network structure, elasticity enhances, and storage modulus G' is 
greater than loss modulus G''. Strain scan result shows that: at concentration of 0.1%, within strain range of 0.1% to 200%, storage modulus 
of polymer solution G' is less than loss modulus G''. At this time, solution is mainly viscous, molecular chain in lower concentration range 
can fully unfold, mainly friction between macromolecular chain generates viscosity; when solution concentration increases to 0.3%, polymer 
solution storage modulus G' becomes greater than loss modulus G'', but the two are very close. Because polymer contains hydrophobic 
group, with the increase in polymer concentration, hydrophobic group of polymer molecular chain undergoes association and forms network 
structure. With increases in viscosity (G ', G'' increase), constitutive property is enhanced, and therefore storage modulus G' is greater than 
loss modulus G''; when solution concentration increases to 0.6%, association degree of polymer molecules further strengthens, forming 
closer three-dimensional network structure, with elasticity further strengthened, and therefore storage modulus G' is greater than loss modu-
lus G''(G' is about2 to 3 times of G''). 
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a                                                             b 

 
c                                                            d 

Note: a.FW-12 (0.5%); b. FW-12 (1.5%); c.FW-12 (1.0%); d. viscoelastic comparison at the same concentration 
Figure.4 Change of polymer viscoelasticity of different hydrophobic monomer content with 

stress.  
a                                                                 b 

 
c                                                                  d 

Note: a.FW-12 (0.5%); b. FW-12 (1.5%); c.FW-12 (1.0%); d. viscoelastic comparison at the same concentration 
Figure.5  Change of polymer viscoelasticity of different hydrophobic monomer content with frequency. 

When temperature rises from 25 ℃to 50 ℃, apparent viscosity of polymer solution FHAPAM increases, continue to heat up, then solu-
tion viscosity begins to decrease and eventually without significant change, flattening. There are two factors in viscosity increase: electro-
static repulsion makes molecular chain stretch, temperature rise makes thermal motion of macromolecular chain accelerate, molecular chain 
stretch faster, part intramolecular association structure unit changes to intermolecular association, which makes solution viscosity increase; 
as temperature rises, , G' and G" increases, mutual interaction between contacted molecular enhances, intensity of three-dimensional net-
work structure formed by hydrophobic association increases, energy required for solution deformation increases, showing that solution 
viscosity increases. Structural intensity increase is conducive to viscosity increase. Viscosity reduction reasons: too-high temperature leads 
to intensified random thermal motion in solution, long-chain hydrophobic group of association separates which destroys crosslinked associ-
ated structure and may also be accompanied with some large chain molecule breakage, showing decreased viscosity. Also, G' and G" reduc-
es, solution viscoelasticity weakens. Therefore, appropriate warming will produce more crosslinked structure, which is conducive to en-
hanced polymer hydrophobic association. 
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Figure.6 Effect of temperature on apparent viscosity of polymer FHAPAM. 

Prepare aqueous solution with 0.7% polymer FHAPAM, measure apparent viscosity change under different sodium chloride contents. 
As can be seen, with increase in sodium chloride content, PAM apparent viscosity rapidly decreases. When saltness reaches a certain con-
centration, viscosity changes slowly. The reason is that addition of salt makes group negative charge of ordinary polyacrylamide backbone 
shielded by Na+, mutual repulsion between charges reduces (or repulsion decreases), polymer PAM molecular chain contracts, apparent 
viscosity decreases, showing general polyelectrolyte. Apparent viscosity of FHAPAM series hydrophobic associated polymer solution is 
influenced by dual role of enhanced polarity and charge shield. 

When salt concentration is low, there is strong solubilization, polymer aqueous solution polarity increases, polarity enhancement plays 
a dominant role, nonpolar group aggregates, forming hydrophobic micro region, binding site increases in number, intermolecular association 
increases, molecular chain converts to supramolecular structure, which makes FHAPAM apparent viscosity increases, showing "anti-
polyelectrolyte" effect. When salt concentration is too high, charge shielding of anion is greater than polarity enhancing effect, with most 
negative charge shielded, macromolecule curled, resulting in decreased apparent viscosity. Improving salt tolerance monomer (AMPS) 
concentration will make polymer side group steric hindrance increase, molecule rigidity increase, and thus salt resistance increases. After 
exploration, charge shielding effect of such divalent ions as Ca2+, Mg2+ is more prominent. 

 
Figure.7 Effect of salt ions on apparent viscosity of FHAPAM polymer. 

Prepare hydrophobic associated polymer FHAPAM solution with different concentration gradients, measure change of apparent viscosi-
ty under different shear rates. Analysis shows that with increase in shear rate, apparent viscosity of polymer aqueous solution decreases, 
rapidly within certain range of rate, but eventually level off. After shear, apparent viscosity is restored with decreased shear rate. Hydropho-
bic association represents weak interactions between intramolecular and intermolecular hydrophobic chains, with strong "self-assembly" 
capacity as physical crosslinking. At high shear rates, when flow shear force that destroys association structure is stronger than self-restoring 
hydrophobic force between hydrophobic chains, three-dimensional network physical crosslinking structure is prone to damage, thus demon-
strating macroscopic shear thinning. When shear rate decreases, hydrophobic force between long hydrophobic chains plays a major role, 
reforming intermolecular association-based strong action, re-cross-linked into a network, with viscosity gradually recovered, showing par-
ticular thixotropy. The study also finds that the higher critical association concentration (CAC) of hydrophobic associated polymer, the more 
unapparent thixotropy. After shear thinning, viscosity self- recovery capacity is worse, with corresponding increase in the time spent. 

 
Figure. 8 Effect of shear rate on polymer FHAPAM apparent viscosity. 

 
3.6. Drag reduction performance of hydrophobic associated polymer FHAPAM 
 

Maximum drag reduction rate of fluid mass fraction at 0.12%, 0.1%, 0.08%, 0.06% reaches75.55%,73.08%, 68.97%, 65.55% respec-
tively. At the same flow rate, fluid pressure drop and friction coefficient is less than water pressure drop and friction coefficient. Thus, fluid 
is with good drag reduction effect, and its concentration exerts a relatively great effect on drag reduction. At the same concentration, drag 
reduction rate of ordinary linear polyacrylamide PAM is lower than that of hydrophobic associated polymer FHAPAM; fluid friction coeffi-
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cient f decreases with increase in Reynolds number Re, but the trend is gradually leveled off, indicating that drag reduction effect gradually 
tends to be maximum. Decrease in friction coefficient results in increased drag reduction rate. The reason is that specific structure of hydro-
phobic associated polymer molecule chains can form two modes of action of intramolecular and intermolecular association; at low concen-
tration, within a certain range of flow rate, opportunity of collision and contact between hydrophobic side chains increases, forming more 
hydrophobic micro region. Also, internal hydrophobic side chains aggregate number N of micro region increases, three-dimensional network 
"crosslinking point" increases, easier to form turbulence, exhibiting non-Newtonian fluid mechanics properties; as flow rate increases, pol-
ymer molecular chain stretches more, converting from intramolecular to intermolecular association. But because hydrophobic side chain 
association rate is greater than breakage rate, there is strong hydrophobic intermolecular forces between molecular, turbulence action con-
tinues to grow, resulting in increased Reynolds number Re. According to Prandtl-Karman curve, it can be known that Newtonian fluid fric-
tion coefficient f1 decreases, thereby reducing pipeline differential pressure and friction coefficient and increasing drag reduction rate. Un-
der too large flow rate, hydrophobic micro region is destroyed, demonstrating drag reduction characteristics of general category of poly-
acrylamide fluid. High drag reduction effect cannot be achieved at low concentrations. 

  
a                                                                                      b 

  
c                                                                                d 

Note: a. Variation diagram of pressure drop with flow ; b. Friction coefficient change with flow ; c. Fluid drag reduction performance curve ; 
d. Fluid drag reduction performance curve 

Figure.9 Drag reduction performance of hydrophobic associated polymer FHAPAM. 
 

4.Conclusion 
 

Hydrophobic associated polymer FHAPAM is synthesized, basic conditions for polymerization reaction is explored, changes in hydro-
phobic monomer content have a relatively great influence on polymer property, with optimum amount at1.0%; there exists mutation point in 
apparent viscosity of polymer with different hydrophobic monomer content, i.e. critical association concentration; studies show that as hy-
drophobic monomer content increases, critical association concentration C * decreases, solution polarity weakens, I1/I3 ratio decreases, 
critical association concentration is substantially equal to concentration of I1/I3 ratio at mutation point, showing special performance of 
FHAPAM solution; polymerization emits heat significantly, presence of hydrophobic monomer changes exothermal change rule of reaction 
system. Compared to PAM, there exists clear transient state of "platform area"; TEM results show that FHAPAM has unique three-
dimensional spatial network structure, hydrophobic side chain aggregates into hydrophobic micro region, exhibiting "self-assembly". With 
addition of surfactant, bonding point increases in number, which enhances strength of architecture and system viscoelasticity; polymer rhe-
ology performance test shows that FHAPAM is with good temperature resistance, salt resistance and shear resistance performance, the two 
ways of intramolecular and intermolecular association of hydrophobic side chains improve rheological property of polymer. Variation in 
shear rate enables association and disassociation to stay in dynamic equilibrium state, polymer exhibits thixotropy; FHAPAM is with good 
salt resistance and antipolyelectrolyte effect; hydrophobic associated polymer demonstrates regularity with change in shear stress and fre-
quency, storage modulus G' is greater than loss modulus G", with relatively big difference between the two, proving strong elasticity of 
FHAPAM. As hydrophobic monomer content increases, viscoelasticity changes significantly, both storage modulus G' and loss modulus G" 
increase. Drag reduction performance tests show that low-concentration FHAPAM solution makes system friction coefficient and differen-
tial pressure lower, drag reduction rate is higher than guanidine gum, large hydrophobic micro region forms at low concentration, with su-
pramolecular structure, system hydrodynamic volume increases which meets technology requirements for slippery water fracturing fluid and 
thus enjoys broad application space. 
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Abstract: As the time of data concentration of engineering data is coming, the problems of processing efficiency of traditional budgetary 
estimate of construction need to be solved. Traditional forecasting methods are unable to meet demand of quick estimation. The article 
designs two neural network prediction models using SPSS and Matlab. The article first analyses the key indices of transmission line projects. 
The article then calculates the correlation coefficient among different indices. The key indices are extracted based on correlation matrix. The 
article finally creates two prediction network models based on key indices. The efficiency and accuracy of two models are verified 
afterwards. The neural network prediction methods provide a scientific and efficient approach for transmission line project cost rapid 
estimation. 
  
Keywords:neural network;unit investment;rapid cost estimation;transmission line projects. 
  

1. Introduction 
  
 As plan of the Silk Road Economic Belt and the 21st-Century Maritime Silk Rood started by the Chinese government, the 

construction of infrastructure will speed up. The rapid construction pace propose a higher request of decision-making efficiency. With the 
advent of the age of information integration, traditional budget system based on quotes is difficult to meet the demand of the quick and 
accurate decision of construction. In order to adapt the demand of the market, it is necessary to find a new approach to predicting the unit 
investment, which would greatly improve the decision-making effective. The development of neuroscience and computer simulation 
technology brings a new method to predict the planning projects, that is, neural network prediction method. After decades of rapid 
development, the neural prediction method is widely used in a variety of subjects. The article will introduce two ways of building neural 
network prediction system using SPSS software and Matlab software. 

The article contains four parts, including data sorting and denoising, key characteristics indices analyzation and extraction, neural 
network prediction modeling by SPSS software and neural network prediction modeling by Matlab. Data sorting and denoising step will 
eliminate missing items, error and redundant data according to the characteristics of history data attributes. The second step is key 
characteristics indices analyzation and extraction. The step first introducing the meaning of each indices, and then extract the key indices 
according to correlation coefficient among different indices. The article then establishes the neural network prediction using SPSS software 
and Matlab software separately. The analyzing process is based on the data of the completed transmission line projects of 2015. The 
accuracy, effectiveness and reliability of the models are verified. The model provides an effective approach for the prediction of the unit 
overhead transmission line projects. 

 
1.Establishment and implementation of neural network prediction system 
 
2.1. The principal of neural network prediction system 
 

Experiment results shows that neural network prediction model is characterized by better learning capacity and generalization. The 
neural network has the accurate mapping ability to the non-liner problem and it may carry on the free precision to any continual nonlinear 
function approaching. Due to the advantage of the model, it has extensive application in economic modeling. The artificial intelligence 
technology has been widely used in project cost estimation, project risk control and construction cost evaluating. By using the collection 
data in training the neural network, the model will build self-learning system accordingly. The prediction system will eliminate the 
subjective elements largely. As with the expansion of the training set of the model, the accuracy of the prediction will improve. The article 
will build the prediction models according to the completed projects in 2015 by using different software. 

. 
2.2. Design of the neural network prediction system 
  

The part of the neural network prediction system mainly includes four parts. The first step is analyzing different characteristics indices 
of transmission line projects including technical and economic indices. The second step is establishing a standard project database, that is, 
the training set of the model. The data will be examined according to the standard design and denoised referring to similar projects. The 
third step is calculating the correlation coefficient between the unit investment and other indices. The neural prediction model will choose 
key indices, which will accelerate computational speed and increase forecasting accuracy. 

According to the standard design and expert advice, the investment of the transmission line projects is mainly influenced by seven key 
engineering technical indices. These key indices include voltage level, angle proportion, tower index, wire index, grounding line index, 
foundation pit concrete index and foundation pit concrete steel index. The sex indices include technical indices and economic indices. 

Voltage level is the most important classification criteria. The unit investments of transmission line project will vary greatly according 
to different voltage level. Due to different technology standard, there is no comparability among the different unit investment of various 
voltage levels. Before establishing the database, the data will be classified by voltage level first. The analysis conducted and database built 
will not consider the voltage level factor. 

Wire indicator and grounding line indicator mean that the installed wire amount per unit length. The separated number of the wire and 
grounding line also influences the unit investment of the projects. As the separated number rising up, the unit investment of wire and 
grounding line will increase significantly. 

The transmission line tower is the main structure of transmission line projects, which is also another main part of investment. 
Foundation pit concrete and foundation steel are the main construction material of the tower foundation pit. The indices of these two kinds 
of material can also indicate the investment of the project. 
  
  
  

Table 1.  Correlation matrix of indices 
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Angle       

proportio
n 

Tower 
index 

Wire 
index 

Grounding 
line index 

Foundation 
pit concrete 

index 

Foundation 
steel index 

Unit        
investment 

correlati
on 

Angle proportion 1 -0.33 0.491 -0.112 -0.425 0.322 0.128 

Tower index -0.33 1 0.203 0.183 0.036 0.215 0.556 

Wire index 0.491 0.203 1 -0.11 -0.161 0.315 0.471 

Grounding line 
index -0.112 0.183 -0.11 1 -0.011 -0.248 -0.382 

Foundation pit 
 concrete index -0.425 0.036 -0.16

1 -0.011 1 -0.086 -0.399 

Foundation steel 
index 0.322 0.215 0.315 -0.248 -0.086 1 0.592 

Unit investment 0.128 0.556 0.471 -0.382 -0.399 0.592 1 

 

Table 2.  Importance degree of key indices 

  Tower 
index 

Wire 
index 

Grounding line 
index 

Foundation pit concrete 
index 

Foundation steel 
index 

Importance 
degree 0.566 0.471 -0.382 -0.399 0.592 

     
The data of different indices are processed with standardization and normalization. The correlation of different factors is validated in 

case of superposed influence of similar influence.  
Before modelling of neural network prediction system, the data of different indices will be processed with SPSS. The data will be 

standardized and normalized in case of influence of invalid data. The article will also use SPSS to calculate the correlation coefficient 
between different indices, which will eliminate the superposed influence of similar indices. 

Several methods are widely used in important degree calculation, including expert evaluating method, analytic hierarchy process. 
However, these methods calculate the important degree according to the score by expert, which usually brings on the dense and strong 
subjectivity of personal experience. 

In order to reduce the influence of subjective factors, it is important to find mathematics’ method. As for factor analysis tools of SPSS 
software, the tools analyze the correlatively based on mass data, which will ensure the objectivity of analysis results. 

After using factor analysis tools of SPSS, we can obtain factor correlation matrix as follow. The unit investment is the predictive factor. 
The software will calculate the correlation coefficient between unit investment and other factors. The factor will be eliminated with low 
correlation of unit investment. As can be seen from the matrix, the variable shows strong importance degree with high correlation coefficient 
with unit investment. In the analysis, all the factors show strong correlation with unit investment. Nevertheless, the factor of angle 
proportion shows strong correlation with other factors, which will not be considered in the following models. After analysis, the five most 
important factors are foundation steel index, tower index, wire index, grounding line index, foundation pit concrete index. The article will 
then use two kinds of software to build neural network prediction systems.  

The factors show strong correlation of unit investment with coefficient above 0.4. To guarantee the accuracy of the prediction, the 
factors with coefficient close to 0.4 will also be used in modeling. 

  
Table 3. Importance degree of key indices 

Input Layer 
Covariates 

1 Tower index（t/km） 

2 Wire index（t/km） 

3 Grounding line index（t/km） 

4 Foundation pit concrete index（m3/km） 

5 Foundation steel index（t/km） 

Rescaling Method for Covariates Adjusted normalized 

Hidden Layer 
Number of Units 9a 

Activation Function Softmax 

Output Layer 

Dependent Variables 1 Unit index 

Rescaling Method for Scale Dependents Standardized 

Activation Function Identity 

Error Function Sum of Squares 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                  140.3 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/140 

 

a. Determined by the testing data criterion: The "best" number of hidden units is the one that yields the smallest error in the 
testing data. 

  

Table 4.  Importance degree of key indices 
Training Cross Entropy Error .103 

Average Percent Incorrect Predictions .092 

Percent Incorrect Predictions for Categorical Dependents 
V9 1.3% 

V6 4.6% 

Stopping Rule Used 1 consecutive step(s) with no decrease in errora 
Testing Cross Entropy Error 0.073 

Average Percent Incorrect Predictions 5.9% 

Percent Incorrect Predictions for Categorical Dependents 
V9 2.8% 
V6 1.9% 

Holdout Average Percent Incorrect Predictions .083 

Percent Incorrect Predictions for Categorical Dependents 
V9 0.4% 

V6 0.3% 
a. Error computations are based on the testing sample. 

  
The neural network usually consists of three layers, including the input layer, the hidden layer and the output layer. The independent 

variables form the basis of input layer. The output layer is the predictive variable. The hidden layer establishes a connection between input 
layer and output layer with mathematical formula. In order to improve the computational efficiency and forecasting precision of the model, 
reasonable setting the number of hidden layer will be necessary. According to the preceding analysis, five indices are chosen as the input 
layer element. The number of hidden layer is determined by the empirical equation. A is number of hidden layer, p is the number of input 
layer, q is the number of output layer, b is indefinite number between 1 and 10. 

                  bqpA ++=                                         (1) 
The model chooses the data of 34 projects of 110kV to train the neural network model. The model summary table displays the training 

result. 
The model summary chart displays the training results. The relative error of holdout set is 0.083, and the plots concentrate on the 

45-degree line, which indicate that the forecasting accuracy is quite high. Figure 1 shows the different value between the actual unit 
investment and predictive value. 

The neural network can also be modeling by Matlab software. The foundation of model is divided into four steps. The first step is 
reading data from Excel and standardizing data. The second step is establishing RBF neural network by Matlab neural net tool kit to build 
RBF neural network. The third step is calculating error, testing the model, and improving the accuracy of the model. The fourth step is read 
data to be simulated and predicting. The program will run as the following code. 

%raw data 
[X,textdata] = xlsread('BP1.xlsx','123','G2:T33'); 
%read data from Excel 
p=X(:,1:10)'; 
t=X(:,14)'; 
%data normalization 
[pn,minp,maxp] = premnmx(p); 
[tn,mint,maxt] = premnmx(t); 
%establishing RBF neural network 
net=newrb(pn,tn,0.0001,1,200,1); 
%emulational processing of data 
PY=sim(net,pn); 
[a] = postmnmx(tn,mint,maxt); 
%calculation error 
erro=(PY-t)./t; 
%testing 
x=1:32; 
newk=a(1,:); 
subplot(2,1,1);plot(x,newk,'r-o',x,t,'b--+'); 
legend('unit investment predction','the actual unit investment');  
xlabel('serial number');ylabel('10000yuan/km'); 
title('The predictive value and the actual value comparison chart'); 
%read data to be simualted 
pnew=xlsread('BP1.xlsx','123','G34:P35')'; 
%pnew=pnew'; 
pnewn =tramnmx(pnew,minp,maxp); 
anew=sim(net,pnewn); 
anewn = postmnmx(anew,mint,maxt); 
Based on RBF neural network prediction, the prediction result is depicted as follow. The neural network training keeps a high accuracy 

rate from the prediction result. Both two models takes a further step to predict the unit investment of project candidate by adding the value 
of indices to the model. As with the expansion of the training set, the prediction accuracy will improve. The projects of training set will 
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update training set of model by adding new projects to the training set. However, as the training set expands continuously, the precision of 
the model and operation efficiency will decrease. The stale data will be eliminated from the training set to guarantee the predictive accuracy. 

  

 
Fig. 1. Relation between limit water content and lime ratio 

when quicklime is added. 

 
Fig.2 Relation of limit water content and lime ratio 

when white lime is added. 

  

3. Conclusion 
 

The article establishes two investment prediction models based on the neural network theory, which provides an efficient and practical 
approach for rapid estimation of project cost. The article first analyzes the key factors of transmission line projects, and classifies them into 
technical indices and economic indices. The article then extracts five key indices of model based on analysis of correlation with unit 
investment. Upon testified, the angle proportion is eliminated because of its high relevant to other independent variables. The other indices 
shows high relevant to unit investment, which will be used in model construction. The article finally uses two kinds of software to create 
neural network prediction model according to the sequent analysis. The models are validated afterwards, which shows high accuracy and 
validity. 

At present, the application of neural network prediction methods in engineering construction field due to paucity data accumulation. In 
order to expand the application of model, mass data of projects should be collected to build the model. The indices of input layer need 
further consideration, and the number of hidden layer needs to verify by numerous experiments. 
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Abstract: A series of laboratory tests is performed to assess the regularity of the dissipated energy and damage deformation of rock 
subjected to cyclic loading and unloading. The selected stress levels are 15, 30, 40, 50, 60, 80, 90, 110, and 120 MPa with different 
confining pressures of 3, 6, and 10 MPa. The damage variable, dissipated energy, volumetric strain, and deformation modulus at varying 
confining pressure and axial stress are explored based on the experimental data on the destruction of rock. Results indicate that the damage 
variables and dissipated energy increase when the cycle index rises at high stress levels before destruction. However, all of them decrease 
when the rock is at a low axial stress level of 30 MPa after destruction. This is the reason why the existing micro-crack is compacted and the 
elastic potential energy increases through external pressure. The volumetric strain rises toward the negative direction with an increasing 
cycle index before destruction, and a rapid expansion phenomenon of softening occurs. After destruction, the specimen hardens when the 
cycle index rises, even though the volumetric strain reveals that the specimen is in a stage of dilatancy. The deformation modulus decreases 
with an increase in the cycle index before destruction and presents an increasing trend during its fluctuation after destruction. The breaking 
process and damage evolution rules of destruction are delineated fairly well by the abovementioned physical parameters of rock subjected to 
cyclic loading. 
 
Keywords: rock; cycle loading;destruction;energy dissipation;damage characteristics; experimental studies. 
 
1.Aims and background 

In previous studies, rock formations and structures have been subjected to both static and dynamic loadings1. Moreover, physical tests 
have been widely used to simulate the stability conditions of underground openings in rock masses[2]. The formation and growth of 
micro-cracks across a fracture plane result in the damage and destruction of rock masses. Based on the principle of fatigue damage and 
energy dissipation, many experimental tests have been conducted to study the response of rock to cyclic loading and unloading. Many 
researchers have also studied the mechanical properties and fatigue damage model of jointed rock masses subjected to dynamic cyclic 
loading[3, 4, 5]. N. Gatelier et al.[6]reported that two mechanisms are involved throughout the loading process—compaction and 
micro-cracking—and that both mechanisms are strongly influenced by the inclination of loading with respect to isotropy planes. Xie et al.[7, 
8, 9] claimed that the failure of rock is a process in which energy dissipation and energy release occur simultaneously and discussed the 
intrinsic relations among energy dissipation, energy release, strength, and abrupt structural failure of rocks during the failure process. Jin et 
al.[10] found a new calculation method for the damage variable with energy dissipation and studied the rule of damage development in 
experimental tests. M. J. Heap et al.[11] measured the degradation of elastic moduli during the cyclic stressing of samples of extrusive basalt 
from Mt. Etna to increasing levels of maximum stress. Dazhao Song et al.[12] discussed the relationship between EMR and the dissipated 
energy of coal rock mass during the cyclic loading process. Xinglin Lei and Takashi Satoh[13] systematically introduced the indicators of 
critical point behavior prior to rock failure as inferred from pre-failure damage. Yunhai Wang et al.[14] obtained the changing regularity of 
rock damage variable and resistivity under loading condition. Xiang Li et al.[15] introduced a basic theory of damage mechanics to address 
the deformation caused by strain softening on rocks and used a statistical method to describe rock properties. H. Molladavoodi and A. 
Mortazavi[16] conducted a damage-based numerical analysis of the failure mechanism of brittle rocks. Youqin Chen et al.[17] subjected 
cylindrical Westerly granite specimens to cyclic loading tests and analyzed the growth patterns of their cracks to examine the fatigue process 
of granite.  

However, studies on energy dissipation and damage deformation during the destruction process have not been reported. The present 
study revises the current definition of the damage variable based on an experiment that subjects rock to cycle loading and quantitatively 
analyzes the dissipated energy. On this basis, the damage variable, dissipated energy, and maximum and minimum strain before and after 
destruction are explored. The purpose of this work is to find a new method to calculate the damage variable and explore the transformation 
law of the damage variable and dissipated energy with an increasing cycle index and plastic deformation. 

 
2.Experimental 
 
2.1. Rock sample 
 

As Figureure 1 shows, the tested rock consists of granite from the Qingdao region located in central east of China. Cylindrical 
specimens with a diameter of 54 mm are drilled from the same block and cut into at a length of 100 mm, which meets the standard 
requirement of rock tests. 
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(a) Rock sample 

 

 
(b) RLW-1000 electric-hydraulic servo-controlled rock testing system 

Figure. 1 Rock sample and RLW-1000 electric-hydraulic servo-controlled rock testing system 
 

2.2. Test scheme 
 

The tests are conducted on a RLW-1000 electric-hydraulic servo-controlled rock testing machine designed by the Geotechnical and 
Structural Engineering Research Institute of Shandong University, as shown in Figureure.1. The system determines the effect of rock with 
confining pressure, osmotic pressure, loading time, and temperature. Three specimens are tested with different confining pressures of 3, 6, 
and 10 MPa for the comparison of cyclic loading and unloading. The axial stresses consist of loading and unloading by triangular waveform. 
The selected stress levels are 15, 30, 40, 50, 60, 80, 90, 110, and 120 MPa. After the confining pressure and axial stress are chosen, the 
loading and unloading of one hundred times are tested under each axial stress level. If residual strength exists after breaking, then the axial 
stress must be reduced to 30 MPa for loading and unloading. The rates of loading and unloading of the confining pressure and axial stress 
are 0.1 MPa/s and 0.2 KN/s, respectively. All the test data are recorded automatically in timed mode by a computer. 

 
3.Results and discussion 
 
3.1 Analysis of nonreversible damage deformation 
 

The rock element exhibits elastic, plastic, and nonreversible damage deformation during loading. The damage reflects the material and 
structural breaking process, and the damage variable becomes the primary research content. Many methods can be used to calculate the 
damage variable of the rock force field. The most commonly used method is based on the definition of elastic–plastic material as influenced 
by nonreversible plastic deformation under one-dimensional stress condition. The calculation equation is as follows: 

E

E
D

′
×

′−
−=

ε
εε

1 .              (1) 

where D is the damage variable; ε is the strain; ε' is the residual strain after unloading; E is the incipient Young’s modulus with no 
damage; and E' is the Young’s modulus after unloading. 
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However, the equation above cannot represent the fatigue damage of rock well. The damage deformation is nonreversible, and the 
damage variable has an increasing tendency when the cycle index rises. However, the damage variable under higher stress level is smaller 
than that under a lower axial stress level because the process is unidirectional from lower stress to higher stress. The damage variable must 
rise with the changing stress level. The revised calculation method is shown as follows: 

1,,1,, −− −+′=′ jijijiji DDDD ,            (2) 
)( ,1,11,1,1 niiinii DDkDD −+′=′ +++ .              (3) 

where jiD ,  is the damage variable calculated by Equation 1 under the stress level of I and the cycle index of j; jiD ,
′

 is the damage 
variable revised by Equations 2 and 3 on the same condition that the stress level is I and the cycle index is j; 1+ik  is the correction factor 

during the first cycle under the stress level of i+1; and 0,iD  and 0,iD ′  are 0. 
According to the calculation method above, the variation regularities of the damage variable at varying confining pressure and axial 

stress are obviously different, as shown in Figureures 2 to 4. Regardless the conditions of confining pressure, the damage variable becomes 
larger as the cycle index rises before breaking. When the damage variables reach a certain degree before destruction, the variation velocity 
of the damage variable tends to rise suddenly. An endurance failure occurs in the sample under the confining pressure of 3 MPa. However, 
this apparent phenomenon is not obvious under the confining pressures of 6 and 10 MPa. Furthermore, if a residual strength exists, the value 
of the damage variable cannot be zero. The curve after destruction in Figureure 2 shows that the damage variable does not always rise with 
an increasing cycle index. This is the reason why the cracks are compacted by pressure, especially with a larger damage variable, and it is 
still unstable and fluctuating. 

 
(a)Before destruction 

 
 
 

 
(b)After destruction 

Figure.2 Variation curves of the damage variable vs. cycle index under a confining pressure of 3 MPa and stress level of 110 MPa 

 
(a) Before destruction 
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(b) After destruction 

Figure.3 Variation curves of the damage variable vs. cycle index under a confining pressure of 6 MPa and stress level of 120 MPa 

 
Figure.4 Variation curves of the damage variable vs. cycle index under a confining pressure of 10 MPa and stress level of 90 MPa before 

breaking 
 

3.2 Analysis of dissipated energy 
 
Considering the equilibrium of energy, the characteristics of dissipated energy at varying confining pressure and stress levels are 

explored, as shown in Figureures 5 to 7. Before the breaking of rock, the dissipated energy of one-time loading and unloading rises along 
with an increasing cycle index. At a confining pressure of 3 MPa and axial stress of 110 MPa, the dissipated energy rises gradually in the 
first 40 cycles. A sudden rise then appears in the next 17 cycles. However, the peak strength is larger at a confining pressure of 6 MPa than 
at 3MPa. Moreover, breaking occurs at the second cycle. The dissipated energy is six times as much as that in the first cycle. At the first 
cycle with a confining pressure of 10 MPa, breaking occurs when the axial stress rises from 90 MPa to 107 MPa. Figure. 7 shows that the 
dissipated energy rises gradually at the stress level of 90 Mpa, which means the additional energy leads to new cracks. The cracks constitute 
fracture planes and cause breaking. The regularities of the variation of dissipated energy at different confining pressures are basically the 
same as the increasing cycle index, except for that with no residual strength. The dissipated energy decreases if the cycle index rises after the 
destruction of rock, and the average dissipated energy is larger at a confining pressure of 3 MPa and axial stress of 30 MPa than at 6 MPa 
and 30 MPa. 

 
(a) Before breaking 
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(b) After breaking 

Figure.5 Variation curves of dissipated energy vs. cycle index under a confining pressure of 3 MPa and stress level of 110 MPa 

 
(a) Before breaking 

 
(b) After breaking 

Figure.6 Variation curves of dissipated energy vs. cycle index under a confining pressure of 6 MPa and stress level of 120 MPa 

 
Figure.7 Variation curves of dissipated energy vs. cycle index under a confining pressure of 10 MPa and stress level of 90 MPa 

 
3.3 Volumetric strain of the rock 

 
Volumetric strain is a function of stress and strain and changes all the time with the variation of the stress and strain of rock. A plane of 

fracture is generated with a main control function when the axial stress reaches the peak. The two sides of the failure surface then move to 
the opposite direction, and the fracture opening eventually and continually becomes larger along the normal direction of the failure surface. 
Figure. 8 shows the variation curves of the volumetric strain versus cycle index under a confining pressure of 3 MPa before and after 
destruction. The volumetric strain decreases if the cycle index rises and changes suddenly at a cycle index of 50. Destruction occurs at a 
cycle index of 57. After destruction, the volumetric strain rises gradually with the increasing cycle index. 
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Figure.8 Variation curves of the volumetric strain vs. cycle index under a confining pressure of 3 MPa before and after destruction 
The volumetric strains represent different meanings under different conditions. The volumetric strain shown in Figureure 8 is under the 

axial stresses of 110 and 30 MPa and confining pressure of 3 MPa. Figureure 9 shows the variation curve of the volumetric strain changing 
with the axial strain in a cycle. The axial stress also rises from 0 to 120 MPa, and destruction occurs at 61 MPa when the axial stress 
decreases from 120 to 0 MPa. Although the rock has undergone many cycles under different stress conditions, the volumetric strain remains 
positive primarily because the cracks are compacted by pressure. The volumetric strain then decreases gradually with rising axial stress and 
axial strain and becomes negative, and the variation curve does not display a convergent tendency. Every new cycle of the rock will undergo 
the hardening and softening stages. The same result occurs at a confining pressure of 10 MPa before destruction, as shown in Figure. 11. 

 
Figure.9 Variation curves of the volumetric strain vs. axial strain under a confining pressure of 6 MPa before destruction 

 
Figure.11 Variation curves of the volumetric strain vs. axial strain under the confining pressure of 10 MPa before destruction 

Figure. 10 shows that a significant linear correlation exists between volumetric strain and cycle index after destruction, at the confining 
pressure of 6 MPa and axial stress of 30 MPa. The volumetric strain also rises along with an increasing cycle index. Residual strength is 
present to a certain degree. Therefore, the cracks are compacted by pressure, and the axial stress is relatively larger than the confining 
pressure. The influence of the axial stress is larger than that of the confining pressure, and a radial deformation limit is set. Consequently, the 
volumetric strain cannot increase without bounds toward the negative direction. 

 
Figure.10 Variation curves of the volumetric strain vs. cycle index under the confining pressure of 6 MPa and axial stress of 30 MPa after 

destruction 
As illustrated in Figureure 12, the volumetric strain first increases and then decreases gradually with an increasing cycle index. The 

volumetric strains are positive, in contrast to those under a confining pressure of 3 MPa and axial stress of 110 MPa before destruction. The 
axial stress is 90 MPa and smaller than that at 110 MPa, but the volume decreases first. This means that the confining pressure has a great 
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influence on the volumetric strain, and the rock sample is still in the contraction area. The variation curve reveals that the decreasing 
volumetric strain indicates the tendency to the dilation area, and the hardening of rock transforms into softening. Combined with the 
characteristics of other confining pressures and the relationship between contraction and dilation, each development tendency has important 
research significance. It can also provide a new method to predict the fatigue destruction of rock. 

 
Figure.12 Variation curves of the volumetric strain vs. cycle index under the confining pressure of 10 MPa and axial stress of 90 MPa 

 
3.4 Deformation modulus of rock 
 

The deformation modulus is one of the basic elements that reflect the mechanical characteristics of rock and serves as the basis for the 
calculation of other mechanical parameters. Figure. 13 shows the variation curves of the deformation modulus versus cycle index under the 
confining pressure of 3 MPa. Before destruction, the deformation modulus decreases gradually with the rising cycle index, and an abrupt 
change in the curve occurs at the cycle index of 45. The softening phenomenon is expressed in the process under the axial stress of 110 MPa 
before destruction. However, the deformation modulus after destruction is only half of that before destruction and presents an increasing 
trend during fluctuations, which means that the hardening functions are not obvious. 

The experimental data on the specimen under the confining pressures of 3 and 6 MPa and axial stress of 90 MPa before destruction are 
shown in Figureures 14 and 16. Moreover, the deformation modulus curves represent the degradation behavior of rock materials subjected to 
cycle loading. Given a new stress level, the larger stress produces more cracks, and the specimen needs to balance its internal force. The 
deformation modulus decreases when the cycle index rises. In the previous 30 times of cycle, it decreases quickly and slowly in the latter 
cycles. The variation tendency of deformation modulus is not convergent. The curves in Figureures 14 and 16 indicate that the average 
deformation modulus under the confining pressure of 10 MPa is smaller than under 6 MPa, as confirmed in Figureures 3 and 4. The damage 
variable is larger than that under the confining pressure of 6 MPa. This finding explains why masses of cracks are generated inside the rock 
under a higher confining pressure. No residual strength is present under the confining pressure of 10 MPa after destruction. Figureure 15 
shows the variation curve of the deformation modulus versus cycle index under the confining pressure of 6 MPa after destruction. The 
deformation modulus rises gradually if the cycle index increases, because the crack is compacted by external force. 

 
Figure.13 Variation curves of the deformation modulus vs. cycle index under the confining pressure of 3 MPa before and after 

destruction 

 
Figure.14 Variation curves of the deformation modulus vs. cycle index under the confining pressure of 6 MPa and axial stress of 90 

MPa 
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Figure.15 Variation curves of the deformation modulus vs. cycle index under the confining pressure of 6 MPa after destruction 

 
Figure.16 Variation curves of the deformation modulus vs. cycle index under the confining pressure of 10 MPa and axial stress of 90 

MPa 
 

4. Conclusion 
 
The transformation laws of the damage variable, dissipated energy, volumetric strain, and deformation modulus before and after 

destruction were analyzed based on the experimental data of a rock subjected to cyclic loading. The following conclusions are drawn from 
the results of the study: (1) The damage variable is the essential component of the damage evolution of rock masses. If the rock has residual 
strength of rock, the damage variables and deformation modulus cannot be zero after destruction. The damage variables rise under a higher 
axial stress before destruction and decrease after destruction along with the increasing cycle index. (2) When the axial stress level rises to 
the next stress level, the dissipated energy of the first cyclic loading and unloading consumes more energy than the following cycle. This 
phenomenon is the reason why the energy dissipated in new micro-cracks gradually decreases during the process of energy transmission. 
The dissipated energy rises with an increasing cycle index before destruction, which means that additional energy produces new 
micro-cracks. In addition, the accumulated cracks constitute a fracture plane and cause destruction. Moreover, the dissipated energy 
decreases gradually under the axial stress of 30 MPa, which is smaller than the residual strength. (3) The volumetric strain is the most 
straightforward parameter that represents the hardening and softening of rock mass. It can also be used to distinguish the contraction and 
dilatancy areas. The positive and negative values of the volumetric strain represent the hardening and softening of rock, and its variation 
tendency reveals the transformation between contraction and dilatancy. Although the stress level is relatively high, the axial stress changes 
from 0 MPa to a higher stress. In addition, the existing micro-cracks are compacted by external pressure, and every new cycle of the rock 
will undergo the hardening and softening stages before destruction. (4) The hardening and softening phenomena can also be verified by the 
deformation modulus. The deformation modulus decreases along with the increasing cycle index before destruction. When the residual 
strength is larger than 30MPa after destruction, the deformation modulus presents an increasing trend during fluctuations. 
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Abstract: The optimization of maintenance equipment and storage is a very important part in the optimization of maintenance equipment 
and structure. On the single models and the assembly of the maintenance equipment hundreds of thousands, if all the maintenance 
equipment into the reserve is clearly not realistic, so, it is necessary to classify the equipment maintenance, scientifically determine the 
maintenance equipment for war reserve varieties. 
 
Keywords: maintenance equipment; variety optimization;analytic hierarchy process;index system 

 
1.Combat vehicle maintenance equipment category 

 
Considering the related factors, ultimately determine whether included in the reserve varieties range should be for a variety of problems 

with combat vehicle maintenance equipment[1]. To this end, the introduction of double weight method for the two types of maintenance 
equipment classification. 

 
1.1 Establishment of evaluation index system 

 
According to the analysis of the influencing factors of the maintenance equipment and the variety of the storage, the corresponding 

decision index is built. In determining the decision index should be giving priority to multi dimension and multi-layer facing the evaluation 

object of description of decision indicators thus ( 1,2,..., )iU i n=  level indicators, ( 1,2,..., ; 1,2,..., )= =ijU i n j m  
second level indicators, building maintenance equipment battle storage variety index system, such as shown in Figure.1. 

 
Figure.1 Evaluation index system of maintenance equipment and storage 

 
1.2 Index score 

 
According to the characteristics of each index, the selection of experts and professors, military vehicle engineers, suppliers evaluation. 

Table 1 Distribution of Specific Indicators[2]. 
In order to facilitate the membership of each evaluation index statistics, the index under different grades are divided into five levels to 

represent the evaluation index evaluation set is shown in Table 2. 
Table 1 Distribution Table 

Type Index 

Maintenance Equipment and Storage Species 
Z 

K
ey U

1 

 

Supplycapacity U
3 

Econom
ic U

3 

Loss U
2 

Processing cost U
33 

Storage cost U
32 

Purchasing cost U
31 

C
om

bat  consum
ption U

22 

N
on com

bat  consum
ption U

21 

V
ehicle m

atching U
13 

U
sing interchangeable U

12 

Im
pact on vehicle U

11 

Supplier num
ber U

43 

Production capacity U
42 

D
ifficulty of raising U

41 
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Professor 

The effect of vehicle 

The use of interchangeability 

Vehicle matching 

Engineer 

Non combat loss 

Combat consumption 

Purchasing cost 

The cost of storage 

Processing cost 

Supplier 

Difficulty of financing 

Throughput 

Number of suppliers 

Table 2 Evaluation Index 

Evaluating 

Indicator 

Collection of Comments 

0~2 2~4 4~6 6~8 8~10 

Key very poor difference commonly good very good 

Impact on vehicles Very small Small commonly large great 

Use of Interchange very poor difference commonly good very good 

Vehicle matching very poor difference commonly good very good 

Deterioration very seldom less commonly many quite a lot 

Non combat loss very seldom less commonly many quite a lot 

Combat 

consumption 
very seldom less commonly many quite a lot 

Economical 

efficiency 
very good good commonly difference very poor 

Purchasing cost very good good commonly difference very poor 

Storage cost very good good commonly difference very poor 

Processing cost very good good commonly difference very poor 

Deliverability very poor difference commonly good very good 

Difficulty of 

financing 
Very small small commonly large great 

throughput very good good commonly difference very poor 

Number of 

suppliers 
quite a lot many commonly less very seldom 

 
2.Determination of weight of evaluation index 
 
2.1 Determination of the weight of the first weight index based on the analytic hierarchy process 
 

The effective method to determine the weight of the index is the analytic hierarchy process: 
Step1: construct the comparison judgment matrix[3]. According to the established index system, each factor will be compared with 

each other, using the comparison judgment matrix (Table 3) to indicate their relative importance. 
Table 3 Comparison Judgment Matrix 

Z  1U  2U  
 

nU  
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1U  11U  12U  
 

1nU  

2U  21U  22U  
 

2nU  

     

nU  1nU  2nU  
 

nnU  

The relative importance among the indexes, using the 1-9 scale method is described, which is the value of iju
 is 1,2,3,... 9.At this 

point, the meaning of eachscale are shown in Table 4. 
Table 4 Scale Meaning 

Scaling Meaning 

1 iU and 
jU equally important 

3 iU   more important than
jU  

5 iU significantly more important than
jU  

7 iU more important than
jU  

9 iU more important than
jU  

2,4,6,8 The importance lies between the above values. 

Step2: determine the weight coefficient. According to the meaning of Table 2, the importance value of each level index is determined, 

and the relative judgment matrix of each factor is obtained. The geometric mean of each line iju
is: 

1

n
n

l ijj
A u

=
= ∏                                     (1) 

According to the formula(1), the geometric mean lA  is normalized: 

1

n
l li j

a A A
=

= ∑                                       (2) 

According to the formula(2), the maximum value maxλ
of the judgment matrix can be obtained. 

max 1
( )n

i ii
Ua naλ

=
=∑                                 (3) 

Step3: consistency check. After the obtained maxλ
, according to the formula (3), the consistency indexCI  is calculated[4]. 

max( ) ( 1)CI n nλ= − −                                   (4) 

Finally, the random consistency ratio CR  of the relative judgment matrix is calculated by the formula (4). 
CR CI RI=                                         (5) 

The average random consistency index of the judgment matrix is given in RI , and the average random consistency test index value 
of the 1-5 order matrix is given in Table 5. 

Table 5 Index Value of Consistency Test 

Order Number 1 2 3 4 5 

RI  0.00 0.00 0.52 0.89 1.12 

When 0.1CR < , can think that the consistency of the judgment matrix is relatively satisfactory, that determine the weight 
coefficient is reasonable and reliable. 

Step4: integrated weight calculation. The second layer indicators of the relative weight of the first level indicators and indicators of the 
first layer relative to the target layer can be obtained by multiplying the weights, weights. 

 
2.2 Determination of the second double weight based on the score 

 
In order to reflect the differences between different maintenance equipment, reasonable maintenance equipment to sort, you can build 

the model as follows: 
max ( 1, 2, , n)Var goal goal goal                      (6) 
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1λ λ λ+ + =P E s                                 (7) 

λ λ λ= × + × + ×P E S
i i igoali P E S                           (8) 

Type(8), goali said the comprehensive evaluation score of the first i kind of maintenance equipment, the formula reflects the difference 
of the score of N maintenance equipment, even if its variance reaches the maximum. Table 6 relations of parameters in the model are shown 
in Table 6. 

Table 6 Parameter Relation Table 

Type Weight Index Mark 

Professor λ P
 

The effect of vehicle 
1iP  

The use of interchangeability 
2iP  

Vehicle matching 
3iP  

Engineer λ E
 

Non combat loss 
1iE  

Combat consumption 
2iE  

Purchasing cost 
3iE  

Storage cost 
4iE  

Processing cost 
5iE  

Supplier λ S
 

Financing difficulty 
1iS  

Throughput 
2iS  

The number of suppliers 
3iS  

The model was solved with MATLAB software, can get college professors and engineers and suppliers of three kinds of personnel 

scoring weight occupied byλ P
,λ E

,λ
S

. 
 

2.3 Calculation and evaluation value 
 
According to the establishment of repair equipment two level evaluation index system and calculation method of the double weights, 

first the first heavy weights (weights) of synthetic operation, the double weight(expert weight of synthetic operation). This double weight 
can be multiplied to get the final weight of the evaluation index[5]. 

( )
3 5 3

1 1 1

3 λ λ λ
= = =

= = =

= + +∑ ∑ ∑
n n n

P P E E S S
j i i i i i i

i i i
B a P a E a S                    (9) 

Where 
P

ia , 
E

ia , 
S

ia , said the value of the first weight; 
Pλ , 

Eλ , 
Sλ , said the value of the second double weight; 

iP , iE , iS , said all kinds of experts on the indicators of the scoring. 
According to the corresponding relationship between the evaluation interval and the rating (Table 7), the maintenance of equipment is 

divided into A, B, C, D[6]. 
Table 7 Corresponding Relationship between Assessment Interval and Assessment Level 

Assessment Level Not Required General Demand More Demand Explicit Need Special Needs 

Evaluation Interval 0～2 2～4 4～6 6～8 8～10 
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To the army special parts, if the ratings for the demand is classified as a class D, if ratings for the general demand or demand, then 
return for class C maintenance equipment; if the ratings for the demand, attributed for class B maintenance equipment; if the rating for the 
special needs of is determined for a class of maintenance equipment. 

 
3.Instance verification 
 

In the starter, truck engine oil, bearing 3 kinds of maintenance equipment for classification. Are established first grade indexes and 
subordinate secondary indexes between comparison judgment matrixes and calculate the weight as shown in Table 8 shows. 

Table 8 First Level Index Judgment Matrix 

Z  1U  2U  3U  4U  A  

1U  1 1 7 5 0.42 

2U  1 1 5 3 0.36 

3U  1/7 1/5 1 1/3 0.07 

4U  1/5 1/3 3 1 0.15 

max 4.082, 0.0526 0.1CRλ = = <  
By the first level, the weight ratio of two indicators can be synthesized by the comprehensive weight of two indicators, such as Table 9. 

Table 9 Generation of Comprehensive Weight 

 
U1 U2 U3 U4 Comprehensive 

Weight 0.50 0.39 0.05 0.16 

U11 0.59    0.23 

U12 0.28    0.17 

U13 0.09    0.06 

U21  0.28   0.10 

U22  0.69   0.25 

U31   0.15  0.03 

U32   0.69  0.05 

U33   0.25  0.03 

U41    0.49 0.08 

U42    0.18 0.01 

U43    0.29 0.06 

Invited education experts and professors, army maintenance engineers, suppliers, a professor, an engineer and a supplier for a group, 
respectively the corresponding index score, each kind of equipment of each index corresponding 10 scores, such as Table 10. 

Table 10 Weight Selection of Professors, Engineers and Suppliers 

Initial Index Weight Professor Weight 
Pλ  Engineer Weight 

Eλ  Supplier Weight 
Sλ  Variance 

[0.30 , 0.35 , 0.35] 0.3313 0.3453 0.3412 0.9532 

[0.35 , 0.35 , 0.30] 0.3213 0.3154 0.2552 0.9542 

[0.40 , 0.35 , 0.30] 0.3235 0.3895 0.2798 0.9673 

[0.40 , 0.35 , 0.25] 0.3875 0.3896 0.2753 0.9356 

[0.40 , 0.38 , 0.22] 0.3896 0.4422 0.2236 0.9854 

[0.38 , 0.43 , 0.19] 0.3549 0.4675 0.1998 0.9567 
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[0.35 , 0.45 , 0.20] 0.3699 0.4765 0.1921 0.9632 

[0.35 , 0.40 , 0.25] 0.3644 0.4231 0.2531 0.9976 

[0.35 , 0.42 , 0.23] 0.3551 0.4328 0.522 0.9892 

In summary, based on rounding principle, determine the college professors, engineers and suppliers scoring weights were 0.38, 0.39, 
and 0.28. The final assessment concluded all kinds of maintenance equipment, as shown in Table 11. 

Ultimately determine the engine oil pump, starter for class B equipment maintenance, maintenance equipment for bearing D. Thus, the 
starter motor and pump maintenance equipment in battle storage sequence. 

Table 11 Final Score 

Type 
Expert 

Weight 
Index Bearing Oil Pump Starter Index Weight 

Professor 0.38 

Impact on Vehicles 4.6 8.2 9.0 0.25 

Use of Interchange 2.6 6.7 7.2 0.17 

Vehicle Matching 3.1 6.5 7.6 0.06 

Engineer 0.39 

Non Combat Loss 2.6 5.1 7.1 0.11 

Combat Consumption 2.8 4.6 4.9 0.25 

Purchasing Cost 5.4 6.4 8.6 0.03 

The Cost of Storage 3.9 4.8 6.6 0.07 

Processing Cost 1.1 4.9 5.3 0.03 

Supplier 0.28 

Financing Difficulty 3.5 6.0 7.3 0.08 

Throughput 3.8 6.5 6.9 0.05 

The Number of Suppliers 3.3 6.3 7.3 0.02 

Index Score 3.81 6.91 7.57  

According to this method, maintenance equipment readiness reserve varieties can draw the truck. 
 

4.Concluding remarks 
 
The according to the related factors established corresponding to the two levels of evaluation index system, according to the difference 

of each index were selected the college professor, army maintenance engineers, suppliers, the more familiar with the index score[7]. 
According to the analytic hierarchy process (AHP) method and different kinds of maintenance material difference maximization principle to 
determine each index of the first heavy weights and the double weight value, final reference evaluation value and the classification principle 
of equipment maintenance for A,B,C,D categories, identified for inclusion in War Reserve maintenance equipment varieties. 
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Abstract: In the emergency management theory, improvisation is an act of opportunities which means: in the face of the sudden and 
heterogeneities, organizations can quickly take corresponding measures according to the circumstances, rather than stick to the original plan 
and practice. It converge and evolve on 3 levels: individual, team and organization. This paper made the following works: (1) discusses the 
performance, influence factors and its integration process of improvisation on all levels; (2)added " communicating agent" across integration 
process to make improvisation reverse on individual level;(3) established a collective fast interactive model on organization level. This study 
can clearly reflect the complete process of improvisation in emergency management, and put forward countermeasures on improving 
improvisation. 
  
Keywords: emergency management;improvisation;Multi-Level;communication 

  
Introduction 

  
Due to the catalysis of information and network, instability and paroxysmal factors in the society become more and more prominent. 

This phenomenon shook the premier theories which judgment standard of management effectiveness is the "order" and "control". Most 
individuals began to participate in the management of the sudden 1. In recent years, major emergencies occurred frequently, we have to use 
the ideas that management of the sudden to support the activities of emergency management. Hence, the improvisational management 
become a key spot in the academic circles to study. 

Many foreign attempts which have been made to identify the improvisation to show a way forward includes follows: defining some 
terms such as some basic concepts, the standards of categories, the characteristics of improvisation ability; discussing the influence factors 
and the preliminary applications in practice; collecting many cases about improvisational management 1-2. The researching in domestic 
basically is still in the stage of qualitative and insufficient. 

The objective of this paper is to improve the improvisation. We shall first clarify the relationship across different levels with the help of 
the model for multi-level convergence of improvisation. Then we present "communicating agent" in order to solve the negative impact of 
the inadequacy of the order. The countermeasures of improving the ability of are then presented by using a model which can make up for the 
defect of the excessive dependence to metaphor and qualitative research1. 

Improvisation was originated form the playing of jazz music. The first one to the introduction of the Improvisation in management was 
Weick, in 1998. He have expressed that improvisation like a real-time strategy which means thinking, deciding and acting at the same time1. 
Cunha and Kamoche have a negative idea for improvisation that to be absence of planning in advance and full of randomness2. Miner 
refuted the argument and emphasized the regularity and teleology of improvisation. It’s goal-oriented and the judgment standard is the 
ability to solve problems3-5.Compared with the jazz or general market environment, the emergency management have many specificities, 
thus the research background is completely different. Therefore, in order to adapt to the characteristics of emergency management, the 
improvisation also has its particularity. In this study, the improvisation is defined as a kind of processing ability of emergencies. Even if the 
external environment change sharply, the time press strong or the lack of resources support, Organizations can quickly give up the original 
plan and practice, and immediately handle the problems in the basis of case-by-case. 

Currently, most organizations have set up multifarious contingency plans for all kinds of emergencies. Different emergencies have 
different properties, formative environment and processing ability, these factors make the contingency plans are difficult to adapt the 
development of emergencies, but need to abandon the original plans and take immediate decisions and actions. Clearly, to a large extent, 
emergency management depends on the situation. In terms of dealing with emergencies, improvisation just accord with the requirement of 
the process of emergency management with the help its characters such as opportunities, immediacy, resource dependence and pressure 
resistance, etc. Under the condition of limitations (especially in limited time or with limited information), it can deal with highly dynamic 
environment and uncertain events6. Consequently, the emergency management and improvisation have a high degree to fit each other. 

In the end of his broad review on the research about improvisation, many writers who are trying to find more fruitful units for 
improvisation express colorful theories based on the different researching background. They examined lots of dimensions including “letting 
go” “making do”, association6, uncertainty7, composition and execution4. After that, the scholars began to link improvisation with resource. 
Only rely on resources such as materials, knowledge, emotions and social relations, can it plays a role. Among them, the most important 
thing is that different individuals can form emotion each other by knowledge transfer and communication: highly participation, mutual trust 
and learning, information sharing. 

Because of the trend to social multiple agents' joint management and separating authorities, improvisation will evolve from individual, 
team and organization levels and converge to a state. Improvisation has different meanings in different levels. On the individual level, it 
means the ability of innovation, skills, characteristics, creativity level etc.; on the team level, it means the ability of cooperation and 
cohesion, behavioral integration and team size, etc.; especially the research for shared mental models and interactive memory; on the 
organization level, it means the ability of the tolerance, organization memory, communication, etc. Most premier study focus on the level of 
individuals, not the level of team or organizational level. 

In view of the characteristics of multiple levels, the exploration of improvisation should be emphasized more on the process of 
convergence among individual, team and organization. Organization improvisation is the highest level, individual improvisation is a 
foundation, and team level is a transition. They cover personal ability, team cohesion and communication. But for now, it’s lack of the study 
of improvisation across levels. Thus, it’s valuable to explore the mechanism of improvisation in emergency management. 

We shall make claims as follows: How can the Individual improvisation form the unified actions and converge to the team 
improvisation? How can the team improvisation converge and evolve into the organization improvisation? How the communication among 
individuals, teams, organizations affect the process of convergence and evolution? Facing the multi-agent problems which is a nonlinear 
phenomenon, Complex System Theory explained that multiple agents can form the internal consistency and uniformity under the guidance 
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of communication and interaction. Finally they realizes the convergence and evolution. Therefore, the communication among agents and 
levels is the decisive factor. 

 
2.The model for Multi-level convergence of improvisation  
 
2.1 Restatement of the Problem 

 
Is there a quantitative relation among individual, team and organization improvisation？Whether they converge to a stable value? Is 

there any singular values or symbol reverse? 
 

2.2 Symbol Description 
 
t(n):time 
f(t):organization improvisation 
when t=0, f(k0)=α>0 
km=max[f(t)]:saturated improvisation 
r:growth ratio of organization improvisation 
β:team improvisation 
γ:individual improvisation 
 

2.3 Assumptions 
 
The relationships with individuals, teams and organizations improvisation: individual improvisation is the intrinsic growth force, team 

improvisation is the transition and integration process between the individual and organization. It determines the quantity of improvisation. 
Eventually, converging and integrating to the organizational level, it form the organization improvisation ability and play a role in 
emergency management. Thus, team improvisation determines the quantity and the individual improvisation determines the growth ratio. 

 

 
 

Improvisation ability is equal to the sum the initial value，size and growth rate, and it’s determined by the initial value , individuals and 
teams improvisation. The initial value α is equal to the resources of the organization. Team improvisation β is the integration ability to 
individuals, it can comprehensively express of the team quality, cohesion and coordinated action. Individual improvisation γ is the 
foundation of organizational improvisation, equals to the potential growth and reflects the ability of innovation, response speed and rapid 
action. 

In the process of convergence and evolution, the initial value α plays a fundamental role, team improvisation β like a converter between 
individual and organization. It plays an irreplaceable intermediary role. While individual improvisation γ determines the growth direction, 
numerical and symbolic of positive and negative. 

 
3.Establishment of the model 
 
3.1 The process of Multi-level convergence and evolution 
 

If the process of multi-level convergence and evolution in line with the Logistic model, then: 

 

    

 

,   

 
According to the Eq.2, the growth of the team improvisation, namely the team quality, the cohesive and internal integration ability, 

facilitate the development of organization improvisation. On the contrary, according to the Eq.3, the growth of the individual improvisation, 
namely the ability of innovation, response speed and rapid action, may prejudice the development of organization improvisation. 

 
3.2The Model of collective fast interaction  

 
The key to the model of collective fast interaction is collectivity and rapidity. For instantly response to emergencies, it needs to 

efficiently integrate the whole ability, resources and form consistent behavior, which depends on the expedite communication channel. 
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On the base of the model of multi-level convergence and evolution process, this paper adds communicating agent φ across the process, 
φ is one of the pivotal aspects to success8. It can go through layer by layer9 and will affect the shape of the growth model. It can be made 
the further revision through the results of Levinthal in 1993 about the factors which influence the shape of sharing mode. 

 

 

 
According to Eq.3 and Eq.4, when adding communicating agent φ across the process, ∂f(t)/∂γ change to be positive, individual 

improvisation facilitate organization improvisation. In the process of communication, the individuals with different behaviors and status can 
do consultation, coordination and uniformity, reduce the blocking effects and be conducive to the evolution of improvisation. 

 
3.3 The Model of Rapid Action 

 
The main measure to rapid action is the time lag. Organization A moves on track a; angle θ represent the severity of emergency E; time 

pressure coefficient is R. The greater the severity, the higher the Angle θ and R. The time lag for organization A to take acts dealing with 
emergency is T, it can represent immediacy of organizational improvisation. 

As shown in Figure 1, Organization A moves on; angle θ represent the severity of emergency E. The Angle θ make A deviates from the 
original track. Due to the occurrence of emergency E, the force F let the track a change to direction E. If no emergency treatment, 
organization A continue moving. When the length of movement goes to cosθ, the bias equals D1.  

Bias D1 represents the loss of the organization A. D1=2 sin(θ/2) cosθ 

When adding the time pressure coefficient R, D1=2 R sin(θ/2) cosθ 
The time lag T represents organization A to take acts after the occurrence of E. As shown in Figure 2, in the time lag, organization A 

moves to the direction E. If the treatment is fully effective, after the time lag, organization A would return on track a. The length of 
movement goes to cosθ, the bias equals D2. Bias D2 represents the loss of the organization A. 

 

 

  
Figure.1 the Movement of Organization When There is No Emergency Treatment 

  
Figure.2 the Movement of Organization When There is No Emergency Treatment 

4.Results 
 
(1) Improvisational is the result of integration of individuals at the team level, and evolve to the organizational level. It’s the sum of 

individuals and team improvisation, but nonlinear aggregation. Individual improvisation has a negative correlation with organization 
improvisation, but team improvisation positive correlation with organization improvisation. 

(2)When adding communicating agent φ across the process, ∂f(t)/∂γ change to be positive. 
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(3) The function of communicating agent perform in the model of collective fast interaction. It gives consideration to real-time and 
consistency to reduce time lag and do thinking, decision and action at the same time. Eventually minimize the loss of the organization. The 
loss for the organization has correlation with time pressure coefficient R, time lag T and the severity of emergency angle θ. The influence of 
time lag T is the largest, followed by the time pressure T, the third is the severity of emergency θ.  

 
5.Discussion 

 
Why individual improvisation has a Positive correlation with organization improvisation? In the process of emergency response, 

excessive individual improvisation behavior focus more on individual actions with no order and get in the way of integration and evolution 
process. Individual improvisation seemingly random but coherent and controllable in essence. Thus forming a coordinated action quickly, 
which is collective fast interaction mentioned above. 
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Abstract: With the change of regional climate and regional ecological environment, we become more  concerned about the relationship 
between the Physiological Parameters of SBP and the geographic environment. In this paper, the relationship between Physiological 
Parameters of SBP of male youth  between the geographical factors in China has been studied. We use three different kinds of models and 
selected  seven different kinds of geographical factors in  different areas of China to predict the Physiological Parameters of SBP of male 
youth, and we get the thematic map of the comparison of the predicted value and the real value, and we can see this in Figureure2. And we 
also use SPSS19.0 to get the Paired-Sample T test of the three predicted models, and we can see the result in table3.We got the Special 
distribution regularity thematic map of the Physiological Parameters of SBP of male youth in china by using GIS software. We find the 
difference of  the Spacial Distribution of Physiological Parameters of SBP of Male youth in China, and then we want to find the 
relationship between the incidence of  the  Physiological Parameters of SBP and the incidence of Cardio-cerebrovascular Diseases. 
 
Keywords: physiological parameters of SBP;male youth;Cardio-cerebrovascular diseases; regression analysis. 
 
1.Introduction 

   
The incidence of morbidity and mortality rates of Cardio-cerebrovascular Diseases are the highest in China, which caused serious 

burden to society and family. There is a close relationship between the Cardio-cerebrovascular disease and the change of weather condition, 
which can cause the physiological and pathological changes of human body, and affect the incidence and development of cardio-cerebral 
vascular disease. 

Many studies at home and abroad studied about the influence of cold air on Cardio-cerebrovascular disease, earlier studies used 
epidemiological method to statistic morbidity and mortality in patients with Cardio-cerebrovascular disease. when a typical cold air goes 
through, and statistical analysis is on the regional environmental factors that affect Cardio-cerebrovascular disease, or statistic the incidence 
and mortality of patients and the relationship between the meteorological elements changes with Cardio-cerebrovascular disease using 
epidemiological method. 

Most of the research results indicate that: low temperature influence Cardio-cerebrovascular mainly by increasing blood deterioration 
degree, the number of red blood cells and fibrinogen levels, causing increased blood pressure, peripheral vascular contraction, and to 
increase blood flow resistance.  

 With the change of climate and ecological environment, we are more concerned about the relationship between the SBP Physiological 
Parameters and the geographic environment. SBP stands for Physiological Parameters of Systolic Blood Pressure, we use SBP as an 
abbreviation. And many people have studied the Normal Physiological Parameters of Systolic Blood Pressure, but they have not 
thematically studied the relationship between the Normal Physiological Parameters of Blood Pressure and the environment[1]. 

By searching through Hospitals of different areas of China and we have obtained many normal SBP Physiological Parameters of health 
male youth over China. We have collected 12367 SBP samples of health male youth in 30 provinces of china. The age  are between 19 to 
26. 

We want to find the difference of  the Spacial Distribution of Physiological Parameters of SBP of Male youth in China, and then we 
want to find the relationship of the incidence between the  Physiological Parameters of SBP and Cardio-cerebrovascular Diseases. 

 
2.Materials and Methods  
 
2.1. Materials 
 

We have collected the SBP Physiological Parameters(mmHg) of health male youth by searching through Hospital of different areas, 
about 12367 cases in 30 provinces of China. In the data we have collected, samples on the western part of China is less than the eastern part 
of China,  information in cities of western part are less than big cities of eastern part.  

Seven geographical data are collected for nearly three decades. The Geographical information we have collected includes altitude(m),  
annual mean air temperature(0C), annual sunshine duration(h),annual mean relative humidity(%),annual range of air temperature (0C), 
annual precipitation amount(mm),annual mean wind speed (m/s). Seven indexes that are closely related to physiological conditions of the 
provinces of China. The seven geographical factors are expressed as x1,x2,x3,x4,x5,x6,x7  in the following context. 

Table1. Value of r and p between geographical factors and  the SBP Physiological Parameters 

Variable R value P value 

altitude(m)(x1) -0.217 0.013 

annual mean air temperature(0C) (x2) -0.216 0.252 

annual sunshine duration(h)(x3) -0.139  0.463 

annual mean relative humidity(%)(x4) 0.545 0.001 

annual range of air temperature (0C)(x5) 0.513 0.003 

annual precipitation amount(mm)(x6) 0.421 0.016 

annual mean wind speed (m/s)(x7) 0.432 0.016 
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2.2. Methods 
 

We collected about 12367 cases of the health male youth in 30 provinces of China, we used the Correlation analysis to find the 
correlation of the geographical factors and the SBP value of the male youth[1], we selected the regression analysis, the Curve analysis and 
the Main factor analysis altogether in order to get the best result. Through the Comparison of the Real value and the Predicted value[1], we 
selected the best forecast model through the comparison of different Analysis result of different models and we can see this from Figureure1 
and table3.  

     Correlation coefficient is to study the relationship of variables, and describe the degree of relationship of different variables 
quantitatively. Correlation is a kind of not completely determine the number of dependent relationship, every numerical argument indicators 
may have several results mark, the value of the dependent variable and at the same time, the value but the relationship is not fixed, the value 
fluctuates up and down around their average. This paper uses the bilateral inspection P values, under the significance level of 0.01 is 
significant, P 0.01 or less shows very significant correlation between elements;0.01 < P 0.05 or less shows significant correlation between 
elements; P > 0.05 shows no significant correlation between elements. 

By using the method of mathematical correlation analysis, we get the single correlation coefficient between the normal SBP 
Physiological Parameters of male youth and the nine geographical factors, the correlation coefficient of altitude(m),  annual mean air 
temperature(0C), annual sunshine duration(h),annual mean relative humidity(%),annual range of air temperature (0C), annual precipitation 
amount(mm),annual mean wind speed (m/s), can be calculated respectively in table1. 

Through the SPSS19.0 statistical software, we take the seven geographic factors as independent variable, and we take the normal SBP 
Physiological Parameters of male youth (YSBP) as dependent variable. And then we get the function are as following: 

)000.0,567.11,598.0(
0.321+0.598+132 66.

2
73

===

=

PFR
xxYSBP                        (1) 

Through the SPSS19.0 statistical software, we take the seven geographic factors as independent variable, and we take the normal SBP 
Physiological Parameters of male youth (YSBP) as dependent variable. And then we get the function . 

And through our analysis with the SPSS19.0 statistical software, we find the Compound curve model(Compound,R2=0.356), so we get 
the function: 

 

                            (2) 
  The KMO value is 0.639, it shows that these data we have collected is suitable for factor analysis. The associated probability in 

Bartlett is 0.000, less than the significance level 0.05.Through the SPSS19.0,we take the seven geographic factors as independent variable, 
and we take the Physiological Parameters of male youth(YSBP) as the dependent variable. And then we get the statistical result  as shows 
in table2. 

  
Table2. Total Variance Explained 

Compon
ent 

Initial Eigenvalues Extraction Sums of Squared Loadings 

Total % of Variance Cumulative % Total % of Variance Cumulative % 

1 3.189 35.350 34.561 3.188 35.420 35.420 

2 2.554 28.360 63.562 2.553 28.370 63.789 

3 2.154 24.295 88.068 2.187 24.296 88.085 

4 0.351 4.924 93. 091    

5 0.249 3.543 96. 514    

6 0.025 0.274 99. 246    

7 0.006 0.067 100.000    

Table3 the T test result of the Real value and the Predicted value of male youth 

Parameters Linear Regression Curve Estimate Main Factor 

t 0.000 0.079 0.086 

P 1.000 0.969 0.912 

 

And then we get the regression equation through several steps of computing, the specific operation process is eliminated because of the 
length of the article, and we finally get the following regression equation:  

  0.001)=P，14.048=(F
002.1*998.82 2

7xYSBP =
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                                         (3) 

In the above equation, YSBP is normal Physiological Parameters of Chinese male youth SBP  (mmHg), x1 is altitude(m), x2 is annual 
mean air temperature(0C), x3 is annual sunshine duration(h), x4 is annual mean relative humidity(%), x5 is annual range of air temperature 
(0C),x6 is annual precipitation amount(mm),x7 is  annual mean wind speed (m/s). 

 
3. Results  
      

 Through the SPSS19.0 statistical software, we take the seven geographic factors as independent variable, and we take the normal SBP 
Physiological Parameters of male youth (YSBP) as dependent variable. Through our analysis, we found that the Physiological Parameters of 
male youth is closely related with the geographical factors, (F=11.567,P=0.000). And the forecast model should be: YSBP=66. 
132+0.598x3+0.321x7   ; From Figureure1, we find that the best model that approaches the Real Value is the Linear Regression Model, so 
the Regression Model choose is chosen to be the best regression model. The regression equation can be used to represent the SBP 
Physiological Parameters of Chinese male youth. 

In order to express the spacial distribution of the Physiological Parameters of SBP of the male youth in China. We chose 2466 counties, 
and we use the GIS special interpolation analysis to predict the Physiological Parameters by the equation we get. So we make the thematic 
map of the distributing tendency of the Physiological Parameters of different areas of china. we can also see this in Figureure2. 

 
4. Discussion 

        
When temperatures rise, by influencing the body temperature, blood deterioration degree and blood flow velocity, to produce pressure 

on heart and lungs, finally influence Cardio-cerebrovascular diseases. In addition, the low temperature stimulate the catecholamine secretion 
increased, resulting in Cardio-cerebrovascular convulsion, plaque rupture and the platelet aggregation cause thrombosis, finally cause 
Cardio-cerebrovascular disease.     

In this paper, the normal SBP Physiological Parameters of male youth  between geographical factors in China has been studied by 
using the special statistics analysis. We want to find the difference of  the Spacial Distribution of Physiological Parameters of SBP of Male 
youth in China, and then we want to find the relationship between the incidence of the  Physiological Parameters of SBP and 
Cardio-cerebrovascular Diseases.     

We use the three different kinds  of models and selected  seven different kinds of geographical factors in  different areas of China to 
predict the normal SBP Physiological Parameters of the male youth, and we get the thematic map of the comparison of the predicted value 
and the real value, and we can see this in Figureure2. And we also use SPSS19.0 to get the Paired-Sample T test of the three predicted 
models, and we can see the result in table3. 

 
Figure. 1  The Comparison of the Real value and the Predicted value of male youth 

 

 
Figure.2 The Distribution of the SBP Physiological Parameters of China 
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Abstract: The dense disparity map generation algorithm based on segmentation solves, to a large extent, the problems of noise or 
non-disparity values area brought by the algorithm based on pixel, while at the same time it may generate the wrong disparity values. In the 
traditional algorithm based on pixel, only the color information is taken into consideration, so the different adjacent planes with consistent 
color are segmented into the same area, and then the wrong plane fitting of disparity values is generated. Thus, a dense disparity map 
generation method based on color and disparity gradient is proposed in this paper. At first, the directional derivative of the initial disparity 
map is computed, and the disparity gradient amplitude and disparity gradient angle are computed with the directional derivative. The 
information of color, disparity gradient amplitude and disparity gradient angle is combined as the new segmentation characteristics to 
segment the image. Then, according to the result of segmentation and initial disparity map, the disparity values are computed through plane 
fitting, and the final dense disparity map is obtained. The experimental results show that this algorithm can better solve the problem of 
wrong segmentation of the areas with similar color but on different planes, and that then the more accurate dense disparity map can be 
obtained.  

Keywords: stereo Matching; dense disparity map;gradient magnitude;gradient angle;mean shift. 

1.Introduction 

In recent years, stereo vision has become one of the most important research subjects in the field of computer vision and has been
applied to the many fields, such as intelligent robot, automatic drive, airborne remote sensing measurement, biomedical imaging, virtual 
reality, etc. The basic principle of stereo vision is that with the combination of the information of two or more viewpoints, the images of the 
same object with different visual angles are obtained, the positional deviation of the pixel points of the images is computed, and the stereo 
information is obtained with the triangulation principle. 

As the core technology of stereo vision, stereo matching, also called disparity computation, aims to seek the pixels correspondence of 
the image taken from different viewpoints of the object in the same space and record the positional deviation into the disparity map. For the 
dense stereo matching, in the disparity maps obtained successively, most pixels have valid disparity values, while for the sparse stereo 
matching, only the partial pixel points such as marginal points, characteristic points, angular point etc, have valid disparity values. As there 
are a large number of weak texture regions which are hard for matching in the realistic scenes, it is more difficult to deal with dense stereo 
matching than with sparse stereo matching.  

Dense stereo matching technology usually include the following four steps[1]: matching cost computation, cost summation, disparity 
computation/optimization, and disparity improvement. According to the differences among the four steps, the present dense stereo matching 
technology can be divided into two kinds. One kind is local algorithm[2] [3], with which the disparity values are computed through selecting 
minimum overall matching cost, and its feature is the fast processing but the general disparity map effect; the other kind is global 
algorithm[4] [5] [6], with which the disparity values are computed through solving an optimization problem in which overall matching cost 
and the disparity values differences between adjacent pixels are taken into account, and it feature is the slow processing and good disparity 
map effect. Semi global algorithm SGM[7] is an algorithm falling in between local algorithm and global algorithm. It gives consideration to 
the processing speed and disparity map effect, thus it is applied extensively.  

At present, most targets handled with the dense stereo matching algorithm are pixels, that is, the disparity values are obtained in the 
level of pixels. In the realistic scene, there lacks some texture information inside some objects, such as, the roads in the outdoor scenes, the 
walls in the indoor scenes, so there are too much noise or a large number of areas without disparity values in the disparity maps. In order to 
solve the above-mentioned problems, there appears the stereo matching algorithm based on segmentation[8][9][10]. As the disparity 
improvement of the algorithm based on pixel, its basic principle is to obtain disparity values in the level of zone block, that is, the left image 
(or the right image) is segmented with the color (gray scale, multicolor) information. For example, segmentation is conducted with the mean 
shift algorithm to obtain several zone blocks[11]; the plane is fitted according to the initial disparity values in each zone block and the 
disparity values of the whole zone are described with this plane. In the stereo matching algorithm based on segmentation, the disparity 
values are obtained in the level of zone block not of pixel, which takes the global change trend of pixel disparity values inside the zone 
block into consideration, thus the General distribution pattern of disparity values inside the zone block is obtained. The algorithm based on 
segmentation solves the above-mentioned problems in the algorithm based on pixel to a great degree, and the good disparity effect drawings 
are generated in many cases. 

While solving the problems in the algorithm based on pixel, the above stereo matching algorithm may bring some new problems: the 
wrong disparity values in some areas. In picture 1(a), the disparity map in the area of the road surface slants to the right. Due to the 
reciprocal relation between the disparity value and depth value, the right disparity map in the area of the road surface should be horizontal. 
The reason for this mistake is that in the segmentation result in Figure.1(b) the road surface and the fence wall are segmented to the same 
zone block. The most primary reason is that in the above stereo matching algorithm based on segmentation, only the color (gray scale and 
multicolor) information is considered, and it is presumed that each zone block is one plane in the realistic scene. However, in the 
segmentation result of the picture 1(b), the two different adjacent planes (the road surface and the fence wall) with the concordant color are 
segmented into the same zone block, so the wrong fitting plane generated with disparity values appears. 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                     145.2 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/145 

 

 
Figure. 1The Problem of Stereo Matching Algorithm based on Segmentation 

Therefore, in this paper, a dense disparity map generation method based on color (gray scale and multicolor) and disparity gradient is 
proposed, that is, Brightness and Disparity Gradient based Plane Fitting (BDGPF). At first, the (directional) derivative of each pixel in the 
initial disparity map is computed, and the disparity gradient amplitude and disparity gradient angle are computed with the directional 
derivative. The left image (or the right image) is segmented with the information of color, (disparity) gradient amplitude and (disparity) 
gradient angle as the new segmentation characteristics. Then, according to the result of segmentation and initial disparity map, the disparity 
values are computed through plane fitting, and the final dense disparity map is obtained. The experimental result shows that this algorithm 
can better solve the problem of wrong segmentation of the areas with similar color but on different planes, and that then the more accurate 
dense disparity map can be obtained.  

 
2.Characteristics of disparity gradient 
 

Suppose d(x, y) is the initial disparity map, and Dx(x, y) and Dy(x, y) are the derivative images of d(x, y) in the direction of x and in 
the direction of y respectively, and the definition of Dx(x, y) and Dy(x, y) is:
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In which d(x, y), Dx(x, y) and Dy(x, y) have two dimensions, that is, d(x0, y0), Dx(x0, y0) and Dy(x0, y0), the values of the pixel (x0, 

y0), depend on x0 and y0. 
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Because there may be invalid pixel whose disparity value is zero in the initial disparity map, in the process of computing derivatives, 

the adjacent pixels should not be considered only, but all the pixels within some partial range should be taken into account. In picture 2 
which is the diagram to compute derivatives in the direction of x, the middle pixel marked by the black is the valid pixel to be handled at 
present, the pixels marked by the gray are the valid pixels whose distance from the middle pixel is within a certain extent and which have 
the same coordinate y (in the direction of x) with the middle pixel and the pixels marked by the white are the invalid pixel. (The black, gray 
and white in the picture have nothing to do with the gray level of the real pixels, and they just play the part of differentiating and marking.) 

  
Figure. 2 The Diagram of Computing Directional Derivatives 

The computing process of the derivative in the direction of x is: 
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In which Dx(x0, y0) is the derivative of the point ),( 00 yxDx  in the direction of x, ),( 000 yxdd =  is the corresponding initial 

disparity value, n is the number of the valid pixel whose distance from ),( 00 yx  is within a certain extent and which have the same 

coordinate y with ),( 00 yx , niyx ii ,...,2,1),,( =  is the coordinate of the corresponding valid pixel, 
niyxdd iii ,...,2,1,),( ==  is the initial disparity values of the corresponding valid pixel, and n and niyx ii ,...,2,1),,( =  

are decided by ),( 00 yx .  
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The computing process of the derivative in the direction of y is: 
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In which ),( 00 yxDy  is the derivative in the direction of y,  ),( 00 yx  is the coordinate of the middle pixel, 
),( 000 yxdd =  is the corresponding initial disparity value, m is the number of the valid pixel whose distance from the middle pixel 

is within a certain extent and which have the same coordinate x with the middle pixel, mjyx jj ,...,2,1),,( =  is the coordinate of 

the corresponding valid pixel, mjyxdd jjj ,...,2,1,),( ==  is the initial disparity value of the corresponding valid pixel, and m and 
mjyx jj ,...,2,1),,( =  are decided by ),( 00 yx . 

The gradient vector made up of the derivative in the direction of x and the derivative in the direction of y is: 
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The derivative image in the direction of x and the derivative image in the direction of y are handled with the mean filter. Only the valid 
pixels whose initial disparity values are greater than zero are handled. Generally speaking, if the initial disparity pictures are too sparse, 

many invalid pixels whose initial disparity values are zero will appear. For a valid pixel ),( 00 yx , its gradient vector is computed 
according to the following formula: 

)),(),,((),( 000000 yxDyxDyxD yx=
→

                          (8) 
However, for an invalid pixel whose initial disparity value is zero, its gradient vector cannot be computed according to the above 

method of computing the gradient vector of the valid pixel. 
Therefore, the first aim of mean filter operation is to compute the gradient vector of invalid pixel with the use of the gradient vector of 

the pixel in neighborhood. Another aim of mean filter is the directional derivation of images, which is not sufficiently effective, as shown in 
picture 2, because only the valid pixel whose distance from the middle pixel is within a certain extent and which have the same coordinate x 
and coordinate y with the middle pixel. In the mean filter operation, more pixels in a certain extent are considered, not only the pixels which 
have the same coordinate x and coordinate y with the middle pixel. Therefore, with mean filter, effectiveness is improved. 

),( yxM x  is defined as derivative image in the direction of x after the operation of mean filter. The process of mean filter is: 
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In which ),( ),( 0000 yxDyxDM xx =  , for the pixel in neighborhood ),( 00 yx 3 × 3, 

),,( 00 jyix ++ , ,11- ≤≤ x ,11- ≤≤ y 0≠+ yx , and ),( ),( 0000 jyixMjyixDM yy ++=++      or 
),( ),( 0000 jyixDjyixDM yy ++=++ depends on whether mean filter has been operated on ),( 00 jyix ++  . 

The (disparity) gradient magnitude of each pixel is computed in formula.10. 
22
yxm MMG +=

                                         (10) 
In which Mx and My are the output images in the second step, and they are the derivative image in the direction of x and that in the 

direction of y after the mean filter operation. 
The (disparity) gradient angle of each pixel is computed, and the process of computation is: 

)arctan(
x

y
a

M

M
G =

                                           (11) 
With the combination of location information, gray scale information, (disparity) gradient magnitude, and (disparity) gradient angle, a 

new feature is generated:  

),,,,( am GGIyx   , in which  ),( yx  is the location of the pixel,  I  is its corresponding gray level, and  ),( am GG  is its 
corresponding (disparity) gradient magnitude, and (disparity) gradient angle 
 
3. The generation of the dense disparity map 

The image is segmented with the application of the new feature to the segmentation algorithm.  ),,,,( am GGIyx  is a new feature, 

and the image is segmented with the application of ),,,,( am GGIyx  to the basic segmentation algorithm. Mean shift algorithm is 
adopted to segment the image. 

For each block, the disparity value is computed using plane fitting. There are two steps in plane fitting: 1) A plane equation is estimated 
with a valid disparity value in the zone block. 2) The disparity values of all the pixels in the zone block are computed with the plane 
equation. The parameter of the plane equation is computed in the form of matrix operation with the least square method. The disparity value 

of each block is described with 321 cycxcd +∗+∗= , in which c1, c2 and c3 are obtained through computation of the initial disparity 
value with the least square method. 
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Suppose in a big block there are n valid points
1,...,1,0),,,( −= nidyx iii , and a plane is fit with these points through minimizing the 

following expression. 
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In which 1c , 2c  and 3c
 are obtained through matrix operation. Then the disparity values in the zone block can be obtained. 

Picture 19 is the disparity map obtained using the algorithm proposed in this paper. Compared with picture 5(a), the mistakes in some 
zones of the disparity map obtained through the traditional segmentation algorithm and the corresponding disparity computation method can 
be corrected in the disparity map obtained through the algorithm proposed in this paper, and the new disparity map is more accurate and 
robust. The invalid disparity values and noise in the new disparity map can be eliminated in the later handling. The experimental results 
show that the algorithm proposed in this paper is effective. 

 
4. Experimental results 

 
In order to verify the effectiveness of the algorithm proposed in this paper, the performance comparison test is conducted on the 

algorithm BDGPF proposed in this paper and the traditional dense disparity map generation method based on segmentation, Brightness 
based Plane Fitting (BPF), and SGM in the German database KITTI. The three algorithms were run on OpenCV respectively. At first, the 
initial disparity map was obtained with the algorithm SGM, and then the left image was segmented with the information of gray scale. All 
the experimental results are shown by pseudo color. 

BPF took the result of SGM as the initial disparity map, the left image was segmented with the information of gray scale, and then 
plane fitting was conducted. Picture 3 (b) is the matching result. The algorithm proposed in this paper took the result of SGM as the initial 
disparity map, the left image was segmented with the information of gray scale and of disparity gradient, and then plane fitting was 
conducted. Picture 3 (c) is the matching result. From the results it can be seen that the effective rate of SGM is the lowest among the three 
algorithms, that the effective rate of BPF is higher, but there are some wrong disparity values, such as those in the left area and the lower 
right area. The algorithm proposed in this paper performs well in effectiveness and inspection match and the orthogonality of the two planes 
can be shown in the image with the shadow removed.  

In order to compare the accuracy of the three algorithms, 59 images were chosen randomly from the database KITTI. The matching of 
the 59 images was conducted with the three algorithms and then the degrees of accuracy were counted. The results are shown in the 
Figure.4. 

In Figure.4, the horizontal ordinate is the selected 59 images and the longitudinal coordinate is the matching accuracy. From this picture, 
it can be seen that the degree of accuracy of the 59 images in the database KITTI with the algorithm proposed in this paper BDGPF is 
mostly higher than those with SGM and BPF. In Figure.5, the horizontal ordinate is the matched average accuracy and the longitudinal 
coordinate is the three algorithms. From this picture, it can be seen that the average degree of accuracy of the algorithm proposed in this 
paper is 0.8815, and that the average degree of accuracy of SGM and BPF are 0.8563 and 0.7834 respectively. 

 
(a) The Result of SGM 
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(b) The Result of BPF 

 
(c) The Result of the Algorithm Proposed in this Paper 

   Figure.3Matching Result Comparison of the Three Algorithms 

  

  
(a) The Comparison of the Accuracy between the algorithm Proposed in this Paper and SGM 

  
(b) The Comparison of the Accuracy between the Algorithm Proposed in this Paper BDGPF and BPF 

      Figure.4 The Comparison of the Accuracy of the Three Algorithms 
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Figure.5 The Comparison of the Average Accuracy of the Three Algorithms 

  
5.conclusion 

 
In this paper, a dense disparity map generation method based on color and disparity gradient is proposed in this paper. In this algorithm, 

with the combination of the information of color, (disparity) gradient magnitude and (disparity) gradient angle as the new segmentation 
feature, the left image (or the right image) is segmented, and the dense disparity map with higher degree of accuracy is finally obtained. The 
experimental results show that this algorithm can better solve the problem of wrong segmentation of the areas with similar color but on 
different planes, and that then the more accurate dense disparity map can be obtained. 
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Abstract.:The paper focused on numerical simulation of coal and gas outburst combining with acoustic emission technique, coal and gas 
outburst simulation experimental equipments with three dimensional stress loading system and PCI-2 acoustic emission monitoring system 
have been used. The results showed that: deformation and failure processes of coal sample containing methane under three dimensional 
stresses are composed of four stage, they are initial compression, elastic deformation, plastic deformation and failure. The developments of 
internal microcosmic fractures for coal sample containing methane are reflected by distribution law of acoustic emission events. It is found 
that deformation and failure zone for coal sample under three dimensional stresses was an ellipsoid zone. The primary acoustic emission 
events are generated at the weak structural surface with ease compressing of ellipsoid external. And then the events are gradually increased 
till outburst occurred. The results of numerical simulation displayed coal and gas outburst was affected by in-situ stress, gas pressure and 
coal mass physical and mechanical characteristics. The failure zone is similar to ellipsoid, the synthetically effect mechanism of coal and gas 
outburst is also illustrated. 
 
Keywords:acoustic emission; coal and gas outburst;ellipsoid; numerical simulation 
 
1.Introduction 

 
Coal and gas outburst is an extreme terrible hazard in underground mining[1]. Once occurred, lots of coal blocks and gas were sprayed 

into mine lane or workface quickly. And mining lanes or equipments might be destroyed, even people injured or dead[2].  
Some researchers proposed a synthesis hypothesis that coal and gas outburst was caused by combination of in-situ stress, gas pressure 

and coal physical mechanical characteristics[3-4], so far as we known. During the coal and gas outburst process, it is much hard to monitor 
or study the whole outburst process due to extreme hazard. Most of researchers who analysis and study them are depended on physical 
experimental and numerical simulation methods. The first time for coal and gas outburst physical experiments was from former Soviet 
Union, the researcher name is A. A. Skoczyński[5]. The others researchers began to simulate coal and gas outburst process using 
physical[6-15] and numerical[16-19] methods in laboratory from then on. And these researchers analyzed coal and gas outburst mechanism 
through the theoretical model [20-26]. At the same time, micro tremor monitoring [27-29] and acoustic emission development law[30-33] 
during coal and gas outburst simulation had been studied by many researchers. 

These studies were improved the prevention of coal and gas outburst, and get lots of achievement. In order to study the inner 
mechanism of coal and gas outburst including generating, development and dismissing, the paper was studied on coal and gas outburst 
combining acoustic emission technique. The three dimensional coal and gas outburst simulation experimental equipments which 
manufactured by our research group were adopted. The failure processes of them were monitored by acoustic emission technology under 
three dimensional stresses. At last coal and gas outburst development processes were simulated by numerical methods, the whole researches 
could be provided some significants for prevention of coal and gas outburst. 

 
2.Material and Methods 
 
2.1Coal sample preparation 

 
The coal samples for the experiments were from 15203 tunneling working face of Yangquan Coal Group Ltd. After crusher and vibrator, 

the samples which diameter greater than 2mm were automatically sieving out. The rest of samples were injected 3% water in basis of raw 
coal moisture. Steering them without any gelatinizer,  put them into mould and compressed them repeatedly. The size of modeling coal 
sample is 100mm×100mm×100mm, holding the compressing pressure 25MPa for at least 1h and keeping them for at least 6h at 90℃ and 
25MPa.  

 
2.2Experimental equipment 

 
The three dimensional stresses loading coal and gas outburst simulation experimental equipments were adapted to the experiments. 

They are composed of coal and gas outburst simulation system, dynamic pressure loading and monitoring system and methane adsorption 
and monitoring system. The apparent size of coal and gas outburst simulation system is 230mm diameter ×300mm length, inner size of them 
is 145mm diameter ×200mm length. Rubber cover was put into it and covering coal sample which size is 100mm×100mm×100mm. The one 
side of them is a outlet of free weak surface, the other side is connected with dynamic stress loading and monitoring system. The three 
dimensional dynamic stresses were all loaded by hydraulic system, pressure gauges and regulating valve were used for data collecting and 
monitoring. Methane adsorption and monitoring system was used for gas adsorption and gas pressure monitoring. 99.99% concentration 
CH4 gas bottle was used for the system. Gas was injected into coal sample through the central zone. Waiting for the gas pressure up to 
constant, it should last 24h for stable. The three dimensional stresses were loaded separately; the coal and gas outburst simulation 
equipments were presented at Figure. 1. 

 
 

 
(a) Apparent of outburst simulation 

equipments 
(b) Principle diagram of coal and gas outburst 

simulation experimental equipments 
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  1. Coal sample; 2. Coal and gas outburst simulation system; 3. Free weak surface of outburst outlet; 4. CH4 gas bottle; 5. Axiel stress 
loading equipment;6. Confining stress loading equipment; 7. Regulating valve; 8. Pressure gauge; 9. Liquid medium; 10. Acoustic emission 
testing system; 11. Axiel stress loading port;12. Confining stress loading port 

Figure. 1 Apparent and principle diagram of coal and gas outburst simulation experimental equipments 
PCI-2 acoustic emission testing system manufactured by American Emission Physical Company were adapted at Figure.2, generation 

and evaluation processes of coal and gas outburst were monitoring under them. In order to monitor the whole process of coal sample from 
microcosmic to failure unsteady and eliminate calculation errors of acoustic emission fixed position which caused by coal sample 
deformation during loading process, some innovation technologies such as three dimensional fixed position of acoustic emission, various 
arranging methods before experiments for most suitable one, 4 pass way three dimensional orthogonally. The schematic diagram was 
presented at Figure. 3. These arrangement methods were effective for receiving deformation and failure acoustic emission events from coal 
sample, and achieved three dimensional fixed position monitoring for acoustic emission events. 

 
 
 
 
 
 
 
 
 
 

Figure. 2 Acoustic emission testing system                                  Figure. 3 Probes arrangement methods 
 
2.3 Experimental conditions 

 
Based on the testing of coal bed gas pressure, three initial gas pressures which 0.65MPa, 0.70MPa, 0.75MPa were adapted for physical 

simulation experiments. At the same time, based on similar strength materials of outburst outlet free weak surface, some materials which 
strength is the same to coal sample were adapted for experiments. The simulation strength of similar materials are 18MPa, 20MPa, 22MPa 
and 24MPa. 

The simulation condition is under same confining pressure of three dimensional stress, combining bulk stress for coal sample 
containing methane and analyzing them. The experimental proposals are showed at Table. 1. 

Table 1 The experimental proposals 

Experiment No. 
Initial gas pressure 

/MPa 
Free weak surface of outburst outlet strength 

/MPa Bulk stress of coal sample/MPa 

EⅠ 0.65 18 46 

EⅡ 0.65 20 50 

EⅢ 0.65 22 56 

EⅣ 0.65 24 65 

EⅤ 0.70 18 44 

EⅥ 0.70 20 49 

EⅦ 0.70 22 54 

EⅧ 0.70 24 62 

EⅨ 0.75 18 42 

EⅩ 0.75 20 46 

EⅪ 0.75 22 51 

EⅫ 0.75 24 56 
The threshold value of testing system is 40dB, the gain of former amplifier is 40dB, the simulation filter bandwidth is from 20 kHz to 1 

MHz, and the sampling frequency is 1MSPS. Based on AE win for PCI-2 software, the data could be collected and analyzed. 
 

3. Results 
 
3.1 Analysis of coal sample deformation and failure acoustic emission characteristics 

 
The coal sample was broken under three dimensional stresses followed by the acoustic emission events generating. Figures. 4-6 are 

acoustic emission distribution law and parameter characteristics curves during the deformation and failure process of coal sample, the data 
are collected by acoustic emission testing system. 

From the Figures. 4-6 and they are showed that coal sample containing methane is from deformation, failure to outburst followed by 
bulk stress increased. Based on number of acoustic emission events, emerging position, increasing velocity and degree of sample failure 
under three dimensional stresses, combining time and space distribution law and characteristics of acoustic emission, the process of coal and 
gas outburst is composed of 4 stages. 
 

outburst outlet 

Probe 1 
Probe 2 Probe 3 

Probe 4 

A 

B 

C 

D 

A 

B 

C 

D 

A 

B 

C 
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(a) initial gas pressure is 0.65MPa                      (b) initial gas pressure is 0.70 MPa                     (c) initial gas 
pressure is 0.75 MPa 

A-initial compressive stage; B-elastic deformation stage; C-plastic deformation stage; D-failure stage 
Figure. 4  Time distribution law of acoustic emission events accumulating of coal sample 

 
 
 
 
 
 
 
 

A                           B                         C                           D 

(a) initial gas pressure is 0.65MPa 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
            A                   B                      C                  D 

(b) initial gas pressure is 0.70MPa 
 
 
 
 
 
 
 
 
            A                   B                      C                  D 

(c) initial gas pressure is 0.75 MPa 
A-initial compressive stage; B-elastic deformation stage; C-plastic deformation stage; D-failure stage 

Figure. 5  Space distribution law of acoustic emission events accumulating of coal sample 
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(a) initial gas pressure is 0.65MPa 
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(b) initial gas pressure is 0.70 MPa 
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(c) initial gas pressure is 0.75 MPa 
Figure. 6 Characteristics curves of acoustic emission during coal sample deformation and failure 

The first is initial compressive stage. Acoustic emission events were emerged under three dimensional stresses. But the number of 
events is small, the increasing velocity is little, the events are increased 15 per 30 sec, and mostly emerged at weak structural surface which 
far away from the centre of coal sample. The zone of events is a similar semi-ellipsoid; account number, energy and energy rate are all low. 
Energy is increased very slowly, amplify range is small at the same time. These are because coal mass is a double medium of porous and 
fractures, and lots of raw fractures, joints and so these weak structural surfaces existed in coal mass. At this stage, the process of coal sample 
containing methane under three dimensional stresses was raw fractures closed, condensed, and little new fractures generated. And new 
fractures were generated in weak structural surface which easy to failure under stress. But coal mass had not been caused failure. 

The second is elastic deformation stage. The acoustic emission events were obviously increased followed by bulk stress increased, and 
the increasing velocity is gradually raised. The acoustic emission events were increased 33per 30sec, there is some events around sample 
centre and increased. Semi-ellipsoid was gradually become bigger. The free weak surface of outburst outlet was expanded in external. 
Account number and energy rate were increased, amplify rage is gradually increased and some big range occasionally. These were because 
raw fractures were compressed and expanded, new fractures emerged and increased, expanded and distributed of coal sample containing 
methane under three dimensional stresses. The sample was begun to deformation and failure. And some big range for energy increasing 
occasionally is due to the increasing of new fractures and expanding of raw fractures. 

The third is plastic deformation stage. The acoustic emission events were increased followed by bulk stress increased. But the 
increasing velocity is gradually slow; the events were increased 16 per 30 sec. The semi-ellipsoid is expanded; free weak surface of outburst 
outlet is increased. The account number and energy rate were constant; energy is gradually increased and became steady. The amplify rage 
is steady. These are because lots of new fractures were generated and combined, connected, corresponding effect was enhanced. Except for 
primary failure surface, some semi fractures generated. Coal mass is gradually fault and failure followed by bulk stress increased. 

The fourth is failure stage. The acoustic emission events were slowly increased and the events were increased 8 per 30 sec. The account 
number and energy rate was steady, energy is slowly increased. These are because lots of fractures were connected expanded and extended, 
the failure zone was up to the most and outburst generated. At last, coal and gas outburst was generated at the free weak surface under the 
composed effects of in-situ stress and gas pressure. Figure. 7 is an accumulating profile distribution of acoustic emission events after 
deformation and failure. 
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(a) initial gas pressure is 0.65MPa           (b) initial gas pressure is 0.70 MPa                   (c) initial gas pressure is 0.75 
MPa 

Figure. 7  Accumulating profile of acoustic emission events distribution after outburst 
In the whole, coal and gas outburst is a failure process of energy accumulating and coal deformation under three dimensional stresses. 

The more three dimensional stresses, the more degree failure. Once the accumulated energy was up to free weak surface failure, and it was 
hard to prevent, then the coal and gas outburst was occurred. The failure zone was a similar semi-ellipsoid. The acoustic emission events 
were firstly emerged in weak structural surface far away from sample centre, and then the number of events is gradually increased. 
Deformation and failure degree of coal sample was also gradually increased and caused outburst at last. The failure zone was up to a biggest 
semi-ellipsoid and about 83.8% - 90.9% events were generated in this zone. 

 
3.2Numerical simulation studies 

 
(1)Establish of numerical model 
For recovery of the whole development process of coal and gas outburst, the two dimensional numerical model was established and 

showed in Figure. 8. That is a fixed width rock seam at the front of coal seam, and the gas pressure is equal to atmosphere at the front of 
rock seam. To simulate tunneling working face to the next circle, the external stress is gradually increased and then outburst occurred. 

 
To analysis using platform strain, the model size is 15m×10m, divided into 300×200 units. From the top to bottom these are cover 

platform of 4m depth, coal seam of 3 m depth and bottom platform of 3m depth. The permeability of cover and bottom platform are both 
low, that is q=0. On the left of tunneling working face is free weak surface of outburst which gas pressure is equal atmosphere. On the right 
of it is coal seam which gas pressure is 0.7MPa. The elastic modulus and compression strength of cover and bottom platform are both 
greater than coal seam. The basic parameters of numerical model are showed in Table 2. 

 

Table 2 Basic parameters of numerical model 
No. Mechanical parameters Coal seam Cover and bottom platform 

1 heterogeneity 3 10 

2 elastic modulus /GPa 5 50 

3 compressive strength/MPa 22 200 

4 poisson ratio 0.24 0.25 

5 permeability coefficient/ （m2/MPa2·d） 0.18 0.001 

6 coefficient of gas content  2 0.001 

7 coefficient of pore pressure 0.5 0.001 
(2) Results and analyses 
The initial horizontal stress is 2MPa, vertical stress is 2MPa. At the beginning of numerical simulation, the model has been dipped 20 

units once tunneling working face forced a circle. The step of stress number is 2MPa. Figure. 9 is the simulation of coal and gas outburst 
followed by the stress accumulated after starting production. 
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(d)                                             (e)                                  (f) 

Figure. 9  Numerical simulation pictures during coal and gas outburst 

 
Figure. 10 is the stress distribution curves forward working face during the outburst process. 

For the analyses of Figure. 9-Figure. 10, the free weak surface is varied by units dipping and caused new free weak surfaces. The stress 
of coal seam forward working face has been distributed. The coal mass became to be destroyed followed by loading and stress increased and 
finally outburst occurred. There are four stages of coal and gas outburst in basis of variation degree of free weak surface, inner deformation 
and failure of coal mass, variation of gas pressure and development process of coal seam stress. 

The first stage is the stress at the range of initial pressure and 8MPa. Coal mass is compressed due to homogeneous and double medium 
porous. Some fractures emerged nearby free weak surface and gradually formed a similar ellipsoid zone. The coal mass is also complete and 
not is destroyed; it is showed in Figure. 9(a).  

The second stage is coal mass became failure once the stress was up to 10.4MPa. The number of fractures is increased combining with 
expanding and connecting. The gas in coal would be desorbed with stress varied and fractures increased. The volume of free gas is increased 
and moved into low pressure zone. The primary stress for coal mass is from main compress stress to gas dynamic process. It is shaped to a 
semi ellipsoid zone and showed in Figure. 9(b). 

The third stage is new free weak surface generated and expanded once the stress up to 11.6MPa. More new fractures are generated, 
expanded and connected. At the same time free gas is increased and caused coal mass full filled gas. There is big gap between inner coal 
mass and free weak surfaces. The range of gas pressure gas and gas moving stress are increased, the zone of failure is also increased, and it 
is showed in Figure. 10. The ellipsoid zone is basic formatted; it is showed in Figure. 9(c). 

The fourth stage is the maximum failure zone is merged once the stress up to 12.4MPa. Blocked coal and gas are sprayed fast; the 
failure zone is shaped the maximum ellipsoid. It is showed in Figure. 9(d). Gas is decoration and merged maximum gas pressure gap. Under 
the strain and compress stress, stress peak value is moved into inner coal seam and some deformations emerged; it is showed in Figure. 10. 
It is caused coal and gas outburst. 

Form the above results and we found that the in-situ stresses would be distributed during the coal and gas outburst process at the effect 
of in-situ stress, gas pressure and manual production. The peak stress of coal mass was moved into the inner coal seam, and coal mass was 
failure and strength decreased. Some new fractures are gradually expanded and connected, gas decoration caused big gas pressure gap and 
moved into low pressure zone. Under the coupling effects of gas pressure and in-situ stresses, coal and gas outburst occurred and many coal 
blocks sprayed out. Followed by the process of outburst, new free weak surface are emerged and outburst continuing step by step. Once the 
new weak surface could undertake the comprehensive stress, the new equilibrium state would be established and outburst finished. They are 
showed at Figure. 9(e), 9(f). 

 
4. Discussion 

 
Due to setting of acoustic emission, the study was only focused on deformation and failure of coal sample, not referred to free weak 

surface. Through the analysis of acoustic emission characteristics, a similar semi-ellipsoid zone after failure was received. But actually the 
failure zone in coal mine outburst was small side big body. Combing coal and rock physical and mechanical characteristics, free weak 
surface deformation during the whole process under three dimensional stresses, a similar semi-ellipsoid zone after failure by acoustic 
emission monitoring and actual three dimensional failure model after outburst, we can found that the deformation and failure zone of coal 
sample containing methane under three dimensional stresses is a semi-ellipsoid zone. 

At the same time, the whole process of coal and gas outburst was displayed by numerical simulation. It is caused by in-situ stress and 
manual production, coal strength decreased, big gas pressure gap formed and outburst occurred by comprehensive stress. The failure zone is 
a ellipsoid, it is reflected at in-situ is increased followed by coal seam depth increased. The numerical simulation results are proved the four 
stage of outburst and similar ellipsoid failure zone from acoustic emission, they are obeyed the actual coal and gas outburst phenomenon. 

 
5.Conclusion 

 
(1) For the time and space distribution law of acoustic emission during coal and gas outburst process, the deformation and failure 

processes of coal mass containing methane under the three dimensional stresses are composed of four stages. They are initial compression, 
elastic deformation, plastic deformation and failure.  

(2) From the results of acoustic emission technique, the failure zone is a similar ellipsoid. The emission events are primarily emerged at 
the weak structural surface at the external of ellipsoid. The events are gradually increased at the internal of ellipsoid and then outburst 
occurred. 

(3) The numerical simulation results are proved again that coal and gas outburst occurred at the effect of in-situ stress, gas pressure and 
physical mechanical characteristics of coal mass. Coal mass formed more fractures, gas pressure is increased followed by in-situ stress 
increased. At last outburst occurred, lots of coal blocks are sprayed out under the coupling effects of gas pressure and in-situ stress. They are 
same to acoustic emission results for the four stages of outburst and a similar ellipsoid failure zone. 
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Abstract:An intuitionistic fuzzy multi-attribute group decision making method based on error propagation and intuitionistic fuzzy power 
geometric interaction averaging (IFPGIA) operator is presented. In this method, the error propagation theory is imported into intuitionistic 
fuzzy decision making analysis for the first time, and determine intuitionistic fuzzy attribute weight with error propagation theory; for cases 
that decision expert weight is unknown, considering that there may be some correlation between membership and non-membership of 
different intuitionistic fuzzy sets, then we gather attribute weighted decision matrices based on intuitionistic fuzzy algorithm and IFPGIA 
operator, obtain intuitionistic fuzzy group comprehensive decision matrix, and we rank all the alternatives by calculating relative proximity 
of alternatives and intuitionistic fuzzy positive ideal solution based on TOPSIS; Finally, the feasibility and effectiveness of the proposed 
method are verified by an numerical example.  
 
Keywords: error propagation;IFPGIA;intuitionistic fuzzy; multi-attribute;group decision making. 
 
1.Introduction 
 

In the current era of diversity and information explosion, the amount of information that people need to process and handle in a given 
period is getting increasingly large, and they often face evaluation decision-making objectives with multidimensional attributes and are hard 
to be subject to accurate quantization. Meanwhile, due to the uncertainty of environment and limitations of subjective cognitive ability, 
resulting in ambiguity and information asymmetry in decision-making process, thus affecting the scientific decision-making. To address the 
aforementioned problems, Atanassov proposed the concept of intuitionistic fuzzy set based on Zadeh’s fuzzy set theory[1], different from 
the single membership degree described in traditional fuzzy sets, intuitionistic fuzzy set takes account of three types of state 
information--membership degree, non-membership degree and hesitancy degree, which has more advantages in dealing with ambiguity and 
uncertainty information. 

At present, multi-attribute group decision-making method that is based on intuitionistic fuzzy theory has received extensive attention of 
scholars, wherein, aggregation operators that are used to aggregate group expert’s intuitionistic fuzzy information and the determination of 
attribute weight are its key research directions, related scholars have achieved fruitful results. In the aspect of information aggregation 
operator: Xu proposed intuitionistic fuzzy arithmetic average (IFAA) operator, intuitionistic fuzzy weighted arithmetic average (IFWAA) 
operator, intuitionistic fuzzy weighted geometric (IFWG) operator, intuitionistic fuzzy ordered weighted geometric (IFOWG) operator  and 
intuitionistic fuzzy hybrid geometry (IFHG) operator[2-3]; Tan and Su proposed intuitionistic fuzzy multi-attribute decision-making method 
based on induced generalized intuitionistic fuzzy ordered weighted averaging (IG-IFOWA) operator  and Choquet integral operator[4-5]; 
Xu and Yager  proposed power geometric average operator[6], He proposed the intuitionistic fuzzy weighted neutral averaging (IFWNA) 
operator and the intuitionistic fuzzy ordered weighted neutral averaging (IFOWNA) operator[7-8]; Chen  proposed intuitionistic fuzzy 
weighted geometric averaging (IFWGA) operator, the intuitionistic fuzzy ordered weighted geometric averaging (IFOWGA) operator and 
the intuitionistic fuzzy hybrid geometric averaging (IFHGA) operator for aggregating intuitionistic fuzzy values[9]; However, the above 
information aggregating operators were based on known decision expert weight or in the form of equalization expert weight, which 
excluded preference features of decision experts. These information aggregating operators may cause omission of group expert information, 
thereby affecting the rationality of group decision-making process.  

In addition, in the aspect of determining attribute weight, Behrett and Wang set up an attribute weight calculation model based on 
intuitionistic fuzzy preference relation theory[10-11]. Wei set up a linear optimization model based on the thought that dispersion between 
attribute information is the maximum to obtain the weight of attribute[12]; Jiang, Chen calculated attribute weight based on intuitionistic 
fuzzy entropy[13-14]; Qi et al. established a maximizing optimization model based on the generalized cross-entropy measure, 
simultaneously considering both of the divergence of attribute assessments from the most fuzzy number in IVIFSs and the deviation 
between attribute assessments for objectively obtaining unknown attribute weight[15]; Liu et al. proposed  an approach integrated 
statistical variance (SV) and simple additive weighting (SAW) to determine the integrated weights of the attributes [16]. The above methods 
provide a basis for calculating attribute weight under the environment of intuitionistic fuzzy information, however they mainly take 
the absolute amount of attribute information as the basis for weight allocation, the deviation degree of an attribute under different target 
information is less considered. Since attribute weight is a relative value, taking deviation information as a standard for weight allocation 
would have more practical significance and rationality. 

Based on the above analysis, this paper proposes a multi-attribute group decision-making method that is based on error propagation and 
IFPGIA operator. Contents of this paper are arranged as follows: section 2 reviewed the basic conception of intuitionistic fuzzy set and the 
algorithm of intuitionistic fuzzy number; section 3 determined the interval of intuitionistic fuzzy attribute weight by applying an error 
propagation model; a group comprehensive decision-making matrix that aggregates all decision-making information of experts is 
constructed according to the “interactive influence” thought of membership degree and non-membership degree in intuitionistic fuzzy set 
theory and by using intuitionistic fuzzy power geometric interaction averaging (IFPGIA) operator, besides, an intuitionistic fuzzy 
multi-attribute decision-making model that is based on TOPSIS method is set up; section 4 verified the validity and practicability of the 
method via analysis of numerical examples; section 5 expanded to research conclusions and future studies. 

 
2. Preliminaries 

 
In this section, a concise overview of essentials concerning intuitionistic fuzzy sets, intuitionistic fuzzy numbers and related operational 

rules is given. 

Definition 1[1] Let 1 2{ , ,..., }nX x x x=  be a non-empty set, and ( ){ , ( ), ( ) | }A AA x u x v x x X= ∈
 be an intuitionistic fuzzy set. 

Wherein, ( )Au x  and ( )Av x  are respectively membership and non-membership of element x  in Χ  belonging to A , that 

is [01]Au X →: , , [01]Av X →: , , 0 ( ) ( ) 1A Au x v x , x X≤ + ≤ ∀ ∈ . In addition, ( ) 1 ( ) ( )A A Ax u x v xπ = − −  indicates 
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hesitation degree of element x in Χ  belonging to A . In general, ( , )A µ νΑ Α= , and all intuitionistic fuzzy sets in finite universe Χ are 

denoted as ( )IFS X . 

Definition 2 [2] Let 1 11 ( , )α αα µ ν=
 and 2 22 ( , )α αα µ ν=

 be any two intuitionistic fuzzy numbers, and 0λ > , then operational 
rule of intuitionistic fuzzy number can be defined as: 

(1) 1 2 1 2 1 21 2 ( , )α α α α α αα α µ µ µ µ ν ν⊕ = + − ⋅ ⋅
; 

(2) 1 2 1 2 1 21 2 ( , )α α α α α αα α µ µ ν ν ν ν⊗ = ⋅ + − ⋅
; 

(3) 1 11 (1 (1 ) , )λ λ
α αλα µ ν= − −

; 

(4) 1 11 ( , (1 ) )λ λ λ
α αα µ ν= −

. 

Definition 3 Suppose 1 2{ , ,..., }nS S S S= is a program set to be decided by a particular multi-attribute decision making problem, 

1 2{ , ,..., }mG G G G= is an index set composed by m  attributes, 1 2{ , ,..., }lQ Q Q Q= is a decision-making group set composed 

by l decision makers. Decision maker kQ ’s attribute value under attribute jG
for program iS  is non-negative intuitionistic fuzzy number, 

denoted by
( ) ( ) ( ) ( ) ( ) ( ) ( )( , )(0 1;0 1 1k k k k k k k

ij ij ij ij ij ij ijx ,µ ν µ ν µ ν∈ ≤ ≤ ≤ ≤ + ≤ ）
, then decision matrix provided by decision maker kQ  

can be written as: 
( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )
11 12 1 11 11 12 12 1 1

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )
k) ( ) 21 22 2 21 21 22 22 2 2

( ) ( ) ( ) ( )
1 2 1

... ( ) ( ) ... ( )
( ) ( ) ( )

( ) =

(

k k k k k k k k k
m m m

k k k k k k k k k
k m m m
ij n m

k k k k
n n nm n

x x x , , ,
x x x , , ,

x x

x x x

µ ν µ ν µ ν
µ ν µ ν µ ν

µ

×

 
 
 = =
 
 
  

 

       



（

( ) ( ) ( ) ( ) ( )
1 2 2) ( ) ( )k k k k k

n n n nm nm, , ,ν µ ν µ ν

 
 
 
 
 
  

 
Since decision information provided by each decision maker is differentiated, corresponding attribute weight of each decision maker is 

also different. Suppose attribute weight of decision matrix proposed by decision maker kQ is intuitionistic fuzzy 

number
( ) ( ) ( )(k) (k) (k)( ) ( )( 1, 2,..., ), ( , )(0 1;0 1 0 + 1
k k kk k
j j jj j j j jj m ,ω ω ω ω ω ω ω ω= ∈ ≤ ≤ ≤ ≤ ≤ ≤ ）

; 

wherein 1,2,..., ; 1, 2,...,j m k l= = . 
 

 
3 Decision making method 

 
The key to solve multi-attribute group decision-making problems with unknown intuitionistic fuzzy number of attribute weight, lies in 

reasonable determination of attribute weight and effective aggregation of expert group decision-making information, which exerts direct 
influence on the reliability and validity of alternative ordering results. Different from the current methods and ideas, this paper determines 
intuitionistic fuzzy weight by introducing the classical “error propagation” model in physics field, aggregates expert group decision-making 
information according to the average operator of intuitionistic fuzzy Power geometric cross, the superiority-inferiority ordering of solutions 
is conducted via intuitionistic fuzzy TOPSIS method. 

 
3.1 Intuitionistic fuzzy attribute weight based on error propagation 

Definition 4 [17-18] Suppose direct evaluation value of a particular program is 1 2, ,..., nx x x , indirect evaluation value is y , 

continuously differentiable function between the two is expressed as 1 2( , ,..., )ny f x x x= . Suppose random error of 1 2, ,..., nx x x  

is 21, ,...,
nx x xδ δ δ

, then root mean square deviation is 21, ,...,
nx x xσ σ σ

; suppose random error of y is yδ , root mean square deviation 

is yσ
, wherein, root mean square deviation represents measurement of dispersity of random error, then general expression of random error 

propagation is: 

2 2( ) 2
1 1

n f f f
x xijy xx x x i ji i j nii i j

σ σ ρ σ σ∂ ∂ ∂= +∑ ∑∂ ∂ ∂= ≤ ≤ ≤
                       (1) 

In Eq. (1), ijρ
 is correlation coefficient, if corresponding random error ixδ  of evaluation value ix is independent, then ijρ

is 0, and 
Eq. (1) can be further simplified as: 

2 2( )
1

n f
y xxi ii

σ σ∂= ∑ ∂=                                        (2) 
In operation of error propagation equation, random error should be characterized based on root mean square deviation. Considering that 

assessment with root mean square deviation in practical issues is relatively difficult, evaluation object can be assessed based on synthetic 
composite error of limiting error (maximum error estimate). 

Thus, Eqs. (1) and (2) are equivalent to: 
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2 2( ) 2 lim limlim 1 1lim

n f f f
ij x xxx x xy i i j n i jii i j

σ σ ρ σ σ∂ ∂ ∂
= +∑ ∑

∂ ∂ ∂= ≤ ≤ ≤
                  (3) 

2 2( )
lim 1 lim

n f
xxy i ii

σ σ∂
= ∑

∂=
                                    (4) 

In Eqs.(3) and (4), limyδ  and limxδ  are respectively normally distributed limit error of random error yδ  and ixδ . 
Then we embed error propagation equation into intuitionistic fuzzy multi-attribute decision making method to solve intuitionistic fuzzy 

weight of each attribute. 

Definition 5 [19] Intuitionistic fuzzy set {( , ( ), ( ))}x x xµ νΑ ΑΑ = , denoted 

as {( , ( ),1 ( ))}x x xµ µΑ Α∆Α = − , {( ,1 ( ), ( ))}x x xν νΑ Α∇Α = − , 

then
( ) ( ) ( ) ( )poscard A card A x xµ πΑ Α= ∇ = +

; ( ) ( ) ( )neccard A card A xµΑ= ∆ = ;also
( ) [ ( ), ( )]nec poscard A card A card A∈

.For intuitionistic fuzzy set A , the form of median is defined 

as
( ( ) ( )) / 2 ( ) ( ) / 2A nec pos A Ax card A card A x xµ π= + = +

; its form of error is ( ) / 2A Ax xπ∆ = . 

For intuitionistic fuzzy decision matrix
( )kX , write it in the form of error distribution, 

( ) ( ) ( )k k kX X X= ± ∆ , wherein, 
( ) ( )[ ]k k

ij n mX x ×=
,

( ) ( )[ ]k k
ij n mX x ×∆ = ∆

; in the actual situation, 
( )k
ijx∆

 can be viewed as limiting error of 
( )k
ijx

, with normal 
distribution and weak correlation, even mutual independence. In calculation of error propagation to determine attribute weight, Eq.  (4) can 
be effectively applied. 

Conduct normalization processing of matrix
( ) ( )[ ]k k

ij n mX x ×=
and obtain standardized matrix

( ) ( )[ ]k k
ij n mF u ×=

, then equation 
corresponding to efficiency and cost attribute unit is 

( ) ( ) ( )
1

1

( )
2( ) ( )

1

/ , ,

1 1/ , ,

n
k k k

ij ij ij
i
n

k
ij k k

iij ij

u x x j N j I

u j N j I
x x

=

=


= ∀ ∈ ∈



 = ∀ ∈ ∈


∑

∑
                                (5) 

In Eq. (5), 1I is the normalization processing of efficiency attribute, 2I  is the normalization processing of cost attribute. 
To determine intuitionistic fuzzy attribute weight interval, first determine median of attribute weight, that is, attribute weight value of 

matrix
( )kX .First, calculate average attribute value of matrix

( )kF . The equation is 
( )

( )

1
, 1, 2,...,

kn
ijk

j
i

u
u j m

n=

= =∑
 

Obtain the absolute difference between attribute values and mean attribute values of each solution, and then calculate the sum of 
absolute differences of each attribute value and mean value, finally determining the median of attribute weight by comparing the sum of the 
absolute differences of each attribute and the sum of the absolute differences of all attributes, the formula is[35]: 

( ) ( ) ( ) ( ) ( )

1 1 1

ˆ /
n m n

k k k k k
j ij j ij j

i j i
u u u uω

= = =

= − −∑ ∑∑
                            (6) 

In Eq. (6), the value of 
( )ˆ k
jω

 is directly proportional to the sum of absolute differences, namely when the sum of absolute differences 

is greater, the median 
( )ˆ k
jω

 of attribute weight is also greater; otherwise smaller. 
The next step is to solve error value of weight. Calculation formula of normalization attribute value error can be obtained according to 

Eq. (4). When it is divided into efficiency and cost type according to attribute, 
22 2 2 21( ) ( ) ( ) ( ) ( ) , ( )( ) 4 1 1( )

1

n nk k k k ku x x x x l inij ij ijlj ljk l lxljl

      ∆ = ∆ + ∆ ≠∑ ∑        = = ∑  
=              (7) 

( )2

2 ( )2( )2
1 1 1( )1 , ( )( ) ( ) ( ) ( )( ) 6 2 44 1 1( 1/ )

1

k
ij

kk xx n nij ljku x l in ijk k k kk l lx x x xx ij ijlj ljljl

      ∆ ∆      ∆ = − + ≠∑ ∑     = =    ∑      =         (8) 

Unitization attribute value error
( )k
iju∆

can be obtained. Then attribute weight error value 
(
jˆ kω∆ ）

can be derived according to Eq. (4) in 
a similar way. 
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2 2
( )2 ( ) ( ) ( )2 ( ) ( ) ( )2

( ) ( ) 4 1 1 1 1 1 1

1 1

1 ( )
( )

m n n n m n
k k k k k k k

j il j ij ij j ilm n
k k l i i i l i

il j
l i

w u u u u u u l j
u u = = = = = =

= =

       ∆ = − ∆ + − ∆ ≠       
        −
∑∑ ∑ ∑ ∑∑

∑∑
(9) 

Through Eq. (6) and Eq. (9), weight interval of attribute can be obtained, that is 
( ( (ˆ ˆ , 1, 2,...,k k k
j j j j mω ω ω= ± ∆ =） ） ）

                                        (10) 

In order to make 
(k
jω ）

 meaningful, take
{ }( ( ( (ˆ ˆ ˆ ˆmax 0, ( )k k k k

j j j jω ω ω ω−∆ = −∆） ） ） ）

, thus obtaining attribute intuitionistic fuzzy 
number weight, that is  

( )(( ) ( ( ( ( (
j j j j j jˆ ˆ ˆ ˆ( , ) ,1kk k k k k k

jω ω ω ω ω ω ω∈ = −∆ − −∆） ） ） ） ） ）

                          (11) 
 

3.2 Group comprehensive decision matrix based on IFPGIA operator 
 

Upon acquiring the intuitionistic fuzzy attribute weight of each decision maker, obtain each decision maker’s weighted standardized 
decision-making matrix based on the algorithm of intuitionistic fuzzy number: 

( )((( ) ( ( (( ) ,
kkk k k k

ij n m j ijijij n m
Y y y y xω×

×
= = = ⊗ ））） ） ）

                                     (12)  
To aggregate the information of decision-making experts, a comprehensive decision-making matrix is made by introducing IFPGIA 

operator to aggregate expert information. 

Definition 6 [21] Suppose X  is a given finite domain, and , ( )A B IFS X∈ , then new multiplication and exponentiation of 
intuitionistic fuzzy set that considers interaction of membership and non-membership are respectively defined as, 

( )(1 )(1 ) (1 ( ))((1 ( )),1 (1 )(1 )A B A A A A A BA B ν ν µ ν µ ν ν ν⊗ = − − − − + − + − − −
                 (13) 

( )(1 ) (1 ( )) ,1 (1- )A A A AAλ λ λ λν µ ν ν= − − − + −
                                    (14) 

Definition 7 [21] Suppose ( 1,2,..., )iA i n=  is a set of intuitionistic fuzzy numbers, if 

1
(1 ( ))/ (1 ( ))

1 2( , ,..., )

n

i i
j

T A T A

n iIFPGIA A A A A =

+ +∑
= ⊗                                     (15) 

Then IFPGIA operator is claimed as intuitionistic fuzzy power geometric interaction average operator, wherein, 

1,
( ) ( , )

n

i i j
j j i

T A Supp A A
= ≠

= ∑
                                      (16) 

Where 
( , )i jSupp A A

 represents iα ’s support to jα
, and the following conditions are met: (1)

( , ) [0,1]i jSupp A A ∈
; 

(2)
( , ) ( , )i j j iSupp A A Supp A A=

; (3) If 
, ,i j s tA A A A<

, then 
( , ) ( , )i j s tSupp A A Supp A A>

.  

When 
( , )( 1, 2,..., ) ( )

i ii A AA i n IFS Xµ ν= = ∈
, then the average operator of intuitionistic fuzzy power geometric cross of 

( 1, 2,..., )iA i n=  has the following properties: 

1 1

1

1 2

(1 ( ))/ (1 ( )) (1 ( ))/ (1 ( ))

1 1

(1 ( ))/ (1 ( ))

1

( , ,..., )

( (1 ) (1 ( )) ,

1 (1 ) )

n n

i i i i
j j

i i i

n

i i
j

i

n

T A T A T A T A
n n

A A Ai i

T A T A
n

Ai

IFPGIA A A A

ν µ ν

ν

= =

=

+ + + +

= =

+ +

=

∑ ∑
= − − − +

∑
− −

∏ ∏

∏           (17) 

And 1 2( , ,..., ) ( )iIFPGIA A A A IFS X∈ . 
IFPGIA operator considers the difference of decision-making information of different decision makers or different decision-making 

attributes, taking which as the method for determining the weight of different decision makers or different decision-making attributes. 

Calculate assessed value support provided by different decision makers according to weighted standardization decision matrix
( )kY : 

1 2 1 2( ) ( ) ( ) ( )
1 2 1 2( , ) 1 ( , ), , 1, 2,..., ;k k k k

ij ij ij ijSupp y y d y y k k k k k= − = ≠
                      (18) 

Wherein, 
1 2( ) ( )( , )k k

ij ijd y y
is Hamming distance[22], namely, 

1 21 21 2
( ) ( )( ) ( )( ) ( ) 1( , ) ( )

2
k kk kk k

ij ij ij ijij ij
d y y y y y y= − + −

                              (19) 
Calculate assessed value provided by different decision makers to obtain assessed value support given by other decision makers, 

1 1 2

2 2 1

( ) ( ) ( )
1

1,
( ) ( , )( 1, 2,..., )

k
k k k

ij ij ij
k k k

T y Supp y y k k
= ≠

= =∑
                            (20) 

According to IFPGIA operator in Eq. (15), gather different decision makers’ information to obtain decision expert group 
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comprehensive decision matrix: 

( )( ) ,ij n m ijij n m
Y y y y×

×
= =

 
wherein, 

( ) ( ) ( ) ( )

1 1

( ) ( )

1

(1 ( ))/ (1 ( )) (1 ( ))/ (1 ( ))
( )(1) (2) ( ) ( ) ( )

1 1

(1 ( ))/ (1 ( ))
( )

1

( , ,..., ) ( (1 ) (1 ( )) ,

1 (1 ) )

k k
l s l s

ij ij ij ij
s s

k
l s

ij ij
s

T y T y T y T yk k lk l l
ij ij ij ij ij ijl l ij

T y T yk l
ijl

y IFPGIA y y y y y y

y

= =

=

+ + + +

= =

+ +

=

∑ ∑
= = − − − +

∑
− −

∏ ∏

∏  (21) 
The decision-making matrix aggregates the decision-making information of all decision makers, which is a synthesis of weighted 

attributes of each solution by all decision makers. The matrix aggregates the single decision-making information into a comprehensive group 
decision-making matrix, providing a basis for the selection of the next intuitionistic fuzzy multi-attribute optimal decision making solution. 

 
3.3 Multi-attribute fuzzy decision based on intuitionistic fuzzy TOPSIS method 

 
We introduce TOPSIS method into intuitionistic fuzzy multi-attribute decision making, obtained alternatives rank based on 

intuitionistic fuzzy TOPSIS method. 

Definition 8 [23] Suppose A and B are intuitionistic fuzzy set of given discourse domain 1 2{ , ,..., }nX x x x= , then degree of 
difference between two intuitionistic fuzzy sets can be characterized with Euclidean distance, which is 

2 2 2

1

1( , ) ( ( ) ( )) ( ( ) ( )) ( ( ) ( ))
2

n

A i B i A i B i A i B i
i

d A B x x x x x xµ µ ν ν π π
=

 = − + − + − ∑
            (22) 

Suppose intuitionistic fuzzy positive ideal solution and intuitionistic fuzzy negative ideal solution of decision expert group 

comprehensive decision matrixY is respectively: 

( )1 21 2
( , ), ( , ),..., ( , )mm

S y y y y y y+ + ++ + + +=
                                     (23) 

( )1 21 2
( , ), ( , ),..., ( , )mm

S y y y y y y− − −− − − −=
                                      (24) 

Wherein,
1max { }i nj ij

y y+
≤ ≤=

, 
+

1min { }j i n ijy y≤ ≤=
,

1min { }i nj ij
y y−

≤ ≤=
, 1max { }j i n ijy y−

≤ ≤=
. 

Calculate Euclidean distance between various alternative solution iS  and intuitionistic fuzzy positive and negative ideal solution in 
accordance formula (22), respectively, 

2 2 2

1

1( , ) ( ) ( ) ( )
2

m

i ij j ij jij j
j

d S S y y y y y y
+

++ +

=

 = − + − + −  
∑

                        (25) 

2 2 2

1

1( , ) ( ) ( ) ( )
2

m

i ij j ij jij j
j

d S S y y y y y y
−

−− −

=

 = − + − + −  
∑

                        (26) 

Wherein, 
1 ijij ij

y y y= − −
,

1 jj j
y y y
+

+ += − −
,

1 jj j
y y y
−

− −= − −
. 

The relative proximity of various programs and intuitionistic fuzzy positive ideal solution is 

 

( , )
( 1, 2,..., )

( , ) ( , )
i

i
i i

d S S
i m

d S S d S S
ξ

−

+ −= =
+                                (27) 

Thus, according to the size of ( 1, 2,..., ; [0,1])i ii mξ ξ= ∈ , obtained the ranking of alternatives in descending order. The bigger 

value of iξ , the better alternative iS . Thus the best alternative can be obtained. 
3.4 Steps based on error propagation model and IFPGIA operator 

 
To sum up the foregoing analysis process, calculation steps of intuitionistic fuzzy multi-attribute group decision making method based 

on error propagation and IFPGIA operator are as follows: 

Step 1 Convert decision matrix
( )kX  into the form of error distribution, that is, 

( ) ( ) ( )k k kX X X= ± ∆ . Conduct standardization 

process of matrix
( )kX  element, referred to as

( )kF ; 

Step 2 Determine attribute intuitionistic fuzzy weight interval 
( )(( ) ( ( ( ( (ˆ ˆ ˆ ˆ( , ) ,1kk k k k k k

j j j j j j jω ω ω ω ω ω ω∈ = −∆ − −∆） ） ） ） ） ）

according 
to Eq. (6) ~ Eq. (11); 

Step 3 Based on attribute weight
( )k
jω

 and decision matrix
( )kX , build weighted decision 

matrix
( )((( ) (( ) ,

kkk k
ij n m ijij n m

Y y y y×
×

= = ）））

 based on attribute weight according to Eq. (12); 

Step 4 Determine support
1 2( ) ( )( , )k k

ij ijSupp y y
 of assessed value provided by different decision makers with Eqs. (18) and (19); 
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calculate assessed value provided by different decision makers with Eq. (20) according to definition 6, and obtain support
1( )( )k

ijT y of 
assessed value provided by other decision makers; 

Step 5 Integrate different intuitionistic fuzzy decision information according to intuitionistic fuzzy power geometric interaction average 

operator in Eq. (15), and construct intuitionistic fuzzy group comprehensive decision matrix
( )ij n mY y ×=

; 

Step 6 Obtain positive ideal solution S +
 and negative ideal solution S −

 from alternatives based on Eqs. (23) and (24), and calculate 

Euclidean distance ( , )id S S −

and ( , )id S S +

between various alternatives iS  and intuitionistic fuzzy positive and negative ideal 
solutions according to Eqs. (25) and (26); 

Step 7 Calculate relative proximity iξ  of various alternatives and intuitionistic fuzzy ideal alternative according to Eq. (27), and 

ranking all alternatives according to value of iξ . The greater the value of iξ , the better the alternative iS . 
 

4. Analysis of numerical example 
 

Suppose a patent pool intends to seek R&D partners, five indicators will be considered: 1G is level of credibility; 2G is level of 

resource sharing; 3G is ability to resist risks; 4G  is level of quality; 5G is R&D capability. There are five alternative development 
partners for selection, with three experts to evaluate each alternative R&D partner, and thus relevant intuitionistic fuzzy decision matrices 
are obtained, as shown in Tables 1 to 3. 

Table 1 Intuitionistic fuzzy decision matrix
(1)X  provided by expert 1Q  

1Q  1G  2G  3G  4G  5G  
1S  (0.4,0.5) (0.5,0.3) (0.2,0.6) (0.4,0.4) (0.4,0.5) 

2S  (0.3,0.7) (0.3,0.3) (0.6,0.2) (0.5,0.4) (0.2,0.7) 

3S  (0.4,0.5) (0.6,0.4) (0.2,0.7) (0.5,0.3) (0.3,0.6) 

4S  (0.2,0.7) (0.3,0.6) (0.4,0.4) (0.4,0.5) (0.4,0.4) 

5S  (0.3,0.4) (0.5,0.4) (0.9,0.1) (0.3,0.7) (0.6,0.3) 
 

Table 2 Intuitionistic fuzzy decision matrix
(2)X  provided by expert 2Q  

2Q  1G  2G  3G  .. 5G  
1S  

(0.5,0.5) (0.8,0.2) (0.6,0.2) (0.7,0.2) (0.3,0.6) 

2S  
(0.5,0.4) (0.6,0.2) (0.7,0.3) (0.3,0.4) (0.1,0.7) 

3S  
(0.3,0.5) (0.2,0.7) (0.8,0.1) (0.7,0.1) (0.8,0.2) 

4S  
(0.2,0.6) (0.3,0.5) (0.5,0.5) (0.9,0.1) (0.5,0.4) 

5S  
(0.8,0.1) (0.5,0.4) (0.3,0.6) (0.4,0.3) (0.2,0.7) 

 

Table 3 Intuitionistic fuzzy decision matrix
(3)X  provided by expert 3Q  

3Q  1G  2G  3G  4G  5G  
1S  

(0.3,0.5) (0.7,0.2) (0.5,0.3) (0.5,0.4) (0.3,0.7) 

2S  
(0.3,0.6) (0.6,0.2) (0.7,0.2) (0.8,0.1) (0.4,0.5) 

3S  
(0.3,0.7) (0.4,0.4) (0.6,0.3) (0.2,0.7) (0.3,0.6) 

4S  
(0.5,0.4) (0.6,0.2) (0.4,0.6] (0.7,0.2) (0.2,0.6) 

5S  
(0.2,0.7) (0.7,0.3) (0.6,0.1) (0.7,0.3) (0.3,0.5) 

Convert the information of matrix
( )kX provided by decision makers into the form of error distribution

( ) ( ) ( )k k kX X X= ± ∆  
according to step 1. We illustrate how to convert from the information of matrix. The following introduces the specific calculation process 

by taking the decision-making matrix 
(1)X provided by decision maker 1Q  as an example. First, respectively obtain the matrix of 

intuitionistic fuzzy attribute weight medians and the matrix of intuitionistic fuzzy attribute weight errors. 

(1)

0.450 0.600 0.300 0.500 0.450
0.300 0.500 0.700 0.550 0.250
0.450 0.600 0.250 0.600 0.350
0.250 0.350 0.500 0.450 0.500
0.450 0.550 0.900 0.300 0.650

X

 
 
 
 =
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(1)

0.050 0.100 0.100 0.100 0.050
0.000 0.200 0.100 0.050 0.050
0.050 0.000 0.050 0.100 0.050
0.050 0.050 0.100 0.050 0.100
0.150 0.050 0.000 0.000 0.050

X

 
 
 
 ∆ =
 
 
    

Then conduct standardization on the elements of matrix 
(1)X , since the four indexes are all benefit-oriented indexes, the 

standardization matrix can be obtained 

(1)

0.237 0.231 0.113 0.208 0.205
0.158 0.192 0.264 0.229 0.114
0.237 0.231 0.094 0.250 0.159
0.132 0.135 0.189 0.188 0.227
0.237 0.212 0.340 0.125 0.295

F

 
 
 
 =
 
 
    

The median 
(1)ˆ jω

 of intuitionistic fuzzy attribute weight and corresponding estimated value 
(1)ˆ jω∆

 of weight error in matrix  can 

be calculated via Step 2, meanwhile, the weight medians and estimated error values of matrix 
(2)X  and matrix 

(3)X  can also be 
calculated, as shown in Table 4. 

 
Table 4 Intuitionistic fuzzy attribute weight medians and estimated error values in each decision-making matrix 

 1G  2G  3G  4G  5G  
(1)ˆ jω

 
0.18 0.12 0.34 0.15 0.21 

(1)ˆ jω∆
 

0.09 0.08 0.08 0.06 0.07 
(2)ˆ jω

 
0.18 0.21 0.17 0.14 0.30 

(2)ˆ jω∆
 

0.05 0.05 0.03 0.05 0.05 
(3)ˆ jω

 
0.22 0.11 0.18 0.32 0.16 

(3)ˆ jω∆
 

0.10 0.07 0.08 0.07 0.11 

Then, according to step 2, intuitionistic fuzzy attribute weight 
( )(( ) ( ( ( ( (ˆ ˆ ˆ ˆ( , ) ,1kk k k k k k

j j j j j j jω ω ω ω ω ω ω∈ = −∆ − −∆） ） ） ） ） ）

 can be 
determined, as shown in Table 5. 

 
Table 5 Intuitionistic fuzzy attribute weights of decision matrix 

 1G  2G  3G  4G  5G  
(1)

jω
 

(0.10,0.73) (0.04,0.79) (0.26,0.58) (0.08,0.79) (0.14,0.72) 
(2)

jω
 

(0.13,0.77) (0.16,0.74) (0.13,0.80) (0.09,0.80) (0.25,0.65) 
(3)

jω
 

(0.12,0.68) (0.04,0.82) (0.10,0.73) (0.25,0.61) (0.05,0.73) 

According to step 3, step 4 and step 5, group comprehensive decision-making matrix can be determined based on intuitionistic fuzzy 
power geometric interaction averaging (IFPGIA) operator as 

( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( )

5 5

0.05,0.86 0.05,0.84 0.06,0.83 0.07,0.83 0.05,0.88
0.04,0.89 0.04,0.84 0.10,0.79 0.07,0.83 0.03,0.89

( ) 0.04,0.89 0.03,0.90 0.07,0.84 0.05,0.85 0.07,0.85
0.03,0.89 0.03,0.88 0.07,0.86 0.08,0.82 0.06,0.84
0.05,0.8

ijY y ×= =

( ) ( ) ( ) ( ) ( )5 0.04,0.86 0.09,0.81 0.06,0.87 0.05,0.86

 
 
 
 
 
 
 
   

Upon acquiring the comprehensive group decision-making matrix that aggregates the fuzzy decision-making information of all 
decision-making experts, positive ideal solution and negative ideal solution can be obtained via Step 6. 

((0.05,0.85), (0.05,0.84), (0.10,0.79), (0.08,0.82), (0.07,0.84))S + =  
((0.03,0.89), (0.03,0.90), (0.06,0.86), (0.05,0.87), (0.03,0.89))S − =  

As well as the Euclidean distance ( , )id S S −

 and  ( , )id S S +

 of each alternative iS  and intuitionistic fuzzy positive and 
negative ideal solutions 
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1 1 2 2

3 3 4 4

5 5

( , ) 0.06; ( , ) 0.07; ( , ) 0.06; ( , ) 0.09;
( , ) 0.08; ( , ) 0.05; ( , ) 0.08; ( , ) 0.06;

( , ) 0.05; ( , ) 0.07;

d S S d S S d S S d S S
d S S d S S d S S d S S

d S S d S S

+ − + −

+ − + −

+ −

= = = =

= = = =

= =
. 

Then, relative proximity iξ of various alternative solution and intuitionistic fuzzy positive ideal solution can be determined in 
accordance with step 6 and step 7. 

1 2 3 4 5( , , , , ) (0.570,0.612,0.382,0.432,0.566)iξ ξ ξ ξ ξ ξ= =  

Thus, according to the size of iξ , ranking order of five R&D partners is 2 1 5 4 3S S S S S> > > > , and 2S is the most desirable one 
for patent pool. 

 
5. Conclusion 

 
In this paper, we have presented a novel approach for intuitionistic fuzzy multi-attribute group decision making based on error 

propagation and IFPGIA operator. an error propagation model is applied to determine the attribute weight; intuitionistic fuzzy power 
geometric interaction averaging (IFPGIA) operator is used to aggregate all the decision information; TOPSIS method is infused into the 
intuitionistic fuzzy of multi-attribute group decision-making, to determine the numerical orders of schemes. The primary contributions of 
this paper are outlined as follows: 

(1) Error propagation theory is brought into intuitionistic fuzzy multi-attribute decision-making analysis for the first time, an 
information converting model that converts intuitionistic fuzzy information of different attributes into error distribution forms is proposed. 

(2) The relative deviation of intuitionistic fuzzy information of different alternatives can be calculated by using error propagation 
model, in this way it can reflect the relativity of attribute weight allocation, facilitate intake of effective relative information difference of 
samples and enhance the accuracy of attribute weight estimation. 

(3) By using IFPGIA operators, the drawback that traditional information aggregation operators need to rely on expert weight is 
overcome, and the evaluation information difference among decision-making experts from each group can be effectively excavated. 

Our future study will extend the proposed method for multi-attribute decision-making problems with grey target theory and normal 
distribution stochastic variable. 
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Abstract. The article is written for Emergency Management to get a simple way to analysis the correlation and extent of potential risk or 
solutions of response. Through building a new coordinate system: Clock-Target Model, the degree and relativity of risk and ability of recov-
er can be understood in a visualized way. This would be quite useful for decision maker in the situation of assessment the development trend 
of risk, emergency plan design and prepare relative resource. Besides this, on this basis we also can build several new models to solve some 
practical problems in Emergency Management. In this article, we focus on the building method and basic applications. 
 
Keywords: emergency management; Clock-Target Model; degree and relativity of risk; assessment the development trend of risk; instru-
ment of decide maker; clock-target coordinate system. 

1. Introduction 
 
Emergency management (EM) is a subject with a development history of about several decades. Generally speaking, all of the known 

related models or tool bags can be classified into two kinds. One is to provide decision tools (or modes) for decision makers. They can help 
people to understand the process and mechanism of emergency events as well as the risk mechanism and then draw up corresponding strate-
gies. This type of tools or modes are usually called decision maker tool (or model) [1] which serve mainly for governmental agencies. Sev-
eral of these models are well explained some basic principles of emergency management [2]. The other one is to provide countermeasure 
tools (models) for the emergency disposal workers to deal with actual problems. These tools can help people to take precautions against the 
risks or take proper remedial measures after they occur. This kind of tool or model is usually called user tools (or models).Recent years this 
kind of model developed very fast, and those can use for many factors in emergency management, especially in the factors of natural disas-
ter response and rescue in the accident [3]. There are some basic connections between the two kinds of tools and each of them has its own 
categories and use principles. It is these principles keeps the two tools work steadily in their interactions, which in the following sections 
will not discuss. However, the recent status of this subject shows that decision maker tools and user tools develop independently and the 
only relation between them is confined to the effect mechanism of risks. Moreover, none of them can provide an intuitive tool for decision 
maker to support decision [4]. That is to say，most of the existing decision maker tool or user tools are lack of intuitive connections. With 
the development of the economy of the society，different risks occurs frequently and their interaction are also enhanced. So, a tool is re-
quired for emergency managers with the following functions: It should provide a general method or tool for managers to make the most 
reasonable decision and choose the most reasonable countermeasure tool when they encounter risks [5]. If not, it should at least help the 
people know the main risks at present and which kind of risks can be overcome with resent sources. In fact，the design of this tool is possi-
ble, which is the general emergency management model will propose in this paper, i.e., the clock-target model. 

The general model of emergency management is used to describe the risk (including dangers, crisis, and emergency events) in practice 
intuitively and reasonably under a standard frame and make the people understand of their ability to respond the risk and choose proper 
countermeasures. This model has the following applications: 

1. Evaluate the risks of a special region in a special time range. 
2. Evaluate the current abilities of emergency treatment and the corresponding plans. 
3. Represent the risk level that the emergency sources of a region can cope with in a time range intuitively. 
4. Provide risk decision-making basis figureuratively and systemically； 
5. Help to reduce the risks based on the evaluation results with this model. 
6. Can solve various problems in the emergency management practice with the derived model from this model.  
7. Evaluate the disaster quickly. 
8. Provide decision references for rescue command on spot. 
9. Help the people to design emergency treatment schemes and analysis the    corresponding costs. 
Besides the above basic functions, the applications of this model can be spread, if the parameters of the model are accurate enough and 

the construction method of the derived model is mastered. In the rest of this paper, only the implementations of first five items of the above 
are introduced. The last four items, due to their rich contents and complex methods, will be introduced in my next essay. 

 
 2.The basic elements and construction of clock-target model 
 

Clock-target mode，just as its name implies，has a diagrammatic presentation similar to a clock and a target and so it is in fact. This 
model is in nature a type of superposition model. The clock-shape graph is used to describe the correlation of risks and response measures. 
The target-shape graph is used to describe the degree of risks or the level and effect of response measures. Here, the graphs which describe 
the correlation and degree of risks are classified as a group and those describe the correlation and effect of the response measures are classi-
fied as another group. The whole model can be obtained by superposing the two groups. In the following, the basic elements and construct 
process of the model are illustrated using a simple graphic. 

 As is mentioned before, this model is used to analysis the risk and countermeasure of a region in a time range. So, a proper range 
should be selected, which includes not only administrative divisions (such as a county, a municipality, or a province), but also the related 
element range (such as the types of risks) and time range (such as a day, a month, or a year). Generally speaking, when determining these 
ranges, the exactitude of the model should be focused on. In order to make the model as accurate as possible, one should take into account 
the following three aspects: (1)minimize the range of research and investigation as much as possible; (2) Collect the related data as much as 
possible; (3) Analyze the date as specially as possible to master the develop trend. Of course，(2) and (3) may be confined to the tools and 
costs. So, the first aspect, i.e., choosing the proper range is very pivotal. It should be specially noted: The accuracy of this model is only 
determined by the application range and the ability of collecting and analyzing date. Before using it, the purpose should be clear and the 
accuracy should be confirmed, because different accuracy models have different usage. Besides，In different stages (such as risk prevention 
and reduce, preparation, response, and disaster recovery ), the construct criterions are different and their usages are not exactly the same. 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                      148.2 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/148 

 

This means that the criterions and parameters should be modified according to the actual situation. No matter how the environment changes, 
the construction method is nearly the same. The construct step is as below. 

 
 2.1 Correlation arrangement 
 

  Correlation analysis is just the construction of clock-shape graph. Usually, this graph is mainly used to evaluate the potential risks, the 
aim of which is to determine the main risk and understand the other related risks. In the process of evaluation, based on the history data，
one should sort the disasters or emergencies which happened or those did not but have great possibility to happen according to their possibil-
ity or single out the risks need to be prevent or treated and analyze them risks together with the other related risks according to the local 
situations. At first, the main risk is placed at the position of 12 o’clock (A), as shown in Figure.1. Then the other risks are sorted according 
to the local situations. The more relevant the risks to A, the closer they are. The less the relevant the risk to A, the farther they are. The least 
relevant risks are placed at the opposite ends of the clock.  

 

Figure. 1 The scheme of risk correlation 
As can be seen from Figure.1, the least relevant risk to A is placed at the position of 6 o’clock (E). As can be known from Figure.1, A 

is the most important risk. B and D are both highly relevant to A, but the relevance between them is not very high. So they are placed on 
both sides of A. Both C and F are relevant to A and the relevance between them is low, so the angle between them is nearly 180 degree. 
Here, in order to describe the relevance of the risks accurately, the expression of hour: minute: second is used. For example, risk A is ex-
pressed as 00:00:00 and it can also be expressed as 00:00 or 0 point for the case that need not the high accuracy. There are many methods 
for the analysis of correlation, including the accurate mathematical method and the generic experience method [6]. The accuracy and em-
phasis of them are different, so they are should be adopted adapting to the circumstances based on the actual situation. 

  2.2 Correlation arrangement 
 

Degree arrangement is to construct the target-shape graph. The basic way of description is just like the target used for shooting, as 
shown in Figure. 2. The rings of the target represent the degrees of the public security risks. The lower the ring, the stronger the risk degree 
it represents and the higher the response is required, which is different from the shooting target. 

 

 
Figure. 2 Scheme of target-shape graph. 

In the target-shape mode, the express of the importance of the risk is as below: the ring represents the level of risk. For instance, A1 
represents the risk with the level of 4 and C2 represents the risk with the level of 7.3。As can be seen from the above，the description accu-
racy is determined by the decimal digits. The more the digits, the more accurately the degree of the risk is described. In this model, the lager 
the value, the less the risk it represents. In the following it will explained why the model is designed like this. Besides，the risk with the 
level less than 1 is out of the target. This type of risks are called 0 level or ultimate level, which are absolutely irresistible, unable to deal 
with and devastating. However, they are still can be graded. For example, level 0.9 is quite different to level 0.1. The closer the value to 1, 
the lager the possibility of the ability response to the risk has in future and vice versa. The method for the determination of the risk is rela-
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tively simple and it can be obtained by substituting the risk level into the target-shape graph according to the current emergency plan, if high 
accuracy is not required. The accurate method requires the statistics and evaluations of mass data. 

2.3 The construction of correlation-degree coordinate system 
 
The parameters that the clock-shape graph and target-shape graph represent are s introduced respectively above, i.e., (1) the relevance 

of risk and rescue measurement and (2) the potential risk or the degree of the resistible risk. For a potential risk, it can be described using the 
correlation-degree coordination exclusively if its locations on the two coordinations are known. The form of the description is usually as 
hour:minute: second-ring number. Taking the points A1 and C2 in Figure. 2 as examples, they are expressed as A1 (00:00:00,4.0) and 
C2(02:10:00,7.4),  respectively。This is the way of the point expressed in the clock-target coordinate system (CT coordinate system). 

After understanding the description method, here begin to explain the source, meaning and usage of the point in this model. At first, 
nearly under all of the using conditions (the usages and circumstances are illustrated later), the most likely occurred risk can be seen as the 
main risk, as far as the understanding of the risk is concerned. We call it risk A. It is may be an unexpected incident or a disaster. In the 
following, we place risk A at the position of 12 o’clock in the CT coordinate system, i.e., the location of 12 o’clock represent risk A. We 
present the other risks which exist in the same time and range with A and suppose they called B, C, D and E. The relevance of these risks are 
analyzed based on calculations or statistics and then expressed in the CT coordination. Suppose the results are as shown in Figure. 3. 

 
Figure. 3 The relevance of five risks in the clock-shape model. 

It can be analyzed the severity of the risks in Figure.3 and the results are expressed with target-shape coordination. The expression 
method can refer to the risk level table in the current emergency plan which is convenient to compare different risks in the same coordinate 
system or can use the investments and economy costs. However，it should be noted that all of the risk degrees must be normalized with the 
same unit or have the same express and then can be placed into the coordinate system. Suppose the results of the degree analysis are as 
below: 

A: 3.0   B: 4.0   C: 6.0   D: 7.0    E: 5.0 
According to the rings in the target-shape graph and the arms in the clock-shape graph, we can express the above risks in the overlap of 

the two graphs, as shown in Figure. 4. Their coordinates are A1:(0:00, 3.0), B1:(02:15, 4.0), C1:(05:00, 6.0), D1:(07:10,7.0), and E1:(11:30, 
5.0). 
 

                                                        

Figure. 4 The coordinates of five risks in the clock-target model. 
Connecting the points in Figure.4 one by one, a graph is gotten as shown in Figure.5. This can be regards as a risk scheme of a region 

in some time. The larger the area of the graph, the higher the risk accumulates in this region. 
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Figure. 5 The scheme of the degree of five risks in the clock-target model 
Similarly，for the five risk A,  B, C, D, and E, if we have some resistance ability to them, these abilities also can be expressed in this 

coordinate system. Suppose that we can resist the 4-level risk (or disaster), the resistance ability (comprehensive resource, plan, and reduce 
methods) can be expressed as A2: (12:00, 4.0) in the coordinate system. In the same way, the other four risks B, C, D, and E can be ex-
pressed using the points in the graph. Suppose their coordinates are as below: B2：（02:15, 4.0）C2:（05:00, 5.0）, D2:（07:10, 5.0）E2: 
(11:30, 6.0). Now， connecting the five points with lines one by one, a graph is obtained as shown in Figure. 6. This graph is the scheme of 
resistance ability to the risks. 

 

Figure. 6 The scheme of resistance ability to the risks 
In this Figureure，the red area represents the ability to resist the known risks. In the following, the next section will introduce some 

basic applications of this coordinate system. 
 

3. The basic application of clock-target coordinate system 
 
3.1 Analysis of response ability (evaluation, prediction and check) 

 
In order to explain conveniently how this coordinate system is applied to analyze the resistance abilities to the risks, we should estab-

lish a coordinate system which is similar to those in Figure. 5 and Figure. 6 but simpler than them. For convenience, the above five risks are 
simplified to three, i.e., risks A, B and C. Suppose we have analyzed the risk correlations and degrees and show them in Figure. 7. In the 
same way, suppose we have also known the resistance ability to them and they are also shown in Figure.7. Because they belong to the same 
kind of risk, we need only compare the target coordinates of them simply. For risk A, its level is 2.0, while the corresponding resistance 
ability is 4.0. This means the resistance ability is insufficient. For risk B, the level and the corresponding resistance ability are all 5.0, which 
mean that the resistance ability can treat the risk. For risk C, its level is 6.0 and the corresponding resistance ability is 5.0, so the resistance 
ability is surplus. We connect the risk points and resistance ability points with lines one by one respectively and show this graph in Figure.7. 
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Figure 7 The comparison of the risks and the resistance ability to them 
In this graph, the blue part represents the potential risks beyond the current resistance abilities, the green part represents the potential 

risks that the current resistance ability can treat, and the yellow part represent that surplus sources and resistance abilities are put into to treat 
the related risk.  

     Figureure 7 expresses the case that we have evaluated some risk adequately and some resistance ability and it is a little ideal. How-
ever, in more cases, when evaluating the risks, no special treatment plan just after we spending manpower and material sources on the eval-
uation of the current risk construction. If the sources are prepared according to the evaluated risks, it will be another process of wasting time, 
power, and money. This will be likely to cause unnecessary waste at most of the time. Now what should be done? Let us turn to the graph. 
We have already evaluated the correlations and levels of risks A, B and C and then expressed them in the coordinate system, just as those in 
Figure.7. However, we have no special plan to resist risks A, B and C in our current resistance ability, except some related resources used to 
resist other risks. At this time, we need only investigate the correlation between the risks that we can resist and those we cannot resist tem-
porarily. Then we express the resistance ability to the other risks (supposing they are D, E, and F) in the same coordinates and obtain the 
following graph, as shown in Figure. 8. 

 

Figure. 8 The universal degree of different resistance abilities to the risks 
From this Figureure，we can see that if the correlation between the risks with resistance abilities and those without is known, we can 

substitute them into the coordinate system. Thus, we know that the current resistance abilities to risks D, E, and F may resist the risk combi-
nation  of A, B, and C (green part in Figure.8) to some extent under the perfect condition of complete deployment and utilization of them. 
Now, the additional sources required to resist the risk combination of A, B, and C are just corresponding to the blue part in Figure. 8. From 
this graph, we can derive a series of deductions on risks and resistance abilities. It has close ties with the formation and resistance conditions 
of risks and the preparation of resources. When the conditions are not perfect, the sources which resist the other risks may be ineffective in 
resisting the risks without special resistance sources.  

     As is can be clearly seen from Figure. 7 and 8, whether the current emergency plan is effect and whether the resources are well pre-
pared can be evaluated quickly by comparing the current potential risks and the corresponding resistance abilities. Besides, these Figureures 
can be used to forecast the unexpected incidents reasonably and then we can modify current measures based on this. 

 Analysis of the risk trend 
The target graph in the clock-target coordinate system provides a method to analyze the risk trend. The emergency workers usually 

classify the levels of risks. There are many methods for the classification of risk level. For nature disasters, they can be classified according 
to the level of natural phenomenon such as the grade and intensity of earthquake, or according to the influence range and the direct losses 
(such as properties and lives) caused by emergencies, such as especially important, important, a little important and general event. In this 
coordinate system, classify the risk into three grades according to the resistance ways and then subclassify them according to the time and 
type of the event, or subclassify them first and then divide them into three regions each of which can be regard as a wide grade. 

In the previous introduction of target-shape graph, here gave a reference. Except the mentioned the risks and emergencies with levels 
above 10 which need not to be resisted and those with levels below 1 which cannot be resisted, we need to classify the risks which need to 
be and can be resist into three grades. Then we subclassify each grade into three grades and the target-shape coordinate system is construct-
ed. Of course, for some specific situations such as the case that we need to analyze the special risks in some special region or that the con-
struction of the risks is simple, the target-shape coordinate system can be constructed with other classification method. Here, the range of the 
three high grades are as below: The first grade is called high grade with risk coordinate between 1 and 3.9, the second grade is called moder-
ate grade with risk coordinate between 4 and 6.9, and the third grade is called low grade with risk level between 7 and 9.9. The trivial emer-
gences with risk level above 10.0 are not considered in this coordinate system. 

In the following it could be explained why the risks is classified like this. As is mentioned at the beginning of this paper, the clock-
target model is a decision maker tool, the users of which are mainly the government agencies at all levels or the related risk management 
agencies which treat emergencies. The reason why the risks are classified into the three grades is in order to let the decision maker draw out 
the resistance measures conveniently. After the basic preparation works are finished, the resistance decisions may become simple, easy and 
effective.  

Here begin with the risks below the third grade, i.e., the trivial emergencies. What are the trivial emergencies need a definition. Some 
emergencies often occur in daily lives. The influences and losses caused by most of these emergencies are limited [7]. They can be treated 
by special departments well and need not the interference of core government departments, even including some events which happen natu-
rally (for example, some old people die in public suddenly). So, these events which need not the management of the decision maker belong 
to the most trivial emergencies in the grade classification. In the target-shape graph, their levels are larger than 10.0. 

When the risk increases a little, it then belongs to the third grade. This grade represents the emergencies and potential risks with less 
possibility. Usually, these events can be treated by their own special agencies and need not the unified command, unified resource allocation 
and response of the core government agencies (as show in Figure.9). For this kind of emergencies, the only thing the core government agen-
cies need to do is to monitor and pay attention to treatment process. The deposal formations are mostly the data processing and analysis of 
the periodical reports of the functional departments. When emergences occur mostly near 10, usually the responsibility of the decision mak-
er (senior manager) is supervision and attention.  When the coordinate is close to 7.0, the decision maker should only pay more attentions to 
the similar emergencies. And then each department should treat and response independently to the risk which belongs to its own business. 
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Once the level of the potential risks and emergencies stride over 7 and reaches the second grade, the decision maker need the unified 
command of related functional departments, prepare the resistance resources and perform the unified response treatments. For the second 
grade, the way of response treatment is quite different from the previous. It is required to evaluate the serious risks in real time and estimate 
their trends, prepare and reserve resources to resist the risks and then perform exercises according to the emergency plan or start the corre-
sponding responses to treat the emergencies rapidly after they occur. The functional agencies and departments should finish these works 
corporately under the unified command. This belongs to the domain of emergency management and emergencies disposal we usually talk 
about. 

When the level of the potential risks and emergencies stride over 7, i.e., it reaches the second grade, the deposal way of the decision 
maker will be changed. There are three main resistance methods: (1) Turn to the superior decision making agencies for help in order to 
obtain more prevention resources and treatment conditions (2) Start to transfer and protect the potential risk receptors or objects which may-
be bear disasters, in order to reduce the expected losses. (3) Mobilize resources to reduce risks aiming at the risk factors and reduce the risk 
or response levels into the second grade. 

 

Figure. 9 The scheme of the treatment grade of a risk. The ways of different grade treatments are quite different. 
Here, it should be noted additionally that for the same potential risk in some region, it level may increase gradually as time goes on. 

This process is called risk accumulation. Conversely，the process that the level of potential risk decreases gradually is called risk dissipa-
tion. When a decision maker using this model as a reference, he need only follow a principle, i.e., try to prevent the rapid accumulation of 
risk and try to make the potential risks dissipate and fall in his own controllable range (the second grade or below) using various ways eco-
nomically. This principle is founded on the cost-effectiveness principle. Briefly say, the government (decision maker) should manage and 
treat the potential risks and emergencies in the most effective way without hindering the development of economy [8]. The treatment ways, 
in general, are as below: the third grade, which need not the treatment of core government departments; the second grade, which need the 
command and coordination of the core decision making agencies; the first grade, which the core decision making agencies cannot treat inde-
pendently but reduce the risk factors into a controllable range. 

 
3.2 The evaluation of the requirement of potential resources caused by the analysis of risk trend and correlation 

 
In the previous, the concepts of risk accumulation and dissipation are introduced. However, in this coordinate system, the risk evalua-

tion represents only the state of a region in a time range. If anyone evaluate and check a risk after a time interval again, we can estimate 
roughly the degree and velocity of the variation of the risk. In a more rigorous way, we can even evaluate the curve of its variation. This 
provides a concept of daily management for the emergency manager and then the emergency management is not only “to deal with an 
emergency”. For example, when the variation of the value of a risk which is always in an accumulation state exceeds its original value to 
some extent, some measures should be performed to control it. If we compare the basic elements in a region twice and find their variations 
are large (such as population, reserved resources, and so on），we maybe need to draw up new emergency plans. If here estimate that a risk 
is dissipating, we can reduce the investments of the corresponding source reserves so that the funds and manpower are saved. In the imple-
mentation, keeping a slight surplus is enough. The biggest benefit brought by the estimation of risk trend is to integrate the daily risk man-
agement and emergency management and make the whole emergency management effective and economical.  

    Besides, risks have some correlations and so have the resistance resources [9]. In this coordinate system, the more usual resources, 
the closer they are to the center of the circle, such as medical resources. In most emergencies, medical resources are indispensable. How to 
guarantee the reasonable allocation and usage of resources in the emergency plan should be confirmed in the draft of emergency plan based 
on the analysis of the correlation of resources.  

The reason why can use this method to plan resources and prevent risk accumulation is based on a general phenomenon: (1) The higher 
the similarity of two risks, the higher the correlation between them is. (2) The higher the correlation between two risks, the more similar the 
corresponding rescue method and resource input are.(3)The way to resist a risk may be used to resist another risk with high similarity to it 
under some conditions. Or it can be said that the way to resistant a risk may have some effects in resisting another risk which is very similar 
to it. The above three items are usually verified in management practice. However, till now they can only be called a general phenomenon. 
Because the intrinsic logical relations between then are not verified in theory and there are some exceptions exist. 

However, the ways to speculate the correlated risks of a risk are various. In fact，the whole clock-target coordinate system, is a sphere 
with a risk as its radius. This sphere has infinite radii which represent infinite different risks. Any two risks is correlated in a great circle, as 
shown in Figure. 10. The reason why a plane coordinate system not the whole one is used at each time is that we cannot input all of the 
parameters to analysis the correlations and degrees of all risks at one time. The way for the establishment of this system is too complicate. If 
we process the data with mathematical methods, the calculations will be huge. Tough “the whole risk model” may have some meanings, 
it is not economical（Because the degrees of risks may change as time goes on and mass analysis are required）.So, here could simplify the 
analysis ways and systems effectively and then obtain the current clock-target coordinate system.Fe 
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Figure. 10 The scheme of the whole coordinate system. 
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Abstract. The article is written for Emergency Management to get a simple way to analysis the correlation and extent of potential risk or 
solutions of response. Through building a new coordinate system: Clock-Target Model, the degree and relativity of risk and ability of recov-
er can be understood in a visualized way. This would be quite useful for decision maker in the situation of assessment the development trend 
of risk, emergency plan design and prepare relative resource. Besides this, on this basis we also can build several new models to solve some 
practical problems in Emergency Management. In this article, we focus on the building method and basic applications. 
 
Keywords: emergency management;Clock-Target Model; degree and relativity of risk; assessment the development trend of risk;instrument 
of decide maker;clock-target coordinate system. 

1.Introduction 
 
Emergency management (EM) is a subject with a development history of about several decades. Generally speaking, all of the known 

related models or tool bags can be classified into two kinds. One is to provide decision tools (or modes) for decision makers. They can help 
people to understand the process and mechanism of emergency events as well as the risk mechanism and then draw up corresponding strate-
gies. This type of tools or modes are usually called decision maker tool (or model) [1] which serve mainly for governmental agencies. Sev-
eral of these models are well explained some basic principles of emergency management [2]. The other one is to provide countermeasure 
tools (models) for the emergency disposal workers to deal with actual problems. These tools can help people to take precautions against the 
risks or take proper remedial measures after they occur. This kind of tool or model is usually called user tools (or models).Recent years this 
kind of model developed very fast, and those can use for many factors in emergency management, especially in the factors of natural disas-
ter response and rescue in the accident [3]. There are some basic connections between the two kinds of tools and each of them has its own 
categories and use principles. It is these principles keeps the two tools work steadily in their interactions, which in the following sections 
will not discuss. However, the recent status of this subject shows that decision maker tools and user tools develop independently and the 
only relation between them is confined to the effect mechanism of risks. Moreover, none of them can provide an intuitive tool for decision 
maker to support decision [4]. That is to say，most of the existing decision maker tool or user tools are lack of intuitive connections. With 
the development of the economy of the society，different risks occurs frequently and their interaction are also enhanced. So, a tool is re-
quired for emergency managers with the following functions: It should provide a general method or tool for managers to make the most 
reasonable decision and choose the most reasonable countermeasure tool when they encounter risks [5]. If not, it should at least help the 
people know the main risks at present and which kind of risks can be overcome with resent sources. In fact，the design of this tool is possi-
ble, which is the general emergency management model will propose in this paper, i.e., the clock-target model. 

The general model of emergency management is used to describe the risk (including dangers, crisis, and emergency events) in practice 
intuitively and reasonably under a standard frame and make the people understand of their ability to respond the risk and choose proper 
countermeasures. This model has the following applications: 

1. Evaluate the risks of a special region in a special time range. 
2. Evaluate the current abilities of emergency treatment and the corresponding plans. 
3. Represent the risk level that the emergency sources of a region can cope with in a time range intuitively. 
4. Provide risk decision-making basis Figureuratively and systemically； 
5. Help to reduce the risks based on the evaluation results with this model. 
6. Can solve various problems in the emergency management practice with the derived model from this model.  
7. Evaluate the disaster quickly. 
8. Provide decision references for rescue command on spot. 
9. Help the people to design emergency treatment schemes and analysis the    corresponding costs. 
Besides the above basic functions, the applications of this model can be spread, if the parameters of the model are accurate enough and 

the construction method of the derived model is mastered. In the rest of this paper, only the implementations of first five items of the above 
are introduced. The last four items, due to their rich contents and complex methods, will be introduced in my next essay. 

 
 2.The basic elements and construction of clock-target model 
 

Clock-target mode，just as its name implies，has a diagrammatic presentation similar to a clock and a target and so it is in fact. This 
model is in nature a type of superposition model. The clock-shape graph is used to describe the correlation of risks and response measures. 
The target-shape graph is used to describe the degree of risks or the level and effect of response measures. Here, the graphs which describe 
the correlation and degree of risks are classified as a group and those describe the correlation and effect of the response measures are classi-
fied as another group. The whole model can be obtained by superposing the two groups. In the following, the basic elements and construct 
process of the model are illustrated using a simple graphic. 

 As is mentioned before, this model is used to analysis the risk and countermeasure of a region in a time range. So, a proper range 
should be selected, which includes not only administrative divisions (such as a county, a municipality, or a province), but also the related 
element range (such as the types of risks) and time range (such as a day, a month, or a year). Generally speaking, when determining these 
ranges, the exactitude of the model should be focused on. In order to make the model as accurate as possible, one should take into account 
the following three aspects: (1)minimize the range of research and investigation as much as possible; (2) Collect the related data as much as 
possible; (3) Analyze the date as specially as possible to master the develop trend. Of course，(2) and (3) may be confined to the tools and 
costs. So, the first aspect, i.e., choosing the proper range is very pivotal. It should be specially noted: The accuracy of this model is only 
determined by the application range and the ability of collecting and analyzing date. Before using it, the purpose should be clear and the 
accuracy should be confirmed, because different accuracy models have different usage. Besides，In different stages (such as risk prevention 
and reduce, preparation, response, and disaster recovery ), the construct criterions are different and their usages are not exactly the same. 
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This means that the criterions and parameters should be modified according to the actual situation. No matter how the environment changes, 
the construction method is nearly the same. The construct step is as below. 

 
 2.1 Correlation arrangement 
 

  Correlation analysis is just the construction of clock-shape graph. Usually, this graph is mainly used to evaluate the potential risks, the 
aim of which is to determine the main risk and understand the other related risks. In the process of evaluation, based on the history data，
one should sort the disasters or emergencies which happened or those did not but have great possibility to happen according to their possibil-
ity or single out the risks need to be prevent or treated and analyze them risks together with the other related risks according to the local 
situations. At first, the main risk is placed at the position of 12 o’clock (A), as shown in Figure.1. Then the other risks are sorted according 
to the local situations. The more relevant the risks to A, the closer they are. The less the relevant the risk to A, the farther they are. The least 
relevant risks are placed at the opposite ends of the clock.  

 

Figure. 1 The scheme of risk correlation 
As can be seen from Figure.1, the least relevant risk to A is placed at the position of 6 o’clock (E). As can be known from Figure.1, A 

is the most important risk. B and D are both highly relevant to A, but the relevance between them is not very high. So they are placed on 
both sides of A. Both C and F are relevant to A and the relevance between them is low, so the angle between them is nearly 180 degree. 
Here, in order to describe the relevance of the risks accurately, the expression of hour: minute: second is used. For example, risk A is ex-
pressed as 00:00:00 and it can also be expressed as 00:00 or 0 point for the case that need not the high accuracy. There are many methods 
for the analysis of correlation, including the accurate mathematical method and the generic experience method [6]. The accuracy and em-
phasis of them are different, so they are should be adopted adapting to the circumstances based on the actual situation. 

 
  2.2Correlation arrangement 
 

Degree arrangement is to construct the target-shape graph. The basic way of description is just like the target used for shooting, as 
shown in Figure. 2. The rings of the target represent the degrees of the public security risks. The lower the ring, the stronger the risk degree 
it represents and the higher the response is required, which is different from the shooting target. 

 

Figure. 2 Scheme of target-shape graph. 
In the target-shape mode, the express of the importance of the risk is as below: the ring represents the level of risk. For instance, A1 

represents the risk with the level of 4 and C2 represents the risk with the level of 7.3。As can be seen from the above，the description accu-
racy is determined by the decimal digits. The more the digits, the more accurately the degree of the risk is described. In this model, the lager 
the value, the less the risk it represents. In the following it will explained why the model is designed like this. Besides，the risk with the 
level less than 1 is out of the target. This type of risks are called 0 level or ultimate level, which are absolutely irresistible, unable to deal 
with and devastating. However, they are still can be graded. For example, level 0.9 is quite different to level 0.1. The closer the value to 1, 
the lager the possibility of the ability response to the risk has in future and vice versa. The method for the determination of the risk is rela-
tively simple and it can be obtained by substituting the risk level into the target-shape graph according to the current emergency plan, if high 
accuracy is not required. The accurate method requires the statistics and evaluations of mass data. 

 
2.3 The construction of correlation-degree coordinate system 

 
The parameters that the clock-shape graph and target-shape graph represent are s introduced respectively above, i.e., (1) the relevance 

of risk and rescue measurement and (2) the potential risk or the degree of the resistible risk. For a potential risk, it can be described using the 
correlation-degree coordination exclusively if its locations on the two coordinations are known. The form of the description is usually as 
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hour:minute:second-ring number. Taking the points A1 and C2 in Figure. 2 as examples, they are expressed as A1 (00:00:00,4.0) and 
C2(02:10:00,7.4),  respectively。This is the way of the point expressed in the clock-target coordinate system (CT coordinate system). 

After understanding the description method, here begin to explain the source, meaning and usage of the point in this model. At first, 
nearly under all of the using conditions (the usages and circumstances are illustrated later), the most likely occurred risk can be seen as the 
main risk, as far as the understanding of the risk is concerned. We call it risk A. It is may be an unexpected incident or a disaster. In the 
following, we place risk A at the position of 12 o’clock in the CT coordinate system, i.e., the location of 12 o’clock represent risk A. We 
present the other risks which exist in the same time and range with A and suppose they called B, C, D and E. The relevance of these risks are 
analyzed based on calculations or statistics and then expressed in the CT coordination. Suppose the results are as shown in Figure. 3. 

 
Figure. 3 The relevance of five risks in the clock-shape model. 

It can be analyzed the severity of the risks in Figure.3 and the results are expressed with target-shape coordination. The expression 
method can refer to the risk level table in the current emergency plan which is convenient to compare different risks in the same coordinate 
system or can use the investments and economy costs. However，it should be noted that all of the risk degrees must be normalized with the 
same unit or have the same express and then can be placed into the coordinate system. Suppose the results of the degree analysis are as 
below: 

A: 3.0   B: 4.0   C: 6.0   D: 7.0    E: 5.0 
According to the rings in the target-shape graph and the arms in the clock-shape graph, we can express the above risks in the overlap of 

the two graphs, as shown in Figure. 4. Their coordinates are A1:(0:00, 3.0), B1:(02:15, 4.0), C1:(05:00, 6.0), D1:(07:10,7.0), and E1:(11:30, 
5.0). 
 

                                                        

Figure 4 The coordinates of five risks in the clock-target model. 
Connecting the points in Figure.4 one by one, a graph is gotten as shown in Figure.5. This can be regards as a risk scheme of a region 

in some time. The larger the area of the graph, the higher the risk accumulates in this region. 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                      149.4 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/149 

 

 

Figure.5 The scheme of the degree of five risks in the clock-target model 
Similarly，for the five risk A,  B, C, D, and E, if we have some resistance ability to them, these abilities also can be expressed in this 

coordinate system. Suppose that we can resist the 4-level risk (or disaster), the resistance ability (comprehensive resource, plan, and reduce 
methods) can be expressed as A2: (12:00, 4.0) in the coordinate system. In the same way, the other four risks B, C, D, and E can be ex-
pressed using the points in the graph. Suppose their coordinates are as below: B2：（02:15, 4.0）C2:（05:00, 5.0）, D2:（07:10, 5.0）E2: 
(11:30, 6.0). Now， connecting the five points with lines one by one, a graph is obtained as shown in Figure. 6. This graph is the scheme of 
resistance ability to the risks. 

 

Figure.6 The scheme of resistance ability to the risks 
In this Figureure，the red area represents the ability to resist the known risks. In the following, the next section will introduce some 

basic applications of this coordinate system. 
 

3.The basic application of clock-target coordinate system 
 
3.1 Analysis of response ability (evaluation, prediction and check) 

 
In order to explain conveniently how this coordinate system is applied to analyze the resistance abilities to the risks, we should estab-

lish a coordinate system which is similar to those in Figure. 5 and Figure. 6 but simpler than them. For convenience, the above five risks are 
simplified to three, i.e., risks A, B and C. Suppose we have analyzed the risk correlations and degrees and show them in Figure. 7. In the 
same way, suppose we have also known the resistance ability to them and they are also shown in Figure.7. Because they belong to the same 
kind of risk, we need only compare the target coordinates of them simply. For risk A, its level is 2.0, while the corresponding resistance 
ability is 4.0. This means the resistance ability is insufficient. For risk B, the level and the corresponding resistance ability are all 5.0, which 
mean that the resistance ability can treat the risk. For risk C, its level is 6.0 and the corresponding resistance ability is 5.0, so the resistance 
ability is surplus. We connect the risk points and resistance ability points with lines one by one respectively and show this graph in Figure.7. 
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Figure.7 The comparison of the risks and the resistance ability to them 
In this graph, the blue part represents the potential risks beyond the current resistance abilities, the green part represents the potential 

risks that the current resistance ability can treat, and the yellow part represent that surplus sources and resistance abilities are put into to treat 
the related risk.  

     Figure 7 expresses the case that we have evaluated some risk adequately and some resistance ability and it is a little ideal. However, 
in more cases, when evaluating the risks, no special treatment plan just after we spending manpower and material sources on the evaluation 
of the current risk construction. If the sources are prepared according to the evaluated risks, it will be another process of wasting time, power, 
and money. This will be likely to cause unnecessary waste at most of the time. Now what should be done? Let us turn to the graph. We have 
already evaluated the correlations and levels of risks A, B and C and then expressed them in the coordinate system, just as those in Figure.7. 
However, we have no special plan to resist risks A, B and C in our current resistance ability, except some related resources used to resist 
other risks. At this time, we need only investigate the correlation between the risks that we can resist and those we cannot resist temporarily. 
Then we express the resistance ability to the other risks (supposing they are D, E, and F) in the same coordinates and obtain the following 
graph, as shown in Figure. 8. 

 

Figure.8 The universal degree of different resistance abilities to the risks 
From this Figureure，we can see that if the correlation between the risks with resistance abilities and those without is known, we can 

substitute them into the coordinate system. Thus, we know that the current resistance abilities to risks D, E, and F may resist the risk combi-
nation  of A, B, and C (green part in Figure.8) to some extent under the perfect condition of complete deployment and utilization of them. 
Now, the additional sources required to resist the risk combination of A, B, and C are just corresponding to the blue part in Figure. 8. From 
this graph, we can derive a series of deductions on risks and resistance abilities. It has close ties with the formation and resistance conditions 
of risks and the preparation of resources. When the conditions are not perfect, the sources which resist the other risks may be ineffective in 
resisting the risks without special resistance sources.  

     As is can be clearly seen from Figure. 7 and 8, whether the current emergency plan is effect and whether the resources are well pre-
pared can be evaluated quickly by comparing the current potential risks and the corresponding resistance abilities. Besides, these Figureures 
can be used to forecast the unexpected incidents reasonably and then we can modify current measures based on this. 

 Analysis of the risk trend 
The target graph in the clock-target coordinate system provides a method to analyze the risk trend. The emergency workers usually 

classify the levels of risks. There are many methods for the classification of risk level. For nature disasters, they can be classified according 
to the level of natural phenomenon such as the grade and intensity of earthquake, or according to the influence range and the direct losses 
(such as properties and lives) caused by emergencies, such as especially important, important, a little important and general event. In this 
coordinate system, classify the risk into three grades according to the resistance ways and then subclassify them according to the time and 
type of the event, or subclassify them first and then divide them into three regions each of which can be regard as a wide grade. 

In the previous introduction of target-shape graph, here gave a reference. Except the mentioned the risks and emergencies with levels 
above 10 which need not to be resisted and those with levels below 1 which cannot be resisted, we need to classify the risks which need to 
be and can be resist into three grades. Then we subclassify each grade into three grades and the target-shape coordinate system is construct-
ed. Of course, for some specific situations such as the case that we need to analyze the special risks in some special region or that the con-
struction of the risks is simple, the target-shape coordinate system can be constructed with other classification method. Here, the range of the 
three high grades are as below: The first grade is called high grade with risk coordinate between 1 and 3.9, the second grade is called moder-
ate grade with risk coordinate between 4 and 6.9, and the third grade is called low grade with risk level between 7 and 9.9. The trivial emer-
gences with risk level above 10.0 are not considered in this coordinate system. 

In the following it could be explained why the risks is classified like this. As is mentioned at the beginning of this paper, the clock-
target model is a decision maker tool, the users of which are mainly the government agencies at all levels or the related risk management 
agencies which treat emergencies. The reason why the risks are classified into the three grades is in order to let the decision maker draw out 
the resistance measures conveniently. After the basic preparation works are finished, the resistance decisions may become simple, easy and 
effective.  

Here begin with the risks below the third grade, i.e., the trivial emergencies. What are the trivial emergencies need a definition. Some 
emergencies often occur in daily lives. The influences and losses caused by most of these emergencies are limited [7]. They can be treated 
by special departments well and need not the interference of core government departments, even including some events which happen natu-
rally (for example, some old people die in public suddenly). So, these events which need not the management of the decision maker belong 
to the most trivial emergencies in the grade classification. In the target-shape graph, their levels are larger than 10.0. 

When the risk increases a little, it then belongs to the third grade. This grade represents the emergencies and potential risks with less 
possibility. Usually, these events can be treated by their own special agencies and need not the unified command, unified resource allocation 
and response of the core government agencies (as show in Figure.9). For this kind of emergencies, the only thing the core government agen-
cies need to do is to monitor and pay attention to treatment process. The deposal formations are mostly the data processing and analysis of 
the periodical reports of the functional departments. When emergences occur mostly near 10, usually the responsibility of the decision mak-
er (senior manager) is supervision and attention.  When the coordinate is close to 7.0, the decision maker should only pay more attentions to 
the similar emergencies. And then each department should treat and response independently to the risk which belongs to its own business. 
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Once the level of the potential risks and emergencies stride over 7 and reaches the second grade, the decision maker need the unified 
command of related functional departments, prepare the resistance resources and perform the unified response treatments. For the second 
grade, the way of response treatment is quite different from the previous. It is required to evaluate the serious risks in real time and estimate 
their trends, prepare and reserve resources to resist the risks and then perform exercises according to the emergency plan or start the corre-
sponding responses to treat the emergencies rapidly after they occur. The functional agencies and departments should finish these works 
corporately under the unified command. This belongs to the domain of emergency management and emergencies disposal we usually talk 
about. 

When the level of the potential risks and emergencies stride over 7, i.e., it reaches the second grade, the deposal way of the decision 
maker will be changed. There are three main resistance methods: (1) Turn to the superior decision making agencies for help in order to 
obtain more prevention resources and treatment conditions (2) Start to transfer and protect the potential risk receptors or objects which may-
be bear disasters, in order to reduce the expected losses. (3) Mobilize resources to reduce risks aiming at the risk factors and reduce the risk 
or response levels into the second grade. 

 

Figure. 9 The scheme of the treatment grade of a risk. The ways of different grade treatments are quite different. 
Here, it should be noted additionally that for the same potential risk in some region, it level may increase gradually as time goes on. 

This process is called risk accumulation. Conversely，the process that the level of potential risk decreases gradually is called risk dissipa-
tion. When a decision maker using this model as a reference, he need only follow a principle, i.e., try to prevent the rapid accumulation of 
risk and try to make the potential risks dissipate and fall in his own controllable range (the second grade or below) using various ways eco-
nomically. This principle is founded on the cost-effectiveness principle. Briefly say, the government (decision maker) should manage and 
treat the potential risks and emergencies in the most effective way without hindering the development of economy [8]. The treatment ways, 
in general, are as below: the third grade, which need not the treatment of core government departments; the second grade, which need the 
command and coordination of the core decision making agencies; the first grade, which the core decision making agencies cannot treat inde-
pendently but reduce the risk factors into a controllable range. 

 
3.2The evaluation of the requirement of potential resources caused by the analysis of risk trend and correlation 

 
In the previous, the concepts of risk accumulation and dissipation are introduced. However, in this coordinate system, the risk evalua-

tion represents only the state of a region in a time range. If anyone evaluate and check a risk after a time interval again, we can estimate 
roughly the degree and velocity of the variation of the risk. In a more rigorous way, we can even evaluate the curve of its variation. This 
provides a concept of daily management for the emergency manager and then the emergency management is not only “to deal with an 
emergency”. For example, when the variation of the value of a risk which is always in an accumulation state exceeds its original value to 
some extent, some measures should be performed to control it. If we compare the basic elements in a region twice and find their variations 
are large (such as population, reserved resources, and so on），we maybe need to draw up new emergency plans. If here estimate that a risk 
is dissipating, we can reduce the investments of the corresponding source reserves so that the funds and manpower are saved. In the imple-
mentation, keeping a slight surplus is enough. The biggest benefit brought by the estimation of risk trend is to integrate the daily risk man-
agement and emergency management and make the whole emergency management effective and economical.  

    Besides, risks have some correlations and so have the resistance resources [9]. In this coordinate system, the more usual resources, 
the closer they are to the center of the circle, such as medical resources. In most emergencies, medical resources are indispensable. How to 
guarantee the reasonable allocation and usage of resources in the emergency plan should be confirmed in the draft of emergency plan based 
on the analysis of the correlation of resources.  

The reason why can use this method to plan resources and prevent risk accumulation is based on a general phenomenon: (1) The higher 
the similarity of two risks, the higher the correlation between them is. (2) The higher the correlation between two risks, the more similar the 
corresponding rescue method and resource input are.(3)The way to resist a risk may be used to resist another risk with high similarity to it 
under some conditions. Or it can be said that the way to resistant a risk may have some effects in resisting another risk which is very similar 
to it. The above three items are usually verified in management practice. However, till now they can only be called a general phenomenon. 
Because the intrinsic logical relations between then are not verified in theory and there are some exceptions exist. 

However, the ways to speculate the correlated risks of a risk are various. In fact，the whole clock-target coordinate system, is a sphere 
with a risk as its radius. This sphere has infinite radii which represent infinite different risks. Any two risks is correlated in a great circle, as 
shown in Figure. 10. The reason why a plane coordinate system not the whole one is used at each time is that we cannot input all of the 
parameters to analysis the correlations and degrees of all risks at one time. The way for the establishment of this system is too complicate. If 
we process the data with mathematical methods, the calculations will be huge. Tough “the whole risk model” may have some meanings, 
it is not economical（Because the degrees of risks may change as time goes on and mass analysis are required）.So, here could simplify the 
analysis ways and systems effectively and then obtain the current clock-target coordinate system.Fe 
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Figure. 10 The scheme of the whole coordinate system. 
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Abstract: Based on the analysis of the structure parameters of CMAC neural network, the concept of association membership is proposed, 
and the mapping relation between quantization space and output layer is established. Thus, a novel Association Membership CMAC (AM-
CMAC) is designed and its convergence proof is given. According to the fitting and the approximation of nonlinear function and the 
industrial control that can be solved by data and experience, AM-CMAC identification implement and feedfor-ward controller are also 
designed. The simulation result shows that the generalization ability and learning accuracy are improved. And the algorithm of AM-CMAC 
is applied in the pellet grate thickness control system. The application result shows that the pellet grate speed of regulation of AM-CMAC 
algorithm is smoother, and can better track the change of raw material quantity. 
 
Keywords: CAMC; generalization ability; Association Membership; pellet grate thickness control system 
 
1. Introduction 
 

The Cerebellar Model Articulation Controller (CMAC) was first proposed by Albus [1, 2]. The learning mecha-nism of CMAC is to 
imitate the cerebellum of humanbeing with the characteristics of adjacent input matching adjacent output. The CMAC was widely concerned 
because of its local generalization ability and better conver-gence. The CMAC is a neurological model ofen used as an adaptive system for 
nonlinear controller design[3-5], identification and predictive control[6-8]. Actually, the CMAC is also referred to as an associative neurally 
net-work in which a small subset addressed by the input space determines output instantaneouly. CMAC has the ad-vantages of local 
generalization ability, rapid learning convergence and higher learning accuracy. 

Based on the conventional CMAC algorithm, the fuzzy concept is introduced to the accuracy capability by means of fuzzing input 
variables in the literature[9-11].Through this method, the learning precision of CMAC was improved. But, the algorithm about the CMAC’s 
structure parameters was not been improved. In the literature [12-15], the learning ability and generalization ability was analyzed in many 
aspects, and the focus of analysis was the influence of different quantized interval and sampling distance to generalization ability. Then, the 
design principle of structure parameters S and C was given. In the literature [16], the convergence rate of CMAC was improved by genetic 
algorithm to optimize learning. In the aspect of improvement of generalization ability, CA-CMAC was proposed in the literature [17]. In this 
literature, the times of actuation of perceptron memory cells were defined as confidence. The perceptron memory cells, which were active 
more times, would get higher confi-dence and learning weight. Based on this literature, the influence of prior knowledge and knowledge 
learning to the error of the input of CMAC, and ICA-CMAC was proposed and used in the nonlinear sliding mode fault-tolerant control in 
the literature [18]. But in engineering application, this method might have some limitations, because frequency of the perceptron be 
activated and tracking control were independent of each other. In the study of more CMAC application in the nonlinear and large dalay 
control system [19-21], the accuracy of CMAC is mainly determined by the level of the input variables. That means higher control accuracy 
requires more storage space. But in practice, The increase in storage space represents an increase in the cost of hardware. However, fewer 
quantization level would lead to the reduce of learning precision. So, the use of CAMC was re-stricted.  

In the paper, the structure parameters S and C, the learning process of CMAC and the relationship between them are researched. Then, 
a novel Association Membership CMAC(AM-CMAC) algorithm is proposed. AM-CMAC can further reflect the character of CMAC that 
analogous inputs would get an analogous output. Based on the AM-CMAC, the learning precision CMAC would be improved without 
improving the quantization level. The convergence of AM-CMAC is proved. Finally, results from experimental tests and metallurgical 
industry ap-plication carried out to validate the AM-CMAC are presented.  

The novel CMAC proposed in this paper has the following contribution: (1) The Association Membership mapping relationship 
between the structural parameters of S and C is firstly proposed in this paper. Under the condition of constant quantization level, the CMAC 
accuracy is improved greatly. (2) According to the actual situation of the system, the relationship between the target value and the 
performance index of the controller should be set up in the industrial application. (3) AM-CMAC control algorithm is first applied to the 
control sys-tem of pellet bed thickness. 

 In Section 2, the basic principle of CMAC and the analysis of structure parameters are given. In Section 3, The relational area, the 
associated membership functions and the sensitivity operators are defined, and the AM-CMAC algorithm is presented. The convergence of 
the algorithm is demonstrated. In Section 4, simulation and comparison of AM-CMAC and CMAC algorithm are given. And the application 
of AM-CMAC algorithm in the pellet chain grate machine thickness control system is given. Finally, conclusion are given in Section 5. 
 
2. Principle and Analysis of Generalization Performance of Traditional CMAC 
 
2.1 Principle of Traditional CMAC 
 

It is a nonlinear mapping relationship in input and output of CMAC, which is made of x S→ , S A→ , A y→  three mapping 

relations. And x , S , A , y are the inputs of CMAC, quantization space of input, storage space of perceptron and the output of CMAC. 

According to the CMAC network structure shown in Fig 1, x  is mapping to the quantization space of iS  ( S is divided into N subspace). 

Secondly, iS  is activated the relative perceptron of ia , 1ia + ,…, 1i Ca + −  (A is made up storage space of perceptron with 1N C+ −  

perceptron , C  is the generalization parameter). Finally, the output of the CMAC is 
1

1

N C

i j j
i

y w a
+ −

=

= ∑ , it is equal to 1 because of 

activation from ja  to 1j Ca + − , others are equal to 0. The weights of CAMC learn through gradient descent algorithm, this algorithm can be 

descripted as the following formulas: 
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2.2 Analysis of Generalization Performance of Traditional CMAC 
 
The learning process of CMAC generally has batch learning algorithm and incremental learning. Take the in-cremental learning as an 

example, the learning process is described as follows: 
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Figure. 1 Structure of CAMC 
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where   is an energy function,   is the expected output of the   sample points,   is the actual output of neural network,   is the   network 
weight of the   learning process,   is the learning rate. The   numbers of network weights are replaced by the subsequent network weights in 
the learning process. However, the actual output is covered by repeated calculations in learning process of input value of  same quantization 
space  . Therefore, the generalization of CMAC is affected. The generalization of CMAC is that non-training samples still will be given right 
response by network.  

The finer quantization the space of   division, the more accurate the network output in a conventional CMAC network training process. 
However, the quantization space  can be not arbitrarily divided, thus greatly limiting the promotion and application of CMAC Algorithm in 
practical application process. On the other hand, CMAC generalization is affected from the generalization parameter , the size of quantify 
subspace and sam-pling interval. Under the condition that the quantized subspace is smaller than the sample spacing, the adjust-ment of the 
generalization parameter C cannot improve the generalization performance of the network. 
 
3.  AM-CMAC and Its Convergence 
 
3.1 Influence of fiber type on pore pressure development 
 

Binary mapping relationship is adopted in the process that conventional CMAC quantization space maps to the perception storage 

space. The output iy  is formed in the process of A y→  mapping, activating perceptron with the same weight coefficients. That is to say, 

the outputs come to a consistent value when different inputs ix  is in the same quantization interval so that the generation is affected 

inevitably. A new associate membership AM-CMAC，(Association Membership CMAC）is proposed in the paper, changing the functional 

membership S A→ , A y→  enhances the generation ability and learning accuracy.  

Definition 1: In the CMAC neural networks, concept storage space A is mapped into a relational coordinate system which contains the 

abscissa of the inputs x  and the ordinate of membership µ instead of binary mapping. The input intervals min max[ , ]x x  are divided into 

1N C+ −  perceptron spaces with the width of δ . The interval corresponding to the relational abscissa is the relational area iΨ , 

where 1,2,...,i N= . 
 
 
 

max min

1
x x
N c

δ
−

=
+ −

                                                                                               (5) 
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max minx x
N

φ
−

=                                                                                   (6) 

The scope of the perception and generation space are definitude in the related coordinate system, establishing the mathematical 
mapping relationship among x 、 iS  and ia  as shown in figure 2.  

Definition 2: Fuzzy membership function ( )j j xλ µ=  is established in the relational coordinate system, 

where 1,2,..., 1j N C= + −  and ( )j xµ is made for the relational fuzzy membership which input x  is corresponding to ja . The 
relational membership is set to 0 when the perceptron is not activated. 

If min min
1( ) ( )
2

x j c x x jδ δ+ − ≤ < + −                                                                   

 min2 2( )= ( )
(2 1) 2 1j

xx x c j
c c

µ
δ δ

+ − −
− −

                                                            (7) 

If min min
1( ) ( )
2

x j c x x jδ δ+ − ≤ < + −                                                                              

 min2 2( )= ( 1+ )
(1-2 ) 2 1j

xx x c j
c c

µ
δ δ

+ + −
−

                                                             (8) 

If j c≤ , the perceiving space of relational fuzzy membership of ja  perceptron is min min
1( )
2

x x x j δ≤ < + − . 

If j N≥ , the perceiving space of relational fuzzy membership of ja  perceptron is min min
1( )
2

x x x j δ≤ < + − . 

The fuzzy membership function is established in the scope of the related coordinate system of ia  perceptron, forming the fuzzy 
membership for the adjacent perceptron in related space as shown in Fig. 2. 
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Fig. 2. Schematic diagram of relational fuzzy membership 
Definition 3: Sensitivity function ( )j xθ  is established in the relational space. The fuzzy membership in the activated perceptron 

is obtained by weighted calculation. 
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( )j xθ is the sensitivity which x  is respected to ja , sensitivity vectors are 1 2 1[ ( ), ( ),..., ( )]N Cx x xθ θ θ + −=Θ . 
In the relational areas, not all the perceptron are activated so that sensitivity operator is imported to modify the relationship in the 

sensors in the relational areas. The mapping relationship is modified as follows:： 
1

1

N C

i i j j
i

y w aθ
+ −

=

= ∑                                                                               (10)    

The concepts of the relational abscissa and the sensitivity scope δ  are established in the sensor storage space which is different 
with the conventional CMAC algorithm where S A→ and A y→  are established. Activated sensors, relational fuzzy membership 

and sensitivity vector are confirmed in the relational areas in the abscissa which is mapped from input ix . Then, the principle that 
adjacent inputs result the adjacent outputs is reflected to improve the generation ability and enhance the learning accuracy. The specific 
steps are as follows： 

(1) Initialization：the range of x , generation parameters N ,quantization level C  and initial vector weight W  are determined. 
The accuracy demand and hardware storage limit of the actual system are taken into consideration when selecting N . The principle 
which the adjacent sensor result in the adjacent output is taken into consideration when selecting C . The further sensor has the less 
affection on the first perceptron and 3-5 perceptron is selected generally. Meanwhile the fuzzy membership function is designed based 
on relational fuzzy function 1 1( ) ~ ( )N Cx xµ µ + − . 

(2) Select the trained sample collection of  CMAC neural networks, the principle of selecting is that each group of sample is 
selected in every generation level range, totally N  groups, which contains  ( , )i dix y  , where ix is the input, diy  is the expected 
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output, in the case that there exist large numbers of samples, the input ix  locates near the middle of related space  iΨ  as far as possible. 

(3) Forward calculation: 1~i i Ca a + −  perceptron are activated by the mapping from input ix  to iS generation level. Based on formula 

(7) and (8), relational fuzzy membership 1( ) ~ ( )i i i C ix xµ µ + −  are calculated and perceptron 1~i i Ca a + − are activated successively, 

getting the sensitivity vector 1 2 1[ ( ), ( ),..., ( )]N Cx x xθ θ θ + −=Θ . Finally, the output T
iy =ΘW of CMAC neural network in the i  

sample T
iy =ΘW  is calculated. 

(4) Reverse Learning is as same as general CMAC. It is noticed that when the controller is designed with this algorithm, the samples 
are ( , )i dix u  where diu the desired control is corresponding to ix . Output error of performance index is i di ie y y= − . Thus, ie  is 

needed to be normalized and multiplied by a factor mapped to control range, forming the new learning error 
ie  ii eβ∆ =W Θ , 

then i= + ∆W W W  or i= − ∆W W W . The increase or decrease of the weight correction depends on that the reaction control action 
in response to the output is positive effect or negative effect. 
 
3.2 The convergence proof of improved CMAC algorithm  
 

The training samples are given by ( , ), 1, 2,...,i ix y i N= , where ix  is the input which is located in the generation level of iS , iy  

is the expected output. The relational matrix ( 1)N N c× + −L   is founded by the sensitivity vector.  

=[ (1), (2),..., ( )]TNL Θ Θ Θ                                                                 (11) 

where， ( )iΘ is the relational matrix of iX ，which is a row vector  of 1 ( 1)N C× + − . The elements are 0 where the perceptron 

are located in ~ 1i i C+ −  others are 1( ) ~ ( )i i Ci iθ θ + − . 

The correction value of weights of the network is ( ) ( ) ( )l l
i ie iβ∆ =W L , the sample in   1l +  times of k  has the output: 

( ) ( ) ( )( ) ( ) ( ) ( ) ( ) ( )T l T T l T T l
dk i i ki iy k k k e j k k g eβ β= + ∆ = + = +WL W L WL L L WL                      (12) 

where ( ) ( )T
kig i k= L L  represents the relevance between k  and i  sample. Obviously, ki ikg g= . After n times learning, the 

corresponding correction value of the error of the cumulative outputs are
( )n

ii i
n

i g eβ∆ = ∑ . It is acknowledged that the output effect of 

the k sample is kig i∆ . When AM-CMAC algorithm converges, ( ) 0n
ie → ( ) 0n

i∆W → consti∆ → AM-CMAC convergence problem can 

be transitioned into convergence problem of i∆ . Written in matrix form is as following: 
G =Δ Y                                                                                              (13) 

where (g )kiG = ， , 1, 2,...,k i N= ， 1 2[ , ,..., ]T
n= ∆ ∆ ∆Δ ， 1 2[ , ,..., ]T

Ny y y=Y . Matrix G  is called the relational 

matrix with the value equal to TG = LL by the definition of kig . If the relational matrix of AM-CMAC satisfies the following 
properties，AM-CMAC must converge  based on the literature [20] . 

Property 1:  G is a real symmetric matrix with all non-negative integers’ elements. 
Property 2:  G is a positive definite matrix. 
Proof: 
Property 1 is easily got by the definition of G. Now proof the property 2. For any 1 2[ , ,..., ]Nb b b=B , 0≠B then： 

2( ) || || 0T T T TG = = = ≥B B BLL B BL BL BL                                                       14) 

1 11 1 12 2 22 1[ (1), (1), (1),..., ( )]N N N cb b b b Nµ µ µ µ × + −= ⋅ ⋅ ⋅ ⋅BL                                       (15) 

At least one element in B is not equal to 0 because of 0≠B . Besides, 0 ( ) 1ij xµ< <  so at least one element in BL is more than 0. 
Thus, the relational matrix G is a positive definite matrix. 
Based on the error correction formula of CMAC incremental learning algorithm referred in literature [20], the accumulated error 

correction formula of CMAC is that:  

  
1

( 1) ( ) ( 1) ( )

1
( )

i N
n n n n

i i i ik k ik k
k k i

y g gβ
−

+ +

= =

∆ = ∆ + − ∆ − ∆∑ ∑                                                   (16) 

Let G = + +L D U , where L  and U  are the lower triangular and upper triangular matrix without diagonal elements of G , D  is 
the diagonal matrix of G . Then (13) is written in matrix form : 

( 1) ( ) ( 1) ( )( ( ) )n n n nβ+ += + − − +Δ Δ Y LΔ D U Δ                                                        (17) 
Thus 

( 1) 1 ( ) 1( ) [(1 ) ] ( )n nβ β β β β+ − −= + − − + +Δ D U D U Δ D L Y                                          (18) 

In the formula, ( 1) ( 1) ( 1) ( 1)
1 2[ , ,..., ]n n n n

N
+ + + += ∆ ∆ ∆Δ , 1 2[ , ,..., ]T

Ny y y=Y . The convergence condition of CMAC is exactly 
Formula (19). Conclusion can be drawn that AM-CMAC convergence in the condition of incremental learning algorithm with 
0 2β< < [22]. 

 
4. Simulation Verification of AM-CMAC 
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4.1Simulation Verification of Nonlinear Function Identification 
 

To verify the approximation ability of CMAC and AM-CMAC algorithm, the function 
2(1 )5 2* *cos(2 )xy e xπ−= +  is taken 

as an example, the convergence of AM-CMAC algorithm and generalization are improved. The simulation parameters are: samples 
sampling interval and network quantization space interval are the same, generalization parameters C=3, training times is 50. Training 

samples and test samples are max min( )
0.5*

x x
N
−

 and max min( )
0.1*

x x
N
−

 as the beginning of training samples, and the step 

is max min( )x x
N
−

. 

According to the result from figure 3, if the different input mapping to the same quantization subspace in the CMAC algorithm, 
the output is the same, if the quantization level is small, the output shows the ladder type, which identification error is more likes figure 
4. However, the identification error of AM-CMAC algorithm when quantization level is 20 is smaller than CMAC when quantization 
level is 30, with the increase of quantization levels, the fitting error of identification is smaller, the results are shown in figure 3, 4 and 5. 
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Fig.3. Identification curves of CMAC and AM-CAMC when quantization level is 20 
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Fig. 4. Error curves of CMAC and AM-CAMC when quantization level is 20 
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Fig. 5. Error curves of CMAC and AM-CAMC when quantization level is 30 
In addition, the single training samples are found during the increment type of learning simulation in the CMAC algorithm and AM-

CMAC algorithm, which training error almost is 0. But actually at the end of the whole training process, it still exits the training error in the 
new input training samples, likes the simulation result of the Fig.3, 4 and 5. By analyzing the learning process, perceptron is activated once, 
which corresponding weight will be updated, so need to increase the generalization and learning accuracy. Fig.5 shows that the 
generalization ability and higher learning accuracy of CAMC are improved by AM-CAMC. 

 
4.2 Simulation Verification of CMAC and AM-CAMC Control Algorithm 
 

Expert control is widely used in engineering applications as a feed forward control method to solving the influence of dynamic 
characteristics with condition and product disturbance, and difficult industrial process that is difficult to accurate mathematical model [23]. 
As the example, the pellet grate material thickness control is researched, and the control performance of expert control, CMAC and AM-
CMAC algorithm is verified. The dynamic simplify model of the pellet grate material thickness as follows: 

 ( ) ( ) ( ) ( )2 1f v LQ t Q t t B h V tλ− = × × ×                                                              (19) 

there, 2Q  is raw ball, fQ  is returning change amount of chain grate, B is width of chain grate (m), 1Lh  is the thickness of material 
layer under the grate head of the interval (the material weight which has come in chain grate will move follow chain grate, so its thickness 
won’t be changed, the change of velocity can only change the next thickness), ( )V t  is the velocity of chain grate (m/min), ( )v tλ  is an 
influence coefficient. Choosing industrial practical data which be shown by table 1 as training samples. The change of raw pellet has been 
influence by raw material composition, water content and so on mainly. Assuming that the return of material is 48 t/h,  the fluctuation of the 
material is determined by the quality of the ball (the quantity of the ball can’t be measured, regard as disturbance). So the traditional PID 
feedback control cannot satisfied control require，to finish controlling, the feedforward control algorithm which has the function of self-
learning must be used such as self-learning control of expert or AM-CMAC. The control principle of thickness be shown in Fig 6, due to the 
difference of ball disc, the cardinal number of raw ball also be different, so it is necessary to design different controller to satisficed the 
different working condition, its feedforward control algorithm can choose expert control, CMAC or AM-CMAC. In the same condition, this 
paper simulate these three algorithm above on. It should be attention to the identification algorithm of CMAC during the learning of error 
feedback，based on the performance index of formula 1. On the other hand, during the design of controller, the sample variables of which is 
（ 2Q ， diV ）, and diV  is the ideal control variable of 2Q , the performance index of learning is 1i dL ie h h= − , and 1dLh  is central 

point of expected range of thickness, ih  is practical thickness. So ie  should be normalized and multiply it by quantization factor λ  and 

mapped to the machine speed control range. a new error of learning 
ie  is given, if  10ie > , during the correction of weights, formula 3 

should be changed to: 
1k k

i i i iw w a eλβ+ = −                                                                                  (20) 

The reason why i∆W  is selected as negative is that it needs to adjust the machine speed in the opposite direction to adjust the 

thickness to expected range. According to the mapping relationship between thickness and machine speed then λ  is 0.14. 
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Figure. 6 Principle structure of control thickness of chain grate 
 

Table 1  Industrial Practical Data 

Material weight of raw ball（t/h） 300 325 350 375 400 425 450 475 500 

Velocity（m/min） 2.4 2.9 3.1 3.4 3.5 3.6 3.8 4 4.5 

Thickness（mm） 199 180.3 184 181.7 190.1 197.6 199.6 202 189.4 

 
The simulation conditions which based on produce data are as follows: 1) according to the produce requirement, the thickness 

expectation is limited between 180~200mm; 2) Based on the first form’s produce data, regression equation (18)’s simplified model 
parameters; 3) To prove different control algorithms’ control precision conveniently, assuming raw balls’ material weight’s fluctuation 
changes according to Cosine law. Simulation results are Fig.7 and Fig. 8. The simulation result of Fig. 7 shows that although AM-
CAMC not increase quantization level, the thickness has been still limited in the expected range when raw balls production has been 
changed.  The control effects are obviously better than CMAC and expert control algorithm. When the normal CMAC quantization 
level is low, its control precision is a little worse than expert control algorithm. Moreover, the premise condition of improving the 
control accuracy of the quantization level is the corresponding learning sample. Fig.7 adapts interpolation to increase quantization level 
form 9 to 15, and its control effective doesn’t work well. In addition, the simulation results of Fig.8 shows that the pellet grate speed of 
regulation of AM-CMAC algorithm is smoother, and can better track the change of raw material quantity. 
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Fig.7 Change curves of thickness with different control strategy under the condition of changed raw ball 
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Fig.8. Change curves of velocity with different control strategy under the condition of changed caw ball 
 
5. Conclusions 
 

When the input variables are in the network mapping process, even in the same level of quantization, the correlation between adjacent 
inputs is still considered. Different weight coefficients are given at the output. It can reflect the characteristics of the CMAC algorithm 
which is close to the input. At the same time, there is no increase in the level of quantization. The generalization ability and learning 
accuracy of CMAC algorithm are improved. In addition, the AM-CMAC algorithm is used as a feedforward controller, and the relationship 
between the effect of control and output is considered in the process of feedback learning. Otherwise it will cause the learning process to 
form a positive feedback and lead to the results divergence 
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Research on the Termical Tmer System in Sports based on the Mage Digital Processing Technology 
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Abstract: In sport games, confirming the scores by former handicraft can satisfy the request. According to the provision of the International 
Athletic Federation, all the large athletics expositions request to adopt the electric terminal timer system. At present, the studying level in 
our country is still staying around the black and white. The paper applies the super-speed color linear CCD array technique to terminal timer 
system. The paper proceeds by analyzing every kind of factor which affects the picture quantity in the process of CCD collecting image. 
Therefore, the paper manages digital image processing techniques such as the filtering colorful equilibrium, histogram equalization and so 
on, so that we can get color image data with clear and high quantity 

Keywords: terminal timer in track events; collecting; image; digital image processing; CCD 

1. Introduction 

The Multiple Skills of Sports Video And Image Processing based on the Non-Interfering Analysis and assessment, which are applied
widely and developed in the modern sports science field [1]. They play an important part in helping and supporting to improve the level of 
China sports science and the competitive abilities of China excellent athletes, they are approved and supported by the most of coaches and 
athletes in the sports training practice [2]. The most critical point when choosing the system hardware are the applicability and the cost. 
Under such circumstances, a normal camera, video frequency gathering card and PC are included, which had already owned by meeting 
sponsors. So it has higher cost performance. 

2. Moving object detection and tracking

This paper has an analysis based on the current situation in which the image processing technology is used in the judgment system of
track-and-field. To meet the requirement, a new kind of judgment system based on computational vision is introduced, when sports meetings 
are held by universities or middle schools. The new system can solve the problems, such as the waste of labor, lower precision, complicated 
operation and higher cost. This paper emphasizes on the design of timing program and the image processing algorithm when the athletes 
pass by. 

In sports competitions which include race, the accuracy of the athletes' results is decided by high-precision timing and accurate locking 
in the end point. High-precision timing is very easy to achieve, but the accurate locking in the end point, has been unable to complete 
through human eye, we must use electronic camera technology. At present, the black-and-white image acquisition and score judge system 
has been developed and used in small track events in our country. The speed of judge is limited and inconvenient for transplantation. In 
large-scale tournament, the terminal timer equipments primarily made abroad. Foreign products are very expensive and not suitable for 
extensive usage. So, it is the need for the development of sports undertakings, also the needs of the market and the most important, and the 
needs of following the road of national sports science and technology to develop a terminal score judge equipment which has quick, accurate 
and convenient score judge ability and especially has China's own intellectual property rights. 

This paper applied DSP (Digital Signal Processing) processor and color linear CCD (Charge Coupled Device) image sensor to the 
acquisition of terminal image in track events and score judge system. The acquisition of terminal image in track events and pre-processing 
are carried out in-depth research. DSP as control centre of a terminal image acquisition is responsible for image storage and pretreatment. At 
the same time, DSP communicates to the master control computer via a USB (Universal Serial Bus) interface and uploads the image to it. 
The master control computer completes the judge of the athletes' scores. Color linear CCD as image sensor synchronously acquires red, 
green and blue signals and transmits to the DSP in parallel. This paper focused on the main composing, working principle and realization 
method of the terminal score judge. The article studied the influences caused by CCD functional parameter to the CCD deferent signal and 
made the precision up to I/1000 second through designing appropriate CCD drive circuit. Through the analysis of system requirements, 
selected the appropriate DSP chip and introduced for its unique performance characteristics of this study, and focused on the design and 
implementation of hardware and software for synchronization acquisition of the three-way color signal, and achieved no pixel missed 
acquisition and the fill of time sign. Trough the in-depth analysis of various factors which impact image quality in the process of acquisition 
of CCD image, proposed two methods. In hardware aspect, selected the chip which has special correlated double sampling circuit and 
Differential Amplifier to restrain the noise interference and improve Signal Noise Ratio, while in software, took various digital image 
processing techniques to improve the manifestation result. The keystone of this article was to achieve acquisition, storage and preprocessing 
of the terminal image, consequently, made pretreatment for score judge on the master control computer. It reduces the burden on the 
computer, improves obviously the speed of score judge and is ease of transplantation that image storage and pretreatment are processed on 
DSP instead of on the master computer; It makes judge more accurate using color linear CCD than using black-and-white CCD in the 
existing system. This paper also put forward the defects that exist in the current system and developing direction in the future. 

Figure 1. Coding process of I- frame and P/B- frame. 

3. Methods 

3.1. Syatem software platform 
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The system software platform is Borland C++ Builder and Visual C++. In order to guarantee the timing accuracy, the method of high-

resolution counter is adopted. The timing precision can reach a millisecond level, which is completely in line with the requirement of system 
design. 

                                                                               (1) 

Background differencing is used as the image processing algorithm when the athletes pass by which is widely used in the image 
identification. Meanwhile, the adapted background image method of withdrawing is improved as the combination of mathematical 
morphology and characteristic point registration so that the robustness is enhanced. Finally, a well-prepared and human natural judgment 
system is introduced considering by the aspect of user. 

                                                                                  (2) 

The computational vision, which the judgment system designed by this paper based on, has a high precision in both timing and the 
athlete's recognition. It also has other advantages such as low cost, convenience with system's maintaining, applicability in extensive range 
and good combinability. There is very good application value to put forward to. 

 
                                                                                           (3) 

 
3.2. Technologies of moving object dection and tracking 
 

Moving object detection and tracking is a major issue in many vision systems. At present, Compress video has been applied to science 
study, industry and agriculture manufacture, military affairs, public security, medical treatment, education domain etc. The methods of the 
traditional object tracking are processed in non-compressed video. The different methods can be classified to four groups: region-based, 
contour- and mesh-based, model-based, and feature-based. They detect and track the moving object according to the features of the color 
and shape of the moving object. Since MPEG-1 (Moving Picture Engineering Groups) and MPEG-2 standard were published in 1993 and 
1994. It has been studied that moving object is tracked under MPEG standard. Some methods were selected that the compressed data fluid 
of I frame and P frame are decompressed to become some general images, and moving object is detected and tracked under decompressed 
pictures. In order to find the shape, color and edge of the object, the method of detection and tracking moving object must complete self-
train so that obtains a sample of the tracked object. Due to the shape of the object may be changed along with the motion of the object. We 
must complete a recognition procession by the samples in all kinds of possible instance. Accordingly, as the object is located in an 
inconsistent intensity of the light, the color of object will change along with the intensity of light. These problems bring much difficult for 
tracking method. 

Table 1. Continuous fitting method 
True value Types  max min Average Variance 

0.11 tradition 0.1022 -0.0634 0.0607 0.0521 
0.11 Improvement 0.0989 -0.0562 0.0569 0.0488 
0.36 tradition 0.3633 0.3273 0.3524 0.1503 
0.36 Improvement 0.3611 0.2013 0.3234 0.,1405 
0.82 tradition 0.8289 0.6785 0.7900 0.6670 
0.82 Improvement 0.8281 0.6812 0.7864 0.6859 
0.91 tradition 0.9082 0.7539 0.8609 0.8003 
0.91 Improvement 0.9077 0.7573 0.8655 0,7914 

 
A technique was presented that a frame subtracts its neighboring frame, their residual image shows that the background of the image is 

expunged and the edge of object is reserved. This principle is based on the playing speed of the video over 25/s, the background is static; the 
displacement of moving object is very little. The shortcoming of this method can only process the background of static situation and there 
are not the interference of other object and the noise. This method has been applied on the security of traffic. For example, the camera is 
posited at the crossroad and is fixed. Here the scene and road are not changed. Moving objects are only the virtues and passengers. When 
there are not the virtue and passenger, the screen image is considered as a reference frame. After this procession has been done, the 
background is easily filtered, the edge of moving objects are reserved. 

                                                                                           (4) 

There are some things with invariableness color, and only similar color objects in the background. We set a filter template. Others color 
pixels are filtered and the image is smoothed for eliminating noise, then the remarkable color region of the image is considered as moving 
object. This method is applied to the recognition of the face. Off course, because maybe have yellow race, white or black, every color of 
skin must do self-train of the sample. The range of every color is obtained under all kinds of the light intensities. Here the face can be 
detected by the color filtering in the image. 

                                                                                                 (5) 

The motion of the object is relative to the background. It is difficult to detect moving object owing to the motion of the background. 
But there is a new method for detecting moving object, i.e. it computes the velocity of the background. According to the velocity of the 
background of the opposite direction, it can be fixed to a static background. Moving object can be detected. The disadvantage of the method 
is that the computation is very complex when the background is on a non-uniformity velocity. 

                                               (6) 

The object is composed of several color blocks. Their position can form an encoded queue. The moving object is detected by an algebra 
encode recognition. For example, the object is composed of four blocks, i.e. block A, B, C, D. Block A locates the left of block B and above 
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block C. According to order, its code is ABDC etc. This code does not change its order after the object rotates, zoom, downsizes. The 
disadvantage of this method is that it will lose the target when the color is changed. 

                                                                                  (7) 

A  video  fluid  is  composed  of  compressed  data  which  include  I(intra), P(prediction) and B(bi-prediction) frame. The data of each 
block of P frame is predicted by motion prediction and compensation from the data and motion vector of I frame. The data of each block of 
B frame is predicted by motion prediction and compensation from the data and motion vector of I and P frame or previous decompressed P 
and future decompressed P frame. The data of each block in P and B frame is obtained according to optimal block match technique. This 
procession produces correlation data between I frame and P frame, or between B frame and I, P frame. Particular, motion vector of each 
block is obtained from I or P frame. 

                                                                                 (8) 

Since features of MPEG, our paper presents a novel method that directly detects and tracks the moving object in video from MPEG 
coded data fluid. It utilizes the inherence data correlation and the features of the compress video fluid. The detection is stated by region 
growing based on motion-vector homogeneous method. Motion vectors of moving object are extracted by a designed statistics filter. This 
filter mainly processes motion vectors of the macro blocks of moving objects' boundary. Moving object is tracked according to its global 
vector. The trajectory of object is corrected by DC and partial AC coefficient of DCT. Our method can fully make use of the temporal and 
spatial correlation between I and P frame, and effectively avoid the difficult of change of shape, color and background of moving object. 
Whole procession only needs simple calculation. Experimental results demonstrate the effectiveness of this method. 

                                                                            (9) 

Precise visibility measuring of billboard advertising is a key element for the organizers and broadcasters to make cost effective their 
sport live relay. However, this activity currently is very manpower and time consuming as it is manually processed for the moment .In this 
paper we describe a technique for detection of commercial advertisement in sport TV. Based on some a priori knowledge of sport field and 
commercial advertisement, our technique makes use of fast Hough transform and text's geometry features in order to extract advertisement 
from sport TV images. The experiments show that our technique achieves more than 90% accuracy rate. 

                                                                                (10) 

In tennis match, it is a very important event that the scoreboard appears and the score is changed, score content change and 
advertisement shows describes one approach for extracting and recognizing of scoreboard in sport match. We propose one technique that 
can inspect appearance of the scoreboard and advertisement block and change of score content. Two methods are selected for defining the 
sample of scoreboard and advertisement region. The first method defines sample database by artificial operation, the second method builds 
one sample database and one potential sample database by the sample's self- training method. Some potential geometric regions are obtained 
by using a simple fast Hough arithmetic. Through block matching of binary image the potential rectangle regions are recognized and 
classified to several classes of scoreboard and advertisement. 

 
Figure 2. Inter frame coding. 

 
3.3. Digital Speckle Correlation Method 
 

Digital Speckle Correlation Method (DSCM) has been applied to an optical measurement; this correlation method is a block match 
technique of the digital image. Because the definition of the correlation function approximates Gauss distribution and it has a character of 
the single peak. At present, there are the entirety searching method, the cross searching method, the mountain climbing method for searching 
for the pixel displacement etc. According to character of the single peak of the correlation function, we select the interpolation algorithm. 
The data of the interpolation are from the neighborhood matrix of the maximum correlation coefficient. The benefit of the interpolation is 
low computational quantity and anti-noise. The gradient method processes a uniform region of original image and changed image. It found 
on a displacement field based on the difference and distortion of two regions. The character of this method is that the consuming time of 
computation is a moderate had it is very good for micro-transmutation. We introduce a gradient algorithm based on displacement of DSCM 
considering the statistical characterization of micro-region. It defines a statistical function and takes the point of maximum or minimum as 
displacement. We ameliorate the cross searching and the mountain climbing method. 

 
Figure 3. A sub block of the same color or similar color as the moving object. 
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3.4. Analysis of Table Tennis match 
 

According to professional measure, speed of spin and running of Table Tennis is the main factors to decide who can win the Table 
Tennis match and whether the match is attractive. So the quick computing result of speed of Table Tennis plays an important role for 
athletes and coaches. The evolution of colloid covered on Table Tennis racket impulse greatly the development of technique and tactics of 
Table Tennis. Manufacturers of Table Tennis racket need a valid way to test the performance of new colloid. So the thesis did correlative 
applying research. We attained the support of Tianjin 729 Sports Equipment Development Co., Ltd and we are declaring the subject of 
Olympic Games tackle key problem. 

 
Figure 4. Original scoreboard and advertisement 

Nowadays, there are still very few correlative researches of Table Tennis match combining the datum collection of the technique and 
tactics and the capture of video of Table Tennis match. 

The positions within video stream can't be sleeked quickly and automatically to analyze the technique and tactics. So we present a 
novel scheme for real-time analyzing technique and tactics using computer video technology in this thesis. It focused on video preview and 
capture, frame grabbing, and quick position seeking within video stream to analyze the technique and tactics of Table Tennis match. The 
software is developed using the technology of DirectX of source code based, VFW and video codec technology, which can operate video 
hardware device and get many kinds of video data easily and efficiently. The result shows that it is very real-time, efficient and robust. 

Currently, there are lots of methods of object detection, but it's still very few correlative applying in running Table Tennis detection. 
Low speed camera pictures and high speed camera pictures were detected separately. And the speed of Table Tennis the low speed camera 
pictures can be worked out. For the high speed camera pictures we can work out the speed, rotating speed and hitting depth of Table Tennis. 
We combine background subtraction, color matching and shape matching arithmetic to an improved detection method to detect the running 
Table Tennis, which can divide the running table tennis availably and integrally. We used formulas and methods of geometry to compute the 
speed and the depth of Table Tennis. The result indicates that it is very effective and robust. 

This paper presents a novel scheme for real-time analyzing technique and tactics of Table Tennis match using computer video 
technology and object detection technology. And a prototype system was implemented in VC++. In order to verify the applied methods 
mentioned above, lots of experiments and tests were carried out on real Table Tennis match. And the results show that the applied methods 
of the computer video technology provide a significantly assistant effect for the coach to analyze the technique and tactics of Table Tennis 
match. 

The traditional Ping-pong referee is manly rely on the people, due to the persistence of vision, the resolution of the eyes is 24HZ, 
namely the response time of the needed is 0.042s. Therefore, when the Ping-pong running at a high speed (can reach 17m/s), the effective 
response time for referee is only 0.16s. Thus, the referee can only capture to 4-5 frames so the possibility of making misjudgment is large. In 
this paper, camera frame rate can reach 60fps, which is 2.5 times of human reaction speed, so the system can obtain more track information, 
and improve the correctness and fairness of referee effectively. 

 
Figure 5. Camera coordinate system and World coordinate system. 

According to the characters of Ping-pong match, the paper analyzes the skill fields of Ping-pong referee system, and mainly focus on 
the technology of motion object detection, targets location, track prediction and referee algorithm and so on. 

The Ping-pong referee system based on image processing is researched and implemented on the basis of reading a great quantity of 
references and making a study of Ping-pong referee rules. The design is generally consisted of two parts: image processing and expert 
decision. The main content of image processing as follows: According to the thesis of Zhang's, camera calibration is taken, and camera's 
internal parameters and external parameters are obtained, and can obtain target's 3D information; The method of background difference is 
used to detect moving targets, combined with updating background image in time to improve the accuracy of detection; Combining the 
background difference theory with the information of color and shape feature, and use morphology filter to remove the noise, this paper has 
realized the recognition of ping-pong. And the experiment results prove that this method is effective; The state function model of the flying 
up phase and flying down phase of ping-pong and the motion model of the bounce process of ball are builded up, based on which the paper 
can predict the motion trace of the ball by Kaman filter. The predicting results can reduce the search  range  of  ping-pong  recognition,  and  
can  provide  basis  for  the  analysis of characteristics of the track. Data interpolation is used to smooth 3D curves data. Referee expert 
module designed by the theory of expert system, takes the characteristics of ping-pong track as input, uses finite automata theory to describe 
the ping-gong referee rules, and verifies the correctness of the module. 

Digital video is a serial of images constituted by frames, which contains rich information. With the improvements of the capabilities of 
computing and the technology of digital image processing, it has been the focus of researching to abstract the images from every frame and 
acquire useful information after analyzing and processing. So the technology to achieve this goal is called visual tracking. It is a new 
researching area that introduces the technology of visual tracking to physical training to enhance the training efficiency and science. The 
machine vision has better accuracy and memory than human eyes, so it can catch fast moving objects training and record the moving 
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statistics which provide a more concrete form effects. In the area of contemporary sports, we can track the moving to judge the objects and 
analyze the conditions and features of the video by the technology of visual tracking, so as to assist the sports training. 

 
Figure 6. Sketch of Ping-pong flight path 

A good moving objects tracking and detecting algorithm plays a very important role in the whole visual tracking system. It needs 
appropriate methods of detecting and tracking objects in ground of different applications. This issue presents a new method of tracking the 
moving ping-pang ball which mainly studies a algorithm of object detecting and tracking according to the video of table tennis matches, 
finally it applies the digital image processing to the studies and analyses of ball sporting. 

 
Figure 7. Simulation model of table tennis singles referee system. 

Algorithms decomposed every frame from the AVI video, and analyze every frame. Then it analyzes the center of the ball by the 
method of centric, and gets the 3D coordinates by the algorithm of binocular matching to track the ping-pang ball. During the process it 
firstly reduces the impacts of noise by filtering, and then it eliminates the background disturbance of the match. During the process of image 
abstracting and partition, the region-growing is used to avoid plenty of computing and increase the accuracy of recognition. It proposed a 
algorithm of artificial mutual selection at the first frame and automatic searching at the rest frames during the process of the selection of 
seed. The principle of region-growing is also determined on the concern of every kind of features of color images. 
 
4. Conclusion 
 

This paper discusses the theory precision of the quadratic interpolation and the gradient method from mathematics theory. And we 
ameliorate their formula from discrete integer aspect. The experiments show that the computational results of new formula are more stable 
than general method. The variance of computational result of new method decreases 0.5%-20%.The experiments show that the 
computational results of the new formula are more stability than the general method. These methods will be able to effectively apply to the 
industry measurement. 
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Abstract: The university-industry cooperative innovation project can generate economic benefits and social benefits. It has formed perfect 
methods for economic benefit, but it is difficult for social benefits evaluation and measurement. This paper introduced the Contingent 
Valuation Method (CVM) to quantify the social benefit of university-industry cooperative innovation. Firstly, on the base of the basic 
principle and the existing research of CVM, this paper expounded the feasibility of use CVM to evaluate the social benefits of university-
industry cooperative innovation project from three aspects. Then, it redesigned the questionnaire and took a specific project as example to 
quantify its social benefits with CVM, and pointed out the attentions should be paid in the application. This paper finds that the crowd-
funding is an acceptable way to raise the willingness to pay of respondents. In addition, the study verifies the validity and reliability of the 
method by using the Logistic regression analysis to the WTP and respondent’s social economic variables, so explains the usability of CVM 
in the evaluation of the social benefit of technological innovation project. 
 
Keywords: University-Industry cooperative innovation; Contingent Valuation Method; Social benefits; Quantitative evaluation 
 
1. Introduction 
 

University-Industry(UI) cooperative innovation is the cooperation that the enterprises, universities and scientific research institutes 
input innovation resources according to their respective advantages for technological innovation activities.  

Derek thought the UI cooperative innovation is a kind of cooperation between different organizations and the purpose is resource 
advantage complementation (Derek 2003). Etzkowitz et al. proposed the measure research of government - University-Industry (GUI) 
partnership and establish the GUI triple helical structure focus on measuring GUI partnership. They proposed GUI triple helix algorithm 
which created a quantitative model and method for the study on the relationship among GUI (Etzkowitz 2000).  

The premise of UI cooperation is the benefits maximization of each part on the base of common interest realization. The UI cooperative 
innovation can generate diverse form of benefits, the benefits have different value to participate parts and should use reasonable tolerance 
method to make them measurable. So how to measure benefits generated in the process of cooperative innovation is the base of revenue 
sharing. Jarzabek proposed that benefit of the enterprises is to apply the research achievements to the product process, the benefit of the 
university is the feedback from the enterprise application so it can conduct further research and keep consistent with enterprise’s 
needs(Jarzabek 2011).By comparing of three UI cooperative research centers, Constance found the tangible benefit is the training of 
professional personnel, the intangible benefit is mainly new knowledge, new ideas and the decision supports(Constance 2012). 

The performance evaluation of the UI cooperative innovation activities is an important means to divide and measure the benefit, and 
the relative researchers have paid attention to the elements which affecting cooperation success and validity. Siegel et al. studied the effect 
of technology transfer offices in the university to the UI cooperative innovation (Siegel 2003). Toshihiro explored the positive impact of the 
intermediary institutions in the research collaboration (Toshihiro 2008) , Este and Antonio put forward the research on the influence of 
absorptive capacity, technology association, organization culture, mutual trust, established cooperation relationship and experience to the 
efficiency of UI cooperation(Este 2010, Antonio 2011 ). Constance lists 42 indicators to measure benefits of enterprise, government and 
university (Constance 2012).  

Although the above research has made some achievements, but they don’t classify the benefits of UI cooperative innovation and there 
is no quantitative research on social benefits especially. This is not conducive to the comprehensive quantification of UI cooperative 
innovation benefits and the formation of benefits distribution scheme satisfied to each participates.  

In view of the above problems, this paper improves the traditional Contingent Valuation Method (CVM) on its basic principles so as to 
evaluate the social benefits of UI cooperative innovation quantitatively. CVM was proposed by Wantrup firstly(Wantrup 1947), and until 
1963, the scholars began practical application and systematic theoretical study about this method. Davis used this method in the research of 
benefits of forest camping, hunting in Maine state, the main contribution was that he did a lot of work for CVM technique successful 
execution, and he compared the evaluation results of CVM with Travel Cost Method(TCM), and found they were consistent basically(Davis 
1963).Then the researchers gradually realize that the public environment has the two kinds of non-use value including choice of value and 
existence value, which is an important part of the total economic value of environmental resources. Due to the traditional evaluation method 
can’t estimate the non-use value, so as the only method that can be able to assess the non-use value, CVM is soon widely used in 
environmental value assessment and environmental cost effectiveness analysis(Mitchell 1989).After that CVM became the mainstream 
method of non-use value assessment in the developed countries, and the United States government recognized it as authority method of the 
non -use value assessment. In the use of CVM for social benefits evaluation, Sergio chose experimental method and CVM to analyze the 
social benefits of reduce soil and water loss in Andalusia Spain (Sergio 2006) .Salvador used CVM to analyze the social benefits of the 
restoration of water quality in the context of the EU Water Framework Directive, by comparing the Willingness to Pay (WTP) and 
Willingness to Accept(WTA), he found that the policy is popular with the public(Salvador 2009) .Wei-Yew Chang used the method to 
measure the social benefits of controlling the outbreak of the two kinds of forest pests (Wei-Yew Chang 2011). Byung-Soo Kim using CVM 
to measure the indirect benefits of sewage pipeline maintenance, in order to solve the reliability problem of transforming environmental 
value into economic benefits, he redesigned the questionnaire and verified the results by the respondents answer mechanism(Byung-
Soo Kim 2013).Sang-Kyeong Lee et al. used WTP to measure whether the citizens in the digital city of South Korea were willing to pay the 
cost to make up the city operation cost, through the measurement they found that the total amount of WTP can meet 90% of the city's 
operating costs(Sang-Kyeong Lee 2015). In the social benefit evaluation about public health service, Mataria studied the WTP for medical 
quality improvement of the Palestinian’s patients, the estimated value was $8.24 dollars (Mataria 2005).Brouwerd et al. studied the pay 
willingness of four countries residents to reduce the health risk(Brouwerd 2005).Greenberg et al. used this method to studied the New 
Zealand patients’ WTP for coronary artery, he found that when the cure rate was about 10%, the WTP was $273 and when the cure rate was 
about 30% the payment was $1162(Greenberg 2004). 

By literature review, the author find that the CVM is an important method for social benefits evaluation, although various biases caused 
by the limitations of the CVM is the main reason for scholars have skeptical attitude. But it can improve the reliability and credibility of the 
results through the design of questionnaire, statistical data analysis and test the results. The UI cooperative innovation achievement has 
certain social benefits, such as the competitive position of enterprises, enterprises and academic research reputation etc., but the current 
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study for the covered is less, the author believes that lack of feasible methods is the main reason. The author thinks that the social benefits of 
the innovation achievement is similar to the non-market value of public goods, so CVM can be used to solve this problem.  

 
2. Economics principle of CVM method 

 
CVM is a market simulation method, its core is investigating and consulting the people’s WTP or WTA on the ecosystem service 

function, and use the WTP or WTA to express the economic value of ecosystem service function(Ouyang 1999). The CVM is developed 
from the western economics, and the most important economic thought of it is the utility, that is the satisfaction of the goods to the 
consumer. Individual consumer has preferences for all kinds of goods  in the market, as well as environmental comfort. The consumers' 
utility function is effected by the goods exchanged in the market x , public goods q , personal preferences s  and random error ε , 
consumers try to obtain maximum utility  ( , )Max u x q  under the constraint of their disposable income and the price of goods, the constraint 

condition is i ip x y≤∑ .  

Assumed p and y  unchanged, some public goods or services changed from 0q  to 1q , the individual utility function changed from 
0 0( , , )U V p q y=  to 1 1( , , )U V p q y= corresponding. In order to maintain constant of utility, individuals have to pay money or receive 

compensation ,that is  

0 1( , , ) ( , , )            (1)V p q y c V p q y± =  c is the individual’s WTP or WTA that CVM want to get from the respondents. 
 

2.1 Random utility maximization principle 
 

Hanemann introduced the Random Utility Maximization (RUM) principle into the single boundary CVM firstly, thus laid the 
foundation of the economics of CVM(Hanemann 1984). Hanemann believed that the discrete response of the respondents to the two fraction 
core valuation problem is the consumer's personal utility maximization process in essence. 

Assume that the individual utility of consumers U  is the function of state of natural resources q , the individual income y  and social 

economic information characteristics s , the random termε , so ( , , )U V q y s ε= + , ε obey the Webb distribution.  

The proposed projects will make resource state changed from 0q to 1q , and the  consumer expect to maintain the welfare level 
unchanged by adjusting the income  corresponding.      

Assuming the adjustment policies is improve, the respondents decide whether to pay the amount A that random selected by the 
investigators. Due to utility U is strictly monotone increasing function of personal income y . 

If the respondents accepted A , according to the RUM theory, the difference of effective is positive 0U∆ ≥ ,that means  

1 1 0 0( , , ) ( , , )              (2)V q y A s V q y A sε ε− + ≥ − +  
The probability of respondents accepted the of random selection can be expressed as: 

1 0
1 0(accept ) { ( , , ) ( , , ) }         (3)p A p V q y A s V q y A sε ε= − + ≥ − +  

Formula (3) can be changed by the equivalence of Hicks equivalent surplus conception: 

1 01 0(accept ) { ( , , ) ( , , ) }           (4)p A p V q y E s V q y E sε ε= − + = − +  
The equivalent surplus 

0 1( , , )E E q q y s=  is the WTP of respondents 
 

2.2 Distribution function model of consumer preference 
 

Due to the amount A  that the respondents are willing to pay is selected from sequence similar to demand curve in advance by the 
investigators randomly, using statistical methods can analyze a large number of binary data so as to obtain the quantitative relationship 
between A and the probability of respondents choosing A . 

According to the difference of the utility function, it can define 
1 0( , , ) ( , , )V V q y s V q y s∆ = − as identified item, also can define 

1 0ε ε ε∆ = −  as random item, ( )F Vε ∆  is the distribution function of random variable ε ,so the probability of the respondent's acceptance is 
(  ) { 0} { } ( )         (5)p accept A p V p V F Vεε ε= ∆ − ≥ = ∆ ≥ = ∆  

 Bishop et al. proposed Adhoc logarithmic model(Bishop 1981) to represent the difference of utility function lnV Aα β∆ = − , then the 
probability of the respondents to accept A  can be expressed as:  

1(  ) [1 ( ln )]           (6)p accept A Aα β −= + − +  
Hanemann proposed to use V Aα β∆ = −  to indicate the difference of utility function (Hanemann 1984), so the probability of the 

respondents to accept A  can be expressed as: 
1(  ) [1 exp( )]          (7)p accept A Aα β −= + − +  

It can be deformation into Logit model that is more commonly used in CVM as : 
(  )ln[ ]              (8)

1 (  )
p accept A A

p accept A
α β= −

−  
α  is constant item and β  is the seeking coefficient.  
 

3. Feasibility analysis of CVM applied to the analysis of the social benefits of the UI cooperative innovation  
 
Because the diversity of cooperation form and content of the UI cooperative innovation, it lead to the diversity of innovation 

achievement. The benefits can be divided into economic benefits, social benefits and knowledge benefits overall. The economic benefits 
refer to the acquirement of the output value greater than the input value. The knowledge benefits and social benefits belong to the intangible 
value, they are immaterial and have no products of labor for exchange. The knowledge benefits include patents, knowledge talents training, 
knowledge accumulation etc. 
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The object of this paper is the social benefits of the UI cooperative innovation process, including the reputation improvement of the 
participate , promoting the development of related industries, employment increasing, technological progress, and so on. For technological 
innovation, its social benefit is mainly from the technology itself but not the products formed though the technology. Therefor this paper 
treats technology as public products to evaluate its social benefits, and the economic benefits that the enterprise obtained come from the 
sales of product formed by the technology.Before using CVM to evaluate the social benefit, this paper explains the applicability of this 
method from three aspects as following. 

 
3.1 The public characteristic of innovative technology  
 

The theory basic of CVM is concept of public goods, it is a non-exclusive and non-competitive resources, that means as long as a 
public goods supplied, then the marginal cost of one more person using the public goods is zero and no one will be excluded from the enjoy 
scope.The UI cooperative innovation will form new product ultimately, but its essence is the formation of innovative technology, and 
technological achievements in accordance with the characteristics of non-competitive and non-exclusive. Also in terms of some kind of 
technology, the non-use value accounts for the larger proportion in the whole value, such as a company's reputation and competitive position. 
The value does not have the actual trading "market", so it is difficult to use traditional mechanism of market price method to measure it. The 
CVM is a market simulation method in essence, its core is investigating the willing to pay or compensation of interviewee about the 
technology or service. The WTP or willing to compensation can be used to represent economic value, so the method can be used to evaluate 
the social benefits of UI cooperative innovation achievements. 

 
3.2 The external characteristics of innovative technology 
 

The investment benefits of UI cooperative innovation technology can be measured by the direct economic indicators such as 
investment recovery period or the profit acquired. It also need to pay attention that the benefit of technology innovation often represented as 
the improvement of the service object revenue, which means the benefits are reflected as indirect benefits or social benefits, including the 
loss without the application of the technology.The external effects are the beneficial or detrimental effects of investment on other producers 
or consumers. Applications such as an environmental protection technology developing degradation environmentally friendly products, 
enterprises can obtain economic benefits through the sale of products, the consumers can use the product and they can obtain the social 
benefits brought by environment improve and protection at the same time.For the new technology or services, its effectiveness should be the 
willingness of consumers to pay, rather than just the sum of their actual payments. The currency as unified measurement unit is used to 
measure the benefit by the WTP, so the total benefits can be superimposed, and can maintain objectivity. 

 
3.3 Economic welfare characteristics of innovative technology 
 

After the cooperative innovation achievements transformed into goods, the goal will be profit maximum. But the beneficiary of the 
achievement is not only the participates involved but also the local residents and economic. Therefore, the social welfare in the cooperation 
innovation should be given full consideration and should combine welfare of residents improvement with the national economy growth 
closely.Therefore, the achievements of UI cooperative innovation technology have dual-attribute of use value and non-use value. Use value 
can satisfy people's needs and can be expressed by currency, non-value effect also known as existence value, it does exist with the 
innovation project but cannot be obtained currently and value expressed by currency directly. To the achievement of UI cooperative 
innovation both have use value and non-use value, CVM is good method can not only evaluate the social benefits, but also can make 
consumers and investors understand the social benefits provided by the technology project, so as to improve the WTP.  

 
4. The application of CVM in the evaluation of the social benefit UI cooperative innovation  

 
This paper selects a drinking water purification of the cooperative technology innovation project as research object. The main purpose 

of the project is to improve the quality of water purification, reduce the cost of supplies. The project lasts for three years, and it is in the pilot 
stag. In this context, in order to evaluate the social benefits of the project, provide basis for the benefits distribution, this paper use CVM 
method for social benefits evaluation. 

The questionnaire design is a very important part in the six stages. A well designed questionnaire plays a vital role in the following 
investigation, analysis and test. According to the principle of NOAA and the experience of questionnaire design, combined with the actual 
situation of this research project, the author designs the questionnaire. The questionnaire consists of five parts: the first part is introduction, 
the purpose of this part is to introduce the realized way and main method of the technology, what effect will generated to the regional 
society and environment if the technology can’t be achieved. The second part mainly discusses the overall impression and evaluation of the 
respondents to the technique innovation and cognition to the technology; the third part investigates the WTP of the respondents for the non-
use value of the technology. The willingness is the largest amount of money that respondents willing to pay in order to make the technology 
and the service continues to exist. There should be noted that the amount of money defined is not the money paid to buy products, but 
consumer’s willingness to acquire the services provided by technique. The fourth part survey respondent’s basic demographic characteristics, 
such as the respondent’s gender, age, place of residence, taught education level, occupation, income and other. The fifth part is questionnaire 
understood situation of respondents, this part mainly used in the pre survey. This paper will focus on third parts, that is, how to determine 
the WTP of respondents.  

Respondent’s WTP is the core valuation of the questionnaire, which consists of four parts, including the guide format selection, 
payment method, the determination of the tender amount, and the reminder part design. Guide format selection is the format of questionnaire 
and the format of questions asked. What kind of guiding technology or questionnaire format chose to export respondent’s WTP and WTA is 
an important part of CVM research. 

According to the recommendations of the CVM senior Committee of NOAA and the characteristics of the research, this paper uses the 
payment choice question format as the question format in the pre survey. On the basis of this, aimed at the problem of   determining the 
problem of WTP difficultly when the respondents facing unfamiliar question, the paper uses two fraction questionnaire in the formal 
investigation. 

The core valuation issues in the formal survey are shown in Table 1. 
 

Table 1. The core valuation problem and description of the two fraction questionnaire 
Core valuation problem Illustration 

If the current water quality improvement technology innovation 
projects lack of financial support, are you willing to raise the project 

with the form of crowd-funding? 

Voting problem 
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If you choose zero, please explain your reasons: Reasons for zero WTP 

In the next 3 years, would you like to give ___yuan from your income 
as a water quality upgrade technology fund monthly, do you think it is 

acceptable? 
□Yes    □No 

Answer the valuation question in the 
form of  two fractions to 

 
 

Thank you for your participation, you will get a bottle of pure water Excitation mechanism 
 
The survey aimed at a specific area of the resident people, there are 153.2 thousand households in the family, the population is 396.7 

thousand in this region. Using questionnaires, telephone surveys, interviews and other forms of investigation, 1000 copies of the 
questionnaire were sent out, 898 pieces were recovered remove invalid questionnaires, the effective rate is 89.8%. The willing to pay for 
water quality improvement accounted for 67.3% and the ratio not willing to pay was 32.7%. The reasons why the respondents did not wish 
to pay was mainly including they thought water quality improvement is the responsibility of local government, income limits, satisfied with 
the water quality. 

Table 2. Basic information of questionnaire recovery 
Number 

of 
question

naires 

Effective 
question

naire 

Effective 
rate 

Positive P 
number 

Zero P 
number 

Reason of zero P 

1000 898 89.8% 604 294 govern
ment 

respons
ibility 

inco
me 

satisfac
tion 

Other 

153 72 49 20 
  

Table 3 Bidding statistics 
Bidding point 5 10 15 20 25 

Number 200 200 200 200 200 
Consent number 185 112 75 67 59 

Disagree 
number 

15 88 125 133 141 

Consent rate (%) 92.5 56 37.5 33.5 29.5 
Disagree rate (%) 7.5 44 62.5 66.5 70.5 

 
The WTP depends on the payment ability of the respondents, and the payment ability is related to the individual social and economic 

information variables. So this paper take age( ax ), education level( ex ), personal income monthly( ix ), numbers of the family member 

( nx )and the number of bids( bx )as the explanatory variable, the average payment willingness model get from Logit model can be used: 

0
(  )ln[ ]          (9)

1 (  )
Tp accept A A AX

p accept A
= +

−  

    
Then using the maximum likelihood estimation method to process the survey data and conduct Logistics regression. The estimated 

values and regression results are shown in Table 4. 
 

Table 4. The estimated values and regression results 
Explanatory 

variable 
 

Regression 
coefficient 

 

Standard deviation Coefficient test value 
(Wald) 

Significant level 

 
-0.677 0.076 5.376 0.003 

 
0.152 0.087 4.765 0.012 

 
0.088 0.053 7.875 0.034 

 
0.132 0.044 3.667 0.053 

 
0.728 0.054 4.498 0.004 

 
1.765 1.820 25.768 0.000 

 

( )
5 200 1

0
1

1 exp / 5   (10)i b A b
i

Alnx R dx
−

=

 + − −   
 
∑∫

 
Using Formula (10) to calculate average WTP,  is the regression coefficients of the independent variables and multiply their mean 

values and add the constant term. The result is 8.767.  
Analyzing the result on Table 3,the following conclusions can be found: 
(1) The relationship between the four individual social and economic factors and WTP is significant, which affects the WTP for the 

respondents in different degrees. 
(2) The estimated coefficient for the number of bids is negative, which indicates that the greater the number of bids, the smaller the 

probability of answering "yes", the estimated coefficient of income is positive, which indicates that the higher the income, the greater the 
possibility of answering "yes". 
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(3)The explaining variables  were significant correlation with the regression equation, which means people have positive WTP 
to improve water quality no matter there are different in income and cultural level, different groups of people raise awareness of the social 
benefits of drinking water quality. 

(4)  is positively to WTP show that the adults who have parents and children paid more attention to water quality improvement. 
Using -2LL (43.765), Cox&SnellR2 (0.754), NagelkerkeR2 (0.596) to test the correlation strength between the independent variables 

and dependent variables, the author found that the regression model fit the actual value highly. 
Then multiplying the number of WTP and the number of urban residents in this area, the social benefit of this technology innovation is 

about 3477.9 thousand yuan. The cooperative innovation participates are satisfied with the result and the result can reflect the social benefits 
of the technical projects. 

 
5. Matters should be paid attention to in CVM application   

 
5.1 Define the social benefits of technological innovation projects clearly 
 

CVM is used to evaluate the social benefits of public services, the content of its social impact is more determined, so it is easier to 
design a questionnaire and determine the core valuation issues. But the social impact of the innovation project is more implicit, so the social 
impact and the influence of the innovation project should be considered in order to make its social benefits clearly. At the same time, the 
foundation of the social benefit of the innovation project is the core technology, and it is easy to mix with economic benefits. Therefore, the 
two kinds of benefits should be separated in the introduction section of the questionnaire to help the respondents understand the research 
background and content of the project, understand the social benefits and influence of the technology project better.  

 
5.2 Describe the situation of technology innovation project fully 
 

Good situation description is the basis of the questionnaire, so it is necessary to describe the core technology application situation of the 
technology innovation project fully. There could provide more detailed information about the project such as picture of core technology, 
developing process to help respondents to finish the questionnaires. In the description of the situation of technical innovation project, the 
implementation period should be considered, the length of time will directly affect the WTP, the longer implementation period will make the 
payment reduced. At the same time, the reference standard and target standard of the project’s social impact should be clear. When the 
respondents compared the reference standard, they thought the target standard was feasibly to avoid illusion. 

 
5.3 Adjust the content of the questionnaire according to the characteristics of the project 
 

Unlike public projects, technological innovation projects have different social impact and social benefits due to the difference of social 
problems they solved and technology they used. Therefore, the questionnaire should be fully adjusted according to the project characteristics 
in the design of the questionnaire. For example, the payment method should accord with the actual situation and be able to accept by the 
respondents, it can use the form of crowd-funding to make it familiar. 

When determining the scope of WTP, it should consider the per capita income situation, technical project research and development 
investment, understanding of the respondents to the technology and the number of tender amount in general about 10. Due to the time limit 
for the payment of strategy will lead to deviation of WTA, the innovation project development cycle and technology life cycle should be 
considered, and should explain it to the respondents. 
 
6. Conclusion 
 

CVM is an effective method for assessing the social benefits of public goods, it uses the principle of utility maximization to get WTP 
or WTA of public goods or service by direct questioning investigation. This paper conducts this method to quantification evaluation of UI 
cooperative innovation, analyzes the economics principle of CVM and the characters of UI cooperative innovation, discusses the 
applicability of the method. This study adopts the general steps of CVM, designs questionnaire of a drinking water purification technology 
innovation project on the base of existing research, and conduct questionnaire survey in a specific region. Then this paper uses the statistical 
analysis software to analyze the average WTP of the respondents, employs logistic and linear regression analysis to the WTP and 
respondent’s personal social economic variables. On the base of the analysis, effective and reliability test are conducted to prove the 
availability of the method used in the evaluation of social benefit of technology innovation project. Finally, some problems that should be 
paid attention to in the application of the method are presented. 

This paper puts forward a method to evaluate the social benefits of the UI cooperative innovation project. Although it is proved that this 
method is feasible in theory, but it is still worth to be further improved of the application of constructing "imaginary market". How to 
separate the social benefits and economic benefits of the project to influence on respondents, the order of question arrangement and accurate 
valuation of the core is the future research should be focused on. In addition, the statistical standards of using this method to UI cooperative 
innovation evaluation and how to quantify the social benefits of the participates are the following question should research further. 
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Abstract: Partner selection is an important prerequisite for the development of University-Industry collaborative innovation, and the key 
problem of partners selection is the conflict between different decision-making attributes and the quantitative problems of different types of 
decision-making indicators. This paper uses VIKOR method to solve the problem of attributes conflicting and realize the coordination of the 
attributes, at the same time, uses fuzzy to characterize the index values so as to provide effective representation tool for the decision of 
preference information. On the base of method research, this paper gives an example to illustrate the effectiveness and feasibility of this 
method. 
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1. Introduction 
 

As a cross-organization cooperation model linking science innovation and technology commercialization, University-Industry 
collaborative innovation has become an important form of scientific and technological innovation. Research of the University-Industry 
collaborative innovation has different perspective and focus, the existing research mainly focuses on cooperative innovation dynamic 
mechanism and optimization; problems and countermeasures of regional cooperative innovation; mode, influence factor and mechanism of 
University-Industry collaborative innovation etc. Cooperative innovation is cross-organization cooperation, the participants have different 
cooperation motivation and chosen preference, lead to change of investment and cooperation will. So how to select partners accurately is the 
key to the formation of contract and cooperation implementation. Gu Xingyan established the ability coupled map of cooperative innovation 
partner selection from the ability needed through the process of cooperation, proposed the cooperative innovation partner selection method 
based on ability heterogeneous [1]. Zhang Lin studied the mechanism of cooperative innovation partner selection by establishing asymmetric 
information game model [2].Li Baizhou etc. took the innovation factors and partners’ willingness into account to the path analysis of 
enterprise partner selection, they used the structural equation model and multi group structural equation model to conduct empirical analysis 
for the selection of university partner in enterprise original innovation [3]. 

At the same time, the scholars have also carried out research on the partner selection of other forms of cooperation, and have achieved 
abundant research results. Cummings used four key criteria including task, learning, cooperation and risk to verify the importance of 
knowledge complementation in partner selection process based on the survey of more than 200 league managers [4]. Ghosh proposed 
specific selection decisions from the aspect of the types of partner, focused on the horizontal relationship in the university-industry 
collaborative innovation and the vertical relationship of suppliers and customers, found appropriate standards of partner selection from 
different cooperation relation [5].Yu Jintian found that knowledge sharing, mutual compatibility, subject’s ability, cooperation commitment 
are the key elements of innovation partner selection in the technology alliance [6]. Hao Bin reorganized the chief theoretical perspectives, 
viewpoints and conclusions from the aspects of knowledge matching, relationship interaction, strategic synergy and institution 
embeddedness systematically. Lin Xiangyi proposed the fuzzy multi attribute decision making method based on the VIKOR method for the 
selection of the members of the virtual scientific research team in the universities. Jiang Kang set up a mathematical model to solve the 
problem of partner selection in the large-scale network manufacturing alliance, and introduced the genetic algorithm and fuzzy decision 
theory to propose a partner selection algorithm in stages. Han Guoyuan combined the particle swarm optimization algorithm with the 
improved TOPSIS method, and proposed a new method of multi attribute decision making for finite schemes. You Daming combined the 
characteristics of breakthrough technological innovation with the principle of innovation partner selection, built the innovation partner 
selection evaluation indicator system from three aspects including complementarity, compatibility and commitment of innovation capability 
and resource. Wei Huai’an studied the principle and process of collaborative Innovation center partners and designed the collaborative 
innovation center partner selection mechanism diagram. Sun Xiaoming proposed the countermeasures to solve the problem of innovation 
partner selection and improve the performance of innovation by using the theory of innovation network. 

By summarizing the research result, the author find that the partners selection is an important content of cooperation activities, and it is 
a prerequisite for subsequent cooperation. But the existing research is aiming at solving the partner selection of technology alliance, 
enterprise alliance, collaborative innovation, university-industry collaborative innovation is a special form of collaborative innovation, it has 
special in the partnership property, so the decision indicator and decision making method on the partners selection has certain research value. 
The partner selection of university-industry collaborative innovation can be studied from two aspects, one is enterprises select research 
institutes and another is research institutes select enterprises. The enterprises play a dominant role in the cooperative innovation process, 
have decisive effect to carry out cooperative innovation, so this paper studies the strategy of enterprises' selection mainly. 

 
2. Indicator system establishment of selecting research institutes 
 

The main motive of enterprises and research institutions participating in cooperation is to span the interval of using the application 
technology to resolve the practical problems. The enterprises can obtain new technology from research institutions in practical application 
and the research institutions can understand the status of practical application development and the existing problems from the enterprises so 
as to providing realistic basis for the future research. The enterprises choose the research institutions have relevant background and 
conditions according to the knowledge resources and technical ability, complement and integrate the resources to solve practical problems. 

The indicator system is basic condition of decision-making activities, based on the existing research results, combined with expert 
interview, this paper constructs the research institutes selection indicator system of cooperative innovation as shown in Table 1 according to 
the characteristics of university-industry collaborative innovation. In the indicators, the technical advanced degree has conflict with price of 
service, price of service has conflict with service persistence, so the indicators are not easy to realize at the same time. And the cooperative 
innovation partner selection is group decision, thus the problem meets the working conditions of the use of VIKOR method. 

 
Table 1. Research institutes selection indicator system of university-industry collaborative innovation 
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Primary  indicator Secondary indicator Indicator source 

Knowledge matching Knowledge heterogeneity literature [1][14][5] 

Knowledge complementation literature[15][16] 

Technical level Personnel skills literature[17][18] 

Technical advanced degrees literature[19] 

Technical adaptation degree literature[20][21] 

Service level Service price literature[22] 

Service continuity literature[23] 

Cooperation experience Cooperation satisfaction literature[24][25] 

Cooperation willingness literature[3] 

Cooperation model literature[26][27][28] 

Revenue distribution Intellectual property rights literature[29] [30] 

Economic income distribution 
ratio 

literature[23][31][32][33] 

 
2.1 Knowledge matching 
 

Acquiring knowledge resources and the forming new knowledge resources is the main potential purpose of cooperative innovation, 
although the participants of university-industry collaborative innovation have their own quality knowledge resources, but the quality is not 
equal to the resources matching. Therefore, the knowledge resources matching or not is the main basis for the partner selection. The 
knowledge resource matching includes two aspects: knowledge heterogeneity and knowledge complementation. Firstly, knowledge 
resources from different organizational are heterogeneous, and form their own competitive advantage, the existence of heterogeneity makes 
it possible for the transfer of knowledge and technology to create new competitive advantages, so the intensity of knowledge heterogeneity 
will affect the partner selection. Secondly, the complementary knowledge can help enterprises to realize the knowledge integration and re 
creation, the stronger knowledge complementarity can raise the make it absorptive capacity of both sides, thus enhance the value creation of 
cooperative innovation. 

 
2.2 Technical level 
 

The main motivation for enterprises to cooperate with research institutions is solving practical problems of enterprises and helping 
enterprises to create benefits with the aid of technical ability of research institutions, so the technical level of research institutions is the 
standard of selection. 

The key technology of the research institute is generally mastered by the main technical personnel, so the technical level of the 
personnel participating in the cooperative innovation determines the innovation contribution that the research institute can provide. Long-
term technical achievements of research institutions is the important resource for research institutions, if the achievements can't adapt to the 
needs of enterprise innovation, enterprise will not cooperate with the research institutions, and advanced level of technical achievements can 
affect the choice of enterprise to a certain extent. Therefore, the advanced degree of research institute and accordance degree to the 
enterprise's need are important indicators to judge whether a partner meets the requirements of the enterprise. 

 
2.3 Service level 
 

Technical service is the main mode of cooperative innovation, enterprises play leading role in the university-industry collaborative 
innovation process, so the service level of research institutes as technology provider has a certain impact on the choice of the enterprise. The 
research institution obtains research funding from the enterprise, it is the recognition and rewards of cooperative contribution, the enterprise 
should consider whether the technical service price can match the expected results of cooperative innovation, so the technical service price is 
one of the standard of enterprises choice. The university-industry collaborative innovation has time span, the persistent of technical service 
provided by the research institute can influence the effect of cooperative innovation, strong  persistent of service performance has impact on 
the choice of enterprises. 

 
2.4 Cooperation experience 
 

There are differences of conditions and results according to different modes of cooperation, the risk and revenue of participants are 
diversity, the enterprises will choose the cooperation mode that is more conducive to the realization and protection of their own interests. 
Whether the enterprise participated in cooperative innovation and cooperation experience will have impact on choice of the enterprise, when 
enterprise face the research institutes which have had good cooperation experience, its cooperation willingness will have tendency , thus 
affect the choice of enterprise. The degree of understanding, trust and communication will eventually form willingness to cooperate, as 
selected objects, the positive degree of willingness to cooperate of research will inevitably influence the choice of enterprises. 

 
2.5 Revenue distribution 
 

How to deal with the revenue generated by the cooperation is the most concerned problem of participants, the university-industry 
collaborative innovation will not only generate economic benefits, but also the non economic benefits such as intellectual property, so the 
revenue distribution contract satisfied to the parties is an important indicator of cooperative innovation partner selection. The content of the 
revenue distribution contract includes time span and allocation proportion of, the signature and order of intellectual property etc., whether 
the research institute can accept the proportion of economic benefits and the signaturepower of results provided by the enterprise will 
determine the choice of enterprise directly. 
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3. The procedure of research institutions selection in university-industry collaborative innovation based on the fuzzy VIKOR 
method  
 

The VIKOR is a multiple attribute decision method proposed by Opricovic to compromise in the complex system, which is based on 
the ideal point method [34]. The basic principle of VIKOR is to determine the positive ideal point and negative ideal point firstly, and then 
confirm the priority of the schemes according to the approach degree of the evaluation value of alternatives to the ideal scheme, the method 
can obtain the compromise feasible solution which is closest to the ideal solution [35]. VIKOR method solve the problem of multi attribute 
conflict, achieve the mutual concessions between attributes, can maximize the group effect and make the compromise solution can be 
accepted by the decision makers. 

In the research institutions selection of university-industry collaborative innovation, the understanding and judgment of decision 
makers have different preference and are difficult to measure, so it is difficult to obtain the indicator data accurately. It can use the fuzzy set 
theory to represent the fuzzy indicator can solve the problem better, this paper combines the fuzzy set theory with VIKOR method to form 
preference solution of real situations, so as to make decision about research institutions selection, and the Lp-metric aggregate function is 
used to construct the VIKOR method [35]. 

1/
* *

1
( ) / ( )                       (1 ; 1,2,...., )               (1)

pn p
pj i i ij i i

i
L w f f f f p j J−

=

  = − − ≤ ≤ +∞ =   
∑

 
The specific steps used in this paper are as following. 
Step 1.Determine the alternative research institutions, decision-making indicators and enterprise decision-making expert team. Suppose 

there are m  alternative research institutions, using ( 1,2,...., )iA i m=  to express, there are p  decision-making indicators, using 
( 1,2,...., )jC j p=  to express and there are n  decision experts, using ( 1,2,...., )kE k n=  to express. 

Step 2.Select and describe language variables 
 

 
Figure 1. The trapezoidal fuzzy number 

 

 
Figure 2. The corresponding relationship between linguistic assessment information and trapezoidal fuzzy numbers 

 
Linguistic variables are used to determine the weights of the decision indicators and the evaluation values of different research 

institutions under different indicators. X  is a subset of the set of real numbers R , { }1 2, ,.... nX x x x= ,and the fuzzy set of X  is an ordered 

sequence of numbers
( )( ){ }, |aa x x x Xµ= ∈

, ( ) [ ]: 0,1a x Xµ → is the membership function. So a  is the trapezoidal fuzzy number using 
( )1 2 3 4, , ,a a a a  to represent it, its membership function is ( )a xµ

 as shown in Formula 2 and Figure 1. 
 
This paper changes the evaluation information in the form of linguistic information into trapezoidal fuzzy number and divides linguistic 

variable into 7 grades such as VL, L, ML, M, MH, H, VH, the corresponding relationship between language evaluation information and 
trapezia fuzzy number as shown in Figure 2 and Table 2. 

Step 3.Calculating the fuzzy average weight of the decision indicators 

( ) ( )
1

1 1,2,....,                                   2
n

j jk
k

w w j p
n =

 = = 
 
∑ 

 
1 2, ,...., pW w w w =  



   , jw in Formula 3.2 is the fuzzy mean value of decision indicator j  expressed by the trapezoidal fuzzy number, jkw  is 

the evaluation value of expert k  to j . 
 

Table 2. The corresponding between linguistic assessment information and trapezoidal fuzzy numbers 
Importance degree trapezoidal fuzzy numbers 

Symbolic representation Language representation 

VL Very unimportant (0,0,0.1,0.2) 

L Unimportant (0.1,0.2,0.2,0.3) 

ML Less important (0.2,0.3,0.4,0.5) 

M Meddling (0.4,0.5,0.5,0.6) 

MH More important (0.5,0.6,0.7,0.8) 
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H Important (0.7,0.8,0.8,0.9) 

VH Very important (0.8,0.9,1.0,1.0) 

 
Step 4. Calculating the fuzzy evaluation of alternative research institutions 

The fuzzy mean value of alternative research institution i  under indicator j  can be expressed as ijx
. 

( ) ( )
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1 1,2,....,                       3
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∑ 

 
Step 5. Structuring fuzzy matrix 
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Step 6. Defuzzification 
This paper uses area center method (COA) [36] to fuzzy decision matrix: 
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Step 7. Determining the positive ideal solution
*
jf and the negative ideal solution jf −

[37] 
( ) ( )
( ) ( )

* max 1,2,....,                                   6

min 1,2,....,                                   7
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Step 8.Calculating the maximum group effect iS and the minimum individual regret value iR  
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Step 9.Calculating the comprehensive score alternative research institutions, making final decision according to the comprehensive 

value. iQ is the comprehensive value of research institute i , v is the coefficient of decision making mechanism. 
( ) ( ) ( )( ) ( ) ( )* * * */ 1 /                             10i i

iQ v S S S S v R R R R− −= − − + − − −  
If 0.5v > that means majority of decision makers have preference to the scheme, the final decision should be made according to the 

majority decision maker; if 0.5v = that means the decision makers' attitude is basically the same, the final decision should be made 
according to the agreed conditions; if 0.5v < that means the majority of decision makers hold a negative attitude, the final decision should be 
made according the situation of denying. 

Step 10. Determining the optimal scheme 
Sorting the alternatives according to the value of S , R and Q  in ascending order. If the following two conditions can be satisfied, the 

scheme which has the minimize Q  is the compromised optimal scheme. 

Conditions 1: the appropriate advantage
1 2 1/ 1Q Q p− ≥ − . The 

1Q  and 
2Q  are the first and second alternative according to the value of 

Q  ascending. 
Conditions 2: the appropriate decision stability. The research institutes 

1Q  must meet the need of the first position according to the 
value of S or R  ascending. 

If one of the conditions is not satisfied, then the compromised scheme can be get only. If the condition 2 is not satisfied, the set 

contains 
1Q  and 

2Q ; if the condition 1 is not satisfied, the set contains 
1 2, ,.... mQ Q Q ,the maximum value of m  determined by 

1 1/ 1mQ Q p− < − .  
 
4. Case analysis 
 

In order to solve some technical problems in semiconductor lighting, an enterprise sent out notice to the universities and research 
institutes at home and abroad to build a cooperative innovation team for jointly research. There are eight research institutions presented 
intention of cooperation, the R & D department from the enterprise preliminary screened three partners from the 8 research institutes. In 
order to select the most appropriate partners, three members of the R & D department gave out their evaluation of weight of indicators and 
alternative research institutions respectively as shown in Table 3, and then used the method proposed in this paper to select the best partner 
from the three alternative research institutions. 

First of all, the experts evaluate the weight of indicators as shown in Table 3. Due to space constraints, the evaluation result can not be 
listed completely, used Formula (3) and (4) to calculate the fuzzy mean of the evaluation results as shown in Table 4. Then used Formula (5) 
to defuzzificate the value of Table 4 as shown in Table 5. 

 
Table 3. Evaluation value of decision indicators of experts 

Indicator system Weight of indicators 

Experts 1 Experts 2 Experts 3 
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Knowledge matching (C1) M M MH 

Knowledge heterogeneity (C11) ML H MH 

Knowledge complementation (C12) M MH VH 

Technical level (C2) MH VH MH 

Personnel skills (C21) M MH MH 

Technical advanced degrees (C22) MH H H 

Technical adaptation degree (C23) M MH MH 

Service level (C3) MH H M 

Service price (C31) H VH VH 

Service continuity (C32) VH ML M 

Cooperation experience (C4) H M MH 

Cooperation satisfaction (C41) H MH H 

Cooperation willingness (C42) VH H M 

Cooperation model (C43) M M VH 

Revenue distribution (C5) M H H 

Intellectual property rights (C51) H MH M 

Economic income distribution ratio (C52) VH VH VH 

 
Table 4. Evaluation results and indicator weight of trapezoidal fuzzy number 

Indicator 
system 

Weight of indicators Research institute 1 Research institute 2 Research institute 3 

C1 (0.43,0.53,0.57,0.67) (0.47,0.67,0.73,0.93) (0.77,0.67,0.8,0.5) (0.57,0.67,0.73,0.63) 

C11 (0.47,0.57,0.63,0.73) (0.53,0.63,0.67,0.8) (0.77,0.87,0.93,0.97) 
 

(0.57,0.67,0.67,0.77) 

C12 (0.57,0.67,0.73,0.8) (0.53,0.67,0.73,0.77) (0.73,0.77,0.53,0.93) (0.67,0.63,0.77,0.6) 

C2 (0.6,0.7,0.8,0.87) (0.57,0.77,0.67,0.87) (0.6,0.77,0.57,0.53) (0.5,0.67,0.67,0.77) 

C21 (0.47,0.57,0.63,0.73) (0.77,0.87,0.7,0.67) (0.53,0.63,0.87,0.77) (0.67,0.7,0.77,0.47) 

C22 (0.63,0.73,0.77,0.87) (0.53,0.63,0.77,0.97) (0.8,0.8,0.67,0.63) (0.77,0.67,0.43,0.7) 

C23 (0.47,0.57,0.63,0.73) (0.67,0.57,0.63,0.77) (0.63,0.53,0.8,0.73) (0.7,0.73,0.77,0.47) 

C3 (0.53,0.63,0.67,0.77) 
0 53 0 63
 
  

(0.47,0.53,0.73,0.8) (0.77,0.73,0.97,0.7) (0.47,0.57,0.63,0.7) 

C31 (0.77,0.87,0.93,0.97) 
 

  
 

 
 
  

(0.63,0.53,0.7,0.67) (0.77,0.67,0.73,0.8) (0.77,0.67,0.57,0.67) 

C32 (0.47,0.57,0.63,0.7) (0.63,0.77,0.57,0.67) (0.47,0.57,0.63,0.73) (0.63,0.73,0.77,0.8) 

C4 (0.53,0.63,0.67,0.77) (0.53,0.63,0.67,0.77) (0.63,0.67,0.77,0.8) (0.53,0.63,0.67,0.73) 

C41 (0.63,0.73,0.77,0.87) (0.73,0.63,0.87,0.77) (0.53,0.73,0.77,0.87) (0.63,0.73,0.77,0.83) 

C42 (0.63,0.73,0.77,0.83) (0.6,0.73,0.77,0.87) (0.63,0.73,0.77,0.87) (0.83,0.77,0.47,0.77) 

C43 (0.53,0.63,0.67,0.73) (0.77,0.8,0.63,0.67) (0.7,0.77,0.73,0.8) (0.77,0.87,0.93,0.97) 
 

C5 (0.6,0.7,0.7,0.8) (0.6,0.7,0.8,0.87) (0.77,0.63,0.5,0.57) (0.87,0.57,0.67,0.67) 

C51 (0.53,0.63,0.67,0.77) (0.6,0.7,0.8,0.87) (0.77,0.63,0.53,0.57) (0.67,0.77,0.87,0.7) 

C52 (0.8,0.9,1,1) (0.53,0.63,0.7,0.83) (0.47,0.57,0.63,0.73) (0.57,0.7,0.77,0.87) 

 
Table 5. The defuzzificated result of evaluation and the weight of the indicator 

Indicator 
system 

Weight of indicators Research institute 1 Research institute 2 Research institute 3 

C1 0.57 0.75 0.59 0.71 

C11 0.62 0.68 0.91 0.7 

C12 0.71 0.71 0.38 0.72 

C2 0.76 0.85 0.55 0.72 
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C21 0.62 0.73 0.71 0.59 

C22 0.77 0.74 0.72 0.6 

C23 0.62 0.71 0.69 0.63 

C3 0.67 0.64 0.83 0.61 

C31 0.91 0.66 0.81 0.64 

C32 0.61 0.58 0.62 0.76 

C4 0.67 0.67 0.72 0.67 

C41 0.77 0.77 0.79 0.77 

C42 0.77 0.78 0.77 0.68 

C43 0.67 0.72 0.8 0.91 

C5 0.73 0.76 0.58 0.17 

C51 0.67 0.76 0.59 0.82 

C52 0.94 0.69 0.62 0.76 

 
Then confirmed the optimal item and worst item of each indicator evaluation value, used 0.5v =  in the decision making process to 

consider the overall effectiveness of the weight of indicators, and then calculate the value of S , R and Q ,the result was shown in Table 6. 
 

Table 5. The value of S , R and Q , 
Value Research institute 1 Research institute 2 Research institute 3 

S  4.39 5.00 7.61 

R  0.8 0.94 0.91 

Q  0 0.59 0.89 

 
Sorting the alternative research institute in accordance with the values from small to large, the value of research institute 1 was the 

smallest, and at the same time to meet the condition of 
1 2Q Q− ≥ 0.0625, so the research institution 1 was the best partner. 

 
5. Conclusion 
 

The choice and evaluation of research institute is the first step of enterprise to carry out cooperative innovation, it determines the 
efficiency and effectiveness of cooperative innovation in a certain extent. If the enterprise selecting partners in cooperation carefully, the 
choice can reduce the negative influence and reduce the risk of failure. This paper constructed the cooperative innovation research institute 
selection decision making system from knowledge matching, technical level, service level, cooperation experience, revenue distribution on 
the base of literature review and the characteristics of university-industry collaborative innovation. The indicator system can not only 
characterize the characteristics of the research institute, but also reflect the basic requirements of the enterprise to the partner. The choice of 
partner often has strong subjectivity, and different indicators of the quantitative method of decision making have the problem of conflict and 
not easy to quantify. 

The fuzzy VIKOR decision method can solve the problem of indicator quantification of partner selection decision, by using fuzzy 
linguistic variables to evaluate the weight of indicator and alternatives, following the eclectic idea of maximum group effect and the 
minimum individual regret value to sort the research institute. Finally, this paper provided the process of optimal scheme making combining 
with the example analysis which shows that the method is practical and effective. 
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Abstract: With the renovation of multivariate teaching philosophy and downward pressure on teaching reform in recent years, traditional 
classroom teaching are urgently to be improved, and classroom teaching diagnosis gradually evolved into a new research field. From the 
aspect of connotation, qualitative analysis and mechanism of classroom teaching diagnosis, this paper puts forward a reasonable 
construction ideas by developing layer by layer progressive logical method, which is of great reference value for education field to establish 
classroom teaching measurements and improve diagnosis system in the future. 
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1. Introduction 
 

Research methodology, which focuses on guiding practical practice, is a scientific system to serve practice. As a subordinate concept of 
education teaching, the methodology of classroom teaching diagnosis belongs to the applied research in the field of education teaching and 
is vital to guide the classroom teaching problems and improvements. "The National Plan for Medium and Long-term Education Reform and 
Development (2010-2020)" has put forward strengthening the professional quality of teachers (enhancing the importance of classroom 
teaching ) in the details of teaching reform, which provides policy guidance to the research category and depth of this paper.  

 
2. The connotation of classroom teaching diagnosis. 
 

Beganing from France in the 20th century, the term ‘diagnosis’ is widely cited in the field of education. Binas firstly quoted the term 
‘diagnosis’ in solving education problems in his article-‘A new method of diagnosis of abnormal child intelligence’. After that, Bloom, an 
American scholar, has put forward related concepts of "educational diagnostic evaluation" and “formative evaluation”[1]. Oramas proposed 
that diagnosis should be mainly applied to the process of curriculum implementation in education, and improve teaching quality combining 
diagnose with adjustment[2]. Us academics Clark and Starr stated clearly: “Teachers saw the difficulties in student learning, then accurately 
found what is the difficulty, and discover the cause of the difficulty, that is the diagnosis” [3]. Extended its original intention, the so-called 
classroom teaching diagnosis means the process of the teacher judging and solving the students' difficulties in studying, adopting certain 
means and methods in classroom teaching. From the content of teaching diagnosis, the subject and object of classroom teaching diagnosis 
should be make clear firstly. The subject is about the problem of "who will diagnose". The main participators in the classroom generally not 
only contain the both sides of teaching interaction, namely, teachers and students, but also include a third party involved in teaching 
activities. Throughout the relevant research at home and abroad, most scholars conducted research on classroom teaching diagnosis with the 
latter as the main body. The reason is that the latter is more profound, comprehensive and objective in evaluating classroom teaching 
diagnosis. At the same time, the diagnosis itself has a higher requirement for the comprehensive quality of the third party involved in the 
classroom. To understand the classroom teaching diagnosis, the research object of diagnosis need to be identified, which is usually 
is divided into three aspects: teachers, students, teachers and students interaction, in accordance with different horizons. For 
teachers, teaching concept, teaching strategies, teaching methods and means, and classroom teaching ability should be investigated. Yet for 
students, it is the mastery of new knowledge and skills, as well as the growth of intelligence that should be inspected. As a famous American 
psychologist and education theoretician, Bloom believes that the individual differences in the learning process stem from different learning 
experiences, and the purpose of diagnosis is to provide a reference for teachers to judge the differences of different learning experiences and 
to formulate effective teaching plans[4]. The interaction between teacher and student focuses on the research of 
the interactions and relationships between teachers and students in classroom teaching, such as student reflection arising 
from teachers' questions, emotional factors between teachers and students. Making clear the subject and object of classroom teaching 
diagnosis plays a profound basic role in understanding the connotation of classroom teaching diagnosis and clarifying the diagnosis basis. 

 
3. The qualitative analysis of classroom teaching diagnosis. 
 

With the development of social economy, the value orientation of classroom teaching diagnosis derived and catalysis continuously. As 
a result, there have been a large number of new connotations. Based on the constant nature of education, it can be mainly summarized as the 
following three aspects: disciplinary research and development, evaluation and teaching improvement, teacher career growth. According to 
diverse value orientation, the various functions of classroom teaching diagnosis have be given, the focus problems of diagnosis 
may be widely divergent, and the adopt ways are completely different. From the perspective of disciplinary research and development, we 
should pay more attention to the interaction between classroom teaching and disciplinary research. The results of classroom teaching 
diagnosis have to be applied to discipline construction and related research, away from formalism, making disciplinary research to serve 
practice. From the view of teachers' professional development, classroom teaching diagnosis mainly covers the teaching attitude, ideas, 
curriculum, and ability to use, etc. It is intended to establish the above indicators, and to enhance teachers' professional ability. Some 
scholars have also proposed different classification indexes, for instance, Wen Xiaoyun has analyzed classroom teaching diagnosis from the 
problems of teaching method and teaching essence, the emotion education and teaching monitoring of teachers, and teacher professional 
development structure [5]. For the evaluation and improvement of teaching, the core includes four dimensions: learning elements present 
teaching arrangement, teacher-student interaction and teaching goal realization, which is tend to build a harmonious and perfect teaching to 
improve the qualities of teaching and personnel training. The difference of classroom teaching diagnosis value orientation directly 
determines its connotation, and the disparate purposes and ways of diagnosis as well. 
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Figure 1. The impact of value orientation on classroom teaching diagnosis. 

 
3.1 The diversity of classroom teaching diagnosis  
 

As the subject of education, human has a strong plasticity, which brings the complexity of teaching behavior itself, and non-uniform 
standard for measuring the quality of teaching behavior. As described above, only the different teaching value orientations have been 
roughly derived into three types of standards, and each type of standard will produce a variety of factors affecting the teaching 
diagnosis depending on the actual situation, including individual subjective factors of diagnosis, school factors, curriculum factors, student 
factors and so on. Taking the individual subjective factors of diagnosis and school factors as an example, individual subjective factors are 
closely related to the values, learning experiences, professional backgrounds and teaching ideas of the subjects. Besides, each changes of 
elements affecting the individual subjective judgment will lead to inconsistent results of the diagnosis. The schools’ educational philosophy 
and level in different regions would be diverse from each other. Even among different schools of the same area, the level, structure and 
quality of students are also completely different. Above all, the classroom teaching diagnosis presents obvious pluralistic characteristic in 
various regions and schools. 

 
3.2 The compatibility of classroom teaching diagnosis  
 

The compatibility of classroom teaching diagnosis is not only a necessary requirement based on diversity characteristics, but also an 
important basis to build classroom teaching diagnosis system. Diagnostic activities are aimed to correct the deviation in teaching, and 
enhance teaching effects. The conventional teaching diagnosis rigidly sticks to the normalization and unification in formal, which can solve 
only the general problems in teaching, with the absence of pertinence to specific issues. Thus it is hard to make good performance in 
diagnosis results. There are mainly two parts for the compatibility of classroom teaching diagnosis: one is the compatibility of diagnosis 
process, which is compatibility with different diagnosis subjects, concepts, methods and content, resulting in more fully exposed problems 
in diagnosis, and allowing different diagnosis subjects to share their respective diagnosis process; the other is the compatibility of diagnosis 
results. To avoid taking the results as the only standard for diagnosis behavior, we emphasize the role of diagnosis process per se on the 
improvement of teaching quality and teaching activities, rather than clings to the evaluate results of teachers, students and other subjects. 

 
4. The mechanism of classroom teaching diagnosis 
 

Through above analyses on the connotation and nature of classroom teaching diagnosis, it can be summarized into three important 
mechanisms for the characteristics of value orientation, diversity and compatibility of classroom teaching diagnosis, and study methodology, 
which plays important guiding role for constructing classroom teaching diagnosis system. 
 
4.1 The combination of ‘others diagnosis’ and ‘self diagnosis’ 
 

Teacher self-diagnosis is to apply attitudes and consciousness of self-examination to the teaching practice. With the reference of certain 
methodology direction and rationality of education goal, the teaching problems can be continuously revised and perfected, as a result, the 
problems in teaching quality are striving to be improved. There are detailed theoretical source and policy supporting for teacher self-
diagnosis. In addition, teaching pathology and traditional Chinese medical diagnosis theory have also been applied to teaching research in 
many documents. In China’s National Plan for Medium and Long-term Education Reform and Development (2010-2020), one of the 
important safeguard measures is strengthening the construction of teacher staff. Not only professional and cultural levels and teaching 
abilities of teachers are stressed to improve earnestly, but teachers are also encouraged to explore and innovate in practice with might and 
main, trying to form distinct individuality teaching thought, teaching models and teaching methods in line with the actual rule. In the 
information era, classroom teaching in diversified forms would encounter problems that emerge in an endless stream. Accordingly, self 
diagnosis has become an important means for teachers to form a unique teaching style, and also become the organic composition of 
teacher’s core ability. In view of the mentioned diversity of diagnosis subject about the connotation in this paper, self diagnosis is a 
necessary but not sufficient condition to form classroom teaching diagnosis. Influenced by the subjective idea, knowledge structure, emotion 
and other factors, the selections of the same problem and angle for various diagnosis subjects are quite distinct. Therefore, in the actual 
classroom teaching diagnosis, the assessment opinions of the many main bodies should be paid attention to, eliminating all but the essential. 
The combination of others diagnosis and self diagnosis not only maintain the independence of the teacher's teaching, but also gain the 
mutual benefit, get a more comprehensive teaching diagnosis. Kogan, Krajinsky and others proposed in their common revision book 
"clinical guidance" that the instructors who can help find problems in classroom teaching would benefit to the further improvement of 
teacher's self-analysis and reflection. [6] 

 
4.2 The combination of process diagnosis and result diagnosis. 
 

 Process diagnosis and result diagnosis are separated from each other on the surface but complement with each other. They are both 
opposite and unitary. In time sequence, process diagnosis plays a positive role in any time node, and throughout the whole teaching process. 
Quite the opposite, result diagnosis is a kind of backtracking process, and is deducing teaching problems from the results. The advantages of 
process diagnosis are correcting teaching deviation in time, with immediate feedback effects and incentive characteristics. Besides, process 
diagnosis affirms the rationality of teachers teaching while giving specific guidance. However, result diagnosis focuses far more on the 
achievement of teaching objectives with a clear direction. To a certain extent, biased diagnosis can be avoided by removing personal 
subjective, cognitive conditions and other related disturbances. Through the organic integration of these two kinds of diagnosis, it is helpful 
to give full play to superiority and serve education.  
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4.3 The combination of element diagnosis and structure diagnosis. 
 

 
Figure 2. Combination of elementary diagnosis and structural diagnosis. 

 
Element diagnosis is the observing and evaluating the qualities of various elements in teaching 

activities according to certain diagnostic indicators, following the basic logical order from discovering to discussing the problems, and 
finally improving in practice. The contents of classroom teaching element diagnosis include classroom teaching environment, teaching 
methods, course content, students' learning status, etc. Because of the local feature of element diagnosis range, the relevant technologies of 
element diagnosis are encouraged to be utilized, to debug each element, resulting in a targeted diagnosis, which greatly shortens the period 
of diagnosis. This is suitable for the diagnosis goal-oriented behavior of relieving the main contradiction urgently. But yet, the elements are 
regarded as independent units in element diagnosis without attention to the interrelationship among the elements, neglecting the vertical-
horizontal distribution and sorting of elements, which affects the overall functions of elements. The structure diagnosis of classroom 
teaching is just derived from the basis to improve and make up the defects of element diagnosis. Starting with teaching philosophy and value 
orientation, structure diagnosis is not limited to classroom teaching procedures and handling of links, whose main contents are the temporal 
and spatial order among the elements, for the sake of constructing classroom teaching contents with clear hierarchy, orderly arrangement, 
strong cooperativity and scientific rationality. While giving full play to the local effects of teaching elements , the overall effects must also 
be taken into account, both of which are indispensable. 
 
5. The idea of constructing classroom teaching diagnosis mode 
 

The transmission of knowledge is the ultimate aim of classroom teaching. The complex levels, structures and types of knowledge 
determine their corresponding diverse teaching behavior, asking for incredibly detailed even not feasible teaching diagnosis. Or rather, it 
seems to contradict the study of classroom teaching diagnosis methodology. Although too sweeping generalizations of the various types of 
teaching behavior is beneficial to the deep-going of classroom teaching diagnosis methodology, it lacks of specific issues and practical 
effects, thus caught in a dilemma.  

As above problems stem from the complexity of knowledge, all kinds of knowledge need to be sorted out before building the classroom 
teaching diagnosis mode, to obtain a more clear, concise expression and to blend all kinds of factors for the follow-up study. The best way to 
identify teaching behavior for knowledge classification is route transmission, at this point it could be categorized into speech knowledge and 
tacit knowledge. There is still intersection between the two kinds of diagnosis for the knowledge structure and ability training (knowledge 
skills, emotion cultivation, independence ability) in spite of the distinction. For example, emotion cultivation can play a vital role in the 
growth and abilities exertion of students as non-intellectual factors, while closely related to teacher's verbal communication as well as their 
behaviors, including setting a good example and empathizing with students. As shown in Fig. 3, the latter belongs to the tacit part, from the 
interrelation between what teachers did and students observed. Therefore, we should pay attention to the education mechanism behind the 
process of distinguishing speech knowledge and tacit knowledge, which is crucial for understanding the mode system in depth. 

 
Figure 3. Relationship between knowledge and ability training. 

 
The construction of classroom teaching diagnosis mode should adopt the strategy of "An end fixed, an end unfolded". Complex 

knowledge system would be summarized as speech knowledge and tacit knowledge using induction. Meanwhile, knowledge skills, emotion 
cultivation, independence ability are integrated into the cultivation target of students, analyzing the different teaching methods by deductive 
method, for the purpose of better identifying the problems in teaching behaviors. It can be seen from Fig. 4 that through the combination 
between process diagnosis and result diagnosis, self diagnosis and others diagnosis, element diagnosis and structure diagnosis, the benefits 
of classroom teaching diagnosis can be maximized. 
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Figure 4. Mode construction of classroom teaching diagnosis. 

 
4. Conclusion 
 

In a word, classroom teaching diagnosis is not only an important component of teacher's core ability, but a crucial guarantee for 
classroom teaching quality. From a practical point of view, no matter in what form, only transferring into self-identification of teaching 
subject could teaching diagnosis be effective[7]. In view of the single form and method of teaching, scientific method theory has not yet 
formed, and is not enough to apply to practice. While scientific and effective classroom teaching diagnosis principles could be constructed 
by thorough analysis of the nature of classroom teaching diagnosis, as well as the usage of related mechanism. The combination of many 
principles could be applicated in the methods, which greatly contributes to enriching practice content, and to facilitating the internalization 
of teaching subject. For instance, the purpose of combining others diagnosis with self diagnosis is to grasp the teaching problems from 
multiple angles, to focus on the guidance of teachers to enhance teaching standards. As a result, teachers are easy to accept with necessity 
analysis, getting the active participation of the diagnosis ultimately. The methodology proposed in this paper has macroscopic properties, 
which is conducive to the general guidance of classroom teaching diagnosis. With the continuous reform of education, there will be 
multitudinous classroom teaching problems. In this case, education with various levels and types need to master the status quo of classroom 
teaching according to the specific situation, making active reflection on classroom teaching diagnosis methods and innovative research. 
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Research On Lightweight EVA Foamed Flexible Tread Material 
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Abstract: EVA is a thermoplastic material that has the characteristics of lighty, nhighly elastic、soft and low density and non-toxic, its 
specific performance has a broad prospect of application. This paper reviews the forming mechanism of EVA polymers and it research for 
tread materials. Importantly analysising the formulation forming mechanism 、 foaming process 、 design of formula material and 
improvement of EVA polymers, and comtract the Effct of different modifier to materials performance. The prospects for future research are 
proposed. 
 

Keywords: EVA; foam; high-elastic; tread material; research  

 

1. Introduction 

 
EVA is a thermoplastic material of low density、high property、great elastor and non-toxic. Because VA monomer is drown into 

molecular chain, it will decrease the degree of regularity of PE to reduce the crystallinity and melting point, and meanwhile, improving the 
flexibility. EVA co-polymer has the properties of solid and gas、damping and so on, it is used in sports、package、suitcase、toys etc.. IN 
recent years, at home and abroad, many experts take deep research to EVA foaming material, a chain of important studies has elaborated the 
preparation、process and application. LinCanpei and his pals study on Injection Foamed Crosslinking of EVA/EPDM with high elasticity 
and make sure the best temperature; TuSimin studies on EVA foaming elastic tread, it shows that foam forming process will influence the 
properties of material. Lightweight EVA high elastic foam is both many advantage of kinds of material and good plasticity and high 
resilience. It is used in tread material. This paper analysises forming mechanism、foaming process、design of formula material and 
improvement. At last it is a expectation for prospect to lightweight EVA high elastic foam. 
 

2. EVA The forming mechanism of the polymer 

 
The process of EVA polymer to be foaming molding need to go through three stages, which are nucleation of bubbles、curing and 

shaping fo foam expansion of the bubble. The first stage is to form a certain number bubble nucleus of equality and detail in EVA melt. The 
second is to bring the expandion of the bubble to the required standard. The third stage is the curing and shapeing of foam. It is certain to 
avoid the cracked phenomenon of foam during the curing process, which can get the foaming plastic products. 

Formation of Bubble Nucleus. As for bubble nucleus, there are 3 types of foaming nucleation process. The first process is to constitue 
bubble nucleus mixing gas-liquid directly, when the gas mixes with resin solution completely, the next is to add nucleating agent to polymer 
melt in the light of the theory of hot nucleation, which can be controlled by persons, it has a good prospect. Recently, academias take deep 
researches to the process of foaming nucleation. GaoShoushan makes a relation discuss between nucleation of colloidal particles speed and 
time. The research makes sense to functional meaning to analysis and influence all types of factors nucleation speed. TengJianxin takes the 
research to the theory of cellular foaming plastic. The conclusion shows the formation stage of foaming nucleation can influence the density 
and distribution for bubbles. It is the key stage to control the standard of foam during the forming process of cellular foaming plastic. 

Process of Bubble Expansion. It is the process of bubble expansion after forming nucleation, putting EVA polymer melt into airtight 
mould warehouse, it will be in progress between expansion and solidification at the same time. The viscosity will raise in system. Physical 
foaming is in thermal decomposition and reace to form EVA polymer melt. There are equal hotspot and supersaturation gas in it, which can 
form bunch of bubble nucleation. If the internal pressure is greater than that of EVA melt the bubble will start to grow and expand. It can 
reduce the internal pressure of the bubble and form concentration gradient around bubble wall. The gas grows diffusion to the bubble in 
EVA melt, so it can be brought up constantly. With the EVA melt cooling and curing type, the external bubble will form A EVA solid shell 
to build a new balance of dynamics. WuShunying and her pals take the research to the theory of forming foam plastic. In solution, it will 
constitute the bubble nucleus in the form of the gas dispersion and aggregation. As for the foam molding process of the thermosetting plastic. 
It is often to take the way. The second type is to use the free volume of high molecular polymer as the nucleation site. Suh and his pals take 
the delivery mode to press the foaming agent into the free volume of high molecular polymer, they make the foaming agent expansion to 
constitute the bubble nucleus by the method of temperature rise and pressure reduction. It is often to take the way to foam nucleation of 
microcellular plastics. The conclusion shows if we want to get equal and uniform density bubble structure, it need to prevent the gas loss and 
the bubble cooperation which can ensure the density. LiYinglin and his pals analysis the model to the bubble growth, they show the process 
of bubble expansion in polymer melt, which obtains the value of some guidance to plastic shoes products. 

 

3. Bubble Solid Shaping. 

 
The solid process of plastic bubble is controlled by EVA polymer melt viscoelasticity, which will be raise if the melt is cooled, bubble 

will lose the liquidity, and will be solid type finally. In the system of EVA gas-liquid cooperation, the physical properties of bubble and melt 
often shows its instablity, the bubble maybe expand a solid type it probably shows the phenomenon of cooperation、fracture or leaking gas 
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in expansion process. During the process of expand the bubble to structure curing type. It is the improtant condition to choose the right solid 
time and improve the solid speed to ensure the standard of foaming materail expansion. EVA polymer foaming process shown in Figure 1. 

 

                              

 

Figure 1 EVA Polymer foaming process diagram 

 

4. Formula and Raw Material 

 
EVA polymer is a thermoplastic resin which is composed of vinyl monomer and VAM, it can be botain under high pressure. Every 

property of EVA copolymer is decided by VAM content and MFI. If the MFI is the certain temperature and pressure, the content of VAM 
will raise and improve the transparenncy、softy and flexibility. If it reduce, the wearability and toughness will increase, too. Supposed that 
the VAM keep stable, improving the melt floating speed to change the EVA appearance, but its strength and toughness will decrease. In 
contrast, it will increase the crack、resistance and stress property. The numerical simulation is 15%~22%(VA), 1.6~2.6g/min, which is 
suitable for preparation high elastic foaming material 

When EVA polymer is under high temperature and pressure, its viscoelasticity will decrease quickly. In order to prevent the leaking 
gas of foaming process, we add DCP to keep the viscoelasticity,improtantly, the content of DCP can influence the quality of crosslinking 
foaming material. If the content is too little, it will make a mucosal phenomenon in the process of foaming; for another thing, the content of 
DCP is higher, it will be easier to crack. The quantities of DCP croslinking agent is 0.7-0.9/h, the foaming material material have the 
advantages of porosity elasticity、toughness ect... LiuFangjun researches that the different quantities of DCP crosslinking agent can change 
the mechanics property of foaming material in EVA tread products according to the requirement of sports tread; DCP needs to be controlled 
with 0.7, meanwhile, every mechanics property is the best. We can see the table 1, different dosage of DCP influence the mechanics 
property. 

Table 1 The influence of different dosage of DCP on the mechanical properties of the data 

 

Foam agent, it is a auxiliary that can react EVA polymer into bubble structure, also the power of foam growth and the main factor to 
control the density of material. Different quanities of foam agent can influence the mechanics property of materials. The foam agent of EVA 
is AC. Because of its stable property and high safety factor, it is used extensively. LiFuzhi and his pals research that if the dosage of AC can 
influence the EVA mechanics property of materials, it shows that the more the osage is, the more odds increase. At the same time, tensile 
strength、density and the rate of rebound maybe decrease. If we use the over quantities, the bubble will be wild、inequal and more foam, 
which can lead to the bad mechanics property. When less the expansion of foaming material willnot be enough and bad standard. The best is 
6.5 for AC. It is the highest value for every mechanics property of material. We can see picture 2. 

Table2 The influence of different dosage of AC on the mechanical properties of the data 

Testing project   Standard 
value 

ACdosage/piece 

5.5 6.5 7.5 8.5 

Testing project  Standard 
value 

DCPdosage/piece 

0.65 0.7 0.75 0.8 

Tearstrength/N·mm-1 

Tensile strengh/MPa 

Fracture growth rate% 

Density/g·cm-3 

≥4 

≥3.0 

≥220 

0.15～0.18 

3.23 

2.99 

250.23 

0.131 

3.11 

3.38 

271.99 

0.144 

4.498 

3.76 

295.95 

0.168 

4.28 

3.55 

248.79 

0.116 

EVA 

DCP 

AC 

 

Melting 
blend 

t 

t t t 
p p p 

EVA high polymer/gas melt melting 

blend system 

Foam nucleation Bubbl expansion Bubble shape 
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Tearstrength/N·mm-1 

Tensile strengh/MPa 

Fracture growth rate% 

Density/g·cm-3 

≥4 

≥3.0 

≥220 

0.15～0.18 

4.25 

3.611 

277.63 

0.178 

4.01 

3.66 

291.99 

0.165 

3.95 

3.22 

265.95 

0.162 

2.78 

3.24 

238.65 

0.119 

ST can be used in EVA cold resistant plasticizer and mold release agent, meanwhile, it can soften some materials and promote the 
decomposing of AC to improve the efficiency of crosslinking foaming, which can make the bubble structure equal and close. It is great for 
every mechanics property. When the dosage of ST overproof, acidic will add up and decrease the rebound rate of materials. The best is 0.4 
each piece, it fits the standard value. ZnO can neutralize the acidity in system, if it is less, there will have some phenomenon of bad 
foaming、wicked elasticity and high hardness; If more, everyproperty will decrease. The quantities of ZnO compounding agent should be 
among 0.8~0.9 each piece, which can obtain low-density and good mechanics property materials. 
 

5. Production process 

 
Foad Molding. There have some advantages of mature production technology,low investment for foad molding. It is widely used in 

shoes、suitcase、package and architecture and so on. Foad molding process is easy to control, but in producing process, it will lead to more 
loss and low-productio efficiency, which will influence the mechanics property of materials. When the temperature is lower than 120℃, the 
decomposition of crosslinking agent is not sufficient and EVA viscoelasticity cannot reach the requirement. Meanwhile, of which foaming 
agent is not complete when the temperature is higher than 200℃, Ifthe speed of decomposition is too fast, the less time the high polymer 
melt has, the less stable foaming material property is. Due to the viscosity of melt decreasing in high temperature. The tensile strength will 
also reduce. The bubble can appear cooporation and cracking phenomenonn. If the pressure is lower than 4Mpa, the gas will expand in melt 
by decomposing. It is also easy to take some phenomenonns,such as hard to form the net structure, which lead to the inequal and different 
density for bubble structure, its surface is easy to crack. The molding forming of foam plastic is usually used in the preparation of light EVA 
tread material. But, the temperature should be controlled between 160℃~180℃ in production condition, time is 510~900s. Pressure 
5~10Mpa picture 2 is lightweight EVA moulded foam material preparation process. 
 

 

 

 

 

 

 

        

 

Figure 2 Lightweight EVA moulded foam material preparation process 

 

It is high-efficient for extrusion foaming to realize the constant and automated production, which is widely used all around and low 
investment. It is one of the main ways to be the foam plastic process. EVA extrusion foaming takes the way of two machines producing at 
the same time. It is the high polymer melt of outer space when innner space carries on low foaming which can keep the clean planeness of 
EVA foaming material. If take this way, and meanwhile, it can keep the stretching and tear strength good, which reduce the production 
investment. Trexel company invent the microcellular plastics process and equipment of Extrusion, it put the high polymer powder into the 
port and plasticize in extrusion machines. We can inject foam agent into it in melting by through the system of fast mixing and expansion 
preparation. There are 3 stages for preparation foaming material which are bubble nucleation、growth and solidification. Zhaijinping and 
his pals give us a research which lead the electromagnetic vibration force field to the process of cellular exresion foaming, it shows that can 
fasten the mixing high polymer with gas, which can make the bubble equal uniform density, and high standard plastic products. 

Injection molding is one of the main process for plastic products. It is a new plastic proess technology, which can figure out its 
production preparation of complex surface pattern mechanism. The exclusive equipment of EVA molded plastic foaming has been 
developed. Now, we can realize automated production to simplify its procedure. The equipment make the products high standard、fast and 
good repeatability, but people need to inest more. In the long term of economic benefit and products standard, it contains huge value. 
Injection molding has replaced the foam molding technology. High polymers melt-gas makes the request to temperature and pressure in 
system. Injection molding process emphasize to improve the speed and pressure, its producing condition should be controlled between 50℃
~60℃, the temperature for plasticizing is 180℃. Injection speed 1~3s. Picture 3 is lightweight EVA foam injection molding material 
preparation technology. 
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Figure 3 Lightweight EVA foam injection molding material preparation technology 

 
6. Method of EVA Modification 

 
Nutural rubber is a polymeric compound based on PI. It is the general rubber all over the industry which has the advantages of 

resilience、plasticity、insulation etc... EVA foaming material change its property with NR, it improve these shortages when EVA material 
is easy to crystallise and harden in low temperation. It can increase some properties. If add the dosage of NR, the viscoelasticity for polymer 
melt will increase and decrease density. When use more dosage, it will influence the growth of bubble, what’s more density will raise. The 
best way is to control the NR dosage among 10 each piece. It will product lightweight、high elastic and standard EVA tread 

EPDM polymer is a type of EPR. It consists of stable saturation, which is used all kins field, such as shoes and architecture materials. 
There is great compatibility for EPDM/EVA, it can improve its aging resistance、toughness and tensile strength. When draw more EPDM, 
because of its high viscosity, the polymer system will increase with the dosage raising. If control the dosage about 15 each piece, we can get 
better what we need. 

It is a high polymer material developing by Dupont co. Which is the most value part of VP. It is made of anhydrous maleic anhydride 
preparation under high temperature and pressure reacting. As a coupling agent, it can combine with PP、PE and EVA, which possess high 
melt point and strength. 

TPU is a kind of plastic elastomer, which is polymer material consisting of MDI、TDI and macromolecular polyol chain extending 
reacting each other. Because of its bunches of advantages, TPU becomes more and more popular. Recently TPU has been widely used in 
various industries, such as shoes、toys and so on. It has some properties of low investment、value added and wide processing methos. 
FuMeng and his pals take methods to get lightweight EVA/TPU composition tread foaming material, which improve thermoplastic 
elastomer TDU and grafted polymer. 

is a inorganic nanomaterial which has its advantage of specific structure. In recent years, many experts focus on the influence and 
modification of MMT inoganic nano particles to EVA thermal stabiity. Zheng and his pals take two ommts to compound with EVA. It can 
make nano compound material and get lightweight high elastic foaming material by the method of mould pressing and chemical foaming. 
The reasearch shows that OMMTS can improve foaming ratio、nucleation site and flexibility. With the increasing of OMMTS content and 
copolymer viscosity, it can influence the shapes of the bubble growth and material. MMT inoganic nanomaterial play the roles of strength 
and toughness to foam, which adjust the mechanics property of plastic products. Applying it to the tread prepaation, it can get high 
lightweight and elastic EVA nano compound materials. This is the breakthrough for future tread. 

SBS is a new modified elastomer unsaturaed bouds in molecules add hydrogen to prepare. It is used in all types of industries because of 
its high flexibility great tensile resilience and plasticity、nice color etc. The tread of SBS/EVA preparation is better than simple that of PVC 
and EVA. LiaoShiyong and his pals compare the rheology of new SBS with EVA foaming material and improve the methods. The research 
shows that, with the introduction of AC foam agent, the foamed density and hardness will decrease, do the tensile strength and tear strength. 
So China Research Institute develop a SBS tread foaming material, which contains lightweight and high flexibility etc... It is used in 
sandal、sports shoes and casual shoes. The new production precess can reduce the investment. 

 

Table3 Different light EVA elastomer foaming material performance comparison 

Quantities  EVA EVA+ 
10%NR 

EVA+30
%EPDM 

EVA+8%
Fusabond 

EVA+10
% TPU 

EVA+15
%OMMT

EVA+10
% SBS 

 

EVA 

Modifier  

Auxiliary  

Fast mix Granulation  Injection 
shape  

Lightweight EVA 
elastic foaming 
material 
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7. Application of Lightweight EVA Elastic Foaming Material 

 

Lightweight EVA foaming tread has mant characters, such as good softy、plasticity、high flexibility、light proportion and so on. It is 
used in many kinds of industries, for example sports shoes、children shoes、sandals etc... EVA foaming material takes an important role in 
sports tread. Many sprots brands all take it. Athletes should control the mechanics consumption in sports, in order to reduce the burden 
except weight, not only we should decrease the weight sports shoes, but improve the high rebound and damping. EVA high elastic foaming 
tread shows better mechanics property, which can reduce the large proportion in sports tread material. It is the best choice for sports tread, 
such as Nike、Adidas、LI-NING、ANTA and so on. With the improving of EVA foaming process, more better sports shoes will be 
launched 

 

Because of the advantages of no-poison、light softy for suiting children’s feet, lightweight EVA foaming material is used in children’s 
shoes production. We often take sandals in summer, it need better softy flexibility and low-density, EVA foaming tread is the first choice 
because of its advantages of lightweight、 beauty color and low investment. If we use new process to develop the lightweight EVA foaming 
material, it can improve all kinds of mechanics properties. YangZewen and his pals test the tensile strength of mechanical indexes for high 
polymer EVA sandals according to QB/T2977-2008 and GB/T1040.2-2006. They find that the main cause to influence tensile strength is 
measuring the initial area of sample, which can arrive the answer what we need. Lightweight EVA high elastic foam has the properties of 
cushion、absorbing and heat preservation etc... Except for shoes, it is used in all kinds of industries. 

 

8. Conclusion 

 

At present, the application of lightweight EVA elastic foam become wider and wider. People also cannot take their eyes off the production, 
moreover, every industry improve the standard to it. Now, traditional lightweight tread cannot satisfy people’s requirement, it has become an 
important subject to develop fashion、antibacterial and envriomental protction EVA tread foam. Considering these factors, it is necessary to 
study a new EVA foaming method, such as cellular foaming、low temperature. We should broaden the field of EVA high elastic foam to 
develop high performance and “go green. 
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DetermingConfidence Region for Maritime Search and Rescue Operation Model 
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Abstract: Maritime search and rescue operations are complicated systematic exercises that can be influenced by many factors, resulting in 
uncertainty in the determination of a search location. Generally, a trajectory model is established to study the leeway of floating objects. 
Based on the traditional trajectory model, in this paper, we propose a dynamic incremental model that introduces an error term to represent 
uncertainty factors; combined with the distribution pattern of the error term, we construct an accurate confidence region of the position 
where the original marine peril occurred. We also perform a numerical simulation to demonstrate the effectiveness of the proposed 
estimation method. 
 
Keywords: Confidence Region, Maritime Rescue, Geometric Brownian Motion, Leeway trajectory 
 
1. Introduction 
 

The ocean, with its abundant marine resources, is a major factor that affects humankind’s survival as well as its economic well-being 
and development. As world economies have grown, various marine-related economic activities such as communication and transportation, 
resource exploitation, fishing, and marine tourism have increased. Because of the variability and complexity of the marine environment, 
there is a frequent occurrence of marine perils and air accidents that severely threaten human life and property.[1-3] 

Scholars have performed many studies and developed numerous theories regarding maritime search and rescue operations. In the 
middle of the last century, the United States Navy established a special operations team that proposed the optimal search theory of maritime 
search and rescue, along with the first computer-based search and rescue processor in 1970. Since that time, numerical modeling and 
simulation methods have been extensively applied in maritime search and rescue research. 

To determine the relation between wind speed and the leeway of floating objects, Allen (1999) performed tests, categorized various 
types of objects, and listed the relevant parameters of a total of 65 object types. With respect to leeway divergence, Allen  later examined in 
greater detail the relation between wind speed and leeway. [4-7] Today, discussions about the floating properties of objects continue to use 
Allen’s microcosmic approach regarding object shapes and volumes. Other scholars determined search and rescue regions by establishing a 
leeway trajectory model for floating objects from a macroscopic perspective. Breivik [8] proposed an ensemble-based search and rescue 
model for Norwegian and North Seas, which estimates the time-evolving probability function of the location of a search object. 

Breivik (2011) described the impacts of factors such as waves, wind speed, and ocean currents on the leeway behavior of floating 
objects from different aspects. Bezgodov and Esin (2014) utilized the complex network model to specifically analyze the influence of waves 
on floating objects and numerically simulated a floating object search in conditions with irregular fluctuations. Similarly, other studies 
numerically modeled ocean currents, wind speed, and GIS to address maritime search problems 

In essence, maritime search and rescue involves using given information (i.e., known position and type of wreckage, and sea state 
information such as the wind speed and ocean currents) to plot the leeway trajectory of floating objects. Then, the appropriate search region 
is determined according to the trajectory. [8-11] The leeway of floating objects is the result of an equilibrium of the combined action of 
multiple factors. However, it is very difficult to determine the mechanisms of corresponding movements due to the great uncertainties 
associated with various influencing factors. Existing studies have attempted to present definite models for the leeway of floating objects 
based on several factors, while inevitably ignoring the impacts of the uncontrollable factors. In this paper, we introduce an error term to 
represent the uncertainty of an operation, thereby proposing a dynamic random increment model for constructing a confidence region for a 
search and rescue location. 

 
2. Proposed Model 
 

Generally, since the occurrence of marine accidents is often accompanied by some extreme conditions such as storms and heavy 
rainfall, timely rescues can be difficult to carry out. When a thorough search and rescue begins, a considerable period of time may have 
passed since the perilous event, leaving only some floating wreckage scattered in the water at a certain distance from the scene of the 
accident. The primary task of maritime search and rescue is to determine the initial position of the accident in order to facilitate wreckage 
salvage and the possibility of rescue. [12-13] As such, an understanding of the leeway mechanism of floating objects is necessary. With 
reference to their leeway patterns, the initial position of an accident can be determined by utilizing location information of the floating 
objects. 

 
2.1 Leeway Model of Floating Objects 
 

Let ( ) [ ( ), ( )]S t x t y t=  represent the location of floating wreckages at time t, then (0) [ (0), (0)]S x y=  represents the initial position of 
the accident. Next, we determine the leeway trajectory of the floating wreckage during the time period from 0 to t. If we can obtain the 
corresponding expression accurately, the position ( )S t  can be determined so that the initial position (0)S  can be derived in reverse. 
 

In fact, there are three factors that influence the position ( )S t . The first factor is the position ( -1)S t  of the floating objects in the 
previous moment. The second factor is the impacts of external factors such as waves, wind power, and ocean currents, and the displacement 
of the floating object within time period t is denoted as ( ) [ ]( ), ( )x yt OO O tt = . The third factor is the uncertainty generated by the impacts of 
unknown factors, which can be denoted as an error term ( )( ) [ ( ), ]x yt t tε ε ε= . In view of the above, the model for ( ) [ ( ), ( )]S t x t y t=  can be 

expressed as follows: 
( ) ( 1) ( ) ( ),S t S t O t tε= − + +                                         (1) 

where the displacement term ( )O t  can be used to directly make use of the existing drift model. The error term ( ) ( )( ), ( )x ytt tεε ε=  can 
be deemed to be a set of random sequences that comply with the mean value of 0 and the covariance matrix of Σ . 

In this mode, the three main factors influencing the leeway trajectory are quantified and incorporated into the model. In particular, the 
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error term also takes some immeasurable factors into account, which differs from previous models. 
For Model (1), a recurrence relation can be achieved as follows: 
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Based on Eq. (2), we obtain the displacement of a floating object at moment t from the initial position (0)S  to position ( )S t , i.e., the 
cumulant of the error term and the ocean current variation. These may be denoted, respectively, as follows. 
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Accordingly, Eq. (2) can be denoted as the equation below: 
(0) ( ) ( ) ( )S S t So t tx= − − ,                                    (3) 

 
which describes the relation between the initial position of a floating object and its position at moment t. In other words, to eliminate the 
influences of the error factor ( )tx , we use the master model to determine the initial position (0)S  of the floating object. 

Since ( )So t  represents the cumulative action results of some given factors influencing floating objects within the time period from 0 
to t, and various mathematical models related to waves, wind speed, and ocean currents have been presented in the literature, those models 
can be directly applied into Eq. (3). We determine the error term ( )tx  by accumulating a series of independent identically distributed 
random sequences. Then, based on the central limit theorem, this term is treated as a normal distribution )(0, ( )N tΣ . Therefore, we can draw 
the following conclusion, according to Eq. (3): 

 

[ ]( ) (0) ( ) ( ) ~ (0, ( ))t S S t So t N tx = − − Σ                                (4) 

 
Thus, ( ) ( )S t So t−  serves as the unbiased estimator of the initial position (0)S  

 
2.2 Confidence Region of the Initial Position  
 

When marine accidents initially occur, all floating objects are situated in the same initial location. However, due to the uncertainty of 
the error terms imposed on each floating object, they gradually spread apart over time. If all of the floating objects are regarded as samples, 
a confidence region of the initial position can be constructed by combining the distribution pattern of the error terms. 

If we let 1( ), , ( )nS St t  represent the positions of n floating objects at moment t, they can be treated as a series of independent 

identically distributed random variables, and combined with Eq. (4), Eq. (5) can therefore be expressed as follows: 
(0) ( ) ( )i i iS t So tS = − ,                                            (5) 

 
regarding the estimated value of the initial position (0)S  of the floating object i. Theoretically, these initial values should be identical. 

However, due to the existence of the error term, the real calculated values differ. According to Eq. (4), we know that 1( ), , ( )nS St t  are 

mutually independent and distributed identically. 
~ ( (0)(0) , ( ))iS N S tΣ ，                                         (6) 

 
where (0)S  refers to the true initial position of the floating object. These samples can be utilized to construct a confidence region for 

parameter (0)S , as follows: 
 

When Eqs. (5) and (6) can be established, the confidence region for parameter (0)S  with a confidence level of 1-α  is as follows: 
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According to ~ ( (0)(0) , ( ))iS N S tΣ  and the property of a multivariate normal distribution, the unbiased estimator of parameter (0)S  
is given as 
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where ( )(0) ( )

ii i xx t Sox t= −  and ( )(0) ( )
ii i yy t Soy t= − . 

According to the conclusions drawn in Chapter Three of [12], we know that: 
1 2( (0) (0)) ( (0) (ˆ ( ) )) ~0 ( )T t nn S S S S χ−Σ− − . 

{ } { }1 2
1 /2(0) ( (0) (0) ˆ( (0), , (0)) () ( (0) (0)) 1) ( )n
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In conclusion, it is clear that 1( (0), , (0))nD S S  represents the confidence region of parameter (0)S  with a confidence level of 1-α . 
[] 

Based on this theorem, we can calculate the confidence region of the search location at a given confidence level by combining the 
existing ocean current drift theory with the positions of scattered floating objects that have been collected. 

The obtained confidence region 1( (0), , (0))nD S S  is an oval area and its coverage expands with increases in the confidence level 
1-α . Therefore, during actual searches, the search region can be extended incrementally for different confidence levels. 

 
3. Numerical Simulation  

 
For the displacement ( ) [ ]( ), ( )x yt OO O tt =  in Model (1), we take into consideration the tidal ocean current model below, as presented by 

[3]: 
sin(2 ) cos( ), sin( )(t) [ 0.5cos(2 )]0.5 Tt t t tO π π π+ += . 

 
Therefore, the trajectory model of the floating objects is as follows: 

( ) ( 1) 0.5sin(2 ) cos( ) ( ),
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t y t t t t
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where 2

2( ), ( ) ~ ([0,0[ ] ,] )
i i

T
x yt t N Iσε ε , 2I  refers to the order-2 unit matrix.  

The initial coordinate point is taken as (0) [0 0]TS = ， , 2 0.25σ = , and the sample size is n = 20. Then we can simulate the leeway of 
those samples within the time unit 10t = . We recorded the locations of the ten sample points at every time point to produce the trajectory 
chart shown in Figure 1, in which the asterisk refers to the final position ( )iS t  and the triangular symbol is the estimated value (0)iS  of the 
corresponding initial position. 

 

Fig. 1. Leeway trajectory of floating objects 
 

As shown in Fig.1, although all points start from the same position and are influenced by the same ocean current model, their 
placements at time t are scattered differently due to the presence of the error terms. After the impact of the ocean current model is removed, 
the initial position is estimated to be around (0,0)  of the initial point. Next, we use those initial points to construct the confidence region of 
the search location. 

 

 

Figure. 2 Confidence region of search and rescue points 
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The confidence region of the search and rescue locations, with various confidence levels, is shown in increasing order in Figure 2. The 
ovals represent confidence regions with successive confidence levels from 0.1 to 0.9. Of these, the circular points represent the coordinate 
points of the estimator (0) ( (0), (0))TS x y=  for the accident sites, and the square points denote those of true value (0) (0,0)S = . As suggested 
by the figure, although there is a certain discrepancy between the estimated and true values, they are relatively close to each other. 
According to the confidence regions listed, it is clear that, except at the 0.1 confidence level when the true value falls on the boundary point, 
all the remaining points contain the true value. This indicates the effectiveness of the confidence region construction method proposed in 
this paper in determining the true values. 

In practical application, rescuers may find that the central point of the search and rescue region conforms to that of the estimator. As 
such, they can carry out searches within the confidence level areas, taking into account their personnel allocation and costs. Obviously, a 
high confidence level implies an increase in the search area. Hence, rescuers must make trade-offs between these two aspects. 
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Abstract: In recent years, China’s high-speed rail (CHSR) technology has achieved a lot and the high-speed rail industry has become a 
leader of the internationalization of Chinese equipment manufacturing industry. Now, CHSR becomes an important means of realizing the 
strategy of China’ “One Belt and One Road”. But it is not so smooth for CHSR to go out, on one hand, China are being faced with intense 
competition from some countries especially Japan, on the other hand, harsh conditions put forward by host countries also restrict the CHSR 
from landing on them. From the angles of strategic significance and advantages of CHSR, we take the negotiation of Thai high-speed rail 
(THSR) construction contract as an example to analyze obstacles in the process of CHSR internationalization based on multiple games. It is 
found that Thailand has more Patience than China, and Japan, compared with China, provides advantageous interest with Thailand in the 
trilateral game of the THSR negotiation. At last, Recommendations are accordingly proposed for CHSR “going out. 
 
Keywords: High-Speed Rail; Internationalization; Game; Advantageous Conditions; Multi-Player Game 
 
1. Introduction 
 

While China’s high-speed railway (CHSR) in recent 10 years has achieved a lot and has made much progress in technology and 
construction engineering. So far, China has become the country whose high-speed railway network has the most complete technology, the 
strongest integration capability, the highest speed and the longest running mileage, and has the biggest high-speed rail network in the world,. 
Therefore, the development of CHSR has attracted worldwide attention, many countries including many developing ones and some 
developed ones have the willing to introduce and build CHSR. China now has started to export its rail products overseas and is currently in 
negotiation with several other countries. 

As a part and parcel of the country’s infrastructure diplomacy, China’s global high-speed rail development is a core part of its initiative 
to develop “the Silk Road Economic Belt and the 21st-Century Maritime Silk Road” (“One Belt and One Road” or “OBOR” as Figure 1 
shows) whose ultimate plan to build a trans-continental high-speed rail line that could possibly reach as far as the United Kingdom as Figure 
2 shows. 

 

 
Scource, Chen & Zhang (2015). 

 
Figure 1: OBOR Roadmap of China 

 

 
Scource: Chen & Zhang (2015). 

Figure 2: HSR Silk Road of China 
 

Global demand for rail equipment, infrastructure, and related services has increased from $169 billion in 2007 to $214 billion by 2016 
Each country with the capability of building railways tries to share the huge cake. In the world, there are four main countries that have HSR 
technological system: Germany, Japan, France and Canada. During CHSR goes abroad along with the strategy of “one belt and one road”, 
China has been faced with intense competition for HSR. Among the four countries, Japan is the most important competitors for China. The 
first competing round is in Thailand. In this paper, we will analyze the complicated gaming process for Sino-Thai railway among the China-
Japan-Thailand tripartite.  
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2. Literature Review 
 

For large-sized international engineering projects, there are only few companies that can complete them, so generally the number of 
bidders is small. In the High-Speed Rail market, Harmony Bombardier and Siemens can bid for such mega-project. It will result in increased 
project bid prices to reduce the number of bidders  

Bressan & Wei (2016) found that the pricing strategies asymptotically converge to the Nash equilibrium in the case of infinitely many 
small players or two large players with one dominating the other. In large-scale and complex projects, it is not unusual to have one or two 
bidders who have stronger competitive power than other bidders, such as reputation, specialties, and financing capability, and Ho & Hsu 
(2014) stated that under certain conditions, the offering of bid compensation can effectively encourage the stronger bidders to make extra 
efforts in the early stage. 

HSR can reinforce tourism attractiveness by decreasing transport costs and HSR services can reduce fares of airlines significantly when 
competing with airlines Rail investment in China over the past two decades has been a positive stimulus to both the economy and social 
welfare In Europe, HSR investment can both save time for passengers and increase capacity for freight For Indonesia, HSR provides 
opportunities to accelerate its infrastructure development agenda and boost the slowing economy (Salim & Negara, 2016). However, HSR 
investment is very huge, and every country is cautious about the investment. Generally, HSR investment needs international aid for most 
developing countries, and HSR projects become international, five bidders could join in bidding. 

There are many various project factors influencing bid decision making, if the bidders can coordinate factors relating to the internal 
decision-making process of a construction company and overseas bidding process, they can enhance the reliability of their decisions, and the 
cost incurred during a bidding process may be reduced Dikmen et al developed a case-based reasoning (CBR) model to estimate the risk, 
opportunity and competition ratings of international construction projects. If there are exactly two players, there will be a unique Nash 
equilibrium Because Japan and China are world leaders in HSR implementation, and Japan’ HSR network has the best global connectivity, 
while CHSR network has the best local connectivity and the largest transport capacity (Zhang et al., 2016), these two bidders have the 
similar technological advantages, and are two competitors during international HSR bid. 

HSR could be involved in relatively straightforward matters of not only urban policy, civil engineering, economics but also raw 
politics Mega-project approval often influence by the politics Chan (2016) argued that the impact of CHSR on geopolitics, geoeconomics 
and social relations is huge. Risk Evaluation methods for International Construction Projects have advanced by some scholars (e.g., He, 
1995; Hastak & Shaked, 2000; Shao et al., 2013).  

Ho & Liu (2004) displayed that the equilibrium solution of a construction claim is to negotiate and settle, which is consistent with most 
of the claim cases in the industry. In this paper, we will take the Thai HSR construction as an example of an international mega-project to 
analyze the game process of bidding and signing the contract by using Rubinstein’s (1982) model of alternating offers.  

 
3. Multilateral Game in Sino-Thai Negotiation in THSR Bidding 
 
3.1 Project Background 
 

As part of the strategy of “One Belt and One Road”, HSR is an important means of connecting the countries involved in the 
Association of Southeast Asian Nations (ASEAN), which also has been listed in China’s 12th and 13th “five-year plan” as Figure 3 shows. 
The Trans-Asia Railway is the rail line to be built, and will play a crucial role in improving transportation, collaboration and trade in the 
China-ASEAN Free Trade Area. The Sino-Thai railway project is a significant part of the Trans-Asia Railway as Figure 3. The planned 
Sino-Thai railway line is 873-kilometre long through Bangkok, Nakhon Ratchasima, Khon Kaen, Nongkhai, Kaeng Khoi and Map Ta Phut 
as Figure 4 shows, and the investment could amount to about 500 billion Baht. Although the Trans-Asia Railway may enable Thailand to 
reduce logistical costs and promote the economic cooperation, Thais also worry that cheaper Chinese goods will flood the country (Li, 2016). 

 

 
Scource: Chen & Zhang (2015). 

Figure 3: The China-ASEAN Rail Plan 
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Source: Li (2016). 

Figure 4: The Present Thai-China Rail Plan 
 

Before the negotiation between Thailand and China, in Indonesia an agreement of a HSR between the capital Jakarta and Indonesian 
fourth largest city, Bandung, had been signed with providing a loan interest of 2% and without requiring an official loan guarantee or 
funding from Indonesia. The railway line is 150-kilometer long with a cost of $5.5 billion and with a maximum speed of 300 km/h, the 
travel time between the two cities will be shortened to less than 40 minutes from the present three hours plus. 

 
3.2 The Negotiation Process of the Sino-Thai Railway Cooperation Project 
 

In April 2012, it was the first time that Yeltsin, Prime Minister of Thailand, visited China and put out the idea of introducing China’s 
high-speed railway system because CHSR has the leading core technology, complete sets of design and construction standards and safety 
indicator that is far below the international limit of 0.8.  

In October 2013, with signing of “Memorandum of Understanding between the Government of Thailand and Thailand on 
Intergovernmental Cooperation Projects on the Development of Railway Infrastructure in Thailand and the Exchange of Agricultural 
Products in Thailand”, the project named “High-Speed Rail for Rice” officially began, and CHSR system with low cost and excellent safety 
was looked as the dawn to improve infrastructure in Thailand. 

Unfortunately, In May 2014, the government of Yingluck Shinawatra fell down, the government of Prayuth Chan-ocha continued as a 
new Prime Minister, and the Sino-Thai rail project was suspended. Fortunately, with the process of globalization accelerated and trade, 
cooperation and exchanges between countries more frequent, economic development in Thailand needs high-speed railway. With 
comprehensive consideration that CHSR has the technologically comparative advantages, security and low construction cost, On December 
19, 2014, Prime Minister of The interim government of Thailand, Prayuth, and the Chinese side finally signed a new Memorandum that is “a 
Memorandum of Understanding on railway cooperation under the Strategic Framework for Development of Thailand’s Transportation 
Infrastructure 2015-2022”. In the following year, Sino-Thai Railway Cooperation Committee held nine meetings and expressed that 
China and Tailand have reached more consensus. 

However, on March 25, 2016, less than 2 months from the commencement date, the Thai side broke the agreement once again. 
Thailand decided to self-raise funds and no longer had loan from the Chinese side, meantime, the Thai side announced that it would build 
the railway of Bangkok-Nazareth section, with the railway construction mileages reduced by nearly 2/3. The sudden change was partly due 
to both Thailand’s intention of pressuring China to lower annual interest rate of loan and the competition from the Japanese Shinkansen. 

The following part will show the game in the negotiation between the Chinese side and the Thai side, and the change because of 
Japan’s participation. 

 
3.3 Model Building 
 

It is clear that the internationalization of CHSR is not so smooth that CHSR is being faced with many challenges and threats. The 
following part will analyze the inferior factors of CHSR going abroad from the perspective of game theory with applying Rubinstein’ (1982) 
“alternating offers” model of bargaining. Rubinstein’ (1982) model of bargaining was developed by Muthoo and has been a classical 
bargaining model. In this paper, we will use Rubinstein’ (1982) “alternating offers” model to discuss the game process of bargaining during 
the THSR construction bid. 

According to the bargaining model of Rubinstein’s (1982), assuming that two participants split a cake, Participant 1 (P1) first bid, 
Participant 2 (P2) can accept or reject the result; if P2 accepts it, the game ends, the cake is distributed according to the scheme of P1; if P2 
rejects it, P2 should bid (counter-bid), P1 may accept or reject it; if P1 accepts it, the game ends, the cake is distributed according to P2’s 
scheme; if P1 refuses it, P1 re-bids; this continues until one participant’s bid is accepted by the other participant. This model emphasizes the 
role of negotiation costs in the bargaining of the participants. Participants in the game each time proposing a bid, represents a stage of 
negotiations, since participants’ estimates of negotiating costs (interest of capital, depreciation of property, etc.) are different, the degree of 
Patience shown to the negotiation is different, therefore, the discount factor δ1 and δ2 (0 <δ1 <1, 0 <δ2 <1) can be used to represent the cost 
of each negotiation. In the study, we can make the following assumptions: 

One side is P1,another side is P2; 
The total income of the project is 1, x is the income of P1, (1-x) is the income of P2; 
δ1 and δ2 (0 <δ1 <1, 0 <δ2 <1) are the discount factors of P1 and P2 respectively. 
This kind of game has the only sub-game Perfect Nash equilibrium. Since the number of the times of bargaining, t, cannot be 

determined, it can be discussed in an infinite bargaining model. Rubinstein (1982) proved that the only sub-game perfect Nash equilibrium 
in the infinitely repeated bidding game is: 

X1＝(1-δ2)/(1-δ1δ2); 
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X2＝(1-δ1)/(1-δ1δ2). 
The Rubinstein’s (1982) model can be applied to the following cases: 
The two sides bid alternatively. In the Rubinstein’s (1982) bargaining model, one participant (P1 or P2) alternately makes a bid, after 

accepting the other side’s bid, one side can accept it, or reject it and speak out his own price. 
Anyone of these two sides will not be the first to give up negotiations. In the Rubinstein’s (1982) bargaining model, neither side will be 

the first to give up negotiations in order to maximize the benefits, regardless of the duration of the negotiations. Because once quitting, his 
own income will become 0, and the other side will get all benefits. If he continues to negotiate, it means that his own income will be no less 
than 0. 

The negotiations about the finance-raising model (sole or joint venture) and the loan interest rate for the Sino-Thai Railway project, is 
consistent with the above characteristics: 

China and Thailand bid alternatively in the process of financing negotiation, for example, China first provided annual interest rate of 
2.5%, but the Thai side thought that it is higher than the rate of 2%, China provided to Indonesia, so they hope that the annual interest rate is 
also no more than 2%. In this process, any side can accept or reject bids of another side and report his own bids. 

Both China and Thailand are inclined to have an agreement rather than no agreements. In order to promote the internationalization of 
CHSR and implement the strategy of “OBOR”, it is necessary for the Chinese side to build THSR; in order to meet the needs of the 
economic development, it is also necessary for Thailand to have a complete infrastructure. Therefore, the construction of HSR is very 
important for both sides, and any side will not quit firstly in the negotiations. 

So, this paper analyzes the negotiation process based on Rubinstein’s (1982) bargaining model from the perspective of “superiority of 
Patience” and “first-mover advantage”. 

In the negotiations for railway construction, assume that China is the supplier as S and Thailand the demand side as D. Because the 
game between China and Thailand is mainly focused on the loan amount (sole proprietorship and joint venture) and annual interest rate, 
therefore, we can assume that China provides the total loan P and the annual interest rate is Q, while time duration T is constant, then the 
income (only consider the financing side) of the Chinese side of is: 

s∏ (P,Q)=PQT-C(P)                                                                                        (1) 
Where, C(Q) is economic losses of China such as the reduction of domestic investment in China when the total amount of loans is P. 
The income of the Thailand side is: 

D∏ (P,Q) = R(P)-PQT                                                                                      (2) 
Where, R(P) is the income of the Thailand side when the Thai side gets the loan P from the Chinese side. The bargaining benefit of the 

two sides is π = R(P) -C(P).  
In the formulas (1) and (2), C (0) = 0, C'(P)> 0, C"(P) <0, R (P) = 0, R'(P)> 0, R" (P) <0 and R'(P)>C'(P).  

Assume that the discount factor of the Chinese side is sδ  and the discount factor of the Thailand side is Dδ . China and Thailand, in 
accordance with the process of bidding in turn, bargain on the loan interest rates and the amount of the loan, then a bid is a trading scheme 
(P, Q) where P> 0 and Q> 0. 

In the first stage of the negotiation, suppose that China firstly proposes a financing plan (P1, Q1), according to which, the income of the 
Chinese side is s∏ (P1,Q1) and the income of the Thai side is D∏ (P1,Q1). At this point, the Thai side can choose to accept or reject the 
plan provided by the Chinese side, and if it is accepted, the negotiation ends; while if it is rejected, the negotiation keeps going and enters 
the second stage. 

In the second stage, another plan (P2,Q2) is offered by the Thai side, whereby the Chinese side gains s∏ (P2,Q2) and the Thai side 
gains D∏ (P2,Q2). 

After the Thailand side bids, it is same for the Chinese side to choose to accept or reject it. If it is accepted, the negotiation ends; if it is 
rejected, the negotiation continues, and the Chinese side should continue to bid. If the two sides always reject the proposed plan offered by 
the other side, the game will continue indefinitely, but the two negotiators tries to avoid this situation. 

3.3.3 Solutions to the Model 
Let (Pi*,Qi*) (i=S,D) represents an equilibrium bidding scheme for both the supply and demand sides, and let Ei*= i∏ (pi*,Qi* ). 
It is assumed that the Chinese side bids (PS, QS) at the tth stage of (t is the odd number). Under such a scheme, if the income of the 

Thai side is less than that the Thai side obtains after the Thai side rejects the scheme, that is, D∏ (PS,QS)< Dδ D∏ (PD,QD), the Thai side 
will choose to reject; If the income of the Thai side is no less than that the Thai side obtains after the Thai side rejects the scheme, that is, 

D∏ (PS,QS)≥ Dδ D∏ (PD,QD), the Thai side will choose to accept. Participants in their own interests to maximize the consideration, the 
Chinese side will not bear that part of the cost. 

D∏ (PS,QS)> Dδ D∏ (PD,QD)= Dδ ED*, therefore, the optimal bidding scheme of the Chinese side satisfies the following condition: 

D∏ (PS ,QS)= Dδ D∏ (PD,QD)= Dδ ED*                                                                    (3) 
Thus, the Thai side will choose to accept the above scheme after taking into account the above situations. In this financing scheme, 

both China and Thailand achieve their own maximum interests. 
The optimality requires that he Chinese side offer the equilibrium bid scheme (PS*,QS*) that result of maximizing the profit 

S∏ (PS,QS) under the constraint of D∏ (PS ,QS)= Dδ D∏ (PD,QD)= Dδ ED*. Therefore, 

PS*=
eP , 

Where, 
eP is the only solution of P)（’C = (P)’R . Then, 

ES*=π - Dδ ED*                                                                                           (4) 

π =R (
eP ) –C (

eP ) 
 

It is assumed that the Thai side bids (PD, QD) at the tth stage (t is the even number). Under such a scheme, if the income of the Chinese 

side is less than that the Chinse side obtains after the Chinese side rejects the scheme, that is, S∏ (PD,QD)< Sδ S∏ (PS,QS)= Sδ ES*, the 
Chinese side will choose to reject; If the income of the Chinese side is no less than that the Chinese side obtains after the Chinese side 
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rejects the scheme, that is, S∏ (PD,QD) ≥ Sδ S∏ (PS,QS)= Sδ ES*, the Chinese side will choose to accept. Participants in their own 
interests to maximize the consideration, the Thai side will not bear that part of the cost. 

S∏ (PD,QD)> Sδ S∏ (PS,QS)= Sδ ES*, therefore, the optimal bidding scheme the Thai side satisfies the following condition: 

S∏ (PD, QD)= Sδ S∏ (PS,QS)= Sδ ES*                                                                    (5) 
Thus, after taking into account the above situations, China will accept the scheme in formula (5). In this financing scheme, both China 

and Thailand have also achieve the purpose of maximizing their interests. 
The optimality also requires that the Thai side offer the equilibrium bid (PD*,QD*) that the result of maximizing profit D∏ (PD,QD) 

under the constraint of S∏ (PD,QD)= Sδ S∏ (PS,QS)= Sδ ES*. Therefore, 

PD*=
eP  

ED*=π - Sδ ES*                                                                                    (6) 
Combining (4) and (6), we can have the unique solution: 

ED*=π (1- Sδ )/(1- Bδ Sδ ), 

ES*=π (1- Dδ )/(1- Dδ Sδ ) 

And because Ei*= i∏ (pi*,Qi* ), there is a unique sub-game perfect Nash equilibrium of the dynamic game for both sides: 
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3.3.4 Analysis of the Results 

(1) Under the condition of δ D=δ S=δ , when equilibrium financing plan offered by China is greater than that by Thailand, that is, 
δ D=δ S=δ , 
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It can be seen from the above solution is that China have and advantages in pricing during the financing negotiation between the 

Chinese and Thai sides, if without considering other external factors including Japan. 
(2)The distribution of profits between China and Thailand depends on the ratio of the discount rates. 

In the only sub-game perfect equilibrium, the equilibrium loan amount 
eP realizes maximization of the trading profit R(

eP )-C(
eP ), 

and only when (P,Q) satisfies ePP = , the result satisfies the Pareto optimality. 
From Formula (7) and (8), we can see that if the Thai side bids at the 0th stage, the equilibrium loan is PD*, and if the Chinese side 

bids at the 0th stage, the equilibrium financing amount is PS*. Both PD* and PS*converge to the same price when the interval ∆  of 
rotating bid tends to zero: 
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It can be seen from Formula (9) that the convergent final equilibrium loan amount is the convex combination of the equilibrium 

average return and the average cost. Therefore, we can conclude that: China and Thailand should set the total amount of financing at the 

level of maximizing trading income R( eP )-C( eP ), meantime make the loan interest rate as the tool of distributing financing income 

R(
eP )-C( eP ).  
According to the two parts of the right side of Formula (9) ,it can be concluded that When Dr / Sr →0, the balance of the equilibrium 

total financing amount will become lower, and at this point the Chinese side has more negotiating Patience than the Thai side, has the 
advantage of equilibrium total amount and will get most of the trading income; When Dr / Sr → ∞+ , the equilibrium total financing 
amount will become higher, and at this point, the Thai side has more negotiating Patience than the Chinese side, has the advantage of 
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equilibrium total amount and will get most of the trading income. Therefore, we can sum up a law: the negotiating Patience of China and 
Thailand is an important factor that affects the equilibrium financing amount and eventually will have a significant impact on the 
equilibrium income. 

 
3.4 Extension of the Model 

 
The above function based on the Rubinstein’s (1982) model has proved that China has a comparative advantage over Thailand in terms 

of bidding. But this function only studies the game between the two main subjects, without taking into account the existence of multiple 
suppliers in the market situation. During the negotiation between Thailand and China, Japan as a third-party stakeholders, joined the 
competition of high-speed railway construction bargaining, which influenced the game between Thailand and China. Therefore, the 
following part will discuss the actual market in the game with three stakeholders. First, assume that: 

the Chinese side is the participant S, the Thai side is the participant D; 
The total income of Sino-Thai Railway is 1, the income of the Chinese side is ∏S(P,Q), the income of the Thai side is ∏D(P,Q); 
 δS and δD (0 <δS<1, 0<δD<1) are the discounting factors of China and Thailand respectively. 
This kind of game has only sub-game perfect Nash equilibrium. Since the number of bargaining, t, cannot be determined, it can be 

discussed with an infinite bargaining model. Rubinstein (1982) proved that the only sub-game perfect Nash equilibrium in the infinite-time 
bidding game is:  

∏S(P,Q)＝(1-δD)/(1-δSδD); 
∏D(P,Q)＝(1-δS)/(1-δSδD). 
 
First, if the value of δD is fixed, when δS→1, that is, the discount factor tends to be 1, ∏S(P,Q)→1, that is, the premium is all obtained 

by the Chinese side, since the larger the discount factor is, the smaller the discount loss is, and the smaller the loss in each round is for the 
Chinese side; If δS =1, it means that China is “extremely tolerant” or “extremely patient”, and Patience makes China get a larger share of the 
premium, so that the Chinese side can get all premiums theoretically. 

Otherwise, if the value of δS is fixed, when δD→1, then ∏D (P,Q)→1, that is, the premium all belongs to the Thai side, since the 
larger the discount factor is, the smaller the loss is; If δD =1, it indicates that the Thai side is “very tolerant” or “very patient”, and the Thai 
side will get more benefits theoretically. Therefore, the sub-game Nash equilibrium is a function with discount factor (the degree of Patience) 
of the participants, which means that “people with absolute Patience can always procrastinate to swallow their own cake”. 

  However, in the HSR negotiations not only exists the game between the supplier and the demander, but also exists the game among 
the suppliers. In the negotiation (game) between the Chinese side and the Thai side about the loan interest rate in the construction of the 
Sino-Thai Railway project, estimated project cost of the Chinese side is at 569 billion baht (about 1.39 billion US dollars) and the loan 
interest rate is 2.5% (US dollars). While Japan proposed a low-interest loan with an annual interest rate of 1% which is far lower than annual 
interest rate of 2.5% provided by China. China is at a disadvantage. However, the international offer of CHSR construction is 0.3 billion US 
dollars per kilometer, while Japan’s offer was 0.5 billion per kilometer. So, it can be seen that Japan and China have their own advantages in 
the process of building HSR, construction cost is the main factor that influence the decision making of the Thai side. The Chinese and 
Japanese sides will inevitably take the strategy of price reduction in order to compete for the Thai market of HSR construction, and the 
pricing game will gradually form a buyer’s market, and eventually, Thailand will become the largest beneficiaries. 

In addition, due to China providing Indonesia with an annual interest rate of 2% during the cooperation with Indonesia in building 
Indonesian railway, Thailand also demanded that China should offer the same preferential policies, which makes China in a weak position in 
biding the THSR construction project. Table 1 shows the differences of the schemes offered by China and Japan. 

 
Table 1: The Game between China and Japan in Indonesia and Thailand on the Bidding of Railway Construction 

Project 
Indonesia’s first high-speed rail linking Jakarta & 

Bandung, awarded September 2015; Estimated cost: 
US$5.5 billion; 140km long; Operation by 2019 

Thailand’ HSR plan 

China China won the contract, based on attractive financial 
package: no recourse to Indonesian government funding. 

China is to build an 873km line between 
NongKhai province and Map Ta Phut deep-sea 
port in Rayong province, at $10.6 billion. 

Japan Japan’s financial proposal required Indonesia state 
funding. 

Japan is to build a 715km line linking 
Bangkok and Chiang Mai. Work to start in 2019 
at $8.1 billion. 

Remar
ks 

Japan is engaged in a major port expansion & a $3 
billion metro in Jakarta. 

China is engaged in a $2.5 billion deal to upgrade 30 
ports in eastern Indonesia. 

A division of labour? Another potential 
project is Bangkok. 

Pattaya(194km) 

Sources: Chan’s (2016) study. 
 
Thus, Thailand’s Patience index in the bid will be greater than China’s for Japan joined in the bid and a buyer’s market exists, which 

means that the discount rate for the Thai side is higher. So, the interference of the external environment, joining of Japan, will influence the 
market pattern and the game. In order to enhance the competitive advantage of CHSR in the process of internationalization, it is necessary 
for the Chinese side to adjust the annual interest rate within a reasonable range to form a competitive price advantage; In addition, the results 
in each stage of the game will have some impacts on the subsequent stage of bidding, for example, the results of bidding in Sino-Indonesian 
HSR cooperation project influenced the bargaining process and bidding results of Sino-Thai HSR cooperation project. As a result, The 
Chinese side undertook 1/3 of the total task, an 873-kilometre construction project, while the Japanese side undertook the rest of the whole 
THSR construction plan. So, it also needs to pay more attention to the strategy and impact of each negotiation for the Chinese side. 

 
3.5 Findings 
 

According to the above game analysis and the bidding process of the Sino-Thai railway cooperation project, it can be seen that the 
internationalization process of CHSR is being faced with multiple challenges. 

First of all, traditional financing model of the Chinese side is one of the challenges in the process of internationalization of CHSR. The 
investment in HSR is large-scaled, and railway construction period and payback period are very long, so that host countries require low loan 
interest rates rather than the market fair price for their own interests. If an export country cannot provide low loan interest rate, it will be at 
disadvantage. In China, there are many financial regulations and the financing interest rates are relatively high. Japan can offer a very low 
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annual interest rate of 1%, while China’ rate is up to 2.5%. China is obviously at a disadvantage when competing with Japan, during gaming 
between China and Thailand. 

Moreover, the bidding results in one country for China have bad influence on the subsequent bidding in another country. During the 
cooperation between China and Indonesia on building Indonesian railway, China provided loan with an annual interest rate of 2%, the loan 
period was postponed from 25 years to 50 years, and all loan was estimated 5.5 billion US dollars without loan guarantee from Indonesian 
government, which resulted from the fact that Chinese government pays too much emphasis on CHSR strategy that is a part of “OBOR”. 
Because of the low-interest loan that the Chinese government has provided for Indonesia before, Thailand had the upper hand in the biding 
game of Sino-Thai railway cooperation project. 

Although “OBOR” and “Highway Diplomacy” strategies could improve reciprocity and mutual benefit of both sides, the anxiety of 
internationalization of CHSR makes Chinese economic benefit lost to some extent. It is also because that Chinese government strongly 
emphasizes the strategy of CHSR internationalization as a national strategy, the Patience of China is at a disadvantage in the biding game of 
Sino-Thai railway cooperation project. 

The strategic plan of Chinese government is to build the huge high-speed railway network all over the world. HSR plays a role of 
promoting economic and trade and connecting the world (Figure 5 shows the great vision of CHSR), but it raises the discussion about the 
political intention of China CHSR strategy. CHSR internationalization strategy has caused political misunderstanding in some countries, 
which has a hinder of CHSR internationalization strategy. Toward Chinese initiative, the responses of countries are very different (Chan, 
2016). Though the strategic vision is glorious, the political reasons of host countries should also be taken into account as well, such as in 
Thailand different political intention of different Premier and coup in some countries. 

 

 
Source: Chan (2016). 

Figure 5: the Vision of CHSR 
 
From the perspective of negotiation Patience, on one hand, Thailand is more Patient than China. The cooperation between China and 

Indonesia brings Thailand good reasons to ask for lower loan interest rate. Meanwhile, the Sino-Thai railway plays an important role in 
Chinese whole strategy, especially political strategy, which leads to a result that Thailand deliberately delayed the project implementation, 
and had a bargaining chip. In addition, Thailand doesn’t have such strategic burden as “OBOR”, and focuses more on the economic benefits 
without considering about the time cost. Therefore, in the bargaining between China and Thailand, Thailand has more Patience and is at an 
advantage in the negotiation. 

On the other hand, in the competition for biding THSR construction project, construction cost of the Japanese side is higher than that of 
the Chinese side, but the loan interest rate which Japan offered is much lower than China. What’s more, in terms of technology, there are no 
evident technological differences between CHSR and Japanese HSR, so, China and Japan, as suppliers, forms a kind of homogeneous 
competition, which forms a buyer’s market and becomes another bargainning chip for Thailand. Construction cost and preferential policies 
become the key factor that determines the bidding result. Meanwhile, compared with China, Japan considers less about HSR as a national 
strategy, although there is a burden of economic development on Japan. Thus in the tripartite game, both Thailand and Japan have more 
Patience and First-mover advantages, and play prominent roles in the tripartite game. 

 
4. Conclusion and Suggestions 
 
4.1 Conclusion 

 
In the bidding game of the THSR project, at first the participants are the Thai side and The Chinese side. The advantages of CHSR, low 

cost and excellent safety, and the demand of infrastructure construction, make the Thai side consider more about CHSR introduction. Rail 
construction plan can be regarded as a part of “OBOR” strategy, and rail construction in Thailand can help the Chinese side to achieve the 
aims of the strategy, which makes China have low Patience. 

However, the Sino-Thai railway cooperation project, which had been unable to start due to various external factors, became more 
complicated and confusing after Japan attended, which made China at a disadvantage in the competitions for CHSR has no more advantages 
than Japan’s Shinkansen and the price offered by China is higher than that by Japan.  

During the cooperation between China and Thailand, in order to start the construction of the railway construction, China lost Patience 
because of a lack of negotiation skills for its urgency of implementing “OBOR” strategy. According to the bargaining model of the game 
between China and Thailand, it can be seen that the discount factor of the Thai side is higher than that of the Chinese side, and has higher 
ultimate benefit while the Chinese side is at disadvantage.  

While Japan joined, a game with three stakeholders formed, and a buyer’s market showed. Japan actually became a Showstopper, 
which makes Thailand overcharge. Finally, it took Thailand low cost to sign a contract to build THSR, Japan took a big share of the project 
while the whole share that China should have got shrinked about 2/3. So, Japan is the biggest winner. 

 
4.2 Suggestions for China 

 
It can be found that lack of Patience makes the Chinese side in disadvantage in the price negotiations, and the higher Patience index of 

the Chinese side is, the more the benefits of the Chinese side are. So, Chinese central government should stick to their price lining and 
enhance the Patience, based on which, demonstrate the advantages and focus on pricing negotiations, with considering the subsequent 
outcomes of the negotiations. It is necessary for the Chinese side to avoid the situation that a price concession in a one-shot bargaining game 
becomes a chip in the follow-up cooperation between China and other countries. 
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International HSR project is large-sized, and the export of CHSR is that of the entire industry chain, and it needs Chinese central 
government to play a role of salesman in advancing CHSR internationalization which could make host and other countries especially 
competitors look the export of CHSR as a political behavior instead of a commercial behavior. However, it is necessary to make the 
enterprises a subject in the specific operation to alleviate the political concern from host countries toward the export of CHSR. 

One of the barriers of the international development of CHSR is loan interest rate which is higher than that in developed countries, so, 
it is difficult to form a competitive advantage in this point. Because medium-and-long term loans are restricted by annual whole loan quotas, 
and is also constrained by the relative regulations in China, it is difficult for railway enterprises going abroad to gain loans. 

It is necessary to broaden financing channels and diversify financing model to solve this problem, such as absorbing private capital and 
strengthening public-private partnerships (PPP), so as to break the inferior position of dependence on loans. 

In the international cooperation of the high-speed rail, the Chinese side should consider not only economic factors but also the political 
factors. The Chinese government strongly pushes the development strategy of “One Belt One Road” and “High-speed Rail Diplomacy”. 
CHSR “Going Out” has its strong political backing from high-level Chinese leaders, and is not considered as simply an export product, with 
placing China in an international development role, and has foreign policy and geopolitical motivations (Kratz & Pavlićević, 2016). Though 
the purport of the strategy is good, this will lead to vigilance of host countries and their cautiousness of choosing the suppliers. Excessive 
strategicalization of CHSR has been a bargaining chip for host countries to ask for a price.  

In the game between China and Thailand, Thailand wasn’t satisfied with the annual interest rate of 2.5% that China provided, hoped 
that China can give the rate as low as 2%, namely, “the friendly price”. Thai Minister of Transportation even publicly stated that it is to 
commemorate the 40th anniversary of the establishment of diplomatic relations between China and Thailand to sign the contract of the Sino-
Thai railway cooperation project, so that the Sino-Thai railway project is seen more as an inter-governmental cooperation rather than an 
economic one. Therefore, the Chinese central government should reduce the strategicalization, push marketization of HSR construction. 
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Analytic Hierarchy Processing of System Innovation Capacity and its Green Transition Effect 
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Abstract: In China our economy development has faced the bottleneck of energy and the environment as the same time .Thus we require 
the green transition urgently. The paper selected typical cities of Jiao dong to study. It utilized analytic hierarchy process (AHP) to 
processing data and built a green transition evaluation index system based on 2005-2010 data. It chose synergetic index to evaluate the green 
transition ability of the Jiao dong Peninsula by empirical analysis. The results have showed that: the relative synergetic index of the three 
cities is not stable. From 2005 to 2010, showing the two low-intermediate phenomena, but green transformation capacity changes are from 
different reasons in the three cities of Qingdao, Yantai and Wei hai for the six years. For one thing, the system innovation capability is 
lagging behind in the process of transition; so the transformation is lack of innovation support. For another thing, the innovation capacity has 
been increasing, formatting accumulation, and the transition process slowing down. Thus, the rich innovative capacity is hard to get into 
transition capacity for the short term. 
 
Keywords: green transition capabilities; system innovation capability; synergetic index; collaborative 
 
1. Introduction 
 

The learners have come up with the concept of green transformation according to the existing literature, but there are very few 
literatures on the green transformation in the area of economics. John Rensenbrinks (1999) representative work is the book, "Against all 
odds: American political green transformation "and Peter Walthall‘s (2002) representative work is the book," Spirit of green transformation, 
"[1-2]. Kevin Knobloch (2009) and others supported the idea of green transformation "Transition to green[3] . Currently there are many regions 
and industries which are carrying on the green transformation; but the green transformation is mostly as a widely accepted goal-oriented 
concept, yet it lacks systematic theory and practical measures. Yu Hai (2011) put forward which promoting and achieving green growth 
China need start from the root of problems, conduct systematic innovation, systematically think about strategies and approaches of 
promoting green development during the "12th Five-Year" [4]. Zhu Dajian (2011) pointed out that only technological innovation is not 
enough to make the city onto the road of sustainability, emphasizing urban green transformation should change from technology innovation 
to the systematic innovation [5]. Li Xiaoxi (2011) pointed out that the green economy means economy plus a "green" adjective, but it means 
adding new constraints to consumers, businesses and government decision-making and economic development [6]. For the quantitative 
evaluation of regional sustainable development, scholars at home and abroad have made some in-depth discussion, and built up a variety of 
assessment criteria of system. But researches on the green transformation capacity are still relatively fewer. Xujun, Zengqi thought the 
mining area city was a complex giant system composed of resources, environment, economy and social subsystems; Chen Xusheng studied 
regional sustainable development index system from the city's complex system [7]; Qi Jianzhen builds up evaluation index system of the 
green transition, and he studied on the development status and variation trend of the four major subsystems including economy, society, 
resources and environment in the composite system [8]. Since the late 1990s, many scholars have carried out more in-depth research on 
resource-exhausted cities, as Taiyuan, Fushun, Fuxin, Daqing are the main object of study; At the same time, many scholars have published 
a number of papers, from different perspectives, discussed regional transition problems and thinking mode and countermeasures, also made 
a special study of regional green transition and discussed mode selection, transition obstacles and countermeasures [9-10]. Learner Zhang 
studied the resource-based city Taiyuan , came up with the green transition costs, timing, and established of a composite system of the green 
transformation of resource-based cities, evaluated the ability of urban green development, and hold the idea that that the main subject of the 
transformation includes business, industry and government[11].Learner Li took the example of Beijing, studied the green transformation 
conditions from the perspective of Resources factor endowments  

 
2 Assessment of green transformation ability 
 

According to the connotation of green transition, in reference to the sustainable development index of Shandong Province of and 
sustainable development indicators of the United Nations he paper accepted frequency statistics law, theoretical analysis and expert advice, 
and other methods, through layers of screening, choosing Qingdao, Yantai and Weihai as the representative to study the green 
transformation of the Jiaodong Peninsula, taking use of data the Statistical Yearbook, Statistical Bulletin and government websites and 
others published as a basis, but for some of the missing data I applied methods of questionnaire and expert scoring to repair and make use of 
the nonlinear programming method to process data. On the basis of comprehension of the connotation of Green system innovation and 
understanding about the status of the Jiaodong Peninsula, under the principle of index system establishment, I investigated Qingdao, Yantai 
and Weihai’s Green Transformation Practice and collaborative ability of system innovation and green transformation. The index system is 
consisted of one first indicator, 13 secondary indicators, 36 three-stage indicators, and 120 four-stage indicators.  

Applying the hierarchy analytic method evaluates system innovation capability and green transformation ability synthetically, and 
using the distance method standardizes the original data to eliminate the impact of the indicators different from dimension which has some 
effect on the evaluation results, the formula is shown below as (1) 

min

max min

i j
i j

x x
y

x x
−

=
−                                                                                                  (1) 

as observed value of an indicator; minmax ,x x
 maximum and minimum value of the same indicators for different periods; ijy

 as the 
standardization value. In accordance with this method, all standardized data of green transformation ability and system innovation ability 
evaluation index system in Yantai, Qingdao, Weihai is available. Because the space limited, no list here. 
Criterion Weight Subjective weighting method 

According to the subjective weighting, by the analytic hierarchy process, first calculate the weight of level four indicators. First of all, 

make a list of the matrix for comparison and judgment
( )ij m nx x ×=

, to calculate the index weight 1 2( , ,..., )nw w w w=  then conduct 
consistency inspection. By the consistency test, it is reasonable, if not there needs to recalculate. Similarly, we can conclude that the weight 
of the level three indicators and level two indicators.  
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Finally, synthetizing the collative index data and the calculating weight coefficients, to obtain respectively the evaluation results of 
regional scientific and technological innovation capability, system innovation capability, policy innovation ability and management 
innovation capacity and get the system innovation capacity of all regions by synthesizing as shown in Table 1. In the same way, we can get 
the effect of the green transformation in the economic system, population, resources, systems and environmental systems in cities and by 
synthesis also get evaluation results of green transition effect of Jiaodong peninsula shown in Table 2.  
 

Table 1 Qingdao, Yantai, Weihai's Annual System Innovation Capacity 
 2005 2006 2007 2008 2009 2010 

Qingdao 0.1736 0.2568 0.4453 0.5821 0.6375 0.853 

Yantai 0.2067 0.2857 0.4222 0.5387 0.6906 0.8902 

Weihai 0.0864 0.278 0.4222 0.6272 0.7153 0.8818 

 
Table 2  Qingdao, Yantai, Weihai’s Annual Green Transition Effect 

 2005 2006 2007 2008 2009 2010 

Qingdao 0.4565 0.4097 0.5437 0.5925 0.5689 0.6491 

Yantai 0.4828 0.4391 0.536 0.5305 0.5484 0.6724 

Weihai 0.395 0.4142 0.4863 0.5801 0.6332 0.7546 

 
3. The Evaluation of Synergy 
 

The synergy capacity refers to average level of coordination of system innovation and green transformation during the period .its 
purpose is to grasp the coordination conditions between the two systems as a whole, and to predict coordination trends in the future. The 
way of coordination measure as follow: the correlation analysis (with 0.05 significance level) for system Innovation capability Ci, and 
transition effects Ti and studying relevant circumstances between them. 

 The date of table 3 is calculated according to Table 1, 2, and from the table 3, we can clearly see the correlation coefficients are above 
0.9 and are positively correlated indicating that the correlation between system innovation ability and the green transition effects in Qingdao, 
Yantai and Weihai, is very high. 
 

Table 3 Correlation Coefficients 
Correlation analysis correlation coefficients between System innovation ability and green 

transition effects 
Qingdao 0.9406 

Yantai 0.9102 
Weihai 0.9748 

 
With Granger causality model to determine the causal relationship of Ci and Ti, through this study, we can determine the system 

innovation is a sufficient condition for the green transformation. The structural model as follows: 

 
1

1 1

p q

i i i i i j i
i j

Y a a Y B X λ− −
= =

= + + +∑ ∑                                                                                (2) 

The above formula shows a linear function including Y’s expressed lag variables 1iY −   and X’s expressed lag variables i jX − . iλ  as the 

random error term, a β as coefficients.   0 : 0( 0,1,2.....),jH B j= = shows sufficient condition of X is not Y, namely the reason, if 0H
 sets 

up: 

1
1

p

i i i i
i

Y a a Y λ−
=

= + +∑                                                                                          (3) 

Among them, the residual sum of squares in (2) and (3) is, respectively, 1SSE ， 2SSE and construct the statistic 

( )
2 1

1. / 1
SSE SSEF

q SSE T p q
−
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F~（q,T-p-q-1）,  T is the number of samples, given the significant level a, the corresponding critical value is lF . If  lF F , refuse 

0H  with the confidence level of (1-a),  and then use Eviews software to calculate. By causal analysis, we can judge the causal relationship 

between X and Y, otherwise 0H  is accepted 

Set 
( ) ( ) ( )( )1 2, .....i i ii

px x x x=
 and 

( ) ( ) ( )( )1 2, ....i i ii
qy y y y=

which represent the relevant state variables of urban system innovation and green 

transformation in the three cities. If 1 2 1, 2( , .... ), ( ....p qx x x x y y y y= = ）respectively, represents a point in Euclidean  
q,PR R   space, then  

1 1
y

= =

= =∑ ∑
p q

j j j j
j j

x a x and B y
 is compared to the distance from vectors x and y to the origin 

q(0,0....0)  and（0,0....0) R∈ ∈PR ,  in which, 
, 0j ja B ≥  assuming 1 1

1, 1.
p q

j j
j j

a B
= =

= =∑ ∑
 The mean vector of 

( ) ( )and yi jx   is defined as 
( ) ( )
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1 1, y
m m

i j

i j
x x y

m m= =

= =∑ ∑  , from
( )

1

1 m
i

i
x x

m =

= ∑    we can know that the 

distance from the vector to the origin equals to the distance from mean vector to the origin, similarly, the same is true of 
( ), y jy . The point 

(g(y),f(x)) in  represents    the regional system innovation and green transformation, set ,( )i iE H  as the point  in the two-dimensional space. 

The  slope δ represents that coordination within the system between different regions, in which 
,H

E
δ =

 here        is respectively system 

innovation capability and green transformation effect,  ( ) ( )=g an =H y d E f x  The relative degree of coordination of system innovation and 

green transformation can be defined as: { }
1

max
i i

i
i i

H E
Cd

H E
δ
δ

−
= −

−   we can obtain relative coordinating values 0 1iCd≤ ≤  (4) , plug the data and 
through calculating get  the data of the coordination degree of system innovation capability and transformation effects of the representative 
cities Qingdao, Yantai and Weihai in Jiaodong Peninsula in 2005-2010,which is shown in Table 4. 

 
Table 4 Coordination of System Innovation Capacity and the Transition Effects cdi 

 2005 2006 2007 2008 2009  2010 

Qingdao 0.06  0.54  0.80  0.85  0.55   0.00  

Yantai 0.02  0.49  0.67  0.85  0.32   0.00  

Weihai 0.00  0.63  0.90  0.67  0.53   0.33  

 
We draw on research results at home and abroad, under normal circumstances, generally divide the coordination level of regional 

system innovation and green transformation into five grades as an evaluation criterion (shown in Table 4).  Conspiracy relation between 
system innovation capacity and the green transition effects, 
in the Jiaodong Peninsula during 2005 to 2010 is shown in Fig.1 

 
Fig.1. Transition Ability(degree of coordination) of Qingdao, Yantai, Weihai 

 
According to fig 1,we can clearly see that the synergy between system innovation ability and transition effect is at worst, that is to say, 

it’s in a disordered condition with weak transition ability; from 2006 to 2008, the ability of coordination is  becoming better and better; in 
2007, Qingdao and Yantai is more coordinated and Weihai is much coordinated;  in 2008, Qingdao and Yantai is in very coordinating 
condition with strong transition ability; after 2009, the coordination ability is falling, ranging from general coordination to imbalance, and 
the transition ability also ranged from middle, weaker and weak. 
 
4. Conclusions 
 

After analysis, we can draw the conclusion that relative coordination of the three cities is not stable, from 2005 to 2010 in the six years, 
showing the phenomenon of relative coordination peaked in middle and low at sides and;, the reason for low-coordinated urban system 
innovation and green transformation is different in three cities. In 2005, the improvement of the system innovation capability of the three 
cities are lagging behind the process of transformation, and change from innovation force to the transformation force isn’t enough with a 
lack of innovation. During the period, the system innovation ability continuously improves and turns into the power of transformation, 
promoting transformation process, so we see in 2008 and 2009, the degree of coordination of the three cities is relatively high. To 2010, 
Qingdao and Yantai lost coordination again. And the reasons is opposite to that in 2005, due to the formation of accumulation innovation as 
the innovation ability has been increasing in the past years, and a rational economic structure and development mechanisms Qingdao and 
Yantai has basically formed, so the transition process slows down, but its ability to innovate is at a faster increase state, and the rich 
innovative in short-term is hard to get into the driving force for industrial restructuring, resulting static incoordination on both. From this we 
can see that Qingdao and Yantai is floating on a higher level of coordination. While the system innovation capability of Weihai is not fully 
converted to the power of green transition , especially for the city's population and resources system the influence of the transformation is 
weak , making the whole green transformation process lag behind in the general coordination position. 
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Abstract: Software aging problems, which lead to performance degradation, occasional hang, and even failures, are found for two decades 
by Huang. In order to lessen the loss by software aging problems, the prediction of resource consumption need be executed. In this work, we 
propose an aging detection algorithm based sliding window to find whether software aging appears by resizing the number of the sliding 
window. And a hybrid method by using advantages of linear and nonlinear models is proposed. In the experiment, we find that the aging 
detection algorithm based on a sliding window can predict software aging in the two levels, which are system level and application level. 
And the proposed hybrid model is an effective way to improve resource prediction accuracy in comparison with other single models. 
 
Keywords, Software aging, Aging detection, ARIMA, SVR, hybrid method 
 
1. Introduction 

 
Since software aging, also called smooth degradation, is introduced by Huang et al. for about two decades, problems by software aging 

are reported in many fields. For example, at least six patients [1] were injected too much radiation by computer system failure of the 
Therac-25 radiotherapy units, which resulted in serious injury or death. Because of accumulated round-off error in patriot missile defense 
system, twenty-eight soldiers were killed [2]. It caused 100 million us. Dollars since an explosion had occurred in Ariane 5 [3] on account of 
operational error of a computer system. 

Several studies [4], [5] have reported that the phenomena such as performance degradation, round-off error, and unplanned software 
outages are caused by software aging problems. The reasons of software aging are consumption of operating system resources, data 
corruption and round error accumulation. To deal with these problems by software aging, Huang et al. [6] proposed a technique, also called 
software rejuvenation, by occasionally ceasing the running of software, eliminating the accumulated error environments, and then software 
restarting the application.  

On the one hand, accumulation of internal errors caused by software aging problem makes application more and more easily access a 
state of degradation. And on the other hand, software rejuvenation on a software system can cause the direct and indirect costs during 
downtime of a system. In order to minimize loss caused by rejuvenation, an optimal timing of software rejuvenation should be sought based 
on prediction accuracy of the state of software system. If we can know of the state of the system in advance, which is determined by the 
prediction accuracy of system resource consumption, we can do better in choice of software rejuvenation time. 

The methods to forecast resource consumption can be classified into two classes. One is linear approaches, and the other is nonlinear 
methods. Auto Regressive Integrated Moving Average model (ARIMA) is one of the most popular linear models for time series forecasting 
over the past three decades in the areas of forecasting foreign exchange, engineering, social, economic, and stock problems. ARIMA model 
has some assumptions that time series is stationary and no missing data, future values for a time series have a linear relationship with present 
and past values, and residual error is white noise, so using ARIMA model as approximations may not be sufficient when time series is 
nonlinear. However, problems of real world are often nonlinear, thus, it is unreasonable to assume that the characteristic of a given time 
series set only owns a linear feature. 

In the past decades, support vector regression (SVR), a nonlinear algorithm, have been successfully applied to time series and 
regression problems because of the global optimum prediction accuracy due to its performance of the structural risk minimization principle 
which takes into consideration both the training error and the generalization of the model. However, using SVR to predict values of a given 
data set may suffer a problem that yielded mixed results. When there is multicollinearity or outliers in the data set, SVR can do better than 
linear regression models. SVR performs worse than linear statistical models in some specific situations when the features of data are linear 
without much disturbance. 

In this work, we propose a compounded method by combining linear and nonlinear method to more accurately predict system resource 
consumption in a software aging environment. In consideration of software aging state, an aging detection algorithm, called sliding window 
detection algorithm, is proposed to find software aging in the long-term trend.  The rest of the paper is organized as follows. In Section 2, 
some related work on software aging is briefly reviewed. In Section 3, we propose an aging sliding window detection algorithm, review 
linear algorithm ARIMA and nonlinear algorithm SVR, and put forward a hybrid methodology in the last. In Section 4, the experimental 
environment and result are executed. Conclusion is in Section 5. 

 
2. Related Work 
 

Since software aging is induced by software fault, machine learning algorithms were used to predict which source code files are apt to 
faults in [7]. However, the faults in a software can hardly be found because of complex internal and external environments. Hua et al. [8] 
used a linear method, called P2, to forecast resource consumptions, such as CPU utilization and used memory. She reshevsky et al. [9] 
monitored the Hölder exponent of the system parameters. Their findings indicated that system crashes were often preceded by the second 
abrupt increase in this measure. Bruneo et al. [10] proposed a technique to model and evaluate the VMM aging process and to investigate 
the optimal rejuvenation policy that maximizes the VMM availability under variable workload conditions. Grott ke et al. [11] collected data 
from apache web server and used autoregressive model to predict system resource consumption, i.e., free physical memory, and used swap 
space. They found that there was a periodical pattern in used swap space. Jia et al. [12] used an artificial neural network algorithm to 
forecast available resource consumption and found artificial neural network is a proper method to analyze system state. And Yakhchi et al. 
[13] forecasted time to resource exhaustion based on neural network. Li et al. [14] used a method of nonlinear autoregressive models with 
exogenous inputs to detect the aging phenomenon of the software system which is a variant for neural network. Resource consumptions in 
Eucalyptus Cloud Computing Infrastructure [15] were forecasted according to four kinds of time series models. Simeonov et al. [16] 
presented a proactive VM-rejuvenation framework for detecting anomalies in virtual machines, and the proposed framework could be 
applied against internal anomalies like memory leaks. Recently, machine learning approaches have been adopted to solve software aging 
problems. Yan et al. [17] proposed ARIMA model to forecast resource consumption of a web server which is suffered from a software aging 
problem. However, the data used by most of the above works are synthetic load data, which are not appropriate in the real runtime 
environment. And data are collected by the methods of fault injection and overload. The phenomenon of software aging disappears after 
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fault injection operation, which means that it is not software aging phenomenon. In order to analyze the software aging phenomenon, we 
need to use those data obtained from the real runtime software system, which is used for this work.  

 
3. Method 
 
3.1 Aging detection algorithm of sliding window 
 

In the past research, Mann-Kendall is used to judge whether there is a trend. If there is a trend, software aging occurs in software 
systems. Machida et al. pointed out some false alarm problems happened in the detection of software aging problems by using Mann-Kendal. 
In this section, an aging detection algorithm of sliding window is proposed to judge software aging problems in the long-term trend. Some 
definitions are given below. 

 
Definition 1: data stream of resource consumption. A data stream of resource consumption can be expressed 

as
1 1 2 2{ , , , , , , , }i ix x t x t x t= < > < > < > 

, where xi  is the value of resource consumption series at time t i . 
Definition 2: window of data collection. The collected time of the related resource consumption data in the software systems can be 

expressed as window time, gw. Window time can be composed of two parts: start time of data collection, gwst, end time of data collection, 
gwet. A symbol, called gwspan, can be used to describe span between start time and end time. 

 
Definition 3: sliding window. A sliding window, slw, is used to control the software aging trend calculation range. The span of sliding 

window can be described as slwspan={slwst,slwet}, where slwst is the start time of sliding window and slwet is the end time of sliding 
window.  

Linear fitting. The linear fitting of resource consumption time series can be expressed as ˆ ˆ ˆ( )x t at g= + , where ˆ( )x t  is the fitted value of 
resource consumption; â  is the speed of resource consumption (i. e. the fitted slope); ĝ  is the fitted intercept. 

 
Abnormal pattern. If the slope is negative or positive in the sliding window, abnormal phenomena happen. 
The aging detection algorithm of sliding window is as follows. 
Input parameters: data collection window, sliding window, step of sliding window 
Output parameters: fitted linear regression: ˆ ˆ ˆ( )y t at g= +  

 
Initialization: gw, slwspan, step of sliding window 
for t in slwspan do 
Calculate â , ĝ  
end for 
if â >0 or â <0 then 
Software aging problem exists in the software system. 
else  
Software system is in the normal state 
end if 
 
3.2 ARIMA Model 
 

In the 1970s, Box and Jenkins proposed a set of methods for analysis, prediction and controllable method about time series analysis, 
called ARIMA or Box-Jenkins method. ARIMA model is, in theory, the most general model for forecasting a time series which can be 
stabilized by transformations such as differencing.  

Lags of the differenced series are called autoregressive (AR) terms, lags of the forecast errors are called moving average (MA) terms, 
and a time series which needs to be made stationary through differencing method is called an integrated term in ARIMA. In fact, random 
walk and random trend models, autoregressive models, and exponential smoothing models are all special cases of ARIMA model. 

Given a set of resource consumption data series (x1, , xm), where i = 1, …, m, the difference transformation can be expressed as 

(1 )d d
t t t d tx x x B x−∇ = − = −                                (1) 

Where 
d∇  is the difference operator, d is the number of the difference, xt and xt-d are the actual values of resource consumption 

series at time t and t-1, B is the backward shift operator. 
 
After the difference transformation, ARMA (p, q) model which is a stationary ARIMA can be described as (2) 

1 1 1 1... ... ...t t p t p t t q t qx x xϕ ϕ ε q ε q ε− − − −= + + + + − − −                                   (2) 

Where tε  is a white noise which is an uncorrelated random variable with mean zero and a constant variance 
2

εσ , p is the order of 

non-seasonal autoregressive part of the model, q is the order of non-seasonal moving average part of the model, ϕ  and q  are 
coefficients that satisfy stationary and invertible conditions, respectively. 

Using the backward shift operator B with 1t tBx x −=  and 1t tBε ε −= , we can describe (2) as 

2
1 2

2
1 2

( ) ( )
( ) (1 ... )

( ) (1 ... )

t t
p

p

q
q

B x B
B B B B

B B B B

ε

ϕ ϕ ϕ

q q q

Ψ = Θ

Ψ = − − − −

Θ = − − − −

                                (3) 

When q is equal to zero, the model turns into AR(p) model. 
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1 1 ...t p t p tx x xϕ ϕ ε−= + + +                                  (4) 

When p is equal to zero, the model turns into MA(q) model. 

1 1 ...t t t q t qx ε q ε q ε− −= − − −                                    (5) 

 
3.3 Support vector Regression 
 

The general algorithms such as artificial neural network (ANN) are based on the empirical risk minimization principle, which aims to 
minimize training error, so they easily lead to over learning. SVR not only optimizes its structure based on the input training data but also on 
the predicted testing data, so it can settle the small sample problem as well as the large sample. 

In a resource consumption series, the collected data set can be divided into training set and testing set. Given a set of training data (x, y), 
where x=(x1, , xi, …, xm), i = 1, …, m, y, which has same origin with vector x, is the target value for the input vector x. Generally, a 
resource consumption series function f(x) can be written as 

( ) ,f x w x b= +                                   (6) 

Where w and b are the weight vector and intercept, respectively, and ,⋅ ⋅  means the inner product of the involved arguments. 
 
SVR method tries to locate a low-dimensional hyperplane with small risk in high-dimensional feature space based on nonlinear kernel 

regression method. Among numerous of SVR methods, the most commonly used method is ε -SVR which finds a nonlinear hyperplane 
with an ε -insensitive band In order to make the method more robust, the mapping from the input data to the target data does not need to 
lie rigorously inside or on the ε -insensitive band. The mappings outside the ε -insensitive band are punished, and slack variables are 
imported for the mappings. For convenience, in the following, the term SVR is used to present ε -SVR. The objective function with 
constraints for SVR is as follows 

*
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≥

∑                                  (7) 

Where i=1, …, m, m is the number of training set, C is a parameter which gives a trade-off between model training error and 

complexity, ix  and 
*

ix  are slack variables which are used when the predictable value is above or below the target value more than ε . 
One thing to note is that ( )xφ  is a nonlinear mapping function from the input space to a feature space. So we can rewrite the general 

function (6) into the derived hyperplane which is 

( ) , ( )f x w x bφ= +                                (8) 

To solve (7), one can introduce the Lagrangian multipliers, take partial derivatives regard to the primal variables and set the results to 
be zero, and turn the Lagrangian into the following Wolfe dual form 
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                              (9) 

Where i is equal to 1, …, m, ia  and 
*

ia  are Lagrange multipliers. ( , )i jK x x  is a kernel function which represents the inner product of 
( ), ( )i jx xφ φ . 

If 
*0 ,i i Ca a< < , the corresponding training sample is a free support vector. 

If 
*,i i Ca a = , the corresponding training sample is a boundary support vector. 

If 
*, 0i ia a = , the corresponding training sample is a non-support vector, which doesn’t affect the classification or regression result. 

Free support vectors and boundary support vectors are called support vectors. 
A widely adopted kernel function also used in this paper is the radial basis function (RBF) which is defined as follows 

2
( , ) ( ), ( ) exp( )i j i j i jk x x x x x xφ φ γ= = − −

                     (10) 

Where γ  is the width parameter of the RBF kernel. Now, (9) can be solved by Sequential Minimal Optimization (SMO) algorithm. 

Suppose ˆia  and 
*ˆia  are the optimal values by computation, the hyperplane for the time series problem can be shown as 

*

1

ˆˆ ˆ( ) ( ) ( , )
m

i i i
i

f x K x x ba a
=

= − +∑                               (11) 

3.4 The hybrid method  
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In this work, a novel hybridization combining both SVR and ARIMA is proposed to overcome limitations of linear and nonlinear 

models by using the advantages of SVR and ARIMA. 
A resource consumption series can be considered to be made up of a linear autocorrelation part and a nonlinear part, which is 

t t tx L N= +                                               (12) 
Where L t  is the linear part, N t  is the nonlinear component, and xt  is the whole resource consumption series. In (12), there is an assumption 

that a resource consumption series can be gotten by linear part plus nonlinear. 
In order to get (12), it can be divided into three steps. 
Firstly, ARIMA is used to model the linear component of resource consumption series, and then the resource consumption series 

subtracted from ARIMA will only contain the nonlinear relationship. We can use et to represent the residual error 
ˆ

t t te x L= −                                              (13) 

Where 
ˆ

tL  is the estimated value of ARIMA at time t. The diagnostic check of the residuals is important to determine the adequacy of 
the linear models. A linear model is not sufficient if there are still linear correlation structures left in the residuals. Even if the residuals have 
passed the symptomatic check, the model may not be suitable because residual analysis is not able to detect any nonlinear patterns in the 
residuals. In fact, there is currently no general symptomatic statistics, as we know, for nonlinear relationships, which means that using 
ARIMA as a sole predictive model is not accepted. Therefore, we need to use the nonlinear model to find a nonlinear characteristic in the 
residual series. 

Secondly, SVR is used to represent the residual error with n input nodes.  

1 2( , ,..., )t t t t n te f e e e u− − −= +                                   (14) 
Where f is a nonlinearity function determined by the SVR and ut is the random error. In the last, if the value of function f can be 

regarded as an estimated value for nonlinearity part Nt, the whole prediction of resource consumption series can be described as 
ˆ ˆˆt t tx L N= +                                               (15) 

Where 
ˆ

tL  is the linear part by ARIMA and 
ˆ

tN  is nonlinear part by SVR. 
In summary, the proposed hybrid methodology is made up of three steps. In the first step, ARIMA is used to analyze the linear 

component of the collected data. In the second step, the residual is modeled by SVR. In the last step, the output can be gotten by adding 
these two parts. In addition, when using ARIMA as a linear part, subjective judgment to the model order is often needed. In the hybrid 
model, suboptimal models will usually be used. For example, Box-Jenkins methodology focuses on the low order autocorrelation in the 
current practice, even if the high order is more accuracy. This means that a model is considered sufficient if low order autocorrelations are 
not notable even though there is significant autocorrelations of higher order. This strategy for the model suboptimality can not affect the 
effectiveness of the hybrid model. Granger [20] pointed out that the component model of a hybrid model should be suboptimum to produce 
a superior forecast for a hybrid model. In fact, it has been found that it is more efficient that every approach in combining approaches uses 
different information sets, individually [21]. 

 
4. Result and Discussion 
 

The environment used in this work is an actual running web environment which is composed of an Internet Information Services 6.0 
(IIS) as web application server and a SQL Server 2005 as database server. The applications on the IIS web server are made up of a series of 
health care applications, which contain hospital websites, health government websites and some applications about health care such as 
online registration system. The application system does not use a hot-standby system which means the only way to handle the performance 
degradation or failure is to reboot IIS or operating system. 

We use a built-in windows counter, which can get operating system parameters and other parameters such as IIS parameters or database 
parameters in running phase, to capture running parameters. The collected data which are between two reboots due to performance or failure 
problem contains: web service, process, .net common language runtime memory, etc. In this work, available memory as the operating 
system level parameter and .net common language runtime memory in all heaps (heap memory, for short) as the application level parameter 
are used to validate the effect of our proposed hybrid model. The collection interval of resource consumption data is one minute. The 
number of the collected data are more than 13,000, which means the time intervals are more than 13,000 minutes.  

 
4.1 Analysis of resource consumption trend 
 

In this section, we use our proposed algorithm in 3.1 to calculate whether there is software aging problem in an IIS web server with two 
layers: operating system level and application level. 

 
The span of sliding window in available memory is set to 13715, and the step of sliding window is equal to 1. The fitted linear 

regression with an aging detection algorithm of sliding window of available memory can be expressed as 
( ) 0.0111 * 6874 2.1x t t= − +                                      (16) 

And the corresponding curve is shown in Fig. 1(a). In Fig. 1(a), there is a downward trend, which means that the available memory 
gradually decreases as time goes on. Through analysis of other parameters, such as work load parameters, it is found that the available 
memory still decreases when the work load decreases. 
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Fig. 1(a). Fitted linear regression of available memory 

The span of sliding window in heap memory is equal to 13715, and the step of sliding window is also set to one. The fitted linear 
regression by an aging detection algorithm of sliding window of heap memory can be expressed as 

0.001953* 131.9y t= +                                   (17) 
Fig. 1 (b) gives the fitness of linear regression for heap memory consumption. 
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Fig. 1(b). Fitted linear regression of heap memory 

It is possible to see that, although IIS web server has a garbage collection mechanism that can manage physical memory dynamically, 
the phenomenon of software aging still happens, no matter whether it is at the operating system level or the application level. 

 
4.2 Available Memory Forecasting with Hybrid Model 
 

In order to forecast available memory, we split the collected data set into two parts: training set and testing set. Training of the model is 
based on the initial 8,000 observation minutes of data set which contains about 70% of the collected data set. The remainder data are used as 
testing data. The final hybrid model for available memory forecasting contains two parts: linear and nonlinear components. After many 
attempts to choose proper parameters for our proposed hybrid model, we choose ARIMA (2, 1, 2) for liner model. And for nonlinear 
component, the best fitted support vector regression with RBF kernel is that C is equal to 50, epsilon is equal to 0.6, and gamma is equal to 
40. 

The observations employed for the training are shown in Fig. 2(a). 
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Fig. 2(a). Available memory and fitted available memory for training 

 
In Fig. 2 (a), we can see that the observation and the fitted values can hardly be distinguished. Between the 4,000th minute and the 

5,000th minute, the value of available memory is at the lowest level, which means that there is a high work load in that period. 
In order to test effectiveness of the hybrid model for the unseen data, we use the trained hybrid model to predict the future behavior of 

available memory based on the remainder data set. The prediction and observation data are drawn in Fig. 2(b). In Fig. 2, we can see that the 
proposed hybrid model is not only able to fit the observed data, but it also provides a good forecast for available memory. In the final stage, 
although available memory remains much, the provided service by IIS is disrupted, which means that the reason for web server outage is not 
due to available memory depletion, but maybe on account of heap memory consumption by running applications in the application level. 
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Fig. 2 (b). Remainder available memory and predicted available memory 



 

Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                    159.6 

© 2016 DEStech Publications, Inc. 

doi:10.12783/issn.1544-8053/13/6/159 

 

 
In order to know about the prediction effectiveness of our proposed hybrid model in the short and long term, the original and estimated 

values of initial sixty minutes and last sixty minutes are drawn in Fig. 3(a) and Fig. 3(b), respectively. 
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Fig. 3(a). Proposed model prediction (60 minutes ahead) 
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Fig. 3(b). Proposed model prediction (last 60 minutes) 

 
4.3 Used heap Memory Forecasting with Hybrid Model 
 

In a similar way, we use the first 8,000 observation values for the training and the rest values for the testing in the used heap memory 
prediction. We choose ARIMA (3, 1, 3) for liner model. And for nonlinear part, the best fitted support vector regression with RBF 
kernel is that C is equal to 20, epsilon is equal to 0.6, and gamma is equal to 40. 

In application level, the results of training for heap memory are drawn in Fig. 4 (a). In Fig. 4 (a), we can see that there is a big increase 
for the heap memory around the 7,000th minute and the reason is that there is a heavy load around that period. After that, the accumulated 
requests are processed in time, so the consumed heap memory decreases as time goes. 

 

0 1000 2000 3000 4000 5000 6000 7000 8000
0

50

100

150

200

250

300

Time(minute)

H
ea

p 
m

em
or

y(
M

B
)

 

 

Heap memory
Fitted heap memory

 
Fig. 4(a). Heap memory and fitted heap memory for training 

 
In order to test the effectiveness of the hybrid model for the unseen data, we use the trained hybrid model to predict the future behavior 

of the used heap memory based on the remainder data set. The prediction and observation data are drawn in Fig. 4(b). In Fig. 4(b), there are 
some jumps, which are caused by instantaneous overload in those periods. 

0.8 0.9 1 1.1 1.2 1.3 1.4

x 10
4

0

50

100

150

200

250

300

350

Time(minute)

H
ea

p 
m

em
or

y(
M

B
)

 

 

Heap memory
Predicted heap memory

 
Fig. 4 (b). Remainder heap memory and predicted heap memory 

 
Similar to available memory prediction, the estimated values of initial sixty minutes and last sixty minutes are drawn in Fig. 5(a) and 

Fig. 5(b), respectively. 
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Fig. 5 (a). Proposed model prediction (60 minutes ahead) 
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Fig. 5 (b). Proposed model prediction (last 60 minutes) 

 
4.4 Comparisons with other models 
 

In this section, the predictive results of the proposed hybrid model are compared with ARIMA, ANN, and SVR. The MAE (Mean 
Absolute Error) [22] is used as the performance indicator to measure forecasting performances. 

1

1 ˆ| |n
t tt

MAE y y
n =

= −∑                                           (18) 

To compare the forecasting effect of available memory with other models, ARIMA is ARIMA (2, 1, 2), ANN is composed of two inputs, 
three hidden and one output neurons, and SVR with RBF kernel is that C is equal to 40, epsilon is equal to 0.5, and gamma is equal to 20. 
The results of available memory predictions are summarized in Table 1. 

Table 1 Comparison of the performance of the proposed model with those of other forecasting models (available memory) 
 60 minutes ahead last 60 minutes  All minutes 
ARIMA 15.117 18.872 23.881 
ANN 17.527 21.967 25.152 
SVR 15.214 56.546 24.728 
Our proposed model 13.390 16.709 22.149 

 
In Table 1, the forecasting effect of SVR is better than the effect of ANN. But SVR has a worst predictive effect in the last 60 minutes. 

Compared to the other two single models, ARIMA has a good performance which shows the advantage of this model in capturing the liner 
characteristic. Through the comparison results of four models in the available memory prediction, we can see that the proposed hybrid 
model does well no matter in the short term or in the long term. In order to compare the forecasting effect of used heap memory with other 
models, ARIMA is ARIMA (3, 1, 3), ANN is composed of three inputs, five hidden and one output neurons, and support vector regression 
with RBF kernel is that C is equal to 20, epsilon is equal to 0.6, and gamma is equal to 30. The results of used heap memory predictions are 
summarized in Table 2. 

Table 2 Comparison of the performance of the proposed model with those of other forecasting models (heap memory) 
 60 minutes ahead last 60 minutes  All minutes 
ARIMA 15.625 19.413 25.303 
ANN 20.408 18.977 26.429 
SVR 16.739 24.908 25.741 
Our proposed model 14.413 18.257 22.468                                                                                                   

 
In Table 2, SVR has a better display than ANN, but it has a bad performance in the last 60 minutes as same as available memory 

prediction. The performance of ARIMA is better than the performances of other two single models. Through the comparison results of four 
models in the heap memory consumption forecast, we can see that the proposed hybrid model does well no matter in the short term or in the 
long term. 

 
5. Conclusion 
 

Software aging analysis and forecasting is an active research area over the last few decades. In this paper, we propose an aging 
detection algorithm based on a sliding window to judge whether software is in an aging state over the long-time running. And a 
methodology combining advantages of both linear method and nonlinear method is also proposed. In the experiment, the proposed aging 
detection algorithm based on a sliding window can flexibly calculate trend by adjusting the size of the sliding window. And we find that the 
proposed hybrid model is better than other single models in the performance of resource prediction.  
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Application of particle swarm optimization algorithm to robot inverse kinematic 
 

Cai Zefan1*, Yu Zhipeng1, Huang Daoping2 

 
1. Department Electronic and Information Engineering of Shunde Polytechnic. Shunde 528300, China; 

2. Automation College of South China University of Technology. Guangzhou 510640, China 
 

Abstract: The inverse kinematics is the most important part of serial robot kinematics. In view of the fact that to get the analytic solutions 
of the robot inverse kinematics must meet special conditions. This paper used simulated annealing particle swarm algorithm to get the 
optimal solutions of inverse kinematics without any special conditions. This method is not affected by the structure of the robot. Similar 
optimization algorithm can just obtain one of the solutions. In this optimization algorithm, all the inverse solutions can be identified and the 
most appropriate one can be selected. Simulation results show that, the algorithm can be effectively applied to the serial robot inverse 
kinematics, and is able to achieve sufficient accuracy. 
 
Keywords: Particle swarm optimization algorithm; Simulated annealing algorithm; Multi-joint robot; Inverse kinematics; Optimization 
 
1. Introduction 
 

Forward kinematics and inverse kinematics are two aspects of multi-joint robot kinematics. The forward kinematics is to obtain the 
robot pose based on the robot joint variables. Instead, the inverse kinematics is to obtain the robot joint variables based on the robot pose. [1] 
The solution of forward kinematics can be easily obtained, and the solution is analytical, fixed and unique. The best method for obtaining 
inverse kinematics solutions is using the inverse kinematics equations. This is analytical method, but it requires that the robot structure must 
meet some special conditions [2], otherwise, the solutions can just be obtained by numerical methods. 

In the numerical methods, it is one of the ways to find out the optimal solution by using the bionic optimization algorithm. There are 
several common bionic optimization algorithms, such as artificial neural network (ANN), genetic algorithm (GA), ant colony (ACO), 
simulated annealing algorithm (SA) and particle swarm optimization algorithm [3-6] (PSO). Ref. [7] tried to solve the inverse kinematics of 
PUMA robot based on simulated annealing particle swarm optimization algorithm. But there are three deficiencies in Ref. [7]: first, the 
object function is not good enough; second, only one optimal solution can be found; third, the found optimal solution may not be the best 
one. We also solve the inverse kinematics based on PSO, but we have overcome the above deficiencies. 

PSO is a swarm intelligence algorithm that mimics the foraging behavior of birds which was developed by two American scholars 
Kennedy R. and C. Eberhart J in 1995. Because PSO is simple and easy to be realized, it has caused the attention of many scholars, and 
hundreds of papers about PSO have been published. It has been applied successfully in many fields.[6-11]. 

 
2. D-H parameters expression of multi-joint robo 

 
There are several robot pose expressions, such as Euler angle, rotation matrix and four element method, etc. The most common one is 

the rotation matrix, and D-H parameters expression is the most common of the rotation matrix method. D-H method was developed by 
Denavita and Harten berg in 1995. [12] 

First, the D-H parameters of the link i must be obtained in D-H method. There are 4 parameters: link length link twist link offset   and 
joint angle  . Second, homogeneous coordinate transformation matrix   will be calculated with D-H parameters. is a primary coordinate 
transformation matrix, which describes the relative translation and rotation between the link coordinate systems. and are constant, while   is 
variable for rotating joints. Instead,  ,   and   are constant, while   is variable for sliding joints.  

For a 6-link multi-joint robot, the terminal pose matrix T is a relative translation between the hand (the 6th joint) and base coordinate 
system. T is in [12] 

1 2 3 4 5 6T T T T T T T=                                                                                   (1) 
Assuming that the position vector of the hand coordinate origin in the base coordinate is p, and the direction vectors are n, o and a, T 

can be described by a 4×4 matrix, as in 

0 0 0 1

x x x x

y y y y

z z z z

n o a p
n o a pT n o a p

 
 =  
  

                                                                              (2) 

PUMA 560 robot is a famous 6-joint robot. Its shape is shown in Fig. 1, and all the 6 joints are rotating joints. The axes of the last 3 
joints intersect at a point C. Point C is the center of the wrist, and its position is determined by the first 3 joints. But its pose is determined by 
all the 6 joints. The first 3 joints are called the arm joint, and the last three joints are called the wrist joint. 

 
Fig. 1 Shape of PUMA 560 robot                                                   Fig. 2 Coordinate system of PUMA 560 robot 

 
Point C is selected as the origin of the link coordinate systems {4}, {5} and {6}. The axis of joint 1 is vertical. The axes of joint 2 and 3 

are horizontal, and they are parallel. The distance between joint 2 and 3 are  . The axes of joint 1 and 2 intersect at a right angle. The axes of 
joint 3 and 4 are vertically staggered and their distance is  . All the link coordinate systems are shown in Fig. 2. 

The pose matrix of the robot PUMA 560 is established by using the D-H parameter method, shown in (2), where p, n, o and a are in 
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( )
( )

( ) ( )
( ) ( )

( )

1 2 2 3 23 4 23 2 1

1 2 2 3 23 4 23 2 1

3 23 2 2 4 23

1 23 4 5 6 4 6 23 5 6 1 4 5 6 4 6

1 23 4 5 6 4 6 23 5 6 1 4 5 6 4 6

23 4 5 6 4 6 23 5 6

1

a a
a a

a a
c c
c c

x

y

z

x

y

z

x

p c c c d s d s
p s c c d s d c
p s s d c
n c c c c s s s s c s s c c s
n s c c c s s s s c c s c c s
n s c c c s s c s c
o c

= + − −
= + − +
= − − −
= − − + +  
= − − − +  
= − − −
=

;
;;

;
;

;

;

( ) ( )
( ) ( )

( )
( )
( )

23 4 5 6 4 6 23 5 6 1 4 5 6 4 6

1 23 4 5 6 4 6 23 5 6 1 4 5 6 4 6

23 4 5 6 4 6 23 5 6

1 23 4 5 23 5 1 4 5

1 23 4 5 23 5 1 4 5

23 4 5 23 5

-c c
-c cy

z

x

y

z

c c s s c s s c s s c s c
o s c c s s c s s c c s c s c
o s c c s s c c s s
a c c c s s c s s s
a s c c s s c c s s
a s c s c c

− + + − +  
= − + − − +  
= − − − +
= − + −
= − + +
= −

;

;

;
;
;

.

                                          (3) 

where sin( )i is θ= , cos( )i ic θ= , sin( )ij i js θ θ= + , cos( )ij i jc θ θ= + . 
Instance:  
The parameters of the PUMA 560 are a2=431.8mm, a3=20.32mm, d2=149.09mm, d4=433.07mm. Assuming that the range of values 

for each joint is [-180, 180] (Unit: degree). When the values of the 6 joints are 

[ ] [ ]1 2 3 4 5 6, , , , , 30, 45, -20, 10, 35, 67θ θ θ θ θ θΘ = = , its pose matrix is 

0.520966 -0.315924 -0.792961 47.323473
-0.810157 -0.475529 -0.342807 199.476523
0.268775 0.821014 -0.503683 -706.411025

0 0 0 1
T

 
 = − 
  

                                                (4) 

The inverse kinematics solutions of (4) are 

[ ]
[ ]

1

2

3

30.000000,     45.000000,   -20.000000,     10.000000,    35.000000,    67.000000
30.000000,    45.000000,    -20.000000,  -170.000000,  -35.000000, -113.000000
30.000000,   112.467591, -154.

Θ =
Θ =
Θ =

,
,

[ ]
[ ]4

5

627210,      5.837644,   101.689347,    76.405559
30.000000,   112.467591, -154.627210, -174.162356, -101.689347, -103.594441
-56.692049,   67.532409,   -20.000000, -107.663672,     63.259661,  

Θ =
Θ =

,
,

[ ]
[ ]
[ ]

6

7

8

126.324776
-56.692049,   67.532409,   -20.000000,    72.336328,    -63.259661,  -53.675224
-56.692049, 135.000000, -154.627210,   -70.014148,     64.888238,    50.440551
-56.692049, 135.00000

Θ =
Θ =
Θ =

,
,
,

[ ]0, -154.627210,   109.985852,   -64.888238,  -129.559449 .

                (5) 

 
3. Original PSO 
 
The basic idea of PSO is to randomly initialize a population of ideal particles, which have no volume or quality. Each particle is 

considered as a feasible solution for the optimization problem. Advantages and disadvantages of particles are evaluated by fitness functions. 
Each particle will move in the feasible solution space, and the direction and distance will be determined by a velocity variable. Usually the 
particles will follow the current optimal particle in every generation, and finally reach the best place. In each generation, the particles will 
follow two extremes: the optimal solution of itself and the optimal solution of the entire population. Assuming that the population size of the 
particle swarm is M and the dimension of the search space is D, the state property of the particle i at the time t is set as follows. 

Position: ( )1 2, , ,
Tt t t t

i i i idx x x x= 

, [ ],  ,     t
id d d d dx L U L and U∈  is the lower and upper bounds of the search space; 

Speed: ( )1 2, , ,
Tt t t t

i i i idv v v v= 

, 
min, max, min max,  ,     t

id d dv v v v and v ∈    is the minimum speed and maximum speed; 

Individual particle optimal position: ( )1 2, , ,
Tt t t t

i i i idp p p p= 

; 

Global particle optimal position: ( )1 2, , ,
Tt t t t

g g g gdp p p p= 

; 

where 1 d D≤ ≤ , 1 i M≤ ≤ . 
The position of particle i at the time t+1 is updated with Eq. (6) and (7). 

( ) ( )1
1 1 2 2

t t t t t t
id id id id gd idv v c r p x c r p x+ = + − + −                                                                   (6) 

 

                                                                                             (7) 
where , 1r  and 2r  is random numbers in evenly distributed [0, 1]; 1c  and 2c  are learning factors, generally, 1 2 2c c= = . 
There are 4 steps in the original particle swarm optimization algorithm. 
Step 1: PSO initialization. Set the initial value of various parameters of PSO. The parameters are dL  and dU , 1c  and 2c , maximum 

Iterations Tmax, Convergence precision ξ , the speed scope [ ]min max,v v , 0
ix  and 0

iv . Calculate the fitness value iF  of particle i, set iF  as its 

extreme fitness value iBestF , and set 0
ix  as its best position ip . Set the best iBestF  as the global extreme fitness value gBestF , and record 

the corresponding ip  as the global best position gp  and i as the index number g of gp . 
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Step 2: PSO evaluation. Calculate iF  of each particle. Update iBestF  with iF , and ip  with t
ix , if iF  is better than iBestF . Update 

gBestF  with the best iBestF , gp  with the corresponding ip ,  and g as i, if the best iBestF  is better than gBestF . 

Step 3: PSO Update. Update the speed of each particle with Eq. (6) and position with (7). Make the speed in the scope [ ]min max,v v . 

Step 4: Ending judgment. If the current iteration number is larger than maxT  or the result precision better than ξ , then stop, otherwise 
return to step 2. 

 
4. Standard PSO 
 

The difference between standard PSO and original PSO is that an inertia weight ω  is introduced to coordinate the global and local 
optimization ability in standard PSO [3]. In standard PSO, Eq. (6) is updated with (8). 

( ) ( )1
1 1 2 2

t t t t t t
id id id id gd idv v c r p x c r p xω+ = + − + −                                                           (8) 

The size of   determines the influence of the particle's inheritance to the current speed. A suitable   is good for equilibrium for the 
particle's global and local search capability. 

After repeated experiments, Shi Y. et al. suggested that   is reduced from 0.95 to 0.4 [4]. Linear decline formula is as follows 

max

start end
startw t

t
ω ω

ω
−

= − ×                                                             (9) 

where, maxt  is the maximum iterations, t is the current iterations, startω  is the start ω  and endω  is the end ω . 
The PSO with a linear decline ω  is called standard PSO, simple as PSO in this paper. 
 

5. Simulated Annealing PSO 
 
Although PSO is simple and needs just a few parameters to adjust, but it is easy to converge to local optimum, so PSO is often used 

together with other optimal algorithms in order to improve the ability to convergence to the global optimum. Researchers combine the strong 
global convergence of simulated annealing algorithm [13-14] (SA) with the simple and efficient feature of PSO, and create the simulated 
annealing particle swarm optimization (SA-PSO), and successfully apply it to many subjects. [8,9,11, 13-16] 

SA is a random combination optimization method which developed in the early 1980s. It simulates the thermodynamic process of metal 
temperature cooling, and has been widely used in combination optimization problems. If the start temperature is high enough and the 
temperature falls slowly enough, SA can converge to the global optimum with a probability 1. [15] 

Annealing is a physical process. When a metal object is heated to a certain temperature, all its molecules will move freely in the state 
space D; these molecules stay in different states during temperature falling; the molecules are arranged in new structures at the lowest 
temperature. Statistical mechanics study shows that, at the temperature of T, the probability of molecules staying in the state r satisfies the 
Boltzmann probability distribution, as in 

( ){ } ( )
( )1Pr exp
B

E r
E E r

Z T k T
 

= = − 
 

                                                     (10) 

 ( ) ( )
exp

s D B

E r
Z T

k T∈

 
= − 

 
∑

                                                           (11) 

When the simulated annealing process is applied to the combinatorial optimization problem, the correlation between the two is as 
follows 

metal object  combinatorial optimization problem 

state  solution 

the state with the lowest 
energy 

 optimum solution 

energy  evaluation function 

By the above analogy and Eq. (10), the optimal solution of combinatorial optimization can be analogous to the lowest energy state in 
the process of annealing. 

So the solution process of combinatorial optimization problem ( ) ( ){ }min | 0,z f x g x x D= ≥ ∈  is seen as simulated annealing 

process of metal objects, where ( )f x  is the evaluation function, ( )g x  is the constraint equation and the D is the definition domain. 
The steps of SA are as follows. 
Step 1: initialization. Set start temperature 0t  as maxt ; set maximum iterations as N and set current iteration n as 0; set cooling rate K; 

randomly initialize solution 0x , set nx  as 0x . 
Step 2: optimum solution selection. If the stop condition of the inner circulation is met at the temperature, turn to step 3. Otherwise, 

randomly select another solution from the neighborhood, make calculation ( ) ( )jn j nf f x f x∆ = − . If 0jnf∆ ≤  or 

( ) ( )exp / 0,1jn nf t rand−∆ > , n jx x= . Repeat step 2. 

Step 3: annealing process. ( )1n nt d t+ = , 1n n= + . If the stop condition of the outer circulation is met, all stop, or return to step 2. 
There are two circulations, inner circulation and outer circulation. The inner circulation is step 2, which randomly search for some 
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states at nt . Outer circulation mainly includes temperature cooling ( )1n nt d t+ = , iterations increasing 1n n= +  and stop condition 
judging in step3. 

(2) SA-PSO 
The steps of SA-PSO are as follows. 

Step 1: Randomly initialize the position and speed of each particle, calculate the fitness of each particle and regard the fitness as the 

particle’s own local optimum fitness ip . Select the best ip  as the global optimum fitness gp . 

Step 2: Initialize the start temperature T and cooling rate K. 
Step 3: The optimum particle whose fitness satisfies the lower equation is used as an alternative for the global optimum. 

( )( )
( )min

min ||
bestp p

T
bestp p e rande

− 
−  
 − < >                                                                    (12) 

where e  is a decimal in [0, 1] which is to improve the diversity of the population. rand is a random factor that is subject to the uniform 
distribution [0, 1]. 

Step 4: Update the speed and position with Eq. (8) and (7), and make sure that the speed and position are not exceeded the maximum. 

Step 5: Calculate the new fitness ipTemp  of each particle, and consider the ipTemp  meeting Eq. (13) as the new ip . 

( ) ||
i ipTemp p

T
i ipTemp p e rande

− − 
 − < >                                                                  (13) 

where, e  and rand  are the same as in Eq. (12). 
Step 6: Update gp . 
Step 7: Make simulated annealing operation. 
Step 8: If the stop criterion is met, then the best global fitness and position are found, otherwise, return to step 3. 
 

6. Obtain a multi-joint robot inverse kinematics solution based on SA-PSO 
 

Without loss of generality, we will introduce how to solve the inverse kinematics of robot PUMA 560 based on SA-PSO. 
The essence of solving robot inverse kinematics is to search for the joint angles of each joint with known robot pose. The procedure to 

find the inverse solution using the optimization algorithm is to determine if the pose calculated with the potential optimal joint angles is 
close enough to the known pose. The best inverse solution will be found after enough iterations. Assuming that the known pose matrix is T 
and the corresponding pose matrix of the potential optimal joint angles is  it is natural that the sum of the difference of individual elements 
between T and   is used as the object function. For example, the object function in Ref. [7] is as in 

( )
4 4

1 1
ij ij

i j
f t T T

= =

= −∑∑                                                                      (14) 

( )
3 4

1 1
ij ij

i j
f t T T

= =

= −∑∑                                                                     (15) 

 
Object function (15) is still not good enough mentioned in Ref. [7]. The   direction elements in T and   are cosine function values, 

which absolute values are no more than 1, but the absolute values of position elements may be larger than 100. Therefore, the error of the 
position parameters may cover up the error of direction parameters. In order to solve this problem, Ref. [7] proposed to replace the cosine 
functions with inverse cosine value with unit degree. We think there are still some problems in the method, because the solution of the 
inverse cosine is not unique. 

We think there are two ways to make position and direction elements in the same magnitude order. 
Way 1: Change the units of link length   and link offset  . For example, set their units as decimeter. 
Way 2: Normalize the position components. 
Even if all the elements in the matrix are in the same magnitude order, (14) or (15) is still not the best object function. PUMA 560 robot 

is a kind of decoupled 6-joint robot, and the position of the wrist center is affected only by the first 3 joints, which are shown in (3). Instead, 
the wrist pose depends on all the 6 joints. According to this characteristic, we can search for the optional solutions by the position and 
direction separately. First, search for the angle values of the first 3 joints according to the position. Then, search for the angle values of the 
last 3 joints according to the direction. The original 6-dimension optimization problem is converted to two 3-dimension optimization 
problems. There are 3 advantages in this way: (1) Position and direction information is decoupled; (2) It no longer needs to care about 
whether the position elements and the direction elements are in the same magnitude order; (3) The algorithm can converge faster after 
changing the dimension from 6 down to 3. 

The object function for searching the first 3 joint angle values based on position information is 

( )
3

1 4 4
1

i i
i

f t T T
=

= −∑                                                                   (16) 

The object function for searching the last 3 joint angle values based on direction information is 

( )
3 3

2
1 1

ij ij
i j

f t T T
= =

= −∑∑                                                                   (17) 

In order to verify the feasibility of the algorithm, the inverse kinematics of the robot PUMA 560 is simulated in MATLAB. Search first 
3 point angle values with object function (16) and last 3 with (17). The related parameters are preset as follows. 

According to Ref. [6], 1 2 2c c= = ; according to Ref. [5], ω =0.95~0.4; annealing start temperature 0 1000T = , cooling rate 

0.99K =  and 0.01e = ; convergence accuracy 610ξ −= , maximum iteration number max 500t = , population size = 40 and 
dimension = 3. 
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With the known pose matrix (4), the following simulation experiments illustrate the selection of several important parameters. 
(1) ω  decreasing strategy selection 
Not only ω  size but also its decreasing strategy will affect the performance of the algorithm. There are two kinds of decreasing 

strategy, linear and nonlinear. The common linear decreasing strategy is as in 

1
max

start end
startw t

t
ω ω

ω
−

= − ×                                                                                (18) 

 
 

In addition, There is a linear differential strategy, as in [17] 

2
2 2

max

start end
startw t

t
ω ω

ω
−

= − ×                                                                                (19) 

 
Two nonlinear decreasing strategy [18] are shown as in (20) and (21). 

( ) ( )
2

3
max max

2start end start end start
t t

t t
ω ω ω ω ω ω

   
= − × − − × +   

   
                                                 (20) 

 
( )max1/ 1 10 /

4

t t

start
end

end

ω
ω ω

ω

+ ×
 

= × 
 

                                                                                 (21) 

 
When 0.95startω = , 0.4endω = , and max 500t = , the curves of Eq. (18), (19), (20) and (21) are shown as in Fig. 3. 
When solving the robot inverse kinematics with the known pose matrix (4), the influence of the four inertia weight decreasing 

strategies on the convergence characteristics is shown in Table 1. The result is the average of the 50 simulation results. As can be seen from 
table 1, the number of iterations using the decreasing strategy   is the least. 

 
Fig. 3 The curves of the inertia weight decreasing strategies 

 
Table 1 The inertia weight decreasing strategy influence on convergence properties 

ω  

iterations 
1ω  2ω  3ω  4ω  

for first 3 joints 318 427 231 126 

for last 3 joints 286 398 203 100 

 
(2) population size selection 
After selection of ω , the research about the influence of the population size has been done. The average result of the 50 simulation 

results is shown in table 2. As seen in table 2, the best size is 20. 
 

Table 2 The swarm size influence on convergence properties 
size 

time 
10 20 30 40 50 60 

iterations for first 3 joints 

divergence 

140 131 126 121 119 

iterations for last 3 joints 108 105 100 95 92 

iteration time/s 1.69 2.36 2.96 3.56 4.13 

 
(3) annealing start temperature   selection 
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After selection of   and population size, the research about the influence of   has been done. The average result of the 50 simulation 
results is shown in table 3. As seen in table 3, the best size is 20. Except 10, when   is other temperature, the algorithm can converge to the 
setup accuracy and the influence of the convergence time from   is not large. The relatively better temperature is 500 and 700, followed by 
10000 and the difference of the both is very small. For absolute convergence time, we should choose 500 or 700. For the rule that higher 
initial temperature will bring in a higher probability, we choose 700 at last. 

 
Table 3 Simulated Annealing start temperature influence on convergence properties 

0t  

time 
10 100 300 500 700 1000 3000 5000 10000 

iterations for first 3 joints 

divergence 

141 142 133 135 140 140 137 140 

iterations for last 3 joints 113 109 114 110 113 110 116 108 

iteration time/s 1.59 1.56 1.53 1.53 1.58 1.55 1.57 1.54 

 
(4) cooling rate K selection 
After selection of  , population size, and  , the research about the influence of cooling rate K has been done. The average result of the 50 

simulation results is shown in table 4. 
As seen in table 4, when cooling rate K is too small, such as 0.89, the annealing temperature will drop too fast. This situation will lead 

to a consequence that the algorithm can not converge to the predetermined accuracy. Based on the result, the best K is 0.99. 
 

Table 4 Simulated annealing temperature cooling rate influence on convergence properties 
K 

time 
1.0 0.99 0.97 0.95 0.93 0.91 0.89 

iterations for first 3 joints 138 135 141 136 141 140 

divergence iterations for last 3 joints 109 110 113 111 108 109 

iteration time/s 1.61 1.53 1.57 1.53 1.54 1.53 

 
(5) 1c  and 2c  selection 

After selection of ω , population size, 0t  and K, the research about the influence of 1c  and 2c  has been done. Fifty simulations are 

done all the same. First, 2c  is set at 2.0, and study the influence of 1c . The average result of the 50 simulation results is shown in table 5. 

As seen in table 5, when 2 2.0c = , the best value of 1c  is 2.1. 
 

Table 5 Learning factor influence on convergence properties (1) 
learning factor 

 

time 

2 2.0c =  

1 1.0c =  1 1.3c =  1 1.6c =  1 2.0c =  1 2.1c =  1 2.3c ≥  

iterations for first 3 joints 142 146 145 135 82 

divergence iterations for last 3 joints 112 112 114 110 62 

iteration time/s 1.59 1.60 1.61 1.53 0.91 

 

Then, 1c  is set at 2.1, and study the influence of 2c . The average result of the 50 simulation results is shown in table 6. As seen in 

table 6, when 1 2.1c = , the best value of 2c  is 2.0. 
In summary of table 5 and table 6, the optimal learning factor group is 1 2.1c =  and 2 2.0c = . 
 

Table 6 Learning factor influence on convergence properties (2) 
learning factor 

1 2.1c =  
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time 
2 1.0c =  2 1.3c =  2 1.6c =  2 2.0c =  2 2.1c ≥  

iterations for first 3 joints 113 116 129 82 

divergence iterations for last 3 joints 84 90 101 62 

iteration time/s 1.24 1.31 1.45 0.91 

 
In summary, the related parameters are set as follows. 

1 2.1c =  and 2 2.0c = ; ω  changes from 0.95 to 0.4, and its decreasing strategy uses 4ω ; 0 700T = , 0.99K = , 0.01e = ; 
610ξ −= , maximum iteration is 500, population size is 20 and dimension is 3. Fitness functions are Eq. (16) and (17). 

In addition, when fitness function is Eq. (15), algorithm can not converge to the set accuracy. It is better to use separate object functions 
(16) and (17) to obtain the first 3 joint angles and last 3 joint angles than to use integrated object function (15) to obtain all the 6 joint angles. 

 
7. Obtain all the multi-joint robot inverse kinematics solutions based on SA-PSO 
 

After deeply studying the Ref. [2, 12, 19] in solving the robot inverse kinematics solutions based on the algebraic methods, we have 
found a method to solve the robot inverse kinematics by using the optimization algorithm. Taking the PUMA560 robot as an example, the 
steps of the new optimization algorithm are as follows. 

(1) First, set the value range of each joint angle to the maximum, here assuming they are [-180, 180] (units: degree), and then search 
for any optimal inverse solution by using optimization algorithm. Here we name the optimal inverse solution as 1Θ . Correspondingly, the 

value of 1θ  is 1_1θ , and the value of 3θ  is 3 _1θ . 

(2) Set 1θ  at 1_1θ . Reset the value range of 3θ , eliminating the found values. Search for another solution and name it as 3Θ . 

Correspondingly, name the 3θ  as 3 _ 2θ . 

(3) Set 3θ  at 3 _1θ . Reset the value range of 1θ , eliminating the found values. Search for another solution and name it as 5Θ . 

Correspondingly, name the 1θ  as 1_ 2θ . 

(4) Set 1θ  at 1_ 2θ  and 3θ  at 3 _ 2θ . Search for another solution and name it as 7Θ . 

(5) Search for another 4 solutions named as 2Θ , 4Θ , 6Θ and 8Θ  which are the corresponding solutions of 1Θ , 3Θ , 5Θ and 

7Θ  after turning the wrist. The procedure of searching for 2Θ  is as follows: 

First, Set 1θ , 2θ  and 3θ  at the values in 1Θ ; second, reset the value range of 4θ , eliminating the found values in 1Θ ; last, search 

for another solution and name it as 2Θ . 

The procedures of searching for 4Θ , 6Θ and 8Θ  are similar as 2Θ . 

The solutions 1Θ , 3Θ , 5Θ and 7Θ  searching procedure is carried out according to the process shown in Fig. 4. 

θ1

θ1_1

θ1_2

θ3_1
θ3_2

θ3_1
θ3_2

θ2_1,θ4_1,θ5_1,θ6_1
θ2_2,θ4_2,θ5_2,θ6_2

θ2_3,θ4_3,θ5_3,θ6_3
θ2_4,θ4_4,θ5_4,θ6_4

 
Fig. 4 Schematic diagram of solutions of robot inverse kinematics 

 
In accordance with the above algorithm process, the inverse kinematics solutions of (4) are 

[ ]
[ ]

1

2

3

30.000000,   45.000000,   -20.000000,    10.000012,    34.999991,    66.999995
30.000000,   45.000000,   -20.000000, -169.999973,  -35.000002, -113.000027
30.000000, 112.467591, -154.627210, 

Θ =
Θ =
Θ =

，
，

[ ]
[ ]
[ ]

4

5

6

     5.837640,  101.689347,    76.405552
30.000000, 112.467591, -154.627210, -174.162360, -101.689344, -103.594430
-56.692049, 67.532409,    -20.000000, -107.663664,   63.259650,   126.324770

Θ =
Θ =
Θ

，
，
，

[ ]
[ ]7

8

-56.692049, 67.532409,    -20.000000,    72.336331,  -63.259672,    -53.675227
-56.692049,135.000000, -154.627210,   -70.014155,   64.888233,     50.440559
-56.692049,135.000000, -154.627210,  

=
Θ =
Θ =

，
，

[ ] 109.985843,  -64.888237, -129.559457 .

                  (22) 

The actual pose matrix can be calculated based on each set of solutions in (22). 
The comparison of the 8 groups of optimal solutions obtained with SA-PSO shown in (22) and the 8 groups of analytical solutions 

shown in (5) are shown in table 7. As seen in table 7, the optimal solutions are very close to analytical solutions. The maximum difference 
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of the joint angle is only 0.00027 degrees, the maximum difference of direction elements is only 0.000001 and the maximum difference of 
position elements is only 0.000001 mm. Since the repositioning accuracy of the best 6-joint robot in the world is 0.01 mm, the optimal error 
of this method can be ignored. 

Table 7 Comparison between robot inverse kinematics solutions based on improved CS and algebraic method 
I

tem 

Group 

maximum 
angle 
difference 
(degree) 

maximum 
direction 
element 
difference 

maximum position 
element difference 
(mm) 

Θ1 0.000012 0.000001 0.000001 

Θ2 0.000027 0.000001 0.000001 

Θ3 0.000007 0.000001 0.000001 

Θ4 0.000011 0.000001 0.000001 

Θ5 0.000011 0.000001 0.000001 

Θ6 0.000011 0.000001 0.000001 

Θ7 0.000008 0.000001 0.000001 

Θ8 0.000009 0.000001 0.000001 

 
The method for PUMA 560 can be extended to any type of multi-joint robot and it dose not need to worry whether the robot satisfies 

the condition of the existence of the closed analytical solution. All the inverse kinematics solutions can be obtained with this optimization 
algorithm. It only needs to make appropriate adjustments in detail for different type of multi-joint robots. The general principle is that the 
joints can be divided into arm joints and wrist joints. In this method, the solutions of the arm joints will be searched first, and the solutions 
of the wrist joints for each group of arm joint solutions will be searched later. 

 
8. nverse kinematics solutions selection 
 
There are several groups of solutions for the robot inverse kinematics, but there is just one best. We can select the best one based on 

different rules, such as the least movement, the least power consumption, the best force or avoidant disorder [2, 12]. The most common 
method is the least movement method. In this method, move the long links as little as possible. The least movement method was used in Ref. 
[20, 21]. Taking robot PUMA 560 for example, the object function for selecting joints 1, 2 and 3 is in 

3

1
3

1

i
i

i

li
D

li

θ
=

=

=
∑

∑
                                                                                          (23) 

 
where, ( 1, 2,3)il i =  is the length of the link directly driven by joint i. 
The axes of the wrist joints 4, 5 and 6 intersect at a point, the lengths of the links directly driven by wrist joints are all 0, so we can not 

use the object function similar as (23), instead, we use the follow object function 
6

4

1
3 i

i
T θ

=

= ∑                                                                                         (24) 

 
There are two aspects need to be improved in (23) and (24). 
(1) Eq. (23) and (24) are two different object functions, and they will be compared separately, so their denominators are redundant. 
(2) The angle values must be replaced by angle variations. 
Eq. (23) and (24) must change to (25) and (26) as follows. 

3

1
i

i
D li θ

=

= ∆∑                                                                                          (25) 

 
6

4
i

i
T θ

=

= ∆∑                                                                                         (26) 

 
where,   is the angle variation the joint i need to change in a movement. 
Still taking the robot PUMA 560 for example, we can obtain the most satisfactory solution   from (22) with the object function (25) and 

(26). Obviously, the object function values of   are much smaller than others. 
 

9. Conclusion 
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Forward kinematics and inverse kinematics are two aspects of multi-joint robot kinematics. Based on D-H, the forward kinematics 
equation and pose matrix can be obtained quickly. But the solutions of the inverse kinematics are not easy to obtain. If one or two of the two 
conditions in the Pieper criterions are met, the inverse kinematics solutions can be obtained by using the analytical method, otherwise, the 
solutions can only be obtained by numerical solution. In the case of the known pose matrix, the SA-PSO algorithm can find out one or all 
the inverse kinematics solutions, and the accuracy of the solutions meets the requirements of engineering design. Compared with the 
analytical method, the advantage of the optimal method is that it is not restricted by the robot structure. Simulation result shows that the 
algorithm can be applied to inverse kinematics of any multi-joint robot. 
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Abstract: In this paper, the author studies on the design of disease analysis and maintenance technology of CRTS III slab ballastless track. 
The paper proposed the three level classifications of the effects of maintain of CRTS III ballastless track on the structure: influence of the 
track appearance, influence of the track local function and influence of track structure. Based on the CRTS III slab ballastless track structure 
on bridge, the analysis model is developed. The longitudinal force characteristics of CRTS III slab track are compared with the maintenance 
of anchorage. According to the anchorage effect on the expansion additional force characteristics of rail, slab and base plate on the bridge, 
the conclusion is that the maintenance of anchorage has little effect on the expansion force of the structure, it can be negligible. Based on the 
analysis of the CRTS III model, the conclusion is that the maintenance of anchorage has large effect on the expansion force of the structure. 
In order to prevent the anchorage of the slab and base plate, and to keep under symmetrical stress, it is suggested that at least 4 rebar at the 
same time it should be checked the stress-free temperature of rail. 
 
Keywords: disease analysis, maintenance technology, CRTS III slab ballastless track. 
 
1. Introduction 
 

With the high-speed railway and passenger dedicated line development, the comfort and safety of the track become more and more 
important, the traditional ballasted track has been unable to meet the requirements of the development of high speed railway, so as to 
promote the rapid development of ballastless track technology. The CRTS III ballastless track structure has been laid in the Beijing-Tianjin 
inter city and the Beijing-Shanghai High-speed Rail lines, but with the increasing of the operation time, somewhere CRTS III slab tracks are 
damaged, so study of maintenance and repair technology of CRTS III ballastless track is very necessary [1-2]. 

CRTS III type slab ballastless track is a new type of ballastless track structure which is introduced, digested, absorbed and re-
innovation by our country in recent years. Because this track structure have the short time applications in the construction of Chinese high-
speed railway, there are many issues need to be studied, such as: the dynamic characteristics analysis and evaluation of CRTS III type slab 
ballastless track; the influence of fastener stiffness, mortar elastic modulus, the supporting layer of elastic modulus and the foundation bed 
parameters to the track system and how these parameters are selected, and so on. Compared with ballasted track, non-ballast track has such 
advantages as stability, stiffness uniformity, good durability, high regularity and less maintenance, etc. It is developed rapidly and widely 
used because it suits to the high speed and traffic density of high-speed railway in China. Slab track is an advanced structure form of non-
ballast track. It is composed of rail, fastener, track slab, filling layer of cement emulsified asphalt mortar (CA mortar) and concrete base, etc. 
The service performance of the filling layer has great influences on a train’s safety and comfort as well as the stability and durability of slab 
track structure itself. Therefore, in the design of slab track, it is particularly important to grasp mechanical properties and design parameters 
of filling layer. There is still a lack of complete theoretical system, evaluation methods and experimental verification of high-speed railway 
slab track filling. Focusing on CRTS III slab track, a static and dynamic analysis theory of unit slab track with full consideration of filling 
layer characteristics were established on basis of related research achievements of CA mortar filling layer both at home and abroad [3]. The 
mechanical properties and parameters of the filling layer were analyzed according to its functional orientation. 

 
2. The Framework and Basic Model for CRTS III slab ballastless track 

 
High speed railway has the following characteristics of big carrying capacity, fast operation speed, high transport efficiency, low 

carrying cost, high safety coefficient; whose obvious advantages are the strategy of sustainable development in resources and environment, 
and it plays a more and more important role in the economic and social development. High speed railway of China is in accordance with the 
"advanced, mature, economic, applicable and reliable" technical guidelines. From the early stages of development and aim at one of the 
world’s most advanced high-speed railway technology. Just a few years’ time, our country covered the international community high speed 
railway for nearly half a century development, Created in the history of the railway, called "Chinese miracle", Success achieved by the 
"make up" to "catch up" and then to "lead" perfect turn. CRTS Ⅲ slab ballastless track structure is our country combining both existing 
ballastless track technology, through the original innovation, integrated innovation and the introduction, digestion, absorption and 
innovation, this paper puts forward with completely independent intellectual property rights of the latest ballastless track system. 

With the development of high-speed railway in China, ballastless track has been widely used because of excellent stability, low 
maintenance workload and ability of preserving the geometrical features. It is necessary to optimize the CRTSⅢType ballastless track 
structure and further perfect the design theory and method. It is not common to analyze high-speed rail’s lateral stability of ballastless track 
because the constructed rails are believed to have good capability of vertical and lateral resistance. At present, stability theory of ballastless 
track is short of systematic research at home and abroad. However, recent field discovery of track buckling of high-speed rail in China has 
changed this thinking, and the lateral stability of whole or partial rail structure is determined insufficient. The effects of various factors on 
the force and deformation of CRTS III type slab ballastless track is calculated and analyzed, and the results show that: interface connections 
damage is the main cause of structural lateral stability problems, and track temperature variation, curve radius, interface connections damage, 
track irregularity are the important factors to influence the lateral stability of CRTS III type slab ballastless track. We should strictly 
controlling and monitoring of these parameters in the operation. 

On the High-speed railway roadbed section, there two structural systems for choose :unit style and longitudinal-continued style, 
because of the structure of the two tracks in the economy, durability, applicability, adaptability and repair are differences, for reach the 
purpose of enhancing its competitiveness in the domestic and foreign High-speed railway field, in-depth study on the track structure design 
is necessary [4]. 

The structures of ballastless track on high speed-railway overall divided into prefabricated plate and cast-in-situ concrete in our country. 
It mainly include six kinds of structure forms, such as CRTS Ⅰ type, CRTS Ⅱ type, CRTS Ⅲ type, double block and bifurcation area plate 
and sleeper embedded type. The CRTS Ⅲ slab ballastless track system on high-speed railway in our country is based on ballastless track 
technology research and application experience of CRTS Ⅰslab ballastless track and CRTS Ⅱslab ballastless track etc., and on the basis of 
summarizing and analyzing for domestic and overseas high-speed railway ballastless track system technology developed a new high-speed 
railway，which has a completely independent intellectual property rights of the ballastless track structural system. The structure of 
ballastless track is basically the same indifferent track foundation, which include roadbed, bridge and tunnel etc. It is compose of steel, 
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fastener system, prefabricated slab, self-compacting concrete, isolation layer and the concrete base etc. Because the operational time is 
shorter to the CRTS Ⅲ slab ballastless track system on High Speed Railway in our country, the maintenance experience for the CRTS Ⅲ 
slab ballastless track is relative lacking, combined with the actual operation condition of ballastless track, and formed a more perfect for 
high-speed railway CRTS Ⅲ type ballastless track structure damage maintenance repair technology are focus on the research to the next 
step. Liu’s [5] paper takes into a maintenance management of Chengdu Dujiangyan Railway CRTSⅢ type ballastless track as the basis, 
and reference a variety of ballastless track maintenance requirements in the "high-speed railway ballastless track repair rules (Trial)". Ping’
s [6] paper have carried on the reason analysis which may produce wound disease, from the structure characteristics, mechanical 
characteristics and construction technology of high speed railway CRTS Ⅲ type ballastless track, proposed high-speed railway CRTS type 
ballastless track maintenance and repair advice and damage evaluation standard, and put forward some specific remediation program of 
ballastless track structure damage disease, to perfect our country ballastless track maintenance and repair technology and guidance of CRTS  
type maintenance repair all have very important significance. Figure 1 shows the physical model of the CRTS Ⅲ slab ballastless track. 

 

 
Figure 1. The physical model of the CRTS III slab ballastless track 

 
3. The model and algorithm 
CRTS III type track system is consisting of rail, fastener, slab track, reinforced concrete foundation and filling layer. Filling layer is 

treaded as the leveling layer and the heritability structure of slab track. As shown in Fig 2. As a filling material of filling layer, SCC should 
have the following functions: 

Transfer the upper load to the concrete slab; 
Ensure the smoothness of the rails; 
Realize the unity of structure. 
Filling layer of ballastless track has the following characteristics: long and thin. The construction space is narrow and unable to vibrate. 

To realize the long distance flowing of SCC in structure and filled and compacted by it, SCC should have good workability of [7]: 
Fluidity and stability, which refers to the fresh concrete, should have enough filling properties to fill mold and suitable viscosity to 

ensure the components of SCC do not separate in the flow process. 
Fallibility, which refers to the fresh concrete, would be full of the cavity in gravity effect, exhibits structure closely after hardening: no-

shrink, no-gap and no-bubble. 
Segregation-resistance ability, which refers to the various components of the fresh concrete would not happen separation and cause 

uniformity of internal composition. 
When the spatial relationship between the two adjacent connecting rods i-1 and i changes in accordance with the following motions, the 

coordinate transformation can be accomplished. 
Revolve θi around axes Zi-1 until it reaches the position where axes Zi-1 is parallel to axes Zi; 
Translate distance di along axes Zi-1 to cause Xi-1 to be collinear with Xi 
Translate distance λi along Xi to cause the coordinate system origins of the connecting rods to be coincided; 
Revolve angle λi along Xi to cause axes Zi-1 to be collinear with axes Zi 
The basic algorithm is shown as the equation (1): 
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The linear equation can be expressed into the following simplified forms: 
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As a filling material of ballastless track filling layer, SCC should fill the space of filling layer in well quality. At the same time, SCC 
should have sufficient flow to pass through the door model steel for connecting with substructure and the steel mesh for controlling the 
cracks of SCC. Therefore, SCC should have good performances, which have crucial relationship with the proportion of SCC. 

Proportion of SCC 
The designing method of SCC is similar the conventional concrete. The impact factors of the workability of SCC including: water-

binder ratio, sand ratio, types and dosage of mineral mixtures and admixtures. 
Water-binder ratio 
Water-binder ratio is the mainly factors of the workability and strength of SCC. Water-binder ratio is a key factor to viscosity of fresh 

concrete. As water-binder ratio decreased, fluidity increased, the viscosity and stability decreased. Moreover, as the water-binder ratio 
decrease, the SCC would have good strength, the good compactness and durability. Water-binder ratio should be decision by the experiment 
base on the engineering characteristics, the construction requirements and the dosage of the water reducing agent and mineral mixtures in 
cementing materials. 

Sand ratio 
Sand ratio is the crucial factors to workability of SCC. As the sand ratio increased, flow ability increase and viscidity decline of SCC. 

Moreover, as the sand ratio increased, it is harmful to volume stability and strength. The optimal range of sand ratio is 0.50 to 0.55. 
Mineral mixtures 
To meet the requirements of flow ability, the dosage of cementing materials of SCC is large [8]. Generally, cementing materials of 

SCC should have a lot of mineral admixture to reduce the shrinkage and to improve the durability of SCC. The fly ash and slag powder are 
mainly used in the mineral admixtures of SCC. 

Fly ash: fly ash could improve the workability, reduce the loss of flow ability in the construction process and improve the final strength 
and durability of SCC effectively. The optimal dosage (weight) of fly ash is 20% to 30% [9]. 

Slag powder: slag powder could improve the liquidity, viscidity, strength and durability of SCC effectively [10]. The high dosage and 
surface area of slag powder is harmful to volume stability. Therefore, the dosage and surface area of slag powder should be strictly 
controlled. The optimal dosage(weight) of slag powder is 5% to 15%. 

Admixtures 
Two kind’s admixtures of water reducing agent and expansion admixture are mainly used in SCC. Water reducing agent: because of the 

fresh concrete requiring good liquidity and cohesiveness, the water reducing agent should have following functions: high water-reducing 
rate and good water retention. Poly carboxylic acid based water-reducing has high water-reducer rate and it's beneficial to volume stability. 
Therefore, SCC should priority adopt the poly carboxylic acid based water-reducer. 

 
4. Experiment results and discussion 

 
The structure of the new type of slab ballastless track is shown in Fig. 3; the size of the interspace where the concrete is poured in is 

100×2700×5350mm.The interspace is very narrow and thin, so the workability of the concrete must be very good. The processes of the 
preparation and construction of this concrete is very difficult, which is one of the vital technologies of the new type track. However, the 
study of SCC is insufficiently, the concrete in actual project doesn’t work as expected. 

The self-compacting theory of SCC is shown in Fig. 4. Coarse aggregate is suspended in the mortar which has good cohesive and 
deformability, under its own gravity, coarse aggregate wrapped in mortar flow throw the reinforcing mesh to lead concrete with good 
compactness. As a result, to get SCC with good fluidity and filling-ability, choosing optimum sand ratio and aggregate gradation makes a 
great difference. 

Slump test: it is accorded to CCES02-2004 “Design and construction guidelines of SCC”. Filled the slump meter with concrete, then 
lifted it up slowly, and tested time that slump flow reached 50cm and the final slump flow. This experiment mainly tests the fluidity of the 
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concrete. J-ring test: the apparatus of this experiment contains a slump meter and a J-ring. J-ring is made up with 16 steel bars whose 
diameter is 18mm, and the diameter of J-ring is 300mm. It tests the anti-segregability and ability of flowing through steel bars of concrete by 
testing the average height difference of the concrete from four directions between the outside and middle of J-ring. L-box test: accorded to 
CCES02-2004, the time that the concrete flows to the end of the box and the final slope of the concrete in the box can be tested to test the 
fillibility of the concrete. 

As can be seen from Fig. 5, when the sand ratio is 0.52 to 0.60, the expansion of SCC increases first, and then decreases with the 
increase of sand ratio. The expansion is all up to the requirement and it reaches a maximum when the sand ratio is about 0.56. While T50 
decreases first, and then increases with the increase of sand ratio, but it can meet demands only when the sand ratio is about 0.58. 

 

 
Figure 2. The ballastless track cross-sectional figure 

 

 
Figure 3. (a) Slump flow experiment principle diagram; (b) Testing of SCC 

 

 
Figure 4. Process of self-compacting of SCC 

 

 
Figure 5. (a) Test of fluidity;                                                     (b) Result of the test 

 
When the water quantity is stably, if sand ratio is small, there is not enough sand to play the role of rolling, and the void between stones 

is increased, which can only be filled with mortar. As a result, the mortar that acts as lubricant decreases, which makes the internal friction 
of fresh concrete increase, and the fluidity of concrete turns to bad. If sand ratio is too great, the total surface area of aggregate is big, 
cement paste which used to cover the surface of the stones and sand particles needs to be increased. So, when using water and cementing 
material quantity stably, the concrete becomes very sticky, and the fluidity becomes bad. The optimal range of the sand ratio is 0.56 to 0.58 
from this test. 

With the increase of the sand ratio, the value of T700L decreases first, and then increases, while the value of H2/H1 increases first, and 
then decreases, they both reach extreme value when sand ratio is about 0.58. The concrete flows slowly because of its bad fluidity, and the 
segregation makes it flow through steel bars in L-box hardly when sand ratio is small. But, if sand ratio is great, the concrete will be too 
sticky to flow. Because, inner friction of the concrete increases so much that it cannot flow by its own gravity any more even the slope of 
concrete is still great. The optimal sand ratio is about 0.58 from the figure. 
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In this paper, the author studies on the design of disease analysis and maintenance technology of CRTS III slab ballastless track. Based 
on the CRTS III slab ballastless track structure on bridge, the analysis model is developed. The longitudinal force characteristics of CRTS 
III slab track are compared with the maintenance of anchorage. According to the anchorage effect on the expansion additional force 
characteristics of rail, slab and base plate on the bridge, the conclusion is that the maintenance of anchorage has little effect on the expansion 
force of the structure, it can be negligible. Based on the analysis of the CRTS III model, the conclusion is that: The mix proportion design of 
SCC should be optimized based on the technical requirements of SCC. The assessment method of workability and durability of SCC should 
be study intensively. Admixtures are very important for SCC to improve the workability. Preponderance of water reducing agent and 
expansion agent should be developed. The construction technology of SCC should be study intensively. 
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Abstract: Martensite phase transformation of 45 steel, GCr15 and T12 steel was monitored by acoustic emission technique. Quantitative 
analysis of martensite volume fraction based on the characteristics of acoustic emission parameter was realized, and the phase 
transformation dynamical change of material with different carbon content was analyzed using the volume fraction curves of martensite 
phase transformation of the three specimens. The results show that the martensite phase transformation kinetic energy decreases with the 
increase of carbon content, and the material with higher dislocation density has stronger autocatalytic effect. 
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1. Introduction 
 

The change rate of martensite volume fraction with time (or temperature) is an important part of the study of the dynamics of the 
martensitic transformation, the change rate directly reflects the regular features of the dynamics of the martensitic transformation. However, 
the nucleation and growth process of the martensite are very fast, the velocity of sound in the parent phase is reached, and the phase 
transformation process is complex. This makes it difficult to realize the dynamic characteristics of the whole phase transition process by 
means of conventional martensitic transformation [1]. Acoustic emission is a common physical phenomenon, most of the material 
deformation and fracture are accompanied by acoustic emission. Organizational changes in the martensitic transformation process is the 
direct or indirect acoustic emission source. When the formation of martensite or stress concentration causes local damage, the sudden release 
of elastic energy is the direct cause of the acoustic emission source. The relationship between the volume fraction change rate of martensite 
transformation and the amount of carbon in the lattice can be dynamically analyzed by using acoustic emission [2]. 

In this paper, 45, GCr15 and T12 steels with different carbon content are studied. The use of martensitic phase acoustic emission 
eigenvalue and temperature parameter to determine the transformation start temperature MS, and based on the K-M formula of the 
martensitic phase transformation kinetics, functional relationship between the volume fraction of martensite and the acoustic emission 
parameters is established, the characteristic rule of the martensitic transformation kinetics and the carbon content of the three kinds of test 
specimens were obtained at the end of the continuous cooling condition. 

 
2. theory basis 
 
2.1 .Basic theory 

 
In the martensite phase transformation kinetics study ,Koistinen and Marburger [1] proposed a description the experience formula of 

the retained austenite volume fraction, the volume fraction is a function of temperature (T in martensite starting temperatures below 
Ms).This equation is known as K - M relation. Koistinen and Mar burger assume that the process of the formation of martensite in the fully 
austenitic specimen can be expressed by the following formula: 

1 (Ms )1 c Tf e− −= −                                                                                       (1) 

the above formula f is the martensite volume fraction in the T moment of any temperature below the Ms temperature, which is defined 
as the martensite volume divided by the austentite volume in the specimen that before martensite is formed.C1 is a constant. Thus according 
to the test of volume fraction f and ΔT(ΔT=Ms-T) obtain C1 ,and according to the change rule of different material C1 to analysis the 
martensite phase transformation dynamics features.Acoustic emission signal of RMS voltage RMS, by using the fixed background noise can 
be defined as the mean square of the voltage U2: 
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= −∫                                                                                       (2) 

n the formula ,Ut(t) is the output voltage of the sensor,τ is a constant, which is selected as 0.01s.The  measurement resolution ratio of 
RMS voltage is 0.02 mV, while the background noise level is 0.24 ~ 0.26 mV. 

Due to the acoustic emission signal RMS directly from martensite phase transformation itself, thus the acoustic emission RMS 
generated by the phase change process has a relative proportion to the volume fraction of martensite formed by it, So the RMS curve can be 
regarded as the volume transition curve of martensite.The RMS can be expressed in R (t). 
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=                                                                                              (3) 

m is proportional coefficient, and t1and t2 are the start and stop time of phase transition.So the volume fraction of martensite in a 
certain temperature can be expressed as: 

1

2

1

( )

( )

nt

t
t

t

R t dt
f

R t dt
=
∫
∫

                                                                                             (4) 

2.2 Test materials and methods 
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Different carbon content has highly effected on the MS point and the dynamic characteristics of the martensitic transformation. And 
GCr15 steel also has the characteristics of isothermal martensite phase transformation, so to choose 45, GCr15 and T12 steel as the research 
object. Its chemical composition is shown in table 1[4] 

 
Table 1 Chemical composition of three kinds of tested steel (mass fraction, %) 

Test steel C Cr Mn Si 

45 0.442 0.25 0.788 0.24 

GCr15 0.95~1.0 1.3~1.65 0.2~0.4 0.15~0.35 

T12 1.15~1.2 0.25 ≤0.4 ≤0.35 

 

Test apparatus is shown in figure 1.The acoustic emission system is PCI-2 system, the sensor is WD broadband sensor, the sampling 
frequency is 1 MHz, the response frequency is 100~1000kHz. Temperature data is obtained by using the acoustic emission parameter card to 
connect the temperature data of the thermocouple to the acoustic emission system. In order to avoid the sensor directly contacting with high 
temperature specimen, using wave guide rod and specimen is connected to threads. In order to avoid the interference caused by the phase 
transition of the wave guide rod, the wave guide rod is quenched. In order to make the test piece full of austenite, the temperature is heated 
to austenitizing temperature and insulate 30 min to make it completely austenitizing, and then quickly put into the water at 20℃. 

 

Figure. 1 Schematic of acoustic emission data acquisition experiment device 
 

Specimen; 2.Wave guide rod; 3.WD sensor; 4. Preamplifier; 5.Acoustic emission instrument; 6.Thermocouple; 7.Regulated power 
supply; 8.Water tank 

 
3. THE TEST RESULT Analysis 
 
3.1 Volume fraction calculation 
 

Three specimens of martensite phase transformation MS measured by thermocouple temperature data of the martensite phase 
transformation process of the introduction of acoustic emission system curve to determine the temperature changes. With the access to the 
external parameters of the acoustic emission，the complete synchronization of the acoustic emission parameters and the external parameters 
is realized in the time of driving rate. Therefore, the MS temperature of the three samples was obtained by using the temperature parameter 
and acoustic emission parameters. The MS temperature of 45 steel was 332℃, the MS of GCr15 steel was 237℃, and the T12 was 194℃ 
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 (c) T12 steel 

(a) 45 steel; (b) GCr15 steel; (c) T12 steel 

Figure. 2 Martensite volume fraction f of the three specimens 
 

Figure 2. The volume fraction of martensite transformation volume fraction of the three kinds of specimen is obtained by the RMS 
parameter (4).From figure 2 (a) and (c), it can be seen that the martensitic transformation process of 45 steel and T12 steel is divided into 
two stages，straight up stage and stagnation stage, the formation amount of martensite is only related to temperature, and has nothing to do 
with time, and when the temperature is reduced to MS the martensite phase transformation occurs immediately, and there is no incubation 
period. The formation characteristics of athermal martensite is shown obviously. While the volume fraction curve of GCr15 steel, as shown 
in figure 2 (b), when the temperature is lower than the MS point, there is a period of incubation period lots of martensite transformation. 
And when the temperature is lower than the temperature of the martensite transformation, RMS is not completely equal to the background 
noise voltage, this shows that the transformation of martensite and didn't stop completely, have a small amount of austenite into martensite, 
and accompanied by about 10% retained austenite. The reason of producing incubation period is that the formation of a large number of 
plastic deformation is caused by the formation of lots of martensite, and the increase of dislocation. And martensitic transformation will 
release a certain amount of latent heat of phase transformation, which can reduce the stability of austenite, and must continue to cool down 
to increase the driving force of the transformation, specimen can continue to produce phase transition. This shows that martensite phase 
transformation of GCr15 steel on the macro is performed for cooling the formation of martensite, but it also has the characteristics of 
isothermal martensite formation on microscopic [5-7]. 

 
3.2 Actual volume fraction calculation 
 

In order to more accurately make use of acoustic emission RMS to calculate the volume fraction of martensite transformation, need 
accurate numerical value of the ratio of m in the formula (3),so in this paper in order to calculate the martensite volume of the sample with 
1000 mm3 sizes in the specimen. 

The microstructure photos of the martensitic transformation are mainly composed of martensite and retained austenite, realized for 
different light and shade distribution on the metallographic photos, so the distribution of martensite can be calculated by using the image 
gray banalization, then the volume of martensite is obtained. The microstructure of the three specimen is shown in figure 3. 
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(c) 

Figure. 3 Microstructure of the three specimens after martensite transition  
(a) 45 steel; (b) GCr15 steel; (c) T12 steel 

Because of the small sample, the distribution of the whole specimen is uniform in the process of transformation, in the selected 1000 
mm3 specimen, the internal and cross sections of the martensite are distributed uniformly, so the volume fraction of martensite is f, at this 
point, according to the formula (3), m value can be obtained .10 groups were selected from the three test pieces, and the mean values were 
shown in Table 2. 
 

Table 2 Martensite volume and m values in table 

Specimen Percentage of cross-sectional 
area/% 

Volume/mm3 m  value 

45 steel 93.8 938 0.9 

GCr15 steel 89.2 892 0.57 

T12 steel 82.9 829 0.49 

 
From the data we can see that with the increase of carbon content, the m value decreases gradually, it is consistent with the martensite 

phase transformation point of MS, It is also proved that the MS point of the martensitic transformation of the specimen is gradually 
decreased from the point of view of the dynamic point of view, the retained austenite resulting from the phase transformation increases 
gradually [8-9]. 

 
3.3 K-M equation fitting analysis 
 

By the above analysis, three kinds of MS and volume fraction of martensite transformation f is gotten, therefore, the dynamic 
characteristics of the martensitic transformation can be further studied by fitting analysis of the K-M equation with the formula (1).In Figure 
4, the vertical axis is logarithmic coordinates in volume fraction. The horizontal axis is T (T= MS-T), the vertical axis is -ln (1-f), the 
vertical axis through the data points of the red line is the polynomial fitting of K-M equation. 
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(c) T12 steel 

Figure. 4 K-M equation fitting curves of the three specimens  
 

As can be seen from the figure 4, -ln(1-f) is approximate linear changing with ΔT in the whole process of transformation for T12 steel. 
The nonlinear dynamic process of K-M equation shows that phase transition kinetic energy decreases with the increase of martensite volume 
fraction. The residual austenite has minimum volume for 45 steel, so the change of transformation of kinetic energy is the largest in the 
process of transition[10-11]. 

Polynomial fitting to the K-M equation, the dotted line synthesized through the date points is considered to be the value of C1, the 
value of C1 fitted as shown in table 3. 

 
Table 3 Composition analysis of the experimental steels (mass fraction, %) 
Test steel Martensite 

volume fraction.f / % 
Ms /℃ C1 

45 0.92 332 0.0359 

GCr15 0.88 237 0.0237 

T12 0.83 194 0.0195 

 

 

Figure. 5 C1, Ms and the carbon content distribution of the three specimens 

It can be seen from the figure 5, 45 steel has the largest value of C1, and as the carbon content increased from 0.45% to 1.2%, the value 
of C1 declining linearly for about 50%. It means that the 45 steel has the highest transformation rate under the same cooling rate. As the 
carbon content in GCr15 and T12 is almost the same, the value of C1 decreased. This is consistent with the distribution trend of carbon 
content. 

It can be seen from the figure 5, the value of C1 is mainly affected by the carbon content, which is consistent with the martensite phase 
transformation dynamics theory, as a result of the nucleation process for martensite phase transformation, it produces a large number of 
dislocation, and the density of dislocation is related to the carbon content, so the C1 has the maximum when the carbon content is about 
0.45%. Dislocation will be formed in the nearby austenite body when a martensitic nucleation formed, this is the result that the shear stress 
produced with the change of the shape exceeds the yield strength of austenitic. At the same time, the strain energy in austenite cannot 
increase the driving force of the transformation, because the dislocation can be transferred to the martensite in the phase transition. However, 
these dislocations have a great influence on C1, because a large number of dislocations will lead to the formation of the amount of the form 
of the core, except for the initial billet in austenite. This is consistent with the inhomogeneous nucleation model. With the increase of carbon 
content, the dislocation density decreases, so the C1 value will decrease gradually. At the same time, due to the probability of martensitic 
nucleation in the formation of the previously near the crystal nucleation is higher than the probability of the random nucleation in the non-
phase transition region .This effect is known as the self-catalytic nucleation.Therefore, for the 45 steel with high dislocation density, the 
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self-catalytic effect is stronger, which has a large value for C1.The larger the C1 value, the greater the number density of active nucleation 
sites in the specific driving force, so as to enhance the transformation process. 

 
Conclusion 
 

According to the three kinds of specimens of martensite phase acoustic emission monitoring test of the obtained test data, the volume 
fraction of martensite transformation process f was calculated by the RMS value of the acoustic emission, and the change of the volume 
fraction of martensite transformation in different carbon content was analyzed by the relationship of the actual martensite volume of 
microscopic measurement. At the same time, the volume fraction of C1 can be obtained by using the volume fraction f obtained by acoustic 
emission calculation, and the undetermined coefficient in the K-M equation can be fitted, and the martensite transformation kinetics was 
analyzed by C1 in different carbon content samples. It is proved that the dynamic characteristics of the process of martensitic transformation 
can be accurately analyzed by the method of acoustic emission. 
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Abstract: Traditional Chinese Medicine (TCM) properties are the core component of the theory of TCM. Understanding the formation and 
change of TCM properties have a great significance to the research on the development of TCM properties. This article through hackle the 
record of ancient literature and the modern understanding, Put forward this Concept and formation of traditional Chinese Medicine 
properties from a new angle. Pointed out that the traditional Chinese medicine properties is the Properties of traditional Chinese medicine. It 
includes two aspects, the natural quality and the effect attribute. TCM properties are in accordance with the changes of natural environment 
factors, used to adjust the body state, and easy to use in clinical syndrome differentiation. The formation of TCM properties was a highly 
generalization to all aspects of TCM by use of Chinese philosophy. On this basis, we summarize the reasons for the change of TCM 
properties, and then we proposed the thought of TCM properties under the new situation. 
 
Keywords: traditional Chinese medicine (TCM); TCM properties; change 
 
1. Introduction 
 

TCM properties are the attribute of the TCM, which is in accordance with the change of natural environment factors. It includes two 
aspects, the natural quality and the effect attribute, which is used to adjust the body state, and easy to use in clinical diagnosis and treatment, 
the natural quality is the basis of the effect attribute, which refers to the shape, color, texture, smell and chemical composition of the drug. 
The effect attribute is the high generalization of the effect after the natural quality is acting on the body, which refers to the efficacy of TCM, 
and it is the traditional understanding of the four properties, five tastes, meridian, ascending and descending and toxicity. 

In recent years, A few people seem to have reduced the trust of TCM science. It is often questioned the efficacy of TCM science, why 
the use of a thousand years of TCM, the effect will be decreased. Is it really an era of progress, TCM science behind the times? The research 
shows that the phenomenon of “The prescription is effective, but the use of the drug is invalid” has emerged [1, 2]. That reason may be 
related to TCM has changed, so that the spread of several thousand years of classical prescription cannot achieve its due effect. 

 
2. The formation of TCM properties 

 
2.1 The formation of the natural quality of TCM properties. 
 

In the process of drug formation (growth), various kinds of environmental factors interact with each other, and ultimately affect the 
natural quality of the drug. The environmental factors are the understanding of the ancients on the environment of weather and earth, such as 
wind, cold, heat, dampness, dryness and fire. As well as, the understanding of modern science is the natural environment factors, such as 
climatic factors, soil factors, terrain factors, etc. The natural environment is the basic condition for the survival of all things. Ancient 
Chinese medical scientists recognized natural environmental factors and formation of Chinese herbal drugs were closely related to the 
growth, and they were analyzed for the natural quality of TCM properties from factors influencing drug formation mainly. Such as, A 
Chinese ancient books Tang Ye Ben Cao Yong Yao Fa Xiang said, the nature includes two aspects of yin and Yang, wind, cold, heat, 
dampness, dryness and fire, they are all the root of three yin and three Yang. Four properties including cold, hot, warm and cool, they are all 
from the natural, as well as, the earth includes two aspects of yin and Yang, metal, wood, water, fire and earth. They are the reasons for the 
recovery, grow, and transform, absorption, store of plants. That fully explains the formation of TCM properties cannot be separated from the 
common role of weather and earth, and take the changes of these factors.  Chen Jiamo in Ming Dynasty said, the place of production of the 
medicinal herbs stretched over a wide area, and the pharmacological effects are quite different. Things like this are too numerous to mention. 
This fully shows that different geographical environment and other related factors affect the changes of the natural quality of TCM 
properties, which further leads to the change of its effect attributes. Modern studies show that the accumulation of dry matter in the 7 growth 
and development stages of Flos Lonicerae buds is in the order of silver flower, large white, golden flower, withered bloom, two white, three 
green, flower bud [3]. In different ecological environment include different time, space weather conditions, water and soil heterogeneity of 
the same kind of medicinal materials, the chemical composition of which there is a certain difference. Li Jufeng found that obvious 
differences in content of hederagenin were determined by HPLC method in different habitats of Radix dipsaci [4]. Another study showed 
that there are differences in the chemical composition of rhubarb produced at different altitudes, and there are also differences in the 
effective components of different habitats. The chemical composition of rhubarb produced at different altitudes was different [5], there are 
also differences in the effective components of the root of Chinese herbaceous peony from different producing areas [6]. 
 
2.2 The formation of the effect attribute of TCM properties  
 

 The effect attribute of TCM properties mainly refers to the function of the TCM, namely the traditional understanding of the four 
properties and five tastes, lifting, meridian, toxic and non-toxic etc. The understanding of the formation of the effect attribute of TCM 
properties cannot do without body state, biological effects of interaction between drugs and body and the summarizing on the generation 
effect. This process must be done through pharmacological experiments or clinical practice. 

The production of drugs cannot be separated from the actual needs of people's lives, people began to understand the drug, more 
attention is paid on its role in the body after the effect, and then gradually formed an awareness of drug. So is the TCM. Before the 
formation of the understanding of drug treatment, the concept of drug will not be formed. Therefore, the understanding of drug and the 
effect attribute of the drug at the same time. At the beginning of treatment may be accidental, for a long time, from accidental effect to the 
possible effect of speculation, and then through a number of validation, forming a series of understanding, this is the initial understanding of 
the efficacy of drugs, but also the first understanding of the properties of the effect. In the next place, it is the verification process of why the 
drug treatment can, and how to treat the law, verify, modify, and then deduce. The theory of drug properties is formed and developed. It can 
be considered that the generation of the cognition of the effect attribute in TCM properties is the necessity of the clinical practice, and the 
clinical practice is the premise and the end result of the formation of the TCM properties. 

In addition to drug production, the effect of drug treatment is constantly discovered and accumulated, through the summary and 
induction of the thinking method, it rises to the theoretical understanding of regularity .The use of various reasoning methods, philosophy 
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and scientific knowledge to study and use of drug properties, and therefore, the theory brings together a number of different times of 
knowledge, philosophy. After the regular induction of TCM properties, finally through the test of pharmacological experiments and clinical 
practice, we can finally integrate into the whole of the theory of drug properties, thus promoting the development of the theory of drug 
properties. Therefore, the philosophy and thinking mode of different historical periods laid the theoretical foundation for the formation and 
development of the properties of the effect of TCM. 

The principles of TCM science and TCM of effect attributes were formed under the guidance of the same way of thinking, which 
belongs to the same system, both closely, and it is an organic whole. In ancient times, a large number of clinical practice was born, 
ultimately guide clinical, and to better serve the clinical service, therefore, people understanding of the TCM properties is bound to be 
consistent with the human body's physiological and pathological understanding. Clinical medicine on understanding of human physiology 
and pathology, diagnosis and treatment of diseases provides a basis for the formation of the effective attribute of TCM properties, such as 
the understanding of TCM science on visceral manifestation, main and collateral channels, and theory of the TCM properties channel 
tropism, such as the cognition of TCM treatment, treating cold with hot drugs, treating heat with cold drug etc. Under the guidance of the 
traditional mode of thinking, so the understanding of the effect attribute in TCM properties is the inevitable product of combination and 
unification of principles of TCM science. 

 
3. The Change of TCM properties 

 
The nature of TCM is different with the change of times, the Chinese medicinal herb will grow in the soil for a long time, the drug 

effect is stronger, but the Chinese medicinal herb growth time is shorter, and the drug efficacy is light. It shows that people has known the 
change of the TCM properties in Tang Dynasty. We found the following drug have a great change of TCM properties by referring to the 
Shen Nong Ben Cao Jing, Xin Xiu Ben Cao, and Chinese pharmacopoeia (see table 1) 

 
Table 1. In contrast, The Change of TCM properties 

TCM Herbal works Property and Flavor TCM Herbal 
works 

Property and 
Flavor 

chrysanthemum Shen Nong Ben 
Cao Jing 

Bitter, Mild  Limonite Shen Nong 
Ben Cao 

Jing 

Sweet Cold 

Xin Xiu Ben Cao Bitter, Sweet, Mild, 
Non-toxic 

Xin Xiu 
Ben Cao 

Sweet, Mild , Non-
toxic  

Chinese 
Pharmacopoeia 

(Ch. P.) 
(2015 Edition) 

Sweet, Bitter, 
Slightly Cold 

Ch. P. 
(2015 

Edition) 
 

Sweet, Astringent,  
Slightly Cold.  
Owned by the 
stomach, large 

intestine 
 

Phytolacca 
acinosa Roxb 

Shen Nong Ben 
Cao Jing 

Spicy, Mild  Radix 
Polygalae 

Shen Nong 
Ben Cao 

Jing 

Bitter, Warm 

Xin Xiu Ben Cao Spicy, Sour, Mild , 
Toxic 

Xin Xiu 
Ben Cao 

Bitter, Warm, on-
toxic 

Ch. P. 
(2015 Edition) 

 

Bitter, Cold, Toxic. 
Owned by lungs, 

spleen, kidney, large 
intestine 

Ch. P. 
(2015 

Edition) 
 

Bitter, Pungent, 
Warm.  

Owned by heart, 
lung and kidney 

Cinnabar Shen Nong Ben 
Cao Jing 

Sweet, slightly cold Radix 
Angelicae 
Biseratae 

Shen Nong 
Ben Cao 

Jing 

Bitter, Mild  

Xin Xiu Ben Cao Sweet, Slightly Cold, 
non-toxic 

Xin Xiu 
Ben Cao 

Bitter, Sweet, 
Mild , Slightly 

Warm, Non-toxic 
Ch. P. 

(2015 Edition) 
 

Sweet, Slightly Sold, 
Toxic. 

Owned by heart  

Ch. P. 
(2015 

Edition) 
 

Acrid, Bitter, 
Tepid. 

 Owned by the 
kidney, bladder 

Sodium Sulfate Shen Nong Ben 
Cao Jing 

Bitter, Cold Semen 
Coicis 

Shen Nong 
Ben Cao 

Jing 

Sweet, Slightly 
Cold 

Xin Xiu Ben Cao Spicy, Bitter, Great 
Cold 

Xin Xiu 
Ben Cao 

Sweet, Slightly 
Cold, Non-toxic 

Ch. P. 
(2015 Edition) 

Salty, Bitter, Cold. 
Owned by the 
stomach, large 

intestine 

Ch. P. 
(2015 

Edition) 

Sweet, Mild, Cool.  
Owned by spleen, 
stomach, and lung. 

 
4. Reasons for the change of TCM properties 

 
Medical origin theory also discussed the change of TCM properties, and the causes of change were classified into four types, different 

producing area, different plant varieties, differences between wild and cultivated medicinal herbs, an error occurred in a process from 
generation to generation. Read a large number of domestic and foreign literature, it is found that the changes of TCM mainly focus in four 
aspects as the following. 

 
4.1 The changes of growing environment 
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TCM properties are also manifestation of the reaction of TCM to natural environment. Stress effect is the important content and 
characteristics of TCM properties, but also an important embodiment of the intrinsic generation. Many scholars have studied the influence of 
environment on the formation of geoherbs. Research suggests that the plant stress factors could stimulate the secondary metabolic pathway 
of plants, which is of great significance to improve the quality of herbs. Oh’s study found that the formation of secondary metabolites of 
lettuce by waterlogging stress. Muhammad reviewed the stress reaction of cruciferous plants. But the reality is that less and less wild 
Chinese medicine, field planting has become the main source of TCM. To a certain extent, the Good Agriculture Practice (GAP) plantation 
of TCM although to meet the demand of TCM quantity, the single TCM planting pattern, so that Chinese medicine has lost the original 
stress, no competition and symbiosis between species. At the same time in the domestic field is difficult to find a place without the use of 
chemical fertilizers, although planting herbs can be controlled with the application of fertilizer and other modern fertilizers. However, the 
impact of residue in the field lasted for many years after the use of chemical fertilizer at one time. In case of the application of fertilizer for 
many years, the time of impact may last longer. Large-scale plantation of GAP of TCM, the TCM has become a pig from pig farm, chicken 
from chicken farm, exist in name only. The degradation of TCM is inevitable. 
 
4.2 The change of human physique 

 
The ancients summed up the nature of TCM combined with the drug effects. People's constitutions changes will make the effect of 

TCM is different, and then the understanding of the four properties of TCM will change. With the improvement of living standards, 
enhancing human physique, the warm or hot herbs will appear to be cold or cool. With the improvement of living standards, enhancing 
human physique, with some warm Chinese medicine will be cold, relative to the change of the constitution. And with the development of 
medicine, doctors will deepen the analysis and understanding of four properties and pay more attention to the effects of TCM in the human 
body reaction, so the four properties of TCM gradually tend to be cold. 

 
4.3 The change of cognition level of skilled doctor 
 

Different manifestations of drug action in the human body depend on the level of understanding of skilled doctor, such as the 
understanding of four properties of TCM in different times. This understanding includes the analysis level of four properties of TCM and the 
definition of four properties. In the two periods of Song Jinyuan, Ming Dynasty, there is a phenomenon of expanding the scope of the mild 
property. After the Ming Dynasty, analysis of the level of skilled doctor on TCM four properties was improved. This not only led to a 
reduction in the level of the mild property, but also affected the specific types of TCM four properties. With the increase of the level of 
awareness, the division of TCM four properties is more and more refined, and the development of the language of the Qing Dynasty to make 
the division of four properties more diversified. 

In addition to the above three reasons, due to historical conditions, the herbal works in the spread process still exist copying errors and 
some other reasons, such as drugs themselves. 

To sum up, different ancient and modern natural environment led to the changes of TCM properties, which is the change of the material 
base of TCM. Skilled doctor’s analysis to the TCM properties is closely related to the clinical curative effect of TCM. This level of 
cognition is determined by the level of TCM properties theory and basic theory. 

 
5. Thinking deeply about the change of TCM properties in the new situation 

 
At the height of the development of civilization, and at the fast changing social environment, various factors caused the change of TCM 

properties. we should pay attention to the effect of change it brings, and think about how to reduce the change of TCM properties, and how 
to solve the insecurity, instability and inefficiency of clinical drug caused by the change of TCM properties. 

When the TCM lose the natural quality it is also the beginning of facing the crowning calamity. A new planting pattern of TCM 
original ecological planting should be establishment. That is not only a focus on the deployment of the development of TCM in 13th Five-
Year National Science and technology innovation planning promulgated by the State Council, it is also a development of main emphasis on 
TCM course and large health. In the original ecological cultivation of TCM, we should pay attention to the original ecological cultivation 
and symbiosis of plants, as far as possible to reduce human intervention, and as far as possible to restore the natural quality of TCM.  

At the same time, Intercross and syncretize in the pharmacy, ecology, agronomy, agricultural engineering and other disciplines. It is a 
great significance to improve the quality of TCM products, the ecological environment, and realize the harmonious coexistence between 
man and nature. The development prospect of TCM will be very broad, and the development speed will also be more and more rapidly. That 
is a great significance to improve the quality and yield of cultivated TCM, and achieve the stable and sustainable development of Chinese 
medicinal herbs. 

And for the study of TCM, substance of drug properties can be recognized through the substance of efficacy. The TCM science belongs 
to the pathology medicine pattern, many theories of Chinese indigenous medicine are formed by observing, summarizing and inducing 
under pathological conditions. TCM is no exception, such as the formation of TCM four properties, five tastes and effect. The efficacy of 
TCM is the therapeutic effect of substances contained in TCM acted on the disease. Therefore, the understanding of the efficacy of TCM 
should be carried out in a specific disease model. Under these conditions, it is objective and reasonable to observe and recognize the 
substance related to the efficacy of TCM.  

Pharmacological research should be the best way to study the theory of TCM properties, which can not only embody the guidance of 
the theory of TCM, but also can combine the content of modern scientific techniques. The basic pharmacological action of the theory of 
TCM properties was established. From the point of view of pharmacology, it reveals the essence of TCM, which has injected new vitality 
into the traditional theory of TCM properties. Promoting the development of TCM with the development of the theory of TCM properties, it 
can not only reflect the characteristics and advantages of TCM, but also speed up the process of modernization of TCM, and lay a good 
foundation to achieve the internationalization of TCM. In order to launch relevant research, it is necessary to study the relationship between 
TCM properties, pharmacological action and clinical application, and   then perfect the relevant database. To lay the foundation for the 
research of the basic pharmacological action of the theory of TCM properties, it will accordingly promote the development of the theory of 
TCM. 
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Abstract: how to manage foreign exchange assets and retain their value is always a big challenge in the financial academic circles. US 
dollar is a base currency used for foreign exchange trading and international payment. In this paper, currency indexes are treated as 
selectable assets to build a portfolio for the management of foreign exchange investment assets. Based on the Markowitz Portfolio Theory, a 
dynamic currency allocation model, which takes moving window into consideration, is set up. Moving window width (L) and combination 
weight adjusting frequency (T) are treated as two exogenous control variables to set up a dynamic foreign exchange portfolio model, which 
takes time window into consideration. Results of empirical research of historical data of foreign exchange market indicate that the dynamic 
foreign exchange portfolio can help foreign exchange investment assets avoid the risk of currency devaluation and maintain their value. 
Within the specific range of time window, it can bring stable returns. 
 
Keywords: dynamic currency allocation, currency index, foreign exchange portfolio, dynamic time window 
 
1. Introduction 
 

Through over 50 years’ development, portfolio theories have been applied to capital markets maturely since Harry Markowitz 
introduced the modern portfolio theory in 1952. The correlation among main freely-convertible currencies on the foreign exchange market 
indicates the possibility of applying portfolio theories. In this regard, many Chinese and foreign scholars have discussed. For foreign 
exchange investors, how to make a scientific and reasonable investment so as to maintain or increase the value of foreign exchange assets on 
hand is still a challenge with no solution. In order to reduce exchange rate risks, foreign exchange investors usually hold several currencies. 
Under existing portfolio theories, an investor’s optimal portfolio is surely on the mean-variance efficient frontier [1, 6]. However, when the 
price trend or correlation of objects of investment changes as time goes by, it is very possible that the mean-variance efficient frontier also 
changes and thus current portfolio is no longer an optimal portfolio possibly. In this case, the investor needs to adjust investment strategies, 
weight of combined assets, reconfigure objects of investment constantly according to the changing investment market to make the portfolio 
held comply with the changing mean-variance efficient frontier. For this reason, many financial economists applied Harry Markowitz’s 
single-period M-V portfolio theory to several periods. That is to say, they took into account dynamic adjustment of combination weight 
during the investment period. Richardson made a study of dynamic M-V strategy’s superiority over Markowitz’s static strategy. Hakansson 
and Fama set up discrete time’s multi-period portfolio and investment consumption selection model. Li and Ng set up an M-V model for the 
case of multi-period portfolio. Zhou and Li set up an M-V model for the case of continuous time under the assumption that the return on 
assets is subject to Brownian motion and they deduced optimal solution and efficient frontier displayed. Li, Zhou, and Lim [13] further probed 
into the dynamic M-V portfolio of continuous time and no selling short. Barberis made a study of long-term investments under the condition 
that returns are predictable. Existing multi-period portfolio models always use an investment adjustment frequency with the same time scale 
as that of rate of return but fail to consider the effect of the change in portfolio adjusting frequency on closing returns on investment. In 
addition, all portfolio models are based on expected returns in the future. Actually, it is necessary to enter historical data to determine a 
portfolio as the Markowitz portfolio model is used. Optimal historical data window length should be treated differently on different capital 
markets.  

 
In this paper, two variables, i.e. moving window width (L) and combination weight adjusting frequency (T), are introduced to set up a 

dynamic currency index allocation model, with Markowitz portfolio as the core, for the W-V efficient frontier changes on the foreign 
exchange market based on Markowitz’s classic portfolio theory. Moving window width (L) refers to the span of historical data entered at the 
time of setting a dynamic portfolio. Combination weight adjusting frequency (T) refers to the interval for adjusting the weight of combined 
assets during the entire investment period. A portfolio’s efficient frontier is determined repeatedly according to moving window width (L) 
that does not unchanged during the investment period. Then an optimal portfolio is selected according to investor’s risk tolerance. Finally, 
we can work out a portfolio that can maintain the value of foreign exchange assets held by an investor and bring a relatively stable return by 
selecting specific moving window width (L) and combination weight adjusting frequency (T).  

 
2. Currency index 
 

Today US dollar is still a base currency in foreign exchange swaps and a major currency for international payment and foreign 
exchange trading, playing a role of benchmark currency on the international foreign exchange market. The strength of US dollar may be 
measured by using real-time US dollar index (USDX). USDX is calculated according to the weighted geometric average value of exchange 
rate between six currencies and US dollar in March 1973. The calculation formula is as follows:  

0.576 0.136 0.119 0.091

0.042 0.036

50.14348112 / / / /
/ /

USDX EUR USD USD JPY GBP USD USD CAD
USD SEK USD CHF

− − −= × × × ×

× ×
                                      (1) 

 
(50.14348112 is a constant, which is introduced to make base period index reach 100; the index in the formula is the weight of a 

currency, i.e. EUR 0.576, JPY 0.136, GBP 0.119, CAD 0.091, SEK 0.042, and CHF 0.036 specially).  
 
According to USDX and the exchange rate between each currency and US dollar, we can easily figure out each currency’s real-time 

index. The formulas for calculating EUR index, GBP index, AUD index, NZD index, CHF index, JPY index, and CAD index are set out as 
below:  
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( / );
( / );
( / );
( / );

/ ( / );
/ ( / );
/ ( / );

EURX USDX EUR USD
GBPX USDX GBP USD
AUDX USDX AUD USD
NZDX USDX NZD USD
CHFX USDX USD CHF
JPYX USDX USD JPY
CADX USDX USD CAD

= ×
= ×
= ×
= ×
=
=
=

                                                                                       (2) 

 
Based on these currency indices, this paper makes a study of the way to build a dynamic foreign exchange portfolio.  
 

3. Analysis of dynamic allocation of currency index  
 
3.1 Basic assumptions  
 

In this paper, the core framework used to set up a dynamic portfolio model for eight currency indices is Markowitz’s classic M-V 
model. Basic assumptions are as below:  

The currencies used in this paper are freely-convertible currencies.  
Return on investment is measured according to expected rate of return. Investment risk is measured according to the variance and 

standard deviation of rate of return.  
Main factors influencing investment decisions are returns on investment and risks.  
Investors intend to reduce risks and are subject to the common preference principle. Their risk bearing capacity or risk tolerance for 

portfolio selection remains unchanged.  
Short selling is inapplicable to currency index but applicable to foreign exchange rate.  

 
3.2 The establishment of currency index M-V model under the condition of single period  
 

USDX, EURX, GBPX, AUDX, NZDX, CHFX, JPYX, and CADX are chosen as objects of investment in this paper. That is to say, the 
number of combined assets is 8 ( 8N = ). They are numbered 1 to 8 successively. It is assumed that an investor’s initial capital is 0M W, all 
of which is used to invest in the eight currency indices.  

 

It is assumed that the eight currency indices’ historical price sequence is as below: 
*( ), ( 1,...,8; 1,..., ),iP t i t n n N= = ∈ . According to 

the sequence, we can figure out their respective sequence of rate of return. The rate of return may be set as 0 when 1t = . That is to say, 
(1) 0iR = . Then:  

( ) [ ( ) ( 1)] / ( ), ( 2,..., )i i i iR t P t P t P t t n= − − =                                                                          (3)  
 

On condition that the width of historical data entered is L  and their range is 1 ~ ,1n L n L n− + ≤ ≤ , each currency index’s expected 
return may be expressed as below:  

1
( 1) /

L

i i
j

R R n j L
=

= − +∑                                                                                              (4) 

 
Each currency index’s risk may be described by using variance, i.e.  

2 2

1
[ ( 1) ] /

L

ii i
j

R n j R Lσ
=

= − + −∑                                                                                           (5) 

 

Suppose that each currency index’s weight 1 2 8( , ,..., )X x x x= , then the expected return of portfolio is:  

1

N

P ii
i

R x R
=

=∑                                                                                                           (6) 

 
Portfolio risk is expressed as below by using variance:  

2 2 2

1 1 1

N N N

P i i i k ik
i i k

k i

x x xσ σ σ
= = =

≠

= +∑ ∑∑                                                                                          (7) 

1
[( ( ) )( ( ) )] [ ( 1) ][ ( 1) ] /

L

i k i kik i i i k
j

E R t R R t R R n j R R n j R Lσ
=

= − − = − + − − + −∑                                                 (8) 

 

Where ikσ  is the covariance between two currency indices and stands for their correlation and , 1, 2,...,8i k =  stands for currency 
index’s number.  

 
According to the Markowitz Portfolio Theory, a single-period currency index M-V mode may be set up:  

javascript:void(0);
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2 2 2

1 1 1

1

1

min

. 1

0, 1,2,...,8

N N N

P i i i k ik
i i k

k i

N

P ii
i

N

i
i

i

x x x

R x R

s t x

x i

σ σ σ
= = =

≠

=

=

= +

 =



=

 ≥ =



∑ ∑∑

∑

∑
                                                                                   (9) 

 
According to model (l), we can work out a series of efficient combinations that have the highest expected rate of return under the same 

risk level or have minimum risk under the same expected rate of return. The curve formed by these efficient portfolios is an efficient 
frontier [2]. Investors may choose an acceptable expected return and risk level on the efficient frontier according their risk preference or 
tolerance.  

 
3.3 Analysis of dynamic currency index portfolio  
 

Because each currency index has a return risk feature and the correlation among them will change as time goes by, the efficient frontier 
worked out according to single-period portfolio model (9) will also change and thus it is very possible that the optimal portfolio chosen 
initially is no long an optimal one. In this case, it is necessary for us to adjust investment’s weight on each currency index [3]. Suppose an 
investor’s entire investment period (the date of initial possession to the date of final close position) Y KT θ= + , i.e. from t n=  to 

,t n KT N and Tθ θ θ= + + ∈ < , [ / ]K Y T=  . That is to say, the entire investment period is divided into K  equal-length subintervals with a 
length of T  and one subinterval with a length ofθ . When t n= , the investor allocates eight currency indices for the first time. Combination 
weight is adjusted once every interval T  and totally it is adjusted K  times. On condition that the window width ( L ) of data entered for 
setting up and adjusting portfolios remains unchanged, 1 ~n L n− +  is initial moving window and 1 ~n T L n T+ − + +  is the moving 
window as portfolio weight is adjusted for the first time. Similarly, 1 ~n mT L n mT+ − + +  is the moving window as portfolio weight is 
adjusted for the m th time.  

 

As time goes by, each currency index’s price sequence is changed into ( ), ( 1,...,8; 1 ~ )iP t i t n mT L n mT= = + − + +  at the time of each 
combination adjustment. Each currency index’s rate of return sequence is as follows:  

( ) [ ( ) ( 1)] / ( ), ( 1 ~ )i i i iR t P t P t P t t n mT L n mT= − − = + − + +                                                   (10) 
m N and m K∈ ≤  

For the different exogenous variables ( , )L T  chosen, each currency index’s expected return and risk are expressed as below respectively 
as combination weight is adjusted for the m th time:  

1
( , ) ( 1) /

L

im i
j

R L T R n mT j L
=

= + − +∑                                                                          (11) 

2 2

1
( , ) [ ( 1) ( , )] /

L

imim i
j

L T R n mT j R L T Lσ
=

= + − + −∑                                                                (12) 

A combination’s expected return is expressed as below:  

1
( , ) ( , ) ( , )

N

Pm imim
i

R L T x L T R L T
=

=∑                                                                             (13) 

A combination’s risk is expressed as below by using variance:  
2 2 2

1 1 1
( , ) ( , ) ( , ) ( , ) ( , ) ( , )

N N N

Pm im im im km ikm
i i k

k i

L T x L T L T x L T x L T L Tσ σ σ
= = =

≠

= +∑ ∑∑                                           (14) 

1
( , ) [ ( 1) ( , )][ ( 1) ( , )] /

L

im kmikm i k
j

L T R n mT j R L T R n mT j R L T Lσ
=

= + − + − + − + −∑                                                (15) 

Where ( , )ikm L Tσ  stands for the covariance between two currency indices as combination weight is adjusted for the m th time after 
exogenous variables ( , )L T  are chosen; ,i k  stands for currency index’s number. The weight of investment in each currency index at the time 

of m th portfolio weight adjustment is 1 2 8( , ) ( , ,..., )m m m mX L T x x x= . 
Suppose an investor chooses an optimal combination according to unchanged risk tolerance λ  at the time of each combination 

adjustment, a risk tolerance model may be worked out as below:  
2

8

1

max ( , ) ( , ) /

( , ) 1

. . ( , ) 0, 1, 2,...,8;
0,1,2,...,

Pm Pm

im
i

im

f R L T L T

x L T

s t x L T i
m K

σ λ

=

= −

 =
 ≥ =
 =


∑
                                                                         (16) 

With respect to the selection of portfolio, Elton suggests to maximize expected utility function: 
2 /f R σ λ= − , i.e. objective function 

of model (16). λ  refers to risk tolerance coefficient, representing investor’s weighing between expected rate of return and variance of rate 
of return. Suppose it is a constant for every investor. The bigger λ  is, the more tolerant of risks an investor is, and the riskier the chosen 
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portfolio is [3]. According to model (16), an investor may choose an optimal portfolio at every time of adjustment according to his/her risk 
tolerance and then work out his/her total capital curve.  

As ( , )L T  are treated as two exogenous control variables, we can, according to formula (16), work out optimal allocation 
0 1 2[ ( , ), ( , ), ( , ),... ( , ),..., ( , ), ]m KX L T X L T X L T X L T X L T  corresponding to the optimal portfolio at the every time of allocation adjustment. 

1 2 8( , ) ( , ,..., , )m m m mX L T x x x=  is the initial allocation under the condition of the m th adjustment’s moving window length L  and 
adjustment frequency T .  
 
3.4 Find suitable ( , )L T  
 

On condition that each currency index’s return risk feature does not change as time goes by, the higher moving window width is, the 
more accurately mean and variance are estimated, and the more accordant to investor’s preference the efficient frontier and optimal 
combination is [4,5]. Under the assumption that steady-state (constant) expected return is irrelevant to the return in each period, a higher 
moving window width ( L ) can improve the estimation of expected return in the M-V model, though the improvement is degressive. 
However, actually each currency index’s return risk feature always changes as time goes by. It is very possible that an oversized moving 
window includes invalid data and an undersized moving window lacks valid data [3].  

 
In addition, it is obvious that the weight at the time of each combination adjustment is relevant to investor’s risk tolerance λ , moving 

window width L , and combination weight adjusting frequency T . When an investor determines his/her risk tolerance, he/she can find 
relatively-stable moving window L  and combination weight adjusting frequency T  that can realize maximum ending capital or rate of 
return.  

 

Suppose beginning capital is 0 ( , )M L T  and ending capital ( , )fM L T , then:  
8

1
8

*
1 1 1

1

max ( , ) ( , ) ( , )( ( ) 1)

( , ) ( , ) ( , )( ( ) 1),

f K iK iK
i

m m im im
i

M L T M L T x L T R

M L T M L T x L T R T m N m K

θ
=

− − −
=

= × +

= × + ∈ ≤

∑

∑ 且

                                            (17) 

 

Where is 1( )imR T−  the return expected for next period at the (m-1)th adjustment (adjusting frequency is T ) and ( )iKR θ  is the return 
expected for the end of the period at the Kth adjustment.  

 
Final rate of return may be figured out as follows:  

*
0 0( ( , ) ) /fR M L T M M= −                                                                                (18) 

 
In consideration of a specific currency’s value increase or devaluation factors, a certain currency’s value increase or devaluation rate is 

defined as 
( ) ( )

( )
i i

i
i

P Y P nr
P n
−

=
. Then the final rate of return expressed in a specific currency may be figured out as follows:  

0* *

0

( ) ( )
( 1) ( 1) 1

( )
f i i

i i
i

M P Y M P n
R R r

M P n
× − ×

= = + × + −
×

                                                      (19) 

 
We know that {1,2,... }L n∈  and {1,2,..., }T Y∈ . Therefore, there are n Y×  options for the combination ( , )L T  of moving window 

width L  and combination weight adjusting frequency T . Ending asset and final rate of return are relevant to how to make a choice among 
the n Y×  options. Under the condition of defined ( , )L T , the way to solve formula (16) is similar to that used for single-period Markowitz 
portfolio, i.e. using the method of Lagrange Multipliers [6,7]. Since L  and T  are variables included in formula (17), common optimization 
methods are inapplicable for figuring out the most suitable ( , )L T . In consideration of such particularity, it is necessary to try n Y×  ( , )L T  
options for formulas (16) & (17) to work out the distribution of ending asset or final rate of return under all situations. Then a suitable ( , )L T  
option may be deduced out according to the distribution map of rate of return.  

 
4. Empirical analysis  

Firstly, find USDX from the foreign exchange trading platform and the exchange rate between US dollar and other seven major 
currencies. Then figure out other seven currency indices. Data come from daily closing price ( ( )iP t ) during the period from July 1, 2008 to 
June 30, 2010 (597 trading days). Accordingly, each currency index’s daily rate of return may be worked out by using Formula (3). Suppose 
the investment period ranges from July 1, 2009 to June 30, 2010 (311 trading days), i.e. 311Y = . Thus the correlation (correlation coefficient 

/ik ik i kρ σ σ σ= ) among these eight currency indices may be worked out. Relevant results are shown in Table 1:  
 

Table 1. Correlation coefficient among the eight currency indices 
 USDX EURX GBPX AUDX NZDX CHFX JPYX CADX 

USDX 1 -0.779 -0.071 -0.22 -0.189 -0.002 0.553 0.081 
EURX -0.779 1 0.362 0.356 0.272 -0.011 -0.73 -0.057 
GBPX -0.071 0.362 1 0.292 0.324 -0.408 -0.257 0.326 
AUDX -0.22 0.356 0.292 1 0.808 -0.406 -0.688 0.525 
NZDX -0.189 0.272 0.324 0.808 1 -0.384 -0.617 0.518 
CHFX -0.002 -0.011 -0.408 -0.406 -0.384 1 0.286 -0.423 
JPYX 0.553 -0.73 -0.257 -0.688 -0.617 0.286 1 -0.377 
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CADX 0.081 -0.057 0.326 0.525 0.518 -0.423 -0.377 1 
 
During the investment period, moving window width L  does not change at the time of each weight adjustment. Under general 

conditions, L  value should not be oversized or undersized. We choose {15,16,..., 286}L∈  and {1,2,...,311}T ∈ . Investor’s risk tolerance λ  
may be chosen discretionarily. Here we suppose 0.1λ = . 
 

Suppose L =100 and T=50, then [311/ 50] 6K = = . That is to say, under the condition of 286t = , an investor needs to make 6 
adjustments after initial allocation of eight currency indices and then hold the weight of last allocation until the investment period expires. 
Use the above rate of return data to work out each adjustment’s optimal weight by using model (16), as shown below:  

 
t USDX EURX GBPX AUDX NZDX CHFX JPYX CADX 

286 0 0 0 0.242624 0.757376 0 0 0 
336 0 0 0 0 0.912916 0 0.087084 0 
386 0 0.07754 0 0.126407 0.796054 0 0 0 
436 0 0 0 0.608235 0 0 0.313237 0.078528 
486 0.037942 0 0 0 0 0 0.293678 0.66838 
536 0 0 0 0.488095 0 0 0.00114 0.510765 
586 0 0 0 0 0.247433 0.008221 0.346607 0.397739 

 
Under the condition of “T=50 and L=100”, the weight of eight currency indices changes as follows during the investment period (as 

shown in Fig. 2):  

 
Figure 2. Eight currency indices’ weight changes under the condition of “T=50 and L=100” 

Suppose an investor’s initial investment capital is W when t=286. Specific currency’s rate of return may be converted according to 
Formula (19), as shown in Table 2.  
 

Table 2: each currency’s value increase or devaluation rate or rate of return under the condition of “T=50 and L=100” during the 
investment period 

 USDX EURX GBPX AUDX NZDX CHFX JPYX CADX 

ir  
0.074 -0.117 -0.025 .0121 0.141 0.081 0.168 0.174 

*
iR  

0.216 -0.00021 0.104 0.269 0.291 0.223 0.322 0.329 

Work out distribution results of final rate of return ( *R ) by trying all ( , )L T , as shown in Fig. 4: 
 

 
Figure 4. Distribution map of rate of return worked out after trying all ( , )L T  

 
In Fig. 4, the horizontal axis stands for the range of L, from 15 to 270. The vertical axis stands for the range of T, from 1 to 312. Under 

the condition of  (97,130) (48,62) (66,86) (103,126) (148,161) (187,198)L and T∈ ∈ ∪ ∪ ∪ ∪  (i.e. area A, B, C, D, E in the figure), a rate of 
return higher than 10% may be realized stably. 
 
4. Conclusion 
 

In this paper, a dynamic foreign exchange portfolio is built by using currency index to stand for a specific currency’s value and 
introducing two exogenous control variables, i.e. moving window width (L) and combination weight adjusting frequency (T). With 
Markowitz’s classic portfolio theory as the core, a dynamic allocation model is set up for eight currency indices. Empirical analysis results 
indicate that reasonable selection of   combinations can help foreign exchange assets avoid the risk of currency devaluation and obtain stable 
returns on investment. The ways for building a portfolio introduced in this paper are feasible on the foreign exchange market. They may also 
be used for reference for investment activities on other capital markets. Meanwhile, this model has a shortcoming, i.e. a heavy and time-
consuming calculation burden, because common optimization methods cannot be used to choose a   combination, all combination options 
must be tried, and it is necessary to adjust asset combination weights repeatedly in order to solve model (16). 
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Study on the relationship between the influencing factors of detection risk 
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Abstract: Reducing detection risk has always been an important way to improve the quality of audit. The aim of this study was to find out 
the influence factors of detection risk. Analytic hierarchy process was used to construct a hierarchical structure model. The factors were 
divided into two levels: one was three angles reasoned from auditing standards; the other was nine factors whose relationships were assigned 
by expert consultation. From this, judgment matrixes are resulted. The weights of nine factors were calculated by yaahp. The final result 
indicated that the most important two factors of detection risk were independence and professional competence. 

Keywords: detection risk, influence factor, judgment matrix 

1. Introduction 

International Auditing and Assurance Standards Board released new audit risk guidance in 2003. Audit risk is a function of the risk of
material misstatement of the financial statements (or simply, the “risk of material misstatement”) and the risk that the auditor will not detect 
such misstatement (“detection risk”) [1]. The risk of material misstatement at the assertion level consists of two components, inherent risk 
and control risk. It has already existed before assuring. Detection is the risk that the auditor will not detect a misstatement that exists in an 
assertion that could be material, either individually or when aggregated with other misstatements. The risk of material misstatement comes 
from the enterprise, exists in the financial statement whether the audit performances of the audit procedures or not. It cannot be controlled 
but be assessed by professional judgment. Therefore different assessment results could be given from the same enterprise. Detection risk 
comes from the auditor; it is a function of the effectiveness of an audit procedure and of its application by the auditor. Detection is 
associated with undertaking audit services. It can be controlled by the auditor. 

The auditor could level the risk of material misstatement from an objective perspective in the process of assessment. On the account of 
the uncontrollability of the risk of material misstatement, what the auditor could do is revealing it without reservation. The auditor should 
consider the risk of material misstatement at two levels: the overall financial statement level (macroscopically) and at the class of 
transactions, account balance and disclosure level, which is the assertion level (microscopically). The auditor should level the detection risk 
from a subjective perspective by improving audit work quality. The more obvious effects the audit work quality improved, the more 
accurately the audit results got. Therefore, the influence factor of detection risk should be leveled according to the relationship between the 
factor and the effects of audit work quality improving. 

Fuzzy synthetic evaluation model by AHP was used to fuzzy mapping on the evaluation index of internal control from the qualitative 
evaluation to quantitative evaluation (Luo Liangbin and Wang Heliu, 2008), which provided model basis of analyzing the relationship of 
influence factors [2]. Experimental data showed that industry specialization was an important factor of audit professional judgment (Mark H. 
Taylor, 2010) [3]. Li Minghui considered the influencing factors on audit quality in four aspects: the auditor, client, auditor-client relations 
and external environment of auditing (Li Minghui, 2013) [4]. 

2. Identifying factors 

Detection risk is the risk that the auditor will not detect the material misstatement, which is due to the auditors themselves. Therefore,
detection risk should be considered from a subjective perspective and could be divided into two levels: one is three angles, the other is nine 
factors. Three angles are attitude, ability and procedures. Nine factors are independence, objectives, justice, professional competence, 
management coordination, communication, division of circulation, obtainment of evidence and sampling risk. 

2.1 Three angles  

2.1.1 Attitude 

Auditor working attitude derives from ideology. It consists of independence, objectives and justice. General Principles of an Audit 
states that ethical principles governing the auditor’s professional responsibilities include independence and objectivity. Article 3 of the first 
chapter in Chinese Certified Public Accountants Professional Ethics Guidance stated that certified public accountants should follow the 
principles of independence, objectivity and justice, while providing services of audit, review and examination [5]. Independent is the basis of 
the usefulness of the audit report, but not of the effectiveness of the audit report. Certified public accountants have to follow the principles 
consciously and control how strictly they follow them. Generally, quantification of detection risk is calculated from the audit risk, and 
adjusted by test of controls and substantive tests in the further audit procedures. The lack of independence generates negative consequences 
in the further audit procedure, such as reduction in workload, insufficient audit evidence and incorrect professional judgment. This shows 
independent is the key factor affecting the quality of audit, meanwhile, it is the key factor adjusting controllability of detection risk. The 
stronger the independence is, the higher the controllability is. Objective contrasts with subjective. To maintain an objective attitude is to 
perform an audit unaffectedly by thought and emotion and give professional judgments consciously. Justice is to give an unbiased, 
appropriate professional judgment, which is kind of moderate position.  

2.1.2 Ability 

Auditors’ ability consists of professional competence, management coordination and communication.  
Professional competence and due care are ethical principles. Chapter 3 in Chinese Certified Public Accountants Professional Ethics 

Guidance states that the auditors should have the ability of professional competence and due care. Practically, professional judgment is the 
essence of professional competence. So experiences are as important as knowledge and skills. Practiced auditor would discover the 
misstatements in the seemingly correct financial statements. Professional competence assures the control of detention risk. The possibility of 
reducing detection risk would be increased as while as improving the professional competence.  

International Standard on Auditing 220, Quality Control for an Audit of Financial Statements shows that leadership responsibilities for 
quality on audits are the first requirement [6]. In China, Quality Control Standards for Accounting Firms was stated by ministry of finance in 
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2006[7]. Its purpose is to give the standard of audit quality controlling and to clear the auditors’ responsibilities. The leadership responsibility 
of business quality is the primary element. The ability of management coordination and communication is important for the whole audit 
procedure. In audit practices, audit service is the management coordination and communication of auditors and clients. The possibility of 
reducing detection risk would be increased as while as improving the management coordination and communication. 

 
2.1.3 Procedures 
 

Audit procedures have directly relation with detection risk control. From division of circulation to obtainment of evidence, each step 
contributes more of less; especially sampling risk is the most important factor of controlling detection risk. 

Division of circulation is to consider how the client’s transactions are captured and finally processed into the financial statements; and 
to indicate an opinion whether or not the client’s financial statements are free of material misstatement on the basis of  account relevance 
and business integrity[8]. It can make the audit work in an orderly way, grasp the main aspects, find the essence of the problem quickly, 
improve the possibility of finding material misstatement and reduce the detection risk. 

Obtainment of evidence is the fatal of reporting an appropriate audit conclusion. It is the determining factors of successor auditing that 
the number, scope, type of audit evidence and the relevance to audit objective. International Standard on Auditing 500——Audit Evidence 
states that audit evidence is necessary to support auditor’s opinion and report. The auditor shall design and perform audit procedures that are 
appropriate in the circumstances for the purpose of obtaining sufficient appropriate audit evidence [9]. The sufficiency and appropriateness of 
audit evidence makes audit conclusion more reasonable and scientific. Discovered material misstatement is irrefutable and it is beneficial to 
reduction of detection risk.  

International Standard on Auditing 530——Audit Sampling states that sampling risk is the risk that the auditor’s conclusion based on a 
sample may be different from the conclusion if the entire population were subjected to the same audit procedure. Non-sampling risk is the 
risk that the auditor reaches an erroneous conclusion for any reason not related to sampling risk [10]. Sampling risk and non-sampling risk 
would influence the assessment of the risk of material misstatement and the reduction of detection risk. 
 
2.2 Hierarchical structure model 
 

According to the results of above analysis, a hierarchical structure model will be built in yaahp. One goal is the evaluation of detection 
risk. Three criterions are attitude, ability and procedures. Each criterion has three alternatives. In practice, they are independence, objectives, 
justice, professional competence, management coordination, communication, division of circulation, obtainment of evidence and sampling 
risk, as shown in Figure 1. 

 
Figure 1. Hierarchical structure model of influence factors of detection risk 

 
3 Judgment matrix of Analytic Hierarchy Process 
 
3.1 The comparison of factors 
 

Judgment matrix of complex decision is the analysis result of expert consultation. Expert consultation could transform profound 
knowledge and rich experience into useful information for decision.  

The comparison of three angles 
By comparing three angles, on the basis of investigation and analysis results, the relationship between the three shows that the 

relationship of attitude and ability is between equally important and a little important; attitude is a little more important than procedures; the 
relationship of procedures and ability is between equally important and a little important. 

From the angle of attitude 
The factors of attitude are independence, objectives and justice. By comparing three factors, on the basis of investigation and analysis 

results, the relationship between the three shows that independence is obviously more important than objectives; independence is obviously 
more important than justice; objectives and justice are equal important.  

From the angle of ability 
The factors of ability are professional competence, management coordination and communication. By comparing three factors, on the 

basis of investigation and analysis results, the relationship between the three shows that professional competence is a little more important 
than management coordination; professional competence is a little more important than communication; the relationship of management 
coordination and communication is between equally important and a little important.  

From the angle of procedures 
The factors of procedures are division of circulation, obtainment of evidence and sampling risk. By comparing three factors, on the 

basis of investigation and analysis results, the relationship between the three shows that the relationship of division of circulation and 
obtainment of evidence is between a little unimportant and obviously unimportant; division of circulation is a little more unimportant than 
sampling risk; the relationship of obtainment of evidence and sampling risk is between equally important and a little important. 
 
3.2 judgment matrix 
 

After building a hierarchical structure model, we should construct judgment matrix by pairwise comparing factors at each angle. For n 
elements, we have got a judgment matrix C=(Cij)n×n. Its forms are as follows in Figure 2: 
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Figure 2. Judgment matrix 

 
The judgment matrix C is a positive and negative matrix. If for any i, j and k, Cij×Cjk=Cik,  we should call it consistent matrix. 

Assignment method is as shown in Table 1. 
 

Table 1 Assignment for Grades of Importance 
Serial Number Grade of Importance Assignment 

1 I and j is equal important 1 
2 I is a little more important than j 3 
3 I is obviously more important than j 5 
4 I is highly more important than j 7 
5 I is extremely more important than j 9 
6 I is a little more unimportant than j 1/3 
7 I is obviously more unimportant than j 1/5 
8 I is highly more unimportant than j 1/7 
9 I is extremely more unimportant than j 1/9 

Attitude, ability and procedures are compared in pairs. On the basis of comparison, judgment matrix is constructed as below in Table 2. 
 

Table 2 Judgment Matrix of Relationship of Attitude, Ability and Procedures 
 Attitude Ability Procedures 

Attitude  2 3 
Ability   2 

Procedures    
Independence, objectives and justice are compared in pairs. On the basis of comparison, judgment matrix is constructed as below in 

Table 3. 
 

Table 3 Judgment Matrix of Relationship of Independence, Objectives and Justice 
 Independence Objectives Justice 

Independence  5 5 
Objectives   1 

Justice    
 
Professional competence, management coordination and communication are compared in pairs. On the basis of comparison, judgment 

matrix is constructed as below in Table 4. 
 

Table 4 Judgment Matrix of Relationship of Professional Competence, Management Coordination and Communication 
 Professional Competence Management Coordination Communication 

Professional Competence  3 3 
Management Coordination   2 

Communication    
 
Division of circulation, obtainment of evidence and sampling risk are compared in pairs. On the basis of comparison, judgment matrix 

is constructed as below in Table 5. 
 

Table 5 Judgment matrix of relationship of division of circulation, obtainment of evidence and sampling risk 
 Division of circulation obtainment of evidence sampling risk 

Division of circulation  1/4 1/3 
obtainment of evidence   2 

sampling risk    
 

4 weights calculation by consistency judgement 
 

If for any i, j and k, Cij×Cjk=Cik,  we should call it consistent matrix. In practice, the constructed judgment matrix has not always 
consistency, it needs to be checked. According to the matrix theory Ax=λx, λ for eigenvalue, for all aii=1, we’ve got  

                                                                                                             (1) 
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When the matrix is completely consistent, λ1=λmax, the rest of the eigenvalues are 0. When the matrix is not completely consistent, 
λ1=λmax >n, the rest of the eigenvalues have the following relationship: 

                                                                                              (2) 

In conclusion, when the judgment matrix is not completely consistent, the corresponding eigenvalue will be changed. Therefore, we use 
the negative average of the eigenvalues besides eigenvalue of maximum as the measurement index of deviating from the consistency of 
judgment matrix. 

                                                                                                   (3) 

A higher value of CI indicates that judgment matrix has off completely consistent; a lower value of CI indicates that judgment matrix 
has completely consistent. 

When the matrix is satisfactory consistency, λmax is a little higher than n, the rest eigenvalues are close to 0. Satisfactory consistency 
measure is as shown in Table 6. 

 
Table 6 Mean Consistency Index 

1 2 3 4 5 6 7 8 9 
0.00 0.00 0.58 0.90 1.12 1.24 1.32 1.41 1.45 

 
When the order is greater than 2, the rate of CI and RI is called CR (random conformance rate). When CR is less than 0.10, judgment 

matrix has a satisfactory consistency. Otherwise, judgment matrix should be adjusted until satisfied. The calculation results by yaahp are as 
shown in follow four tables. 

 
Table 7 Weight Calculation Results of Attitude, Ability and Procedures 

The evaluation of detection risk: Judgment matrix consistency ratio:0.0088; weights for the goal:1.0000 
The evaluation of 

detection risk 
Attitude Ability Procedures Wi 

Attitude 1.0000 2.0000 3.0000 0.5396 
Ability 0.5000 1.0000 2.0000 0.2970 

Procedures 0.3333 0.5000 1.0000 0.1634 
 

Table 8 Weight calculation results of independence, objectives and justice 
Attitude: Judgment matrix consistency ratio:0.0000; weights for the goal:0.5396 

Attitude Independence Objectives Justice Wi 
Independence 1.0000 5.0000 5.0000 0.7143 

Objectives 0.2000 1.0000 1.0000 0.1429 
Justice 0.2000 1.0000 1.0000 0. 1429 

 
Table 9 Weight calculation results of professional competence, management coordination and communication 

Ability: Judgment matrix consistency ratio:0.0516; weights for the goal:0.2970 
Ability Professional 

competence 
Management 
coordination 

Communicatio
n 

Wi 

Professional 
competence 

1.0000 3.0000 3.0000 0.5936 

Management 
coordination 

0.3333 1.0000 2.0000 0.2493 

Communication 0.3333 0.5000 1.0000 0. 1571 
 

Table 10 Weight calculation results of division of circulation, obtainment of evidence and sampling risk 
Procedures: Judgment matrix consistency ratio:0.0176; weights for the goal:0.1634 

Procedures Division of 
circulation 

Obtainment of evidence Sampling risk Wi 

Division of circulation 1.0000 0.2500 0.3333 0.1220 
Obtainment of 

evidence 
4.0000 1.0000 2.0000 0.5584 

Sampling risk 3.0000 0.5000 1.0000 0. 3196 
 
Final results of weight calculation are as shown in table 11. 
 

Table 11 final results of Weight calculation 
Final results 

Factor Weight Factor Weight 
independence 0.3854 Communication 0.0466 

Objectives 0.0771 Division of circulation 0.0199 
Justice 0.0771 Obtainment of evidence 0.0913 
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Professional competence 0.1763 Sampling risk 0.0522 
Management 
coordination 

0.0740   

 
 
5. Conclusion 
 

(1)The influence factors of detection risk were divided into two levels: one was three angles, the other was nine factors. Independence, 
objectives and justice were in attitude angle; professional competence, management coordination and communication were in ability angle; 
division of circulation, obtainment of evidence and sampling risk were in procedure angle. 

(2)Nine factors were analyzed to determine the relationship of two factors thereof by comparing the importance of them. On the basis 
of the relationship, judgment matrix was constructed, consistency check were performed. 

(3)The final results of weight calculation of nine factors by yaahp showed that the proportion of the different factors influencing the 
detection risk was different. 

(4)The most important two factors of detection risk are independence and professional competence. 
The innovation of the article is to analyze the influence factors of detection risk which were divided into two levels, one was three 

angles, and the other was nine factors and the most important two factors of detection risk are independence and professional competence. 
 
Acknowledgements 
 

This work is supported by Talent Cultivation Project of Heilongjiang Bayi Agricultural University, China (No. XRW2015-08). 
 
References 
[1] The International Federation of Accountants. Handbook of International Quality Control, Auditing, Review, Other Assurance, and 

Related Services Pronouncements. New York: The International Federation of Accountants, 2015, 12, pp. 78. 
[2] Luo Liangbin, Wang Heliu, Fuzzy Evaluation of Internal Control Quality of Listed Companies Based on AHP. Auditing Research. 2008, 

5, pp. 43. 
[3] Mark H. Taylor, The Effects of Industry Specialization on Auditors’ Inherent Risk Assessments and Confidence Judgments. 

Contemporary Accounting Research. 2010, 3, pp. 32. 
[4] Li Minghui, The Influence Factors of Independent Audit Quality-A Literature Review. Contemporary Accounting Review, 2013, 4, pp. 

55. 
[5] Chinese Institute of Certified Public Accountants. Chinese Certified Public Accountants Professional Ethics Guidance. Beijing: China 

Financial and Economic Publishing House, 2006, 9, pp. 87. 
[6] The International Federation of Accountants. International Standard on Auditing 220-Quality Control for An Audit of Financial 

Statements. New York: The International Federation of Accountants, 2015, 9, pp. 22. 
[7] Chang Xun. Quality Control Standards for Accounting Firms. Dalian: CITIC Publishing House 2006, 2, pp. 98. 
[8] The International Federation of Accountants. International Standard on Auditing 500-Audit Evidence. New York: The International 

Federation of Accountants, 2015, 9, pp. 12. 
[9] The International Federation of Accountants. International Standard on Auditing 530-Audit Sampling New York: The International 

Federation of Accountants, 2015, 9, pp. 10. 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                                      166.1 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/166 

 

The establishment and optimization of the residential district model based on Genetic Algorithm 
 

Jihong Luo1,*, Rong Pan1 

 
1. School of Engineering Management, Chongqing City Management College, Chongqing, China 

 
Abstract: The establishment of the traditional residential property zoning is to meet the most basic living requirements of the residents as 
the standard, lacking of comprehensive consideration of other factors such as the environment, equipment and so on. And now in short 
supply of residential property zoning, developers usually pay attention to how to get the land, ignoring the distinction among the target 
population levels, few people based on the analysis of the consumer market to establish a residential district model. From the perspective of 
humanity, this paper discusses how to establish and optimize the current residential district model by genetic algorithm, And at the same 
time, combined with the overall consideration of economic model. Establish, analyze and solve the model. With the modern intelligent 
algorithm, the process of how to establish the model of the residential property partition is analyzed, which lays the foundation for the 
further optimization of the residential district model. 
 
Keywords: property residential district; hierarchy; genetic algorithm; modern intelligent algorithm 
 
1. Introduction 
 

Domestic development stage of the residential district from the planned economy era to the era of shortage economy, and then the 
transition to the current market economy stage. At present, the research on the zoning model of residential property has achieved initial 
results. As one of the problems that people's daily life can not be ignored, the property residential district has been gradually getting people's 
attention, and become the embodiment of the living standard of the city and even the country. How to further establish a good residential 
district model, this problem has become the real estate market continued high efficiency of the operation of the decision factors. Contrary to 
the customer according to the level of the consumer division, and then to establish a model of reasonable property residential zoning, 
meeting the class and the needs of different customers, so that the government not only can improve the core competition ability of the real 
estate business, but also effectively alleviate residential zoning model establishment and customer needs [1].The property model should be 
based on the consumer as the core, analyzing the consumer psychology, so as to establish different models for different consumers, and to 
optimize the existing models for improving. This paper from the point of view of the customer of as much as possible to meet customer 
requirements to minimize customer capital investment, using modern intelligent algorithm research and analysis, and SVM algorithm for 
residential property partition type rating, by means of genetic algorithm to the model establishment in detail. 

 
2. Model establishment 
 
2.1 Support vector machine theory 

 

Support vector machine is a new learning method after the rise of neural network. Under the
1RR n → criterion, the SVM algorithm 

achieves a certain mapping link with the ),,( 21 nxxxf  . This intelligent algorithm has the theory to support, so it has the reliability and 
the accuracy of the algorithm. [2].The theoretical basis of the model and the algorithm are shown in Figure1. [3] 
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Figure. 1 Theoretical basis and algorithm of model 

Based on SVM, the two kinds of problems can be realized, that is, linear transformation and nonlinear transformation. Defined training 
matrix as Formula 2-1. 

 
1)-(2              },2,1i),y,{(x ii l=  

Where ix  is attached to a certain neighborhood rule ( iR ) If the ix  is attached to the iRR ≠  rule, then 1−=iy . Define a class of 
planar or hyper plane as Formula 2-2. 

0=+ bwx                                                                                                         (2-2) 

This collection can be able to converge the sample matrix to iR  and iRR ≠ , indicating that the matrix has a clear rule of the rule of the 
neighborhood as Formula 2-3. 
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A certain element in the matri ix  and Formula 2 in a neighborhood has the link weight value as Formula 2- 4. 
||)( bxwbwxy iiii +=+=ε                                                                                     (2-4) 

The w  and b  in Formula 4 are processed with Map-Min-Max. Replaced by |||| w
w

 and |||| w
b

, then the Euclidean interval is defined as 
Formula 2-5.  

|||| w
bwxi

i
+

=δ                                                                                                         (2-5) 

The matrix is defined this matrix converges to iR  and iRR ≠ , the limit of allowable Euclidean interval is defined Formula 2-6.  
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iminδδ = , li ,,2,1 =                                                                                          (2-6) 
The sample matrixmapping between N and Euclidean base error interval is defined as Formula 2-7 [3]. 

2)2(
δ
RN ≤                                                                                                 (2-7) 

lixR i ,,2,1||||max ==  
By Formula 7, the matrix error of the sample matrix is determined by δ  Negative correlation with matrix elements. So the optimal set 

is the key factor of δ . For example 1|bwx| i =+=ε , the link between the two elements is: ||||
2

||||
||

2
ww

bwxi =
+

. Using logical 
characterization of the above expression as Formula 2-8.  
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This problem can be converted to Lagrange's function problem as Formula 2-9. 
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By calculating the limit, the problem is transformed into another form as Formula 2-10. 
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Finally obtain the optimal vector valued function as Formula 2-11.    
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Due to the abnormal elements so that the matrix is not easy to converge, the model is modified, introducing the classical optimization 
method in the theory of the range correction as Formula 2-12.  
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Constraint equations as Formula 2-13. 
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The above problem is a linear classification criterion, the nonlinear transformation criterion, in which its own domain can not be 
transformed, it must be mapped to the nR  domain.  

 
2.2 Principle of Genetic Algorithm 

 
Genetic algorithm is modeled on the natural principle, and is a powerful tool to conduct optimized modeling by computer evolution. 

Because it has powerful function, can be combined with many algorithms, and can improve the efficiency and feasibility of the algorithm, it 
is widely used [4]. The basic principle is shown in Figure 2. 

 

 
Figure 2. Principle of Genetic Algorithm 

 
2.3 Mathematical model of residential property 

 
The establishment of the residential property has the multiplicity of variables, and the multiple coupling among the variables with many 

constraints, we introducing the the human factors into the model, the problem is transformed into the following form as Formula 2-14 [4]. 
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On the integrated display space design of the coupling, reflects the economic and cultural effects. Which 1k , 2k , 3k  as the preferred 
weight, both reflects the economic and human factors to the objective function, and the model is modified to ensure the maximization of 

interest. η is the profit margin, the dcba ,,,  is the capacity, the above mentioned values need to be analyzed by the quantitative analysis of 
the professional personnel. (1) and (2) for the customer demand function and the commercial area of the uniform requirements. Among them 

through the variance of
*I  were adjusted [5]. (5), (6) for the model limit, (3), (7) for the objective ratio, making the problem has practical 

significance, meet the ratio relationship. District layout model is transformed into a mathematical model that is the problem of distance in 

Euclidean space. Simplified business area is rectangular, long and wide, respectively, l ,
'l  Radius of ir circle (simplified model) which is 

arranged the satisfies a predetermined condition, obey the Rayleigh law, namely business district two center distance is approximately equal 
[6-10]. Regulation is as Formula 2-15. 
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Equivalent programming model as Formula 2-16. 
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3. Model solution 
 
3.1. Classification rating 

 
Residential property is the city's cultural and economic gathering area, carrying a regional influence, how to carry on the evaluation is 

related to the decision how to carry out macro planning and infrastructure investment. In this paper, based on the SVM algorithm to 
establish the rating model of residential property and select Chongqing as a typical analysis of the city as a verification, the city has a rating 
of residential property. Geographical division and the properties of its residential property see Table 1. 

 
Table 1 Geographical division and its residential property 

Geographical 
division 

District Plate Grade Lease situation 

Shapingba district Huayu Qiushui 
long days 

High Fine Fine 

Sunshine City Middle Good Good 
Wen Xing 
Building 

Middle Ordinary Good 

Longhu city Middle Ordinary Ordinary 
South Bank 

district 
The world city Middle Ordinary Ordinary 
Verakin City Middle Fine Ordinary 

Jiulongpo district Jinfengyuan Low Fine Ordinary 
Banan district Manhattan City Middle Good Good 

Jiangbei district Poly International 
Golf Garden 

High Good Good 
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Figure 3. Visualization results 

 
The collected data can be classified according to the above attributes, and the results are shown in Figure 3, the classification criteria 

are excellent, good, general.  
SVM algorithm is used to classify the data, and to carry out the rating prediction, the parameters of the 3D results are shown in Figure 4, 

the parameters training equivalent figure 5. 
 

 
Figure 4. 3D parameter selection 

 

 
Figure 5. Parameter training contour 

 
See Table 2 for training process. 
 

Table 2 training process 
Total nSV 25 

Usage [predicted_label, accuracy, decision_values/prob_estimates] 
= svmpredict(testing_label_vector, testing_instance_matrix, 

model, 'libsvm_options') 
[predicted_label] = svmpredict(testing_label_vector, 

testing_instance_matrix, model, 'libsvm_options') 
model SVM model structure from svmtrain 

libsvm_options -b probability_estimates: whether to predict probability 
estimates, 0 or 1 (default 0); one-class SVM not supported 

yet 
-q : quiet mode (no outputs) 

predicted_label: SVM prediction output vector. 
Accuracy a vector with accuracy, mean squared error, squared 

correlation coefficient. 
prob_estimates: If selected, probability estimate vector. 

 
Prediction results comparison table see Table 3. 
 

Table 3 comparison of prediction results 
Geographical division District Expected 

comprehensive grade 
Actual comprehensive 

grade 

shapingba district Huayu Qiushui long 
days 

good good 
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Sunshine City good good 
Wen Xing Building good good 

Longhu city good commonly 
South Bank district The world city commonly commonly 

Verakin City good good 
jiulongpo district Jinfengyuan good good 

banan district Manhattan City good good 
jiangbei district Poly International 

Golf Garden 
good good 

 
In this paper, the classification results were obtained, and the prediction results were good except for the Longhu city. 
 

3.2 space design 
 

Formula 2-14 1k , 2k , 3k   for the preference weight, both reflects the economic and human factors to the objective function, and the 

model is modified to ensure the maximization of interest. η is the profit margin, the dcba ,,,  is the capacity, these parameters are coupled 
with each other, and the quantitative analysis and analysis of the professionals are required. In this paper, a simplified model is established: 

1000=a , 8000=b , 11 =k , 13 =k , 10000' =c , 200000'' =c , 20=c , 100=d , 100=s , 1.0=η , 1.01 =b , 62 =b  [11]-[12]. 
Set the genetic algorithm iteration 1000 times (1000), the other parameters after repeated commissioning, and finally get the results of 

the MS segments of the District in the Table 4, the MS coordinates in figure 6. 
 

Table 4. All coordinates 
X axis Y axis 

33.0198 103.7175 
126.7991 51.9720 
168.5653 113.1887 
48.8676 27.1313 
174.9195 25.8262 
84.4156 121.0606 
37.879 100.422 

 

 
Figure. 6 MS segment two dimensional graph 

 
 
4. Conclusion 
 

Based on the combination of psychological evaluation and living standards, this paper proposes a method of establishing the model of 
the residential property and the optimization based on the humanistic perspective, based on genetic algorithm and SVM algorithm, the mode 
of residential area is analyzed, Trying to change or optimize the existing model. The classification treatment of residential district is carried 
out by using an example of SVM, Then use genetic algorithm to optimize the design of residential district model, and finally draw a two-
dimensional distribution map of the MS network, it is proved that the property of this paper is reasonable and stability. This research is 
helpful for model building departments to better optimization model and provides a template for future research in other urban residential 
property partition model, increasing in customer satisfaction as well as the efficiency of enterprises. 
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A Hybrid Model for Granary Storage Quantity Detection 
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Abstract: Due to the complexity and the randomness in the distribution of granary bottom pressure, it is challenging to construct accurate 
models for the granary storage quantity detection based on granary bottom pressure. This paper combines SVR and the mechanical 
relationship model between granary storage quantity and granary bottom pressure to propose a hybrid model. The average output readouts of 
pressure sensors arranged along the inner and outer rings of granary bottom are used to train SVR and acquire main parameters to construct 
the prediction model for the granary storage quantity. The proposed model performs well and shows a good generalization ability. 
 
Keywords: grain storage quantity, online detection, SVR, hybrid model 
 
1. Introduction 
 

Grain storage security is an important part of food security and ensuring reasonable amount of grain storage is an important content of 
grain storage security. Currently, the grain inventory inspection is still using traditional grain storage quantity detection technologies, 
including weighing method and bulk density method [1, 2]. In order to acquire the quantity and the regional distribution of national granary 
storage, a lot of manpower, material and capital are invested to carry out checking warehouse stocks each year. Due to their low-efficiency, 
long-time, huge-cost and low detection accuracy, existing detection methods has seriously affected the effect of national grain macro-control. 

As a convenient and real-time detection technology, the pressure sensor based storage quantity detection method provides a new idea 
for grain storage quantity detection [3-6]. Existing research has discovered that the distribution of granary bottom pressure shows the 
characteristics of complexity and randomness. As a result, with limited sensor placement, the detection results of mechanical model in the 
pressure sensor based storage quantity detection method shows some discrepancies to actual quantity, but reflects the mechanical 
mechanism to some extent; support vector regression (SVR), which uses the structural risk minimization principle and the VC dimensional 
theory to construct the learning machine, could achieve a good generalization ability. Especially, it possesses some advantage in small 
sample, nonlinear pattern recognition and is a convenient tool for describing complex nonlinear systems and nonlinear relations. 

In view of this, considering the distribution characteristics of granary bottom pressure, this paper adopts SVR model and selects the 
mean polynomial of the pressure sensors inside and outside the circle at the granary bottom as the input to construct a hybrid model for grain 
storage quantity detection. The training and testing results indicate that the proposed model achieves good detection performance and 
generation ability and satisfies actual detection requirements.  

 
2. Basic idea of grain storage quantity detection 

 
Commonly used granaries are flat warehouses, shallow silos, silos and other types. After the grain is warehoused, the top of the grain 

heapis heaped flat in granaries. The grain heap in flat warehouses is generally shaped like cubes of different sizes; the grain heapsin shallow 
silos and silos are generally shaped like cylinders of different size. Given a specific granary and grain type, suppose the bottom and side 
pressures at point S of the grain heap are )(sQB  and )(sQF , respectively, then the bottom and side mean pressures are as follows.  
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where )( iB sQ  is the readout of the pressure sensor at point is  of the granary bottom, Bni ,...,1= , Bn  is the number of pressure sensors 

placed at the granary bottom; )( jF sQ  is the readout of the pressure sensor at point js  of the granary side, Fnj ,...,1= , Fn  is the number of 
pressure sensors placed at the granary side. Through the load analysis of the grain heaps, it can be drawn that the granary storage quantity 
and the granary pressure follow the relationship in Equation (3). 

))()((ˆ sQHf
A
CsQAW FF

B

B
BB +=                                                                                    (3) 

where Ŵ  is the estimate of grain heap quantity, BA  is the bottom area of the granary, BC  is the perimeter of granary bottom, H  is the 
height of granary, )(sfF  is the mean friction factor between the side of the grain heap and the granary side.  

 
3. Proposed hybrid model 

 
3.1 Placement model of sensors  
 

For commonly used flat warehouses and silos, the bottom pressure sensor is placed in outer and inner rings. As shown in Fig 2-2, the 
rings are the positions for placing pressure sensors, the distances between the flank and the two rings are d and D, respectively. Obviously, 
when d=0, the pressure at the bottom of the outer ring is also the pressure at the bottom of the flank. Therefore, the pressure readouts of 
outer ring sensors and inner ring sensors could be used to approximate )(sQF  and )(sQB , respectively.  

Practical experience indicates that when the distance between the flank and the outer ring d =0, the approximation of )(sQF  achieves 
improved accuracy but significantly increased fluctuation of the sensor outputs, which would affect the accuracy of the detection model. 
Hence, 1<d  is selected to ensure sufficient model accuracy. As the distance D between the flank and the inner ring grows, the 

approximation of )(sQB  becomes more effective. Hence, under the condition of easy loading and unloading, D should be appropriately 
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increased, e.g., D >2 meter (3 in general cases). In order to ensure the universal property of the detection model, d and D are set as the same 
for each granary.  

D

Outer Ring

Inner Ring
d

 
Figure 1. The placement model of the pressure sensors at the flat warehouse 

D

Outer ring

Inner ring

d

 
Figure 2. The placement model of the pressure sensors at the silo bottom 

 
 

3.2 Model for granary storage quantity detection 
 

For the placements of pressure sensors in Fig 1 and Fig 2, according to the distribution characteristics of granary bottom and side 

pressures, the estimates of )(sQB , 
)(sQ

A
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 and H could be constructed as  
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Substituting them into Equation (3) will get 
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Then, 
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Where 13=n  is the number of the terms. 
Thus, Equation (8) could be expressed as  

),...,,(/ˆ
21 nB fAW ψψψ=                                                                                               (9) 

where BA is the bottom area of the grain heap.  

Equation (9) consists of 13 terms, including the quartic terms of )( OuterB sQ  and )( innerB sQ . The model has a high degree of nonlinearity 
and needs a relatively large sample data when modeling. Thus, the model terms can be selected and clipped according to the calibration 
sample data. The percentage deviation model used for the selection and clip of model terms in this paper is  
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where iW is the actual quantity of stored grain sample i , iŴ  is the corresponding predicted quantity, and n is the number of grain 
samples.  

Given the sample set S , the number of terms minimizing the deviation E in Equation (8) is optimal for the model. Under the premise 
of sufficient accuracy, reducing the number of high-order terms in Equation (8) as much as possible could decrease the effect of the 
randomness in the pressure sensors’ readouts on the detection performance of the model.  
 
3.3 Hybrid detection model  
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For each terms in Equation (9), construct a term sequence BMQ , ),...,,( 21 nBMQ ψψψ= , according to their orders.For a given granary 

with grain quantity mW  and bottom area 
m
BA , the corresponding terms can be expressed as

m
BMQ , ),...,,( 21

m
n

mmm
BMQ ψψψ= , the sample can be 

expressed as )/,( m
Bm

m
BM AWQ  and several samples forms a sample set 

M
m

m
Bm

m
BM AWQS 1)}/,{( == , where M is the number of samples.  

Since the relationshipmodel between the granary storage quantity and the readouts of pressure sensors in Equation(9) shows significant 
nonlinearity and the readouts of pressure sensors show certain randomness, a hybrid modeling method combining the granary storage 

quantity detection model and SVR based on the sample set 
M
m

m
Bm

m
BM AWQS 1)}/,{( ==  can be used.  

Given the granary, grain type and sample set S , normalizing the values of 
m
Bm AW /  and 

m
BMQ into ],[ ∆∆− , where ∆  is a constant with 

20 ≤∆< . Applying the SVR model and training algorithm to construct the SVR based granary storage quantity detection model as the 
following 

))exp((ˆ

1

2
∑
=

+−−=
l

j

j
BMBMjB bQQAW γb                                                                                  (11) 

Where BA  is the bottom area of the granary, γ  is a constant larger than 0; bj ,b are parameters in SVR, which can be derived 

through the SVR training algorithm, 0≠jb ; 
j

BMQ  is the corresponding support vector point, lj ,...,1= , l  is the number of support vectors. 
Fig 3 is an illustrative figure of Equation (11).  

Equation (11) is the proposedSVR based granary storage quantity detection model. As can beseen, in the model, the granary storage 

quantity depends on 
2j

BMBM QQ −
, which is the distance between the term and the support vector point 

j
BMQ  that is a typical sample point. 

Therefore, this model possesses the features of template based pattern recognition,thus, has good prediction ability.  
Ŵ
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Figure 3. An illustrative figure of the detection model 
 
3.4 Experiments and analyses 
 

In the experiment, a flat warehouse with 9m in length, 4.2m in width (area37.8m2) and a silo with the diameter of 6m (area 28.26 m2) 
are used. According to the placement model of pressure sensors in Fig 1 and 2, the pressure sensors are placed in two rows along the length 
of the flat warehouse (each row with 15 sensors) and 15 and 20 pressure sensors are placed at the inner and outer rings of the silo, 
respectively.  

For each type of grain (wheat and rice) in the experiment, the grain is warehoused in 6 times (the flattened grain storage increases 1 
meter each time) in the flat warehouse and warehoused in 8times (the flattened grain storage increases 1 meter each time) in the silo.  
 
3.4.1Experiment results in the case of flat warehouse  
 

For the four times repeated experiments, the pressure readouts of all sensors in the first three experiments and the fourth experiment are 
used as the training sample set and testing sample set, respectively. Calculate through constructing the high order model in Equation (8) and 
constructing the hybrid model in Equation (11) to derive the results of the four experiments as shown in Table 1 to Table 4. 

 
Tab.1The weight calculation of stored grain in rice horizontal warehouse by experiment 1 

grain 
quantity( T ) 

deviation percentage of 
high order mode(l % ) 

deviation percentage of 
hybrid model( % ) 

23.8 
46.6 
70 

92.8 
116 

124.9 

7.72811 
1.82062 
0.10337 
0.20808 
0.18441 
0.31546 

2.28052 
0.37622 
0.25282 
0.2512 

0.15986 
0.10392 

 
Tab.2 The weight calculation of stored grain in rice horizontal warehouse by experiment  

grain quantity 
( T ) 

deviation percentage of 
high order model ( % ) 

deviation percentage of 
hybrid model( % ) 

24.4 
46.5 
67.8 
90.8 
107.8 
124.6 

5.1819 
0.05034 
0.7163 
0.61654 
0.48905 
0.38151 

0.558 
0.36002 
0.50682 
0.35955 
0.55589 
0.52032 

 
Tab.3 The weight calculation of stored grain in rice horizontal warehouse by experiment 3 

grain quantity 
( T ) 

deviation percentage of high 
order model ( % ) 

deviation percentage of 
hybrid model( % ) 
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23.8 
46 
68 

90.2 
116.1 
124.3 

0.04793 
2.36586 
0.1917 

0.96436 
1.20957 
0.28017 

0.56714 
0.3371 

0.52944 
0.6338 
1.1401 

2.97225 
 

Tab.4 The weight calculation of stored grain in rice horizontal warehouse by experiment 4 
grain quantity ( T ) deviation percentage of high 

order model ( % ) 
deviation percentage of hybrid 

model( % ) 
23.3 
45.3 
67 

89.2 
111.3 
118.1 

6.51508 
2.52215 
0.34054 
0.07052 
0.70793 
0.41737 

1.56607 
0.69256 
0.56844 
0.04494 
0.44313 
0.75029 

3.4.2 Experiment results in the case of silo 
 

For the three times repeated experiments, the pressure readouts of all sensors in the first two experiments and the third experiment are 
used as the training sample set and testing sample set, respectively. Calculate through constructing the high order model in Equation (8) and 
constructing the hybrid model in Equation (11) to derive the results of the three experiments as shown in Table 5 to Table 7. 

 
Tab.5 The weight calculationof stored grain in wheat squat silo by experiment 1 

grain quantity ( T ) deviation percentage of high 
order model ( % ) 

deviation percentage of hybrid 
model( % ) 

6.61613 
31.14014 

55.267 
78.59956 
102.42856 
125.46326 
148.9944 
172.52554 

14.4799 
2.49802 
5.7283 

3.42754 
0.6676 
0.2906 

0.61428 
0.56056 

7.63527 
0.91558 
4.91409 
4.05796 
0.44333 
0.30272 
0.25171 
0.18113 

 
Tab.6 The weight calculationof stored grain in wheat squat silo by experiment 2 

grain quantity ( T ) deviation percentage of high 
order model ( % ) 

deviation percentage of hybrid 
model( % ) 

27.26793 
51.2955 

65.09646 
75.1245 
98.1592 

121.29319 
144.03002 
172.22768 

1.21612 
0.66344 
0.68304 
1.98412 
1.04619 
1.00442 
0.49742 
0.31298 

0.47393 
0.75895 
0.39887 
2.49985 
0.99841 
0.74248 
0.53233 
0.19793 

Tab.7 The weight calculationof stored grain in wheat squat silo by experiment 3 
grain quantity ( T ) deviation percentage of high order 

model ( % ) 
deviation percentage of hybrid 

model( % ) 

27.76436 
52.0898 

66.08934 
76.21666 
99.54923 
122.7825 
145.8172 
172.52554 

3.51077 
0.49237 
1.75029 
0.77433 
2.02064 
0.54102 
2.53444 
0.8197 

0.82213 
0.1266 

0.36096 
2.20539 
1.37203 
0.63027 
2.69686 
1.65521 

 
As seen from Table 1 and Table 7, the regression based method on the basis of granary storage quantity detection theory model 

achieves an average 1.66% deviation. The proposed model could achieve an average 1.02% deviation. In particular, except for the situations 
of small storage quantity, the proposed model generally performs well. Compared with the normal regression based model, the proposed 
hybrid model significantly decreases the deviation in the cases of small storage quantity. The results show that the proposed granary storage 
quantity detection method achieves better accuracy, has low requirement on the interchangeability of sensors, thus suitable for the granary 
storage quantity detection of multiple structure types. 
 
4. Conclusion 
 

Using pressure sensors to detect the quantity of stored grain is an economical, accurate and convenient method that could realize 
remote real-time online detection. Constructing the detection model between the pressure of granary bottom and the quantity of stored grain 
is one of the most critical technologies. As the current research on the pressure distribution of granary bottom is in the qualitative research 
stage, applying mechanical principles alone for modeling is difficult to achieve good results. This paper adopts a hybrid model by 
combining the advantages of mechanical principles and intelligent learning algorithm. The experimental results show that the proposed 
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model achieves good results, which validates the effectiveness of the method. 
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Abstract: The ignoring of the dynamics in teaching equipment power regarding the current energy efficiency output model and 
measurement method causes the energy efficiency output model built unable to fully reflect the shortfalls of the general energy efficiency of 
teaching equipment in the cloud computing environment. Under this basis, this thesis puts forward a new energy efficiency output model 
and measurement method. Through a comprehensive evaluation on the energy efficiency of teaching equipment in the cloud computing 
environment by two indicators -“energy” and “efficiency”, and through describing the energy efficiency with the “performance” to “energy 
consumption” ratio by unit interval of teaching equipment, this thesis creates an energy efficiency output model of teaching equipment and 
gives the calculation method of energy consumptionof computers, network equipment and accessory equipment. Through calculating the 
task load finished by unit interval, this thesis manages to measure the performance of teaching equipment in the computing environment and 
gives detailed measurement process. According to the experiment result, the model and method put forward in this thesis is of high accuracy 
and efficiency. 
 
Keywords: Cloud computing, Energy efficiency output model, Measurement method, Teaching equipment. 
 
1. Introduction 
 

This With the gradual development and wide application of science & technology and network technology, the computer-assisted 
teaching has spread rapidly among schools and the energy consumption of teaching equipment has become the key problem for urgent 
solutions. Plenty of researches have indicated that teaching equipment is consuming large amount of energy [1-2]. However, the cloud 
computing environment won’t reduce the use of teaching equipment and on the contrary will largely increase the energy consumption of 
teaching equipment. Moore’s law determines the teaching equipment to develop towards high operation efficiency and high energy 
consumption. While it can facilitate the work of teachers, it cannot meet the requirements on environmental costs [3-5]. Therefore, the 
energy efficiency output model and measurement seminar of teaching equipment in the cloud computing environment will become one of 
the most challengeable subjects in the following few years and will be of great significance for research [6]. 

Zhao Guogang, Zhao Liqiang, Yang Kun et al. believe that the energy consumption differs from the performance in terms of teaching 
equipment but there is somewhat a compromising relation between each other. The improvement of performance is bound to need high 
energy consumption, and vise verse the reduction in energy consumption is bound to decrease the performance of teaching equipment [7]. 
Theoretically, this thoughtcomplies with the design of hardware. The higher operation efficiency will require higher power consumption. 
However, this thought neglects the condition of idle consumption. Yang Bo, Liu Wenbin, Gong Chunhong, et al. believe that the 
optimization of energy consumption complies with the optimization of performance for teaching equipment. Teaching equipment with the 
lowest energy consumption often has the best performance. This thought meets the design of software. The higher efficiency in task 
execution will cause less operation time and as a result will need less energy [8]. However, this thought has neglected the dynamics of the 
teaching equipment power. Jiang Wenxian, Cheng Guang et al. make anoptimization on the relational expression between teaching 
equipment power and CPU working state. They use the task load finished by teaching equipment with unit energy consumption to define the 
energy efficiency, use the unit load to measure the task load and multiply the CPU frequency with the usage rate to get the energy efficiency 
and finish the quantitative analysis on the general performance of teaching equipment in the cloud computing environment. Besides, through 
creating the energy efficiency model from the perspective of calculation and energy consumption, they put forward the measurement method 
[9]. This method is easy to realize. However, the energy efficiency model created cannot fully reflect the general energy efficiency of 
teaching equipment in the cloud computing environment. Ma Lixin, Zhu Run, et al. put forward an optimized management method based on 
the task scheduling aimed at solving the problem of over- energy consumption due to idle nodes in the operation of teaching equipment in 
the cloud computing environment. They create a cloud computing systematic model based on the queuing theory and calculate the average 
response time and power of teaching equipment in the cloud computing environment and then create an energy efficiency model. Moreover, 
they carry out an optimized management [10] on the energy consumption generated from the idle nodes based on the large service intensity 
and small execution energy consumption method. This method can effectively reduce the energy consumption of idle nodes, but it neglects 
the energy consumption of other nodes. Therefore, this energy efficiency model is unreliable. 

Considering the shortfalls of above methods, this thesis puts forward a new energy efficiency output model and measurement method 
of teaching equipment in the cloud computing environment and gives a calculation method of the energy consumed by the teaching 
equipment. Besides, this thesis uses the task load finished by unit interval to measure the performance of teaching equipment in the cloud 
computing environment and gives the detailed measurement process. According to the experiment results, the model and method put 
forward in this thesis is of high accuracy and efficiency. 

 
2. An Energy Efficiency Output Model and Measurement Method 
 
2.2 An energy efficiency output model of teaching equipment in the cloud computing environment 
 

The energy efficiency of teaching equipment in the cloud computing environment can be generally evaluated with two indicators –
“energy” and “efficiency” and can be described with the “performance” to “energy consumption” ratio of teaching equipment by unit 
interval. 

The measurement objects of energy efficiency of teaching equipment in the cloud computing method include computers, network 
equipment and auxiliary equipment. The total energy consumption of teaching equipment in the cloud computing environment can be 
determined by the following formula: 

( ) ( ) ( ) ( )c n oE T E T E T E T= + +                                                                                            (1) 
Where, Ec (T) represents the energy consumption of computers; En(T) represents the energy consumption of different network 

equipment; and Eo (T) represents the energy consumption of auxiliary equipment. 
The performance of teaching equipment in the cloud computing environment can be measured by the task load finished in unit interval 

which is to be represented by L (T). The formula is as follows: 
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( ) ( ) ( ) ( )[ ]1 2c d nL T L T L T L T= ⊕ ⊕                                                                             (2) 
Where, Lc (T) represents CPU calculation amount of teaching equipment; Ld(T) represents write-read calculation amount of disks; 

Ln(T)  represents calculation amount of information sending and receiving through network; and icons 1⊕  and 2⊕  represent aggregate 
functions. 

The energy efficiency model of teaching equipment is mainly used to optimize the guidance of and evaluation on energy efficiency. 
The energy efficiency η(t) in the time interval T of teaching equipment in the cloud computing environment is described with L(T) finished 
by the teaching equipment and the energy consumption E(T) in the time interval T. The formula is as follows: 

( ) ( )
( )

( ), 0
L T

t E T
E T

η = ≠                                                                                      (3) 

Unit of the energy efficiency of teaching equipment is mη. 
All teaching equipment in the cloud computing environment have rated power and rated CPU frequency. If the CPU is working in full 

load, then theoretically the energy efficiency of teaching equipment is the ratio of CPU frequency to rated power. However, in actual 
application, the CPU usage rate is mainly related to the features of the working algorithm. The CPU frequency can be adjusted dynamically 
by the task load. However the power won’t change. Therefore, the calculation of the energy efficiency of teaching equipment in the cloud 
computing environment shall be based on the actual value measured. 

 
2.3 Energy efficiency measurement method of teaching equipment in the cloud computing environment 
 

The energy consumption of teaching equipment in the cloud computing environment mainly includes consumption of computers, 
network equipment and auxiliary equipment. Detailed analysis is made below. 

1. Energy consumption of computers 
Various methods can be used to measure the energy consumption of computers. Every computer has its rated power. However, the 

actual power is variable. It is difficult to get the mathematical expression for the actual power ( )
icp t . Therefore, it needs to take samples by 

every interval of t∆  and then calculate the energy consumption of computers based on the power samples collected: 

( ) ( ) ( )
01 1 1

i i

N N MT
c c c

i i j
E T p t dt p t j t

= = =
= ≈ ∆ ⋅ ∆∑ ∑∑∫                                                                           (4) 

As long as t∆  is small enough, the result of formula (4) will be equal to E(T). However, many computer equipment or operation 

systems don’t have interfaces for actual power measurement. In this case, it is difficult to measure ( )
icp t j∆ ⋅ . If to install power sensor in all 

computer nodes in the cloud computing environment, plenty of sensors will be needed and the communication between sensors will be quite 
complicate. Therefore, this section uses the voltammeter to measure the electric quantity passed through the cable line in time T to get the 

actual power ( )cloudp t j∆ ⋅  and finally get the energy efficiency of computers in the cloud computing environment through 

( )
1

M

cloud
j

p t j t
=

∆ ⋅ ∆∑
. 

2. Energy consumption of network equipment 
The energy consumption of network equipment mainly includes the energy consumed by routers or switch nodes Erou(T) and that 

consumed by data circuits Ecab (T). If the network equipment is in operation, the variation of power will be relatively small and can be 
considered as static. Whether there is data in Erou (T) and Ecab (T) has no great relation with the energy consumption of network transmission. 
Therefore, this section applies the product of power and time to calculate the energy consumption of network equipment. 

Regarding the energy consumption of routers and switch nodes Erou (T), this section applies active power for calculation. What active 
power measures is the nonzero net power of actual act. In the cloud computing environment, assuming there are R (number) routers in total, 

the routers is represented with ( )1jr j R≤ ≤  and the active power of the ir  th router is represented with ir
p , then the energy consumption of 

routers and switch nodes Erou(T) will be determined by the following formula: 

( )
1

j

R

rou r
j

E T T p
=

= ∑                                                                                            (5) 

The electric current used in network equipment is high-frequency alternating current and Ecab(T) can be calculated with the power of 
alternating current. Taking the common twisted-pair as an example, the alternating voltage at both ends of twisted-pair is often -3V, 0V or 

3V, the highest sending rate f  is 80MHz and the current impedance z  is around 20Ω. Current / 0.1AI U z= ≈ , resistance 
9.4R = Ω  and the power factor of circuit cos / 0.43R zΦ = ≈ . In this case, the alternating current power can be calculated as 

follows: 
cos 3 0.1 cos 0.13P UI W= Φ = × × Φ ≈                                                                         (6) 

After an analysis on the above formula, we can know that Ecab (T) is very small and can be neglected in the cloud computing 
environment. That’s to say Erou (T) ≈  En (T). 

3. Energy consumption of auxiliary equipment 
Auxiliary equipment to teaching equipment in the cloud computing environment mainly includes uninterruptible power supply which is 

often quite complicate in feature with the power depending on the operation environment and the operation status. The majority of electric 
energy consumed by computers will be emitted in the form of heat. With the reduction of energy consumption by computers, the operation 
time and operation power of uninterruptible power supply will decrease accordingly. Therefore, energy conservation in computers resembles 
that in uninterruptable power supply. Based on the measurability of model, this section defines that the energy consumption of auxiliary 
equipment is in proportion to the time. The formula is as follows: 

( )o oE T PT=                                                                                                      (7) 

Where, oP  represents power constant. 
4. Performance measurement of teaching equipment 
The performance of teaching equipment can be measured by L(T). After an analysis on formula (2), we can know that L(T) mainly 

depends on Lc(T) , Ld(T) and Ln(T). Therefore, this section will analyze the dimension statistics and calculation method of Lc(T), Ld(T) and 
Ln(T). 
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As Ld(T) and Ln(T) are equal in order of magnitude, we can assume that: 

2A B A B⊕ = +                                                                                                    (8) 
In order to change the frequency unit of CPU to the storage unit MB, we need to assume that Lc(T) outdistances Ld(T) + Ln(T). In 

order to make A and B in the same order of magnitude, we shall assume that: 

1A B A B⊕ = Φ +                                                                                              (9) 

Where, Φ  represents the adjustment coefficient and formula (2) can be transformed to: 
( ) ( ) ( ) ( )[ ]c d nL T L T L T L T= Φ + +                                                                              (10) 

According to the above technology, “operation” and “I/O” are both very crucial, definition: 
IO

CPU

T
T

Φ =                                                                                                       (11) 

Where, TIO represents the maximum throughput of I/O which is mainly composed of teaching equipment disks and network; TCPU 
represents the maximum throughput of teaching equipment CPU. As different teaching equipment has different hardware, they also have 
different Φ  value so as to guarantee the same proportion of Lc(T) and Ld(T) + Ln(T) in L(T). 

The calculation formula of Lc(T), Ld(T) and Ln(T) is as follows: 

( ) ( ) ( ) ( ) ( ){ }
1

N
i i i i i i

c f u drf dru w i
i

L T C T C T C C D T D T
=

= −∑                                                                      (12) 

Where, ( )i
fC T represents the work frequency of teaching equipmentCPU; ( )i

uC T represents the proportion of the teaching equipment 

CPU processing time to the total time; 
i
drfC  represents the average usage rate of CPU in writing and reading data per MB by users; 

i
druC  

represents the average frequency of CPU in writing and reading data per MB by users; ( )i
rD T  represents the number of data read into the 

teaching equipment disk per second; and ( )i
wD T  represents the number of data read into written into the teaching equipment disk per 

second. 

( ) ( ) ( )
1

N
r i

d i w
i

L T D T D T
=

= +  ∑                                                                                   (13) 

( ) ( ) ( )
1

1
2

N
r i

n i w
i

L T N T N T
=

= +  ∑                                                                             (14) 

Where, ( )r
iN T  represents the data volume received by the network card per second; ( )i

wN T  represents the data volume transmitted by 
the network card per second. 

After finishing the calculation of parameters, include them into formula (3) and then we will be able to finish the measurement of 
energy consumption output model of teaching equipment in the cloud computing environment. 

Analysis on the Experiment Result 
To test the effectiveness of the model put forward in this thesis, we need to carry out relevant experiment analysis. This experiment is 

undertaken in real cloud computing environment and the test is carried out through a comparison between QoS (QoS per energy efficiency) 
energy efficiency model and the intelligent energy consumption model.  
 
2.4 Analysis on the accuracy 
 

Embedding In order to test the accuracy of the model put forward in this thesis, we will make a comparison between the calculated 
value and the measured value of energy efficiency of teaching equipment in the cloud computing environment. The calculated value is 
determined based on the real-time CPU frequency measured and the usage rate, and the measured value is the energy efficiency value of 
teaching equipment measured by applying the model put forward in this thesis, the QoS model and the intelligent model. The compassion 
between the measured value and the calculated value by applying the model put forward in this thesis, the QoS model and the intelligent 
model is show in Figure 1, Figure 2 and Figure 3, respectively. 

 

 
Figure 1.Comparison between the Measured Value and the Calculated Value by Applying the Model Put Forward in this Thesis 
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Figure 2. Comparison between the Measured Value and the Calculated Value by Applying QoS Model 

 
Figure 3.Comparison between the Measured Value and the Calculated Value by Applying Intelligent Model 

 
After an analysis on Figure 1, Figure 2 and Figure 3, we can see that the error of 0.2mη between the measured value and the calculated 

value by applying the model put forward in this thesis is quite small. This is because the unit of voltammeter is KWh and when measuring 
the power with the instrument and starting the calculation, it requires synchronized manual control, so the error above is acceptable. With 
the increase of data volume, the task to be executed will also increase. The energy efficiency calculated by QoS model and intelligent model 
will rise slowly with the increase of task load, which will cause large error between the calculated energy efficiency value and the actual 
measured energy efficiency value. After a comparison with the QoS model and the intelligent model, the model put forward in this thesis 
performs better in measuring the energy efficiency value of teaching equipment more accurately. 

 
2.3 Efficiency analysis 
 

To further verify the effectiveness of the model put forward in this thesis, a test is carried out on the efficiency of the model. Table 1 
lists the comparison of time needed in the model put forward in this thesis, in the QoS model and in the intelligent model applied in the same 
teaching equipment. 

Table 1. Comparison of the Efficiency of three Models 
No. of Teaching 

Equipment 
Time needed by the 

model in this 
thesis/s 

Time needed by the 
QoS model/s 

Time needed by the 
intelligent model/s 

1 1.3 2.3 3.6 
2 1.6 3.4 3.1 
3 1.5 2.5 3.5 
4 2.1 2.2 3.9 
5 1.9 2.3 4.2 
6 1.7 2.8 3.8 
7 1.8 2.1 4.3 
8 1.6 3.4 4.1 

 
After an analysis on Table 1, we can see that with the same teaching equipment, the time needed by the QoS model is always lower 

than that needed by intelligent model, and the time needed by the model put forward in this thesis is always lower than that needed by the 
QoS model, which proves that the model put forward in this thesis is of high efficiency. 

After a comprehensive analysis on the above experiment, we can see that the model put forward in this thesis is not only higher in 
accuracy but also apparently higher in efficiency compared with the QoS model and the intelligent model. 
 
4. Conclusion 
 

This thesis puts forward a new energy efficiency output model and measurement method of teaching equipment in the cloud computing 
environment. Through two indicators, “energy” and “efficiency”, this thesis makes a comprehensive evaluation on the energy efficiency of 
the teaching equipment in the cloud computing environment. It describes the energy efficiency through a comparison between 
“performance” and “energy consumption” of teaching equipment by unit interval. On the above basis, this thesis creates an energy 
efficiency output model of teaching equipment and gives the calculation method of the energy consumptions by computers, network 
equipment and auxiliary equipment. It measures the performance of teaching equipment in the cloud computing environment by the task 
load finished in unit interval, and gives the detailed measurement method. According to the experiment result, the model and method put 
forward in this thesis is of high accuracy and efficiency. 
 
Acknowledgements 
 

This work is supported by the Key 2015 Project Topic of "12th Five-year plan" of Educational Science in Hunan Province on the 
design and practice of personalized mobile learning activity based on cloud platform, China (No. XJK015CXX009). 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                                      168.5 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/168 

 

 
References 
[1] Xu Fei, Cloud-computing-based systematic research on diagnosis of equipment faults, Electronic Design Engineering, 2015, 23, pp. 5-7, 

October. 
[2] Cai Xiaobo and Zhang Xuejie, QoS-parameter-reduction-based energy efficiency evaluation method in cloud computing environment, 

Computer Engineering and Science, 2014, 36, pp. 2305-2311. 
[3] Qu Zhaoyang, Wang Chong and Pan Feng, Evaluation on domestic power energy efficiency in intelligent use of electricity, Advanced 

Technology of Electrical Engineering and Energy, 2015, 34, pp. 61-67.  
[4] Song Wen and Liu Qiqiang, Evaluation research and software development for energy efficiency of steam system, Energy-Saving 

Technology, 2015, 34, pp. 61-67. 
[5] Song Jie, Liu Xuebing, Zhu Zhiliang, et al. An energy efficiency optimized MapReduce resources ratio model, Chinese Journal of 

Computers, 2015, 38, pp. 59-73. 
[6] Li Yuansong and Liang Jinming, Energy efficiency conservation research based on the mobile cloud computing frame, Fire Control & 

Command Control, 2015, 40, pp. 150-154. 
[7] Zhao Guogang, Zhao Liqiang and Yang Kun, High-efficiency resources management for mobile cloud computing connected to network, 

Telecommunications Science, 2014, 30, pp. 53-61. 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                                      169.1 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/169 

 

Evaluations of Digital Radio Techniques in Doppler Scenarios: HD Radio versus DAB, DAB+, T-DMB 
 

Jin Ren1 

 
1. School of Electronic and Information Engineering, North China University of Technology, No.5 Jinyuanzhuang Road, Shijingshan 

District, Beijing, P.R, China 
 
Abstract: The advance of wireless communications brings in various schemes of wireless digital communication technology. Analog 
communication and broadcasting services convert into digital services in many countries. This paper develops simulation models to 
characterize the bit error rate (BER) performance of HDR (HD-Radio), digital audio broadcasting (DAB), DAB+, terrestrial digital 
multimedia broadcasting (T-DMB) affected by Doppler spread. The IBOC (In-Band On-Channel) system has been developed to work in the 
same band with the conventional analog radio and broadcasting digital signal simultaneously. HDR (HD-Radio) standard of IBOC (In-
Band-On-Channel) can use coherent demodulation using pilot sub-carriers. But DAB, DAB+ and T-DMB standard of Eureka-147 uses non-
coherent demodulation by differential modulation. Theoretically, coherent demodulation is better than non-coherent demodulation. To 
contribute to decision of digital radio standard and design of digital radio transmission network, the simulation results will give a help. 
 
Keywords: Digital audio broadcasting; DAB+; T-DMB; HD Radio; IBOC 
 
1. Introduction 
 

Digital radio broadcasting systems have come into the spotlight recently worldwide. Many digital radio broadcasting standards have 
been proposed recently, and the adoption of digital broadcasting is considered in many countries. But choosing most proper digital radio 
standard has become an important question for the successful deployment of the new radio service [1-2]. In addition, to decide the national 
standard of digital radio broadcasting service, various considerations are required like economic efficiency, social influence, and technical 
suitability, etc. 

HD Radio is the trademark for iBiquity Digital Corporations in-band on-band (IBOC) digital radio system. While there are differences 
between amplitude modulation (AM) and frequency modulation (FM) band HD Radio systems, an HD Radio signal can be generally 
described as a digitally modulated RF signal that is transmitted around, under and alongside the present-day analog AM and FM signals. It 
should be noted that, strictly speaking, a hybrid HD Radio signal actually has components - an analog modulated component referred to here 
[3-4]. There digital signals are composed of multiple orthogonal frequency division multiplexed (OFDM) subcarriers, which are transmitted 
at a level to meet the specifications of the RF masks (AM and FM) as mandated in the United States by the Federal Communications 
Commission (FCC), and as specified in the digital radio broadcasting standard (NRSC-5-A) of the National Radio Systems Committee 
(NRSC). Since the OFDM subcarriers of the HD Radio signals are contained with these masks, and are therefore considered to be contained 
within the allotted channel for a given station without allocating any additional spectrum, it is considered to be an in-band on-channel 
system. The FM HD Radio signal has more spectrum space available than the AM HD Radio signal, as the FM channel has been allocated 
greater bandwidth. Therefore, the FM HD Radio signal can operate at a higher data rate than AM HD Radio signal. This greater data rate 
can be subdivided to allow additional audio channels to be transmitted on the frequency. 

The digital audio broadcasting (DAB) has recently become popular around the world, due to its ability to provide high quality reception 
additional features compared to the traditional AM/FM radio. It was developed in the 1990s by the Eureka 147/ DAB project. In the 
meantime, the World DAB Forum have developed an upgrade of the Eureka 147 DAB system called DAB+ in order to improve the audio 
coding efficiency using the new coding schemes of MPEG-4HE AAC v2. Digital multimedia broadcasting (DMB) is one of the applications 
which have emerged from Eureka-147 DAB system, Particularly in Korea, DMB focuses on the broadcasting of moving pictures and their 
reception in harsh conditions such as in places surrounded by high buildings and on highways where vehicles are moving at a very high 
speed. There are two kinds of DMB systems, satellite DMB and terrestrial DMB. The terrestrial DMB is called by T-DMB in Korea [5-6]. 
Although the T-DMB system is an improved version of the DAB system, should still be used in many parts of the T-DMB system. 

The described sections of this paper are as follows: Section 2 introduces HDR standard, Section 3 is about DAB, DAB+, and T-DMB. 
COFDM and Channel Model in Doppler Scenarios will be introduced in Section 4 and Section 5 respectively. In Section 6 implementation 
results of simulation will be reported. 

 
2. HD radio 
 

A logical channel is a signal path that conducts Layer 2 PDUs (Protocol Data Unit) in transfer frames into Layer 1 with a specific grade 
of service, determined by service mode. Lay 1 of the FM air interface provide 11 logical channels to higher layer protocols [7]. Not all 
logical channels are used in every service mode. There are five primary logical channels that can be used with the Hybrid, Extended Hybrid, 
and All Digital waveforms. They are denoted as P1, P2, P3, P4, and PIDS. The PIDS channel transmits the Station Information Service (SIS) 
information. There are six secondary logical channels that are used only with the All-Digital waveform. They are denoted as S1, S2, S3, S4, 
S5, and SIDS. The bits in each logical channel are scrambled to randomize the time-domain data. The inputs to the scramblers are the active 
logical channels as selected by the service mode. Channel encoding improves system performance by increasing the robustness of the signal 
in the presence of channel impairments. This function uses convolutional encoding. The size of the logical channel vectors is increased in 
inverse proportion to the code rate. The encoding techniques are configurable by service mode. Diversity delay is also imposed on selected 
logical channels. At the output of the channel encoder, the logical channel vectors retain their identity. The interleaving techniques are 
tailored to very high frequency fading environment and are configurable by service mode. In this process, the logical channels lose their 
identity. The interleaver output is structured in a matrix format, each matrix consists of one or more logical channels and is associated with a 
particular portion of the transmitted spectrum. OFDM subcarrier mapping assigns interleaver partitions to frequency partitions. One row of 
each active interleaver matrix is processed every OFDM symbol to produce one output vector which is a frequency-domain representation of 
the signal. 

 
3. DAB, DAB+, T-DMB 

 
The source encoder for the DAB system is the MPEG Audio Layer II encoder with restrictions on some parameters and some 

additional protection against transmission errors. The MPEG II audio signal and the other data are the input services to DAB transmitter. 
Each service signal is coded individually at source level in the transmitter, error protected, and then time interleaved in the channel coder. 
Each service is independently error protected with a coding overhead ranging from about 25% to 300%, the amount of which depends on the 
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requirements of the broadcasters (transmitter coverage and reception quality). Then, the services are multiplexed in the Main Service 
Channel (MSC), according to a predetermined and adjustable multiplex configuration. Finally, Orthogonal Frequency Division Multiplexing 
(OFDM) is applied to the signal to shape the DAB signal which consists of a large number of sub-carriers. The OFDM signal generation 
involves the processes of Quadrature Phase Shift Keying (QPSK) mapping of the arrival bits, frequency interleaving, and differential 
modulation. When the signal is generated, it is defined in the frequency domain, and is then transformed into its time domain representation 
by Inverse Fast Fourier Transformer (IFFT). Some of the ending samples of the IFFT sequence are copied to the front of the symbol to add 
the cyclic prefix (CP). The CP is used to avoid inter symbol interference (ISI). The generated OFDM signal is amplified and sent to the RF 
block. The DAB system operates in four modes, and each mode has its specific characteristics, as shown in Table I. The system uses five 
protection levels in each operation mode with respect to the desired application. Protection level one is suitable for a highly mobile receiver 
and level five for a fixed one. The cyclic prefix (CP). The CP is used to avoid inter symbol interference (ISI). The generated OFDM signal is 
amplified and sent to the RF block. The DAB system operates in four modes, and each mode has its specific characteristics. The system uses 
five protection levels in each operation mode with respect to the desired application. Protection level one is suitable for a highly mobile 
receiver and level five for a fixed one. 

Since different digital radio broadcasting methods have different audio codecs, channel coding, orthogonal frequency division 
multiplexing (OFDM) symbol features, and application frequency bands, the characteristics are highly different. DAB, DAB+, and T-DMB 
audio are based on the Eureka-147 standard. However, according to their broadcasting purposes, they have different parts. The DAB 
standard was initially designed to provide compact disk quality audio broadcasting service. Therefore, simple and efficient transmission 
techniques are adopted, e.g., differential modulation and convolution coded OFDM (COFDM). In addition, since the standard was made in 
1995, a relatively old audio codec is used (masking-pattern adapted universal subband integrated coding and multiplexing). On the other 
hand, DAB+ was designed to provide higher quality audio broadcasting service. Therefore, DAB+ uses the highly efficient advanced audio 
coding version 2, which is a state-of-the-art technology for an audio codec and concatenated channel coding (Reed and Solomon (RS) 
coding + convolutional coding) that is a more powerful channel coding scheme. The T-DMB system is designed for real-time mobile 
multimedia services. Therefore, MPEG-4 video and bit-sliced arithmetic coding are adopted into the system. 

 
4. COFDM 

Both HD radio and DAB consider an OFDM system in which N complex data symbols na , k = 0,…, N-1, are modulated onto N 

orthogonal sub-carriers by means of an N-point Inverse DFT (IDFT) to form an OFDM symbol with duration uT . The OFDM symbol is 

further extended with a cyclic prefix of duration GT and subsequently transmitted. We indicate with T the sampling period, with G the 

number of samples within the guard interval so that u =T NT and G =T GT.The sub-carrier spacing is set to be 1s uf T= . The transmitted 
samples read as 

( )
1

2 /

0

1 , , 1.
N

j nq N
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s qT a e q G N
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π

−

=

= = − −∑                                                             (1) 

The samples s (qT) are transmitted through the channel model. We indicate with qT, , , 1q G N= − − , the time variable and with 

iT, , ,i = −∞ +∞ the delay variable so that the delay variable so the equivalent discrete time channel impulse response reads as 

( ) ( ) ( )
0

,
L

l l
l
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=

= −∑                                                                       (2) 

The index li T indicates the delayed position of the time varying path ( )lh qT . The channel impulse response is assumed to be of finite 

duration, i.e. ( ),h qT iT = 0 for i < 0 and i > 1Li − . The receive samples r (qT) are obtained via the convolution of the transmit samples with 

the channel impulse response and then corrupted by the additive white Gaussian noise (AWGN) n(qT) with two-sided 0 2N .We obtain 
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We then substitute (1) into (3) to write 
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which upon defining the time-varying channel transfer function 
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The FFT output at the 
thk subcarrier can be expressed as 
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where ( )H k  represents the average frequency domain channel response, defined as 

( ) ( )
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( )I k  is ICI (inter-carrier interference) caused by the time-varying nature of the channel given as 
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and ( )N k demotes discrete Fourier transform of the white Gaussian noise ( )n qT  

( ) ( )
1

2

q=0

1=
N

j qk NN k n qT e
N

π
−

−∑                                                                        (9) 

The received signal after excluding the guard interval can be expressed in vector form as 
= +y Hs n                                                                                                (10) 

where ( ) ( ) ( )0 , 1 , , 1 ,
T

y y y N = − y  ( ) ( ) ( )0 , 1 , , 1 ,
T

y y y N = − s  ( ) ( )0 , 1 , ,n n= n 

 
( )1

T
n N −   and the time-varying channel matrix H is given by where the first and second indices of H(.,.) in (11) represent the discrete 

time and frequency variables, respectively. 
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5. Channel model in Doppler scenarios 
 

In wireless communication, ( ),h t t  is always modeled as a wide sense stationary uncorrelated scattering (WSSUS)  process with L+1 
received path, such that 

0
( , ) ( ) ( )

L

l l
l

h t h tt δ t t
=

= −∑                                                                            (12) 

where t and t  are time and delay respectively, ( )lh t  is the thl  path gain and its power density spectrum ( )kP f . The variance 

determines the average speed of variation in time, i.e. describes the influence of the Doppler effect on the waves arriving at delay time lt  . 

Therefore ( )kP f  is also known as Doppler spectrum. 
A basic parameter is the maximum Doppler frequency 

d
vf
λ

=                                                                                                      (13) 

where v  is the velocity of the receiver or surrounding objects and λ  is the wavelength of the transmitted signal.  
In case that all waves are arriving from all directions at the receiving antenna with approximately the same power the real Doppler 

spectrum can be approximated by 
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P ( )

1
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Af
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−  
 

 for [ ],d df f f∈ −                                                                             (14) 

This spectrum is also known as “classical ‘Jakes’ spectrum”. It will be denoted “Classical” in Table 2.  
 

6. Simulation Results 
 

Table 1 is OFDM system standard parameter previous system. Simulation environment of the systems in this paper is used general 
multipath fading channel, given by Table 2. Following, Fig.1 (a), Fig.2(a) and Fig3.(a) show BER performances for HDR-MP3. and 
Fig.1(b), ]Fig.2(b) and Fig3.(b) show BER performances for DAB, DAB+, and T-DMB respectively in multipath fading channel, i.e, TAB-
2,TAB-3 and TAB-7. When velocity is 60km/h,150km/h and 300km/h, so doppler shift frequency is 5.5Hz, 13.9Hz and 27.8Hz respectively. 
In Fig.1 (a), Fig.2(a) and Fig.3(a), the performance of P1 is better than P3, because the code rate of P1 is lower than P3. The code rate of P1 
is 2/5, and P3 is 1/2. Interleaving depth of P3 (2 frame) is longer than P1(1 frame), and if velocity is increased, the gap is expected to be 
decreased since P3 may obtain more diversity gain. 

  
Table 1. System Parameters 

Parameters HDR(MP3) DAB DAB+ T-DMB 

Guard Interval (us) 100 250 250 250 

TFFT (ms) 
2.8 1 1 1 

(OFDM) Sym. duration 
(ms) 

2.9 1.25 1.25 1.25 

FFT size (N) 4096 2048 2048 2048 

# of Useful sub-carriers 458 1536 1536 1536 

% of Pilot sub-carriers 
(%) 

5.68 1.32 1.32 1.32 
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Sampling rate (Msps) 1.488 2.048 2.048 2.048 

Sub-carrier spacing (Hz) 363.37 1000 1000 1000 

Occupying BW (kHz) 167 1500 1500 1500 

Data symbol rate (ksps) 149 1200 1200 1200 

Data rate (kbps) 124 1200 1100 1106 

Spectral Efficiency 0.74 0.8 0.73 0.74 

 

In Fig.1 (a), performance of P1 is better than P3. P1 is 6.4dB, and P3 is 8.2dB by 
-410   BER. Also P1 is 8.4dB and P3 is 10.3dB by 

-610  BER. In Fig.2 (a), performance of P1 is better than P3. P1 is 5.2dB, and P3 is 6.7dB by 
-310  BER. Also P1 is 8.3dB and P3 is 9.2dB 

by 
-610  BER. In Fig.3 (a), performance of P1 is better than P3. P1 is 7.2dB, and P3 is 7.5dB by 

-410   BER. Also P1 is 8.2dB and P3 is 

8.4dB by 
-610  BER. The reason of P1 better than P3 is each other code rate. Code rate of P1 is 2/5, and P3 is 1/2. So P1 is excellent for 

error correction performance. Interleaving depth of P3 (2 frame) is longer than P1 (1 frame). So if velocity increases, differences in 
performance decrease by time diversity.  

 
Table 2. Channel Parameters 

Path 
no. 

TAB-2 (Classical) TAB-3 (Classical) TAB-7 (Classical) 

( )
Delay

us  ( )
Doppler 

Hz  ( )
Attn 
dB  ( )

Delay
us  ( )

Doppler 
Hz  ( )

Attn 
dB  ( )

Delay
us  ( )

Doppler 
Hz  ( )

Attn 
dB  

1 0.0 5.2314 2.0 0.0 13.9 4.0 0.0 27.8 0.0 

2 0.2 5.2314 0.0 0.3 13.9 8.0    

3 0.5 5.2314 3.0 0.5 13.9 0.0    

4 0.9 5.2314 4.0 0.9 13.9 5.0    

5 1.2 5.2314 2.0 1.2 13.9 16.0    

6 1.4 5.2314 0.0 1.9 13.9 18.0    

7 2.0 5.2314 3.0 2.1 13.9 14.0    

8 2.4 5.2314 5.0 2.5 13.9 20.0    

9 3.0 5.2314 10.0 3.0 13.9 25.0    

 
In Fig. 1(b), the performance of T-DMB is best and DAB+ is better than DAB. T-DMB is 12.2dB, DAB+ is 12.8dB and DAB is 

13.8dB by 
-310   BER. Also T-DMB is 13.2dB, DAB+ is 14.3dB and DAB is 20dB T-DMB by 

-410  BER. In Fig. 2(b), the performance of 

T-DMB is best and DAB+ is better than DAB. T-DMB is 11.8dB, DAB+ is 12.9dB and DAB is 14dB by 
-310   BER. Also T-DMB is 13dB, 

DAB+ is 14.2dB and DAB is 20dB T-DMB by 
-410  BER. In Fig. 3(b), the performance of T-DMB is best and DAB+ is better than DAB. 

T-DMB is 14dB, DAB+ is 15.1dB and DAB is 18dB by 
-310  BER.  

From all Figures, the performances of HDR-MP3 is better than DAB, DAB+ and TDMB in different Doppler scenarios. 
 

 
Figure 1. (a) BER performance of HDR-MP3 for Ch. TAB-2 
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Figure 1. (b) BER performance of DAB, DAB+ and T-DMB for Ch. TAB-2 

 

 
Figure 2. (a) BER performance of HDR-MP3 for Ch. TAB-3 

 
 

 
Figure 2. (b) BER performance of DAB, DAB+ and T-DMB for Ch. TAB-3 

 

 
Figure 3. (a) BER performance of HDR-MP3 for Ch. TAB-7 

 
 

 
Figure 3. (b) BER performance of DAB, DAB+ and T-DMB for Ch. TAB-3 

 
 
7. Conclusion 
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In this paper, we evaluate performances of digital radio technologies (HDR versus DAB, DAB+, and T-DMB). Technically, HDR 

standard use coherent demodulation by pilot sub-carrier. DAB, DAB+ and T-DMB standard of Eureka-147 uses non-coherent demodulation 
by differential modulation. From the simulation results, it can be clearly seen that different system performances under various Doppler 
scenarios. The performance of HDR is better than DAB, DAB+ and T-DMB. The reference data of simulation will be useful for 
experimental broadcasting. 
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Abstract: The tests on the image trace have an important role in practice, the traditional manual method of visual inspection is time-
consuming and low-precision. And the mean absolute difference algorithm based on feature point is proposed. The translation and rotation 
transformation in the space Cartesian coordinate system are used to build the error analysis model of the images image. And the three-
dimensional data from the model are revised. In order to process the bad data, the de-noising theory of the wavelet analysis is used to build 
the wavelet de-noising model. Using the algorithm based on polygon approximation error for the feature points to extract the feature points. 
These feature points are used to identify the image trace. The practical application validates the effectiveness and high accuracy of the 
algorithm. 
 
Keywords: Error model; Wavelet analysis; least absolute deviation; mean absolute difference algorithm based on feature point 
 
1. Introduction 
 

The tests on the image trace is more common but also a relatively difficult problem. In practice, we based on the image trace (mainly 
four main and side of the ridges) to determine whether the two images have no differences. The traditional method is the visual observation 
through the microscope to compare the images, to see whether the thickness of the lines are consistent. There are two shortcomings of 
traditional methods: the difficult to preserve a sample of image and the efficiency is low. According to the paradoxical situation, it is 
impossible to compare dozens or hundreds of images. It is also prone to occurred corrosion damage so that the comparison are not accurate. 
In view of this situation, we use computer to automatically compare the image trace to eliminate these interference. Through this method, 
accuracy and efficiency are greatly enhanced. 

 
2. Model of the image postiion deviations 
 

We need to fix the image on measuring instrument when using computer to sampling the image trace. Warhead is artificially fixed in 
support so that we can manually adjust the warhead position and posture (Warhead posture or state in space, Usually related with the 
rotation).It is difficult to make two warheads in the same position and posture to be measured, and we will make measurement deviations 
(rotation deviation and panning deviation). Therefore, only two image freedom, rotating degree of freedom and translation degree of 
freedom. Based on the robot using study principle [1], the image position deviations can be expressed by homogeneous coordinate transform 
matrix in image coordinate system. 

 
2.1 Rotation deviation 
 

There exists an angle between image scratches and busbar. And producing rotation deviation when rotating around the image axis 
which is shown in Figure 1: 

 

z

y
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Figure 1. Scratches position before rotating 
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Figure 2. Scratches position after rotating 

 
Rotation motion deviation is shown in Figure 3. 
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Figure 3.Rotation transformation 

The image rotate around y-axis, and angle deviation is xyε . Image produce translation deviations xxδ , yxδ , zxδ in three direction of 
coordinate system. These deviations are perpendicularity deviations that exist between image and relevant reference datum. The first letter 
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subscript means deviation direction, and the second letter means movement direction. Based on small deviation theory [2], the image 
rotation deviation can be described by homogeneous coordinate transformation matrix: 

[ ]
0 1R

R P
TJK ′ =

 
 
   

P means translation part: 
w w

xP O δ= + , R means rotating part: 1 2R R R= .
wO means the position vector that image deviates from 

coordinate frame. 
w
xδ  means image’s translation deviation components. 1R  means the transformation matrix that image turn α  degree 

around the x- axis of coordinate frame. 2R  means the angle deviation transformation matrix that around coordinate frame. 
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2.2 Translation deviation 
 

Translation deviation runs as Figure 4: 
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Figure 4. Translation deviation 

When moving along the coordinate frame a image engender three of translation deviation. That are xτ , yτ and zτ .They present the 

measurement deviation that between image and reference datum. So the DOF deviation is:

1
[ ]

0 1P

P
TJK  ′ =  

   

P means translation part: 
w wP L τ= + , 

wL  means image nominal displacement vector , 
wτ  means translation deviation components and 
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τ τ
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2.3 Integrated deviation 
 

There are two concepts, the ideal position [3] and actual position. The image’s ideal position P in base coordinate system BO  is 
{ } [ ] { }

1 1
b np p
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    . 

[ ] [ ] [ ]{ }
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n

R P
i i

TBN TJK TJK
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=∏
 

{ }bp and { }np represent the position vector that point P lies in base coordinate system BO  and  image coordinate system nO .TBN means 
the coordinate transformation matrix between image and frame in ideal situation. [ ]R

TJK and [ ]P
TJK  means ideal rotation and review 

movement transformation matrix. 

The image’s actual position P in base coordinate system BO  is 

{ } [ ] { }
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{ }bp ′
and { }np ′

 represent the actual position vector that point P lies in Base coordinate system BO  and  Image coordinate system 

nO , [ ]TBN ′
means the coordinate transformation matrix between image and frame in the actual situation. [ ]R

TJK ′
 and [ ]P

TJK ′
 means the 

coordinate transformation matrix between image and frame in actual situation. 
As long as we determine the transformation matrix of image that we can determine position deviation matrix in frame. 
Manually adjusting the position and orientation of the image will make about 0.03mm translation deviation and 0.2o rotation deviation. 

Then we use these date in models. The coordinate transformation matrix between image and frame in ideal situation is 

[ ]

1 0 0 0
0 1 0 0
0 0 1 0
0 1 0 1

TBN

 
 
 =
 
 
  . 

the coordinate transformation matrix between image and frame in actual situation is 

[ ]

1 1 0.0276 0.218
0 0 0 0

0.0001 0 0 0.0001
2 1 0 1.2121

TBN

 
 

′  =
 
 
  .{ } [ 0.01798,0.01798,0.000794,1]E = .Image coordinate system make displacement in x-axis, y-axis and z-

axis. The  deviation in x-axis, y-axis and z-axis are 0.01798mm, 0.01798mm and 0.000794mm.According to the data from all direction we 
can adjust data to reduce the deviation. 

 
3. Model of wavelet denoising 
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Wavelet analysis [4] is a rapidly developing new areas. Wavelet transform is a time (space) frequency localization analysis. By shifting 
and extending operation, data is multi-scale refined.It can automatically adapt time-frequency data analysis so as to focus on any details of 
the data. 

A data model with deviation and noise is shown as: ( ) ( ) ( )s k f k e kε= + ⋅ , ( )s k  and ( )f k present noisy data, ( )e k  present useful 
data. 

Denoising process of one-dimensional data can be divided to three steps: 
Using wavelet decomposition to observed data: 

0 0 0W d W f W z= +  
Parameter d  presents observed data vector, f  presents actual data vector, z  presents Gauss random vector. Using the nature that 

wavelet transformation  is linear transformation. 
Doing threshold processing to wavelet coefficients: 

2 logNt Nε=  
Threshold processing can be described as 0Nt

W dη .When parameter N tends to infinity, doing soft threshold treatment can almost 
completely removed the noisy in wavelet coefficients. 

Doing inverse transformation 
1

0W −

 to wavelet coefficients and reconstruction data: 
1

0 0Nt
f W W dη−=

 
We can learn the data that eliminate noise. 
 

3.1 Rule of Threshold selection  
 

When operating wavelet coefficients wavelet coefficients, we can use soft threshold method or hard threshold method. In hard 
threshold method, only larger coefficient is preserved and the smaller coefficient is zero: 

,
( , )

0,H

w w t
w t

w t
η

 ≥= 
<  

In soft threshold method, the smaller coefficient become zero and the larger wavelet coefficient vector be shrinked: 
,

0,
,

H

w t w t
w t

w t w t
η

− ≥
= <
 + ≤  

So soft threshold is a more smooth method in denoising. And peak in the real data can be preserved in hard threshold. 
 
3.2 Wavelet image processing 

 
We use computer to simulate the experimental data of images. The number is 65231.The image before Wavelet analysis is shown in 

Figure 5. 
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Figure 5. Image before wavelet analysis 

 
After wavelet analysis the image is shown in Figure 6. 
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Figure 6. Image after wavelet analysis 

 
From the comparison, we can learn that the noise data that deviate from the main ridge were lifted. So wavelet analysis plays a 

significant role to data deviation and noisy elimination that caused by damage, rust, oil spots, impurity materials in image. 
 
4. Traditional MAD algorithm 
 

Traditional MAD [5] [6] (mean absolute difference) algorithm that based on depth can achieve automatic matching of image mark. we 
usually use optical instruments to take collection for image marks in warhead comparison. Each sample area is a matrix and the data form a 

two-dimensional array. We use m nA × present this m×n area. Another date of warhead form the matrix m nB × .Then we calculate the MAD 

between m nA ×  and m nB × . 
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  as 2C . 

So finally we can get 3C , 4C ,…, nC .And the mean difference of image mark is 1 2 1( ... ) /i n nAD
C c c c c n−= + + ++ .By doing this we can 

get the MAD values of two image marks. The smaller the value of MAD, the higher similarity of the graphs. 
But directly using MAD algorithm for automatically matching template warhead plane and integral warhead plane will cause some 

problems. First, MAD algorithm needs to compare the depth of each warheads. So when the sample number is large, the algorithm’s 
efficiency become low. Second, MAD algorithm is susceptible to noise. Noise in Measurement will causes uncertain comparison results, 
even make the comparison failed. 

To avoid such problems, we propose MAD-AFP (mean absolute difference algorithm based on feature point).We use MAD-AFP to 
deal with deviation, eliminate noise, extract feature points and automatically make MAD comparison. Using this algorithm can reduce 
computation and improve accuracy. 

 
5. Mean absolute difference algorithm based on feature point 

 
5.1 Feature point extraction 
 

Image feature point extraction is a prerequisite for automatic alignment. The number of feature points can maximally reflect the shape 
of the curve. And it is also a key factor for comparison of computing time. Image mark in practice is often irregular polygon. The points of 
high curvature and curvature changed in image are always the feature points. We use mean absolute difference algorithm [7] to extract 
feature points of images. 

A image mark is shown in Finger 7: 
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P1

P2

Pk

Pn

 
Figure 7. Approximation and error in Polygon 

 

P0, P1, Pk, Pn are points in polygon. 0 1P P


 presents the chord of arc 


0 1P P .So the shaded area in 0 1P P  is the deviation of actual value and 

calculated value. We use 

1

0 0
0

i

i

R ld
=

= ∑∫


 to present the deviation and l present 0 1P P


 length, d


present the directed distance between arc and chord. 

We can learn 
0

0 1

iP P
d

P P

×
=

 





.Point iP  is the  feature point of 


0 1P P . 

We insert a proximal point iP  between P0 and P1. 0 iP P


 and 1iPP


 approach arc 


0 1P P  and is shown in Figure 8: 
 

P0

Pi

P1

 
Figure 8. Deviation of  proximal point 
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When approaching, the deviation will decrease. New deviation is 
'
0

1
0 0 1

2
R R P P h= − ×



.We use h presents the distance between Pi and 

0 1P P .If we want to decrease the value of 
'
0

1
0 0 1

2
R R P P h= − ×



 which presents deviation, we need to make the value of 
0 1P P h×


 bigger. And 

point Pi is the feature point in arc 


0 1P P  that minimum approximation error. 

The total deviation is 0

n

i
i

R R
=

= ∑
.Point iP  is the feature point in arc 



1i iR R−  that minimum approximation error. Finally we can get all 
the feature points in feature. 

 
5.2 Process of MAD-AFP  
 

According to the analysis, we design the process of MAD-AFP as Figure9: 
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Figure 9. Process of MAD-AFP 

 
The process of deviation analysis is the elimination of devotion and noisy in measured data before image feature extraction. 

Elimination of measurement deviation is mainly the correction and elimination of rotation and translation error. Then using wavelet analysis 
to remove noisy in measurement data. 

Extraction feature point from image data which have done deviation process. We use optical equipment to collect 3-D data and each 
data is measured in fixed step. Each data (More than 60,000 pieces of data) can be deal as independent units to extract feature point.  
 
6. Experimental results and analysis 
 

There are 22 images in experiment. The greater the distance of feature points, the smaller similarity of two images. We list one images 
(ID: 77T2-1202999) similarity with other 21 images. And is shown in Table 1. 

 
Table 1. The similarity of one image 

 77T2-1202999  77T2-1202999 
77T2-1202999 51.811 77T1-1928033 61.879 
77T2-1814688 62.8712 77T2-1923252 61.8423 
77T2-1814117 61.981 77T2-1504519 62.4852 

77T1-1930832 52.0928 77T2-1203959 61.963 

77T2-1930832 57.5478 77t2-1812492 43.5863 

77T1-1203959 56.8401 77t1-1811345 41.5073 

77t1-1812492 62.4515 77T1-1923252 61.8238 

77T1-1814688 61.2733 77t2-1811345 62.8316 

77t1-1814117 46.8835 77T2-1928033 48.6545 

77T1-1931817 57.9009 77T1-1504519 57.9009 

77T2-1931817 34.7243   

 
Another 21 images also use this method to do similarity comparison and sort by their feature distance. The smaller the distance is, the 

greater similarity is. We analyze Table 1 and get the sorted Table 2: 
 

Table 2. Results of 22 images 
 77T1-1202999  77T1-1202999 

77T2-1202999 34.7243 77T1-1928033 61.2733 
77T2-1814688 41.5073 77T2-1923252 61.8238 
77T2-1814117 43.5863 77T2-1504519 61.8423 
77T1-1930832 46.8835 77T2-1203959 61.879 
77T2-1930832 48.6545 77t2-1812492 61.963 
77T1-1203959 51.811 77t1-1811345 61.981 
77t1-1812492 52.0928 77T1-923252 62.4515 
77T1-1814688 56.8401 77t2-1811345 62.4852 
77t1-1814117 57.5478 77T2-1928033 62.8316 
77T1-1931817 57.9009 77T1-1504519 62.8712 
77T2-1931817 57.9009   
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TABLE 3. SORTED SIMILARITY OF ONE IMAGE 

77T1-1202999 77T2-1202999 
77T2-1814688 77T2-1814117 
77T1-1930832 77T1-1203959 
77T2-1930832 77t1-1812492 
77T1-1814688 77t1-1814117 
77T2-1504519 77T2-1203959 
77t2-1812492 77t1-1811345 
77T1-1923252 77t2-1811345 
77T2-1928033 77T1-1504519 
77T1-1931817 77T1-1928033 
77T2-1931817 77T2-1923252 

 
From Table2 we can learn that image ID of 77T1-1202999 has the greatest similarity with the image that ID is 77T2-1202999 in anther 

group. So these two images are the same. 
We make the similarity of all 22 images, from which we can get weather the two images are the same. The result is shown in Table 3: 

 
7. Conclusion 
 

In this paper we establish the synthetic model of the image position deviation. Using wavelet analysis to remove noisy data and then we 
propose mean absolute difference algorithm based on feature point. Extracting feature points data of image by polygon feature extraction 
method based on minimum error. Then we use mean absolute difference algorithm to automatically Compare the feature data. As we have 
done the extraction of feature points before comparison of images, the number of comparison is significantly reduced. Using this MAP-AFP 
algorithm, we improve the compare speed without losing the main outline of the original image and improve the accuracy. 
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Abstract: In this paper, a single-rail input energy recovery logic with dual-rail outputs (SRIERL) is proposed. The proposed SRIERL 
realizes single-rail input operation through the feedback of internal nodes, and it still maintains the characteristic of dual-rail outputs, which 
makes much easier to work in the cascade. The proposed SRIERL circuits largely simplify the layout designs compared with its ECRL 
(Efficient Charge Recovery Logic) counterparts. A 1-bit adder and an improved 4-bit carry-lookahead adder are realized based on SRIER. 
All circuits are verified with HSPICE using a NCSU 45nm technology. The simulation results show that the adders based on SRIERL 
structure have lower power than those based on ECRL and static CMOS logic. 
 
Keywords: Adiabatic logic; low-power design; single-rail input energy recovery logic with dual-rail outputs; adder 
 
1. Introduction 
 

As increasing integration density of the CMOS circuits, reducing the power consumption has become a key problem of IC (Integrated 
Circuit) designs [1]. We can reduce node capacitance, supply voltage, and increase tedious times to reduce power dissipations. However, 
these methods above are very limited. Therefore, we need to construct new circuit structures to reduce the power dissipations [2]. 

The total power dissipation consists of static power consumption and dynamic power consumption [3-6]. The static dissipation is 
mainly produced by leakage current. The dynamic power consumption includes charging, discharging and short circuit dissipations. As 
adiabatic circuit used AC supply to recycle the charge of node capacitance to achieve energy recycling, resulting in very low power 
dissipation. 

 The energy dissipation in one clock period (T) from charging and discharging the load capacitance CL with AC power in adiabatic 
circuits can be represented as 

2*)(2 VC
T

RCE L
L=                                                                                           (1) 

Where R is on-resistance, and V is the peak-voltage of AC power supplies.  The energy dissipation is inversely proportional to the 
period T. As T increases, E decreases. If T is very large, E will be much small close to 0, which can be ignored. Therefore, it can achieve 
adiabatic charging and discharging. 

With the development of modern process, the feature size of the MOS manufacture process becomes more and more small, resulting in 
large leakage dissipations [7]. In order to reduce the static dissipation, we use dual-threshold CMOS (DTCMOS) technology, which has an 
obvious effect on reducing static dissipation. The DTCMOS reduces leakage dissipation by reducing sub-threshold leakage current. The sub-
threshold leakage current is inversely proportional to threshold voltage. Low-Vth transistors with high sub-threshold leakage have high 
operation speed. However, high-Vth transistors with low sub-threshold leakage is much slow than Low-Vth transistors. Therefore, a circuit 
can be divided two parts: critical path and non-critical path. The critical path uses low-Vth transistor to ensure the performance of circuit, 
and non-critical path uses high-Vth transistor to reduce sub-threshold leakage current which reduces static dissipation [8]. 

At present, there are many adiabatic circuits, such as ECRL (Efficient Charge Recovery Logic), and 2N-2N2P [9, 10]. The traditional 
adiabatic circuits mostly need dual-rail inputs with double-rail outputs. In this paper, we porposed a single-rail input energy recovery logic 
with dual-rail outputs (SRIERL). Compared with dual-rail adiabatic logic, The SRIERL circuits not only reduce power-dissipation, but also 
make the circuit simpler. 

 
2. Review of ECRL 
 

The ECRL invert/buffer with double-rail outputs, which is consist two main parts: logic evaluation and energy recovery. The logic 
evaluation consists of two NMOS transistors with the input signal X and its complementary Xb. The energy recovery circuit is mainly 
composed of two cross-coupled PMOS transistors. ECRL invert/buffer cascade used four-non-overlap sinusoidal power clock. The energy 
of output node is recovered to the power clock CLK through P1 and P2. If the voltage of CLK is below Vtp, P1 and P2 are off, which results 
non adiabatic energy losses.  

From Fig. 2, the structure of the single-rail SRIARL is similar to that of dual-rail ECRL. In the single-rail SRIARL, the OUTb 
is feedbacked to N2, which becomes a single-rail structure.  

 

X
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CLK2
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CLK4
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Figure 1. ECRL invert/buffer and its power clock. 

 
3. SRIERL 
 

The proposed single-rail SRIARL circuits only need a single-rail input, but it can realize both invert logic and its complementary logic, 
as shown in Fig. 2. The layout area of SRIARL circuits is smaller and simpler with lower power than double-rail structure. 
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Figure 2. SRIARL invert/buffer and its simulation waveforms 
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Figure 3. Base gates based on single-rail SRIERL. 

 
We simulate the invert/buffer of the SRIARL by HSPICE. The simulations show that theirs functions are correct. We can also realize 

two-input AND/NAND, two-input OR/NOR, two-input XOR/XNOR, three-input AND/NAND logic gate based on SRIARL structure, as 
shown in Fig. 3. The results show that these structures are not only correct but also have lower power dissipations. 

We have compared the power dissipations of buffer/inverter, AND/NAND, and OR/NOR logic gate based on static CMOS、ECRL 
and SRIERL, as shown in Fig. 4- Fig. 6. 
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Figure 4. The power dissipation comparisons of buffer/inverter among static CMOS、ECRL and SRIERL. 
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Figure 5. The power dissipation comparison of two input AND/NAND based on Static CMOS、ECRL, and SRIERL. 

 
From Fig. 4 – Fig. 6, we can draw a conclusion that logic gate circuits based on SRIERL have lower power than that based on static 

CMOS and ECRL. The power dissipation of the SRIERL logic gates is about 10%-20% lower than that based on static CMOS and ECRL. 
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Figure 6. The dissipation comparison of two input OR/NOR based on static CMOS、ECRL and SRIERL. 

 
4. Adders based on SRIERL 
 

The complex digital system can be realized by the basic cells. Here, we verify a 1-bit full adder and a 4-bit carry-lookahead adder using 
the proposed logic. The logic function of a full adder can be written as 

)(0 YXCiXYYCiXCiXYC
XYCiCiYXCiYXCiYXZYXS

++=++=
+++=⊕⊕=

                                                       (2) 

Among them, X, Y, and Ci present input signal, respectively, and S presents sum signal, and Co presents carry bit, respectively. 
According to (2), we can realize the 1-bit full adder based on the proposed logic, as shown in Fig. 7. Its simulation waveforms are also 
shown in Fig. 7.  
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Figure 7. 1-bit full adder based on SRIERL structure and its simulation waveforms. 

 
In order to verify the dissipation reduction efficiency of the 1-bit full adder based on the proposed SRIERL. The 1-bit full adders based 

on ECRL and Static CMOS logic are also simulated. Fig. 8 shows the 1-bit full adder based on static CMOS logic. The 1-bit full adder 
based on the proposed SRIERL with 19 transistors uses less transistor counter than STATIC CMOS with 28 transistors. The simulation 
results show that The 1-bit full adder based on the proposed SRIERL has not only correct logic functions but also has lower power 
dissipations, as shown in Fig. 9. 

 

X Y

X

Y
Ci

YX

Ci

Y

X

X Y Ci

YXCi

X
Y
Ci

X
Y
Ci

S

VDD

0C

VDD

 
Figure 8. 1-bit full adder based on Static CMOS logic. 

 

0.5

1.0

1.5

2.0

2.5

3.0

3.5

50 100 150 200
Operation frequency (MHz)

The propose SRIERL

Static CMOS

ECRL

Po
w

er
 d

is
si

pa
tio

n 
( u

W
)

 
Figure 9. The dissipation comparisons of 1-bit full adder based on static CMOS、ECRL and SRIERL structure. 
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The carry ripple adder consists of several serial 1-bit full adders. The current each value depends on the last period carry signal. Only 
after the carry output of former stage is exported, operation result of current stage can be carried out. In the same way, only when the carry 
bit of current stage adder is ready and sent to next stage, the result of next stage can be carried out. Therefore, the length of carry chains is 
associated with the bits of adder. The more bits, length of carry chain is longer, resulting in that the signal propagation delay is bigger, so the 
operation speed of the adder becomes more slowly. 

Carry-lookahead adder (CLA) is improved base on carry ripple adder. The transmission of the carry output is side-by-side. The result 
from high bit can be calculated, neglecting carry output from former carry output. If input signals Ai  and Bi  are ready, the logic calculation 
can be done immediately, and thus its calculation speed is improved. The equations of the CLA are shown in (3) 

-1 -1-1 -1i i i ii ii i i i i i iS A B C A B C A B C A B C= + + +  
-1-1( ) ( ) ii i i i iA B C A B C= ⊕ + ⊕  

-1i i iA B C= ⊕ ⊕                                                                                                       (3) 

-1-1 -1 -1i i ii i i i i i i i i iC A B C A B C A B C A B C= + + +  
-1( )i i i i iA B A B C= + ⊕                                                                                                       (4) 

where Ci  presents carry input. The some middle signal such as G (generation) and P (propagation) are related to Si, and Ci and they are 
shown in (5) and (6) 

i i iG A B=                                                                                                             (5) 

i i iP A B= ⊕                                                                                                            (6) 
Combining (3) and (4) with (5) and (6), we can obtain (7) and (8) 

i 1i iS P C −= ⊕                                                                                                              (7) 

i i 1*i iC G P C −= +                                                                                                          (8) 
From the equations above, we know that every carry output and sum output have nothing with bit from former stage base on carry-

lookahead adder, which can eliminate the cascade carry effect. The structure of carry-lookahead adder can be shown in Fig. 10. From Fig. 
10, we know that the propagation delay is proportional to bits. In addition, as the number of bits increases, the fan-out increases, which 
makes the circuits work slowly. 

 



0, 0A B 1, 1A B 1, n 1nA B− −

,0iC 0P ,1iC 1P
, 1i nC − 1nP −

 
Figure 10. The structure of the carry-lookahead adder. 

 
In this work, a multi-bit carry-lookahead adder (N>=4, with N=4n (n=1, 2, 3....) is realized. The general 4-bit carry-lookahead adder is 

connected in cascade way to complete the logic function. The equations of the carry bit of the 4-bit carry-lookahead adder are shown in (9) – 
(12). 

0 0 0 -1C G P C= +                                                                                             (9) 

1 1 1 0 1 0 1C G PG PP C−= + +                                                                                     (10) 

2 2 2 1 2 1 0 2 1 0 -1C G P G P PG P PP C= + + +                                                                          (11) 

3 3 3 2 3 2 1 3 2 1 0 3 2 1 0 -1C G PG P P G P P PG P P PP C= + + + +                                                                   (12) 
The equations of the carry bit can be described with the logic gates, as shown in Fig. 11. 
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Figure 11. The 4-bit carry-lookahead adder. 
 

From Fig. 11, the carry signal is related to Gi , Pi, and C-1. C-1 is a carry signal from the lowest and its value is 0. So the carry signals 
are only related to the two addends. The carry signals are generated parallels, and thus the schematic  can be obtained based on traditional 4-
bit carry-lookahead adder, as shown in Fig. 12. The layout based on traditional 4-bit carry-lookahead adder is shown in Fig. 13. 
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Figure 12. The schematic based on traditional 4-bit carry-lookahead adder 

 

 
Figure 13. The layout based on traditional 4-bit carry-lookahead adder with area of 26.98 um2 

 
The traditional carry-lookahead adder is consist of the AND, OR, and XOR logic gates. In this work, the improved 4-bit carry-

lookahead adder is presented, which consists of OR/NOR and XOR/XNOR logic gates. Equations (7) and (8) can be written as (9) and (10) 
i 1i iS P C −= ⊕                                                                                                       (9) 

i i 1i iC G P C −= + +                                                                                                 (10) 
Combine (9) and (10), the carry bit based on improved 4-bit carry-lookahead adder can be represented as (11) – (14). 

0 0C G=                                                                                                       (11) 

 
1 1 1 0= +C G P C+                                                                                                     (12) 

  
2 2 2 1 2 1 0C G P G P P C= + + + + +                                                                                     (13) 

3 3 3 2 3 2 1 3 2 1 0C G P G P P G P P P C= + + + + + + + + +                                                                        (14) 
From the formulas above, a new carry-lookahead adder based on NOR gate structure can realized, as shown in Fig. 14. Since the gates 

based on SRIERL has dual-rail outputs (both OUT and OUTb), the improved carry lookahead adder is realized actually with the two gate 
structures. The layout of improved 4-bit carry-lookahead adder is shown in Fig. 15. The dissipation and speed based on improved 4-bit 
carry-lookahead adder structure are improved and has less area than the traditional carry-lookahead adder. 

The comparisons of average power and max power dissipations of the improved 4-bit carry-lookahead adder based on SRIERL,  
general 4-bit carry-lookahead adders based on ECRL and static CMOS logic are shown in Fig. 16 and Fig. 17. 
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Figure 14. Schematic of improved 4-bit carry-lookahead adder shows. 
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Figure 15. The layout of improved 4-bit carry-lookahead adder. 
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Figure 16. Average power comparison of the improved 4-bit CLA based on SRIERL, and 4-bit CLA based on ECRL and static CMOS 

logic. 
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Figure 17. Max power comparison of the improved 4-bit CLA based on SRIERL, and 4-bit CLA based on ECRL and static CMOS logic. 

 
From (15) and (16), we know that compared with ECRL and STATIC CMOS logic, the improved CLA based on SRIERL structure has 

low power dissipations. The average power based on SRIERL structure is about 22%- 34% smaller than that based on ECRL structure. 
Average power based on SRIERL structure is about 75% - 86% smaller than that based on Static CMOS logic. The max power based on 
SRIERL structure is about 18% - 28% smaller than that based on ECRL structure. The max power based on SRIERL structure is about 82% 
- 88% smaller than that based on Static CMOS structure. 
 
5. Conclusion 
 

In this paper, we have proposed a single-rail input energy recovery logic with dual-rail outputs (SRIERL) with single-rail input 
operation and dual-rail outputs, which makes much easier to work in the cascade. The proposed SRIERL circuits largely simplify the layout 
designs compared its ECRL counterparts. A 1-bit adder and an improved 4-bit carry-lookahead adder (ICLA) are realized based on SRIER. 
All circuits have been verified with HSPICE using a NCSU 45nm technology. The simulations show that the adders based on SRIERL 
structure have lower power than those based on ECRL and static CMOS logic. The SRIERL structure is a good choice for low-power large-
scale IC design. 
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Abstract: Aiming at the phenomenon of permanent distortion of the original carrier in the H.264/AVC video steganography process, the 
paper proposes a robust reversible steganography method based on BCH code. The method not only can effectively restore the secret 
information, but also can make the original carrier recovery. Before the information is embedded, the secret information is encoded by BCH, 
and then the special embedded blocks are selected by prediction mode to control the frame distortion drift. When embedding the information, 
the absolute value of the modified coefficient is larger than that of the set value by using the single coefficient. When the secret information 
is extracted, the error correction is carried out first, and then the coefficient value of DCT modified when embedded secret information is 
restored according to the algorithm. 
Experimental results show that the proposed method has good robustness and good visual effect, and is reversible. 
 
Keywords: Robustness; BCH code; reversible steganography; prediction model; DCT coefficient 
 
1. Introduction 
 

Currently secret communication through information hiding in the H.264/AVC video is a hot research field and development direction. 
When the H.264/AVC video carrier is transmitted in the network, on the one hand, it may be due to poor external physical environment, 
such as packet loss caused by a variety of errors and the secret information can not be restored; On the other hand, the network may be 
malicious attacks, and it would make some of the secret information can not be recovered. If the video hiding is not perceived easy and the 
carrier is not suspected, the robustness will be placed in the final consideration. However, in terms of the video carrier, they are not only 
transmitted in the non-trusted channel in the environment, the transmission will cause the packet loss and lost-frames, the bit error secret 
information can not be properly restored, but also have to face a variety of signal processing and video processing. So the secret information 
can be destroyed even in the case of nonsense. Therefore, the robustness of the design is more important. 

 
Reversible information hiding technology [1] is a branch of information hiding technology. With the general information hiding 

technology except the focus of attention, there is almost no difference in principle. Reversible information hiding algorithm not only pays 
attention to the accurate extraction of the secret information, but also pays attention to the recovery of the original carrier. It mainly used in 
medical diagnosis, military image, remote sensing image processing and legal evidence and other fields. In addition, reversible video carrier 
also will encounter a variety of attacks, video processing and non-channel transmission and other issues. Therefore, the research and design 
of robust reversible video information hiding technology should be paid attention to and studied. 
 
2 Related knowledge research 
 

The usual video steganography [2] in the embedding and extraction process will be in a certain range and amplitude to modify the 
original vector. This is unacceptable to those who do not tolerate permanent distortion of the carrier, such as medical images and legal 
evidence, etc. Reversible information hiding is a kind of information hiding, which requires that the original vector [3] can be recovered 
accurately after extracting the embedded information. Literature [4] is reversible information hiding, the author designs a reversible 
steganography algorithm on the static image by using the frame of H.264/AVC, and realizes the recovery of the original video after the 
extraction of secret information. The existing video information hiding technology (including image and video carrier) can be divided into 
algorithm based on lossless compression [5], algorithm based on difference expansion [6] and algorithm based on histogram modification 
[7]. They are mainly used in the image and H.264/AVC watermark. 

The data about reversible steganography based on H.264/AVC's is relatively small. In the literature [8], the error concealment and error 
recovery techniques of H.264/AVC video standard are used to achieve the goal of reversible information hiding. Among the literature [9], 
the author according to the algorithm in the literature [1], combined with the fault tolerant coding of H.264/AVC, the first two AC 
coefficients in each of the 4 * 4 macro blocks are used as the embedding space to realize the reversible steganography. 

Generally, reversible steganography is an unavoidable modification of the original carrier when it is embedded in the operation. At the 
same time, the high compression rate of H.264/AVC leads to very limited space of information hiding. Some methods would make very 
serious distortion of the visual distortion and lt’s robust is also very poor. They are not suitable for practical applications. So it is very 
important to study the reversible information hiding method with high security and low distortion. 

At present, the research on reversible information hiding method is mostly focused on the research of the reversibility of [10].The 
research of reversible steganography algorithm based on the H.264/AVC video is not a lot. Literature [11] only makes error concealment 
and error recovery of H.264/AVC standard video techniques applied to reversible information steganography. For reversible information 
steganography, it is also a very important part to ensure that the original carrier recovery and to correctly extract the secret information. The 
paper attempts to use BCH code in the H.264/AVC environment to achieve counter bit error. At the same time, it realizes the robust 
reversible method for simultaneous full recovery of original video. 

 
3 The analysis of the method of reversible steganography 
 
3.1 The prevention of intra-frame distortion drift 
 

H.264/AVC encoding and decoding standard has 9 kinds of 4*4 blocks of the intra- prediction mode (shown in Figure 1), they are 
represented by 0 to 8 figures. 
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Figure 1. 4 * 4 Luma block intra-frame prediction mode 
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Figure 2. The relation between 4*4 pieces of luma block pixel and the neighboring pixel block 
 
In the intra-prediction mode, it uses macroblock encoding and reconstruction forms the prediction block P. Then the current block 

subtracts the prediction block and obtained the predicted residual value. Then the residual value of the DCT is transformed, quantized and 
entropy coded and other operations. In order to minimize the difference between the P and the current block, the optimal coding mode is 
usually selected according to a certain algorithm when the current block is coded. Figure .2. shows the 4*4 predicted block, the current 
block of pixels is a-p by edge pixels encoding block value A-M which is calculated according to the prediction model .Each model 
corresponds to a formula. According to the formula, it is calculated by pixel A-M to obtain 4*4 current block pixel prediction value. 9 pixel 
prediction modes in 4*4 luma block prediction value is calculated as shown in Table 1. 

 
Table 1 4*4 Method for calculating the pixel value of the macro block 

Model computational method 

0(Horizontal) The pixel values in the block are predicted by the positive pixel 
value. 

1(Vertical) Block pixel has left pixel value prediction launch 

2(DC) The predicted value of the pixel is introduced by A-D and I-L. 

3(Lower left diagonal) Pixels in the block predicted by the 45direction of the pixel 

4(Lower right diagonal) Pixels in the block predicted by the 45direction of the pixel 

5(Right vertical) Pixels in the block predicted by the 26.6 direction of the pixel 

6(lower level) Pixels in the block predicted by the 26.6 direction of the pixel 

7(The left vertical) Pixels in the block predicted by the 26.6 direction of the pixel 

8(upper level) Pixels in the block predicted by the 26.6 direction of the pixel 

 
In order to prevent the intra-frame distortion drift, we first analyze the causes of the intra- frame distortion drift. In Figure.3, it assumes 

that luma block of 4*4 to be decoded is ijB . 
The predicted value is calculated by the frame prediction mode which is adopted by the current  

block 1ijB − , 1 1i jB − − , 1i jB −  and 1 1i jB − + .So if embedded in the current block of pixels surrounding four adjacent blocks part of the gray 
information,  Then the error caused by the embedding will be transmitted to the pixel value of the current block to be calculated by the 
method of calculating the pixel prediction value. 

 

Bi-1,j-1 Bi-1,j Bi-1,j+1

Bi,j-1 Bi,j

 
Figure 3. Intra- prediction block and its adjacent blocks 
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According to the above analysis, the distortion drift of a 4 * 4 luminance block is transferred to other neighboring blocks by embedding 
the edge pixel value of the information. Similarly, if the current block's predictive value does not use the edge pixel value of the adjacent 
block with the secret information, then the intra frame distortion drift can be avoided.For convenience, the definition of several neighboring 
blocks of the current block is given. 

Condition 1: right adjacent blocks∈
{ } { }4 4 16 16
0,3,7 0

× ×
∪

, the intraframe prediction mode of the right adjacent blocks is the 4 *4 luma 
block of 0,3,7 , or 16 *16 macro block of 0. 

Condition 2: left lower adjacent blocks 
∈{ } { }4 4 16 16

0,1,2,4,5,6,8 0,1,2,3
× ×
∪

, lower adjacent blocks  
∈  

{ } { }4 4 16 16
0,8 1

× ×
∪

.  The 

intraframe prediction mode of the left lower adjacent blocks is the 4 *4 luma block of 0,1,2,4,5,6,8 , or 16 *16 macro block of 0,1,2,3.  
The intraframe prediction mode of the lower adjacent blocks is the 4 *4 luma block of 0, 8, or 16 *16 macro block of 1. 

Condition 3: right lower adjacent blocks 
∈{ } { }4 4 16 16

0,1,2,3,7,8 0,1,2,3
× ×
∪

, The intraframe prediction mode of the right lower 

adjacent blocks is the 4 *4 luma block of 0,1,2,3,7,8 , or 16 *16 macro block of 0,1,2,3.  
It can be seen that if the current block satisfies the condition 1 for a 4*4 block from the above definition, the internal block error caused 

by embedding the information in the 4 * 4 luminance block can’t be transferred to its right block through the most right pixel value because 
the column pixel value is not used as a reference pixel. If the current 4*4 luminance block satisfies the condition 2, the internal block error 
caused by embedding the information can’t be transferred to its left lower block and lower block through the most lower pixel value because 
the row pixel value is not used as a reference pixel. If the current 4 *4 luminance block satisfies the condition 3, the pixel value of the lower 
right corner of the block is not used as a reference pixel. Therefore, the block error caused by the embedded information is not transferred to 
the lower right corner of the pixel value through the lower right adjacent block. 

Similarly, if the adjacent block edge pixel values of the current block are not used as the predicted value of the current block, then in 
this neighborhood of any one pixel embedded secret information, the error will not be transmitted to the current block. For example, if a 4* 
4 luminance block satisfies the condition 1, 2 and 3, then the error caused by the embedded information is not transmitted to the neighboring 
blocks by pixel prediction. 

Using condition 1, 2 and3, we can do the prevention of frame distortion drift. 
 

3.2 coupling coefficient 
 

Coupling coefficient is a kind of forms DCT coefficient couple such as (C1, C2) (C1 is the embedding coefficient, and C2 is the 
compensation coefficient). The operating procedure is: 

If the embedded coefficient C1 to implement +1 operation, then the compensation coefficient C2 general to implement -1 operation, so 
as to ensure that the DCT coefficient of 4 *4 blocks will not be transmitted to the surrounding adjacent blocks because of the embedded 
information. So the following 24 coupling coefficients can be obtained. 

The VS (Set Vertical) is the set of coupling coefficients that make the final column of the matrix B zero. 

00 02 02 00 10 12 12 10

20 22 22 20 30 32 32 30

01 03 11 13 21 23 31 33

VS={(Y ,Y ),(Y ,Y ),(Y ,Y ),(Y ,Y ),

          (Y ,Y ),(Y ,Y ),(Y ,Y ),(Y ,Y ),

         (Y ,2Y ),(Y ,2Y ),(Y ,2Y ),(Y ,2Y )}

       

       

       

 
The HS (Set Horizontal) is the set of coupling coefficients that make the last row of the matrix B zero. 

00 20 20 00 01 21 21 01

02 22 22 02 03 23 23 03

10 30 11 31 12 32 13 33

HS={(Y ,Y ),(Y ,Y ),(Y ,Y ),(Y ,Y ),

           (Y ,Y ),(Y ,Y ),(Y ,Y ),(Y ,Y ),

           (Y ,2Y ),(Y ,2Y ),(Y ,2Y ),(Y ,2Y )}

       

       

       

 
The embedding error in the most right and lower pixel caused by the embedding information in the 4 * 4 block , according to the 

embedding error and the position relation formula of DCT coefficient, If the information is embedded in the C1, accordingly, DCT of the 
compensation coefficient C2 is modified accordingly. It can compensate the error caused by the embedded information in the block, and 
achieve the purpose of effectively limiting the frame distortion drift. 

The method is selected to embed information in the DCT coefficients of 4 * 4 blocks. Because the contents of the 16 * 16 blocks are 
not changed, the visual concealment is not good after the embedded secret information. So it is not considered as an embedded object. DC is 
the direct current coefficient, AC represents the alternating current coefficient. 

The method is to carry out BCH code [12-13] before the secret information is embedded. Then, the embedded block is selected 
according to the prediction direction to eliminate the distortion drift, meanwhile Embedding information of an embedding coefficient in the 
same direction coupling coefficient. The corresponding inverse direction adjustment is carried out for the compensation coefficient of 
coupling coefficient, which can control the error caused by the embedding of secret information and eliminate the intra-frame distortion drift. 
 
3.3 The analysis of method of reversible steganography 
 

The method is to carry out BCH coding before the secret information is embedded, and then select the block [14-16] to be embedded 
according to the prediction direction (a 4*4 luminance block satisfies the condition 1,2,3).In the block,the secret information is embedded in  
the single coefficient. The feature of this method is that it can effectively improve the survival rate of bits in secret information, and can 
accurately restore the original carrier video, and can choose the number of embedding coefficients according to the embedded capacity. 
 
4. The process of embedding and extracting  
 
4.1 The process of embedding  
 

Figure .4. Shows the embedding operation flow of the method. In order to recover the error bit correctly, the BCH code is firstly carried 
out before the secret information is embedded. In order to prevent distortion drift, it should select the macro block as the embedded block 
which meets the condition 1, 2, 3. In order to improve the embedding capacity, we choose the high frequency coefficient value as N. 
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Firstly, the intra frame prediction model and the DCT coefficient value of the 4 * 4 blocks are obtained by the JM decoder after the 
original video decoding. According to the absolute value of DC coefficient and the definition of the parameter threshold, DCT select the 
alternative embedded block. Then the last embedded blocks are selected according to whether they are in line with the conditions of 1, 2, 
3 .In the light of the method of modulation, we hide the secret information encoded by BCH in the DCT coefficients that have been selected 
to meet the conditions. Finally, all the DCT coefficients are re-encoded to obtain the target video that has been hidden secret information. In 
order to make the embedding process more clearly, we choose a positive integer N and coefficient (i, j=0, 1, 2, 3) as an example to describe 
the embedding process. 

(1)BCH coding is carried out for the secret information that needs to be embedded. 
(2)Select the luma macro block that can be embedded in the information. 
If the current block at the same time to meet the conditions of 1, 2 and 3 , then it is selected the embedded block[17].(for example, the 

intra prediction mode of the right adjacent block is 3, the lower left adjacent block is 1, the lower adjacent block is 8, the lower right block 
adjacent is 7. They meet the conditions, 1, 2, 3). 

The method of embedding secret information is as follows: 
 

If i , jY ≠

N,  i , jY  will be amended in accordance with formula (1). 

If the embedded bits are 1 and i , jY =N, i , jY will be amended in accordance with formula (2). 
 

If the embedded bits are 0 and i , jY
=N, i , jY  will not be changed. 

 

i , j i , j i , j 

i , j i , j i , j i , j 

i , j ij

Y Y Y

Y Y Y Y

Y Y
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,        if  N.

 + ≥ >
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Figure 4. the operation flow of robust method of reversible steganography embedding 

 
4.2 The process of extraction  

 
Figure .5. Shows the extraction process of the method. It extracts the secret information which lied in the coefficient 

         30 21 31 12 22 32 03 13 23 33Y Y Y Y Y Y Y Y Y Y、 、 、 、 、 、 、 、 、 . This method decoded H.264 video and obtained the DCT coefficients and intra prediction 
mode of 4 * 4 blocks. Then according to the facts that the DCT coefficient of the DC absolute value is greater than the threshold value and 
the surrounding adjacent blocks of the prediction model is satisfied with the condition 1, 2, 3, it selects the appropriate 4 * 4 block DCT 
coefficients for the extraction of the secret information [18-19].The details of how to extract the secret information from the DCT 
coefficients are as follows. The M’ method for the extraction of secret information is as follows: 

If ijY ≠

 N+1, then ijY  will be amended according to formula (3). 

If ijY
 =N+1, then the extracted bits are 1, ijY

 will be amended according to formula (4). 

If ijY
 =N, then the extracted bits are 0 , ijY  will not be amended. 

 

i , j i , j i , j
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Y Y Y
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                                                                           (4) 

 
It extracts BCH decoding of the M ' and can be obtained the secret information recovery. It can be seen that the extraction process is 

very simple. In addition, its simple embedding and extraction process has brought great convenience for the realization of the method and 
the method has a small time complexity. 
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Figure 5 .the operation process of robust method for the extraction of reversible steganography 

 
5. Analysis and comparison of the experimental results 
 

The method is implemented on the H.264 video standard coding and decoding software JM. Each test video encoding includes 300 
frames and the encoding frame rate is 30 frames per second, the encoding I-frame interval is 15,quantization parameter is 28.The test video 
sequence is a resolution of 176 x 144, including Bridge-far, Claire, Foreman, Hall, Carphone, Bridge-close, News, Mobile. They are 
dynamic different standard test video."PSNR1" refers that the peak signal to noise ratio of 1, which is calculated by comparing the files of 
the un-encoded YUV video files with embedded video files."PSNR2", the peak signal to noise ratio of 2, refers to the comparison the 
H.264/AVC without information embedded in the decoding of video with embedded video. Because all the embedded operations are carried 
out in the luma block, so the peak signal to noise ratio is the the average value of I frame, B frame and P frame. The survival rate is the ratio 
of the number of the embedded bits extracted correctly and the number of the total number of bits. Original video is the original YUV video 
without any compression processing [20].The embedding capacity is the sum of all I-frame embedding. 
 
5.1 The performance of the method 
 

Table 2 gives the embedding performance of Mobile as an example for different N values. 
For different DCT coefficients, the embedding capacity decreases with N = 0 to N = 2, because the H.264/AVC outstanding 

compression performance makes the great number of DCT is 0.When N = 0,the embedding capacity increases with the order of 

0 , 0 1 , 1 2 , 2 3 , 3 Y Y Y Y ,  ,  ,    

.The embedded capacity of N=2 is larger than that of N=1.It is due to the value of the high frequency coefficient 
which is generally greater or equal to 0.Table 2 also gives the variation of PSNR2 values for different N. When the N value increases, the 
PSNR2 value of the method increases, and the embedding capacity decreases. So it is better to embed the high frequency coefficient than the 
low frequency coefficient, but there will be more high frequency coefficients to be modified. 

 
Table 2. The embedding performance of different N values 

Embedding 
coefficient 

N Embedded capacity (bit) PSNR1(dB) PSNR2(dB) 

0 , 0Y
 

0 0 34.86 48.32 
1 598 34.88 49.2 
2 363 34.92 50.87 

1 , 1Y
 

0 576 34.88 49.06 
1 479 34.93 51.11 
2 270 34.97 53.67 

2 , 2Y
 

0 887 34.89 49.54 
1 495 34.96 53.29 
2 191 35 58.07 

3 , 3Y
 

0 1442 34.92 51.08 
1 210 35 60.35 
2 21 35.01 83.51 

 
5.2 BCH code error correction performance 
 

Figure. 6. Shows the compare the performance robustness of the embedded secret information in 

Bridge-far weight when using different BCH codes in coefficient         21 31 12 22 32 03 13 23 33Y Y Y Y Y Y Y Y Y、 、 、 、 、 、 、 、 . It is easy to see that, when 
the QP value is 28 to 30, the BCH code has a high error correction capability. In the test of BCH (31, 26, 1), BCH (15, 11, 1), BCH (7, 4, 1), 
BCH (15, 5, 3) BCH (63, 7, 15) code word, BCH (63, 7, 15) error correction ability is the strongest. The error correction ability of BCH (7, 
4, 1) is the best code in one bit .For BCH (n, K, t), the greater the value of T, BCH code error correction ability is stronger, and vice versa. 
Table .3. gives a comparison of the performance of the Mobile code when the weight of the BCH is used and the robustness is not used. It 
can be seen from the experimental results that BCH (7, 4, 1) has the strongest error correcting capability when correcting an error bit. 
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Figure 6. The robust of different BCH codes used in the weight attack 

 
Table 3 robustness of different BCH codes used in heavy code attacks 

Video BCH SNR1(dB) SNR2(dB) Survival rate using 
BCH (%) 

Survival rate without 
BCH (%) 

Mobile (7,4,1) 34.61 44.42 91.47 94.42 

(15,11,1) 34.59 44.21 90.22 93.12 

(31,26,1) 34.59 44.22 90.76 92.71 

 
From QP=24 to QP=32, for video Mother-daughte, the use of BCH (7,4,1), BCH (15,5,3), BCH (63,7,15) method of survival compared 

with other algorithms, respectively, average growth of about 19.45%, 22.97%, 35.39%.The survival rate of the embedded bits of the method 
is increased by about 25.94%.When the QP=26 or 28, the use of BCH (63,7,15) embedded bit survival rate is 100.For BCH (n, K, t), the 
greater the value of T is, the lower the PSNR value is , the stronger the ability to withstand the weight is. And theoretically, for the same 
video of PSNR2, PSNR1, the bit rate growth rate is not much difference compared the use of BCH code with not use. This method has 
stronger robustness in the process of weight. 
 
6. Conclusion 
 

In this paper, a reversible method based on BCH code is discussed. The method is to test the error resilience of BCH code in video 
processing operations in the case of heavy coding and weight. In all tested BCH (7,4,1) BCH (15,11,1), BCH (31,26,1), BCH (15,5,3), BCH 
(63,7,15) code, BCH (63,7,15) has the most powerful error correction capability, BCH (7,4,1) has the strongest error correction ability in 
correcting an error bit. The survival rate was improved by at least 35.39%, compared the non use of BCH (63,7,15) with using it .When 
encoding attacks, the use of BCH (63,7,15) embedded bit survival rate is 100.The experimental results show that the method can completely 
restore the original video, but also has a strong robustness and good visual effect. 
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Abstract: The research is conducted to find out what the college English teachers see as difficulties preventing them from organizing oral 
communicative activities (OCAs) frequently and what they consider as helps with their attempts to organize OCAs. The research result 
reveals that the existing educational teaching beliefs, limited pedagogical competence, the contradiction between the educational parts, and 
the inconsistency between other partners’ educational beliefs and behaviors with the expected outcomes of OCAs are the reasons for the 
teachers giving up their attempts to develop students’ oral English skills. The research result suggests that teacher’s reculturing needs 
constant supports from all partners to achieve coherence and consistency of all parts in the educational system 
 
Keywords: oral English activities, reculturing, educational reform, cultural change 
  
1. Introduction 
 
1.1 Educational reform as a cultural change 
 

Every educational system possesses its own culture featured with various interpretations of knowledge, teaching and learning, roles of 
teachers and learners, and etc. Actually, many curriculum reforms around the world are complex cultural changes which can not succeed 
until the main participants establish a set of new educational beliefs. To illustrate clearly what and to what extent the participants’ 
educational beliefs in English language teaching (ELT) should change in a curriculum reform, I combined Wedell’s assumptions of 
educational cultures with language learning and teaching theories to conceptualize the main features of ELT in different educational cultures 
as Table 1 shows. 

Table 1 Features of ELT in educational cultures 
Transmission-based  Interpretation-based 

Language English is a system of linguistic 
knowledge with constructed 

rules. 

 English is dynamic and meaningful for 
communication. 

Language 
learning 

and 
teaching 

English is learned by 
accumulating language 

knowledge. 

 English is learned through using and for 
using. 

Teacher’s 
roles 

Teachers are knowledge 
transmitters and authority who 
always know correct answers. 

 Teachers are facilitators who should be 
responsible for motivating and scaffolding 

learners. 
Leaner’s 

roles 
Learners are passive knowledge 
receivers with the same learning 

needs. 

 Learners are active communicators with 
communicative needs. 

 
“Reculturing” refers to a process of establishing new behaviors and beliefs. However, “reculturing” is not easy to achieve. Teachers have already 

formed their beliefs in their professional roles which are supported by fundamental beliefs of education, and their established identity and value make 
them feel what they do in their jobs is meaningful, which bring them a sense of safety and conformity in their community. 

The complexity of a cultural change and the difficulty of reculturing imply a fact that educational reform is bound to be time-consuming and costly. 
Constant supports from education system are in great need for teachers to shift their roles and change their deep-rooted teaching beliefs. A curriculum 
entails “all the relevant decision making processes of all the participants (teacher trainers, educational leaders, administrators and evaluators, exam and 
teaching material designers, learners, parents and etc.)”. 

Many ELT curriculum reforms advocate the change from transmission-based approach to interpretation-based one around the world. However, there 
are few successful cases. Besides, much more empirical researches conducted in other countries such as South Korea, Thailand, and etc, have found that 
the inconsistency among the main parts and incoherency among partners hinder the reforms. 

 
1.2 College English teaching in China 
 

Since the late 1980s, in order to increase China’s international comprehensive competitiveness, quite a number of large-scale English Language 
Teaching. 

Curriculum reforms have been launched, aiming to improve learners’ English communicative competence penetrating to all educational levels. They 
are featured with the transition of the teaching approach from transmission-based one as Grammar Translation Method to more interpretation-based one 
as Communicative Language Teaching (CLT). College English, a compulsory course for non- English major college students in China, which has been 
undergoing a curriculum reform as well, is required to meet a set of new curriculum requirements set by the Ministry of Education. The new College 
English Curriculum Requirements issued in 2007 proposes a series of higher requirements for school leavers’ communicative competence, especially 
communicative competence in speaking. However, it is always not the case that teachers would happily follow the new requirements for the hope-for 
outcomes. 

As an attempt to address the issue, this paper discusses the difficulties confronting Chinese university English teachers in oral English instruction. It 
is expected that the findings will provide insights to college English teaching in China. 

 
2. Methodology 
 

The research consisted of a questionnaire and interviews with college English teachers. The data collected from the questionnaires on teachers were 
mainly for forming the outline of questions in the following in-depth interviews. 

The research questions are as follows. 
1. Do the college English teachers organize oral communicative activities (OCAs) frequently in their classrooms? 
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2. What do the college English teachers see as difficulties preventing them from organizing OCAs frequently in college English classrooms? 
3. What do the college English teachers consider most helpful in supporting their attempts to organize OCAs frequently in their classrooms? 
The teacher participants were all the 15 college English teachers in my teaching context. There were five male and ten female participants aged from 

25 to 51 with varied English teaching experiences of two to twenty-six years. Fifteen questionnaires were distributed to the college English teachers and 
15 valid questionnaires were collected. The questions were designed based on relevant literatures and the similar researches. The questionnaire included 
three parts. The first part was to ask how frequently they organized OCAs. The second part was made up of 15 closed-ended questions and one 
open-ended question. The third part contained an open-ended question which was intended to find out the possible helps that the college teachers needed. 

Nine teachers were selected for the interviews from the questionnaire participants who didn’t often organize OCAs (14 teachers) by the Maximum 
Variation Sampling. The subjects varied in teaching experience, age, gender, professional title and education background. The in-depth semi-structured 
interviews with nine teachers were mainly intended to collect data to answer the research questions including the details about their perceived difficulties 
and needed helps, the difficulties and helps not reflected in the questionnaires, and the deep reasons underlying the surface difficulties. In order to collect 
authentic and complete data from the subjects, I voice-recorded all the nine interviews with permission from all of the interviewees. 

Analytic induction approach was applied to analyze the data collected from the interviews. Themes and categories were not predetermined, but 
extracted from the examination of the data collected. The categories and themes were identified, reviewed and examined carefully to ensure the validity 
and reliability of the data analysis. The data collected from the questionnaires were analyzed by SPSS. 

 
3. Results 
 
In the college English teachers’ perceptions, the difficulties that they encountered in organizing OCAs were classified into three main categories: 

1.Teacher, 2. Student, and 3. Context. (See Table 2) and the helps they needed are presented in Table2. 
 

Table 2 Main difficulties preventing teachers from often organizing OCAs in classrooms 
Difficulties Number of Mentions 

Teacher 
Limited pedagogical competence 

Teaching beliefs 
Limited oral English proficiency 

Conformity 
 

21 
9 
6 
3 
3 

Student 
Low English proficiency 

Inactive participation 
 

18 
9 
9 

Context 
Inappropriate teaching materials 

Knowledge-based exams 
Insufficient time for preparation 

Insufficient class time 
Inadequate teaching conditions 

Large class 
Unsatisfying salary 

Teacher evaluation system 

55 
9 
9 
8 
7 
7 
7 
5 
3 

The maximum number of mentions for each item under the three main categories is nine. 
 

3.1 Difficulties from teachers 
 

The college teachers’ perceived difficulties from themselves were their limited pedagogical competences and beliefs on college English teaching. 
 
3.11 Limited pedagogical competence 
 

All the teachers considered their limited pedagogical competence as a constraint preventing them from organizing OCAs in classrooms frequently. 
They felt it was difficult to design OCAs to attract learners’ interest and motivate learners to participate. Many teachers felt helpless when carrying out 
OCAs in which they were not supposed to be an authority, but a problem-solver who had to deal with the learners’ reluctance to cooperate. 

1. We’ve got used to the fixed teaching procedures and the teacher-centered approach. We have few opportunities for trainings to know about new 
teaching methods. As for OCAs, many times I don’t know how to control them and feel helpless when the students stay there keeping silent. (T1) 

Some teachers also mentioned their deficient ability to assess oral English. 
2. Actually I have lots of confusions about language assessment: what is oral English competence? How important is pronunciation, expression, 

communication achievement in oral English assessment? How can I give a justified score to a student’s performance? (T8) 
 

3.12 Teaching beliefs 
 

Six teachers mentioned that they did not spend much time on OCAs was partly because they believed their main duty was to teach language 
knowledge. In their views vocabulary and grammar are the foundation for learning English as a foreign language. Most of them thought it was impossible 
for learners to produce oral language without a solid language foundation. Therefore, they preferred to spend most class time explaining language 
knowledge, and OCAs could be used to practice their learned knowledge, but should not take much class time. 

3. Their English proficiency is quite low. They need to learn basic language knowledge first as a foundation and then they will be able to read, write, 
listen and speak. (T7) 

4. I think language knowledge should be the main teaching content. They are not living in an English-speaking environment and they need words 
and grammars to form expressions. (T5) 
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3.2 Difficulties from students 
 

Teachers considered learners’ low English proficiency and inactive participation as the biggest constraints. Most teachers placed learners’ problems 
on the top of the list of difficulties. 

 
3.21 Low English proficiency 

 
All the teachers mentioned that they did not organize OCAs largely because of students’ low English proficiency especially in oral English. They felt 

frustrated about their students’ poor performance in OCAs, doubted the teaching effects.  
5. The students were not able to understand teachers’ instructions, express their ideas, or even pronounce a single word. Some students wanted to 

express their ideas in English, but they were not able to do it. Sometimes, they just asked me “Can I speak in Chinese?” (T9) 
Disappointed with their students’ slow progress, some teachers concluded that it was hard to improve their students’ oral English skills in a 

short-term teaching time. In addition, they worried that students’ other English skills would be hampered if oral English took up much teaching time. 
6. It’s quite difficult to improve their oral English skills within a short time. College English teachers are changed every semester. I’m not confident 

in achieving an ideal teaching result only within half a year. I’m afraid the possible result would be that they don’t make obvious progress in oral English, 
but their reading skills lag behind. (T8) 

 
3.22 Inactive participation 
 

Learners’ inactive participation was emphasized by all the teacher participants as a major constraint and was considered by most of them as the 
biggest obstacle in their attempts to organize OCAs. Without learners’ cooperation, teachers felt frustrated, no sense of achievement and meaningless to 
organize OCAs. 

7. The primary reason I don’t organize OCAs was because I failed to get responses from the students no matter how hard I had prepared for the 
activities. It didn’t work on them…What I heard most was “Sorry, we are not ready! (in Chinese)” (T1) 

Many teachers believed that learners did not have confidence in improving oral English skills due to their frustrating English learning experiences. 
The teachers considered that many students did not believe that they could make a change in their oral skills with only four periods a week within one 
year. As the students were reluctant to participate in OCAs, the teachers’ passion gradually faded away. 

8. They don’t have confidence in learning oral English, even no confidence in learning English well… I don’t think the activities in my class were so 
difficult that they could not speak out a word. I specially chose easy topics to make sure every one could have something to say…Their indifferent 
responses sent me a message that they had given up oral English. (T4) 

Most English teachers held that the learners lacked motivation in participating in learning oral English because oral English was not tested in final 
exams or CETs.  

9. They attached little importance to oral English learning, but great importance to passing exams. I remember, when asked what their objectives of 
learning English were, they gave the first priority to passing exam and getting certificates. I think it is understandable since English is not the professional 
course in their majors. (T4) 
 
3.3 Difficulties from context 
 
3.31 Inappropriate teaching materials 
 

All the teachers considered the absence of appropriate oral English teaching materials as a limitation. They complained that the topics in the 
textbooks for listening and speaking were not related to those in the textbooks for reading and writing and no specific instructions on how to organize 
OCAs was provided. 

10. I seldom use the book. It focuses on listening practices. As for speaking activities, the book presents some patterns and dialogues, but does not 
tell me how to organize and implement the oral activities. In addition, no oral English activities could be found in the textbooks for reading and writing, 
even nothing about teaching oral English in the textbooks. (T6) 

 
3.32 Insufficient time for preparation 
 

Eight of the nine participants cited insufficient preparing time as a constraint. The teachers complained that their regular preparations for the 
teaching tasks were quite heavy and they could not spare much time for collecting materials and designing OCAs.  

11. It takes me three or four hours to design an OCA. I have to construct, collect resources, and predict possible answers. It takes me a lot of time to 
find theme-related pictures on the internet, let alone other preparation work. (T3) 

 
3.33Insufficient class time 
 

Seven participants regarded insufficient class time as an obstacle. The teachers tended to separate “teaching textbooks” and “developing other skills” 
from “implementing OCAs”. Most teachers mentioned sufficient time for language knowledge teaching in the textbooks should be ensured because it was 
the teaching task assigned by the department authority and the knowledge was tested in final exams. 

12. In this semester, we are required to finish the first six units in the textbook. If I spend 1/3 class time on OCAs, it is hard to fulfill the required 
teaching task. (T4)  

 
3.34Knowledge-based exams 
 

Knowledge-based exams were believed as the crucial constraint. The final exam is mainly for testing reading and writing abilities. Many of them felt 
they had the responsibility to help the students pass CETs since many employers still demanded CET certificates and the school leaders had expectation 
on the CET pass rate. However, oral English skills are not tested in CETs. 

13. The department leaders would check exam results rather than learners’ oral commutative competence. As for organizing OCAs, I want to say “no 
pressure, no motivation”. (T5) 

 
3.4 Main Helps 
 
3.41 Service training on pedagogical competences 
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All the teachers expected for practical trainings on teaching skills in which they could learn how to apply new teaching practices in their classes and 

how to solve the problems in implementing processes. 
 

3.42 Professional learning community 
 

Six teachers believed that teachers’ communication on teaching experiences would be helpful. Some teachers suggested that a learning community 
should be established in the department to provide a learning environment. They believed that exchanges of teaching experiences in the same context 
would provide valuable suggestions and possible solutions to the similar problems with their oral English teaching. 

 
3.43 Appropriate teaching materials 
 

Eight teachers emphasized the importance of appropriate teaching materials. They believed that teaching materials were something fundamental that 
they could depend on. They suggested that teaching materials should offer specific OCAs with detailed expiations on how to design and carry out 
activities. 

 
4. Discussion 
 

Validity and reliability of the data collected from the questionnaires and interviews were ensured through a systematically designed and conducted 
research. As a result, the research questions were well answered. First, most teachers (14 out of 15) did not organize OCAs frequently in their college 
English classrooms. Second, the main perceived difficulties preventing teachers’ attempts from organizing OCAs were students’ low English proficiency 
and inactive participation, teachers’ teaching beliefs and limited pedagogical competences, inappropriate teaching materials, knowledge-based exams, 
large classes, insufficient time for preparation, insufficient class time, inadequate teaching conditions and low incomes. Third, the main helps which the 
teachers desired for include in-service trainings, a professional learning community, appropriate teaching materials, oral English tests, better teaching 
conditions, and small classes.  

From the findings we can see that many teachers had formed educational beliefs more towards transmission-based one as they believed that their 
major duty was to teach language knowledge and the students with low English proficiency should accumulate words and grammar as the foundation 
before they were able to use English. In addition, the teachers had difficulties in adapting themselves to the new role as a facilitator since many 
interviewees complained that the students’ inactive participation was a biggest constraint and they often felt frustrated by the learners’ reluctance to 
cooperate in OCAs. The teachers got used to being the authority in class in which they did not need to motivate students to join in the learning process, 
but only gave out orders.  

Difficulties caused by the students were emphasized. More than 60 percent of the students came from rural areas in my teaching context and most of 
them got quite a low score in English subject of College Entrance Exam. Many students had difficulties in pouncing English words, speaking out a 
complete sentence, quite poor at listening and oral communication. It was very hard for the learners to undertake the tasks in OCAs confidently. 
Furthermore, since their major was not English, most students’ primary learning purpose was to pass exams for a diploma and certificates. In addition, 
they could not get used to OCAs which required them to speak English actively since they had been accustomed to be a passive receiver in an English 
class. Moreover, the channels for them to know how English was used in real life were few and their beliefs in English learning were restricted in 
teacher-centered English learning in classrooms.  

Besides, many contextual factors in the educational system were perceived by the teachers as constraints. Assigned with heavy teaching tasks by the 
institution, the teachers could not spend much time on OCAs. Teaching materials were also not compatible. Insufficient communication between teachers 
and leaders and the leaders’ weak awareness and limited competence to support teachers largely caused the mismatch between teaching content, teaching 
materials and expected outcomes. The teachers also stressed that the existing exam system hindered them from organizing OCAs. China’s education is 
still exam-oriented due to intense competition for further study or future job. Students have a strong desire to pass final exams to get a diploma and pass 
CETs to increase the possibility to find a job. However, usually the exams do not test oral English. 

It was obvious that the main parts in the education system including teachers’ trainings, the assessment system, teaching materials, and syllabus were 
all inconsistent with the expected outcomes of OCAs. The incoherence between educational parts was largely because of the college’s unsound financial 
condition and inconsistent understandings of and reactions to the curriculum reform of the main partners: teachers, teacher educators, leaders, and learners. 
If they have more awareness and opportunities to update their pedagogical knowledge and management abilities and be more willing to listen to teachers 
to know about their difficulties, they might be possibly more capable of maximizing the parts consistency by arranging appropriate professional trainings, 
changing syllabus and teaching materials, reforming exams, improving teaching conditions, increasing teachers’ incomes and so on. The inconsistency of 
the parts and in the participants reveals a fact that besides teachers, all other participants in the reform especially the leaders need to establish or at least be 
open-mined to the new beliefs. 

 
5. Conclusion 

 
The findings of the research reveal that the college English teachers in my teaching context have encountered quite a number of constraints from 

themselves, students and context preventing their attempts to organize regular OCAs in classrooms. The existing educational teaching beliefs, limited 
pedagogical competence, the contradiction between the educational parts, and the inconsistency between other partners’ educational beliefs and behaviors 
with the expected outcomes of OCAs are the reasons for the teachers giving up their attempts to develop students’ oral English skills. Successful teacher’s 
reculturing needs constant supports from all partners to achieve coherence and consistency of all parts in the educational system in a long term, as well as 
sufficient funding. Importantly, the partners especially the leaders should listen to teachers’ voices and update their educational beliefs and enhance their 
abilities to offer appropriate supports for the teachers to become confident and competent in organizing OCAs which can fit their classes for improving 
students’ oral communicative competence. 
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Study on the Application of Critical Thinking in Professional Master Degree’s Case Teaching 
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Abstract: This paper mainly studies how to introduce the critical thinking into the teaching case of professional master degree. Firstly, it 
presents the definition, characteristics of critical thinking and analyzes the correspondence to the case teaching. Next, the paper analyzes the 
processes and methods in case teaching. Finally, it shows the conclusion that the critical thinking could be helpful to improve the speculative 
capability and enforce the students’ creative thinking. 
 
Keywords: Professional Master Degree; Case Teaching; Critical Thinking; Case Appraise 
 
1. Introduction 
 

Opinions on Implementing Postgraduate Education Innovation Program to Improve Creative Capability for Increased Training Quality, 
enacted by the Ministry of Education of China in 2005, requires nurturing postgraduates’ creative awareness and improving their creative 
capability. And in Outline of China's National Plan for Medium and Long-term Education Reform and Development (2010-2020), the 
Ministry emphasized the continuity of that program. According to the program, the cultivation of critical thinking plays an important role 
and exerts an essential impact on cultivating graduate students’ awareness of innovation and improving their innovation ability. During the 
process of professional degree graduate students being taught, case teaching integrates all points of knowledge across various domains in 
different stages through setting guidance, scenario simulation, scheme selection, action guiding and other modes so that students can truly 
feel how complicated the decision-making environment is in the real world. With the help of Internet search engines, however, these cases 
have not been finished satisfactorily when case teaching becomes popular. There are a considerable number of solutions having too much in 
common. These homogeneous solutions focus too much on “packaging” and “panoply”, but forget and neglect the first and foremost aim of 
case creating and teaching. Authors believe that it is the ignorance of a fundamental mindset training (the construction of critical thinking 
pattern) in professional degree graduate education stage that accounts for the current "dilemma" of case teaching. Teachers rightly 
overemphasize imparting knowledge and maintaining authoritativeness of knowledge. Instead, ignoring the guide of graduate students' 
thinking pattern. As we all know, postgraduate students can think, rethink, renew their knowledge and teach themselves well at this stage. 
Though there are numerous materials at hand, the lack of such guidance makes students stick to the stereotypes of worshiping authority, 
fearing to make mistakes and simply desiring to succeed. The result is therefore far from what case teaching aims for at first so that students 
will have much difficulty in developing creative thinking. Under the context, this paper probes into the construction of critical thinking in 
case teaching of professional degree, by which contributions can be made to case teaching and innovation. 
 
2. Characteristics, patterns and competence structure of critical thinking 
 
2.1 Definitions and characteristics of critical thinking 
 
2.1.1 Definitions of critical thinking 
 

In 1910, John Dewey, American philosopher, put in How We Think, critical thinking reflects the subject’s continuous and careful active 
thinking. Different scholars defined this notion differently. Dewey emphasized the reflexivity of critical thinking. That is to say, one must 
search new evidence for developing the proposition whether he goes for or against the opinion. Some scholars defined critical thinking 
through attitude and capability frameworks. Edward Glaeser stated that critical thinking represents a capability of systematically solving 
problems in a considerate attitude. Later in 1990, Peter Facione, after two years’ effort using Delphi method, submitted a statement of expert 
consensus to Committee on Pre-College Instruction in Philosophy under American Philosophical Association, which specified that critical 
thinking comes along with purposeful self-regulated determination, interpretation, analysis and deduction. Karl Popper, another American 
philosopher in the mid and late 20th century, emphasized the importance of critical thinking in scientific creativity from philosophical 
perspective. Popper argued that, the essence of science is to propose criticism—to overturn old theories and make new discoveries over and 
over again. 

 
2.1.2 Characteristics of critical thinking 
 

The above definitions reveal the following common characteristics of all critical thoughts: 
1. Skepticism and speculation: To thinking critically is to raise a set of questions about the presumption of a proposition or the 

proposition itself so that the proposition will be modified or abandoned. Questioning well-established beliefs and interpretations allows us to 
identify which ones have no evidence or rationality. 

2. Purpose and self-regulation: Critical thinking is by nature a tool for exploration. It is a ubiquitous thinking phenomenon, which 
features self regulation and correction. 

3. Openness, flexibility and fairness: A critical-minded person should have an open, fair and flexible mind. He or she should love 
rethinking and speculating to realize existing problems, tackle complicated problems neatly and search relevant information so as to 
establish appropriate evaluation standards. In this way, perfect solutions will come in their own right. 

4. Insight: Through skepticism and speculation, excellent critical-thinkers can develop useful insights endlessly to understand in depth 
the nature of existing problems so as to view the problems more reasonably. 

 
2.2 Capability framework of critical thinking 
 
2.2.1 Capability of identifying, determining, argumenting, interpreting and deducting 
 

Capability framework of critical thinking incorporates elements like determination, argumentation and deduction; in turn, these 
elements form the argumentation framework of critical thinking. In the argumentation process, we should identify problems, define the 
nature of the problems, classify information, describe and pay attention to the information. Furthermore, we should turn problem into 
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concept statement; establish relations between concepts and determinations, and explain the reason for a certain statement. Reason supported 
by arguments will become the prerequisite of further argumentation for in-depth deduction. 

 
2.2.2 Capability of collecting various evidences, analyzing and processing necessary information  
 
To form a supportive prerequisite by collecting various evidences provides an effective guarantee for critical thinking. If one needs to 

support an opinion, he or she should perform information processing from the ill-ordered and complicated evidences. And then determine 
one point—which pieces of background information are available? If a clear-cut plan is required, one should clearly answer whether those 
pieces are usable; one should search available information and determine which pieces fall short. With this in mind, we will be clear for the 
further information collection and then go forward to the action schemes for information analysis and processing.  

 
2.2.3 Being mature, tolerant and open mind 
 
Critical thinking is not simply to deny something or to pick holes in someone else involved. Critical thinking has another vital 

dimension—keeping an open mind. That is to say, one should keep a fair and open mind, show concern for others’ opinions and reasons, be 
willing to select alternate schemes in a tolerant and mature attitude. 

 
2.2.4. Capability of communicating cooperating and transferring information 
 
Based on interactive questioning and answering, critical thinking often is unbiased free discussion via communication, cooperation and 

information transfer. 
 
3. Analysis of correspondence between critical thinking and case teaching 
 
3.1. Critical thinking being introduced based on complicated, changeable and uncertain settings 
 
Critical thinking emphasizes developing knowledge and capability from sheer practice and specific analysis, but opposes performing 

any empty, dull or abstract thinking or discussion. And complicated and various cases provide an excellent scene for exercising critical 
thinking. In brief, thinking in this manner can sharpen the capability of problem identification and analysis, evidence search and its quality 
verification, determination of evidence support, and other capabilities. 

 
3.2. Agreement between openness of case analysis and pattern of critical thinking  
 
Pattern of Critical Thinking is dissimilar to general logical argumentation, which often boasts a whole chain of determination, 

reasoning and argumentation. Many presumptions, on which case analysis depends, may give rise to different approaches of argumentation 
under critical thinking. Openness of case analysis agrees well with the approaches of critical thinking. This pattern emphasizes openness, 
and exercises creative thinking to identify and demonstrate problems and compare different solutions so that students can be trained in terms 
of self-teaching, understanding and developing. 

 
3.3. Case teaching inspiring students to think critically 
 
As analyzed above, thinking critically involves individual capability and comprehensive quality. In case teaching, various case designs 

at different levels can help inspire students to grasp the basic skill, pattern and approach of critical thinking. For example, students should be 
enlightened as to how to identify information, exercise reasoning and stretch their minds for acquiring new knowledge. 

 
3.4. Case teaching in question stimulating students’ learning interest 
 
By breaking the convention, universities can achieve interactive pedagogy via various approaches so that many solutions may arise 

from clashes of information exchange and thinking through team group, team competition, etc. In this way, class atmosphere will come alive 
immensely to let students study harder and get more involved. 

 
4. Introduction and application of critical thinking in case teaching 
 
4.1. Case introduction stage: 
 
All cases and materials are introduced so that students will not overly depend on search engines anymore. The widespread use of these 

search engines makes either undergraduates or postgraduates rely too much on them. Students thus memorize nothing, think about nothing, 
do homework as a makeshift and even know nothing about where and why they go wrong. Over long time, they would be lazy to think, thus 
affecting their capability of information processing and the cultivation of critical thinking. 

In the beginning of case introduction, natural real-world settings that are free of any expectation or preference should be presented to 
students as many as possible. University teachers should focus on the diversity of materials: Onsite interview, questionnaire, all kinds of 
news report, blog, WeChat and the like can be materials available. 

 
4.2. Themes structure based on abundant materials. 
 
What matters most in case introduction is finding problems. How to present discovered problems paves the way for finding solutions. 

When analyzing cases, students often cannot find any problems therein, tell major problems from minor ones, or even hierarchize all these 
problems. And describing problems unclearly or establishing priorities wrongly will directly affect the selection of subsequent 
argumentation structure and case schemes. So, it is necessary to help students establish proposition structure when all case materials are 
introduced fully. Proposition structure should be constructed according to hierarchy and priority of problems: 

Level 1: About “What it is”? All such problems tell about the basics of case settings, persons and events. 
Level 2: How to understand “What it is”? Statements on them simply express case settings, conflicts or obvious predicaments in 

abstract terms. Case solution often, on this level, lends itself to many explanations for different people who have various backgrounds in 
basic theory. 

Level 3: Carve out solutions to level-2 problems by the basic principles.  
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Level 4: Think critically about level-3 solutions to decide whether it is necessary to return to level 2 for reconstructing problem priority. 
Level 5: Propose comprehensive and more creative case solutions considering different argumentation routes. 
Level 6: Perform final evaluation and selection to decide the feasibility and validity of schemes. 
 
4.3. Evidence being collected, information being processed  
 
In case materials, which evidences can help clarify problems? Which evidences, if not available, may lead to uncertainties in both 

presumption and determination. Students should try to tap into the prerequisite and determination hidden in materials. In case teaching, the 
dissection of proposition roughly reflects the differences in the backgrounds of various students on all levels. Proposition dissection also 
falls into the following aspects: 

(1) Why the problems in question occurred? 
(2) What establishes the priority? 
Dialectic thinking is the best way to arrive at complete perfection by improving thinking and argumentation through group critical 

discussion and deliberation. In the dissection of case propositions, different backgrounds and theoretical frameworks directly affect the 
judgment of learners. When designing and learning a case scheme, students should be taught how to argue for a proposition with critical 
thinking. Once such a proposition is proposed, they should search materials, evidences and theories for validating the assertion. So, it is 
natural to answer problems in a proposition. Good argumentation depends on its conformity with a given set of norms. And normative 
argumentation must satisfy the following conditions: 

1. Argumentation must have an authentic prerequisite; 
2. There is correlation between prerequisite and argumentation, which helps argumentation unfold itself; 
3. There is correlation between argumentation and conclusion, which helps draw a convincing conclusion. 
 

4.4. Motivation of students’ initiative and emphasis on procedural learning 
 
Critical thinking beyond single argumentation contains something creative, and proposes and evaluates alternative views to select the 

best scheme. Critical thinking can inspire student initiative and emphasize procedural learning. This thinking pattern consists of evaluation, 
selection, application and determination of prerequisite and evidence. Only through such thinking exercise can students come to know that 
method is more important than knowledge. So, universities should teach students how to learn well, and solve problems through reasoning 
and thinking for increasing self-confidence, endurance, concentration, teamwork and growing sense of responsibility. 
 
5. Conclusion 
 

Critical thinking should pervade the whole process of case teaching. “To find out better answers, we should always be skeptical.” This 
philosophy simply drives students to learn and explore more. Critical thinking pattern is also applied to the appraisal of case solutions. As 
professional master degree gets a higher place, case teaching is becoming the heart of postgraduate education. But in case teaching, we can 
still see how much students depend on standard answers, and they cannot or dare not challenge any given answer, thus sticking to the 
convention. Instead, critical thinking encourages students to boldly seek the best answer of any possible question. In this way, we will see 
explorative case solutions that produce different views along different routes. Indeed, only under the atmosphere of “letting all flowers 
bloom and all schools of thought contend” can case teaching be always creative. 
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Abstract. The saline soil could cause a serious of damages to local construction engineering and agriculture such as frost heaving and crop 
failure. The relationship between water content and soil suction has great influence on soil properties, which also effect the water migration 
and forming of saline soil. This paper aims to the saline soil in Da’an of Western Jilin province, China, the basic properties test were taken in 
laboratory, and Arya-Paris prediction model were chosen to predict the soil-water characteristic curve of saline soil. The results show that the 
saturated water contents of location I samples are higher than location II samples, especially I-20 sample. This action can provide strong 
impetus take the water migrate upwards in soil, which make the saline gathered easily on ground surface and increase surface soil salinization. 
The results can provide theoretical support and beneficial reference for research and prediction of soil properties and forming mechanism of 
saline soil. 
 
Keywords: soil-water characteristic curve, soil salinization, prediction model, water migration 
 
1 Introduction 

 
Saline soil is a kind of special soil which soluble salt content in the soil is more than 0.3%, and has special engineering properties such 

asdissolve, salt expansion and corrosion. Soil salinization will not only make the function of agricultural cultivated land, grassland 
degradation and to the overall environment deteriorating, but also can cause corrosion of building foundation, road salt expansion, frost 
heaving, pumping fall, transmission line and a series of engineering disaster. Therefore, the study of water, salt and heat migration law is very 
important of saline soil. As an unsaturated soil, the soil- water characteristic curve of soil is significance. 

Soil-water characteristic curve shows the relation between water content and matrix suction, it reflects the suction role soils water-holding 
capacity.For access to the soil water characteristic curve, it only can be measured according to the experiment or model for fitting way 
currently, including pressure gauge, tension meter, sand funnel method, centrifuge method, etc.But whatever the test method, all test cycle is 
long, the high test cost and the data is discrete. 

Model fitting methods include empirical formula method, the fractal model of soil water characteristic curve method, soil transfer 
function method, physical experience model method, etc.Ayra, Paris and Zhuang proposed a method to predict soil water characteristic curve 
according to the soil particle size distribution, heavy, grain density and other parameters.This method can the use of limited known data 
farthest, and the degree of curve fitting is very high, also is applicable to the cohesive soil. 

Based on the analysis of contrast methods for various types of soil water characteristic curve fitting model, according to the 
characteristics of the saline soil in westernJilin, Arya - Paris prediction model is selected to predict the soil water characteristic curve of saline 
soil in westernJilin province, the prediction results can be used to analysis the water properties and engineering properties of saline soil in 
westernJilin, and provide the basis of water and salt migration mechanism and salinization processof saline soil in western Jilin province. 

 
2 Introduction of Arya-Paris Model 

 
Arya and Paris found that the SWCC is very similar to soil particle cumulative distribution curve on shape. Based this regulation,they 

propose a model to calculate SWCC according to the particle distribution and dry density. The model includes two parts: 
 

2.1 Pore volume and volume moisture content 
 

According to the soil particle size distribution curve, particle size distribution can be divided into the i intervals, each interval of soil pore 
volume is set to Vvi, which can be calculated by formula (1): 

eW si )/(V
iv ρ=

  i=1,2,…,n                                                                                  (1) 
In formula (1), Wi is the unit soil quality of No.i interval, ρs is sol particles density, e is pore ratio, which can be calculated as: 
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                                                                                           (2) 

Assuming water filled small pores firstly and then filled large pores during water filling progress. So the volume water content can be 
calculated as: 
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Vb is unit volume of soil, which can be calculated as: 
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Final volume water content of soil pore is averaged by adjacent intervals volume water content: 
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2.2 Soil particle size and pore radius 
 

Arya-Pari model is based on three assumption. 
(1)Soil particles are spherical, all soil particles radius are equivalent to size of ball radius Ri . 
(2)The pores in soil are all cylinder capillary, the radius ri is related to soil particle radius Ri . 
(3)Soil particles at each intervals are composed by ni soil particles, the capillary pore total length of hi. The i interval soil particle volume 

and soil pore volume are obtained by formula (7) and (8). 

siiip WRnV
i

ρp /3/4 3 ==
                                                                             (7) 

eWhrV siiivi
)/(2 ρp ==

                                                                                 (8) 
Vpi is the total soil particle volume of i interval, Vvi is the total soil pore volume of i interval. Take formula (8) divided by formula (7). 

iiii henR 3/4/r 32 =
                                                                                         (9) 

According to the assumption that for h, the total length of tube pore, think the value is approximate along the pore channels in multiples 
of soil particle size distribution, then, for the idealistic composed of spherical particles in the I interval should be equal to the total length of the 
porosity of the soil ni2R i.But because in the real soil, pore length effected by the soil particle shape, size and arrangement, and the actual soil 
particles are not globule, cause another hypothesis is each of the actual soil particle formation pore length is greater than the equivalent grain, 
then introduces the experience of a greater than 1 parameter makes the niα>n i  to modify the hi, hi=niα2R i , pore radius can be expressed as. 

)1(2/1)1(
i 816.0]6/4[r αα −− == iiii enRenR

                                                (10) 
Take the result of formula (7) into formula (10),the number of soil particles of i interval is. 

)4/(3n 3
isii RW pρ=

                                                                            (11) 
Basing the capillary action, matric suction water head of i intercal is. 

iwi grρθgψ /cos2=
                                                                                    (12) 

 
3 Prediction of SWCC of Saline Soil in Western Jilin 
 
3.1 Soil Materials 
 

Soil samples taken from Da‘an area in western Jilin province, which taken from two depth at 20cm and 50cm at 2 points. Four samples 
were given as I-20, I-50, II-20 and II-50. 

Laboratory basic physical properties text and particle size distribution test were taken to four soil samples, the results are shown as Table 
1 and Table 2. 

Table 1 Basic physical properties of soil samples 

Sample No. Natural water content(%) Density 
ρ(g/cm3) Dry densityρd(g/cm3) Particle 

densityρs(g/cm3) 
Pore ratio 

e 
I-20 12.5 1.62 1.43 2.70 0.89 
I-50 20.6 1.61 1.49 2.71 0.81 
II-20 20.4 1.82 1.52 2.70 0.77 
II-50 18.7 1.88 1.58 2.70 0.70 

 
Table 2 Soil particles distribution 

Sample No. 
Soil particles mass fraction(%) at different particle size interval(μm) 

>1000 1000-500 500-250 250-75 75-5 <5 

I-20 0 0.40 0.30 8.90 59.20 31.20 

I-50 0 0.10 0.10 4.40 50.60 44.80 

II-20 0 0.45 0.15 4.64 41.31 53.46 

II-50 0 0.11 0.04 4.10 46.48 49.26 
 
3.2 Parameter selection and model establishment 

 
According to the steps above, with the indoor test of the soil dry density of soil, soil particle density, pore ratio and particle size 

distribution of soil parameter, established Arya-Paris model of two soil samples from Zhenlai area, western Jilin. During calculation, take 
experience parameterα=1.38, the water's surface γ=72.6mN/m, contact angleθ=0°, the acceleration of gravity g = 980 cm/s2.Model calculation 
parameters as shown in Table 3, the distribution of particle size is less than 75 microns is measured by water settling method, actual 
measurement to the particle size is not as an integer, so in order to guarantee the precision of the model, calculated with the measured soil 
particle size data. 

 
Table 3 Parameters calculation of Arya- Paris modle 
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Samp
le No. 

Particle 
size(μm) 

Wi(g) Vvi(cm3) θvi θvi
* ni ri(cm) ψ i(cm) 

I-20 1.18-4.05 0.2633 0.0868 0.1241 0.1509 1.42×101

0 
1.07×10-

6 
1.38×105 

4.05-5.6 0.1136 0.0375 0.1777 0.1842 1.51×108 8.70×10-

6 
1.70×104 

5.6-8.2 0.0277 0.0091 0.1907 0.2035 1.39×107 1.89×10-

5 
7.83×103 

8.2-14 0.0545 0.0180 0.2164 0.2285 8.74×106 3.03×10-

5 
4.89×103 

14-19.6 0.0516 0.0170 0.2407 0.2506 1.66×106 7.09×10-

5 
2.09×103 

19.6-30.5 0.0421 0.0139 0.2606 0.2810 4.95×105 1.25×10-

4 
1.19×103 

30.5-43 0.0869 0.0286 0.3015 0.3210 2.71×105 2.18×10-

4 
6.80×102 

43-75 0.0827 0.0273 0.3405 0.3996 9.20×104 3.77×10-

4 
3.93×102 

75-250 0.2505 0.0826 0.4586 0.4795 5.25×104 7.32×10-

4 
2.02×102 

25-500 0.0888 0.0293 0.5004 0.5010 5.03×102 5.90×10-

3 
2.51×101 

500-1000 0.0026 0.0009 0.5017 0.5026 1.83×100 3.43×10-

2 
4.32×100 

I-50 1.36-4.66 0.2733 0.0817 0.1217 0.1515 9.49×109 1.27×10-

6 
1.16×105 

4.66-6.57 0.1338 0.0400 0.1813 0.1883 1.16×108 1.05×10-

5 
1.41×104 

6.57-9.22 0.0316 0.0094 0.1954 0.2094 9.81×106 2.37×10-

5 
6.24×103 

9.22-15.9 0.0632 0.0189 0.2235 0.2337 7.10×106 3.55×10-

5 
4.18×103 

15.9-22.4 0.0460 0.0138 0.2440 0.2545 1.01×106 8.85×10-

5 
1.67×103 

22.4-35.1 0.0473 0.0141 0.2651 0.2830 3.72×105 1.50×10-

4 
9.84×102 

35.1-46.7 0.0805 0.0240 0.3009 0.3150 1.65×105 2.75×10-

4 
5.38×102 

46.7-75 0.0632 0.0189 0.3290 0.3691 5.49×104 4.51×10-

4 
3.28×102 

75-250 0.1801 0.0538 0.4092 0.4190 3.76×104 7.80×10-

4 
1.90×102 

25-500 0.0440 0.0131 0.4288 0.4289 2.48×102 6.75×10-

3 
2.19×101 

500-1000 0.0006 0.0002 0.4291 0.4294 3.88×10-

1 
4.61×10-

2 
3.22×100 

II-20 1.34-4.64 0.2933 0.0760 0.1201 0.1244 1.04×101

0 
1.20×10-

6 
1.24×105 

4.64-6.55 0.0210 0.0054 0.1287 0.1330 3.75×107 1.20×10-

5 
1.23×104 

6.55-9.22 0.0210 0.0054 0.1373 0.1438 3.33×106 2.69×10-

5 
5.50×103 

9.22-15.92 0.0314 0.0082 0.1502 0.1566 3.57×106 3.74×10-

5 
3.96×103 

15.92-22.4
5 

0.0314 0.0082 0.1631 0.1674 2.30×105 1.09×10-

4 
1.36×103 

22.45-35 0.0210 0.0054 0.1717 0.1953 6.71×105 1.25×10-

4 
1.19×103 

35-46.35 0.1153 0.0299 0.2189 0.2296 1.53×105 2.59×10-

4 
5.73×102 

46.35-75 0.0524 0.0136 0.2404 0.2797 6.63×104 4.00×10-

4 
3.70×102 

75-250 0.1923 0.0498 0.3191 0.3275 2.72×104 7.72×10-

4 
1.92×102 

25-500 0.0410 0.0106 0.3359 0.3360 2.62×102 6.22×10-

3 
2.38×101 

500-1000 0.0004 0.0001 0.3361 0.3363 1.07×100 3.53×10-

2 
4.19×100 

II-50 1.34-4.62 0.2833 0.0808 0.1228 0.1319 1.07×101

0 
1.14×10-

6 
1.30×105 

4.62-6.52 0.0419 0.0120 0.1410 0.1432 1.86×107 1.32×10- 1.12×104 
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5 

6.52-9.19 0.0105 0.0030 0.1455 0.1523 6.61×106 2.26×10-

5 
6.55×103 

9.19-15.9 0.0314 0.0090 0.1591 0.1614 3.54×106 3.59×10-

5 
4.13×103 

15.9-22.25 0.0105 0.0030 0.1637 0.1819 6.90×105 8.45×10-

5 
1.75×103 

22.25-34.8
7 

0.0839 0.0239 0.2000 0.2159 1.64×105 1.57×10-

4 
9.46×102 

34.87-46.0
4 

0.0734 0.0209 0.2318 0.2477 2.38×105 2.27×10-

4 
6.51×102 

46.04-75 0.0734 0.0209 0.2636 0.2918 4.66×104 4.11×10-

4 
3.61×102 

75-250 0.1301 0.0371 0.3200 0.3301 4.03×104 6.83×10-

4 
2.17×102 

25-500 0.0464 0.0132 0.3401 0.3405 2.32×102 6.06×10-

3 
2.44×101 

500-1000 0.0015 0.0004 0.3408 0.3418 3.11×10-

1 
4.26×10-

2 
3.48×100 

 
3.3 SWCC of saline soil in western Jilin 
 

Arya-Paris Model were established of 4 soil samples from Da’an area, western Jilin. The SWCC are shown as Fig. 1. 
 

 
Figure.1 SWCC prediction result of soil samples 

 
As Fig.1 shown, there are two obvious inflection points in SWCC, which divid the curve into three parts. Those two inflection points are 

air suction and remnant water content, and three parts of SWCC are soild, liquid and gas condition of soil. Each part corresponding to different 
state of solid, liquid and gas. First period for the inlet section, basic performance curve for the level state, the matrix suction not intake value, 
moisture content is close to saturation, soil properties close to the saturated soil in this phase. The gases in the earth are suspended in the air 
bubbles in the water, moving in the water, the suction value is very small. Curve of the second paragraph curve slope increase, form an 
approximate diagonal lines. In this phase, the matrix suction gradually over intake value, the pore gas gradually connected, air into the ground, 
and larger channel between filling pore, the suction value began to increase. With the increase of the suction value constantly, the degree of 
saturation of soil fell rapidly, the properties of soil are in this range, great changes have taken place in general unsaturated soil are in the stage 
of the change. Into the curve of the third part, the soil water characteristic curve flattens out as the gases in the soil completely connected. Due 
to the stage in the soil moisture content has been smaller, matrix suction is higher, the moisture content in this phase change is very small.  

As Fig.1 shown, the SWCCs of 2 soil samples taken from location II are very similar, the SWCCs of 2 soil samples taken from location I 
are quiet different with depth of soil: The suction value of I-20 is high but the soil sample reaches unsaturation remnant stage at a low water 
content, the slope of SWCC is high, which means the water maintaining capacity is weak of I-20 sample. The slope SWCC of I-50 is small, 
which means the water maintaining capacity is strong of I-50 sample. According to soil particles distribution shown in table 2, clay content is 
high of deep soil samples, therefore those soil samples show the strong water maintaining capacity. The depth show more influence to water 
maintaining capacity of location II soil samples to location I samples.  

Comparing of 2 locations soil samples, the saturated water contents of location I samples are higher than location II samples, especially 
I-20 sample. The air suction values of location I samples are higher than location II samples, which means location I soil can turn into 
desiccation process more quickly during the water losing process caused by evaporation, especially the soil nearby the ground surface. The 
SWCC’s slope of soil samples nearby the ground surface is big, shows it has weak water maintaining capacity. Those features can cause the 
soil loss water quickly in spring and autumn which has strong evaporation action. This action can provide strong impetus take the water 
migrate upwards in soil, which make the saline gathered easily on ground surface and increase surface soil salinization. 

 
4 Conclusions 

 
1. Saline soil in Da’an belongs to the unsaturated soil, unsaturated soil theory of soil water characteristic curve could be used to predict 

the moisture migration characteristics. 
2. Through the discussion of various kinds of soil water characteristic curve prediction method, determined using Arya - Paris model 

prediction in west jilin saline soil, the soil water characteristic curve from a point of view, this method can well predict the soil water 
characteristic curve of saline soil in west jilin. 

3. According to the prediction of soil water characteristic curve, the town of adlai was in charge in shallow soil water-holding capacity 
significantly weaker than the deep soil, which can lead to moisture migration rate faster, in the shallow soil evaporation under the influence of 
salt aggravate the salinization rapidly accumulate near the body surface process. 
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4. In this paper, the saline soil in west jilin predictive results of the soil water characteristic curve was still in the stage of theory predicts, 
in the next step of work should be combined with experimental tests of soil water characteristics are measured. 
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Summer thermal environment test on typical building in Qingmuchuan 
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Abstract: Qin gmuchuan is a region with high humidity and heat in terms of climate division. Architecture should take thermal insulation in 
summer and heat preservation in winter into account. To grasp the actual situation of thermal environment in summer of this area, the thesis 
will select Qin gmuchuan Ancient Town, representative of single buildings, as a study object. The thesis applies the method of the actual 
testing and computer simulation to detect the indices of thermal environment such as indoor temperature and humidity and gas velocity. 
Based on the statistics analysis, the findings show that there are some deficiencies in the creation of thermal environment of a building. The 
thesis suggests that the interior thermal environment should be improved by strengthening heat gains of an envelope and natural ventilation, 
with a combination of a passive design strategy. 
 
Keywords: Qingmuchuan, high humidity and heat area; Indoor thermal environment; Reform strategy 
 
1. Introduction 
 

At present, China's total residential building has reached nearly 40 billion m2[ [1], of which rural residential buildings covers an area of 
approximately 70% [2]. Most of the buildings without professional design guidance have been finished by the way of spontaneously 
imitating urban construction.[3] Those buildings are basically non-green in that their indoor thermal environment is directly related to the 
living comfort, energy consumption and energy –saving target. As for green buildings, the target of comfort and saving energy can be 
achieved only when buildings have adequate adjustments to the surroundings and climate. The areas with severe cold in winter or hot 
summer are required to have clear design objectives to ensure indoor thermal comfort by controlling building orientation, shape factor, wall 
and window ratio, thermal stability of envelope, shading measures and ventilation [4-5]. However, the regions with high humidity and heat 
(the Yangtze River basin as well as the surrounding areas including 16 provinces, municipalities, autonomous regions and municipalities) 
[6]are required to balance the needs of thermal insulation in summer and heat preservation in winter. The previous studies on the regions 
with climate characteristics of hot summer and cold winter mainly have focused on the following aspects [7-8]: the influence of thermal 
insulation on indoor thermal comfort [9-10], the establishment of climate model with thermal comfort and analysis of ventilation, and then 
proposed corresponding strategies and recommendations.  

Qingmuchuan ancient town was selected to be the research object. The ancient town as a national 4A-level tourism spot is situated in 
Ning qing County, Han zhong City, Shaanxi Province. The subtropical monsoon climate prevails in the region. It is hot and humid in 
summer while wet and cool in winter. The average relative humidity is 78% in the whole year. The average temperature of the coldest 
month is -0.5 ~ 2.1 ℃. The region with altitude 612-625 m a. s. l belongs to the area with hot summer and cold winter in terms of thermal 
distribution. Qingmuchuan ancient town is rich in ecological vegetation. It has geographical characteristics of traditional old neigh bor hood, 
plain folk custom and multi-ethnic infusion. (Fig1) 

 

 
Fig.1 old street style of Qingmuchuan 

 
Test objects and measuring points layout Fig 2. The boat house as a tested building is oriented towards the south (Fig 3). It is located at 

Qingmuchuan old street. Rongshengchang boathouse was a comprehensive commercial building in the earlier times. According to the 
investigation about old men and the data record, the original space of the boathouse was relatively open and smooth, later the boathouse was 
modified and renovated into a residential building to promote the development of local tourism. Repartition was made to each room by a 
light partition. Three bathrooms with plywood ceiling were added. Member of the project team has visited Rongshengchang dwelling house 
several times in different seasons and given the following evaluation: Internal boathouse is dark, humid and has poor ventilation; It is cold 
and humid in winter, muggy in summer. It has to be equipped with auxiliary facilities to adopt indoor temperature. The first floor of the 
boathouse follows an actual inspection of samples. Testing places was first set at Mingjian to south and a room in West wing to ensure the 
measured results and contrast. The patio was also set to be a testing point to present its impact on indoor ventilation. In order to reflect the 
actual state of its being used and guarantee the effectiveness of measured data, it was required that residents should remain the previous 
habits of living and also keep windows in an original state during the testing time. 
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1.2 Measuring and Test Instruments 

 
Table 1 testing instruments 

 
 

1.3 Test time and Content 
 
The test time was set on 18-19 of August, 2016. Continuous time for testing temperature was 24 h, ventilation test was 24 h. The 

weather was sunny. The testing points was shown in Fig. 1. Point A and B were set in the interior. Since the sizes of windows and doors 
could affect ventilation condition, typical rooms to south and in West wing were also selected to be testing spots. Testing point S was set in 
the outdoor patio 
2. Testing Results and Analysis 
 
2.1 Atmospheric Temperature and Humidity Changes 

 
Qingmuchuan is located in high humidity and heat area. High temperature in solid five days did not appear in August in this region. 

The temperature was basically below 30℃ on August 1 to 6, with mainly rainy days. During August 7-18, it was mostly cloudy and showers 
with high air humidity. Affected by the local weather condition in Hanzhong, the overall temperature in this area had a tendency to rise 
gradually during August 7-24. The average daily temperature had a significant increase compared with that before 7 days.（Fig 4.） 
Although it was not in typical summer with high humidity and heat in the testing time in Hanzhong, the interior preserved heat that was 
previously stored by an envelope construction didn’t completely emit and was dissipated into the whole room by thermal radiation, and 
then had a better effect on thermal comfort. 

 

 
Fig 4. Outdoor temperature and humidity in Aug 

 
2.2 Indoor and Outdoor Thermal Environment Testing 

 
During the test, the maximum temperature of outdoors was 35.45 ℃at around 15:00. The minimum temperature was 23℃ at 5:00-6:00. 

The readings of indoor and outdoor temperature and curve changes showed that the fluctuations of indoor temperature were consistent with 
the changes of outdoor temperature, but lagged behind the changes of outdoor temperature about 1 -2 hours. The test of indoor and outdoor 
temperature was shown in Fig.5. The average temperature of the outdoor patio was 33.16. The hightest temperature was 34.45℃, the lowest 
28.8℃. The amplitude of daytime temperature was 5.65. The temperature of the residential rooms was generally high, little different from 
the maximum temperature of the patio. The overall thermal effect was not poor. Adobe wall did not show the good insulation performance. 
There are two possible reasons for the situation. First, to satisfy the demand lightweight partitions were added to the original building but 
reduced the effect of ventilation. Second, doors and windows with good insulation performance were not properly applied to envelope 
construction. The original wooden doors and windows can not be closed tightly, which made it impossible to reduce indoor and outdoor heat 
exchange. Third, the owners added sloped roof fastened to wooden purlins, after which small green tiles were lay on the roof and a thin 
wooden ceiling was installed. 

Test content Testing instruments and parameters Data sampling range, distance, mode 

Indoor and outdoor 
temperature and humidity 

Thermo re-cordertr-72uDual channel 
temperature and humidity recorder 

Continuous automatic recording, each 
0.5h automatic recording 

Indoor and outdoor wind 
speed 

Swema3000Breeze instrument Continuous automatic recording, each 
0.5h automatic recording 
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Fig 5. Indoor and outdoor temperature 

 
esting Results of indoor and outdoor wind speed is shown in Fig 6 .During the test, the average outdoor wind speed was 1.35 m / s, and 

the average wind speed near point B and S was 0.55 m / s and 0.63 m / s respectively. The wind speed at A in West wing was 0.03 m / s. 
After the modification, the interior room didn’t achieve good ventilation effect mainly caused by the following elements. Confined by he 
building structure, the rooms were relatively closed. Windows were not directly opposite to door. Without windows oriented to internal 
courtyard, interior rooms had no good ventilation. The rooms didn’t take advantage of the patio to regulating the temperature. Although the 
top of the room set up an attic, rooms were decorated with wooden ceiling. This resulted in a completely closed attic and lack of formation 
of hot air ventilation. Hanzhong is a region with high humidity, less sunshine. In this area quiet wind frequency is relatively low. The 
environment is quiet humid. Therefore, indoor comfort is poor especially in hot summer in the region. 

 

 
Fig 6 Indoor and outdoor wind speed 

 
4. To adapt to the climate of the mountainous region of Southern Shaanxi passive construction strategy 

Passive design is a design approach that takes advantage of local climate and applies the basic principles of environmental control 
technology. It combines the needs of functions and forms of construction and processes various building elements, enabling the buildings to 
have a strong climate adaptation and regulation and further improving the environment comfort. 

 

 
 

The paper puts forward a passive design by strengthening the heat gains of the building envelope, natural ventilation and passive solar 
heating. It will apply Ecotect Analysis to making comparative analysis to present the effect of passive design strategy. The benefit chart of 
each passive design strategy was shown (Figure 7-10) . Only 6% areas with comfort covers Hanzhong city per year. Appling passive solar 
heating didn’t achieve good effect, only about 8.4%. It is almost 0 in the coldest three month of a year. The effective period of gaining 
passive solar heat mainly concentrated on March-June and September-October, with maximum figure 56.7% and 19.8% of a year being 
effective The effect was obvious by enhancing natural ventilation. The maximum figure up to 58.2% appeared in June. Combined with the 
passive design strategy, the comfortable period can account for 28.4% of a year (Table 2).  

 
Table 2 effectiveness of design strategies in Hanzhong 

control method 1 2 3 4 5 6 7 8 9 10 11
 12 Annual% 

Solar heating - - 8.1 15.2 28.9 6.1 2.2 - 15.3 9.5 2.3
 - 8.4 
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Heat storage capacity  - - 6.9 32.1 56.7 33.1 4.5 8.1 39.3 19.6
 3.5 - 19.8 

Natural ventilation - - 8.4 18.3 49.5 58.2 37.7 39.3 36.5 10.2
 - - 20.5 

comprehensive measures - - 16.2 33.5 60.2 59.6 37.4 39.6 49.8
 19．7 4.3 - 28.4 

thermal comfort - - 6.3 11.2 22.8 6.5 1.6 - 12.3 8.6 -
 - 6.1 

 
5 Conclusion  
 

Through the test of the traditional architecture, change of indoor temperature, humidity and wind speed compared with the weather 
conditions, analysis of indoor thermal environment in different parts of the building, and the Hanzhong meteorological data were simulated 
using the Ecotect Analysis software, finally obtains the design strategy for residential construction in the southern area of Shaanxi province. 

The passive design strategy suitable for Hanzhong can be achieved based on the quantities analysis to enhance heat gains of the 
building envelope and nature ventilation. 

The sampling test results of indoor thermal comfort in Qingmuchaun boat house shows that the indoor comfort can basically meet the 
national relevant regulations and requirements even in the occurrence of poor indoor ventilation. It has not been found in the survey that raw 
soil wall tends to absorb moisture, form mould and generate insects, which fully shows that traditional raw soil and its construction 
technology deserve to be promoted and also worthy of being modified. In the investigation, many residents expressed their hope that raw 
soil wall material continues to be used in future residential construction.  

In response to the shortage of raw soil wall easy to fall off and poor indoor light, new environmental protection materials can be 
applied to subsequent upgraded projects of dwellings. Especially construction finishing materials are required to have strong adhesion, good 
waterproof ability and air permeability and better reflective function. The solutions to the prominent problem of poor indoor ventilation can 
be achieved by modifying the size of door and window holes, positions, materials and the ways of opening doors and windows. Due to the 
fact that the main users of the building are the elderly and children, the modified approach can control and even reduce the cost to renovate 
the building, and also make an improvement of indoor ventilation to a certain.     

The following measures to modify the boathouse can be taken in response to the remaining problems. Walls can be made of energy-
saving materials and painted with light-colored finishes. Ordinary wooden doors can be replaced by low-e glass insulation doors and 
insulating glass can be installed in the places without the edge of thermal environment. Tiger windows, set to be medium suspended, are 
required to be added to the attic. Ventilation openings have to be reserved in the indoor wooden plank ceiling, set to be the model of 
adjusting to outdoor temperature conditions. The roof should be improved by additional insulation, making use of a variety of measures to 
improve indoor comfort. 
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Abstract: Cylindrical gear with arcuate tooth trace is a new type of gear pair with the features of good meshing performance, big overlap 
coefficient, smooth transmission, low-noise, high efficiency, long life and so on. In this paper, the mathematical model of the cylindrical 
gear with arcuate tooth trace is studied based on the processing principle of rotationary cutter for the cylindrical gear with arc tooth and 
meshing principle. And a manufacture-oriented modelling method was proposed, the 3D model was established based on the proposed 
modelling method by using secondary development, also the dynamics characteristics of the curve tooth cylindrical gear was studied. 
 
Keywords: cylindrical gear with arcuate tooth trace；rotating cutter method；meshing principle；tooth surface equation 
 
1. Introduction 
 

As one of the frequently-used transmission devices, gears are widely applied in various industries. Involute gear is widely used because 
of its superior performance in aspects of design processing, testing, assembling and so on, but it has some deficiencies such as poorer 
stability, existing axial and so on[1].Japanese scholar firstly proposed the cylindrical gear with arcuate tooth trace based on the gleason bevel 
gear with arcuate tooth trace, which has characteristics of large overlap ratio,no axial force and easy processing and so forth[2-5].Due to 
cylindrical gear with arcuate tooth trace has these advantages, so it can replace the cylindrical gear and solve problems such as limited 
carrying capacity of straight toothed spur gear, existing axial force of helical gear and complex processing technology of herringbone gear. 
The paper [6] and [7] have studied the 3D modeling method of cylindrical gear with arcuate tooth trace, these researches have certain value. 
However, the suggested modeling method might not be achieved in industrial production. 

This paper analyzed the generation principle of the cylindrical gear with curvilinear shape teeth based on cutter rotating cutting method 
and studied its mathematical model. And we have put forward a manufacturing-oriented modeling method for the cylindrical gear with 
arcuate tooth trace. This kind of modeling method is realized based on secondary development of the modelling solftware, in this modelling 
method uses gear blank rolling and cutter rotary cutting method to achieve the manufacture-oriented three-dimensional model of curve tooth 
cylindrical gear. This paper also studied the dynamic characteristics about curve tooth cylindrical gear, spur gear and helical gear comparing 
with the common gears under the same condition. 

 
2 Generating Principle and Mathematical Model of the cylindrical gear with arcuate tooth trace 
 

The generation principle of the cylindrical gear with curvilinear shape teeth is shown in figure 1[8], workpiece is installed on the 
workbench, the gleason cutter is installed on the main shaft of milling machine. When the milling machine process the cylindrical gear with 
arcuate tooth trace, cutter and workpiece have a precise generation movement, Vt=Vr, Vt is lateral movement speed of milling cutter, Vr is 
peripheral speed of the processed gear on pitch circle [5]. According to its processing principle, establishing the coordinate systems [6-8], S 
(O - XYZ) is stationary coordinate system, S1 (O1 - X1Y1Z1) is coordinate system that fixed in the gear blank, which rotation around with 
the axis Z (Z1). ST (OT - XTYTZT) is coordinate system that fixed cutter, ST moves with the speed of VT=R*ω relative to the S coordinate 
system [1-2, 8-9]. The radius of the gear blank is R, the radius of the cutter is RT, The radius of inner and outer blades of the cutter in 
tangential direction are, Rn = RT - PI m / 4; Rw = RT + PI m / 4(m is modules of gear). 
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Fig.1 Generation principle of cylindrical gear with curvilinear shape teeth 
 

In big coordinate system ST（OT—XTYTZT ),the parametric equation of curved surface that is formed in cutter cutting process is: 
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where,α is pressure angle of cutting tools cutting edge of cutter,θ is angle which is the angle from envelope point to the gear blank 

central cross section; q is distance between the point on cutting surface and the envelope reference point along the generatrix direction. 
Transforming equations (1) to vector equation: 
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                                                              (2) 

Transforming  ST（OT—XTYTZT）to S（O—XYZ），its coordinate transformation relationship is: 
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                                                     (3) 

Transforming  S（O—XYZ）to S1(O1—X1Y1Z1)，its coordinate transformation relationship is: 
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2.1 unit normal vector n  of the  tool surface 
 

Through curved surface equation of cutting tools ,we can get: 
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2.2 relative velocity 
12

v


 between the tool and gear at meshing position 
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2.3 meshing function 
 
Based on meshing principle, meshing function can be expressed as: 

12
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PROOF：Put 

12
n v
 

�  into equation(16)，then 
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because ω1≠0，then: 
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2.4 Conjugate Surface 
 

Plugging formula of q into curved equation of cutting tools, we can get contact line equation of cutting tools and processed gears:   
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Transforming coordinate ST（OT—XTYTZT）to S1(O1—X1Y1Z1),we can get surface equation of cut gear:  
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Then  
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2.5 instantaneous contact line 

Meshing function , , )(Г Г q θ φ= is the function of parameter variables , ,q θ φ . Because 1 1tφ ω=
, 1φ

is regarded as a function 
that is substitute into Г in some instantaneous, thus we can get expression of function of instantaneous contact line of rack cutter and gear 

blank at the moment . If slugging random time of value of 1φ
into the equation(20), we can get the contact line equation of entire surface .   
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2.6 tooth profile equation 
 

In the axial middle cross section of gear, b = 0, so θ =0. Plugging the two values into equation (21), the tooth profile equation of the 
middle section is obtained:  
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                                            (23) 

According to equation 23,we can know the tooth profile of the axial symmetry surface of gear is involute. 
Also，on axial asymmetry surface，taking z1=b, due to 
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Then, we can get： 

( ) ( ){ }2/ tan / 4 cos / sin / 4 cos /T T Tb R m R m R Rϕ θ π θ α π θ= − + ± − ± −  
                                        (25) 
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thus we can get expression of tooth profile of non- middle cross section is： 
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                                    (26) 

By these expressions, if all of related parameters of processed gear and cutting tools are known, then the expression (26) is the function 

equation about θ ,so the tooth profile of non-middle section shape is not involute. We know that when cutting tools edge process the axial 
asymmetric section (non-middle section), we got hyperbolic linear. According to the theory of gear meshing, the tooth profile of axial 
asymmetric section of gear is made up of hyperbola.  

 
3.3D model based on rotating cutter method 
 

During the processing of cylindrical gears with curvilinear shape teeth by method of rotating cutter, cutting tools continually rotate, the 
inside and outside cones formed by cutting tools cutting edge move relative to the tooth blank and envelop the surface of gear. When using 
UG to conduct modeling, we can regard spacial enveloping solid which is formed by cutting edge of rotating cutter as molding rack ( shown 
in figure 2), and then we use the molding rack to process tooth blank, the flow is shown in Figure 3.  

 

 

(a) molding rack 

 

(b) addendum cross-sectional views 

Fig.2 Schematic diagram of rack processed by method of rotating knife dish 
 

 

Fig.3 Flow chart of machining 
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Using the method to process this type of drive gear is a kind of manufacturing-oriented processing method, this method can meet the 
actual process of the cylindrical gears with curvilinear shape teeth. Selecting gear’s parameter as shown in Table 1, the three-dimensional 
model of tooth profile surface is established by using the method of the proposed, shown in figure 4, the 3D model which conduct surface 
treatment is shown in figure 5.  

Tab.1 Geometric parameters of rack 
Parameters Value 

Z 

/m mm  

25 

4 

( )α °  20 

x  0 

/b mm  46 

/TR mm  89 

*c  0.25 

*
ah  1 

 

 

Fig.4 Surface mark of cylindrical gears with curvilinear shape teeth processed by method of rotating knife dish 
 

 

Fig.8 Disposed model of cylindrical gears with curvilinear shape teeth processed by method of rotating knife dish 
 

Cutting averagely the 3D model(shown in Figure 5) into 4 pieces (shown in Figure 6 (a) - Figure 6 (e)). We can see , in every cross 
section, the tooth profile of cylindrical gear with curvilinear shape teeth processed by method of the proposed only in the middle cross 
section is involute, it is envelope line of hyperbolic in the other sections. Which is same as the earlier mathematical  
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(a)_0transverse plane                              (b) to transverse plane B/4 

        

(a) cto transverse plane B/2                         (b)to transverse plane 3B/4 
 

Fig.6 Tooth profile shape of cylindrical gears with curvilinear shape teeth processed by method of rotating knife dish 
 
4. Dynamic Characteristics 
 

the dynamic results of the new transmission pair are obtained as shown in Figure 7 (a) -7 (f) by using the ADMAS. 

 

a 

 

b 
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c 

 

d 

 

e 

 

f 
Figure 7 Dynamic Characteristics of the cylindrical gear with arcuate tooth trace  

 
Figure 7 (a) show rotate speed of arc tooth pair is about 2500 deg/sec, its two extreme values are 2590.1831 deg/sec and 2448.2893 

deg/sec.The average value is 2499.346 deg/s, it is close to the ideal speed 2500 deg/sec, so the gear can achieve correct driving relationship. 
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Figure 7(b) to (f) are the driving force of arc gear pair in meshing process. Figure 7(b) is diagram of its circumferential force ,we can see 
extreme values is 7397.9205 N and 2681.224 N, average value is 4180.7876 N. Figure 7(c) and (d)  respectively show the gear radial force’s 
projection value on the X axis of coordinate system during the gear pair corotation and reversing. Average value of Figure 7 (c) is 998.9026 
N,and average value of Figure 7 (d) is 2197.9054 N, so we can get average value of radial force of the gear pair is 1598.4040 N. Figure 7 (e) 
is the meshing force diagram of gear system, the meshing force appear periodical change on the average value about 4515.9042 N, and its 
extreme values are 7465.5236 N and 2636.6106 N. Figure 7 (f) is the axial force of gear system, it shows that the axial force appear 
periodical change on 0N ups and downs, and its extreme value is -716.8745 N and 715.2233 N,so the radial force of the gear pair is 
symmetric distribution, and the average value is 52.2362 N. The radial force offset differ completely in theory, but it accounts for only about 
only 1% of the whole meshing force. 

In the same conditions，the result of dynamics simulation of straight tooth and helical tooth is shown in Table 2. 
In transmission process, axial force, radial force and meshing force of the three types of gears are similar,. But axial forces of the three 

types of gear have bigger difference. The analysis results of straight gear is -0.5 N,this value is very close to ideal value,it can be regard as 
axial force is 0N; the helical gear’s change range is 800N, and the average value is nearly 600 N,it is the biggest in axial forces of the three 
types of gear; Because of structure of arc gear is symmetrical on the axial middle section , so the axial forces are symmetrical in theory and 
they can counteract each other, the maximums is about 715 N, but the average value of axial force is about 50.So the axial force of arc tooth 
is much less than that of helical tooth and  larger than straight tooth, therefore we should choose the bearing which can absorb a certain 
amount of axial force when using this arc tooth.  

 
5 Conclusion 
 

This paper analyzed generation principle of cylindrical gear with curvilinear shape teeth base on rotating cutter method, and researched 
its mathematical model, putting forward a kind of modeling method for manufacturing cylindrical gear with arcuate tooth trace, this kind of 
modeling method based on secondary development of UG, using gear blank rolling and cutter rotary cutting method, achieving three-
dimensional model for manufacture-oriented curve tooth cylindrical gear, conducting dynamics analysis for curve tooth cylindrical gear, 
spur gear and helical gear in the same condition, studying its dynamic characteristics.  
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Comparing the effect of two kinds of typical inorganic and organic additives on positive electrolyte for 
vanadium redox battery 
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Abstract: Inositol and NH4H2PO4 were explored as typical additives in electrolyte for vanadium redox battery (VRB), respectively. This 
paper compared the effect of two typical inorganic and organic additives on positive electrolyte for vanadium redox battery. The effects of 
additives on electrolyte are studied by thermal stability, cyclic voltammetry (CV), electrochemical impedance spectroscopy (EIS) and 
charge–discharge technique. Thermal stability of the V (V) electrolyte could be improved by both inositol and NH4H2PO4 additives, and 
the sample with NH4H2PO4 has better effect, especially. The results of cyclic voltammetry (CV) and electrochemical impedance 
spectroscopy (EIS) show that the electrochemical activity of the electrolyte with additives is improved than the pristine sample. At 
30mAcm-2, the VRB employing positive electrolyte with inositol and NH4H2PO4 as additive exhibited a better charge–discharge 
performance than pristine sample. Among the two additives, the sample with NH4H2PO4 has better effect for improvement of 
electrochemical activity and kinetics. Moreover, the assembled cell using NH4H2PO4 as positive electrolyte additive shows good cycling 
performance, with higher energy efficiency (76.6%) in comparison with Inositol (75.34%) and the pristine cell (71.86%) at 30mAcm-2 

Keywords: Vanadium redox battery; Additives; Thermal stability 

1. Introduction 

As one of the most promising Redox battery (RFB) technologies for large-scale storage，vanadium redox flow battery (VRB) initially
proposed by Skyllas-Kazacos-[1-2], has high efficiency, long cycle life, low running cost and its independent tunability of power and 
capacity. VRB store energy through the conversion between V(II)/V(III) and V(IV)/V(V) redox couples, which are  in aqueous sulfuric acid 
solution as the and negative half-cell respectively, So the energy density of VRB is directly determined by the concentration of 
electrolytes[3-5]. However, the limitations on vanadium solubility and the stability of the electrolyte solutions, especially the V(V) 
electrolyte, which can hardly be more than 1.8 M, and the temperature range is generally restricted between 10 and 40℃, so it greatly 
decreases the energy density of VRB [5] 

In the last decade, much work has been done to improve the solubility and stability of the positive electrolyte solutions. The solubility 
of vanadium ions can be improved via the optimization of the supporting acid electrolyte, such as higher concentration of sulfuric acid in 
electrolytes can effectively stabilize V (V) ions [6]., However, due to the common ion effect, increasing the H2SO4 concentration will 
accelerate the precipitation of V (II), V (III) and V (IV) ions [7] Furthermore, the higher concentration H2SO4 will raise the cost and reduce 
corrosive durability for materials. Adding stabilizing agent into electrolyte is another kind of economic and effective method for the 
improvement of VRBs’ performance [8] Normally two types of additives, e.g., inorganic/organic can be used as stabilizer for VFB 
electrolytes. Alcohols with ring or chain structures can increase the solubility of V (II)-V (V) ions in the solution, stabilize the electrolyte 
and reduce vanadium precipitates in the electrolyte, Some inorganic, phosphate based additives are a typical kind of efficient stabilizing 
agents due to the interaction between vanadate and pyrophosphate or phosphate[20-21]. In this paper, we choose two typical kinds of organic 
(inositol) and inorganic (NH4H2PO4) additives and compare the effect on positive electrolyte for vanadium redox battery. 

2. Experimental

2.1. Preparation of electrolyte 

The V (IV) electrolyte solutions were prepared by dissolving vanadyl sulfate (VOSO4·nH2O2，Shanghai Dibo Chemical Co. Ltd., 
China) in 3M H2SO4. The V (V) electrolyte was prepared by charging the prepared V(IV) solution in a flow single cell. At the end of the 
electrolysis, the concentration of final solution was analyzed by redox titration. 

2.2 .Thermal stability tests  

Samples (2MV(V) + 3.0M H2SO4) with different additives were in-situ stored at 45℃temperature for different immersion time (3h, 6h, 
9h, 12h,15h), respectively. During the stability tests, the samples were sealed and kept static without any agitation. At the end of immersion, 
the V(V) electrolyte was centrifuged and analyzed by redox titration to determine the change of the vanadium concentration. 

2.3. UV–Vis spectrometry of V(IV) electrolyte 

UV-Vis spectrometry of vanadium electrolyte was measured on UV-1200 UV/Vis spectrophotometer (Shanghai, China) in the range of 
400-900 nm using 1.0 cm quartz cell. The measured solutions are 0.1 M V(IV) and 3.0 M H2SO4 without and with additives，and 3.0 M
H2SO4 used as the blank solution. 

2.4. Viscosity measurement 

The viscosity of vanadium electrolytes with different additives was measured with an ubbelohde viscometer at the room temperature. 
Solution viscosity was calculated according to the following equation [22]. 

Where μ is the viscosity；ρ solution density; d diameter of capillary; t average time of the solution flowing through a capillary tube; V 
solution volume. 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                                      178.2 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/178 

 

2.3. Electrochemical measurements 
 

Cyclic voltammetry (CV) tests of V (IV) solutions with and without the additive were conducted on the CHI660 electrochemical 
workstation (Shanghai Chenhua Instrument Co., Ltd., China) at different rates in a potential range of 0-1.6V at room temperature. A three-
electrode cell was used with Pt electrode as counter electrode, an saturated calomel electrode (SCE) as a reference electrode, and a freshly-
polished graphite plate with a surface area of 1.0 cm2 as working electrode. 

Electrochemical impedance spectroscopy (EIS) was also conducted on the CHI660 electrochemical workstation. A three-electrode cell 
was used with Pt electrode as counter electrode, an saturated calomel electrode (SCE) as a reference electrode, and graphite felt as the 
working electrode (1.0 cm×1.0 cm) .The sinusoidal excitation voltage applied to the cells was 5 mV. The frequency range was from 0.01Hz 
to 100 KHz. 

 
2.4. Charge-discharge test 
 

The VRFB cell performance was tested using a single static cell system, which consisted of two graphite felt electrodes (thickness is 7 
cm, Lanzhou carbon fiber Materials Co., Ltd.), two conductive plastic current collectors and a nafion 117 membrane. The effective reaction 
area of electrode was about 10 cm2. 1.8 M V(III) /V(IV) in 3.0 M H2SO4 solutions were employed as negative electrolytes. The positive 
were also 1.8 M V(III) /V(IV) in 3.0 M H2SO4, but added a certain amount of additives. Charge–discharge cycling tests of the VFB single 
cell were conducted by using BTS-3008-5V6A (Shenzhen Neware Electronics Co., China) with a constant current density of 30 mA/cm2 
between 0.7 V and 1.7 V. 

 
3. Results and discussion 
 
3.1. Thermal stability 
 

To study the inhibition effect of inositol and NH4H2PO4 additives on the thermal stability of V(V) electrolyte, 3.0% mole/mole 
inositol and 0.2M NH4H2PO4 additives were added into V(V) solutions[19] [21]. Sealed samples of each solution were placed in water 
baths at 45℃ for different immersion time. The results of thermal stability of V (V) ion are recorded in Fig. 1. The original concentration of 
V (V) ion is 2.0 M. As shown in Fig. 1, the concentration of V (V) decreases with the increase of immersion time for all electrolyte. After 
15h，the concentration of the electrolyte with inositol (1. 43 M ) and NH4H2PO4 (1.76M) are higher than the pristine one (1.19M).The 
reduction of the V(V) concentration in the electrolyte with NH4H2PO4 is less significant than the electrolyte with inositol and pristine one. 
It indicates that the V (V) electrolyte with additive of NH4H2PO4 exhibits the best thermal stability. The best of the thermal stability for the 
electrolyte with NH4H2PO4 could be ascribed to the formation of the complex between the additive and vanadium ion Moreover, the 
concentration of V (V) with inositol is lower than that of the pristine electrolyte before 6 h, we also found that the color of the solution with 
inositol have some changes, like V (V)/V(IV) mixed electrolyte，which may be caused with inositol reducibility, but the concentration of 
V(V) with inositol is higher than that of the pristine electrolyte at 45℃ after 9 h.  

 

Fig.1. Effect of additives on thermal stability of V (V) electrolyte at the temperature 

3.2 UV–Vis spectra of V(IV) electrolyte 
 

Fig. 2 shows the UV–vis spectra of the V( IV) electrolyte without and with additives. As seen in Fig. 2, the characteristic absorption 
peak of UV–Vis for V (IV) appears at about 770 nm the spectra of electrolyte with additives are similar to that of the pristine electrolyte, 
without new absorption peak and wavelength shift. The result show that the addition of trace amount of inositol or NH4H2PO4 could not 
form a new substance or effective concentration of V (IV). 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                                      178.3 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/178 

 

 

Fig.2. UV-Vis absorption spectra of V(IV)-H2SO4 electrolyte with additives. 

3.3. Cyclic voltammetry 
 

Fig.3. shows the CV curves of positive electrolyte with and without the two kinds of additives at a scan rate of 20mV/S. For the 
convenience of comparison，the related data based on Fig. 3 are shown in Table 1. 

It can be seen that anodic peaks and cathodic peaks associated with the oxidation and reduction of V (V)/V(IV) are observed at 
approximately 1.0 V and 0.8 V, respectively. After the introduction of inositol and NH4H2PO4 additives, the samples exhibits a better 
electrochemical behavior, with the higher peak current compared to the pristine electrolyte, which indicates the improvement of 
electrochemical activity. This is maybe attributed to the decrease in mass transportation polarization of the electrolyte with introduction of 
the additives. The electrolyte with inositol additive exhibits a higher peak current compared to the electrolyte with NH4H2PO4.  

The peak potential separation（ΔEp）for V(IV)/V(V) redox reaction with additives are decreased obviously, implying that both 
inositol and NH4H2PO4 could improve the redox reversibility of V(IV)/V(V). But, the electrolyte with NH4H2 PO4 additive exhibits a 
smaller peak ΔEp current compared to the electrolyte with inositol. 

 

Fig.3. Cyclic voltammograms of the electrolyte (1.5 M VOSO4 + 3.0 M H2SO4) with different additives on graphite electrode at a 
scan rate of 20 mV s-1. 

 
Table 1.Cyclic voltammograms data for 1.5M V(IV) with different additives on graphite electrode at scan rate of 30 mVs-1. 

 

In order to further investigate the effect of additives on mass transfer of V(IV)/V(V), a series of CV curves for solutions on the graphite 
electrode at various scan rates are shown in Fig. 4. With the augment of scan rate, the peak current increases in linear, as exhibited in Fig. 5. 
So, the redox reaction of V(IV)/V(V) couple on graphite electrode is quasi-reversible[24], the diffusion coefficient of vanadium ion is 
calculated according to the Randles–Sevcik equation. 

For a reversible redox couple, the peak current ip is given in Eq. (1) [25]: 
ip = 2.69×105n3/2ACD0

1/2 ν1/2 
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And for an irreversible redox couple, the peak current ip is given in Eq. (2) [25]: 
ip = 2.99×105n3/2α1/2ACD0

1/2 ν1/2 

where n is the number of electrons transferred in the reaction, α is the charge transfer coefficient (α≈0.5), A is the electrode area 
(1cm2), C is the concentration of electroactive species, D0 is the diffusion coefficient, and v is the scanning rate. Theoretically, the value of 
the diffusion coefficient for a quasi-reversible reaction (D) is between that for a reversible (D0) one and an irreversible (D0) one [26]，So 
the corresponding diffusion coefficients of the solutions with different additives, obtained from Eqs. (1) and (2), are presented in Table 2. It 
clearly shows that the diffusion coefficient of V(IV) ion with additives are higher than the pristine solution, Therefore this additives could 
improve the diffusion of V(V) species on the electrode. The corresponding reaction activity was improved, which was consistent with the 
CV tests. Moreover, the diffusion coefficient of V(IV) with additive of inositol (1.59-2.58×10-6) is also higher than the electrolyte with 
NH4H2PO4 (1.26-2.04×10-6). So, V(IV) species in solution with additive of inositol has the best transfer performance. 

 

 

Fig.4. CV curves of 1.5 M VOSO4 with various additives on graphite electrode: (a) pristine; (b) NH4H2PO4; (c) inositol at different 
scan rates. 

 

Fig.5. Plots of the anodic peak current vs. the square root of scan rates (v1/2) for the electrolytes with and without additives. 
 

Table 2 The diffusion coefficient of V (IV) species in solution with different additives. 
Sample  Pristine      NH4H2PO4   Inositol 

D×10-6 (cm2s-1)  0.93-1.50  1.26-2.04 1.59-2.58 

 
3.3. EIS analysis 
 

 The Nyquist complex-plane impedance plots of the electrolytes with and without additives at ambient temperature are shown in Fig. 6. 
Each Nyquist plot includes a very small circular arc and a semi-circle in the high-frequency region and a sloping straight line in the low-
frequency region, demonstrating that the V (IV)/V(V) redox reaction is mix-controlled by charge transfer and diffusion steps. The very 
small circular arc reflects absorption and desorption reaction resistance，the semicircle part reflects the charge transfer process and the 
linear part is associated with the diffusion of vanadium species in the electrode [27-28]. Equivalent circuit model is also proposed in Fig. 6. 
The derived circuit was employed to quantitatively describe the change in impedance. R2 is vanadium ion absorption-stripping reaction 
resistance, R3 is Faradaic interfacial charge-transfer resistance, C represents the electric double-layer capacitance of electrode/electrolyte 
interface, CPE1 and CPE2 are the constant phase elements of interface between the electrolyte and the electrode. The bulk solution 
resistance of electrolyte with and without additives has similar values of 2.00 Ω, the corresponding charge-transfer resistance of the 
electrolyte with inositol (1.79 Ω) and NH4H2PO4 (2.05Ω) is lower than the pristine electrolyte (2.96Ω), indicating that the transfer of 
vanadium ion and electron is more feasible. 
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Fig.6. Nyquist plots of the electrolytes with and without additives at ambient temperature. 
3.4. Cell tests 
 

The charge-discharge tests were performed in static cells. Fig. 9 shows the charge–discharge curves of a 1.8 M vanadium electrolyte 
with and without additives at the current density of 30 mA cm-2. 

 

 

Fig.9. Charge–discharge curves for vanadium redox flow cell employed electrolyte with different additives at a current density of 30 
mA cm-1. 

 
As observed in Fig. 9, the cell with additives in positive electrolytes presents a lower charging voltage plateau and higher discharge 

voltage plateau than the pristine one, indicating that the introduction of inositol and NH4H2PO4 to the positive electrolyte could reduce the 
over-potential. However, the capacity of electrolyte with inositol decreased slightly, which may be due to the coordination reaction between 
hydroxyl groups and V (V) ions The cell with NH4H2PO4 exhibits the best electrochemical property with the largest capacity and the 
smallest value of charge–discharge voltage plateau interval, which indicates the improvement of electrochemical activity and kinetic 
reversibility.  

Fig. 10 shows the energy efficiency of the single cell with and without the additives in the positive electrolyte in the long-term cycling 
process for 30 cycles. It can be known from Fig. 8 that the energy efficiency of the single cell with additives was largely improved, 
indicating the enhancement of electrochemical reaction reversibility, and the average energy efficiency of the cell with NH4H2PO4 can 
reach 76.65% higher than that of the cell with inositol (75.34%) and the pristine cell (71.86%). Overall, the cell using NH4H2PO4 in the 
positive electrolyte exhibits preferable battery performance compared with that of electrolyte with Inositol and the pristine electrolyte. 

 

Fig.10. Energy efficiency of the cells using electrolyte with and without additives at a current density of 30 mA cm-2 

4. Conclusion 
 

In this work, the effect of typical inorganic and organic additives, inositol and NH4H2PO4, on the thermal stability and electrochemical 
performance of positive electrolyte for VRFB are investigated. The thermal stability test showed the additives of Inositol and NH4H2PO4 
could effectively delay the precipitate time of V (V), the V (V) electrolyte with additive of NH4H2PO4 exhibits the best thermal stability. 
The CV and EIS measurements suggested that better electrochemical performances were achieved by adding Inositol and NH4H2PO4 
additives, with larger diffusion coefficient of V (I V), exchange current density and electrochemical reaction rate constant improved. 
Moreover, the assembled cell with additives exhibits better charge–discharge characteristic. More importantly, it was found that the VRFB 
employing the vanadium electrolyte with NH4H2PO4 as positive electrolyte exhibited better charge–discharge characteristic and higher 
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energy efficiency in comparison with the Inositol as additives. Based on the above results, NH4H2PO4 be used as a better additive for the 
positive electrolyte of VRFB. 
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Abstract: Pointing on the issue that the traditional pin-cycloidal gear planetary reducer easily caused vibration and noise, this paper 
proposed a new kind of pin-cycloidal planetary gear reducer with flexible component, it can buffer mechanical vibration which is caused by 
factors such as meshing impact, manufacturing error, assembly errors, etc. and also it can change natural frequency and dynamic response of 
the reducer’s mechanical system. The result of finite element analysis indicate: the natural frequency of the traditional pin-cycloidal gear 
planetary reducer is obviously higher than the natural frequency of the new pin-cycloidal gear planetary reducer, as increase of damping 
rubber’s hardness, the corresponding order number of reducer’s maximum deformation increase the corresponding order number of three 
kinds of vibration mode of reducers whose destruction is larger also increase. 
 
Keywords: new pin-cycloidal gear planetary reducer, structure design, finite element, natural frequency, vibration mode 
 
1. Introduction 
 

The pin-cycloidal gear planetary reducer has been widely used in mechatronics system and general mechanical transmission such as 
robot transmission, aerospace equipment, precision machinery, subminiature transmission device, measuring instruments, micro mechanical 
and high-tech equipment [1-3]. As the improving requirement of equipment robots, precision machinery, aerospace, the cycloid pin gear 
planetary reducer is facing a higher requirement in vibration and noise. 

The pin-cycloidal gear planetary reducer s turning arm bearing is limited by the width and the root circle radius of the cycloid gear, and 
its relative speed is higher than that of the input shaft speed, especially under the special conditions of big torque, instantaneous peak, strong 
alternating load and so forth, the pin-cycloidal gear planetary reducer is easier to produce vibration and noise [4]. In order to reduce 
vibration and noise of the pin-cycloidal gear planetary reducer, and to improve the transmission stability, and to make it more suitable for 
the modern high technology field. A new pin-cycloidal gear planetary reducing device with a flexible element is proposed in this paper, in 
this new type of pin-cycloidal gear planetary reducer, flexible component is installed between the sleeve of the turning arm bearing and 
cycloid gear, the flexible components is elastic deformation under the action of external force, and under the effect of elastic deformation of 
the flexible components, the mechanical vibration(caused by manufacturing errors, meshing impact, assembly errors and so on)is able to be 
decreased and the natural frequency and dynamic response of the speed reducer of mechanical system is also changed, so as to reduce the 
vibration in the system and make the drive more smoothly. 

 
The new pin-cycloidal gear planetary reducer’s primary structure include: eccentric driving input mechanism H, flexible component, 

pin-cycloidal gear meshing mechanism and output transmission mechanism W, its concrete structure is shown in Fig.1. The flexible 
component of the new pin-cycloidal gear planetary reducer is installed between bearing sleeve of turning arm and cycloidal gear. When the 
input shaft (turning arm) H institution turns with cycloidal gear, the flexible component will produce elastic deformation. Under the effect of 
the flexible component’s elastic deformation, it is able to buffer mechanical vibration of reducer in work process which caused by factors 
such as power supply, mechanical energy’s morphological change, meshing impact, manufacturing error, assembly errors, etc., and it also 
can change natural frequency and dynamic response of the reducer’s mechanical system, so as to reduce vibration of system and make 
transmission be more stable. 

 

Fig.1 structure of new pin-cycloidal gear planetary reducer 
 

1- output shaft 2–end cover of output shaft 3–engine base of reducer 4–main box of reducer 5–gear pin 6–wheel roller 7–end cover 
of input shaft 8–cycloidal gear(I) 9–cycloidal gear(II) 10–pin 11–roller 12–eccentric sleeve 13–turning arm bearing(I) 14–turning 
arm bearing(II) 15–input shaft 16–bearing of input shaft(I) 17–bearing of input shaft(II) 18–flexible component(I) 19–flexible 
component(II) 20–bearing of output shaft(I) 21–bearing of output shaft(II)  
 

2 Analysis of Natural Frequency 
 
2.1 Meshing Frequency Calculation  
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We use revolution speed which is relative to planet gear to calculate meshing frequency, according to the principle of relative 
motion[5-8], the new pin-cycloidal gear planetary transmission is changed as planetary transmission the fixed input shaft. The meshing 
frequency between cycloidal gear and needle gear can be calculated by the method of the fixed shaft driving method, which is equal to the 
product of rotating number of turns of cycloidal gear in unit time and teeth number of cycloidal gear. The meshing parameter after pin-
cycloidal gear planetary reducer equivalently translating into fixed axis gear train is shown in table 1. 

 
Table 1 meshing parameter of equivalent transmission 

revolving 
member 

parameter number 
of teeth 

original 
rotate speed 

equivalent 
rotate speed 

rotational 
frequency 

meshing 
frequency 

meshing 
cycle 

symbol z n n fs fm T 

units  rpm rpm Hz Hz ms 

input shaft  1440 0    

pin gear 30 0 -1440 24 
720 

16.55 

1.39 

40.28 
cycloidal gear 29 49.7 -1489.7 0.8276 

output shaft  49.7 -1489.7 0.8276 

 
2.2 The new type reducer natural frequency 
 

Using the ANSYS software to achieve free modal analysis of the traditional pin-cycloidal gear planetary reducer and the new pin-
cycloidal gear planetary reducer with five kinds of different hardness rubber ring, their 1 - 10 order natural frequencies are shown in table 2. 

 
Table 2 the 1st – 10th order natural frequency of gear reducer of different material (Hz) 
 

order 
shore hardness 

60HA 65HA 70HA 75HA 80HA Stiffness 

1 42.87 45.35 47.87 50.477 53.14 67.603 

2 56.17 62.22 69.46 78.47 90.24 100.52 

3 72.92 80.64 89.81 100.36 100.49 110.00 

4 73.06 80.90 90.22 100.96 108.30 248.07 

5 73.13 80.97 90.31 101.72 116.70 283.98 

6 73.29 81.04 90.36 101.85 117.03 788.66 

7 100.50 100.41 100.47 101.91 117.04 816.81 

8 107.27 108.44 109.27 110.31 118.29 967.23 

9 134.03 148.16 165.42 186.00 213.09 973.26 

10 140.21 153.64 169.97 190.24 217.23 978.01 

 
It can be known from the table 2, the natural frequency of the traditional pin-cycloidal gear planetary reducer is obviously higher than 

the natural frequencies of the kinds of new pin-cycloidal gear planetary reducer with five kinds of different hardness rubber ring, especially, 
after the number of modal order is greater than 3, the natural frequency of the traditional pin-cycloidal gear planetary reducer has larger 
change, and it is obviously exponentially higher than the new pin-cycloidal gear planetary reducer designed by this paper. As vibration order 
number increasing, the natural frequencies of the new pin-cycloidal gear planetary reducer also gradually increased. And the sixth order 
natural frequency of traditional reducer is 788.66 Hz ,it already closes to the meshing frequency of cycloidal gear and needle gear, its 
difference (68.66 Hz) is less than the difference of new reducer, as  number of order increased, its natural frequency is greater than the 
meshing frequency of cycloidal gear and needle gear. 

 
3. vibration mode analysis on the new type of cycloid pin gear planetary reducer  
 
3.1 Meshing model of FEM 
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Meshing model of pin-cycloidal gear planetary reducer bas FEM is shown in Fig.2, the model includes 5.6214×105 node number and 
1.7188×105unit number. 

 

Fig.2 meshing model of new pin-cycloidal gear planetary reducer 
 

3.2 Vibration mode analysis based on FEM 
 

Using ANSYS software to compare 1st - 10th order vibration mode of the new pin-cycloidal gear planetary reducer with five kinds of 
different hardness rubber ring and the traditional rigid pin-cycloidal gear planetary reducer,the 1st - 10th order vibration mode of the new 
pin-cycloidal gear planetary reducer with five kinds of different hardness rubber ring is shown in Table 3. 

 
Table 3 The 1st 10th order vibration mode (μm) 

order 
shore hardness 

60HA 65HA 70HA 75HA 80HA Stiffness 

1 18.68 18.97 18.86 18.81 18.91 18.36 

2 18.69 18.93 18.83 18.81 18.85 13.82 

3 26.64 27.33 27.70 13.19 13.82 5.53 

4 26.60 28.71 37.01 25.83 8.37 5.74 

5 25.93 27.46 26.68 36.12 37.29 6.01 

6 26.51 28.39 36.08 36.27 31.17 18.37 

7 13.82 13.84 13.82 27.06 28.71 22.21 

8 13.55 7.62 8.08 12.49 35.46 24.80 

9 15.68 15.55 15.43 16.26 15.47 29.20 

10  15.37 14.58 14.86 15.84 13.90 18.77 

 
The table 3 shows that the maximum deformations of the traditional reducer and the new reducers that are installed with different 

hardness rubber ring are within 25μm～40μm; the order number that appear larger deformation is gradually increases with the increase of 
rubber ring’s hardness. 

 
Conclusion 
 

This paper designed a kind of new pin-cycloidal planetary gear reducer with a flexible component between bearing sleeve of turning 
arm and cycloidal gear of the traditional pin-cycloidal gear planetary reducer. it is able to buffer mechanical vibration of reducer in work 
process which caused by factors such as power supply, mechanical energy’s morphological change, meshing impact, manufacturing error, 
assembly errors, etc., and it can change natural frequency and dynamic response of the reducer’s mechanical system, so as to reduce 
vibration of system and make transmission be more stable. 

The natural frequency of traditional pin-cycloidal gear planetary reducer is obviously higher than the natural frequencies of the kinds of 
new pin-cycloidal gear planetary reducer, especially after number of modal order is greater than 3, the changing of natural frequency of 
traditional pin-cycloidal gear planetary reducer is larger, which is obviously higher than the new pin-cycloidal gear planetary reducer 
designed by this paper. The difference of the natural frequency of the new pin-cycloidal gear planetary reducer and meshing frequency of 
cycloidal gear and needle gear is greater than the difference of the natural frequency of the traditional pin-cycloidal gear planetary reducer 
and meshing frequency of cycloidal gear and needle gear. 

This paper used ANSYS software to complete modal analysis of the new pin-cycloidal gear planetary reducer system and got natural 
frequency and modal vibration mode of the traditional pin-cycloidal planetary reducer and the new pin-cycloid gear planetary reducer with 
five kinds id different hardness damping rubber. 
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Study on Relationship between Shape Coefficient and Energy Efficiency of Residences in Southern 
Shaanxi 

 
TIAN Haining 

 
School of Civil Engineering and Architecture，Shaanxi Sci-Tech University, Hanzhong , China 

 
Abstract: Based on the theoretical analysis of the main factors (size, width, height and the perimeter of the building) and the shape of the 
buildings, the energy efficiency of rural residential buildings is analyzed, and the energy consumption of buildings is verified by ECOTECT 
Analysis ,This paper puts forward that the rural residential buildings in southern Shaanxi should reduce the size coefficient of the residential 
buildings by increasing the length of the building, increasing the depth of the building, increasing the number of building layers. At the same 
time, choose the best building plane shape, In order to achieve the purpose of residential energy efficiency. 
 
Keywords: country house, shape coefficient, building energy efficiency, energy consumption simulation 
 
1. Introduction 
 

With the rapid development of China's urbanization, which promote the development of the rural economy. Farmers' living conditions 
have been improved, Rural per capita housing area increased from 8.10m2 at 1978 to 31.6 m2at  2010.With years of development, the quality 
and layout of rural residential buildings have been improved, and the basic service facilities have been improved, The number and demand 
of rural housing construction will continue to increase, will account for 50% of the country new residential. In the next decade. 
Generally speaking, The overall level of China's rural construction is relatively backward, lack of design and scientific guidance in the 
construction of rural residential areas, the blind imitation of urban construction, technical conditions and construction means backward and 
other issues are more prominent. Building exterior wall insulation performance is poor, the shape coefficient is unreasonable, etc.T he 
factors that cause the building energy saving design to be the weak link of the residential design. the design standard for energy efficiency of 
residential buildings in hot summer and cold winter area (JGJ 134-2010) the provisions of the hot summer and cold winter area of not more 
than three storey residential building shape coefficient, suitable for less than or equal to 0.55.In rural residential due to the need of 
production and life style, the residential form in general standing or two or three transverse splicing, multiple layers to 1 layers. According 
to the relevant policies of rural residential land in the southern area of Shaanxi Province, land area of 110 square meters in control. At 
present, the typical rural houses in southern Shaanxi as an example, the building system coefficient in more than 0.550 - 0.573, excessive 
building shape coefficient, for residential energy conservation is extremely unfavorable. 

 
2. Shape Coefficient Analysis 
 

The shape of the residential building determines the distance between the outer surface area and indoor air circulation. The architectural 
form has a great impact on energy consumption. The building shape coefficient refers to surface area of the required building envelope 
structures in indoor unit volume in the enclosed buildings described by the ratio S=F0/V0. The shape coefficient is the ratio of the surface 
area of the building F0 to the outdoor air contact and the surrounded volumes V0. Building Shape Coefficient S= F0/V0. Physical meaning 
refers to use the minimum building envelop areas of Indoor unit volume of the enclosed buildings. The smaller of theF0/V0 means that the 
smaller the outer wall area, that is the less ways of energy drain which has more energy saving capacity. 
 

According to the formula of shape coefficient： 
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By the formula (2), when the volume of the building is certain, the figure coefficient is related to the breadth, depth, height and the 
proportion of the building. That is when the heigh (h) t and the width (b) of the building are certain, the deeper (a) building has the small 
figure coefficient with better energy-saving effect. When the height and the depth of the building are certain, the higher of the building, the 
smaller will be the coefficient and better skill effects. The higher ratios between the width and depth are, higher will be the coefficient and 
the heat consumption. 

When the building height (h) and depth (b) are certain, width (a) is the larger, the smaller of the coefficient, a larger the smaller the 
coefficient of shape, energy-saving effect is better. When width (a) and depth (b) of a building are certain, the greater the smaller the 
coefficient of shape, energy-saving effect is better 

If A-building base area (m2), that is, L-building material perimeter (m), that is. A = axb, L = 2 (a + b) 
The equation (1) is transformed into: 
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When the building height (h) and the bottom area (A) are constant, the circumference of the building is linearly related to the body 
shape coefficient. As the perimeter (L) of the building bottom decreases, the body shape coefficient(S) also decreases, so the energy saving 
is better. The perimeter (L) of the building bottom is also linear with the body shape coefficient. As the perimeter (L) of the building bottom 
decreases, the body shape coefficient (S) also decreases, so the energy saving is better. 

 
selects the typical rural residence in southern Shaanxi as the research object, firstly the theory feasibility analysis by data calculation, 

and then quantified by comparing the ECOTECT Analysis energy simulation software. 
On the basis of analysis and research of rural residence in southern regions, most of the residential are 1-2 layers, height(h ) is 3.6-6.9m, 

width (b) is 8-12m, height(h ) for residence is 6.9m, depth (b)is 10m, by the formula (2) to 

)4(345.02221
+=++=

abah
s  

Tab1: Effect of building length on shape coefficient 
Width(a) 10 20 30 40 50 60 70 80 

S 0.545 0.395 0.378 0.37 0.365 0.361 0.359 0.358 

 
It is obvious form Tab1，When the length (a)of the building is increased that the shape coefficient is decreases with it, But no matter 

how much the length are increased , the shape coefficient S is more than 0.345,when the building length of a is larger than 60m, the shape 
coefficient a with the length of S change is not very obvious. Therefore, the best way for residence is to transform the original independent 
residential even row type, and the best is more than 6 households in order to achieve the best length of 60m. But in southern Shaanxi , 
Most terrains are mountainous area, along the street paved areas can be used in Multi-family splicing, While in the slope can be two or three 
for a group. 

 
Fig.1 Simulation curves and simulation process of different splice length energy consumption 

 
Simulation process, Take a household as the basic unit, multi-household stitching average method. EC simulation for energy consumption, 
we can see that the longer the length of the mosaic. The average energy consumption per household lower, mosaic length of 60 meters, the 
energy consumption rate of decline is also getting smaller and smaller. It shows that the effect of building energy saving is more and more 
weak by reducing the shape coefficient of building length(Fig.1). 

 
2.2 Increase the Depth 
 
Taking typical residential as an example in southern Shaanxi,by the formula (2) to： 

)5(489.02221
+=++=

bbah
s  

Tab2: Effect of building depth on shape coefficient 
Depth(b) 10 11 12 14 16 18 

S 0.689 0.671 0.656 0.632 0.614 0.600 

 
It is obvious form Tab2, When the height (h) and width(a)  of are certain. The the depth ( b )is bigger , the shape coefficient is smaller.  

For the residence, the best way to Energy-efficient is increase the depth (b), with a larger reduction in size coefficient S, to achieve the 
purpose of energy conservation. Considering the influence of residence into deep factors such as lighting, sunshine, rural residential 
recommended depth to 9 ~ 14m is appropriate. If insufficient lighting, with roof skylight is arranged in the middle of residential lighting as a 
compensation. 
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Simulation process, hypothesis height (h) = 6.9 m, width(a)= 10 m, depth( b )as shown in table 2 to be established the model .In the 
simulation process, the building selected the same external conditions and the same kind of tectonic practices and building materials. As can 
be seen from the fig2,With the depth increasing that building energy consumption is lower. 
 
2.3 Increase the Height 
 
Taking typical residential as an example in southern Shaanxi, hypothesis width(a)= 10 m ,depth( b )= 10 m,by the formula (2) to： 

)6(4.02221
+=++=

hbah
s  

Tab3: Effect of building height on shape coefficient 

 

 

 
It is obvious form Tab3, Building height of 6 meters, shape coefficient S is 0.733, when the increase is 9 meters, the shape coefficient S 

reduced to 0.622. Building with the increase in the number of layers, the corresponding decrease in size coefficient is relatively large. This is 
because the increase in the layer height, the outer enclosure area (including the roof area) is not increasing than the increase in the volume 
surrounded by the volume increase rate is greater than the area rate. For rural areas in southern Shaanxi, it is best to build two layers, if the 
economic conditions permit, can be built 3-4 layers. 

 

Simulation process, hypothesis depth (b) = 6.9 m, width(a)= 10 m, height (h)as shown in table 3to be established the model .In the 
simulation process, the building selected the same external conditions and the same kind of tectonic practices and building materials. As can 
be seen from the fig2,With the building height increases, the building energy consumption is lower, building height from 12 meters to 15 
meters, the change is particularly prominent, when energy-saving effect is the best that building construction in three or four layers, the best 
energy saving effect.  

 
2.4 Shape Design for Energy Efficiency 
 

Height (h) 6 9 12 15 

S 0.733 0.622 0.567 0.533 

 

Fig.3 Simulation curves and simulation process of different splice height energy consumption 
 

 

Fig.2 Simulation curves and simulation process of different splice depth energy consumption 
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The best Shape design for energy efficiency, a single analysis is not tight enough, must be integrated into consideration. hypothesis the 
building is a cuboid, depth= b, width= xb（X is the ratio of depth to  width）, height =h, volume=v. Its shape coefficient is: 
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By the formula (8), When building a certain volume v, with building height h a S building shape coefficient curve relationship. And a 
curve of low is H corresponding to the minimum size of coefficient.By deriving the derivative of s: 
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Above all analysis, the optimal energy saving scale of the building is obtained, which provides some theoretical basis for practical 
calculation of building energy saving size, such as building volume, building depth and building level. 

 
3. Building Plane Energy Conservation 
 

Building plane shape of building energy efficiency have a certain impact to the size coefficient to evaluate the order of energy saving: 
round, square, rectangular and triangular. In the building, usually choose the square and rectangular plane is more. 

The typical residential buildings in southern Shaanxi are chosen as the example. The two-storey single-family house with a total 
building area of 120m2 is set. The height of the building is 6.9m. The heat transfer groups of the outer wall envelope are the same. Different 
plane shape, its per square meter outside the area .the impact of heat consumption. 

 

Table 4: The relation between building plane shape and heat consumption ratio 
( height= 6.9m,bottom area= 60m2) 

number Plane shape perimeter exterior surface Shape Coefficient  

1 

 

r=4.37 

27.44 189.36 0.458 91.5 

2 

 

a=b=7.75 

a:b=1:1 

31 213.91 0.460 100 

3 

 

a=10.96 

b=5.48 

a:b=2:1 

32.88 226.87 0.547 104.7 
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4 

 

a=13.41 

b=4.47 

a:b=3:1 

35.76 315.74 0.763 111.7 

5 

 

 

 

a=15.48 

b=3.87 

a:b=4:1 

38.70 336.03 0.812 118.70 

6 
 

a=17.30 

b=3.46 

a:b=5:1 

41.52 

 

 

 

 

355.49 0.858 125.6 

 

It is obvious form Tab3,，For the rectangular plane, the ratio of surface width and depth is smaller, the smaller the building shape 
coefficient, the smaller the building energy consumption. But in the plane design needs according to building orientation, function, 
ventilation, solar energy utilization and other comprehensive design, thereby enhancing the building energy efficiency. 

 
4. Conclusion and Suggestion  
 

The shape coefficient and residential village residence in the southern area of Shaanxi Province lack of reasonable design, the effect of 
rural residential improve energy-saving effect. According to the characteristics and needs of rural residential design in southern Shaanxi, 
suggested in the design are presented: 

Increase the length: With the topographic features in the southern area of Shaanxi Province, lots of suggestions will be smooth stitching 
in the residential street, the length to meet the residential mosaic specifications. In the location of the lot or restricted area of the site can be 
restricted to two or three units for a unit. 

Increase the depth：Considering the influence of rural residential into deep factors such as lighting, sunshine, rural residential 
recommended depth to 9 ~ 14m is appropriate. If insufficient lighting, with roof skylight is arranged in the middle of residential lighting, as 
compensation. 

Increase the height: characteristics of traditional houses, living habits and requirements, suggestions for the 3-4 layer in the 
construction site formation in building lots, lots of slope can be built into 2 layers. 

Building plane: construction plane should minimize unnecessary, small scale uneven, in order to compare the length of the square is 
close to the main. 
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Study on the suitability of the traditional residential building in Qin Ba mountain 
 

TIAN Haining 

 
School of Civil Engineering and Architecture，Shaanxi Sci, Tech University, Hanzhong, China 

 
Abstract: Through the indoor thermal environment test of traditional residential building in Qin Ba mountain area, this paper analy zes the 
testing results. The measures for saving energy are proposed and their effects are simulated and analy zed by applying energy consumption 
simulation software in this paper. Technical recommendations in attempts to improve indoor comfort and energy conservation in the 
buildings in this region are also made, providing design reference for the construction and relocation of new residential buildings in Qin Ba 
Mountain. 
 
Keywords: Qin Ba mountain, local-style dwelling building, building energy conservation, design strategy 
 
1. Introduction 
 

The test object is located in the Zaoyuan village, Shahe Town, Xixiang country, Hanzhong city. Selected a layer of brick concrete 
house as the main test object in this village, which towards roughly north-south. Chose the same location on the east side of the room in 
residence as the research object to be analyzed. 

 
2. The Test Results 

 

 

Fig2：Outdoor temperature and humidity curves             Fig3：Indoor temperature and humidity curves 

 
From outdoor temperature variation curves (Fig2) can be seen that the average outdoor temperature up to 24.02 ℃, the highest 

temperature and minimum temperature of 27.60 ℃ and 21.50 ℃ respectively, floating temperature was 6.1 ℃during the test. While indoor 
average temperature at 24.51 ℃, the highest was 25.10 ℃, low temperature was 23.70 ℃, floating temperature with 1.40 ℃. The 
temperature distribution is relatively gentle, and the fluctuation is small. 

As can be seen from the (Fig3), during the test the average outdoor humidity was 85.15%, the biggest and minimum humidity of 
93.50% and 72.70%. The fluctuation amplitude difference of humidity was 20.80%. Brick concrete houses indoor average humidity was 
81.43%, the maximum and minimum humidity were 83.00%, 77.40% respectively. The difference of humidity fluctuation at 5.6%. There 
was small variations in humidity 

Can be seen from the test results, brick traditional local-style dwelling houses of poor indoor thermal comfort during the measurement 
period in the summer. To satisfy the thermal comfort standard, also need to adopt the corresponding energy saving measures. 

In order to more reasonable assessment of the modern brick dwellings for indoor thermal environment all the year, using ECOTECT 
ANALYSIS program to establish residence model to analyze. The appearance of local-style dwelling houses in accordance with the local 
residence form, building materials and construction practice to carry out the actual construction process. Through computer simulation of 
residential indoor comfort range needed for the annual energy consumption (fig 4),we can see that brick local-style dwelling houses building 
most of the month for the whole year energy consumption is high. Need to be energy-saving design. 

 

 
Fig 4：The annual energy consumption curve of brick houses 

 
2.1 Improvement Measures and Effect Analysis 
 
2.2 Strengthen the natural ventilation of residential buildings 
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Natural ventilation is one of the most widely adopted technologies to improve the thermal environment and to save the energy 
consumption of air conditioning, which can effectively realize the passive cooling, benefit to reduce energy consumption and  pollution in 
summer. At the same time, providing fresh air to the room which is conducive to people's physical and mental health. 

Most traditional residence in Qin Ba mountainous regions are built on sloping lands. The layout of residential buildings on sloping 
lands should be avoided at the valley bottom. At the same time, the layout should be also avoided in the green belts or other residential block 
wind shadow zones. From the point of natural ventilation, the residential buildings should be located on the southern slopes of the mountains 
to make the air easily to flow. In winter, the southern slops can get the most sunshine and the maximum heat to benefit heat preservation. In 
summer, the western slopes of the mountains are hottest so as to avoid being located at this kind of places. Northern sides are back to the sun 
with relatively little humidity and heat. Comprehensively compared with others slopes, the southern slops of the mountains are more suitable 
to locate the residential buildings. 

 
2.3. Control the shape coefficient of building 
 

The shape of the residential building determines the distance between the outer surface area and indoor air circulation. The architectural 
form has a great impact on energy consumption. The building shape coefficient refers to surface area of the required building envelope 
structures in indoor unit volume in the enclosed buildings described by the ratio S=F0/V0. The shape coefficient is the ratio of the surface 
area of the building F0 to the outdoor air contact and the surrounded volumes V0 . Building Shape Coefficient S= F0/V0. Physical meaning 
refers to use the minimum building envelop areas of Indoor unit volume of the enclosed buildings. The smaller of theF0/V0 means that the 
smaller the outer wall area, that is the less ways of energy drain which has more energy saving capacity. 
 

According to the formula of shape coefficient： 
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By the formula (2), when the volume of the building is certain, the figure coefficient is related to the breadth, depth, height and the 
proportion of the building. That is when the height and the width of the building are certain, the deeper building has the small figure 
coefficient with better energy-saving effect. When the height and the depth of the building are certain, the higher of the building, the smaller 
will be the coefficient and better skill effects. The higher ratios between the width and depth are, higher will be the coefficient and the heat 
consumption. 

Qin Ba mountainous regions basically belong to the range of hot summer and cold winter districts of our country. Not only should the 
heat preservation in winter be considered when choosing the location of the regional residential buildings, but also the ventilation and heat 
insulation in summer. According to Design standard for energy efficiency of residential buildings in hot summer and cold winter area, 
JGJ134-2010 set the figure coefficient below 2- floor residential buildings should be controlled under 0.55 meters(fig 5),. According to the 
rural household land area of control in the 3 points, surface construction base covers an area of 200 square meters .The flat -roof residential 
buildings in Qin Ba mountainous regions usually adopt the height between 3.3 to 3.6 meters. Analyzing by making sure the 3.6 -meter- 
height one- floor building and the second floor is 3.3 meters high. Choosing the typical traditional residence in Qin Ba mountainous region 
for study and set the construction base area of 200 square meters as the fixed value(fig 6),, for each additional 1 meters depth, figure 
coefficient will change correspondingly(Tab1).  

 
Tab1: size and shape coefficient of flat roof 

number Shape 

coefficient
（0ne layer 
） 

Shape 
coefficient
（two layers） 

Depth Breadth  Height 

(0ne layer) 

Height 

(two layers) 

base area  

1 0.550 0.422 14.14 14.14 3.6 6.9 200 

2 0.561 0.428 15 13.33 3.6 6.9 200 

3 0.564 0.429 16 12.50 3.6 6.9 200 

4 0.565 0.432 17 11.76 3.6 6.9 200 
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simulation process of energy consumption: Select a set of the same base area of first floor and second floor to conduct simulation 

analysis. Theoretically speaking, the smaller the building shape coefficient, the lower will be the energy consumption by EC simulation 
energy consumption. In the simulation process of energy consumption, setting the two kinds of residential wall building envelopes are 
150mm cement mortar ,240mm clay brick,150mm cement mortar and the roofing is 20 mm cement mortar protective layer30mm  
slag120mm  reinforced concrete floor roof. In order to ensure the accuracy of the simulation of energy consumption, to set in the same 
climatic conditions and the indoor thermal resistance in the stimulation process. 

 
Fig5 : Two layers residential building 14.14*14.14 base energy consumption simulation 

 

 
Fig6, One layer residential building 14.14*14.14 base energy consumption simulation diagram 

 
From the point of refrigeration energy consumption, two floor building has higher energy consumption than one floor building which 

demonstrates that the effect on the refrigeration energy consumption is less than on the thermal energy consumption. 
Simulation in turn the rest of the five sets of data were analyzed, and the results are basically identical (fig7). Summary of different 

coefficient of system energy consumption simulation results, as shown in the figure below. The results showed that first floor and building 
base on the second floor area at the same time, comprehensive energy consumption is lower than the layer of the two-story building annual 
energy consumption. When base area is certain, the smaller of face width, depth, the greater the energy saving effect is obvious. Building 
shape coefficient is smaller, more conducive to energy conservation, which consistent with the results of theoretical analysis. 
 

 

5 0.568 0.436 18 11.11 3.6 6.9 200 

6 0.573 0.440 19 10.52 3.6 6.9 200 
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Fig7, Analysis of energy consumption of one layer and two layers on the same base area 
 

2.3. Strengthen external envelope structure temperature and heat insulation performance 
 

QinBa mountain is located in the mountainous area, the climate is wet and damp in winter. The wall of the traditional house is mainly 
made of raw soil wall and brick, but its thermal performance is poor and needs to be improved in the structural design. The thermal 
properties of the pros and cons, through the base of the envelope by the thermal resistance and heat transfer coefficient to determine. 

Composites thermal resistance calculation formula: 
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Calculation formula of heat transfer resistance of enclosing structure: 
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Calculation formula of heat transfer coefficient of enclosure structure: 
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Composite raw soil wall 
QinBa mountain traditional dwellings exterior wall made of rammed earth or clay brick masonry(Tab2)， the general thickness of 300-

500mm, raw soil enclosure wall thermal inertia, according to "civil thermal design specifications" and related research results. Although the 
raw soil wall thermal resistance slightly larger, K value is relatively small, can be wiped through the internal and external insulation mortar 
to be improved, easy to operate, is conducive to winter insulation, summer insulation. 

 
Tab2:Thermal Index of Composite Rammed Wall 

Exterior 
wall 
type 

 Structural level 

 （ From the 
inside to the 
outside） 

RMixed 

mortar 
 RRammed  

earth 
RInsulation 

mortar 
Ri Re R0 K 

Raw soil 
wall 

Mixed mortar
（ 15mm ）

+Rammed earth 
wall （ 300-
500mm）+Insulation 

mortar（20mm） 

0.17  0.417-
0.694 

0.285 0.1
1 

0.04 0.869-
1.146 

0.873-
1.151 

 
Exterior insulation of clay brick 
QinBa mountainous rural dwellings exist a large amount of clay brick wall(Tab3).The wall thickness is 240mm thick, K value is relatively 
large, the external wall wipe the cement mortar or veneer brick, the interior wall wipe the mixed mortar. Indoor thermal environment is poor. 
According to "civil thermal design specifications" and related research results can be drawn, must be modified brick masonry wall, the use 
of wiping the way insulation mortar can play a certain effect. In the conditional circumstances, can be used outside the paste insulation 

material (EPS) energy-saving effect is better. 

 

Tab3: Thermal Index of Composite Clay brick Wall 

Exterior 
wall type 

 Structural level（From the 
inside to the outside） 

RCement 

mortar 
RClay brick Rmixed mortar Ri Re R0 K 

Clay brick 
exterior 

Cement mortar（20）+Clay 
brick wall （ 240 ） +mixed 

0.022 0.296 0.023 0.11 0.04 0.49 2.038 
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2.4 Solar energy utilization 
 

In residential design, it is suggested that on the first floor south to use space between external setting sun, to improve the indoor 
comfort, reduce building energy consumption.In the winter, As the glass itself is relatively poor insulation properties,, therefore, in addition 
to better insulation properties of the double glass, but also can be set up insulation curtains or shutters. As a result of the greenhouse effect, 
the sun must be considered between the summer cooling, can be combined with activities shade or Three-dimensional green to play shade 
effect. 

 
3. Conclusions and Suggestions 
 

To strengthen the natural ventilation of buildings; architectural layout, the layout of the building in the southern slope position, for 
good sunshine, and to avoid at the bottom. 10 ° to the south and 10 ° to the south. 

Control the building shape coefficient: Qin Ba mountain traditional houses in two layers is appropriate, under the condition of economy 
allows, it can be set to three. The ratio of width to depth is 1: 1. 

Strengthen the thermal insulation properties of external structure: Qin Ba mountainous areas with the characteristics of the traditional 
houses, the choice of composite raw soil walls and clay brick external wall insulation envelope construction practices to increase the 
insulation structure of the structure around the insulation performance . 

The use of sunlight: combination with the residents' living habits, it is recommended to set up south to mainly use space between the 
sun，to improve the indoor micro-climate in winter. At the same time, adding activity between sun shading facilities, strengthen the 
summer heat insulation effect. 
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Abstract: Nowadays, employment has become an important problem faced by the Government. Graduates of local colleges and universities 
will no longer be job hunters, but the creators of jobs. Institutions of higher learning need to consider how to foster innovative personnel 
adapted to the knowledge-based economy; how to implement quality education and fully develop the personality and potentiality of the 
education. As access to higher education students should also consider how to improve and develop their own knowledge structure and 
ability structure to become the noticeable person who plays in the surf in the economical flood tide. 
This article carries on the discussion on the entrepreneurship 
 
Keywords: Entrepreneurship education ---Evidence From Local College Students 
 
1. Introduction 
 

Entrepreneurship has become the strongest voice of the times. Enterprise education and entrepreneurial activities of college students 
rise in the campus. College students start their own business through the efforts of individuals and organizations, using the acquired 
knowledge, skills, technology and the formation of a variety of capacities, by way of self-financing, technical investment and co-operation, 
etc., in a limited environment, a process to innovate, to explore opportunities and to create value. Entrepreneurship of college students has 
aroused the concern of all sectors of society. The country unceasingly promotes various preferential policies in view of the entrepreneurship 
of college students, encouraging and supporting them to start their own business independently. The local government departments have also 
launched imbark garden area, the enterprise education training centers and so on in view of university students’ entrepreneurship, 
encouraging them to start an undertaking. Partial universities also establish their own imbark gardens to support the entrepreneurship of the 
students. 

 
2. The entrepreneurship theory research of local college students 
 
2.1 Significance of entrepreneurship of college students 
 

Since the expansion of universities in 1998, the population of students enrolled in Universities then increases progressively. 2008 was 
the first graduate peak year after the expansion and the population of university graduates increases from 1.45 million in 2010 to 212 million. 
In 2009, the graduates’ total number was 2.8 million, compared to that of 2013 which increased 32.06%. Followed by the form to 2014, the 
graduates entering the job market will reach 6,1 million……The rapid development of higher education has brought some negative 
influences. Due to the uneven quality of students, the relatively weak forces of the teachers, the backwardness of teaching equipment, some 
questions has already highlighted such as the growing of employment pressure. 

 

 
Figure 1. College graduates population and its changes 

 
Entrepreneurship can accelerate the economic development, especially to promote the rapid development of small and medium 

enterprises. And entrepreneurship is the most positive and effective way to increase the employment, which provides the mentality for the 
government to solve the employment problem. Meanwhile, entrepreneurship can promote the development of personality in order to achieve 
the ideal of young college students. 

 
2.2 The entrepreneurship theory research of local college students 
 

Enterprise education proceeds from the reality of students, accords to the development demands and changes of society and times, 
applies various education methods and ways, enhances the students’ ability to find problems, analyse problems, and solve problems in the 
implementation education process.  

At the same time, it also pays great attention to foster students’ self-awareness, sense of participation, enterprising spirit and pragmatic 
ways such to enhance the entrepreneurial qualities of the students, which also lay the foundation of flexible sustained and lifelong learning 
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for students. 
In the field of career planning, the US Professor E.H. brought forward the well-known Career Anchors Theory. After the continuous 

improvement of the theory since 1992, the academics from Massachusetts Institute of Technology expanded career anchors concretely into 
eight kinds of anchor positions. Technical/functional type, management-based type, independent type, security/stability type, business type, 
service-oriented type, challenge-based type, life-form type and so on. Simply to say, business type anchor refers to the entrepreneurial 
people who want to use their abilities to create their own companies or to create entirely their own products (or services), and is willing to 
take risks and to try to exclude the obstacles. Of entrepreneurial people, the most important thing is to build or design a completely their 
own thing. And the very strong desire towards creation makes entrepreneurial person purport to require unconventional and creative, and do 
a good job in the preparation of risks. 

As the earliest and most comprehensive American Universities in enterprise education, Babson College, Harvard University and 
Stanford University each have their unique business models of personnel training, which are worth of study. 

Babson's enterprise education is mainly undertaken by the center of enterprise education. Its model is through the innovative programs, 
outreach programs and academic research to support enterprise education, advocating enterprising spirit. Many of the courses are very 
characteristic such as the course “new management experience”, in which classes are divided into a number of groups and each group 
develop their business plans under the guidance of the teachers. School provides up to 3000 dollars for each group as the original capital to 
found and operate the new company. The company needs clearing at the end of the school year, and profits exceeding the original capital 
become the charitable fund for freshman. 

Harvard University has the advantage of the establishment of a complete information and case library for entrepreneurship management, 
providing a good learning environment for researchers. For example, the course" Create a new enterprise" focuses on the skills needed to 
establish a new company and knowledge needed to develop the new business. Students form groups, start from the creativity concept, then 
complete an entire management plan which is needed to set up a new company and then put the plan into practice. The course "Small 
business operation and growth" uses the cases of group teaching which are based on the feedback of the social practice or work experience 
of alumni. The cases focus on the production and operation issues of small business management, such as how to deal with the pressure of 
daily work, how to study and develop the key strategies that affect competitive advantages, so as to nurture students’ ability to pursuit 
entrepreneurial opportunities under the resource constraints and uncertain circumstances, easy to deal with the challenges of business growth 
and effective recovery of entrepreneurship results. 

 In the emphasis on practical management experience, Stanford University also places emphasis on the long-term research of economy, 
finance and market operation theories. The institute opens up a total of 17 entrepreneurship management courses, in addition to many 
courses related to the entrepreneurial finance, they also attach great importance to the study of entrepreneurial strategy and entrepreneurship 
environment, especially for strategic and operational issues at all stages of the entrepreneurship process, as well as some environment issues 
such as industry-university cooperation and industrial network. As a well-known polytechnic university, Stanford University also places 
emphasis on application-oriented and interdisciplinary complement. 

Enterprise education plans business cases in terms of entrepreneurs rather than the investors. Students must learn to evaluate 
entrepreneurial opportunities and combine the ability of individuals, professional expertise as well as the external environment to take 
concrete action to start their own business. For example, adopt group teaching and two-stage teaching methods in curriculum design. 
Students from Business College and Engineering College compose teams, conduct market research and analysis, stimulate creativity and 
design products, then develop, produce and manufacture the products in the laboratory. This whole process of participation can help students 
explore and deal with all the issues involved in the entrepreneurial process, comprehensively understand how to turn an "idea" into a 
complete enterprise, which greatly enhances the students’ overall quality of successful entrepreneurship. 

 
3 The entrepreneurship practice research of Local college students 
 

Awareness of entrepreneurship may arise by chance, or it may be caused by the gradual accumulation of careful decision-making. How 
to cultivate the awareness of students' entrepreneurship is one of the fundamental tasks of enterprise education. Cultivation of an awareness 
of entrepreneurship and entrepreneurial capacity is not distinct from each other; they penetrate each other and promote each other. And 
students' awareness can be trained through various channels. Survey data through the following analysis: 

 
3.1 The impact of students start their own business practice in factor analysis 
 

 

Figure 2. Analysis of business constraints 
 

Results from the survey, we can see that the students who choose the first factor in the impact of business policy, accounting for 
27%.Second, venture capital, reaching 22%.Funds restricts students to start their own business and is one of the main factors. After that, the 
partners and professional and technical capacity is considered the main factors that students start their own business. Many students think 
partners is a very important factor. This involves the cultivation of team spirit. Professional and technical capacity is also very important that 
the professional skills of university students have a strong demand. And the impact of friends and relatives in the survey accounted for 11 
percent, although the proportion of the lowest in five cases, however, the proportion of friends and relatives and other factors that also affect 
to some extent. Because students are not fully self-reliance, family factors can not be ignored. 
 
3.2 Students of local colleges and universities in the form of business practice 
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Figure 3. The validity of the survey to guide the way 

 
Entrepreneurial culture in the sense of the status survey, 45% of respondents considered that the practice is the best way. The activities 

of additional training as a result of lower risk, user-friendly, but also accounted for 32 percent. While the traditional way of teacher only 
accounted for 18%. This shows that traditional teaching can not be a good training model to meet the needs of students, and practice is more 
easily accepted by students. 

It shows that schools in the provision of guidance services should be more inclined to practice, rather than the inculcation of theoretical 
knowledge. 

 

 
Figure 4. Services should be provided in schools 

 
In schools how to provide entrepreneurship education in the survey, 46% of the students choose the practice, 23% of people think that 

the cultivation of team spirit should be strengthened,18% of students think we should strengthen the psychological setbacks education. 
Response from the data situation, the practice is the ability of the students most concerned. We can see that the school education in practice 
on capacity-building can not meet the needs of students. so the school should attach importance to the practice of ability. 

 
3.3 Demand for entrepreneurial training 
 

 
Figure 5. The needs of students 

 
According to data statistics, most students want the guidance of professional teachers, reaching 36%.To help students start their own 

business and into the University of Science and Technology Park, and to provide space, laboratory equipment is that students hope the 
schools provide for their own business. The second is to help schools handle the relevant procedures and provide funding for the students 
start their own business. More inclined to hope that students of schools in terms of policy, capital and other support. 

College students want most is the school teacher's professional guidance and assistance, which is to help students start their own 
business schools in the area should be strengthened. At the same time, schools also should play their own advantages to carry out 
entrepreneurship education.  
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Figure 6. Demand for government assistance 

 
As can be seen from the chart of “Demand for government assistance”, the students of professional services to assist the needs of the 

highest, reaching 49%,demonstrated that the thirst for professional knowledge and practical professional counseling resource-poor conflict. 
In addition, results from the statistical point of view, students of the demand for venture capital funds relatively high, reaching 40%.It shows 
that the lack of funding constraints is a major factor in students starting their own business. We believe that policy support is urgently 
needed, although the government has already introduced policies, policies do not cover all areas of that students need to start their own 
business. Most of these three factors of concern to the students can see that the students start their own business practice of the three areas 
most in need of support. 
 
4 Recommendations and solutions 
 
4.1 The services provided by schools 
 

Colleges and universities should be all-round education, to encourage and guide students into a positive concept of entrepreneurship. 
They should create a rich atmosphere. 

Colleges and universities can make use of such means as the news media to tell the stories about the entrepreneurial. We can promote 
entrepreneurial success stories of entrepreneurs, business methods and fighting experience, learning to establish a model for university 
students. 

Business practice of training is designed to broaden the entrepreneurial capacity-building channels. It is mainly through a variety of 
training, innovation projects and business plans to achieve competition. There are several forms as follows: 

The business plan competition event: Through regular school business plan competition and participate in “Challenge Cup” National 
college business plan competitions, and other activities to develop students awareness of the spirit of innovation and entrepreneurship. 

The simulation of entrepreneurial activities: From looking for business opportunities to the development of business plans, the 
formation of entrepreneurial teams to carry out the management of venture capital financing and entrepreneurial process simulation, in order 
to enhance student perceptions of the entrepreneurial process.  

The entrepreneur lecture series: Successful schools and teachers in schools for students to exchange business experience and 
knowledge to enable students to learn from the experience of entrepreneurship. 

The plan to support the students start their own business: Through the school funding and venues for students to operate shops. The 
school also can be conditional with the students’ Enterprise Organizations, to encourage students to start training exercise in the training of 
students in entrepreneurship and management capabilities. 

 
4.2 College students their own efforts 
 

Students should foster innovative thinking. Students should take the initiative to learn the relevant knowledge, including the legal 
knowledge, management expertise, financial knowledge. At the same time entrepreneurs should develop their own business sense, the spirit 
of debating setbacks. Students should pay attention to the accumulation of entrepreneurial experience, sum up the lessons of failure. They 
should be through books, television, seminars, networks, and other ways to expand their horizons. 

 
4.3 Help from family 
 

Parents and other members of society are necessary to change traditional attitudes. Students who start their own business is a 
pioneering undertaking, which calls for support from all aspects, especially from family, social and other assistance. 

Therefore we have to break those who believe that to large companies, government agencies are looking for a good job of concepts. 
Students will be encouraged to start their own business. When the entrepreneur faced temporary setbacks, it is necessary to treat them the 
mentality of tolerance, encouragement and help. 

 
5. Conclusion 
 

Local colleges and universities students starting their own business need various efforts, including schools, families and their own 
efforts. Innovation in education theory put forward, at the same time, we should strengthen counseling and training targeted to increase the 
success rate of students' entrepreneurship. Schools should provide more opportunities, pay attention to various forms of business practice. A 
series of measures aimed at improving the overall quality of university students. The success of entrepreneurship education will help solve 
many social problems. 
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Abstract: This paper analyze and implement the Hadoop-based exception model to handle unusual patterns of moving objects' trajectories 
generally reflect abnormal traffic streams on road networks. In this paper, the video processing interface was selected for preprocess image 
data. This paper introduced intelligent system with independence system algorithm. The intelligent processing algorithm was used for 
extracting data of abnormal traffic incident. The algorithm do a detailed analysis of final system efficiency by comparing different video 
monitoring data. This is the first abnormal traffic video monitoring data processing by using Hadoop distributed systems. Multi-threaded 
distributed systems import video source of HDFS was introduced, the distributed Hadoop processing framework was constructed by 
processing a video interface model, the model extracted video monitoring data based on vehicle element track and record by extracting 
secondary event. The database retrieves filter was used for filtering a variety of proposed traffic joint. Traffic outlier causal interaction 
analysis was the future research in distributed environment for traffic surveillance data extraction. 
 
Keywords: Hadoop; traffic incident extraction; video traffic; speed detection; brightness curve. 
 
1. Introduction 
 

With the rapid social and economic development, the number of vehicles increased urgency which results in increased of contained 
urban transport, and raises serious violations of traffic video monitoring and other issues. Traffic incident management system mainly 
consists of traffic video source capturing, traffic video source processing, storage and management of traffic anomalies composition. For 
example: vehicle broke, the vehicle retrograde, traffic congestion, littering, illegal parking, vehicle accidents, fights, escapes and other 
incidents. In addition, with the development of information network technology, sensor network technology, communication technology, 
positioning technology and traffic object recognition technology, the role of abnormal traffic incident management in intelligent 
transportation system is more important. It was not only reliability for automatic incident detection, but also put forward higher requirements 
the amount of traffic video image data. Due to the increasing number of urban surveillance cameras, more and more sensing devices and 
mobile handheld devices used as traffic incident data source expands the amount of data dramatically. It put forward higher requirements on 
automatically detect traffic incidents and storage efficienly. 

Given the dynamic temporal and spatial information of moving vehicles, crowdedness spots can be considered as a general case of 
object clustering in mobile environments. Clustering for static objects is a well-studied topic [1], [2], [3]. Many interesting algorithms have 
been proposed, and exciting achievements have been made. In recent years, web related clustering, evolutionary clustering in low mobility 
environments, and uncertain data streams have also drawn a lot of attention and evolutionary clustering [4], [5], [6], [7], [8]. In our 
application scenarios, however, some new unique features make previous algorithms fail to capture the real clustering property of moving 
vehicles. 

Automatically detect traffic anomalies solved key technical transportation random events. Numerous studies showed that traffic 
anomalies exhibit randomness, varied shapes, long manual testing period, resistance and especially a little less intelligent [9]. To determine 
the type of location, time events by automatically detecting technology, we provided some useful traffic regulators and timely information, 
which is the key to control traffic management [10]. Automatic detection of the abnormal traffic event video processing system generally 
consists of several parts, such as video source data storage module, a video processing module, video metadata generation module, video 
metadata analysis module and a data retrieval module.  

This article aims to study reasonable and effective traffic detection method accordingly, with the corresponding parameters, which 
provide more useful and accurate traffic information to traffic control. Traffic management efficiency improved traffic safety performance. 
When traffic parameter extraction completely, the paper designed road traffic real-time video surveillance system, including image 
acquisition module (video input module, image processing module, traffic parameter extraction module, a database storage module with 
parameter values and graphs intuitive) is displayed on the screen. A wealth of real-time traffic information, provide reliable technical 
support for the integrated traffic control. 
 
2. Related theory and method 
 
2.1 Distributed processing framework 
 

Hadoop MapReduce mainly solved the scalability problem under conditions of mass data processing. Map stage is iterative calculation 
method, the large amount of computation by many small Map can be calculated. The output stage is the integration of merged data Map 
stage, it will merge the data into the final desired result. Its design goal is to build a simple programming, scalability and high fault tolerance 
distributed processing framework. 

MapReduce uses the master-slave architecture, which was shown in Figure 1. It mainly consists of the following components: Client, 
JobTracker, TaskTracker and Task. 
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Figure 1. Hadoop component structure diagram 

 
Users write MapReduce programs of sending task submitted by client to JobTracker end. Users also can view the client's web interface 

by specific situations Job operation. In Hadoop for internal use, job represents MapReduce programs. A MapReduce program allows 
multiple job, each job will be broken down into multiple tasks. 

 
2.2 Traffic video image processing  
 

To get traffic video flow parameters, the first step is to make video image preprocessing, which need to go through graying, 
binarization, edge detection, image filtering and feature extraction. A series of steps need to deal with image pre-processing, so the image 
processing technology occupies an important position. It paved the way for subsequent image analysis operations. 

An arbitrary image, which light intensity is spatial distributed. (gradation, brightness, density) of the spatial distribution. The following 
functions are available representation, x, y, z spatial coordinates; λ is an wavelength; t is time. 

( ), , ,I f x y z λ=                                                                      (1) 
The monochrome image plane can be expressed as a two-dimensional function: 

( ) ( ), 0 ,I f x y f x y= ≤ ≤ ∞                                                             (2) 
Color images can be used by three primary colors (red, green, blue) and three monochrome images fr (x, y), fg (x, y), fb (x, y), or by a 

three-color elements (chromaticity, saturation, brightness). fh (x, y), fs (x, y), fb (x, y) will be described in order to facilitate the subsequent 
computer processing. The continuous image needs to be discretized into a digital image, the digital image can be discribed by the following 
matrix: 
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                                                         (3)

 

Where, f (x, y) represents the continuous image, [f (i, j)] represents the digital image matrix, which is f (x, y) of the approximate digital 
representation. 
 
2.3 Anomaly detection method of traffic video image pattern 
 

Suppose some traffic surveillance from video frame is represented by a collection of F. F = {Fi | i = 1, .., N}, where N represents the 
total frame number of the video surveillance segment. We used large displacement of the optical flow extraction program to extract video 
optical flow characteristics effectively. By extracting the optical flow, it can be formed video image corresponding to the optical flow. 
Assuming the optical flow image set corresponding to F, where F = {Oi| i = 1, ..., N-1}, Oi is represented by the video frame Fi to optical 
flow image frame.. Oi and Fi have the same size, which the value of each pixel is represented by Oi. Optical flow generated by the pixels in 
the video frame Fi video frame and Fi + 1 movement. Segmentation and automatically detect traffic lane state is mainly dependent on the 
optical flow image analysis and statistics collection. 

After automatic segmentation lane, the lane area can be set to R = {Rj | j = 1, ..., M}, where M represents the total number of lanes 
detected, Rj represents lane monitoring the scene specific location. In the i-th frame image, wherein the j-th optical flow is indicated as lane 
Oij, the specific representation as follows: 

( ) ( ) ( )
( ) ( )

, ,   ,

, 0             ,

j
i i j

j
i j

O x y O x y x y R

O x y x y R

 = ∈


= ∉                                                             

 (4) 

Where Oi (x, y) represents coordinates (x, y), optical flow value was the i-th frame optical flow image. Therefore, Oj = {O1j, O2j, ... 
Onj} represents all optical flow characteristic sequences belonging j lane in a video sequence. 

In order to detect the state of traffic lane, we extracted observation vector from optical flow characteristics in the lane. Suppose j-th 
optical flow characteristic sequence lane is Oj, observation vector is the length of time t, the j-th observation vector Vtj lane can be 
expressed as: 

( ) ( )
( ) ( )var var

j j
i i tj

t j j
i i t

mean O mean O
V

O O

+

+

 
 =
 
 



                                                                  (5) 
Where the function mean () calculates the average of pixels, and the function var calculate pixel standard deviation. Distribution of 

GPS points, where the color indicates the density of the points was shown in Figure 2. 
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(a) Data overview in test area 

 
(b) Within the road of test area 

Figure 2. Distribution of GPS points, where the color indicates the density of the points 
 

3.1 System Analysis and Design 
 

3.2 The overall structure of the system  
 

This system is based on Hadoop framework for video data processing functions, which located in the vehicle abnormal events. 
Intermediate processing results are stored in semi-structured HBase distributed database. Video metadata was based on distributed storage 
and distributed processing system HDFS and data framework MapReduce. 

(1) The first layer obtained data from the video source and import to the NVR system HDFS. We have obtained a video source from the 
camera after its first stored in the NVR system. Here is the first step of the whole system, storage problems are mainly related to the video 
source, namely the issue of how the client and HDFS to communicate. The way to store video related to the video source storage directory 
specification, the backup number and video size. There are two main aspects, one is to download the video source data by calling batch 
NVR system function modules to scratch local video to the client, another is the use of aforementioned Hadoop framework for Java API. 
HDFS provides a combination of multithreading video source bulk upload function. 

(2) The second layer is designed under the framework of Hadoop Map recognized as video interface. The purpose of this module 
enable the Map design stage read the video stream better. In order to identify the video stream source of the appropriate treatment, which 
followed by a video processing stage Map of stage. The stage is directly related to the image processing efficiency of video occasion. 

(3) The third layer is extraction and transportion of video traffic monitoring abnormal events based on metadata algorithm. We 
proposed two modes of transport abnormal events, one is based on traffic surveillance video metadata extraction algorithms, it dig out the 
useful information from many basic metadata. The other is the direct phase directly from Map video extraction algorithm by using traffic 
anomalies. This paper achieved a red light violation, the vehicle retrograde, illegal parking algorithms. The study emphasized the overall 
system, other algorithms may be abnormal traffic behind other study based on those extensions. 

(4) The fourth layer is mainly Hbase which discussed how to store video metadata. This phase includes the HBase table structure 
design, detailing the basic principles of operation and design HBase article at this stage. According to the specific needs of the event table, 
we defined the abnormal traffic during our study. The stage realized in the Hadoop framework reduced the mistake of module. 

(5) The fifth layer is main event for event retrieval based on HBase table. This paper describes HBase stage index structure and filters. 
It mainly based on the search condition to retrieve user’s needs for filter out events by HBase filter. Design of the system architecture was 
shown in Figure 3. 
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Figure 3. Hadoop-based architecture of traffic exception processing system 

 
3.2 Traffic emergency extraction algorithm design 

 
3.3 Extraction algorithm of red light violation event  
 

When the traffic light indicator turns red, the vehicle should be stop in traffic. It should be parked, the road will have a warning area, 
generally provided to the humanoid gantt. If the vehicle broke the warning area at a red light, we will prompt the police, the illegal traffic 
abnormal events are recorded by extracted relevant data. The specific records include: the timing of events, places, events, and save events 
of video image, type of event. Identified processing algorithm recorded the area illegally when the vehicle entered the red light. Only when 
the start and end of illegal event, we will record. In the middle period, we will not be recorded. Red light violation model diagram was 
shown in Figure 4. 

 

lert area

Sidew
alkAlert area

 
Figure 4. Red light violation model diagram 

 
For example, a line in the two-dimensional image was represented by two variables. In cartesian coordinate system, Hough transform 

in polar coordinates was used to represent a polar coordinate system with a straight line. Thus, a line can be expressed as: 

cos
sin sin

ry xθ
θ θ

   = − +   
                                                                         

(6) 

Generally, the point (x0, y0) will adopt this point unity which is defined as a straight line: 

0 0cos sinr x yθ θ θ= +                                                                        (7) 
This means that each point  recorded by representative point (x0, y0) in a straight line. 

 
Extraction algorithm of vehicle retrograde event  
Vehicle retrograde is the vehicle traveling direction, which are opposite to our provisions direction. The vehicle in warning area was 

distinguished by dumping shout and dynamic objects with the same object in the algorithm, when the vehicle in red light violation. Our 
study is not only a warning area detection which set up a positive direction, but also detected the vehicle alert zone, which was greater than a 
threshold value. To enter the object alert zone, a start point to the current objects and straight line to end point was used for the vehicle's 
direction, and then use the law of cosines to calculate the positive direction of the vehicle traveling direction with a predetermined folder 
angle. If obtuse, the vehicle is considered retrograde.  

At the same time, when throw the vehicle retrograde warning, the vehicle retrograde time was recorded when  vehicle retrograde occurs. 
The video vehicle retrograde event occurred pour which saved and stored directly to HBase table of event later retrieval. Figure 5 is the law 
of cosines formula schematic: 
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Figure 5. Vehicle retrograde model 

 
Extraction algorithm of illegal parking event  
Illegal parking refered a vehicle remain or stay for a long time in the designated area. Similarly, we still have a guard sensitive areas, 

once the vehicle in the warning area to stay too long, we view them as illegal parking. To identify whether the vehicle patterns are the same 
as before, this is mainly depend on whether the vehicle is stopped at  the same time of judgment. A few steps away of vehicle was statistic 
when the object was more than a certain number of steps, and the recent shift within a few objects smaller than a threshold value, then the 
vehicle begins to stop recording object’s start time. When the object appears again, this is the time for recording moving object’s end time . 
Illegal parking model diagram was shown in Figure 6. The figure showed that specified distance steps were between two units. If the shift is 
less than three units, then the car stopped. Of course, these parameters can be adjusted to with environment changes. Similarly, the final 
extracted metadata of event is stored directly to the HBase event table. 

 

Alert area

9

<3 park

 
Figure 6. Vehicle model diagram of illegal stop parking  

 
Traffic outlier detection based on massive data  

The type of traffic outlier detection can be divided into recurrent congestion and abnormal congestion. Abnormal congestion may be 
caused due to a sudden event. Emergency means contrary to the historical norm, the comparative analysis of the differences of historical 
data traffic and vast amounts of real-time data was carried out, which can detect abnormal congestion. Proactively, abnormal detect 
congestion was great significant. The handle of massive historical data was in the traditional stand-alone mode, the processing time ca, not 
be controlled within a tolerable range, and even the entire process is unable to be completed. 

In the algorithm, historical data was read from the database of road network, and unreasonable speed values of every lane are cleaned. 
In order to calculate the probability of each historical period of abnormal road section, each link was put in direction of lane information 
integration. Comparing the data of the abnormality degree in each day, all sections of the road sort were abnormality, abnormal output was 
before the most points. The road state has a certain periodicity during working day period (except for holidays circumstances) and workday 
of travel law has a strong similarity. The day with a number of time slots, each time slot stroked rate compared with the set congestion 
threshold. The statistics point was detected from ratio number of days. The total number of congestion days or monitor congestion was 
probability in time slots for this point. Algorithm flow was shown in Figure 7, where the main steps are described below: 

Start

Load Data

Historical traffic information

Congestion probability calculation

Abnormal degree(D) calculation

Descending sort D

Find the top K roads that D beyond 
threshold D0, and output alert.

Historical traffic 
information update

End  

Figure 7. Anomaly detection algorithm flowchart 
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Microwave raw data preprocessing steps are described as follow: firstly, collecting the flow, speed occupancy values and traffic control 

department based on historical data obtained by threshold comparison. Sencondly, the data definition is outside the threshold data range 
erroneous. Secondly, the threshold replaced erroneous data method was used for solving data error correction for satisfy the theoretical 
threshold value. The average historical data correction method was used for data which does not meet the traffic flow theory. All lanes 
microwave radar cross-section can be detected, and they were recorded as chronological order cross section of each traffic data lane. 
 
4. Experimental Results 
 
4.1 Abnormal traffic flow detection and path generation 
 

Traffic detection parameter is the key parameters, which provide an important basis for an accurate understanding of road conditions. 
Herein, background traffic detection algorithm was adaptive to the background in real time, so we can ensure normal and stable operation of 
the system for a long time, greatly reduce the use of computing. Bayesian Gaussian spent a lot of time resource for fast moving target , 
objects and foreground color which close to the background color can also be distinguished according to the control value. Accurate 
extraction of the target will get accurate statistics of the vehicle. 

In this paper, a 20-minute video of test lane was divided for traffic statistics, the size of the detection area of each lane is 710x300. 
Figure 8 was the interest area of background image and the current setting, Figure 8 showed the binarized follow-up background image of 
the current image processing, after this two-step process, the brightness curve draw on the lay foundation. 

 

 

Figure 8. The interest area of background image and the current setting 
 
By real-time adaptive background with new background image detecting, the current brightness curve and the background image was 

subtraction. The result showed the difference of uneven brightness change curve movement between vehicles. The bump ups and downs of 
statistics are the value of traffic. Figure 9 is a graph showed the brightness of the background image and the current image. 

 

Figure 9. Binarizing graph of the current frame luminance 
 
Experimental results showed the statistics of the car-free was shown by the detection window. Sometimes, even deleted the background, 

there were still had subtraction residual value, which is relatively noise occurs by car situation, which is still very small, typically less than 
20 million. When a car enters, M value will suddenly become larger, at least 2 million or even 20 million (due to the area of wide width, 
height and the vehicle height varies), it can effectively determine whether the car exists. Through a vehicle count. In this paper, two minutes 
of high-resolution video traffic was static, the algorithm accuracy rate was nearly 98%. 

Vehicle trajectory was the sum of vehicle within a period of time at each position, which was drawn to help analyze road 
conditions.When the vehicle is during the identification and tracking area, information of the vehicle will be recorded (ID: Identifier, Pos: 
position, s swimming: size). Add its information to the vehicle information list, in accordance with position for vehicle motion, each as 
connect dots trajectory of the vehicle. 
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Figure 10 showed the basic standard schematic image of path generation. The key is to determine the vehicle out field of vision. 
Because when a vehicle is detected, we can record the position of vehicle, which running at various points. According to the position of 
track draw; multiple vehicles in the view needed to draw a plurality of tracks. When the vehicle drived out of view, the trajectory of the car 
should be eliminated. The key determination of the vehicles was driven out of view time (pulled out of the current frame field of view), 
which the frame will no longer draw trajectory of vehicle. According to the basic principles, the icon image clear path generation achieved 
the trajectory generation, which was recorded at the end of vehicle. 

 

 

Figure 10. Trajectory generation live view image 
 

Event storage and retrieval of the table 
Achieve of event store table 
HBase is a column-oriented family memory, storage and tuning are listed on the family level. The access mode and size characteristics 

was same in order to best use column family members. A table is best define of many column families. Currently, HBase do not well handle 
more than 2-3 column family table. For the time when HBase data column families full in memory required flush, this process took adjacent 
column families together with flush. The way need to be read as contrary to this idea. 

Maximum length of Rowkey was 64KB, scenarios should not exceed 256bytes under normal usage. Rowkey are stored as an array of 
bytes in the memory, which generaly designed into a fixed length. Because persistent file HFile data is stored in accordance with keyvalue, 
if Rowkey length is too long, the case of large amounts of data will only store Rowkey, it will consume a lot of storage space. Rowkey 
limited number of long memory when the amount of cached data is small. In addition, Rowkey was designed to ensure its uniqueness. 

 
Event search implementation 

When the return data in accordance with the client specific conditions, HBase need to use filter. Sometimes the filter is also known as 
push-down predicate, which means that the client criteria filter down to the filter server. The client makes filters and criteria passed to the 
server, the server will perform in the future receive filters at the server end of the filter. Finally, filtered data back to the client, so that the 
relatively filter out data was small, reducing data transmission across the network and saving network overhead. The client filter transfer all 
the data from the server to the client, ultimately by the client's own filter. Although the data server load is reduced, the transmission of data 
to the network load increased, as well as transmission of a large part of useless data. Client and server filter was shown in Figure 11. 
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Figure 11. Client and server filter filter 
 

The data used for microwave detector was collected from the various sections of the city traffic data. Data was from the urban traffic 
information center. While the output detector sub-lane certain static period detector number, test time, traffic, lane number, lane occupancy, 
speed and data sampling interval every 5 minutes. 

Key traffic parameter module consisted with intelligent traffic, which the purpose series of work in front of traffic parameter. Extract 
traffic parameters are based on the front the image processing. Image feature for matching and pattern recognition, statistical relevance of 
the traffic parameters of vehicles, lane occupancy, vehicle speed, traffic minutes and vehicle trajectory points. In order to achieve statistical 
sub-lane traffic, lane occupancy and vehicle speed was calculated. For standard-definition video, according to Figure 12, image processing 
output briquettes ID, location, size and other information to determine whether through lane (region of interest) is set, thus lane traffic 
statistics was divided for occupancy lane according to video frames. The traffic T can be easily calculated as T * 25 nF rame. For measuring 
the speed of vehicle, it is mainly based on the judgment out of the lane (region of interest) by the time t and the length l lane households to 
figure measurement, namely v = l / t. 

 

 Traffic parameter 
extraction module

Speed

Traffic flow

lane occupancy ratio

lane occupancy ratio

Vehicle trace point 

Is overspeed  

Figure 12. Traffic parameter extraction block diagram 
 

Since the detection point of equipment failure was designed by defects itself, the installation process is not standardized or loss of 
communication. Traffic information data collection quality improvement is difficult to increase. In order to improve the accuracy of test 
results, the pre-processing of raw data is necessary. The lack of data reduction provided a high quality data set, which is to ensure the 
experimental results. Microwave radar information collected contain data which does not match the actual situation. Before judging the 
validity of data, thresholds and discriminant rule should be set. 
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When invalid data is marked according to the judgment rule, the correction data was considered. There are two cases of data errors, one 
is not satisfied with the threshold theory; the other is not satisfied with the traffic flow theory. In the first case, the threshold replaced the 
current unreasonable data. Another case, since the traffic flow in line with the characteristics of the fluid continuity, there will be no 
dramatic changes in the adjacent data within a short time interval. So the use of current three average value before time slots detected is 
corrected. For example, part of the original data to be repaired was shown in Table 1. 

 
Table 1. Decision rule of theoretical error of traffic flow 

No 

Data from every 5 mins R/W 

V km/h Flow 
Occup-

ancy Y/N 

1 0 0 0 N 

2 0 0 (0,95] N 

3 0 0 (95,100] Y 

4 0 ≠0 0 N 

5 0 ≠0 ≠0 N 

6 ≠0 0 0 N 

7 ≠0 0 ≠0 N 

8 ≠0 [1,100) ≠0 Y 

9 ≠0 ≥100 ≠0 N 

10 ≠0 ≠0 0 N 

 

Table 2. Restored Data 

No. 

Micro
wave 
point 

number 

Equipment 
lane number 

Lane 
flow 

Average 
speed Occupancy Collecting Time 

62 61 1 2 4 29 10:50  2014/01/08 

63 61 2 11 1 16.5 10:50  2014/01/08 

64 61 3 4 10 9 10:50  2014/01/08 

65 61 3 5.666667 5 18.16667 10:55  2014/01/08 

66 61 2 0 0 99 10:55  2014/01/08 

67 61 1 6 7 76 10:55  2014/01/08 

68 61 1 1 8.33 97.67 11:00  2014/01/08 

69 61 2 2.333333 5.11 90.89 11:00  2014/01/08 

70 61 3 0 0 99 11:00  2014/01/08 

71 61 1 11 15.33 35.67 11:05  2014/01/08 

 

Table 2 showed the raw data in a microwave line flow, which includes average speed and lane occupancy. Speed included three time 
stage which detected value of the first flow line, the average speed shared of 99%, the rules of this data is reasonable data. 
 
5. Conclusion 
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This paper describes traffic causal interaction based on research of the brightness of traffic parameter detection algorithm and system 

implementation. The moving object extraction was analysis by vehicle speed detection algorithms and techniques. The advantages and 
disadvantages of these algorithms, pointed out the difficulty of traffic detection. With the explosive growth of traffic data, the application 
field of intelligent transportation research has been constrained to traditional computing model. A lot of information collection device 
generates a massive, density and low-value traffic data. From accurate judgment of a reasonable forecast, low-value traffic density mass data 
mining meet fast, high value information demand. This paper posed and solved the concept method for detecting abnormal traffic jamming 
point. Real-time optimization of its limited serve plays an important role in classification traffic state. The proposed algorithm has a self-
learning nature, which embodied in historical link congestion probability continuously updated. Even if traffic organization and road 
infrastructure changes, the applicability of method does not influenced greatly. 
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Abstract: The stable operation of the central air conditioning water system always is a major difficulty for the control profession. Paper 
focus on the water system with multi variable, strong coupling, nonlinear, large time delay characteristics, presented use feedforward 
coupling compensation method, to eliminate the coupling effect between temperature and pressure. In this paper, the Elman neural network 
controller is designed for the first time, and the simulation results show that the response time of Elman neural network controller is more 
shorter, the system is more stable and the overshoot is small 
 
Keywords: feed forward coupling compensation; central air conditioning water system always; temperature difference control; pressure 
difference control; Elman neural network 
 
1. Introduction 
 

For the operation control of the central air conditioning water system, generally control the temperature difference and pressure 
difference. More scholars have done a lot of experimental research and engineering verification on the control method for temperature 
difference and pressure difference[1].K. F. Fong optimization temperature setpoint of chilled water by EP genetic algorithm, water pump 
control strategy of air conditioning water system are analyzed and experimental by Brian J. Moore and Jamess B. [2] [3].For the control 
strategy and control algorithm of the control circuit 2 input -2 output water system, the research is very few, so this paper design a Elman 
neural network controller for controlling the air conditioning water system stable operation by feed forward coupling compensation [4] [5] 
[6].  
 
2. Chilled water system model  
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Figure 1. Control signal point of central air conditioning chilled water system 

 
As Fig.1 show, for the operation control of the central air-conditioning water system, mainly through the control of chilled water supply 

and return water loop pressure and temperature to achieve. Chilled water supply and return water loop pressure is mainly through the bypass 
valve to achieve, the temperature difference is mainly through the control of chilled water flow to achieve. The specific control system 
diagram is shown in Figure 2 and figure 3 [7].  

 
Set point

Controller
+

-

Bypass valve Impedance
Pressure different

Sensor  
Figure 2. Control system of chilled water pressure difference 

 
As Fig.2 show, for a given chilled water supply and return water loop pressure difference value, mainly through the opening of the 

regulating valve to achieve the loop of the chilled water supply and return water pressure control, when the chilled water supply and return 
water loop differential pressure differential pressure is lower than the setpoint, the bypass valve opening decreases. In order to increase the 
impedance of the pipeline, so as to achieve the stable pressure, and finally achieve the system running requirements.  

 
Set point
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-

Transducer Pump
Temperature different
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Figure 3. Temperature difference control system of chilled water 

 
As Fig.3show, for a given temperature of chilled water supply and return water loop setpoints, mainly through adjusting the pump 

speed to change the operation flow of the chilled water system, to get the supply and return water temperature of chilled water loop control, 
when the temperature difference between chilled water supply and return water temperature is lower than the setpoint of the loop, by 
reducing the speed water pump. To reduce operation flow chilled water system, to achieve the temperature stability[8][9].  
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Figure 4. coupling relationship of chilled water pressure difference and temperature difference 

 
In fact, because of the strong direct coupling between the differential pressure regulating and the temperature regulating system, so it is 

very difficult to control the system.As shown in Figure 4, when the different pressure regulating opening while changing the bypass valve, 
also changed the impedance of chilled water piping system, resulting in the chilled water system flow changes in the system under a certain 
load, the inevitable change of chilled water supply and return water temperature loop. Similarly, when the temperature difference is adjusted 
by changing the pump the rotational speed of the flow change at the same time, also cause the pressure difference on both sides of the 
chilled water bypass valve, and the impact of the water system pressure control.  
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Figure 5. Coupling relationship of air conditioning water system control 

 
In fact, tocentral air-conditioning chilled water control system, is a "2 input -2 output" control system. As show in Fig. 5, as the bypass 

valve opening - pipeline pressure control loop model,  as the bypass valve opening - supply and return temperature control loop model, as 
the pump speed - line pressure control loop model, for the "water pump speed for the return water temperature control loop model,  for 
chilled water loop pipeline pressure, for chilled water supply and return temperature for the  loop, chilled water loop pressure difference 
value, for chilled water supply and return temperature setting circuit. With the method of system identification (using MATLAB system 
identification toolbox), can get the mathematical model of each circuit module, as follows:  

 
3. Decoupling of water system of central air conditioning system and design of controller  
 
3.1. Control model decoupling of chilled water system  
 

For the decoupling method of the chilled water control model, the traditional decoupling method mainly has the modern frequency 
method and the feed forward compensation method. The modern frequency method also includes time domain method. The pre 
compensation method includes the invariance of the contact, the matrix inversion and the inverse decoupling. In this paper, the decoupling 
network is designed by using the invariance principle of feed forward decoupling compensation method, as shown in figure 6:  
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Figure 6.feedforward compensation decoupling network 

 
3.2. Elman neural network controller  
 

Figure 6 build the "2 input -2 output” decoupling network, although solved the problem of coupling between systems, but in order to 
ensure that the system output value satisfies the set value requirements, also need to set up the network controller based on feedforward 
compensation decoupling in figure 6. In the control system, the PID controller is the most commonly used controller. It’s principle block 
diagram is shown in Figure 7.  
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Figure 7. Diagram of PID controller 

 
Kp: ratio coefficient;  
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Ki: integral time constant;  
Kd: differential time constant.  
In the actual project cases, 、、control parameter values have great influence on the output of the system, because of the central air 

conditioning system of "multi input and multi output, strong coupling between the system and other factors, resulting in the actual 
debugging of central air-conditioning system, control tuning parameters,、、has become very difficult. Therefore, the control loop of the 
water system of the central air conditioning system, the choice of the corresponding PID parameters becomes very important. If the 
parameter selection is not properly, it will not only lead to oscillation of the control loop, and even cause the instability of the control loop of 
the whole air conditioning system. The selection of control parameters 、、in the actual air conditioning control case is also the difficulty of 
the project. In this paper, a new method of PID parameter 、、is proposed, which uses the Elman neural network to adjust the parameters of 
the PID controller 、、. As shown in figure 8.  
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Figure 8. the structure of PID control based on Elman neural network 

 
3.3 Elman neural network architecture  
 

Figure 9 for the Elman neural network model structure, from Figure 9, we can see that the model design of the algorithm for the 3 input, 
3 output, the middle layer for the 5 layer structure.  

 

u(n-1) y(n)

X(n)=f(W1(u(n-1)+W2Xc(n))

X(n)=X(n-1)

 
Figure 9. Structure of Elman neural network model 

 
3.4. Model training steps  
 

1. Initialization model: jlw , ijw , kjw , lθ , jθ  

2. Input training values: 
pxxx ⋅⋅⋅21,  the output value of the model: 

pyyy ⋅⋅⋅21, ;  

3. estimate: 
ε<− pp yt

 
4. If the step (3) is satisfied, the weight and the threshold value of the model are corresponding to the model, or the 
following steps:  
5. The following values are calculated  

6. calculated the model again: jlw
、 ijw

、 kjw
、 lθ 、 jθ  

7. Return step (2)  
If the step (3) satisfies the condition and stops the training (step 5), the measured value is input to the model, and the predicted value is 

obtained.  
 

4. Simulation and analysis of water system operation control  
 
4.1 Elman neural network controller program simulation  
 

According to the analysis of simulation program controller of central air conditioning water system, this paper uses MATLAB software 
as a simulation tool for research, program can be realized by MATLAB in Simulink, can be directly through the MATLAB program 
simulation directly.  

As shown in Figure 10, for the Elman neural network PID control algorithm simulation diagram, procedures in accordance with the 
Elman neural network PID control structure based on given the formula (1), (12), (13) the corresponding coefficients corresponding 
simulation chart module. And the preparation of Elman PID1 and Elman PID2 corresponding to the Elman neural network PIDcontrol 
operation of the m file.  
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Figure 10. Elman neural network PID control algorithm simulation 

 
4.2 Simulation results of Elman 4.2. neural network controller 
 

 
Figure 11. Elman neural network PID pressure control corresponding to the input - output simulation results 

 
Figure 11 shows the Elman neural network PID pressure control corresponding to the input - output simulation results, it can be seen 

from Figure 11, the Elman neural network PID control based on differential pressure, can be very good to achieve the central air 
conditioning water system pressure difference value of precision control, but the overshoot of Elman neural network PID differential 
pressure control based on the comparison, the output of the system in a short time quickly from the pressure difference of 0m water column, 
up to 17.137m water column, so the central air conditioning water system is bad, need to give enough attention in the subsequent 
engineering verification, but also need to see that the Elman neural network PID differential controllers based on the output of the system 
rise time is very short, the rise time is only 7S, the adjusting time is only 16S, and can be quickly to ensure the system output stable.  

 

 
Figure 12. Elman neural network PID temperature difference control corresponding input output simulation results 

 
Figure 12 shows the Elman PID neural network temperature control corresponding to the input - output simulation results, it can be 

seen from Figure 12, the PID temperature control based on Elman neural network, the output of the system can not only quickly change 
follow the preset temperature value changes, and the system is stable, small overshoot. Thus, based on the Elman neural network PID 
temperature control, can achieve very good operating results.  

In practical projects, for the regulation of central air conditioning water system operation, but also to adjust the temperature and 
pressure regulation by using the temperature difference, therefore, Elman neural network PID differential pressure control, can realize the 
central air conditioning water system operation good regulation. 
 
5. Conclusion 
 

In view of the central air conditioning water system control "2 input -2 output” characteristics, using the invariance principle of 
feedforward decoupling compensation method, realize the decoupling network structure of the central air conditioning water system" 2 input 
-2 output ", and the use of Elman neural network based on PID control algorithm, to achieve the precise control of the central air 
conditioning water system pressure difference the temperature difference, the simulation results show that Elman neural network control 
algorithm based on PID, not only can quickly respond to changes in input system, and the control precision is high, operation results are 
stable and have good application value. 
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Abstract: Hydraulic numerical simulation can provide quantifiable decision support for water conservancy business and is the soul and 
heart of intelligent water conservancy construction. But there are problems such as no unified standards, inconvenient methods of use and 
inefficient computing resources in the current stand-alone mode. Based on the existing model standardization, this paper proposed the 
integration, group coupling and dynamic computing service platform based on could-computing hydraulic numerical simulation, used 
virtualized cluster to compute and optimize scheduling, Web Service, open-type MI packaging, components and workflow and 
multi-dimensional and multi-field post-processing technology and achieve the dynamic resource deployment and parallel computing of 
virtualized migrations in the IaaS layer of the cloud service platform of hydraulic numerical simulation, the coupling of model components 
in the PaaS layer and the flexible selection of the pre-processing and post-processing mode in the SaaS layer, used the numerical simulation 
of flood evolution in the downstream river channel of the Yellow River basin as the example to achieve the multi-user and multi-type 
computing applications of multiple models on the cloud service platform, and compared the efficiency of cloud service computing model 
and traditional stand-alone computing via multiple schemes. 
 
Keywords: Numerical Simulation; Cloud Computing; Model Standardization; Model Combination; OPENMI; Parallel Computing 

 
1. Introduction 
 

Hydraulic numerical model is able to simulate the assembly of various types of water conservancy business, and can provide 
quantifiable decision support for prediction and risk management of flood control, soil and water conservation, water resource allocation, 
reservoir operation, construction and management of water conservancy projects, comprehensive planning of water conservancy 
development, comprehensive changes in water price, allocation of social resources related to water conservancy and other applications. 
Currently, compared to international standards, the theories and algorithms of numerical simulation in the water conservancy industry in 
China are generally at the advanced level, but software development and system integration of numerical simulation in the industry lags 
behind, and the majority of numerical models are in program debugging and stand-alone software stage. Although many scholars and 
institutions have developed model integration systems for multi-model components, through a comparison of advanced software integration 
platforms from the industry development perspective, it can be seen that there are still outstanding issues as follows: [1] a lack of universal 
model classification, evaluation, integration and standardization system of pre-processing and post-processing, low-level models, and 
redundant development. [2] a lack of multi-model coupling mechanism, and difficulties in solution of the entire coupling process of large 
spacial and temporal scale. [3] a lack of multi-program and multi-user concurrent distributed cloud computing model, low efficiency of 
stand-alone mode computing, unable to quickly provide multi-program comparison, multi-model comparison, multi-user concurrent access 
and dynamic adjustment of serial and parallel model in similar environments.  

To solve these problems, a number of scholars have carried out a large number of related researches: in terms of model standardization, 
WL Oberkampf [1] and Kou Huaizhong et al [2] have carried out model evaluation based on standard cases [3]; in terms of model interface 
research, EU OPENMI interface [3] [4] [5]specified the standards of model packaging and multi-model coupling; in terms of model and 
business flow integration, Xie Jiancang [6] [7] established a model library system based on knowledge processes; in terms of model 
concurrent distributed running, many scholars have conducted platform researches based on SOA and cloud computing [8] [9] [10], among 
which, Academician Chen Zuyu developed a cloud service model library for hydraulic structure model and Wei Jiahua [11]developed a 
hydraulic simulation cloud computing platform for hydrodynamics. It can be seen that model standardization and cloud computing model is 
the key technology to solve the current problems in the field of hydraulic numerical simulation. 

Based on researches on related projects, this paper proposed the classified R & D, application evaluation, data exchange, coupled 
integration and pre-processing and post-processing standards of hydraulic numerical stimulation, established standard model component 
libraries and workflows in different application fields of hydraulic numerical simulation, and provided a platform prototype system for 
model evaluation, publication, portfolio and application based on hydraulic users open standards. Standardized structure and common 
business components can significantly reduce development investment related to hydraulic numerical simulation business system, facilitate 
the maintenance and updating of the platform, improve the efficiency of users, and increase the overall benefit of research investment. 

 
2. Research on platform architecture design and key technologies 
 
2.1 Design of platform architecture and business process 
 

The cloud service platform for hydraulic numerical simulation is designed in accordance with the classical cloud computing 
architecture, including the IaaS layer, the PaaS layer and the SaaS layer. It uses virtualized cluster and computing to optimize scheduling, 
Web Service, open-type MI packaging, components and workflow and multi-dimensional and multi-field post-processing technology and 
achieve the virtualization of model serial and parallel computing resource in the IaaS layer of the platform, the coupling of model 
components in the PaaS layer, the flexible selection of the pre-processing and post-processing mode, as well as the multi-user and multi-type 
computing applications of multiple models on the cloud service platform. The system architecture is as shown in the figure: 
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Figure 2.1 Platform Architecture 

 
The IaaS layer provides hardware infrastructure deployment services and provides users with physical or virtual computing, storage 

and networking resources on demand. It uses XenServer to achieve server virtualization and infrastructure management, including virtual 
servers, virtual computing pools, virtual computing clusters and virtual storage, makes deployment based on different types of hydraulic 
numerical simulation, establishes virtual computing pools for high-performance servers to adapt to stand-alone model serial computing 
model running, conducts virtualization transformation on some computing clusters of the supercomputing center to adapt to the computing 
running of hydrodynamic two-dimensional and three-dimensional parallel model and distributed hydrological model, conducts virtualized 
storage management on model massive heterogeneous computing data and files, and carries out management through a virtual server to 
ensure the computing of the executable code of the model only on the console of the virtual machine and ensure the safety of the model 
source code. 

It deploys a resource manager and service operational environment for basic settings in the PaaS layer, uses XenDesktop to achieve 
desktop virtualization, uses XenApp to achieve multi-user sharing applications, provides standard model libraries for hydraulic numerical 
simulation and rich pre-processing and post-processing tool libraries for model component management and packaging of all models based 
on OPENMI standard interface after scheduling. In stand-alone model serial computing, the computing task console would compute the 
resource management of the virtual pool which would continue to look for multi-scheme computing tasks of different models by multiple 
users and dynamically adjust the virtual machine of the computing resource pool. In stand-alone model parallel computing, the MPI virtual 
cluster manager would run the parallelized numerical model, and take charge of management and scheduling of virtual nodes. In 
multi-model coupling scheduling, the model combination workflow would be used for the core cycle packaging of numerical simulation 
model based on timing, the OPENMI interface would be used to conduct model coupling based on physical mechanism, and task 
management would be sent into the virtual computing pool for operation through the virtual server. 

The SaaS layer is mainly deployed with a variety of hydraulic simulation service cloud clusters based on standard model libraries and 
pre-processing and post-processing tool libraries, including model evaluation service, model computing service, results display service, 
scheme comparison service, and users can choose appropriate models and pre-processing and post-processing toll kits according to their 
business needs. It also provides a multi-terminal access mechanism to transform the traditional stand-alone complex program debugging 
model into browser and mobile terminal mode. 

Model business processes in the platform are as shown below: 
 

 
Figure 2. Model Business Processes 

Phase I: professional hydraulic software with mature non-standard applications will conduct standardized processing, transform the 
industrial mathematical model into the standard model in accordance with model standardization specifications without modification of the 
core algorithmic programs and maximize the use of the existing industry mathematical model software results. Phase II: model evaluation 
storage: put the model components passing the model evaluation into the model library. Phase III: generate the simulation computing system, 
including stand-alone model and multi-model coupling rapid generating and computing systems. Phase IV: system applications, configure 
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the specific parameters and input data of a project, start the computing task, view the running status of the computing task and control the 
task running in the task computing process, and view the results after the computing task is completed. Phase V: program analysis and model 
evaluation, analyze and compare the execution results of a project or several projects to rapidly choose the optimal engineering solutions, 
assess the practicability of models involved in computing, and feed back the evaluation results to the model library. Through the long 
running of the system, the number of models in the platform increases, the number of projects also increases, model evaluations also 
increase gradually, model libraries are improved gradually and continuous evolution and improvement of artificial intelligence features is 
demonstrated. 

 
2.2 Management of virtual computing resource pools and virtual clusters 
 

The cloud service platform for hydraulic numerical simulation mainly designs two types of virtualized computing resources for serial 
and parallel hydraulic numerical model, and uses Xen Server for server virtualization and infrastructure management. Xen virtual machine is 
an open source code virtual monitor which supports the full virtualization and paravirtualization of the hardware system. As it has a good 
compatibility to hardware, it can achieve high-performance virtualization. 

 (1) In single model serial computing, it is mainly for multi-scheme computing tasks of different models by multiple users. The 
computing resource requirements for each task are not very large. The Xen virtual machine and built-in computing pool is used in 
management. When different users call standard model components through the services in the SaaS layer, dynamic virtual machine 
resources will be allocated for users, and different models and programs of the user will be completed in the built-in computing tool of the 
current virtual machine. The current virtual machine will monitor the number of operating models and the consumption of resources, and 
dynamically adjust the physical resources allocated by the virtual machine timely. 

 (2) In single model parallel computing, the traditional model is to submit computing tasks to the parallel computing cluster, and the 
pre-processing and post-processing data of the model should be imported and exported manually. In the cloud service platform, Xan is used 
on the original part of the physical cluster to establish standard virtual machines, in order to build a virtual machine cluster system similar to 
physical cluster and use Torque PBS management system for resource scheduling management. The upload of program operations, 
parameter settings, generation of computing execution code, job monitoring and feedback of computing results are achieved remotely via 
Internet. This paper selected hydrodynamic river way two-dimensional water and sediment parallel mathematical model for testing. 

 
2.3 Model standardization and model componentization 
 

The core features of the cloud service platform are hydraulic numerical simulation relying on a variety of mathematical models of the 
industry. To ensure the stability and scalability of the platform, the mathematical models of the industry must be standardized and 
componentized. 

 
2.3.1 Model standardization 
 

Model standardization includes classification of industry models, metadata definitions, description of input and output specifications, 
and researches on model evaluation index. In the model standard industry classification, the same type of model uses specified and 
consistent metadata definitions, input and output standards and evaluation index to facilitate peer assessment for similar models, promote the 
popularization of outstanding models in the industry, and conduct seamless replacement and model coupling computing of similar models in 
the cloud service platform. The cloud service platform for hydraulic numerical simulation is classified based on the models of the fluid 
domain of the water conservancy industry at Phase I of construction, and carries out researches of standardization and componentization of 
common river dynamics model, hydrology models, reservoir planning and scheduling models in flood prevention and reservoir operation( * 
in figures indicates completed models). Standard classification of model libraries (Phase I) is as shown in Table 2.1: 

 
Table 2.1 Model classification of the cloud service platform of hydraulic numerical simulation (First stage) 

 First category 
River Dynamics Hydrodynamic fluvial model*(One- dimensional/Two- dimensional/Three-dimensional) 

Hydrodynamic reservoir model*(One- dimensional/Two- 
dimensional/Three-dimensional) 

Hydrodynamic estuary model (One- dimensional/Two- dimensional/Three-dimensional) 
Hydrodynamic river ice model (One- dimensional/Two- 

dimensional/Three-dimensional) 
Hydrodynamic water temperature model (One- dimensional/Two- 

dimensional/Three-dimensional) 
Hydrodynamic water quality model (One- dimensional/Two- 

dimensional/Three-dimensional) 
Hydrodynamic ocean model (One- dimensional/Two- dimensional/Three-dimensional) 

Hydrology Hydrological climate model 
Hydrological meteorological model 

Hydrological rainfall model 
Hydrological runoff/confluence model* 

Hydrological fluvial model* 
Hydrological soil and water conservation model 

Reservoir 
regulation 

Single reservoir regulation/ programming model* 
Multiple reservoirs regulation/ programming model* 

Water resource Analysis and evaluation model for water resource 
Predictive and forecasting model for water resource 
Regulation and allocation model for water resource 

 
Research on model metadata basing on model standard classification, can further provide label service of fine management. 

Model metadata defines some key technical parameters, which is convenient and high-efficient for users to select models needed in 
the cloud service platform. Taking hydrodynamic fluvial two-dimensional model as an example, model metadata are shown as 
figure 2.2: 
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Table 2.2 Model Metadata Table (Hydrodynamic Fluvial Two-Dimensional Serial Model) 

Serial 
Number 

Name Property Description 

1 Name Model Name 
2 Description Model Definition 
3 Watershed/Range Application Watershed Range of Model Application 
4 Constant/Non-constant If Process Non-constant Flow Process Calculation 
5 Explicit/Implicit scheme Calculation Model Description 
6 Discrete Approach Discrete Approach Selection 
7 Coordinate Processing Coordinate Processing Approach 
8 Grid Section Computer Grid Category 
9 Calculation Method Iterative Method 

10 if Calculate Sediment If Coupling Calculation Sediment 
11 Sediment Formula Selection Selection of Sediment-Carrying  Capacity and 

Sediment Settling Velocity Formula 
12 if Couple Solution if Couple Solution 

 
Data input and output specifications under different classifications are proposed, aimed at heterogeneity of model input and 

output data format of the same category model. The specifications meet demand of model standardization. It defines information of 
model input & output data file content, data filet format, data file structure, etc. File content refers to the category and function of 
file inputted; file format indicates that the file format that the data inputted is allowable to save in the computer; data structure is 
referred to data saving structure of the current file. Taking hydrodynamic fluvial two-dimensional model as an example, model input 
& output specification are shown as figure 2.3: 

 
Table 2.3 Input & Output Specifications of the Same Classification Model 

Model 
Input 

Data File Content Data File Structure 

Control Parameters Direct Data Need in Other Model such as Step-Size, Step 
Number, Roughness Coefficient, etc. 

Node Message Node Number/ Node Coordinate x, y, z 

Element Message Element Type(structure/non-structure), Node Connection 
Relation(Anticlockwise) 

Border Terms Number of Time Series, Border Type of Node  
Initial Terms Sequential Data of Hydrologic Feature 
Branch and Confluence Coordinate and Hydrologic Feature Data 

Model 
Output 

Node Hydrologic 
Features Data Node Hydrologic Features Sequential Data 

Section Hydrologic 
Features Data 

Section Features Description/ Section Hydrologic Features 
Sequential Data 

Multi-dimensional Visual 
Data 

Different models different data structures, which can be 
unified by post- processing tool. 

 
In addition, platform also provides evaluation standards for the same category model, constructs model evaluation case base 

and evaluation indicator system, which can conduct quantitative evaluation to the computing results of the same category model and 
optimizes the same category model. Model evaluation procedure is shown as figure: 

 

 
Figure 2.3 Sketch of Model Evaluation Procedure 

 
Model evaluation is mainly divided into two steps, model testing and expert review. Model testing refers to that model tests 

case according to platform operating standards, records model computing results and mothballs model computing original data; 
expert review indicates that by platform, industrial experts classify model computing results and compare measuring data and 
quantitatively mark according to indicators allocation. 

 
2.3.2 Model componentization 
 

Source code of traditional hydraulic numerical model is compiled by FORTRAN and C language, and operated in stand-alone. 
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Cloud service platform supports two operating models, i.e. model DLL and EXE. Users can reference standard specifications issued 
to standardization transform exiting model code and compile it as DLL; separate and package basic time cycle of model basing on 
time serial; establish unified interface of data exchange and storage management, and construct standard component of time serial 
unified. Or directly comply with EXE procedure of specifications, utilized cloud service platform to upload model code waiting 
model evaluation and administrator approval to uniformly manage model component base. 

Model componentization is mainly based on OPENMI interface, package procedure initialization and variable definition by 
Initialized interface; package basic time cyclic parts based on time serial model by timestep interface; package interactive data 
among models by exchangedata interface; package program ending and storage management by finish interface. Basing on those 
OPENMI standard interfaces, transform model source program to unified time interface and data exchange normative 
standardization components. Model packaging process is shown as figure below: 

 

 
Figure 2.4 Model Component Packaging Sketch 

 
2.4 Model components debugging and computing 
 

The core functions of hydraulic numerical stimulation cloud service platform are model debugging and computing. By research 
on standardization and modularization in section 2.3, uniformly manage model standard components by model base, which is a 
virtual storage base to manage model metadata and model computing program set. According to different users’ business demands in 
the cloud platform, if it demands serial single model computing demand, the applied mode EXE or DDL procedure (package WCF) 
is transmitted to virtual computing controller which matched with users by pipe.  

Firstly, it should realize interface of model completing components, Oatc. OpenMI. Sdk. Wrapper. IEngine to finish the 
normative matching work aiming at OPENMI and specific model operation method. Secondly, it needs to realize DotNetAccess 
packaging to debug EXE or DLL of Win 32. Because numerous computing models are complied by applied 32 bits unmanaged code, 
thus to realize the quotation of the core program needs to applied quoted mechanism unmanaged code, namely, DllImport of 
program set, to realize DLLAccess to finish the quotation of 32 unmanaged code , shown as figure below. 

 
Figure 2.5 Sketch of Model Components Debugging Mechanism 

 
3. Application of cloud service platform 

 
3.1 Computing and visualization of model scheme 
 

This paper, taking hydrodynamic fluvial two-dimensional numerical model of computing downstream of Yellow River Flood 
Routing as an example, introduces computing and visualization of model in the platform. The computable prophase work of model 
in the platform is based on the research content of packaging standardization and components of the model in section 2.3; upload 
service to cloud service platform by model, and access to platform model base by model evaluation. 

Successively click “applied-hydrodynamics model-fluvial plane two-dimensional. 
model-model dynamic linking base selection-preprocess profile section-post-processing tool selection-generate button” in the 

cloud WEB interface of platform. Dynamic linking base selection can select Downstream of Yellow River Fluvial two-dimensional 
model base (stand-alone or parallel version), preprocess profile is done XML description according to model pre-processing 
specification in section 2.3. Post-processing tool selection is one-dimensional section analysis and two-dimensional tool completing 
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orienting to plane two-dimensional model of downstream of Yellow River based on GIS. The operation applied can process 
numerical simulation computation of water and sediment of downstream of Yellow River. Users upload different inlet and outlet 
terms and parameter setting by interface to model computing of multi-scheme of the model (see figure 3.1), and do visual analysis 
of model computing result (see figure 3.2). 

 

 
Figure 3.2 Platform Computing Result One-Dimensional Visual Tool 

 

 
Figure 3.3 Platform Computing Result Two-Dimensional GIS Visual Tool 

 
3.2 Analysis of multi-model computing efficiency 
 

The advantage of cloud service platform is that it can be subsequently computed by multi-user and multi scheme. Taking 
computation of downstream Yellow River of fluvial two-dimensional model as an example, this paper analyzes efficiency of 
numerical simulation computation between cloud service platform and traditional model, sets three water and sediment terms of 
downstream of Yellow River fluvial model, shown as in table: 

 
Serial 

Number 
Flood 

Volume 
Flood 

Process 
Flood Time Computing 

Range 
Note 

Scheme 1 4000 Process of 
Adjusting 
Water and 
Sediment 

20 Days Huayuankou-
Aishan 

Interval non Confluence, 
Computation of Sediment Erosion 

and Deposition 

Scheme 
2 

8000 77.8 Flood 
Process 

20 Days Huayuankou-
Aishan 

Interval non Confluence, 
Computation of Sediment Erosion 

and Deposition 
Scheme 

3 
22000 58.7 Flood 

Process 
20 Days Huayuankou-

Aishan 
Interval non Confluence, 

Computation of Sediment Erosion 
and Deposition 

 
Stand-Alone Testing Environment: 
Lenovo MB8000t: CPU Inter core 2.83GHz; Memory: 4G; Storage: 500GB 
Testing Environment of Cloud Service Platform 
Liangchao sever NF8560M2 (4 sets): 4 E7-4820(2.0GHz/8c)/ 5.86GT/18ML3 processors; storage: configure 4 300GB 

1.50,000 Zhuan SAS hard disk, memory 1TB; internal net kilomega. According to description in section 2.2 that construct virtual 
computing pool orienting to model serial computing, analysis of computing efficiency of different schemes under different models 
shown as below: 

 
Pattern Scheme Model Computin Total Analysis and 
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 Type g Time Time-consuming of 
Multi-scheme 

comparison 

 
Stand-alone 

Scheme 1 Yrcc-2d(S
erial 

Version) 

20 Hours  
70 Hours 

 

Cloud computing 
model is advantageous 

in the computing of 
multi-model, 

multi-user, and can 
provide analysis and 
comparison function 

of model results. 

Scheme 2 22 Hours 
Scheme 3 28Hours 

Cloud 
Platform 

Simulation 
Computing 

Pool 

Scheme 1  
Yrcc-2d(S

erial 
Version) 

20 Hours  
28 Hours 

 
Scheme 2 22Hours 
Scheme 3 28 Hours 

 

 
4. Conclusion 
 

The cloud service platform of hydraulic numerical stimulation realizes service of integration of hydraulic numerical stimulation 
model standardization, group coupling, cloud computing and dynamic computing, based on model standardization. Utilizing 
virtualized cluster, compute and optimize scheduling, Web Service, open-type MI packaging, components and workflow and 
multi-dimensional and multi-field post-processing technology and achieve the dynamic resource deployment and parallel computing 
of virtualized migrations in the IaaS layer of the cloud service platform of hydraulic numerical simulation, the coupling of model 
components in the PaaS layer and the flexible selection of the pre-processing and post-processing mode in the SaaS layer, used the 
numerical simulation of flood evolution in the downstream river channel of the Yellow River basin as the example to achieve the 
multi-user and multi-type computing applications of multiple models on the cloud service platform, and compared the efficiency of 
cloud service computing model and traditional stand-alone computing via multiple schemes. 

Platform relevant researches provide an open solution for the normalized application of hydraulic industrial model base 
numerical stimulation. With the further construction of hydraulic industrial model base, more models access to platform and form 
model components industrial passed by standard model evaluation procedure; with the improvement of input and output 
specifications, more pre-processing and post-processing tools are developed matchedly in the platform, which can provide more 
convenient service of hydraulic numerical simulation orienting to more business; with the further development of computer property 
and scientific computing capability, computing efficiency of stand-alone model is increased, concurrent ability of multi-use and 
multi-scheme is improved; with the further improvement of the business function of the platform, analysis and comparison of model 
computing results of large data can be carried out, which will provide support to engineer design of hydraulic industry, flood control 
operation, hazard warming, etc. that needed multi-scheme comparison business. 
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Abstract: Due to the wide application of inverter and inverter and demand more, as the basis of inverter technology, Power electronics and 
microelectronics technology has experienced over the development and application of new power electronic devices and high performance 
microprocessor and control technology to improve the performance of inverter is more and more high price. This paper analyzes the 
sinusoidal pulse width modulation (SPWM) and voltage space vector (SVPWM) principle, waveform generation algorithm based on digital 
signal processor, and design the corresponding program, compile and debug the program in the CCS2.2 environment, the right to obtain the 
waveform. Through simulation and circuit debugging, the drive signal is loaded and the actual current voltage waveform is obtained on the 
load side. The experimental results show the feasibility and correctness of the method. 
 
Keywords: pore pressure; fire; self-consolidating concrete; fiber reinforcement; spalling 
 
1. Introduction 
 

The full name of PWM is pulse width modulation, that is, Pulse Width Modulation, the principle is to change the output square wave 
duty cycle to achieve the equivalent output voltage. This technique is to change the modulation pulse on the output of the PWM way, so that 
the pulse width of the duty cycle in accordance with the law of the sine function of the order of change, so that the output waveform after 
filtering approximate sine wave. In the theory of sampling control, the conclusion is that the pulse with equal impulse and different shape is 
added to the inertia link. SPWM based on the conclusion, using pulse width changing as sine wave PWM wave SPWM wave to control the 
switching inverter circuit, which can ensure the pulse voltage output of the sine wave output of the predetermined area and equal area in the 
corresponding interval. The frequency and amplitude of the output voltage can be adjusted as long as the frequency and amplitude of the 
modulation wave are changed. 

SPWM technology has now been widely used in practice, after a long period of practice, can be divided into voltage SPWM and 
current SPWM and flux SPWM, namely voltage space vector pulse width modulation SVPWM. The first two are from the power point of 
view, and SVPWM from the motor point of view. 

There are many methods to establish the mathematical model of SPWM signal generation, such as equal area method, sampling SPWM 
method and harmonic elimination method. Symmetric regular sampling method is a widely used engineering practical method, its effect is 
close to natural sampling method, this design uses this method, schematic diagram shown in figure 1. 
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Fig. 1 Symmetric rule mining 

 
In the picture, between the triangular wave two positive peak for a sampling period, sampling of sine wave in isosceles triangle 

negative peak moment, resulting in a D, a horizontal line and triangle wave respectively to A and B points D points, control power switch 
device in A point and B point the on-off. Set up Sine modulated signal wave: 

)sin( tUu rrr ω=                                                                                     (1) 

According to the principle of similar triangle, the following relations are obtained: 

4

42
c

c

c

r

T

T

U
u −

=

δ

                                                                                      (2) 

 Take formula (1) into the formula (2), The pulse width can be obtained: 
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Take 
m

U
U

c
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, m is Modulation ratio, 10 << m , then
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2

tmT
r

c ωδ +=
。 cf is carrier frequency, The carrier cycle is c

c f
T 1

=
。For three-

phase bridge inverter circuit, the phase of three-phase sinusoidal modulation wave is 1200,Assuming that the three phase pulse width in the 

same triangular wave period is uδ 、 vδ 、 wδ ,At the same time, the sum of the three-phase sine modulated wave voltage is zero, so the 
formula (3) can be obtained: 

cwvu T
2
3

=++ δδδ                                                                            (4) 

In order to make the output SPWM waveform with periodic symmetry, use the synchronous modulation mode of carrier frequency ratio 
N .As the three-phase output waveform strictly symmetric, in order to make a phase PWM waveform positive and negative half cycle 
symmetry, take N integer multiples of 3, and N odd.Duo to the principle of triangular waveform generated by DSP is: After the counter 
increases from 0 cycle count to the register value minus the count to 0, without the negative half wave, so, starting from the origin of 
coordinates to simplify the programming point of view, in the trough of the triangular wave, to obtain equivalent bipolar SPWM wave,In 

order to eliminate the even harmonics of the output, the initial sampling time of the A phase is chosen as N
Tc π2

4
3

4
3

×=
,Therefore, by formula 

(3), (4) available: 
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Excitation power supply to achieve the purpose of FM modulation, so this paper in order to achieve 1Hz to 50Hz continuous frequency 
modulation, take N is 81. 

 
2 Implementation of SPWM based on TMS320F2812 
 
2.1 The settings of each register in DSP 
 

TMS320F2812 has two event manager modules, EVA and EVB, Each include, three 32 Bit Universal timers, Sixteen 16 bit pulse 
width modulation (PWM) channels, they can realize, The three-phase inverter control, and asymmetric PWM waveform symmetry, fast 
PWM closed channel, PWM programmable dead time control to prevent the same bridge arm of the bridge arm while the output trigger 
pulse, avoid the upper and lower bridge arm short-circuit condition, can be used for a variety of motor and inverter. 

Set the universal timer 1 as a continuously increasing / decreasing mode, so that a symmetrical triangular carrier can be generated. In 
the timer count process, Count values are compared with the full comparator CMPRx (x=1, 2, 3) values in the comparison unit, once the two 
values are equal, produce comparative matching, the level of the corresponding PWM pin will flip. In the continuous increasing / decreasing 
mode, the value of the timer is incremented from the initial value to the preset value of the periodic register, and then decrease to the initial 
value, therefore, in a carrier cycle, there will be a two comparison match, so you can output symmetrical PWM waveform. If before the next 
carrier cycle began to compare register values in the modified can output a set of high width square wave. At the same time, by configuring 
the programmable dead time unit, can make multi-channel PWM waveform generation corresponding to the dead zone, so as to avoid the 
two on the two bridge arm device at the same time conduction and burning device. Sine modulation wave frequency is 20Hz, the sine wave 
period is s, the triangle carrier cycle is: 

sNTTc µ61881/05.0/ ===                                                           (8) 

then the half wave period is 309 sµ
。In the design of the system, the external DSP crystal is 10MHz,After 4 SHG, CLKOUT is 

40MHz,Set the TPS coefficient of the timer 1, take4 frequency, the timer count frequency is10MHz,Therefore, the initial value of the cycle 
register can be calculated as 30901.0/309 = 。Enable dead time timer 1, its input clock for 8 frequency, set dead time periodic value 

as10,The dead time is
sµ2

8
40
110 =×

。rely on above analysis can be related to the EVA module register is set as follows： 
Gpio Mux Regs. GPAMUX. all = 0x003F；// Set the I/O port as the basic function, namely PWM1~6 
Eva Regs. EVAIFRA. all=0xFFFF； // Clear interrupt flag 
Eva Regs. ACTRA. all=0x0666；     //Set PWM6,4,2 to low effective, PWM5,3,1  //For high effective 
Eva Regs. DBTCONA. all=0x0AEC；  // Enable dead time timer 1, frequency division //40M/8=5M,Dead Time10*0.2us=2us  
Eva Regs.T1PR =3090； // Set timer 1 cycle value, timing//0.1us*3090=309us   
EvaRegs.CMPR1= PA[0]；  // Set the three-phase comparison register initial value, the initial value of three one-dimensional 

storage//array 
EvaRegs.CMPR2= PB[0]；  
EvaRegs.CMPR3= PC[0]；  
EvaRegs.COMCONA.all=0x8200； // Enable comparison operation 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                                      186.3 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/186 

 

EvaRegs.T1CNT=0；         //Timer count initial value set to 00 
EvaRegs.EVAIMRA.all=0x0080；// Timer 1 interrupt enable 
EvaRegs.T1CON.all=0x1242； //Continuous increasing / decreasing mode, TPS coefficient 40M/4=10M, //Enable T1 timer 
 

2.2 Calculation of CMPR value in each frequency carrier period 
 

In the Visual C++ environment, Write a program to calculate 1 to 50Hz carrier cycle and the comparison of all carriers under the 
register of all the values, the main program is as follows: 

//Calculate the carrier cycle of each frequency 
for(i=0;i<50;i++) 

{SpwmPR[i]=61728/(i+1); }//
stCLK

6101.0 −×=
, 81=N  CLKtNf

PR 1
2

1
•=

 
//Compare register data for each frequency calculation 
for(i=0;i<50;i++) 
{ for(j=0;j<81;j++) 
{SpwmData[i][j][0]=(SpwmPR[i]-0.8*SpwmPR[i]*(sin((2 *PI/81) *(j+0.75)))/2; 
SpwmData[i][j][0]=(SpwmPR[i]-0.8*SpwmPR[i]*(sin((2*PI/81)*(j+0.75)-2*PI/3)))/2; 
SpwmData[i][j][0]=(SpwmPR[i]-0.8*SpwmPR[i]*(sin((2*PI/81)*(j+0.75)+2PI/3)))/2; }} 
 

3. Implementation of SVPWM technology in DSP 
 
3.1 System initialization and system self checking module 
 

The main function of self checking module is to initialize the DSP itself and initialize the variables to be used to determine the system 
clock frequency, By Interrupt mode, while some peripheral devices initialization, such as generic I/O, event manager, PWM control, clock, 
comparison unit and capture unit for the relevant configuration. The main procedures are as follows: 

void main(void) 
InitSysCtrl(); 
EALLOW;    
SysCtrlRegs. HISPCP.all = 0x0000  
EDIS  
DINT 
IER = 0x0000 
IFR = 0x0000 
InitPieCtrl() 
InitPieVectTable) 
Init XIntrupt  
EvaRegs. GPTCONA.all = 0;   
EvaRegs.EVAIMRA.bit.T1UFINT = 1;//General timer 1 interrupt enable 
EvaRegs.EVAIFRA.bit.T1UFINT = 1; //General timer 1 interrupt flag 
EvbRegs.EVBIMRC.bit.CAP6INT = 1;   //Capture CAP6 cell modification 
EVAIMRC.bit.CAP1INT =1-CAP6INT  
EvbRegs.EVBIFRC.bit.CAP6INT = 1  
EALLOW; 
PieVectTable.T1UFINT =&EvaTimer1;//Interrupt enable 
EDIS  
PieCtrlRegs.PIEIER2.all = M_INT6; //INT2, PIE group enable register  
Enable PIE interrupt 
NT2. 6(T1UFINTinterrupt-Underflow) 
PieCtrlRegs.PIEIER5.all = M_INT7; //INT5, PIE group enable register 
Enable PIE interrupt 
INT5.7 (CAPINT6 interrupt)   
PieCtrlRegs.PIEIER1.bit.INTx4=0;//External interrupt 1 enable 
IER |= (M_INT1 | M_INT2 |M_INT5);  //Capture CAP1 --IER |= (M_INT2 M_INT3 |); 
pwm1.n_period = SYSTEM_FREQUENCY*500000/ISR_FREQUENCY;   
pwm1 .init(&pwm1)  
cap1. init(&cap1) 
drv1. init(&drv1) 
rg1.step_angle_max = _IQ(50/(float)(ISR_FREQUENCY)); 
EINT  
ERTM 
for 

In the above procedure, operating frequency of the system M150
2

1030=SYSCLKOUT =
×

,The external crystal is 30MHz, by 
 the underflow general timer 1 interrupt mode,take Bobbi for N=40,take the output voltage 50Hz as an example, the square wave 

frequency of the DSP output is. 
 

3.2 SVPWM waveform generation module based on Event Manager 
 

The following C language with the sector judgment, and analyze the role of each code. 
void svgendq_ calc(SVGENDQ *v) 
q Va, Vb,Vc,t1,t2; 
iq sector = 0 
Va = v->Ubeta; 
Vb = _IQ mpy(_IQ(-0.5),v->Ubeta) + _IQmpy(_IQ(0.8660254),v->Ualfa)  
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Vc = _IQ mpy(_IQ(-0.5),v->Ubeta) - _IQmpy(_IQ(0.8660254),v->Ualfa)  

Va,Vb,Vc represents three references 1refV
、 2refV

 and 3refV
, take initial value of sector is 0 

if (Va>_IQ(0)) 
sector = 1;  
if (Vb>_IQ(0)) 
sector = sector + 2; 
if (Vc>_IQ(0))    
sector = sector + 4 
//Here for the calculation of the sector, the sector=4c+2b+a with a judgment statement, after 3 judgments can determine the reference 

voltage sector. 

Calculated sector pulse duty cycle aont
、 bont

、 cont
, the main procedure of distribution is as follows, take 60U ~ 120U  sector as an 

example: 

if (sector==1)  // 60U ~ 120U sector 
{ 
t1 = Vc; 
t2 = Vb; 
v->Tb = _IQmpy(v->k,(_IQ(1)-t1-t2))  
v->Ta = v->Tb+t1 
v->Tc = v->Ta+t2 

Other sectors of the program is similar to sector 60U ~ 120U ,Only T1, T2, and t0 values are assigned according to the values listed in 
formula 6. 

 Because of the space vector modulation technique is the effective use of basic voltage vectors and zero vectors are loaded for a certain 
period of time, the voltage vector integral value (increment and flux vector) in a PWM control cycle can be equivalent, voltage space vector 
synthesis of arbitrary, therefore can flexibly arrange basic voltage space vector. In this paper, we use PWM with symmetric and minimal 
switching states. 

The generation of voltage vector can adopt three section type, five section type and the seven section type, according to the principle of 
vector synthesis, it can be seen that these methods have the same effect, different in loss and harmonic generation. In this paper, seven 
segment generation SVPWM waveform. 

 
4. Result analysis 
 
4.1 Frequency modulation output waveform comparison 
 

In the TI special compiler environment CCS2. 2, the compiler will compile the program downloaded to the TMS320F2812 chip 
FLASH, run the program online, at various frequencies, the waveform shown in Figure 2 and the corresponding dead time waveform. 

  

Three phase SPWM waveform beside 10Hz adjacent bridge arm  (b)Three phase SPWM waveform beside 20Hz adjacent bridge arm 
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(c)Three phase SPWM waveform beside 30Hz adjacent bridge arm   (d) Three phase SPWM waveform beside 40Hz adjacent bridge arm  

 

(e) Three phase SPWM waveform beside 50Hz adjacent bridge arm  (f) The same bridge arm of the 40Hz waveform of the dead 
Fig.2 SPWM waveform and dead time waveform at each frequency 

 
Figure 2 shows the three-phase SPWM waveforms at various frequencies and dead time. Through the analysis of the figure, figure 2 (a) 

as an example, the figure is 10Hz sine wave modulation signal corresponding to the square wave pulse sequence. The design contained 
Bobbi is 81, therefore, the frequency should be sinusoidal modulation wave triangular carrier frequency should be Hz, The three-phase 
SPWM waveform measured by oscilloscope changes according to sine law, and the square wave pulse frequency is 826Hz,Slightly 
deviation to the theoretical design frequency,  meet the design requirements. And so on, figure 2 (b) ~ (E) in the output square wave pulse 
frequency are in line with the theory of the design requirements, the error is in the allowable range. Figure 2 (f) is dead time of 40Hz below 

the bridge arm wave, the scope of the oscilloscope is 1 sµ ,It can be seen from the graph that the dead time is 2 sµ ,meet the design 
requirements。 

Run SVPWM program, run the program at all frequencies, the waveform shown in Figure 3 and the corresponding dead wave. 

  

(a) Three phase SPWM waveform beside 50Hz adjacent bridge arm  (b)The dead time of the same bridge arm wave 50Hz 

  

(a) Three phase SPWM waveform beside 30Hz adjacent bridge arm  (d) The dead time of the same bridge arm wave 30Hz 
Fig.3 SVPWM wave at different frequencies 

 
Figure 3 shows the three-phase SVPWM waveforms at various frequencies and dead time. In Figure 3 (a), the output square wave 

frequency is close to 2KHz, due to the design of Bobbi is 40, so the corresponding sine wave frequency is 2000/40=50Hz, meet the design 
requirements. Figure 3 (c) square wave frequency of 1.249 KHz, according to the above calculation method, know the corresponding sine 
wave frequency is 30Hz. Figure 3 (b) and figure 3 (d) for the dead time waveform of the same bridge arm 50Hz and 30Hz, the dead time is 
3us. 

 
4.2 Load voltage waveform 
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Figure 4 30Hz resistive load output SPWM voltage current waveform 
 

Figure 4 is the current voltage waveform of the SPWM modulation of the 30Hz with resistive inductive load, from the waveform can 
be seen, the current waveform close to the sine wave. 

 

(a)Load the SVPWM line voltage and phase voltage waveform of pure resistance 50Hz 

 

(b)50Hz pure resistive load SVPWM phase current waveform 
Fig.5 Output waveforms with load at various frequencies 

 
Figure 5 (a) 50Hz with pure resistive load SVPWM line voltage and phase voltage waveform, (b) 50Hz pure resistive load SVPWM 

phase current waveform, consistent with wave and current wave resistance voltage, phase voltage peak is 2/3 times UDC, three phase 
difference of 120 degrees; the line voltage peak value UDC. 
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Abstract: Industrial cluster is an organic agglomeration of economic activities in space, and it becoming more and more important. The 
study on modern Chinese medicine industry cluster has a great significance to promote the formation of Chinese traditional medicine 
modernization industry cluster. In order to improve the competitiveness of traditional Chinese medicine industry in Jiangxi Province, we 
should take the capital as the link to form the industrial clusters with dominant enterprises. Based on the author's research results, this paper 
first analyzed the general situation of traditional Chinese medicine planting in Jiangxi Province, second discussed the competitiveness of the 
modern Chinese medicine industry cluster in Jiangxi Province, finally, put forward the promotion strategies of the modern Chinese medicine 
industry cluster competitiveness in Jiangxi Province. 
 
Keywords: Jiangxi province; traditional Chinese medicine industry; industrial cluster; development strategy 
 
1. Introduction 
 

Modern Chinese medicine industry is an integral part of national new strategic industries. At present, the development status of 
traditional Chinese medicine industry is not commensurate with the status of traditional Chinese medicine resources. Taking Jiangxi 
Province as an example, traditional Chinese medicine enterprises are too scattered and the traditional Chinese medicine industry lacks 
coordination and restraint mechanism. This excessive dispersion not only limits the enterprises to form small scale, so ti can not get scale 
effect, but also cause serious waste of resources. Low technology, low efficiency and low profit seriously will restrict the development level 
of traditional Chinese medicine industry, making it unable to face increasingly severe market competition. Taking property rights and 
products as a link, focusing on the international market and accelerating the cultivation of international competitiveness of large companies 
are the problems to be solved urgently for the traditional Chinese medicine enterprises in Jiangxi Province. 
 
2 The General Situation of Traditional Chinese Medicine Planting in Jiangxi Province 

 
In order to play the advantages of Jiangxi traditional Chinese medicine resources and to provide more Chinese herbal medicines to 

meet the needs of both inside and outside the province, we need to develop Jiangxi province traditional medicines such as Huang Weizi, 
Vitex, Alisma, Plantago, Atractylodes, Nepeta, etc., and to help produce a number of stable and high-yield production base, so that the 
traditional medicinal materials in Jiangxi Province will be improved and the quality will be improved obviously. Years of practice has 
proved that Chinese herbal medicine production base is to ensure the main strength to provide goods, so only through good base 
construction, can we continue to provide products. According to market supply and demand situation, the government has established a 
large area of production base through various channels of financial assistance for the perennial species, such as Huang Weizi, Vitex, 
Magnolia, Eucommia, etc.. Since each base has established a sound production management rules and technical regulations, perfected 
production responsibility system, most herbs and flowers are woody forest into a film and return significantly. In recent years, all over the 
province take the development of Chinese herbal medicine production as the key point of the agricultural industry adjustment, therefore, the 
area of medicinal herbs growing rapidly, a number of Chinese herbal medicine production base is accelerating construction. According to 
statistics, the province has more than and 900 bases, retains an area of nearly 300 thousand acres. The continuous improvement of the 
production level of Chinese herbal medicine has greatly expanded the depth and breadth of the development and utilization of traditional 
Chinese medicine resources, and a batch of proprietary Chinese medicine varieties and health food subsequently produced. 

 
2.2 The operation mode of traditional Chinese medicine planting 
 

Type of workshop (industrial enterprises + research + base + farmer employees). The base operation mode is that industrial enterprises 
purchase or lease land in the producing areas and attract or recruit experts to join the base production of medicinal herbs in producing areas. 
The base uses factory management mode The company issued the production, technology, management refers to the base, base independent 
accounting, all property rights vested in industrial enterprises.  

Type of contract (industrial enterprise + base + specialist). Industrial enterprises directly signed a production contract or purchase 
contract with the production specialist. The production specialist is in charge of planting management, and the industrial enterprises guide 
the production process of medicinal materials, regularly or irregularly carry out technical training for the specialist. Industrial enterprises 
propose production operation procedures to guide production, provide good seeds, are responsible for recycling medicine products and sales. 
The advantage of this form is to maximize the dispersion of base operating costs, so to reduce business risk.  

Type of joint stock cooperation (industrial enterprises + research + planting or farms). Industrial enterprises cooperate with the planting 
or breeding farm in the form of joint stock cooperation. Industrial enterprises inject some funds for the production of Chinese herbal 
medicines, and the property rights are jointly owned by plantation or farm and industrial enterprise.  

Type of trusteeship (industrial enterprise + guild or local government + base + farmer). Industrial enterprises directly sign production 
contracts or production contracts with the trade association or local government. The trade associations or local government organizations 
construct the production base of medicinal herbs and the industrial enterprises guide the whole process of herbal medicine production.  

 
2 The competitiveness of the modern Chinese medicine industry cluster in Jiangxi Province 
 
2.1 Factor Conditions 
 

Jiangxi province is located in the southeast of china and the South Bank of the Yangtze River. The province's land area accounts for 
about 1.8%. of the National Area. According to geographical location and terrain structure differences, Jiangxi province can be roughly 
divided into three topographic regions: marginal mountains, south central hills and Yang Lake Plain. Mountain accounted for 35.9% of the 
total land area of the province, hills accounted42.3%, and the plain accounted for 21.8%. There are eight types of soil, and the distribution of 
red soil is broad, accounting for the total land area of the province 8.38%, in addition, there are yellow soil, yellow brown soil, meadow soil, 
etc., and the diversity of soil types is easy to multiply plants, suitable for the development of Chinese medicinal materials. Tidal soil is 
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generally along the river, suitable for planting herbs in Chinese herbal medicine. The province's average annual temperature at 16~20 
centigrade. The province's annual sunshine is mostly in 1600-2100 hours, sunshine percentage is 47% a 40%, and the average annual rainfall 
is 1341-1934mm. The province's climate is subtropical warm humid climate, which is very favorable for the growth of subtropical 
vegetation and animal medicine development, such as mint, Magnolia, tortoise plastron, Poncirus trifoliate, turtle, Snake Qi etc. 

 
2.2 Demanding conditions 
 

Rising demand is the driving force of the expansion of industrial scale and the determinant of international competitiveness of industry. 
The existence of traditional Chinese medicine demand will inevitably lead to the supply of Chinese Medicine, and the constantly mature 
demand will promote the improvement of traditional Chinese medicine products, making the traditional Chinese medicine industry tend to 
mature, so to cultivate stronger competitiveness of traditional Chinese medicine industry. Jiangxi province has lots of  traditional Chinese 
medicine, and there has been a very stable consumer groups in China, so the stable demand of traditional Chinese medicine in the domestic 
market is the basis for the development of Jiangxi traditional Chinese medicine industry. At the same time, the expansion of international 
market demand provides a broad stage and space for the development of traditional Chinese medicine industry in Jiangxi Province. 
Especially since the reform and opening up, Jiangxi traditional Chinese medicine industry enters a new period, the industrial scale continues 
to grow, and the industrial standards continue to improve. Governments at many levels take the traditional Chinese medicine industry as a 
pillar to promote farmers to become rich and promote local economic development, which will greatly promote the development of 
important industries. At present, the Chinese patent medicine, health food and extraction of traditional Chinese Medicine in Jiangxi Province 
has developed to a certain size, appeared a number of influential traditional Chinese medicine enterprises and competitive Chinese medicine 
products. The following table is the comparison of the main economic indicators of traditional Chinese medicine industry in Jiangxi 
Province with that in whole country, (Table 1- Table 5, data from China Medical Statistics Annual Report，2015).  

 

Table 1 Comparison of total output value of pharmaceutical industry in 2015 (unit: 10000 yuan) 
 

Table 2 Comparison of total output value of Chinese patent medicine industry in 2015 (unit: 10000 yuan) 
 

Economy 
type Region Number of enterprises Gross Industrial Output value 

Total Whole country 30063 0.3*1010 
Jiangxi Province 3965 0.1*109 

State 
operated 
economy 

Whole country 1523 0.15*109 

Jiangxi Province 63 0.2*107 

Collective 
Economy 

Whole country 660 0.75*108 
Jiangxi Province - - 

Joint Stock 
System 
Economy 

Whole country 18230 0.14*1010 

Jiangxi Province 1236 0.3*108 

Foreign 
Economy 

Whole country 6253 0.6*109 
Jiangxi Province 420 0.1*108 

Other 
Economic 

Whole country 3415 0.3*109 
Jiangxi Province 1976 0.5*108 

 

Table 3 Main economic indicators of Chinese patent medicine industry in Jiangxi Province, 2015(unit: 10000 yuan) 
Gros

s 
Industrial 
Output 
value 

National 
Ranking 

Industrial 
Added Value 

National 
Ranking Total Profit National 

Ranking 

396
5 9 230532 13 756321 11 

Table 4 Total output value of traditional Chinese medicine Pieces in 2015 
 

Table 5 Main economic indicators of Chinese herbal medicine industry in Jiangxi Province 

Gross 
Industrial 
Output value 

Natio
nal 
Ranking 

Industrial 
Added Value 

National 
Ranking Total Profit National 

Ranking 

857410 11 309980 11 29160 12 
 

 Number of 
enterprises summation Chinese Patent Medicine 

Whole Country 30063 0.3*1010 0.83*109 

Jiangxi Province 3965 0.1*109 0.3*108 
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2.3.Related and supportive industries 
 

Chinese Herbal Pieces processing: The province has many enterprises engaged in Chinese Herbal Pieces processing, involving 
traditional pieces, ultramicro pieces. The ultramicro pieces of traditional Chinese medicine have the characteristics of saving medicinal 
materials, improving efficacy, and taking convenience and sanitation. Pharmaceutical machinery manufacturing and supporting industries: 
Jiangxi province has a large manufacturing enterprises in the pharmaceutical machinery manufacturing and packaging materials and other 
supporting industries, the industrial scale and technical level ranks the leading position in the country.  
 
3 The Promotion Strategies of the Modern Chinese Medicine Industry Cluster Competitiveness in Jiangxi Province 
 
3.1 Optimize regional layout to strengthen traditional Chinese medicine industry 
 

Taking the property right system reform as the core and taking enterprise as the main body to promote the enterprise listing and 
financing. Combined with key cultivation and strategic introduction, it can optimize the industrial organization structure, forming a 
industrial structure with large enterprises as the leading, small and medium enterprises coordinated development. Through major mergers 
and restructuring, it can optimize the integration of funds, equipment, technology, talent, varieties and other industrial resources, so that it 
can expand the scale of enterprises, enhance the comprehensive strength and competitiveness of enterprise. According to the development 
trend of domestic and international market, it needs a high intensity and concentrated investment to vigorously cultivate traditional Chinese 
medicine. Facing major diseases, modern difficult diseases, malignant infectious diseases, senile diseases, sub-health diseases, etc., it needs 
to select the varieties with exact clinical effect and controlled quality, to develop the new varieties of traditional Chinese medicine with 
independent intellectual property rights. Formulating the development of Chinese medicinal herbs and determine the focus of the 
development of varieties can speed up the construction of planting base. Strengthen production and marketing joint among the medicinal 
base, pharmaceutical industrial and commercial enterprises, Chinese herbal medicine professional market to promote the healthy 
development of Chinese herbal medicine industry, and vigorously promote regional economic development. Build the "big producing area" 
and "big base " that includes traditional Chinese medicine cultivation, Chinese herbal pieces, Chinese medicine extraction industry.  

 
3.2 Build modern Chinese medicine logistics base and Chinese medicine marketing "big network" 
 

The development of modern pharmaceutical logistics is also an inevitable measure to deal with the new challenges of the 
pharmaceutical industry. Opening pharmaceutical distribution business is one of the commitments of China's entry into WTO, State Food 
and Drug Administration issued the "drug management license", and it provides new drug wholesale enterprises access standards. The 
Ministry of Commerce of China has also promulgated the measures for the administration of foreign investment business areas, and it allows 
the foreign investment to establish pharmaceutical enterprises. The release of these two regulations marks that the pattern of pharmaceutical 
wholesale enterprises set according to the administrative division for a long time is completely broken and the pharmaceutical circulation 
opened doors to domestic and foreign investors. In this situation, only by accelerating the development of modern logistics, can they quickly 
enhance the competitiveness of local pharmaceutical enterprises and win the development opportunities in the fierce international and 
domestic competition. Therefore, we should give full play to the geographical advantages of transportation hub to build a modern Chinese 
medicine logistics base. Vigorously develop E-commerce to build a modern Chinese medicine commercial circulation center whose sales 
network covers the whole country. Accelerate the construction of national traditional Chinese medicine specialty market, improve the 
supporting service function and the level of standardized management, strengthen cooperation with domestic and foreign, to quickly create a 
modern Chinese herbal medicine distribution center. Accelerate the construction of the "big network" of modern Chinese medicine sales 
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whose marketing network covers the whole country and distribution network covers the province and surrounding provinces. Guide and 
support the commercial enterprise characteristic development according to market division of labor and own advantage. By creating the "big 
base" and big network" of traditional Chinese medicine logistics, we can accelerate the rapid development of traditional Chinese medicine 
industry. At the same time, aiming at the international market, giving a full play to the role of national drug export base and strengthening 
economic and trade cooperation with Hong Kong, Macao and Taiwan, to accelerate the traditional Chinese medicine products to get into the 
mainstream international pharmaceutical market. Encourage qualified Chinese medicine enterprises to go abroad to establish production 
bases, so as to accelerate the pace of traditional Chinese medicine to the world. 

 
3.3 Establish the cooperation mechanism and give full play to the role of intermediary organizations 
 

Establish science and Technology Park of traditional Chinese medicine industry, give full play to the advantages of combining 
production, teaching and research. Sci-Tech Park is the best mode for the combination of production, learning, research. The successful 
establishment of Science Park is a feasible way to develop high-tech industry, improve the quality of traditional industry and drive the local 
economy. In the process of promoting the modernization of traditional Chinese medicine industry, it is urgent need to establish science  park. 
If Chinese medicine enterprises go into science and Technology Park, it will use the capital, talent, technology, equipment and other limited 
resources, so that it will change the adverse situation of small scale and low benefit of Chinese medicine enterprises. Construction of 
traditional Chinese medicine science and Technology Park is of great significance to the development of traditional Chinese medicine 
industry. Therefore, we should be based on the construction of Science Park to promote the development of traditional Chinese medicine 
industry cluster in Jiangxi. 

Exert the innovation ability of enterprise subject, guide enterprises and institutions of higher learning, scientific research units to carry 
out in-depth cooperation, apply advanced technology to solve common key technical problems restricting traditional Chinese medicine 
varieties. Improve the production level of enterprises, explore the modern management mode of traditional famous traditional Chinese 
Medicine and finally realize the promotion of modernization level of Jiangxi traditional Chinese Medicine.  

 
3.3 Integrate resources, build innovation platform and strengthen the basic theory of traditional Chinese Medicine 
 

Integrate R & D institutions, large enterprise groups and other resources, establish and improve the R & D system supporting the 
traditional Chinese medicine industrialization, modernization, improve the ability of independent innovation. Based on national, provincial 
key laboratories, engineering technology centers and professional drug research and development institutions, testing centers in Jiangxi 
Province, we can establish a science and technology innovation base of traditional Chinese Medicine. Focus on the construction of the key 
technology research platform of Chinese medicine modernization, the traditional Chinese medicine industrialization engineering research 
center, the traditional Chinese medicine compound Engineering Technology Center and Research Information Network Center, etc., to 
achieve complementary resources and information sharing. According to the characteristics of traditional Chinese medicine to strengthen 
basic theory research. According to the characteristics and development law of traditional Chinese Medicine to carry out in-depth study, so 
that we can make a new breakthroughs in the modernization of traditional Chinese medicine theory from a large number of new facts. 

 
3.4 Optimize the development strategy model of traditional Chinese medicine industry cluster 
 

According to the modern Chinese medicine industry cluster competitiveness model and theory, we can optimize the traditional Chinese 
medicine industry cluster development strategy model combined with the specific characteristics of Chinese traditional medicine industry 
cluster. As shown in Figure 1. 

 
Figure.1 The optimized development strategy model of traditional Chinese medicine industry cluster 

 
As the key element of modern Chinese medicine industry cluster competitiveness model, the government plays an important and 

positive role in the development strategy model of modern Chinese medicine industry cluster. The development of modern Chinese 
medicine industry cluster is inseparable from government support, guidance and coordination. The governments and departments in Jiangxi 
Province should attach importance to traditional Chinese medicine industry, to fully implement national preferential policies. Financing is 
one of the biggest factors restricting the development of Jiangxi traditional Chinese medicine industry, therefore, we should diversified 
traditional Chinese medicine industrialization development investment and financing system to accelerate the development of traditional 
Chinese medicine industry in Jiangxi Province. 

 
Conclusion 
 

As a region with rich traditional Chinese medicine resources and profound Chinese medicine culture accumulation, Jiangxi Province 
has made some achievements in the development process of traditional Chinese medicine industry cluster, and it has the factor conditions to 
conduct the cluster development, but the modern Chinese medicine industry cluster is still in the initial stage in Jiangxi Province, so it still 
need some continue efforts to promote the development of modern Chinese medicine industry cluster. 
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Abstract: This paper presents a fusion chemical reaction optimization algorithm (CRO) based on random molecules to meet the special 
demand of power transmission line inspection. This new algorithm improves the shortcomings of CRO by merging the idea of Bacterial 
foraging algorithm and accelerates convergence by using difference algorithm. The molecules in this algorithm avoid obstacles and search 
optimal path of power transmission line inspection by using sensors on Multi-Rotor UAV. The option of optimal path is based on potential 
energy of molecules and cost function without repeated parameter adjustment and complicated computation. By compared with PSO in 
different circumstance of simulation, It can be concluded that the algorithm presented not only can obtains more optimal path and avoid to 
trap in local minimum, but also can make related sensors to be more stable status. 
 
1. Introduction 

 
As the control technology for multi-rotor Unmanned Aerial Vehicle has matured, it has been used widely in industry, agriculture, and 

even indoors. In addition, some of specific tasks involved in the areas of poor environment, higher risk and frequent accidents, often require 
a lot of manpower and material resources, and may endanger the lives of the relevant personnel. And multi-rotor UAV has gradually been 
capable of executing dangerous tasks, such as disasters rescue, aviation investigation, power transmission line inspection, etc. 

One challenge to perform complex environmental tasks for multi-rotor UAV, is path planning and obstacle avoidance. Path planning is 
to find a collision-free path from the initial state to the target state in the environment with obstacles, according to some evaluation criterions. 
Some different algorithms for solving path planning and related issues have been proposed by previous researches. The major methods can 
be classified as follow: Graphical Method, traditional methods and heuristic methods. 

Graphics methods usually provide the basic method of modeling, but it is insufficient in the search ability, and needs to combine 
specialized search algorithm. Graphics methods generally include, C-space method, grid method, free space method, Voronoi, Algorithm and 
so on. 

The traditional method is a kind of method which is widely studied and applied, such as artificial potential field method, fuzzy logic 
method and Tabu Search Algorithm. 

As the enlightenment effect from nature, heuristic methods are often used to deal with the problem of path planning under the 
circumstances of complex and dynamic environment information. Those algorithms evaluate the performance of path choice by setting the 
cost function. The smaller the final cost function is, the higher optimization the path is. This is a kind of method based on inference and 
evolution, including ant colony algorithm, neural network method, genetic algorithm, article swarm algorithm. 

According to the available information, path planning can be roughly divided into two categories: The information of environment and 
obstacles is fully known, the planning in this case can be done offline, known as the global planning; The information of environment and 
obstacles is partially known, the planning in this case needs online planning, known as the local planning. 

Many methods have been proposed and applied to the practice for the local planning of unknown environment. Khatib proposed 
artificial potential field method to solve the problem of real-time path planning and obstacle avoidance. It is easy to establish the 
mathematical model for artificial potential field method, and its computational logic is clear. But it is easy to trap in local minimization 
problem [1]. Based on optimization of potential field method, the ant colony immune network planning algorithm compromises the merits of 
artificial potential field method, immune network, ant colony algorithm [3-4]. At the same time to overcome local minimum value, it 
improves not only the optimal planning ability of ant colony immune network, but also the planning efficiency. It is applicable for the path 
planning of complex environment. But its algorithm is more complex, with large amount of computing. The particle swarm optimization 
algorithm is introduced into the detection process of potential field by equipotential line method, can effectively eliminate the turbulence 
phenomenon in the obstacle avoidance planning [4-7]. Combining the characteristics of global optimal planning for genetic algorithm and 
local optimal rule for artificial potential field method, it can calculate an optimal route for Autonomous UAV offline in the threatened 
network environment. According to the position of robot and obstacles, taking the radius of a circumscribed sphere into account, a direction 
vector and a point of tangency were determined. The point of tangency was the nearest one to autonomous robot and also the one of force 
application. The point kept the robot from obstacle by giving repulsion in three-dimensional space, and also reduced the running time of the 
algorithm meanwhile [8-12]. But there were difficulties in dealing with moving obstacles. 

 
2. Model building description of the proble 
 

With the enlarging of grid scale, the distribution of long distance high voltage transmission line is more and more wide, the crossing 
and geographical conditions along the line is more and more complex. The line corridors need to across the zones, such as lakes, reservoir, 
mountains, forests and canyons. All those bring a great deal of difficulty for electrical power inspection. Due to the drawback for high 
operating cost and complex use, Small Fixed Wing Aircrafts and helicopters are not apply for a large range of applications. As the control 
technology for multi-rotor aircraft has matured,the power transmission line inspection based on multi-rotor UAV becomes an inspection 
technology with fast highly effective and low cost in complex environment. 

For the modeling of transmission line and the surrounding environment of transmission line, the first step is to determine the 
boundary-line of obstacle avoidance for Multi-Rotor UAV. The establishment of obstacle avoidance boundary-line is the base of modeling 
for the whole cylindrical obstacle avoidance space. After determining the obstacle avoidance boundary-line, we can establish the cylindrical 
space that is necessary to the path planning and obstacle avoidance for unmanned aerial vehicle. 

Firstly, determine the geographical position of obstacles. There are mostly facilities such as hills, buildings, trees, power transmission 
line tower, power transmission line in the operation area of UAV inspection. And the outline contours of these obstacles consist of both 
straight line and curve (Outer convex arc and Inner concave arc). Compared with straight line, the processing and computing for curve is 
relatively more complex, and needs more memory space for storage. In order to solve the trouble and inconvenience caused by the curve, a 
solution is proposed, that is, to convert the curve into a combination of multiple linear segments. Due to the complexity and variety of 
outdoor environment, and for the safety of the UVA, we need to build boundary-lines around obstacles. Move each edge of outline contours 
to the direction far from obstacles for a certain distance, defined as safe distance. 

Secondly, after determining the boundary line of obstacle avoidance, it is necessary to establish column of polygon obstacle avoidance 
for obstacles. The specific data of built-in three-dimensional map for ground station is provided by electric power company. Pull the obstacle 
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avoidance boundary line up for 𝐻𝐻𝑑𝑑 Along the vertical direction on this basis, and the height is 𝐻𝐻. And 𝐻𝐻 is defined as 
𝐻𝐻 = ℎ + 𝐻𝐻𝑑𝑑                                                            (1) 

Where H is the height of the obstacle after raising, h is the altitude of the obstacles,𝐻𝐻𝑑𝑑 is the safe height, and 𝐻𝐻𝑑𝑑 > 0. 
The column that formed through the processing mentioned above is called polygon obstacle avoidance column, signed as S, referencing 

plane of sea level. The data information for polygon obstacle avoidance column S, is described by the pulled height 𝐻𝐻 and the new column 
space formed by the vertex 𝑉𝑉𝑖𝑖 for obstacle avoidance boundary line. Taking annular obstacle for example, the modeling is as followings. 

When translating the outline contour along the direction far from obstacles, we can get the obstacle avoidance boundary-line for outer 
boundary. It is more expanding than the outline contour for outer boundary. The outline contour for inner boundary is translated along the 
direction far from obstacles, narrower than the outline contour for inner boundary. 
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Figure 1. The diagram for establishment of annular obstacle avoidance boundary-line 

 
Figure 1 is the diagram for establishing outer and inner obstacle avoidance boundary-line. The closed figure composed of 𝑉𝑉1, V2, V3, 

V4 and V5,  is the outer obstacle avoidance boundary line. The closed figure composed of V6, V7, V8, V9, V10, V11, V12, V13, V14, V15 and V16, 
is the inner obstacle avoidance boundary-line. Based on inner and outer obstacle avoidance boundary line, the polygon obstacle avoidance 
column S is established. S is also annular column. The inner of S is no-fly-zone for unmanned aerial vehicle, and the outer is safe fly zone. 

According to the above steps, we can model for long distance high voltage transmission lines and towers. 
In the task of power transmission line inspection, the parts or components that need to be observed or exist potential hazards, can be 

called point of interest. 
There are different characteristics for the inspection of long distance high voltage transmission line, different from other path planning 

types. For example, there should be a safe distance around the obstacles, and the distance is based on line level; At the same time to ensure 
the safe distance, it also need to be captured by the camera; The points of interest may be added for temporary in the inspection processing; 
There are also relevant provisions of the restrictions for power transmission line inspection. Each obstacle or point of interest needs a 
specific Gauss function. In common path planning, an unmanned aerial vehicle or robot is regarded as a particle, so the dimension of 
unmanned aerial vehicle need to equal to the dimension of the obstacle or the point of interest. 

 
3. Multi-rotor uav path planning in transmission line inspection 

 
Chemical Reaction Optimization (CRO) was established by Albert Y.S. Lam and Victor in 2010. It was a recently established 

meta-heuristics for optimization, inspired by the nature of chemical reactions. It simulates the molecular energy transfer in chemical reaction 
for the purpose of finding the minimum energy consumption and the changes in molecular form. Chemical Reaction Optimization has good 
global search capability, and also drawbacks such as poor local search ability, low convergence rate, etc. So an Improved Chemical Reaction 
Optimization is proposed, which compromises the thoughts of Bacterial Foraging Algorithm, to keep global search ability, and accelerate 
local search speed. The algorithm is applied in the inspection of long distance high voltage transmission line for Multi-Rotor UAV. 

 
3.1 Bacterial foraging algorithm 
 

Bacterial foraging algorithm is a Bionic algorithm that simulates the feeding behavior of Escherichia coli in the human intestinal. The 
BFA algorithm includes 3 steps: chemotaxis, replication, and elimination-dispersal. The behavior of bacteria to the rich nutrition area is 
called chemotaxis; Once the life cycle is over, that is, to reach the critical chemotaxis times, the bacteria will reproduce, i.e. replicate; After 
the completion of a certain number of replication, bacterium will be dispersed to anywhere in search space, known as elimination-dispersal. 
The processes of chemotaxis can ensure the local search ability of algorithm. The processes of replication can accelerate the search speed of 
algorithm [13-14]. The processes of elimination-dispersal can reduce probability that bacteria trapped in local minimum. 

Bacterial foraging algorithm is based on the assumption that bacterium are trying to get the maximum energy intake during the process 
of seeding in unit time. The main purpose of the algorithm is that every bacteria tries to find the minimum-energy point 𝐸𝐸(𝜃𝜃), and 𝜃𝜃 is the 
current position of bacteria. 𝐸𝐸(𝜃𝜃) shows that attractive and repulsive forces the surrounding environment to bacteria. 𝐸𝐸(𝜃𝜃) > 0, 𝐸𝐸(𝜃𝜃) = 0, 
𝐸𝐸(𝜃𝜃) < 0 represent noxious, neutral and rich, respectively. 

According to Bacterial foraging principle, the 𝑖𝑖th bacteria in position 𝜃𝜃𝑗𝑗 takes a step j , and calculate the value of cost function. If the 
value of cost function in the new position 𝜃𝜃𝑗𝑗+1 is smaller than that of the previous position 𝜃𝜃𝑗𝑗, then the direction of this new position is 
determined to be the direction that next step forward. Iterative repeatedly by the method above, until to the maximal number of steps, or 
satisfying other conditions for triggering the iterative stop. 

 
3.1 Chemical reaction optimization 

 
Chemical reaction optimization is a kind of algorithms, which simulates the collision, decomposition and chemical combination, and 

the process of transfer and redistribution of molecular energy. Compared with particle swarm algorithm, it has better global search 
capability.  

Chemical reaction optimization consists of molecules with certain potential and kinetic energy and container needed by chemical reaction. 
The reaction form is divided into the invalid collision between molecules and container, invalid collision between molecules, chemical 
combination and decomposition of molecules. In the process of reaction, each molecule gradually transfers to the state with lower potential 
and higher stability through decomposition, combination and collision. 

Set the proportion that molecules involved in various types of reactions in every reaction. If single molecule reaction takes place, and the 
number of reactions that have occurred is 𝑁𝑁𝑁𝑁𝑁𝑁, the frequency that the smallest potential individual appears is 𝑀𝑀𝑖𝑖𝑀𝑀𝑁𝑁𝑁𝑁 and 𝑁𝑁𝑁𝑁𝑁𝑁-MinRe>K, 
then there is decompose reaction, or else invalid collision. If multi-molecule reaction takes place, and molecules satisfy corresponding 

http://fanyi.baidu.com/#auto/auto/add
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conditions, the energy in buffer is greater than the required energy, and then there is combination reaction, or else invalid collision. 
In the inspection of long distance high voltage transmission line, Multi-Rotor UAV need both to complete the comprehensive 

observation for certain point of interest(POI), the inspection to the tower, ancillary facilities (insulator) and the line, and real-time response 
to observations for new POI that added randomly by inspectors according to site condition. So the inspection planning of long distance high 
voltage transmission line not only has the characteristics of path planning, but also has its own. 

The random chemical reaction algorithm that combines bacterial foraging algorithm is addressed in this paper, and it is a kind of 
chemical reaction algorithms based on Multi-Rotor UAV and random distribution of molecules, constrained by the thoughts of bacterial 
foraging. At the initial position of Multi-Rotor UAV, the molecules that take part in the reaction generate and initialize, and randomly 
distribute on the same potential energy surface around Multi-Rotor UAV at the same time. After every reaction, the positions of molecules 
that have not participated in the reaction and newly generated after reaction are determined by the following methods: 

𝜉𝜉(𝑡𝑡 + 𝑑𝑑𝑡𝑡) = 𝜉𝜉(𝑡𝑡) + 𝑁𝑁(𝑡𝑡)
Δ(𝑡𝑡)
‖Δ(𝑡𝑡)‖

 

where 𝜉𝜉(𝑡𝑡) is the position of Multi-Rotor UAV, 𝑁𝑁(𝑡𝑡) is distribution radius of molecules, and ∆(𝑡𝑡) is random vector of unit length. 
These molecules search the target-oriented optimal path in time 𝑡𝑡 + 𝑑𝑑𝑡𝑡, and fuse sensor information to avoid obstacles. After the best 
molecule is selected according to the rules, Multi-Rotor UAV moves to the position of the molecule and run over and over again until 
Multi-Rotor UAV completes the inspection and arrives at the final position. 

 
3.2 Algorithm coding 

 
In the process of chemical reaction, there is a series of molecular collisions that occur not only between the molecules, but also between 

the molecules and the container. Therefore, the chemical reaction algorithm simulates 4 basic reaction types, including: invalid collision 
with container, decomposition reaction, molecular collision and combination reaction. 

In chemical reaction algorithm, molecular is basic reaction unit. In the random chemical reaction algorithm, assign each molecule as 
control input of the Multi-Rotor UAV. Therefore, each molecular is formed by  𝑀𝑀 × 𝑁𝑁dimension, and 𝑀𝑀 is the number of detectable POI 
within a certain range, 𝑁𝑁 is predicted steps flying to some POI. Taking the course angle of multi-rotor unmanned aerial vehicle as control 
quantity. 𝜙𝜙(𝑖𝑖) is the course angle of Multi-Rotor UAV in time i, and meets requirements to course angle and angle rate of Multi-Rotor UAV. 
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Figure 2. The diagram of CRO algorithm coding 
 

3.3. Invalid collision with container 
 

It is a process that single molecule collision with container. The reaction causes the slight change of molecular structure .It is a 
non-violent reaction, and energy transfer is not obvious. Assume that the current molecular structure is 𝜔𝜔. Because the energy exchange is 
very weak, so the new molecule 𝜔𝜔′ appears near with higher probability. The necessary condition for the occurrence of such reactions is 
defined as: 

𝐾𝐾𝐸𝐸𝜔𝜔 + 𝑃𝑃𝐸𝐸𝜔𝜔 ≥ 𝑃𝑃𝐸𝐸𝜔𝜔′ 
The kinetic energy of new molecular 𝜔𝜔′ is as follow: 

𝐾𝐾𝐸𝐸𝜔𝜔′ = (𝐾𝐾𝐸𝐸𝜔𝜔 + 𝑃𝑃𝐸𝐸𝜔𝜔 − 𝑃𝑃𝐸𝐸𝜔𝜔′) × 𝑁𝑁 
Where 𝑁𝑁 is retaining ratio, and 0 < 𝑁𝑁 < 1. (𝐾𝐾𝐸𝐸𝜔𝜔 + 𝑃𝑃𝐸𝐸𝜔𝜔 − 𝑃𝑃𝐸𝐸𝜔𝜔′) × (1 − 𝑁𝑁) is defined as energy that has been transferred into the 

energy buffer. 
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Figure 3. Invalid collision with container 
 
3.4 Intermolecular combination reaction 
 

The reaction process that multi molecules collision occurs and combine into one new molecule is called intermolecular combination 
reaction. Take the combination reaction of two molecules for an example. Assume the molecules before reaction are 𝜔𝜔1 and 𝜔𝜔2, and the 
new molecule in the combination reaction is 𝜔𝜔′. The process of the reaction is very severe, and the structure of new molecule 𝜔𝜔′ is 
different from the original molecules, and its kinetic energy is greater than that of the original. Therefore, the process of combination 
reaction is conducive to the global search of the whole algorithm, avoiding to trap in local minimum. The necessary condition that triggers 
this reaction is defined as: 
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𝑃𝑃𝐸𝐸𝜔𝜔1 + 𝐾𝐾𝐸𝐸𝜔𝜔1 + 𝑃𝑃𝐸𝐸𝜔𝜔2 + 𝐾𝐾𝐸𝐸𝜔𝜔2 ≥ 𝑃𝑃𝐸𝐸𝜔𝜔′ 
Thus, 

𝐾𝐾𝐸𝐸𝜔𝜔′ = 𝑃𝑃𝐸𝐸𝜔𝜔1 +𝐾𝐾𝐸𝐸𝜔𝜔1 + 𝑃𝑃𝐸𝐸𝜔𝜔2 +𝐾𝐾𝐸𝐸𝜔𝜔2 − 𝑃𝑃𝐸𝐸𝜔𝜔′ 
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Figure 4. Intermolecular combination reaction 

 
3.5 Molecular decomposition reaction 
 

The process that molecular has collision with the container, and split into a number of new molecules, is called decomposition reaction. 
The reaction needs to intake of a certain energy from environment to support. And the energy comes from the buffer in the reaction. Assume 
that the molecular before the reaction is 𝜔𝜔, and it’s decomposed into two new molecular 𝜔𝜔1 and 𝜔𝜔2. The necessary condition that triggers 
the reaction is defined as: 

  𝑃𝑃𝐸𝐸𝜔𝜔 +𝐾𝐾𝐸𝐸𝜔𝜔 + 𝑇𝑇𝑁𝑁𝑇𝑇𝑇𝑇 ≥ 𝑃𝑃𝐸𝐸𝜔𝜔1 + 𝑃𝑃𝐸𝐸𝜔𝜔2                                                (2) 
After the reaction, the energy buffer will be updated as: 

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝑁𝑁𝐵𝐵′ = 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝑁𝑁𝐵𝐵 − 𝑃𝑃𝐸𝐸𝜔𝜔1 − 𝑃𝑃𝐸𝐸𝜔𝜔2 − 𝐾𝐾𝐸𝐸𝜔𝜔1 −                                𝐾𝐾𝐸𝐸𝜔𝜔2 + 𝑃𝑃𝐸𝐸𝜔𝜔 + 𝐾𝐾𝐸𝐸𝜔𝜔                        (3) 
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Figure 5. Molecular decomposition reaction 
 

3.6 Intermolecular collision reaction 
 
The process that multiple molecules crash and bounce off is known as the intermolecular collision reaction. The process of reaction is 

more calm than that of combination and decomposition reaction. And the changes of molecular structure are slighter, their location also 
appear in the neighborhood of the original molecule with higher probability. Assume that molecules before reaction are 𝜔𝜔1 and 𝜔𝜔2, and 
new molecules are 𝜔𝜔1

′  and 𝜔𝜔2
′ . The necessary condition that triggers this reaction is defined as: 

𝑃𝑃𝐸𝐸𝜔𝜔1 +𝐾𝐾𝐸𝐸𝜔𝜔1 + 𝑃𝑃𝐸𝐸𝜔𝜔2 +𝐾𝐾𝐸𝐸𝜔𝜔2 ≥ 𝑃𝑃𝐸𝐸𝜔𝜔1
′ + 𝑃𝑃𝐸𝐸𝜔𝜔2

′                                          (4) 
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Figure 6. Intermolecular collision reaction 
 

Chemical reaction algorithm has a strong global search capability, but its convergence rate is slow. Difference algorithm is a heuristic 
random search algorithm based on group difference, and it has advantages of simple structure and fast convergence speed. Therefore, the 
difference algorithm with triangle variation is proposed to reduce the computation of the CRO algorithm and accelerate convergence. The 
computing mode of difference algorithm with triangle variation is as follows: 
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𝑁𝑁𝐷𝐷𝐷𝐷 = (𝜔𝜔1+𝜔𝜔2+𝜔𝜔3)
3

+ (𝑇𝑇2 − 𝑇𝑇1)(𝜔𝜔2 − 𝜔𝜔1) +   (𝑇𝑇3 −  𝑇𝑇2)(𝜔𝜔3 − 𝜔𝜔2) + (𝑇𝑇1 − 𝑇𝑇3)(𝜔𝜔1 − 𝜔𝜔3)                            (5) 
where 𝑇𝑇1 = |𝑃𝑃𝐸𝐸(𝜔𝜔1)|/𝑇𝑇0, 𝑇𝑇2 = |𝑃𝑃𝐸𝐸(𝜔𝜔2)|/𝑇𝑇0, 

𝑇𝑇3 = |𝑃𝑃𝐸𝐸(𝜔𝜔3)|/𝑇𝑇0,𝑇𝑇0 = |𝑃𝑃𝐸𝐸(𝜔𝜔1)| + |𝑃𝑃𝐸𝐸(𝜔𝜔2)| + |𝑃𝑃𝐸𝐸(𝜔𝜔3)|. 
To carry out with probability CM, the form of expression is defined as: 

ω(𝑖𝑖) = �
𝑁𝑁𝐷𝐷𝐷𝐷�𝜔𝜔(𝑖𝑖)�, 𝐵𝐵𝑟𝑟𝑀𝑀𝑑𝑑 < 𝐶𝐶𝑀𝑀 
𝜔𝜔(𝑖𝑖), 𝐵𝐵𝑟𝑟𝑀𝑀𝑑𝑑 ≥ 𝐶𝐶𝑀𝑀

                                                (6) 

When the Multi-Rotor UAV meets obstacles or POI during the flight, it needs to make the action of avoidance or approaching. Taking 
the obstacles as an example, according to the principle of bacterial foraging, assigns a repellent function that describes the relation between 
the obstacle and Multi-Rotor UAV, and the repellent function as follows: 

𝐹𝐹𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 = 𝜆𝜆𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜exp (−𝛿𝛿𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜‖𝜃𝜃𝑖𝑖(𝑡𝑡) − 𝑃𝑃𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜(𝑡𝑡)‖)                                      (7) 
Where 𝜆𝜆𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜, 𝛿𝛿𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 both are constant values, respectively defines the length and width of the obstacle in the view of the sensor. 𝑃𝑃𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 

is the position of the obstacles detected by the senor. Assume that the senor's detection range is 𝜑𝜑, the position of Multi-Rotor UAV in time 
𝑡𝑡 is 𝐷𝐷(𝑡𝑡), then the repellent function of obstacles outside the view of senor is 𝐹𝐹𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜=0. The total repellent function is calculated as: 

𝐹𝐹𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 = �
𝜆𝜆𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 exp(−𝛿𝛿𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜‖𝜃𝜃𝑖𝑖(𝑡𝑡) − 𝑃𝑃𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜(𝑡𝑡)‖)  
                          ‖𝑃𝑃𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜(𝑡𝑡)− 𝐷𝐷(𝑡𝑡)‖ ≤ 𝜑𝜑
0                        ‖𝑃𝑃𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜(𝑡𝑡)− 𝐷𝐷(𝑡𝑡)‖ > 𝜑𝜑

                                       (8) 

In the same way, the attractant function of POI can be calculated as: 

𝐹𝐹𝑝𝑝𝑜𝑜𝑖𝑖 = �
𝜆𝜆𝑝𝑝𝑜𝑜𝑖𝑖 exp�−𝛿𝛿𝑝𝑝𝑜𝑜𝑖𝑖�𝜃𝜃𝑖𝑖(𝑡𝑡)− 𝑃𝑃𝑝𝑝𝑜𝑜𝑖𝑖(𝑡𝑡)��   

                           �𝑃𝑃𝑝𝑝𝑜𝑜𝑖𝑖(𝑡𝑡) −𝐷𝐷(𝑡𝑡)� ≤ 𝜑𝜑
0                         �𝑃𝑃𝑝𝑝𝑜𝑜𝑖𝑖(𝑡𝑡) −𝐷𝐷(𝑡𝑡)� > 𝜑𝜑

                                         (9) 

 
The total cost function 𝐹𝐹𝑐𝑐𝑜𝑜𝑜𝑜𝑜𝑜 is the sum of repellent function and attractant function, it can be defined as: 

𝐹𝐹𝑐𝑐𝑜𝑜𝑜𝑜𝑜𝑜 = 𝐹𝐹𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 + 𝐹𝐹𝑝𝑝𝑜𝑜𝑖𝑖                                                   (10) 
 
4 Decision-making control 
 

In time t , all molecules are initialized, and distribute in positions with the same potential energy around Multi-Rotor UAV. In time 

t dt+ , the molecules distribute in near positions which the radius is 𝑁𝑁(𝑡𝑡) randomly. The molecule that find the best potential energy 
position is selected as the best molecule, and the Multi-Rotor UAV will move forward one step along the direction. Over and over again, the 
Multi-Rotor UAV will get the optimal path. 

The best molecule is selected by potential energy error 𝑁𝑁𝑚𝑚
𝑔𝑔 (𝑡𝑡) and cost error 𝑁𝑁𝑚𝑚𝐹𝐹 (𝑡𝑡). Assume that 𝑔𝑔𝑚𝑚(𝑡𝑡) is the potential energy of 

molecule m in time t , and 𝑔𝑔𝑚𝑚(𝑡𝑡) = 𝜇𝜇�𝜃𝜃𝑚𝑚(𝑡𝑡) − 𝑃𝑃𝑝𝑝𝑜𝑜𝑖𝑖(𝑡𝑡)�
2. µ  is a constant, then the potential energy error and cost error for each 

molecule can be defined as: 
𝑁𝑁𝑚𝑚
𝑔𝑔 (𝑡𝑡 + 𝑑𝑑𝑡𝑡) = 𝑔𝑔𝑚𝑚(𝑡𝑡 + 𝑑𝑑𝑡𝑡) − 𝑔𝑔𝑚𝑚(𝑡𝑡),𝑇𝑇 = 1,2, … ,𝑀𝑀                                (11) 

𝑁𝑁𝑚𝑚𝐹𝐹 (𝑡𝑡 + 𝑑𝑑𝑡𝑡) = 𝐹𝐹�𝜃𝜃𝑚𝑚(𝑡𝑡 + 𝑑𝑑𝑡𝑡)� − 𝐹𝐹�𝜃𝜃𝑚𝑚(𝑡𝑡)�,𝑇𝑇 = 1,2, … ,𝑀𝑀                               (12) 
In time 𝑡𝑡 + 𝑑𝑑𝑡𝑡, calculate all 𝑁𝑁𝑚𝑚

𝑔𝑔 (𝑡𝑡), and vector 𝑀𝑀 is sorted in ascending order. In order to lead the Multi-Rotor UAV to the POI, the 
molecules in front of the vector M  is identified as the best ones. And the Multi-Rotor UAV need keep away from obstacles in the process 

of approaching the point of interest, so the best molecular must have negative ( )F
me t , and also have minimal ( )g

me t . 

The long distance high voltage transmission line inspection based on Multi-Rotor UAV requires UAV to keep a safe distance from 
transmission tower and line itself, and inspect the line and facilities at the same time. So the inspection requires the tracking of the lines, the 
main structure of the tower, search and stare at the surface of the POI. The closer that the POI approaches the central position of sensor’s 
view, the more conducive to observe its working condition. Assume that the coordinates of the POI relative to the center of sensor’s view is 
(𝑥𝑥,𝑦𝑦, 𝑧𝑧) in the inertial coordinate system, then the observation potential of POI is defined as: 

𝐽𝐽 = � 𝐶𝐶 − 𝑁𝑁
𝑥𝑥2+𝑦𝑦2+𝑧𝑧2

𝜎𝜎        𝐿𝐿𝐿𝐿𝐿𝐿𝑟𝑟𝑡𝑡𝑁𝑁𝑑𝑑 𝑖𝑖𝑀𝑀 𝑡𝑡ℎ𝑁𝑁 𝐵𝐵𝑖𝑖𝑁𝑁𝑓𝑓𝑑𝑑 𝐿𝐿𝐵𝐵 𝑣𝑣𝑖𝑖𝑁𝑁𝑣𝑣
𝐶𝐶                   𝐿𝐿𝐿𝐿𝐿𝐿𝑟𝑟𝑡𝑡𝑁𝑁𝑑𝑑 𝐿𝐿𝐵𝐵𝑡𝑡𝑜𝑜𝑖𝑖𝑑𝑑𝑁𝑁 𝑡𝑡ℎ𝑁𝑁 𝐵𝐵𝑖𝑖𝑁𝑁𝑓𝑓𝑑𝑑 𝐿𝐿𝐵𝐵 𝑣𝑣𝑖𝑖𝑁𝑁𝑣𝑣

                                  (13) 

Where 𝐶𝐶 is a positive real number, 𝜎𝜎 is the rate of decay. The equation shows that there is a proportional relationship between sensor 
potential energy and the distance from the POI to the sensor. 

 
5 Simulation 

 
The purpose of the long distance high voltage transmission line inspection is to know the operation situation of the line, find equipment 

defects and the line conditions, and provide information for line maintenance. Usually it can include regular inspection, special inspection 
and fault inspection. Taking regular inspection as an example in the following simulations, its main contents include line condition, tower 
and cable, insulator and so on. 

The environment that the Multi-Rotor UAV needs to face is very complex. In order to facilitate the simulation, The simulation 
environment is simplified. Main performance of Multi-Rotor UAV main performance is as follows: Maximum cruising speed is 5m/s, 
maximum battery life is 30min, the range of roll angle and pitching angle is ±45°, the range of drift angle is ±180°, maximum rate of roll 
and pitching is 80°/𝑜𝑜, maximum rate of drift is 20°/𝑜𝑜, the payload is 3.5kg. The main air carried sensors includes ultrasonic sensors, 
barometers, GPS, cameras and thermal infrared imagers. 

 
5.1 The situation of pre-designated POI 
 

In this case, this requires specifying the POI to be observed and the questionable POI before task. The questionable POI mainly 
concentrated in insulators. Taking insulators as example, the inspection is not limited to taking pictures of insulators, but also to make 
possible the overall observation of the damaged insulator appearance. It complicates the path of the UAV. This is different from many other 
path planning problem. 
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Figure 7. The situation of pre-designated POI. The proposed CRO algorithm (557.3s), PSO algorithm (571.2s). 
 

 

Figure 8. The distance between the UAV and the transmission line (The safe distance is 5m). 
 

 
Figure 9. The curve of camera’s pitch angle. 

 
The change of the proposed CRO algorithm is more stable than that of PSO algorithm. 
From the results of the simulation, the Improved CRO and PSO both can successfully complete power transmission line inspection 

according to requirements. But from the details of the simulation curve, although both remain outside of the safe distance, the distance 
between the path and the circuit is more stable by the improved CRO method. And the distance is closer, it is more conducive to the precise 
observation. The change of distance between the path and the circuit by PSO method is bigger, at a disadvantage. 

 
5.2 The situation of adding random POI 
 

In this case, this requires specifying the POI to be observed and the questionable POI before task. Besides, there are also some 
unexpected situations from the video and image data sent back by the inspectors in the process of inspection. At this point, the inspection 
may be require that add the unexpected POI to be observed. This requires the algorithm to be able to respond to the requirements of 
inspection, adjust the path and inspection task planning in real-time. In this simulation, assume that randomly set a new random interest 
point in a previous tower at the moment of 190s, and its coordinates do not have accurate data, only a rough location range. 
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Figure 10. The situation of adding random POI. The proposed CRO algorithm (577.4s), PSO algorithm got stuck in local minimum. 
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Figure 11. The distance between the UAV and the transmission line (The safe distance is 5m). The PSO algorithm got stuck in local 
minimum in about  

205s. 
 

 

Figure 12. The curve of camera’s pitch angle. 
 

The curve of the proposed CRO algorithm is stable. The PSO algorithm got stuck in local minimum in about 205s. 
 

6. Conclusion 
 
From the above simulation, the simulation curve based on Improved CRO and PSO algorithms show a greater difference. In addition to 

the difference in simulation 1, after the movement of 190s adding temporary point of interest, in the next 25s, the two showed a much 
greater difference. In the process of responding to the temporary interest point, the Improved CRO algorithm and the distance of 
transmission line changed little, and tended to be stable with less time. Contrary to the PSO algorithm, the distance varied greatly, and the 
time was longer. 

From the two simulation results, we can conclude that the Improved CRO and PSO algorithms can both complete the path planning of 
transmission line. But the Improved CRO algorithm gets better results, with the advantages such as shorter running time, not easy to trap in 
local minimum, etc. 
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Evaluation of mine ventilation safety based on GLM-Grey Clustering-Fuzzy method 
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Abstract: Mine ventilation system is complex nonlinear system, which is random, fuzzy and changeable in characteristics. In order to carry 
out the risk degree assessment of mine ventilation safety effectively, based on the GLM-Grey Clustering-Fuzzy theory, the new evaluation 
model was established. Every indicator of the risk degree assessment of mine ventilation’s cumulative effect weight and influence weight   
were calculated by using the SAS statistical analysis and grey clustering, further gained the risk degree assessment of mine ventilation, at the 
same time, and analyzed the sensitive factor of each index, obtained the effective measures on preventing the risk of index. The results 
indicates that this model can obtain the risk degree assessment of mine ventilation more accurately, and that provide a scientific reference 
for mine ventilation management. 
 
Keywords: mine ventilation, safety assessment, Fuzzy evaluation, Grey Clustering, generalized linear 
 
1. Introduction 
 

Coal is the main energy source in our country, and it is the blood of the national economy [1-2]. There is a gratifying change in the 
reform and development, structural adjustment, scientific and technological progress, safety and so on, and its annual output reaches 2 
billion 300 million T [3-4]. In underground work, the first problem is facing the underground ventilation problems. In the mine production 
process, the ground fresh air must be continuously transported to the underground work locations for personnel to breathe and dilution and 
removal of toxic and harmful gas and dust, and then create a good working environment to protect the health of underground workers and 
labor safety. Mine ventilation system is often called the heart of the mine, so the reasonable and reliable safety evaluation of mine 
ventilation system is an important part of the mine management. However, due to the impact of many factors and the many indicators of 
mine ventilation system, therefore, it is an important and complicated subject to evaluate the safety of mine ventilation system. At present, 
there are plenty of the commonly used methods of risk assessment, for example, GIS computer technology analysis [5], fuzzy 
comprehensive evaluation method [6], analytic hierarchy process, neural network, principal component analysis method [7], grey theory 
evaluation method [8] and so on. However, the above methods are only to determine the safety of the evaluation of the ventilation system, 
and not to determine what factors affect the ventilation safety [9]. At present, generalized linear theory [10] dealing with the aspect of 
determining weight is the use of prior information to establish regression model, overcomes the subjectivity of artificial factors, and can 
distinguish between evaluation factors related to factors and negative influence. In this connection, an improved fuzzy evaluation model is 
established based on generalized linear and grey theory. This model not only determines the weight of the ventilation safety factor, but also 
obtains the sensitivity of each influence factor to the safety of the ventilation system, which improves the credibility of the evaluation results 
and to clarify what factors (dominance ratio analysis) need to focus on preventive measures. 
 
2. Analysis on the risk factors of mine ventilation 
 

Based on analyzing of the current situation and characteristics of coal mine ventilation, the safety of mine ventilation is mainly affected 
by the fan running safety, ventilation network safety, ventilation network resistance distribution safety, ventilation safety, air quality and air 
safety, disaster prevention and disaster relief system, safety monitoring system and other effects, which is as shown in Fig. 1, specifically. 

 

 
Figure 1. Hierarchical structure diagram of safety evaluation index system of mine ventilation system 

 
2 Model establishing 
 
2.1 Evaluation index set 
 

Evaluation factor is a set of comprehensive evaluation index, and it has hierarchy. Assuming that the first level indicator is expressed 

as },,{ 21 iUUUU = , and the second level indicator is },,{ 21 ijiii UUUU = , where Uij  represents the j index of the i criteria layer which 
represents the first criterion layer index (i=1, 2... M;  j=1, 2... N). 
 
2.2 Building evaluating class 
 

Each factor is divided into 4 levels, namely: safety, security, and more dangerous, dangerous, thus constitutes a comprehensive 
assessment of overall safety in mine ventilation safety, V= {safe, safer, general, more dangerous, dangerous}. 
 
2.3 Determining the weight of each layer 
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Assuming that there is a n set of measured data, namely, ( y | iX ) = ( y  | 1x , 2x , …, kx ), ( i =1, 2,…,n). y = ( 1y , 2y ,…, jy ), ∈iy (0, 

1,…, j ), which indicates that there are j levels of the conclusion of the risk assessment model. X = ( 1x , 2x ,…, kx ), which represents 

influence factors of influencing model evaluation conclusion level. Supposing that iω  is the cumulative impact weight value of a particular 

class iy in the case of an affected factor, namely, )|≤( iii Xjyωω = , iii ωωϖ −= +1 , iϖ is the weight value of a rating scale. In order to 
better describe the relationship between the cumulative impact weights of a class and the influencing factors, it is usually not directly deal 
with the parameters, but the logic transform. 
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Therefore, the second level weights can be expressed as, 
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where, i1ω represents the i factor of the weight factor of safety monitoring system factors; i2ω represents the i factor of the weight factor 

of disaster prevention and disaster relief system factors; i3ω represents the i factor of the weight factor of air quality and air safety factors; 

i4ω represents the i factor of the weight factor of ventilation facilities factors; i5ω represents the i factor of the weight factor of ventilation 

network resistance distribution factors; i6ω represents the i factor of the weight factor of ventilation network structure factors; i7ω represents 
the i factor of the weight factor of main fan operation factors. 

The second levels of weight set is characterized as ω =( 1ω , 2ω , 3ω , 4ω , 5ω , 6ω , 7ω ),where, iω  is the influence weight coefficient of 
the i evaluation factor.  

 
2.4 The establishment of membership matrix of evaluation 
 
2.4.1 Determination of grey and whitening weight function 
 

Because of the particularity of the mine ventilation safety system, the conventional whitening function cannot be used. In this paper, we 
use the improved asymmetric triangular whitening weight function. According to the evaluation level of mine ventilation safety, the 
following grey classes, grey numbers and whitening weight functions are established.  

The first grey class: the number of ash is [9, 10], and the whitening weight functions can be expressed as 
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The second grey class: the number of ash is [8, 9], and the whitening weight functions can be expressed as 
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The third grey class: the number of ash is [7, 8], and the whitening weight functions can be expressed as 
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The fourth grey class: the number of ash is [6, 7], and the whitening weight functions can be expressed as 
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The fifth grey class: the number of ash is [0, 6], and the whitening weight functions can be expressed as 
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2.4.2 Grey statistical method 
 

Using the grey statistical method, the dkj that belongs to the value of the whitening function ( )( kje df ) of the category e evaluation 
standard, then the grey number of the judgment matrix (nje) and the total gray statistics (nj) can be obtained. 

 
2.4.3 Determining the grey evaluation weight and fuzzy weight matrix 
 

jjeje nnr =  
The j evaluation factors of the grey comprehensive evaluation criteria for the category e evaluation criteria can be obtained by r experts. 
The single factor fuzzy evaluation weight matrix (R) is formed by rje . That is to say, the single factor grey fuzzy weight matrix can be 

expressed as 
 

2.5 Determination of evaluation results 
 

The goal score of a certain level factor can be calculated by the standard value ( ijY ) and the weight vector ( ijω ). 
),,( 21 iFFFF =  

Then, the comprehensive score ( A ) of the total target layer is calculated by the formula (11) and the respective weight value. 
FA ω=  

 
3 Evaluation of mine ventilation safety based on GLM-Grey Clustering-Fuzzy 

 
3.1 Establishment of index system 
 

Through the analysis of the factors affecting the safety of mine ventilation, a mine ventilation safety evaluation index system is 
established according to the safety monitoring system, disaster prevention and disaster relief, air volume and air quality, ventilation facilities, 
ventilation network resistance distribution, ventilation network structure and the main fan operation and other specific impact indicators. As 
shown in table 2. 

 
Table 2 Ventilation safety evaluation index system of a mine 

influence factor index 
safety monitoring system /U1 Ventilation safety status detection rate /U11 

disaster prevention and disaster relief /U2 Safety evacuation shortest time /U21 
Mine airflow reversal risk /U22 

air volume and air quality /U3 The air return gas concentration /U31 
Integrated index of air supply and demand /U32 

ventilation facilities /U4 internal leakage rate of mining area /U41 
The number of ventilation facilities in mining 

areas /U42 

ventilation network resistance distribution /U5 Mine air drag/U51 
Equivalent pore /U52 

Wind pressure in mine /U53 
ventilation network structure /U6 Mine concentration degree /U61 

Mine ventilation equilibrium degree /U62 
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Complexity of ventilation network /U63 
the main fan operation /U7 Operation stability of fan /U71 

Fan efficiency /U72 
 
3.2 Set of reviews 
 

Evaluation is divided into 5 levels of evaluation, for example, safe, safer, general, more dangerous, and dangerous and so on. 
 
3.3 Determination of index weight 
 

The weight of each risk factor was calculated by using the generalized linear method. In general, the evaluation weight model with 
attributes or discrete variables was obtained by according to experience. However, the effect calculating the weight with experience is not 
good, and the error is very big. It found that the required of generalized linear model is very low for the variables, and it is suitable for the 
study of discrete variable weights especially. In this paper, the weight of all levels of indicators was calculated by according to the software 
of SAS and the table 1, as shown in table 3 

 
Table 3 Weight of a mine ventilation safety factor 

First 
order 
index 

weight second 
index weight 

Grade 

small effect less commonly more great influence 

U1 0. 042 U11 1 0.312 0.273 0.257 0.156 0.002 

U2 0. 061 
U21 0.257 0.210 0.248 0.240 0.297 0.005 

U22 0.251 0.230 0.271 0.230 0.262 0.007 

U3 0. 235 
U31 0.447 0.148 0.148 0.312 0.312 0.08 

U32 0.553 0.365 0.353 0.220 0.027 0.035 

U4 0. 092 
U41 0.230 0.228 0.144 0.312 0.312 0.004 
U42 0.770 0.230 0.271 0.237 0.112 0.15 

U5 0. 295 
U51 0.318 0.260 0.271 0.235 0.187 0.046 
U52 0.341 0.293 0.273 0.232 0.176 0.026 

U53 0.341 0.293 0.273 0.232 0.176 0.026 

U6 0. 164 
U61 0.321 0.250 0.371 0.235 0.134 0.010 
U62 0.374 0.278 0.373 0.232 0.102 0.015 

U63 0.415 0.230 0.371 0.217 0.162 0.02 

U7 0. 111 
U71 0.541 0.260 0.271 0.235 0.1844 0.05 

U72 0.459 0.475 0.232 0.246 0.017 0.03 
 

 
3.4 Determining evaluation matrix 
 

The score of various indicators of was obtained from the five mine ventilation experts. In order to facilitate the expert evaluation, each 
of the scoring value is set to 1-10 points. So the evaluation matrix is established, as shown in table 4. 

 
Table 4 score sheet of expert 

expert score 
P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 

1 9 8 8 7 9 8 9 7 6 8 7 

2 10 7 7 7 8 8 9 6 8 9 8 

3 9 8 6 8 8 9 7 8 8 6 7 

4 8 6 7 8 6 6 7 8 7 5 8 
5 9 6 8 9 9 8 8 9 6 7 9 

 
n11=f1 (9) + f1 (10) + f1 (9) + f1 (8) + f1 (9) =1 
n12=f2 (9) + f2 (10) + f2 (9) + f2 (8) + f2 (9) =1 
n13=0, n14=0, n15=0; 
n1=1+1+0+0+0=2 
Grey weight: r11= n11/  n1=0.5, r12= n12/  n2=0.5, r13=0, r14=0, r15=0. 
 

3.5 Evaluation result 
 

We can obtain S by according to table 3 and grey weight. 
111 RS ω= = (0.435, 0.335, 0.183, 0.047, 0) 
222 RS ω= = (0.183, 0.288, 0.375, 0.133, 0.021) 
333 RS ω= = (0.159, 0.313, 0.349, 0.159, 0.011) 
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444 RS ω= = (0.334, 0.427, 0.193, 0.047, 0) 

555 RS ω= = (0.206, 0.282, 0.244, 0.218, 0.050) 

666 RS ω= = (0.227, 0.292, 0.229, 0.222, 0.022) 
777 RS ω= = (0.266, 0.302, 0.266, 0.134, 0.032) 

Then the two level fuzzy comprehensive evaluations were carried out, and the general evaluation results of mine ventilation safety 
assessment were obtained.  

SA ω= = (0.259, 0.324, 0.235, 0.154, 0.026) 
 

3.6 Evaluation result analysis 
 

According to the principle of maximum membership degree, the safety assessment of mine ventilation is in a safe condition. From the 
table 5 and table 6, we can include that the air volume and the air quality factor and the distribution of the resistance of ventilation network 
have great influence on mine ventilation safety. Through the analysis of the two indexes (Odds Ratio), the correlation degree between the 
equivalent pore, wind pressure in mine and ventilation network resistance distribution is relatively large. The risk of the place where the 
small area of the equal area is the 20.52 times than the lager in the ventilation of the mine, especially. Besides, the correlation degree 
between the mine airflow reversal risk and disaster prevention and disaster relief is also larger relatively. 

 
Table 5 the odds ratios of wind and air quality index 

Influence factor U21 U22 

Estimated value 2.54 19.69 

 
Table 6 the odds ratios of ventilation network resistance distribution 

Influence factor U51 U52 U53 

Estimated value 2.56. 20.52 11.73 

 
 
4. Conclusion 
 

(1) By the analyzing the current situation and characteristics of mine ventilation, the new comprehensive evaluation model is 
established based on the generalized linear theory. The results show that the proposed model is feasible by analyzing an example. 

(2) his model can not only reflect the evaluation factors and the evaluation process of the ambiguity, and can minimize the 
disadvantages of individual subjective judgments, which makes the evaluation result is closer to actual situation. 
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Abstract: This dissertation adopts several research methods such as seeking literatures, making questionnaires, interviewing experts, etc, 
This research starts from the investigation of the present situation and problems of the development of sports tourism of Tongling city, 
analyses the subjective and objective factors which influence public taking part in sports tourism in Tongling and gets to know the public 
satisfaction with tourism services. Learning from the development experience of sports tourism in other part or outside of Anhui province 
and thinking over the actual conditions of Tongling city, this research aims to explore the development strategies of sports tourism of 
Tongling city. 
Keywords: Tongling City; Sports Tourism; Development; Constraints; Countermeasures 
 
1. Introduction 
 

Sports tourism is a kind of specialized tourism in tourism field and its main contents include appreciating, viewing and participating in 
sports activities. It is being developed in recent years and thus a new tourism project and product with characteristics of both tourism and 
physical exercises. It satisfies the instinct of challenging nature and self-challenging to a large degree and therefore enjoys wide 
development space and promotion value. [1] 
 

Tongling city lies on the south bank of the Yangtze River. It is well known as “China Bronze Capital of Ecological Landscape” and one 
of “China Top Tourism Cities”. Sports tourism of Tongling city has achieved fruitful progress though it develops a bit late. However, for a 
long time Tongling city suffers from a serious shortage of sports facilities and stadiums; citizens’ consciousness of participating in sports 
exercises and sports tourism consumption lags behind; it is troubled with lack of sports tourism management and low service level. The 
development of sports tourism of Tongling city is in the preliminary stage. Sports tourism products lack desirable size and features. Relevant 
government administrations attach little importance to its development. All the above factors constrain the development of sports tourism. 
Therefore, this paper starts from the investigation of the present situation and problems of the development of sports tourism of Tongling 
city, analyses the subjective and objective factors which influence public taking part in sports tourism in Tongling and gets to know the 
public satisfaction with tourism services. Learning from the development experience of sports tourism in other part or outside of Anhui 
province and thinking over the actual conditions of Tongling city, this research aims to explore the development strategies of sports tourism 
of Tongling city. 

 
2. Research Objects and Approaches 
 
2.1 Research Objects 
 

Based on the research contents and purposes and the basic principles of questionnaire design, two questionnaires are designed. They are 
“Questionnaire I for Tongling citizens and tourists” and “Questionnaire II for Tongling Tourism Administrators and Tourism Area 
Practitioners. 

 
2.2 Research Approaches 
 

To satisfy the need of this research, 120 pieces of documents, regulations and articles are collected from China Academic Journal 
Network, Tongling University Library, Tongling Tourism Administration and Tourism Administration of Anhui Province.1000 
questionnaires are delivered ( 800 Questionnaire I, 200 Questionnaire II) and 906 questionnaires are taken back including 743 questionnaire 
I with effect rate being 92% and 163 questionnaire II with effect rate being 80%. Aimed to the problems in the development situation of 
Tongling sports tourism and the cultivation situation of sports tourism resources, some interviews are made with relevant experts from sports 
administration and tourism administration of Tongling city., By using Microsoft Excel and SPSS for Windows, these effective questionnaires 
which have been taken back are sorted, counted and processed and the findings will be analyzed and demonstrated in this paper. 

 
3 Findings and Analysis 
 
3.1 Tongling city enjoys fruitful sports tourism resources 

 
Tongling city is well known as “China Bronze Capital of Ecological Landscape” and one of “China Top Tourism Cities”. Among its 

more than twenty cultural landscapes and natural landscapes, there is one National Key Cultural Relics Protection Unit, one National Nature 
Reserve, one Provincial Historic and Cultural Reserve, one Provincial Scenic Area, one Provincial Forest Park, two AAAA Tourism 
Attractions and one AAA Tourism Attraction. The finless porpoise of artificial rearing in half natural condition on Heyue Island of Datong 
town in Tongling is a kind of rare animal acclaimed to be national treasure and therefore is exclusively unique tourism resource; All of 
Phoenix Mountain, Tianjing-lake Park and Yongquan Farm are good tourism attractions for sightseeing and vacation. 
 

Table 1 Distribution of Sports Tourism Resources of Tongling City 
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3.3 Historic and Cultural Tourism Resources 
 
Tongling city has ever been tourism attraction since ancient times. From Tang Dynasty to Qing Dynasty there had been more than 200 

literati travelling here and written more than 400 pieces of poems. Libai, a very famous poet in Tang Dynasty, had ever come here for three 
times and written twelve poems in which Four-line Poem of Tongguan shan after Being Drunken expressed vividly his profound emotion to 
Tongling. This poem says “I love the entertainments of Tongguan,/ willing to live here forever./ I want to dance with sleeves/ touching all 
parts of Wusong Mountain.” [2], Tongling is famous for bronze production and is one of the earliest ancient bronze fields with its mining 
history dating back to Yin-Shang Dynasty about 3000 years ago. Therefore Tongling is well known as Ancient Bronze Capital of China and 
it has many bronze cultural tourism spots such as Jinniudong Mining Relic, Wanying Mountain Smelting Relic and Tongguan Mountain 
Mining Relic. Beginning from 1992 Tongling has hosted 13 times of “Bronze Cultural Festival of Tongling, China”, which considerably 
increases its publicity and popularity. 

 
4. Objective Factors of Participating in Sports Tourism of Tongling Citizens 

 
4.1 Analysis of Participation in Sports Tourism of Tongling Citizens of Different Ages 

 
Six age-extents are designed in Questionnaire I: under 18, 18-25, 26-35, 36-45, 46-55, above 55. 

 
 
The statistics shows: 59 people under 18 years old participate in sports tourism and they are almost students; 86.32% of people above 

18 years old often participate in sports tourism with the largest ratio among citizens participating in sports tourism, among whom there are 
245 people of 18-25 years old and 257 people of 26-35 years old respectively. There are only 45 people above 55 years old with the smallest 
ratio and they are retired people or about to retire. The investigation shows that people of different ages will participate in different sports 
tourism projects. This requires that tourism administration of Tongling city is expected to develop diverse tourism projects to satisfy people 
of different ages 

 
5. Learning Levels of Tongling Citizens Participating in Sports Tourism 
 

People of high education level and cultural quality are more likely to participate in sports tourism since they enjoy relatively high 
income. Moreover, they gain more information of modern society and have more desire to pursue new lifestyle. They are more willing to 
obtain unique psychological feelings through special experiences during sports tourism. [3] 

 
Table 2 Education Structure of Different Groups of Tongling Citizens Participating in Sports Tourism 

Item Primary 
School 

Junior 
Middle School 

Senior 
Middle School 

Three-yea
r 

Training 
College 

Undergra
duate 

Gra
duate 

Sports 
Population 8.00 13.11 20.34 21.56 32.47 4.5

4 

Occasional 
Participants 21.25 25.16 24.21 21.47 7.59 0.3

2 
 
Chart 2 shows: The main group of citizens participating in sports tourism is undergraduates with ratio of 32.47%. Occasional 

participants are almost citizens of low education levels: citizens of primary school education being 21.25%; citizens of junior middle school 
education being 25.16%; citizens of senior middle school education being 24.21%; citizens of three-year training college education being 
21.47%. From this chart it is clearly shown that citizens of higher education levels have larger participation ratio of in sports tourism. Thus, 
people of high learning level will soon constitute the future trend of sports tourism in China. 

 
5.1 Spending of Leisure Time of Tongling Citizens 
 

Spending of leisure time can show people’s interests, hobbies and outlooks on life. It can also show the levels of material civilization 
and spiritual civilization of the whole society. [4] 

 
Table 3 Spending of Leisure Time of Tongling Citizens (N=898) 

Item Watching 
Movies or TV 

Participatin
g in Sports 

Playing 
Cards or 
Games 

Doing 
House

work 

Reading 
newspapers or 
books 

visiting 
Guests or 
Chatting 

Num
ber 214 90 113 283 127 71 

Perce
ntage 23.8 10 12.6 31.6 14.1 7.9 
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The investigation shows that Tongling citizens will spend their leisure time as followed: people spend much time on housework with 
the largest ratio being 31.6%, the second largest ratio of people watching movies or TV being 23.8%, the ratio of people reading newspapers 
or books being 14.1%, the ratio of people playing cards or games being 12.6%, the ratio of people visiting guests or chatting being 7.9% and 
the ration of people participating in sports only being 10%. Although there is a lot of leisure time, people do not participate in sports actively. 
Among these interviewees, 30% of them say that if there are enough sports facilities and economic income, they are willing to participate in 
sports tourism together with families or friends, which is definitely beneficial to improve health and enhance friendship. 

 
5.2 Subjective Factors of Participating in Sports Tourism of Tongling Citizens 
 
5.3 Analysis of Attitudes of Tongling Citizens to Participation in Sports Tourism  

 
Table 4 Attitudes of Tongling Citizens to Sports Tourism (N=898) 

Item Like Very 
Much 

L
ike 

Opt
ional 

Not 
Like 

Num
ber 376 2

24 160 138 

Perce
ntage 41.9 2

4.9 
17.

8 
15.

4 
As an impetus of sports tourism consumption, attitude to sports consumption directly determines whether citizens are willing to 

participate in sports tourism. Chart 4 shows that 41.9% of citizens like it very much, with 24.9% liking it, 17.8% thinking it optional and 
15.4% not liking it. Generally, most of citizens realize the importance of sports improving health. 

 
5.4 Influence of consumption capacity of Tongling Citizens on Sports Tourism 

 
According to consumption capacity, sports tourists can be classified into three categories: Luxurious, Standard(Common) and 

Economical. 
 

Table 5 Per Consumption of Sports Tourism of Tongling Citizens (N=898) 

Item Under 
100RMB 

100-150
RMB 

200-250
RMB 

Above 
300RMB 

Num
ber 42 306 384 166 

Perce
ntage 4.7 34.5 43 18.8 

 
Table 5 shows that among per consumptions of sports tourism of Tongling Citizens, 100-150RMB constitutes 34.5% and 200-250RMB 

constitutes 43%. Thus per consumption capacity of sports tourism is generally about 100-125RMB and its causes may be: limitation of 
facilities, poor management of tourism area, no unique feature of resource development, single product project and poor running of 
mechanism. The cause may also be attributed to people’s relatively low cognition on sports tourism. At present, some elegant sports 
activities such as aerobics, sports dance, yoga, tennis, badminton, bowling, etc and sports tourism vacation have been beginning to emerge in 
some citizens’ daily life. 

 
6 Analysis of Motivations of Participating in Sports Tourism of Tongling Citizens 
 

Motivation refers to the inner impetus that would cause and maintain individual’s activities and make them develop to a goal. Tourism 
is a kind of social practical activity. It is a kind of external behavior, which needs to be driven by a certain force. Accordingly, motivation of 
sports tourism refers to the inner impetus that stimulates people to form an intention to go touring and to choose the specific tourism places 
and projects. [5] 

 
Table 6 Motivations of Participation in Sports Tourism of Tongling Citizens (Multi-Choice, N=898) 

Item Improvin
g Health 

Enterta
ining 

Onesel
f 

Enj
oying 

Nat
ure 

Regul
ating 

Psych
ology 

Soci
al 

Exc
hange 

Enhan
cing 

Know
ledge 

Cultural 
Communic

ation 

Pur
suing 

Fas
hion 

Num
ber 665 346 293 159 146 94 84 49 

Perce
ntage 74.1 38.5 32.

6 17.7 16.3 10.4 9.3 5.4 

Rank
ing 1 2 3 4 5 6 7 8 

 
The above chart shows that there are diverse motivations of citizens’ participation in sports tourism. The motivations of 74.1% and 

38.5% of people are “Improving Health” and “Entertaining Oneself” respectively. The motivations ranking the third and fourth are 
“Enjoying Nature” and “regulating Psychology” with ratios being 32.6% and 17.7% respectively. The fast-paced way of life has been 
increasing people's mental pressure and causing tedious spiritual tension and tiredness. Participation in sports tourism can help to stabilize 
psychological mood, to constrain mental stress, and to overcome psychological barriers such as fear, boredom and anxiety caused by the 
fast-paced life. [6]The Motivation ranking the fifth is “Social Exchange” with ratio being 16.3% and the sixth is “Enhancing Knowledge” 
with ratio being 10.4%. The two Motivations ranking at bottom are “Cultural Communication” and “Pursuing Fashion” with ratios being 
9.3% and 5.4% respectively. 

 
Table 7 Evaluation of Service Quality Given by Citizens Participating in Sports Tourism（N=898） 
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Item Very 
Good 

G
ood 

Just-
So-So 

B
ad 

Ver
y Bad 

Num
ber 157 2

01 351 1
31 58 

Perce
ntage 17.48 2

2.36 39.02 1
4.63 6.51 

Rank
ing 3 2 1 4 5 

 
Table 7 shows: the ratios of people regarding service quality as “Just-So-So”, “Good”, “Very Good”, “Bad” and “Very Bad” are39.02%, 

22.36%, 17.48%, 14.63% and 6.51% respectively with percentages ranking from high to low. The findings tell that nearly 50% of people are 
not satisfied with service quality. Tourism management and service of Tongling city lack high-quality talents with low management level. 
Sports tourism project has only monotonous development but no features. The sports tourism practitioners have lowquality and cannot catch 
up with trend of times in the aspects of thought quality, professional level and service skills. 
 

In interviews, about 85% of owners in tourism spots, 70% of tour guides from travel agencies, 50% of administrators know little about 
sports tourism, let alone this business. They do not realize that sports tourism is also an important and attractive economic resource but think 
that its future development mainly belongs to the development of Physical Education on campus and social function. So organizers and 
operators need to change this backward idea and take for reference some successful experience in other parts of or outside our province so 
that the sports tourism of Tongling city can develop rapidly and stably. 

 
6.1 Monotonous Sports Tourism Products and Scattered Development Projects 

 
In the present development, the relationship between sports and tourism is not dealt well with but put into isolation. Development of 

many sports tourism resources is mainly revolved around natural resources and urban resources of sports with cultural resources overlooked. 
The product structure of sports tourism is monotonous and unreasonable with development projects being scattered. Sports tourism lacks 
exciting new products and overlooks the needs of participation and stimulation of sports tourists. 

 
6.2 Lack of Theoretic Instruction and Low Quality of Tourism Practitioners 
 

At present there are not many institutes and researchers on sports tourism in tourism industry. There are not many theoretic books on 
sports tourism, either. Although some universities have major of tourism management, it is not cohesively fused with sports major and 
relevant theoretical team can not meet the needs of the development of sports tourism. The development lacks particularly specialized 
personnel with both rich knowledge of sports tourism and rich experience of management. 

 
6.3 Insufficiency of Publicity and Poor Effect of Promotion 
 

At present Tongling city has given little publicity to sports tourism projects when publicizing tourism, especially the publicity and 
promotion of tourism projects with sports as subject is quite weak. This insufficiency lies in both publicity and promotion programs with 
characteristics aimed at different potential tourists and economic input. Publicity and promotion is usually limited within TV, newspapers,   
leaflets, brochures and other media advertising, but the publicity means and channels have not been widened and hence its effect is quite 
poor. 

 
7 Suggestions 
 
7.1 Highlight the characteristics of sports tourism resources and exert the advantages of characteristic resources  
 

No matter they are developed with natural or cultural resources, sports tourism resources should be tried to keep their original styles 
and features and fused with nature and culture. Efforts should be made to coordinate sports projects with natural resources and cultural 
traditions. [7, 8] Firstly, Tongling city government has made the strategic development decision of “Enhancing Copper Culture and 
Strengthening Copper Economy”. The planning of sports tourism is always revolved around copper culture. Every year all kinds of tripod art 
exhibitions are expected to be held to attract tripod lovers both at home and abroad to visit Tongling for tourism, to experience personally 
the tripod production process, and to enjoy happiness from art. Secondly, Tongling is “Ancient Copper Capital” with a long history and rich 
traditional national sports such as Sun-island Kite Festival，Dragon Boat Racing on Dragon Boat Festival, Bench Dance and Human 
Pyramid which are enjoyed by citizens. Lastly, Attempts should be made to utilize good mountains and waters of Tongling and develop 
projects such as Camping, mountain climbing, rock climbing, hiking and some water sports projects based on its water resource. 
 
7.2 Promote the sustainable development of sports tourism combined with the protective development and utilization 
 

According to factors damaging sports tourism resources of Tongling and starting from sustainable development and coexist of nature 
and human, protection of resources should give priority to “prevention” with assistance of “control” on the principle of combination of 
prevention and control. Firstly, new concepts on sports tourism resources should be formed to strengthen the consciousness of difficulty in 
sports tourism resources and to cultivate greatly ecological sports tourism resources of Tongling. Secondly, the cultivation of sports tourism 
resources of Tongling must be sustainable and protective cultivation and reasonable utilization should be combined with each other. With 
protection of the ecological environment and scenic spots as the prerequisite, only reasonable cultivation and construction together with 
scientific management can guarantee no destroy of natural environment when developing sports tourism. Thus the economic and ecological 
benefits of sports tourism can be coordinated well.  

 
7.3 Improve education and train specialized personnel of sports tourism 

 
At present sports tourism practitioners of Tongling city generally do not have high quality. Therefore, as to the training of sports 

tourism personnel, firstly excellent graduates majoring in sports tourism are expected to be recruited from some top sports colleges and 
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attracted to work in Tongling city by desirable income and other welfare. Moreover, such colleges can be invited to give vocational trainings 
to practitioners from Tongling tourism areas. Secondly, Tongling city government should invite experts in sports tourism to Tongling giving 
relevant lectures. Meanwhile, colleges and enterprises can raise jointly the specialized personnel of sports tourism. Thus "through train" can 
be built for the training of sports tourism personnel. As a result, face-to-face teaching and learning can be realized to effectively improve 
their practical skills so that they can meet the personnel standard of enterprises and then become the talents who can adapt to the need of the 
development of sports tourism of Tongling city. 

 
8. Conclusion 

 
Government and sports tourism operators should take diversified publicity and promotion means to change sports tourism consumption 

from present unconscious spontaneous behavior into conscious behavior. (1) Experience Marketing. Citizens are allowed to personally 
participate in sports activities to meet their experiencing needs and thus achieve tourism values. (2) Cooperation Marketing. Sports Bureau 
and Tourism Bureau can host jointly cultural festivals, fairs and exhibitions with sports tourism as subject. They can also cooperate to set up 
communication platform for sports tourism of Tongling and to establish cooperation relationship with professional people in and outside of 
Anhui province to enhance the market competitiveness of sports tourism. (3) Media Marketing. Tourism resources with characteristics are 
supposed to be publicized through all kinds of media such as TV, radio, newspaper and network so as to introduce scenic spots and routes of 
sports tourism of Tongling and hence more and more tourists can be attracted to participate in sports tourism. 
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Abstract: Mobile devices move randomly in mobile network, when the connection between communication node and mobile node is 
established and data begins transferring, at the moment, if the mobile node moves to another signal coverage area from one area, cross-zone 
handover will occur, which causes packet dropout, but TCP will mistake for network congestion, and then start congestion control 
mechanism, and thus the network performance is reduced. The paper conducts the detailed analysis and deep research on this situation, and 
proposes an effective algorithm, that can effectively restrain the starting of congestion control mechanism when cross-zone handover occurs 
in mobile node. The simulation experiment of NS2 network shows that this algorithm can reduce the packet dropout and improve the data 
transmission efficiency effectively when cross-zone handover occurs in mobile node. 

Keywords: handover; IPv6; congestion control 

1. Introduction 

TCP is a reliable transport layer protocol, which is appropriate for traditional network formed by wire link and fixed host. However, the 
network formed by wireless link and mobile host breaks many original hypotheses, causing the decline of TCP performance. The mobility 
and wireless medium used in mobile IP have strong influence to TCP performance, because TCP protocol almost thinks all packet dropout is 
caused by congestion [1, 2]. When mistake or data package loss occurs, TCP will think that network congestion happens, and then adjust 
send window to reduce transmit speed of data, obviously, this hypothesis is no longer valid in the environment of mobile IP, the frequent 
move of mobile node will cause cross-zone handover, and thus bring data packet loss, and this kind of loss isn’t caused by network 
congestion apparently. Therefore, TCP accuses the data loss to network congestion wrongly [3-7], and then starts congestion control, 
decreases sending window, which seriously reduces TCP performance in the environment of mobile IP. Reference [8,9] proposed a rapid 
intra-domain switching scheme OPF-HMIPv6, which lowers the registration time by 39% compared with HMIPv6, and improves the intra-
domain switching efficiency. Reference [10] proposed a switching scheme of multiple care-of addresses based on MPLS technology, and it 
can effectively reduce handover delay and pocket loss of IPv6 network. Reference [11] proposed a kind of switching optimization scheme 
based on MAP, and it can effectively reduce switching time, and has advantage of adaptivity. Reference [12,13] proposed a rapid switching 
scheme by means of shortening duplication address detection to reduce switching delay. All above schemes solve the switching delay 
effectively, but it doesn’t consider the influence to TCP/IP congestion mechanism in handover. The paper pays much attention on influence 
to congestion mechanism in this situation, and put forwards an effective solution, and thus improves the switching efficiency. 

2. Cross-zone handover analysis 

When mobile node detects its movement by means of mobile detection algorithm, it will enter into handover process. Firstly, it gets the
care-of address from foreign subnet, and sends registration request to home agent for registering new care-of address, and then home agent 
responses the mobile node by registration reply, in this way, a new registration process is finished. Home agent begins to send IP package 
whose destination address is mobile node to care-of address of mobile node through tunnel, at this point, a handover process is finished. In 
the process, TCP data flow will be influenced by following aspects.  

1) From communication node to mobile node: starting from mobile node leaves original foreign subnet, to home agent has received
new registration request from mobile node, during this time, home agent still sends data packet received for mobile node to original foreign 
agent by means of tunnel technology because it is unaware of latest care-of address of mobile node, which causes mobile node will be 
failing to receive these package, and they will be lost in original foreign agent. Speaking of TCP, the congestion mechanism for TCP of 
communication node will start at the moment, which is main reason for decline of TCP performance.  

2) From mobile node to communication node: handover of mobile node in this direction is more complex relatively, and bottom
handover time is very short relatively, for example, it is about 10ms in wireless environment. After the handover of link layer finishes, 
mobile node will have ability to communicate with new subnet, and can receive and send broadcast message in new subnet. However, the 
link layer entity of mobile node does not always have some configuration information of new subnet, such as IP address of default router 
and its MAC address, etc., so mobile node just continues to use outdated configuration information (such as outdated routing table), and 
these information has become invalid  in new link, and ultimately it can't work normally. It can get configuration information of new 
network only from the above movement detection or other methods (such as receive the broadcast message of default router), at this point, it 
can get correct network configuration information, and communicate with network, while everything needs time, and the time greatly 
exceeds the time needed by bottom handover. 

3. Improved algorithm of cross-zone handover 

C.
D.

E.
AP_A AP_B

Figure.1 Coverage situation of base station. 
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As shown in figure 1, when mobile node enters into the coverage area of another base station from a base station's, cross-zone handover 
will occur, which means base station A switches to base station B. In public coverage area of base station A and B, mobile node can keep 
communication connection with two base stations simultaneously, and this is the key of realizing the proposed scheme. 

The detailed process of improved scheme is as follows (suppose that the moving route of mobile node is C->D->E):  
1)When mobile node passes point A from base station A before long, mobile node enters into public coverage area and receives 

broadcast packet of base station A and B simultaneously, and then checks network prefix of broadcast packet, if the network prefix of 
current main care-of address and main care-of address recently used is different, mobile node will consider that move occurs according to 
mobile detection algorithm.  

2)Meanwhile, base station A still is the main care-of address, and transfers the data package received to mobile node.  
3)Before mobile node intends to execute cross-zone handover, it will send a 0 window advertisement to communication node which is 

regarded as source end, the method is very simple, it will be OK just set window advertisement of AK package as 0, and then 
communication node will enter into “PERSIST” status after receiving ACK package, stop sending data package and suspend timeout timer 
and other  

4)Mobile node can execute cross-zone handover after finishing sending 0 window advertisement, firstly mobile node sends binding 
update and resends last ACK package and resets the advertisement window, and then the communication node will return a binding update 
for confirmation after receiving binding update, and begin to send data package to mobile node sequentially in window size before 
disconnection.  

5)Later, mobile node sends a binding update again to home agent, which will return a confirmation reply after receiving the binding 
update. The algorithm flow is shown in figure 2.  

 
Figure.2 Algorithm flow chart. 

In the handover process, since mobile node still can communicate with base station A before handover, and communication node as 
source end has stopped sending data, almost there is no packet dropout in whole process, even packet dropout occurs, it is not caused by 
handover, probably caused by wrong link. This scheme will not cause that TCP layer starts congestion control, therefore the application 
performance of network can be improved well.  

In addition, in order to avoid frequent handover of mobile node, in process 1, only when mobile node receives three broadcast 
messages from base station B continuously, the handover will be decided.  

If mobile node finds losing track with main care-of address, it will register to foreign agent that is sending broadcast message next or 
register to foreign agent that has received broadcast message for handover. At the moment, mobile detection algorithm 1 should be adopted. 
 
4. Simulation experiment 
 
4.1 Overall design of simulation 
 

Router

Ftp_Server
HA

AP_A AP_B

MN  
Figure.3 Network topology. 
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The network topology is shown  in figure 3, FTP server regarded as communication node communicates with MN, that receives data 
from FTP server, MB enters into the public coverage area of base station A (AP_A) and B (AP_B) at 260s, and leaves the public coverage 
area at 310s to enter into base station B. Thereinto, HA, FTP, base station A and base station B are not in the same network, namely their 
network prefix is different, at the beginning, MN is in the network of base station A and moves to base station B at uniform speed in 
horizontal direction. Base station A, B and home agent have function of wire router, and can transmit data packet, thereinto, base station A 
and B also play a role of foreign agent, and they connect with central router. 

 
4.2 Analysis of simulation result 

 
In simulation experiment, the simulation is conducted aiming at mobile detection algorithm and improved scheme respectively for 

comparison. When the simulation time is 600s, the result is shown in figure 4 and 5, and curves in figures show the throughput rate of 
receive channel of mobile node (KB/s, at the top of figure) and the packet loss probability (KB/s, at the bottom of figure) of communication 
source end (namely the FTP server in the experiment). 

 
Figure.4 Simulation result of standard mobile detection algorithm (throughput rate). 

 
Figure.5 Simulation result of standard mobile detection algorithm (packet loss probability). 

 
Figure.6 Simulation result of improved algorithm (throughput rate). 
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Figure.7 Simulation result of improved algorithm (packet loss probability). 

In figure 4 and 5, the mobile node starts cross-zone handover at 310s, the interruption time is about 30s, throughput rate will reduce to 
0 rapidly in handover, and packet loss probability will rapidly increase to 100% accordingly. As can be seen, in cross-zone handover, mobile 
node drops contact with communication source end quickly, which causes losing a large number of data package from source end, and this 
is main reason for source end starts congestion control mechanism. The throughput rate curve of mobile node can be seen that it rises slowly 
after finishing handover since source end starts congestion control mechanism. Figure 6 and 7 are simulation results of improved scheme, 
from the figures, mobile node enters into coverage area at 260s, detects the occurrence of movement, and then starts handover procedures. 
From throughput rate of figure, it can be seen that mobile node still keeps contact with base station A in handover, so the throughput rate 
declines  slowly at the beginning and packet loss probability of source end almost is 0.  In the lower moment of curve, mobile node has lost 
transitory contact with communication source end, which causes the throughput rate is 0, but the packet loss probability of source end still 
keeps 0, because mobile node sends 0 window advertisement before handover, the source end stops sending data, and this is the main 
method of restraining the starting of congestion control of source end in the scheme. After handover is finished, the source end sends data 
packet at window size before losing contact, so the throughput rate rises to the top of curve rapidly.  

From analysis result, the improved scheme effectively controls the source end starting control mechanism which caused by cross-zone 
handover of mobile node, and effectively improves the throughput rate of network, and greatly strengthens the communication ability of 
network.  

 
5. Conclusion  

 
When IPv6 conducts cross-zone handover, source end will start congestion control mechanism, the communication ability of network 

will be reduced. According to this circumstance, the deep research on cross-zone handover of IPv6 is conducted, and new improved scheme 
is proposed based on original algorithm. Its main idea is keeping connection with source end before handover of mobile communication 
equipment and sending 0 window advertisement to source end for restraining the starting of congestion control mechanism, and thus 
effectively improves communication ability of network. The algorithm is realized in NS2 simulation platform, and adopts Ftp business, and 
conducts multi simulation running, the simulation result in each time almost is same, showing the simulation system is stable and reliable. 
The simulation result indicates that new improved algorithm can restrain the source end to start congestion control mechanism in handover 
and improve the communication ability of network effectively.  

 
Figure.8 Special situation of cross-zone handover. 

Figure 8 shows a special situation, suppose mobile node is in base station A at the beginning, it passes F and moves to G from E, when 
mobile node passes E for a while, its main care-of address will switch to base station B according to improved handover algorithm. However, 
before mobile node arrives at G point, since the base station A is old, the mobile node will not switch, after mobile node passes G for a 
while, it will loss contact with base station B, the mobile detection algorithm should be used for handover at the moment. The base station B 
will be failing to transfer data packet received from communication source end to mobile node and that will cause the packet loss, and thus 
TCP in communication node of source end starts congestion control operation. 

The congestion control operation of source end caused by handover decreases the performance of TCP greatly, so it should be 
improved, since mobile node has lost contact with base station B after detecting movement, the improved scheme can’t adapt this situation.  

Another improved scheme can be adopted under this situation, and the specific process is that if mobile node detects movement by 
means of mobile detection algorithm, the mobile node can attach information in sending binding update information, tell communication 
node of source end the occurrence of cross-zone handover, in this way, communication node of source end will get the packet loss is caused 
by cross-zone handover of mobile node, instead of congestion. In this situation, the rapid retransmission mechanism can be adopted for 
retransmitting missed data packet and improving performance of network.  

This method can improve performance of TCP well, but the realization of mutual cooperation between IP software and TCP software is 
more complex relatively. The paper will not take deep research on this situation.  
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The Fuzzy Model of Ranking by Dual Comparison Based on the Elected Scientific Research Projects 
 

Li Tao 
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Abstract: The election of scientific research projects should be fair and reasonable. In this paper, based on the scoring of a certain 
university’s scientific research projects, using the fuzzy model of ranking by dual comparison to sort six projects, according to the scoring 
given by the experts, dual comparison matrix could be determined. And the ranking model of fuzzy similarity priority comparison then 
could be set up. Using cutest matrix method to determine the final ranking, and then by using the improved the ranking model of fuzzy 
relative comparison to carry on the ranking, the results are the same. Compared with the expert evaluation method, this method is more 
scientific, reasonable and fair, which plays an important role in the ranking of scientific research projects. 
 
Keywords: ranking; fuzzy dual comparison; similarity priority; relative comparison; scientific research projects 
 
1. Introduction 
 

Generally, colleges and universities (especially the common ones instead of 985, 211 colleges and universities) have certain quota 
restrictions in the process of applying for national or provincial key projects funded, and are required to rank the elected projects before the 
materials are handed in. At normal state, colleges and universities choose the expert scoring method to rank the elected projects, because this 
method is simple, intuitive, and easy to implement, and the calculation method is also simple. But for these key projects funded, there are 
too many factors that should be considered in the process of evaluation, different experts may have different standard, while the evaluation 
result is also different. Its ranking may have some discrepancy only according to the scoring given by the experts. In this paper, the fuzzy 
model by dual comparison is used to make decisions on these projects, and form a ranking to compare[1,2].  

 
2. Problem introduction  

 
A university has 6 quotas for national key projects funded, which has definite applicants. Now to rank the six applying projects, the 

expert scoring details are shown in table 1 to table 8. 
 

Table 1 The scoring and ranking of six projects given by five experts 

 Expert 1 Expert 2 Expert 3 Expert 4 Expert 5 average mark ranking 

Project A 86 76 87 80 94 84.6 4 

Project B 83 76 80 82 85 81.2 6 

Project C 90 92 84 86 89 88.2 1 

Project D 93 85 84 82 81 85 2 

Project E 88 85 83 81 79 83.2 5 

Project F 90 86 83 82 83 84.8 3 
 

Table 2 The scoring of project A given by five experts 

Project A ⅠTopic 
selection(15) 

ⅡResearch value and 
significance(15) 

ⅢPreliminary 
Study(15) 

Ⅳproject 
team(15) 

Ⅴ
innovation(2

0) 

ⅥApplication and 
Popularizing(20) 

tot
al 
sc
or
es 

expert 1 12 10 14 14 18 18 86 
expert 2 10 12 14 10 14 16 76 
expert 3 14 13 14 14 17 15 87 
expert 4 12 12 12 13 16 15 80 
expert 5 15 14 15 12 18 20 94 
average 

mark 12.6 12.2 13.8 12.6 16.6 16.8 84
.6 

 
Table 3 The scoring of project B given by five experts 

Project B ⅠTopic 
selection(15) 

ⅡResearch value and 
significance(15) 

ⅢPreliminary 
Study(15) 

Ⅳproject 
team(15) 

Ⅴ
innovation(2

0) 

ⅥApplication and 
Popularizing(20) 

total 
scores 

expert 1 14 12 13 13 16 15 83 
expert 2 12 13 12 10 15 14 76 
expert 3 12 12 13 12 15 16 80 
expert 4 13 12 12 12 17 16 82 
expert 5 13 14 13 10 18 17 85 
average 

mark 12.8 12.6 12.6 11.4 16.2 15.6 81.2 

 
Table 4 The scoring of project C given by experts 

Project C ⅠTopic 
selection(15) 

ⅡResearch value and 
significance(15) 

ⅢPreliminary 
Study(15) 

Ⅳproject 
team(15) 

Ⅴ
innovation(2

ⅥApplication and 
Popularizing(20) 

total 
scores 
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0) 

expert 1 13 14 13 15 18 17 90 

expert 2 15 15 14 13 17 18 92 

expert 3 14 12 12 12 16 18 84 

expert 4 12 12 13 14 18 17 86 

expert 5 14 14 11 12 19 19 89 
average 

mark 13.6 13.4 12.6 13.2 17.6 17.8 88.2 

 
Table 5 The scoring of project D given by experts 

Project D ⅠTopic 
selection(15) 

ⅡResearch value and 
significance(15) 

ⅢPreliminary 
Study(15) 

Ⅳproject 
team(15) 

Ⅴ
innovation(2

0) 

ⅥApplication and 
Popularizing(20) 

total 
scores 

expert 1 15 14 13 15 18 18 93 

expert 2 13 14 13 12 16 17 85 

expert 3 14 12 12 15 15 16 84 

expert 4 12 13 12 12 16 17 82 

expert 5 12 12 14 11 17 15 81 
average 

mark 13.2 13 12.8 13 16.4 16.6 85 

 
Table 6 The scoring of project E given by five experts 

Project E ⅠTopic 
selection(15) 

ⅡResearch value and 
significance(15) 

ⅢPreliminary 
Study(15) 

Ⅳproject 
team(15) 

Ⅴ
innovation(2

0) 

ⅥApplication and 
Popularizing(20) 

total 
scores 

expert 1 11 13 14 14 18 18 88 

expert 2 13 14 13 12 17 16 85 

expert 3 14 12 14 12 16 15 83 

expert 4 12 13 12 13 17 14 81 

expert 5 12 12 11 12 16 16 79 
average 

mark 12.4 12.8 12.8 12.6 16.8 15.8 83.2 

 
Table 7 The scoring of project F given by five experts 

Project F ⅠTopic 
selection(15) 

ⅡResearch value and 
significance(15) 

ⅢPreliminary 
Study(15) 

Ⅳproject 
team(15) 

Ⅴ
innovation(2

0) 

ⅥApplication and 
Popularizing(20) 

total 
scores 

expert 1 12 14 15 14 18 17 90 

expert 2 13 12 14 13 17 17 86 

expert 3 12 12 12 12 17 18 83 

expert 4 14 11 13 13 15 16 82 

expert 5 12 13 12 13 16 17 83 
average 

mark 12.6 12.4 13.2 13 16.6 17 84.8 

 
Table 8 The average mark of 6 projects’ items given by experts 

 
ⅠTopic 

selection(15) 
ⅡResearch value and 

significance(15) 
ⅢPreliminary 

Study(15) 
Ⅳproject 
team(15) 

Ⅴ
innovation(20

) 

ⅥApplication and 
Popularizing(20) 

Project 
A 12.6 12.2 13.8 12.6 16.6 16.8 

Project 
B 12.8 12.6 12.6 11.4 16.2 15.6 

Project 
C 13.6 13.4 12.6 13.2 17.6 17.8 

Project 
D 13.2 13 12.8 13 16.4 16.6 

Project 
E 12.4 12.8 12.8 12.6 16.8 15.8 

Project 
F 12.6 12.4 13.2 13 16.6 17 
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3. The fuzzy model of ranking by dual comparison 
 
3.1 The comparison ranking of fuzzy similarity priority 
 
3.1.1 The process introduction of the ranking model of fuzzy similarity priority comparison 

The process of using the ranking model of fuzzy similarity priority comparison is as follows[3,4]: 

1) Determine the ranking object set { }, ,U A B= 

. 

2) Dual comparison matrix∆  is determined so as to determine the comparison model of fuzzy similarity priority
( )ij n nR r ×=

，and 

1iir = , 
1( )ij jir r i j+ = ≠

; 

3) Use λ − cutest matrix method to rank all objects.  
3.1.2 The ranking model of fuzzy similarity priority of scientific research projects 

1) Determine the six scientific research projects as ranking objects, thus the ranking object set is { }, , , , ,U A B C D E F=
; 

2) According to the average mark of 6 projects’ items in table 8, the multiple comparisons of 6 projects’ items are carried on to 
determine the dual comparison set. The specific details are shown as follows[5]:  

( ) 4Bf A =
，

( ) 2Af B =
，

( ) 1Cf A =
，

( ) 5Af C =
，

( ) 3Df A =
，

( ) 3Af D =
，

( ) 3.5Ef A =
，

( ) 2.5Af E =
，

( ) 2Ff A =
，

( ) 4Af F =
，

( ) 0Cf B =
，

( ) 6Bf C =
，

( ) 0Df B =
，

( ) 6Bf D =
，

( ) 1.5Ef B =
，

( ) 4.5Bf E =
，

( ) 2Ff B =
，

( ) 4Bf F =
，

( ) 5Df C =
，

( ) 1Cf D =
，

( ) 5Ef C =
，

( ) 1Cf E =
，

( ) 5Ff C =
，

( ) 1Cf F =
，

( ) 4.5Ef D =
，

( ) 1.5Df E =
，

( ) 2.5Ff D =
，

( ) 3.5Df F =
，

( ) 2Ff E =
，

( ) 4Ef F = . 
( )

ix jf x
is the number that jx

is bigger than ix  among the average mark of 6 projects’ items between jx
and ix . If it is equal, then 

each is taken as 0.5 . Therefore, we could get dual comparison matrix[6].  
1 4 1 3 3.5 2
2 1 0 0 1.5 2
5 6 1 5 5 5
3 6 1 1 4.5 2.5

2.5 4.5 1 1.5 1 2
4 4 1 3.5 4 1

 
 
 
 

∆ =  
 
 
 
  

                                                                                 (1) 

Reform dual comparison matrix∆ , the comparison matrix of fuzzy similarity priority could be determined.  
1 0.67 0.17 0.5 0.58 0.33

0.33 1 0 0 0.25 0.33
0.83 1 1 0.83 0.83 0.83
0.5 1 0.17 1 0.75 0.42

0.42 0.75 0.17 0.25 1 0.33
0.67 0.67 0.17 0.67 0.67 1

R

 
 
 
 

=  
 
 
 
  

                                                                   (2) 

3) Useλ − cutest matrix method to rank all objects.  

Take 0.83λ = ，and we could get:  

0.83

1 0 0 0 0 0
0 1 0 0 0 0
1 1 1 1 1 1
0 1 0 1 0 0
0 0 0 0 1 0
0 0 0 0 0 1

R

 
 
 
 

=  
 
 
 
  

                                                                                              (3) 

The elements in the third row of 0.83R  are all 1 ，so project C could be regarded as the first optimal choice object. Do the 

processing to R , except all the rows and lines in project C, the new fuzzy priority matrix could be obtained [7,8]: 

(1)

1 0.67 0.5 0.58 0.33
0.33 1 0 0.25 0.33
0.5 1 1 0.75 0.42

0.42 0.75 0.25 1 0.33
0.67 0.67 0.67 0.67 1

R

 
 
 
 =
 
 
  

                                                                                      (4) 

Take 0.67λ = ，and we could get: 
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(1)
0.67

1 1 0 0 0
0 1 0 0 0
0 1 1 1 0
0 1 0 1 0
1 1 1 1 1

R

 
 
 
 =
 
 
  

                                                                                                      (5) 

The elements in the fifth row of 
(1)
0.67R are all 1，so project F could be regarded as the second optimal choice object. Do the 

processing to
(1)R , except all the rows and lines in project F, the new fuzzy priority matrix could be obtained [9,10]. 

(2)

1 0.67 0.5 0.58
0.33 1 0 0.25
0.5 1 1 0.75

0.42 0.75 0.25 1

R

 
 
 =
 
 
 

                                                                                        (6) 

Take 0.5λ = ，and we could get: 

(2)
0.5

1 1 1 1
0 1 0 0
1 1 1 1
0 1 0 1

R

 
 
 =
 
 
 

                                                                                                         (7) 

The elements in the first row and the third row of 
(2)
0.5R are all 1，so project A and project D could be regarded as the third optimal 

choice object. Here we rechoose 0.6λ = ，and get:  

(2)
0.6

1 1 0 0
0 1 0 0
0 1 1 1
0 1 0 1

R

 
 
 =
 
 
 

                                                                                                    (8) 

The elements in the first row of 
(2)
0.6R have two 1, the elements in the third row have three 1, project D is prior to project A, so project 

D could be regarded as the third optimal choice object, project A could be regarded as the fourth optimal choice object. Do the processing 

to
(2)R , except all the rows and lines in project A and project D, the new fuzzy priority matrix could be obtained. 

(3) 1 0.25
0.75 1

R  
=  
 

                                                                                                          (9) 

Take 0.4λ = ，and we could get: 
(3)
0.4

1 0
1 1

R  
=  
 

                                                                                                                (10) 

The elements in the second row of
(3)
0.4R are all 1, so project E could be regarded as the fifth optimal choice object, project B could be 

regarded as the sixth optimal choice object. Therefore, the ranking of these 6 projects is C，F，D，A，E，B. 
 
3.2 Fuzzy relative comparison ranking  
 
3.2.1 The introduction of fuzzy relative comparison ranking model 

The process of using fuzzy relative comparison ranking model is as follows: 

1) Determine the ranking object set { }, ,U A B= 

; 

2) Determine the dual comparison matrix∆ . 

3) Use the calculation formula of fuzzy relative comparison function to determine fuzzy relative comparison matrix
( )ij n nR r ×=

，

and fuzzy relative comparison function is: 

( )
( )

( ) ( )
j

i j

x i
i j

x j x i

f x
f x x

f x f x
=

∨
，

( )ij i jr f x x=
. 

3.2.2 The fuzzy relative comparison ranking model of scientific research projects 

1) Determine the six scientific research projects as ranking objects, thus the ranking object set is { }, , , , ,U A B C D E F=
. 

2) According to the method of fuzzy similarity priority ranking determining dual comparison matrix, dual comparison matrix could be 
got as:  

1 4 1 3 3.5 2
2 1 0 0 1.5 2
5 6 1 5 5 5
3 6 1 1 4.5 2.5

2.5 4.5 1 1.5 1 2
4 4 1 3.5 4 1

 
 
 
 

∆ =  
 
 
 
  

                                                                                         (11) 

Reform dual comparison matrix∆ , the comparison matrix of fuzzy similarity priority could be determined. 
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1 0.67 0.17 0.5 0.58 0.33
0.33 1 0 0 0.25 0.33
0.83 1 1 0.83 0.83 0.83
0.5 1 0.17 1 0.75 0.42

0.42 0.75 0.17 0.25 1 0.33
0.67 0.67 0.17 0.67 0.67 1

R

 
 
 
 

=  
 
 
 
  

                                                                            (12) 

3) Use the formula 

( )
( )

( ) ( )
j

i j

x i
i j

x j x i

f x
f x x

f x f x
=

∨
to calculate, and we could get: 

( ) 1f A A =
，

( ) 1f A B =
，

1( )
5

f A C =
，

( ) 1f A D =
，

( ) 1f A E =
，

1( )
2

f A F =
， 

1( )
2

f B A =
，

( ) 1f B B =
，

( ) 0f B C =
，

( ) 0f B D =
，

1( )
3

f B E =
，

1( )
2

f B F =
， 

( ) 1f C A =
，

( ) 1f C B =
，

( ) 1f C C =
，

( ) 1f C D =
，

( ) 1f C E =
，

( ) 1f C F =
， 

( ) 1f D A =
，

( ) 1f D B =
，

1( )
5

f D C =
，

( ) 1f D D =
，

( ) 1f D E =
，

5( )
7

f D F =
， 

5( )
7

f E A =
，

( ) 1f E B =
，

1( )
5

f E C =
，

1( )
3

f E D =
，

( ) 1f E E =
，

1( )
2

f E F =
， 

( ) 1f F A =
，

( ) 1f F B =
，

1( )
5

f F C =
，

( ) 1f F D =
，

( ) 1f F E =
，

( ) 1f F F =
. 

So the fuzzy relative comparison matrix is :  
1 1 0.2 1 1 0.5 0.2

0.5 1 0 0 0.33 0.5 0
1 1 1 1 1 1 1
1 1 0.2 1 1 0.71 0.2

0.71 1 0.2 0.33 1 0.5 0.2
1 1 0.2 1 1 1 0.2

R

 
 
 
 

=  
 
 
 
  

                                                                                  (13) 

Because the third line of each infimum in R is the largest, project C could be regarded as the first optimal choice object. Rule out the 

third row of the third line in R , we could get:  

(1)

1 1 1 1 0.5 0.5
0.5 1 0 0.33 0.5 0
1 1 1 1 0.71 0.71

0.71 1 0.33 1 0.5 0.33
1 1 1 1 1 1

R

 
 
 
 =
 
 
  

                                                                              (14) 

Because the fifth line of each infimum in 
(1)R  is the largest, project F could be regarded as the second optimal choice object. Rule out 

the fifth row of the fifth line in
(1)R , we could get: 

(2)

1 1 1 1 1
0.5 1 0 0.33 0
1 1 1 1 1

0.71 1 0.33 1 0.33

R

 
 
 =
 
 
 

                                                                                        (15) 

Because the first and the third lines of each infimum in 
(2)R  are the largest, project A and project D could be regarded as the third and 

fourth optimal choice objects. Because the corresponding infimum of project D is bigger than the corresponding infimum of project A, 
project D could be regarded as the third optimal choice object. Project A could be regarded as the fourth optimal choice object. Rule out the 

first and third lines and the first and fourth rows in
(2)R , we could get: 
(3) 1 0.33 0.33

1 1 1
R  

=  
 

                                                                                                       (16) 

Because the second line of each infimum in 
(3)R  is the largest, project E could be regarded as the fifth optimal choice object. And 

project B could be regarded as the sixth optimal choice object. Therefore, the ranking of these six projects is C，F，D，A，E，B. 
 

4. Conclusion 
 
4.1 The conclusion of fuzzy similarity priority comparison ranking  
 

Using the ranking model of fuzzy similarity priority to rank the six projects, the results are as follows: C，F，D，A，E，B, which 
are similar to the results of the expert evaluation method. Thanks to the multiple comparisons, and compared with each items, this method is 
fairer, more reasonable and more scientific than the expert evaluation method.   
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4.2 The conclusion of fuzzy relative comparison ranking 
 
The results of using the ranking model of fuzzy relative comparison are the same with using the ranking model of fuzzy similarity 

priority comparison. The ranking model of fuzzy relative comparison is an improved model from the ranking model of fuzzy similarity 
priority comparison, which is simpler, and the calculation is more convenient.  

Fuzzy ranking method is one of fuzzy decision methods, of which the calculation is relatively complicated. But this method is scientific 
and reasonable, which is much fairer than the regular expert evaluation method. And it could be popularized and used in the process of 
scientific research projects’ election. 
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Abstract: "Jude the obscure" written by Thomas's controversial novel color, when after the novel "Jude the obscure" for its social criticism 
of the traditional system and social critics of extensive review, under the influence of the environment to hardy novel writing chose to give 
up, and began to write poetry creation focuses on top. Hardy in the novel and attention on portraying the lives of women and the controversy 
and criticism, the feminist critics in this paper, from a perspective of feminism, under the environment of novel "Jude the obscure" 
interpretation and analysis of women's rights to the hostess to the patriarchal system resistance and compromise are discussed. 
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1. Introduction 
 

Hardy as in the 19th century Europe and the United States is the most reputation of realist critic, he focus on women is far more than 
general of male writers, mainly to women in personality, behavior, fate and is psychological, the detail description. Hardy for women in the 
middle of the society has given great sympathy and care, the idea of connotation in his novel can be fully displayed, especially in his novel 
"Jude the obscure" for women of the new image of the characterization, independent personality, personality characteristics and mental state 
of freedom pursuit of great, self-awareness of women are among the novel and gives deep in their rights. But because the author hardy 
affected by the social thought of the time is deeper, to have a kind of fate always throughout the fate of his characters. Hardy is the fate of 
consciousness and the patriarchal thought with him in the novel's feminist thought produced a strong conflict, thus forming a full of 
contradictions struggle thought [1,2]. 

 
2. A concrete analysis of novels of women status 

 
Both in the novel and the author's life background is in the Victorian age, grew up influence on Victorian is Darwin's biological 

determinism, especially relating to its inside the determinism of relevant characteristics and role of the female, at the time of the social 
environment, the survival of the fittest environment led to the expanded constantly, the difference between the sexes and women in the 
social element has the status of is the natural result of the whole in the maternal, and not like a man can change along with the development 
of the Times and adjust at any time. In the development of women are equal to men's attention and requirements, thereby formed a kind of 
vulnerable groups in the development of the society, therefore, women in the Victorian period is dependent on the men's case and survival, 
they have independence will gradually lose, they would put the hope of life and look forward to all hopes on her husband's body, and her 
husband in the life development becomes the most important goal [3]. In order to be able to become more prominent men in the society, the 
importance of people requires women to have their feminine qualities required. In characters of the novel is not only affected by the social 
environment at that time, but also by the author at the time the impact of world outlook and values, is deep, in addition to the influence of 
the novel itself, and a novel internal character itself character traits of the influence of the thought and consciousness, can be seen from the 
Victorian women's social status, women in the male society are by the oppression and exploitation with the progress of the society and the 
law of the perfect, have relevant laws to protect women's rights effectively, however, women in the concrete is still on the position and fate 
of social political system and the influence of social mainstream. In the movie "Jude the obscure," the fate of the heroine or ended in tragedy 
results, and survive by just a no soul breath skeleton [4, 5]. People thinking about it, a full of will and courage of women finally results why 
would become like this, and some of the reader or critic can cause factors due to the result of the social stress status, though this has certain 
rationality, but if from the perspective of the novel's characters to consider, the characters of tragedy. Resistance and compromise, under the 
comprehensive function and restriction factor of the main restricting factors should be attributed to the form and the reality of the society at 
that time, the author's own life experience and the specific approach things, and exists in the novel characters of the internalization of 
thought [6-8]. And this paper mainly aimed at these factors on the feminism horizon, resistance and compromise of the patriarchal 
interpretation. 

 
3. A concrete manifestation of feminism in the novel 

 
Hardy characterization and observation of women to break the traditional mode of standard, it's no use in his works "angel" and 

"women" image of the two go to shape of female characters, but through certain environmental condition to shape a batch of female image 
stereotypes and has a unique personality. He to female personality traits from various angles and suffering, and in this way to attack the 
patriarchal at that time, to the unfair treatment suffered by women horns to complain. Although hardy is a male, but in his portrayal of the 
female author's characteristics are the traditional value orientation and secular morality as the main standard to the deviation, thus the 
traditional characteristics of women's status to carry on the effective subversion. Hardy is not only for women in the concrete on the spiritual 
and material of inequality, has carried on the effective counter unfair status, and they also began in front of love bold pursuit, we can deeply 
reflects the women in the social significance and personality aspects of oppression. Among hardy portrayal of women, for the figure depicts 
the shu this than its her women and concrete fully, and on the specific social significance is to perfect, which also is a kind of most direct 
hardy women view of performance. In novel Jude the obscure by the heroine of the tragic events of tells what is happening in shu, thus 
showing its in the Victorian era in male socialist over-centralisation produced strong displeasure, and he's effective criticism of women's 
rights, as well as the signs of the patriarchal culture a brave beyond, the content of the character for women are the effective definition and 
dredge, thus more fully show the color characteristics of feminist ideology in women and the performance of the rights. 

 
4. The rights of the father resistance and compromise 

 
Novel actress shu is a woman who is full of the flavor of knowledge, it has abundant dynamic factors and characteristics of charm, 

from virtuous to see in the state of the old times, a woman with a strong taste of new era standards, namely, the pursuit of a sense of 
individuality liberation, dare to break the bondage of traditional moral ideas, to show female significance give the maximum. Her with love 
and marriage has unique insights and ideas, she have to pursue is a kind of emotional resonance and correspondence of the soul are, instead 
of the traditional material desires the pursuit of style. Throughout her life met in order to study continuously in the female and the final 
failure of Jude, between two people in love, but when she had been engaged to FeiLao sun, however, though she married FeiLao sun shu 
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and Jude feelings still exists, in the end she found herself married FeiLao Sun Jishi is the biggest one in, errors, and the man her deepest love 
is Jude, so the end result is left FeiLao sun shu, and living with Jude. But at the time called "indecent" under the action of the standard, in 
the life of the time they encountered many difficulties and setbacks, which led to his son and two other young children between the 
happening of the tragedy, the tragedy happened to shu has a terrible shadow on the future life, and in the spirit also suffered a severe blow 
on it. But the end result is based on the true love between she and Jude's marriage to the abyss of failure, and back into the heroine is not to 
talk about feelings FeiLao Sun De side, and grieving process every day life, although she was defeated in the road of the pursuit of love, but 
from her can deeply feel the female characteristics, with a new era of requirement of her own marriage's freestyle pursue the path, she thinks 
that to contractual mix should be full of the flavor of the dirty, is shameful. 

And actress eventually concessions to her father's factor is mainly manifested in the following content. In the aspect of marriage. 
Although she left in the middle of the novel nominal husband, and has the escape from reality and Jude started les miserables illegal 
cohabitation, but the law in the sense of the institution of marriage at that time a kind of ignoring the attitude of the powerful counterattack, 
but after that things happened, she not only mentally and spiritually suffered a major blow, doesn't have enough perseverance to the cruel 
social reality of the bloody flavor, and eventually went back to the original without love based marriage life. Shu to patriarchal to 
compromise at that time were mainly manifested in its spirit of self in specific division. Under the patriarchal system of the institution of 
marriage is to women from ancient fundamentally a ruthless oppression and devastation, also lost the original original society at that time 
women's unique personality and self qualities of external performance, thereby resulting in the shu in different conditions of the specific role 
of the corresponding change. Actress shu with FeiLao sun as well as the law of marriage, she was taken in the presence of specific survival 
is a way of independent, being forced to environment for social environment on the surface to yield, and in the process of yield also apply to 
the so called "femininity" under the system of traditional society, and in specific "angel girl" and "soul mate" rotate between male society at 
that time to gain asylum and spiritual identity, and hope to find a way to achieve self survival between them and the value of the 
manifestation of a possibility. Shu at the time of the oppression of the patriarchal system at the same time also is in terms of sexual 
consciousness of distress, from surface, shu shu of hardy's novels is one at the lack of sexuality, but in her life, and she has three contact 
with men. From the perspective of the written on the reading of the novel, we can feel she is a very rich in emotional person, she not only 
has the different opinions and views of things, but also full of yearning for life and passion. In hardy depict women she is not exceptional 
also, she is also very eager to someone can "like her", however, when she could have the chance to experience what her yearning, her 
knowledge of excuse to refuse and time inner guilt, and while in their sexual desire and existence of unfair related requirements, however, 
have this kind of sexual existence form of psychological status, under the background of society and culture have special requirements and 
limit. Hardy described in the novel of shu in the root is the paradox, shu in hardy's eyes is a dual character of the character image, on the one 
hand is the hardy shaped women tend to be independent in character, have their own unique insights, have their own ideas and also full of 
the right to own yearning love pursuit, very yearning for freedom of life. Is under the influence of the patriarchal system, on the other hand a 
soft characteristics and has depicted the social system of men under the requirement of "female image", in the patriarchal system under the 
action of a kind of evolution characters. We can deeply reflect the bias against women are a hardy and fatalism of root knot. Hardy in 
contradictory characterizations of shu also links with the characteristics of religious then there, under the background of the Victorian era, 
Britain is a country full of religious color, life in the country suffer a hardy is also inevitable. 

 
5. Women dominate the relationship 

 
By reading the famous French writer, existentialism and feminist thinker simone. DE beauvoir's feminist classic "the second on the 

male and female physical characteristics, as well as the gender characteristics with detail, in which she had criticized the so-called beautiful 
woman should have the quality of the passive and calm, and this is all in order to meet and arouse men's desire. And beauvoir criticizes the 
idea reflected in the literature are abound, and dominant male in the literature describing detailed characterization, while women are always 
bound in the quiet and passive small circle. But in hardy's Jude the obscure, but to shape the literary characters of the traditional broken, in 
the portrait he is the hero of the novel Jude, though hardy gives the male body, male qualities but failed to make its produce conforms to the 
goal of social expectations, lack definite view, weak, and so on are the typical traits of character, in the end at the end of the business and 
love under the dual pressure of the valley of despair. Hardy, by contrast, in the process of shaping of women workers and shu, is the 
rebellion against the traditional male and female, the status of the relationship, and gives the shu to dominate the powers. And shu combined 
with Jude this also happens to realize the great irony of reality, when Jude like shu, themselves under the strong influence of shu, even 
because she's religious consciousness and shaken him as priest. On the plot of the story set shu became Jude's emotional support and rely on 
life, and become the spiritual pillar, Jude in traditional literature "the hero save the model" has become the "beauties save mode" of the hero. 
Yu Shishu with smart and courageous gave Jude great spiritual encouragement and support, finally help Jude from depression to come out, 
she became Jude in conducting the savior, also is the envy of Jude ideal embodiment. Actually pretty in college with a man like a man lived 
a few years, but eventually the male because love always can not get pretty gloomily. Blunt hardy's novel Jude the obscure about QiuDeHe 
shu relationship set in the reader can clearly see that shu in which occupies the dominant position, she has been the love between the leading 
women, and become the active speaker in the traditional gender and protector. 

Away from hardy in the novel in the shape of another character, arabella we can also see the author's attitude toward female image in 
the novel. Arabella and shu also endowed with a strong initiative and dominance, such as when she first saw Jude, took him as his own want 
to capture prey, so Jude in will feel as if there was a strong arms holding him. But in QiuDeHe arabella after marriage, arabella abandoned 
Jude, oneself come away with me to Australia, then back ploys to Jude cheated her and her to remarry, even in Jude nearing his end, he also 
want to ask arabella over him like a pig, I hope she don't torture him. 

In hardy's novel Jude the obscure, he created a feminine male role, Jude also created two masculine female characters shu and arabella, 
but because the hardy to feminist thought trend in the society at the time and the influence of the mainstream ideology, its in the shaping of 
character will be projected to go in this thought. First, hardy sympathetic towards the plight of women, willing to speak for them, but at the 
same time the voice is the mainstream consciousness under the provisions of the relations between the sexes, his fuzzy of gender was first 
established on the premise of gender distinction between men and women. And female image in "Jude the obscure" did not achieve the 
harmonious integration of the sexual characteristics, but rather a exist in female physiology physically male qualities of femininity, before 
the author to deal with, just put a clear distinction between the two opposites, so its shape in the process of the focus on emphasizing the shu 
and the men of the trait, essentially abandoned physiological gender factors they were completely is a man. And the shaping of the 
characters is reflects the author thought the limitations of, he always fails to escape from the framework of both sexes, and his woman is 
actually a "man", this description of shu and arabella eventually became the gender characteristics to the man. 

 
Conclusion 

 
Hardy for women in the novel of the interest and understanding that is more profound, he also be more profound understanding of the 

patriarchy thoughts, and that there is a certain relationship with Victoria environment. Hardy in the novel made of the characteristics of a 
new era full of female image, and according to the social reality at that time successfully create a full belly of the female images, MAO 
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describes a hopeful about the future and compromise in the presence of social realities and femininity. However, although she caved under 
patriarchy, but in the novel of the pursuit of perfect ideal for the reality of society women still brought new vigor and strength. 
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1. Introduction 
 

"Chemical engineering drawing" is a science and engineering college of chemistry and chemical engineering professional basic course, 
the characteristics of the course is the demand is higher, perceptual knowledge and the image thinking space form and expression methods 
are difficult to language and words to describe. The main content of "chemical engineering drawing" figure including chemical equipment, 
chemical process and computer graphics three parts, including read equipment parts is the basic view of curriculum, the emphasis and 
difficulty. "Chemical engineering drawing" course teaching reform to help resolve the current prevalent in the chemical teaching practice 
students knowledge chart, drawing ability is not high, to the student future work development will have a positive and far-reaching influence. 
Because students lack the stronger beginner when space imagination, and the traditional teaching method (wood pattern and teaching wall 
charts, PPT courseware teaching, AUTOCAD auxiliary teaching, etc.) cannot be described vividly three-dimensional physical 
transformation of two-dimensional projection plane projection of this dynamic process, students tend to grasp the corresponding relationship 
between parts of the structure of the basic view is difficult, and the fear of difficulties to learn about the course [1]. 

With the rapid development of Computer and related technology, the Computer aided teaching CAI (Computer Assisted Instruction) 
are increasingly used in the teaching of chemical engineering drawings, provides technical means for teaching reform of the course. At the 
same time, with the characteristics of innovation economy rapid development of knowledge economy, and the network technology and the 
remote education technology matures, the network learning and teaching practice to promote the teaching form to produce fundamental 
change, a dynamic, interactive multimedia teaching software will become a new field of teaching software development, the CAI 
courseware is not only confined to the classroom teaching, will also be widely used in network teaching. At the same time, advanced 3d 
design, the manufacture method is fast and comprehensive to replace the traditional 2d design, manufacture, make engineering graphics 
course is given priority to with computer 3d modelling, the two-dimensional modelling is complementary, combining all kinds of 
professional knowledge, to realize highly unified comprehensive curriculum design and drawing [2-4]. 

We think it necessary to change the traditional teaching mode, the interactive 3d animation used in CAI courseware of "chemical 
engineering drawing", let the students become passive to active, in order to improve the teaching quality and efficiency. Structures of parts 
by creating vivid three-dimensional model, made into 3d animation, and together with the components of the pattern set in the Flash 
software platform, the use of Flash interactive control, realizes the 3d animation and dynamic real-time teaching of plane drawings, in order 
to improve the students' interest in learning, to overcome the fear of map reading psychology [5-8]. 

 
2. The construction of a virtual learning environment 
 

The construction of a virtual learning environment to the three dimensional animation technology combined with virtual reality 
technology. Mainstream 3 d modeling and animation software such as Maya, 3 ds Max have powerful modeling and animation, texturing 
and rendering, and other functions, widely used in film and television, games, advertising design, etc; And virtual reality development 
platform mainly Java3D, Cult3D, Quest3D, Virtools, VR - platform, etc., they are all so different. Among them, the Virtools as real-time 3 d 
virtual reality editor integration software, has the rich interaction module and intuitive graphical interface development, can easily produce 
all kinds of 3 d interactive multimedia. The process of the construction of the virtual learning environment includes teaching analysis, 3 d 
model design, interaction design, and test release/animation resources such as steps. To use 3 ds Max and Virtools software as an example, 
the design of the three-dimensional model/animation by 3 ds Max software implementation, interaction design and test issued by the 
Virtools software to complete. Teaching difficulty, according to the theory of "chemical engineering drawing", combine the AutoCAD, 3 ds 
Max and Flash software, parts of the model into the three dimensional animation, and together with the components of the pattern set in the 
Flash software platform. Through the three dimensional animation and interactive control plane drawings, and the dynamic real-time 
teaching, realize the interaction of "chemical engineering drawing" 3 d animation teaching, improve the quality of the classroom and 
network teaching and efficiency. 

 
2.1 Analysis of teaching 

 
Including requirements analysis, the teaching goal analysis, knowledge analysis, learner analysis and the analysis of media production. 

Among them, the demand analysis is used to determine which teaching contents suitable for performance in the virtual learning environment; 
Teaching target analysis is the key to the whole design, determine the overall direction of the teaching, the design of the follow-up work will 
be conducted around it; Knowledge analysis to determine the emphases and difficulties of teaching, on the three dimensional animation 
resources, and emphasized in the design of interaction to guide the learning; Learner analysis is based on the cognition of individual 
differences, different learners needs to be considered in the design of the characteristics of the learners; The media make analysis from the 
Angle of the production to make software, production process, structural design, content design, material collection and processing and so 
on carries on the analysis and planning. 

 
2.2 Three-dimensional model/animation design resources 

 
On the basis of the preliminary design of a shooting script, can use 3 ds Max to complete a variety of 3 d model/animation design and 

production, mainly includes the physical modeling, material and lighting, animation, rendering, editing, picture and so on. Three-
dimensional model/animation is the basis of constructing virtual learning environment, high quality design can show a vivid study situation. 
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In order to solve the problem of 3 ds Max software compatibility with Virtools, can take advantage of the Virtools 3 ds Max output plug-in 
Exporter, 3 d model will be made in 3 ds Max/animation into Virtools supports data formats. 

 
2.3 Interaction design 

 
Is to achieve the purpose of interaction design such as control of the three dimensional animation broadcast, roaming and manipulation 

of the virtual 3 d model in the scene such as all kinds of interactive functions. Virtual learning environment based on Virtools platform 
design, the realization of the function of interaction ways include: (1) the direct use of Virtools built-in interaction module (Building Block, 
BB); (2) using Virtools provides VSL script language and software development kit (SDK) to create custom BB with specific functions. The 
first way is the main way to realize the interaction, through the required BB drag and the behavior of the object in the script for scripting, 
and the connection process set parameters, can easily achieve a variety of interactive control of three-dimensional objects, such as rotation, 
scaling, forward, backward, but in the case of extensive use of BB, attachment and parameter Settings are more complex; The second way 
can flexibly implement richer interaction capabilities, has strong portability and maintainability, but have higher request for programming. 

 
2.4 The test release 

 
Through debugging is correct, Virtools works can be published as web browsing format or compiled into executable file can be run 

separately. 
 
3. The design of interactive 3d animation CAI 

 
Application of AutoCAD software can quickly and accurately draw engineering drawings and 3 d geometric model of the parts, but the 

plane view and the 3d model produced by the relatively independent, not with correlation and interactivity. Build three-dimensional entity 
model in AutoCAD can be imported into 3 dsmax, using 3ds Max powerful 3d animation, animation of the model, make some unimaginable 
space form abstract concepts easy to understand. But the 3ds Max animation files accounts for a bigger space of unfavorable to the 
classroom and the teaching of the network. Flash is a kind of important development platform of network courseware based on Web, is also 
the most widely used in the design of Web page 2d animation tool, it has a strong interactivity, the generated file is small and good 
compatibility, can be directly in the online application, its rich data interface and a friendly environment also offers its widely, can be made 
in 3ds Max AVI animation files imported into the Flash software, to. SWF format export, greatly reducing the animation files occupy a 
space, also convenient to class and network teaching. 

Will draw the graph of AutoCAD software element and the three-dimensional animation of 3ds Max transplanted into Flash software, 
through the Flash software interactive control, realizes the CAI courseware of "chemical engineering drawing" interactivity and intelligent 
feedback, and then guides the student to apply the three dimensional animation component model analysis, and combined with plane view, 
eventually to better to learn the structure of the parts and understand engineering drawings. For parts below basic view, main view, left view, 
top view of teaching, for example, that based on the interactive CAI animation Flash platform. Among them, the use of Flash description 
language (ActionScript, by adding the button on the three basic view code, achieve control of the corresponding animation video operations). 

 
4. The production of "chemical engineering drawing" CAI 

 
Teaching difficulty, according to the theory of "chemical engineering drawing", combine the AutoCAD, 3 ds Max and Flash software, 

parts of the model into the three dimensional animation, and together with the components of the pattern set in the Flash software platform. 
Through the three dimensional animation and interactive control plane drawings, and the dynamic real-time teaching, realize the interaction 
of "chemical engineering drawing" 3 d animation teaching, improve the quality of the classroom and network teaching and efficiency. 

 
4.1 Using AutoCAD draw the plane figure (part three view drawing) 

 
Set in the AutoCAD drawing limit, unit, the layer, the text style, mark style, capture the spacing, etc. Draw the center line in the 

corresponding layer basic view, main view and left view, top view, dimension, text. Final drawings space layout, insert the title bar chart 
block. Will this map using screen copy or choose screenshots tools graphically is copied to the clipboard, and paste after inventory in 
graphics file format. As shown in figure 1. 

 
Figure. 1 

 
4.2 Use AutoCAD parts 3 d model is established 

 
AutoCAD can use three ways to create 3d graphics, namely the way of wire frame model, surface model and solid model. The entity 

model method has the characteristics of the body, can undertake all kinds of Boolean operation between basic entity object operation, so as 
to create complex combination of 3d modeling. In the process of drawing, in order to make the entity object looks more clear, also can 
undertake shading and rendering of 3d entity object processing, adding color. As shown in figure 2. Build a good model for. Save DWG file 
format. 
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Figure.2 Part 3d model 

4.3 Parts 3 d model into 3 ds Max 
 
Making the three dimensional animation 3ds Max has strong texture rendering and 3d animation function, compatible with AutoCAD 

to build three-dimensional model, through the File (File/Import) operation can be. DWG File to Import them. According to the actual effect, 
the model can be in 3ds Max textures for further processing, such as the model with metal material, and set the scene lighting, background, 
etc.Open the Animate button, Animate object movement by keyframes. In frame 0 will object to adjust to the right start bit, and then in 100 
frames, 200 frames to rotate, the position of the corresponding to the three basic views, has produced three AVI animation files are saved. 
As shown in figure 3, for the three at the end of the animation files in the position of the frame (200). 

 
Figure. 3 Three animation files 

 
4.4 View on the plane and 3 ds Max 3 d animation files import Flash software 

 
Interactive animation files in the Flash software, through the use of the menu file/import/import video. That can be made in 3 ds Max 

three AVI file to import, in the form of embedded video stored in the repository. Because the video on the timeline of 200 frames, for the 
convenience of control, converts it to a movie clip components, and through filling between animation for amplification processing, and 
then into a movie clip components, respectively named video, vertical video, left video, in the first frame of the scene in the import, three 
video files belong to different layers. Copy part three view drawing (figure 2) to the Flash stage in the appropriate position, respectively 
according to three basic view for amplification processing fill (animation), and in three views set in the corresponding button element, at the 
same time, using the Flash ActionScript programming language setup code on three buttons, to control the operation of enlarged view and 
video animation synchronization. Amplification of movie clip. 

Set on the button in the vertical component, changed the transparency to 0%, and in frame 1, 10 frames and 20 respectively frame 
button element set control code, such as frame 1 button element code is as follows: 

on ( release) 
{ _ root. zuospn. _ visible = 0; 
_ root. zuspn. _ visible = 0; 
_ root. fu. _ visible = 1; 
_ root. fu. play ( ) 
_ root. fuspn. play ( ) 
_ root. fuspn. fusp. play ( ) 
_ root. zuo. _ visible = 0; 
_ root. zhu. _ visible = 0; 
} 
Three amplified the basic view of movie clips into three components, respectively, in the corresponding layer of the main scene import 

in the first frame. Finally create a mask layer, the three enlarged view of the movie clip into being under the mask layer.  
Observation of view, the view was amplified, and the other two views is hidden, at the same time, with the enlarged view corresponds 

to the 3d part model rotating animation starts, turns to the direction of projection and view the animation is stopped, the other two animation 
remained motionless. The vertical 3d model shows the top view of amplification and the corresponding animation of spin in place. By 
rotating the animation demo of the original abstract two-dimensional plane view linked with 3d part model, interactive, at the same time due 
to the studio to make teaching more vivid, make students more can deepen understanding of view formation and parts structure, greatly 
improve the learning initiative and participation. Also, we will be interactive 3 d animation CAI applied in "chemical engineering drawing" 
of the chemical equipment and chemical process, the content of the figure is also very good results have been achieved. 

 
Conclusion 

 
VR (Virtual Reality, VR) is the use of computer and sensors, simulate a realistic 3d Virtual environment, to provide users a visual, 

hearing, touch, such as sensory experience, through the interaction between users and the Virtual world, let it have immersive experience. 
Immersion, interactivity and vision is the main characteristic of virtual reality. At present, the virtual reality technology has been widely 
used in entertainment, education and training, medicine, engineering, military, and many other fields. Virtual learning environment is the 
application of virtual reality technology in education, such as virtual classroom, virtual laboratory. Using the virtual learning environment 
can breakthrough the limitation of time and space, immerse learners in a certain degree of virtual learning situation, to explore and 
experience. Vivid 3d animation resources and reasonable effective interaction function to arouse learners' interest in learning, cultivate their 
autonomous learning ability, so as to enhance learning effect. The key to build a virtual learning environment is the three dimensional 
animation resources, and interaction design. There are a lot of literature on how to build a virtual learning environment study, developed a 
variety of applications in virtual learning system of different subjects, but most of them pursue the design thought of "based on technology", 
only from the Angle of technology development, describes the process of the construction of the virtual learning system, and the three 
dimensional animation resources and interactive design method of the summary is not enough, lack of necessary teaching design concept. 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                                      194.4 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/194 

 

The teaching of "chemical engineering drawing" use interactive animation CAI, to break through the limitation of the traditional 
teaching, using the modern computer tools to reform the traditional teaching mode. Deep feeling in the teaching practice, the writer use a 
computer simulation model of three dimensional animation teaching, not only can help students understand some more image, vivid is 
difficult to understand the key issues, such as the view of reading, parts of the structure of the imagination, etc., can also reduce the financial 
burden on teachers' teaching and chemical mapping of abstract content into vivid. Courseware interactive bringing great students self-study 
related content repeatedly, overcome the "chemical engineering drawing" of the fear in learning, improve their interest in learning. The 
application of interactive 3 d animation, improve the quality of the classroom and network teaching and efficiency of the teaching of 
"chemical engineering drawing" will also continue to promote. 
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Abstract: In recent years, the real estate is one of the focuses of the Chinese people, is also one of the largest areas affected by the national 
policy. In addition to the quality of the building itself, environment and other objective conditions, the sales model, the promotion of 
communication channels is an important factor of decision enterprise property sales. As the evolution of media technology and propagation 
mode, the meteoric rise of new media marketing communication environment has changed dramatically. Marketing communication as an 
important part of the real estate business, also should make a rapid response and adjustment. This study mainly analyzes and discusses the 
real estate advertisement under the background of new media marketing strategy. 
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1. Introduction 
 

Real estate sales link for the whole real estate development business chain, how to emphasize the importance of too much. The lack of 
an effective sales link, the whole process can realize the development and management. This may explain why miss sales income is 
superlatively, this seemingly NaoTi inversion phenomenon, there are some reason!!!! Along with market competition intensifying, the work 
of the real estate sales cycle is shortened. Increasing the supply of new dish, form new competition at any time, change the competitive 
pattern and trend, make that kind of a building dish to sell for 2 years to 3 years, more and more risky. From Beijing, one day in 2001 a new 
dish, to now has developed into the new building has more than 30 a month, but more than 80, means that the same quality products in a day 
or two, at most one or two months will be sold out, or face customers bypass pressure. Considering the consumers' purchasing behavior 
restricted by seasonal factors, such as, 1 years only 51, 11 two holidays can use, gathered popularity, focus on promotion. That is to say, not 
only shorten the sales cycle, and the increasing seasonal sales cycle. Real estate sales organization and preparation is a very tedious job: to 
set up sales offices, between example, exhibition center, sand table, design, buying furniture, decorate a design between example 
demonstration center, to do site fence, along the way of the flag, to organize promotion associated, make public relations activities, to 
negotiate sales field of reception, the checking, signing, activity process, management and control of the scene, and so on [1-3]. 

 
2. The new media environment's influence on marketing communication 

 
In the first half of 2013, real estate advertising totaled 16.205 billion yuan, ranked ninth. Real estate in the newspaper media totaled 

10.246 billion yuan, ranked no. 1. Look from dropping amount proportion, newspaper media is still the core of the real estate advertising 
positions, but the traditional newspapers, television, magazines, radio, as the core of media ecology has changed dramatically. The new 
media environment, interactive, accurate, and mobile become a mainstream trend, is the enterprise needs to be considered for advertisement 
important direction. And has the characteristics of industry vertical website, social networking sites, emerging media such as a mobile 
application or platform, is worth in the enterprise marketing spread and apply it in practice [4-7]. 

 
3. Real estate industry 

 
3.1 Housing product features 

 
Real estate as a kind of high value durable consumer goods, the general property of both the consumer and belongs to the investment, 

has the characteristics of long service life, involving large. Housing price, location, size, orientation, floor, area, and many other factors 
constitute the housing product extremely complex index, affect consumer choice and the enterprise's marketing communication strategy, 
often require professionals such as real estate appraiser, agent services. Housing product from development and opening to the final delivery 
experience very long period, how to keep the attention of consumers during this period, finally realizes the clinch a deal, but also make 
advertising communication strategy issue to consider. In addition, because of the immobility of housing space itself and not mobility, real 
estate as a consumer goods with strong regional characteristics. Marketing communication activities of the enterprise so geared to the needs 
of a particular area. 

 
3.2 Consumer behavior characteristics 

 
For most people, the real estate is often a one-time purchase, the product of high value, durability, complexity determines the consumer 

when making purchase decisions involved in degrees. In general, the new media environment, the housing product of consumers in general 
follow by the Peking University professor Liu Dehuan ISMAS consumer behavior model, namely the interest - search - word of mouth - 
action - to share. First of all, on the estate information access, in addition to passively accept from newspapers and magazines, radio, outdoor 
and other channels of building information, has more will choose to purchase intention of consumers on the Internet, through the search 
engine, portal website search channel property or real estate industry real estate information satisfy their own needs. These messages often 
contain the housing of each index mentioned above, and have to buy or staying at the property or the owner's evaluation of the same 
enterprise development [8,9]. Secondly, as a result of the real estate experience, consumers must personally visit the feeling, this is for 
advertising into us the ratio of high requirements are put forward. Finally, the new technology of the vigorous development of the social 
media, make the "share" this link in unicom has the same interest of people at the same time, also become a very important channel for the 
consumer get more specific information. 

 
4. The construction of real estate enterprise marketing communication system 

 
Real estate product marketing communication channels in a broad sense can be divided into two categories -- the spread and personnel 

Personal communication. 
 

4.1 The personnel communication 
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The transmission channels through personnel contact or feedback convey information media, including media, atmosphere, and special 
events. Atmosphere refers to build the environment, specially to produce or enhance buyers tend to buy houses, through to the sales hall and 
between example of packaging, conform to the product of tonal atmosphere. Events are through planning activities to communicate with the 
target audience information. Among them, atmosphere and events both on the design of the terminal, transmission of the new environment 
of the impact is not big, in this not do in detail. With a large number of various media, real estate enterprises how to selection and 
combination of media, advertising how to use the most valuable? The following according to K residential products using non transmission 
channel of marketing communication practice, combined with media features, explore of real estate enterprises how to build effective 
communication channel system. 

(1) The traditional four big media 
Newspaper:With a large amount of information, reflective, timeliness is good, high degree of cognitive involvement in status and 

authority, giving (honor), the advantages of the form is monotonous, the cost is high. In recent years the development of network and the 
rise of new media, the real estate industry on the decline in the newspaper, reported to the media on the main do authoritative voice, brand 
maintenance, or cooperate with major nodes in information let me know. But with the development of the urban subway traffic, subway 
with the appearance of "new media", released in a specific location, free access, geared to the needs of urban commuters, audience value is 
high, is a new transmission channel of real estate enterprises concern. 

Magazine:Now magazine as a whole to specialization, the direction of high-end, directional distribution. Due to the magazine time lag, 
beautifully printed, reading rate higher characteristic, property companies, mainly in the magazine's give priority to in order to show and 
maintain the brand image. 

Broadcasting: In the traditional sense of the broadcast in TV and then gradually decline, but now a taxi, the popularity of private cars 
increased, and the improvement of the mobile terminal, characterized by concomitant receive, low cost radio favor again. 

TV: TV ads with audio and visual unity, strong appeal, the advantages of wide coverage, but its AD production cycle is long, high cost, 
not suitable for target audience in a particular area of real estate enterprises as transmission channel. Many local TV stations also began to 
try to open a column about the economy, the housing market, and geared to the needs of real estate enterprise investment, provide the 
column name, news reports, patch, the checking and packaging services. 

(2) Network media 
In 2012 China's Internet advertising market scale is 75.31 billion yuan, in display advertising, real estate industry on the amount of 

2.967 billion yuan, ranked third, accounted for 11.6% of the share. Network media has gradually replace coal, real estate enterprises become 
the preferred transmission channel. Real estate industry on the network media platform focused on channels and industry vertical website 
portal and its property. It has published price advantage for a long time, the traits of big load of information, and can let users in need of any, 
direct search, one thousand relatively low cost. In both portal of the real estate sector, professional real estate web site, now offer includes 
online (network hard wide, paid news, soft wen, BBS post) and offline (house, the owner activity, warming up activities) resources 
integration services, packaging can cover all aspects of consumer purchase decision. Therefore, the network media cost effectiveness is 
often superior to other channels. 

(3) Outdoor media 
Who can be in form of open or public places through advertising performance at the same time to many consumer demands, can 

achieve sales material can be referred to as outdoor advertising media. Outdoor advertising for regions and consumers, the selectivity of the 
repeat customers often activity in this region, the regional spread of these characteristics are in line with the real estate advertising needs. 
Along with the development of the city, every outdoor or public area can be seen everywhere are developed as much as possible into 
advertisement carrier. As the development of the urban subway traffic, subway car, platform and transfer interval area is developed as 
advertisement carrier. 

(4) Database marketing 
Sales calls, SMS, E-mail virus is also an important marketing communication channel of real estate companies often use. Enterprise 

itself through brand member system, accumulated the rich client database resources, at the same time or in collaboration with other 
enterprises or purchase the relevant data, through the call center, SMS, EDM three forms to realize accurate property information transfer. 
With the development of digital technology, all kinds of information about consumers will achieve full digital, make this kind of database 
marketing is more accurate and reliable. 

(5) New media platform 
Social media:Social Media in the era of Triple Media theory, points out that the present stage enterprise marketing communication has 

paid Media, owned Media and earned Media to choose three types of Media, which owned Media refers to the enterprise's own Media, 
particularly social Media, such as enterprise's official weibo, social networking accounts, etc., if you can better use of the Media, can turn it 
into a third new cheaper Media, which earned Media, consumers on social Media into channels, with users of word of mouth, the spread of 
the virus can play a greater effectiveness. Enterprise at present, K also opened a weibo account multi-platform, sweepstakes, and through 
these channels to release information, communication with the consumer, but common account much and miscellaneous, mda content, the 
lack of timely communication interaction problem. 

Mobile applications:Mainly refers to install the software in mobile terminals, mobile terminal is the private property and gives the 
mobile application portability significantly of personalized, accurate, timely and interactive features, be connected to the "real world" and 
"interactive world" Bridges, and thus is of great significance for the enterprise. Represented by WeChat timely communication of mobile 
application development and location based services and housing information searching software, such as how to reside the guest launched 
"anju guest second-hand housing", "housing guest house", "anju guest rent", such as application, the two types of applications for real estate 
marketing provides a new channel. K enterprises have to cooperate with to the guest, provided by the housing the guest's room to find the 
APP is given priority to, including its web site, BBS resources such as full range of packaging services. 

Electronic commerce:Refers to the network based on the real estate business activities, including goods and services providers, 
advertisers, consumers, middlemen and other relevant parties conduct combined. The current online real estate e-commerce a complete 
commodity exhibition and trading intention, and through real estate e-commerce platform to pay interest margin trading, to complete the full 
payment and making a room below the line. 2011 is the property of the first year of electricity, after more than a year of development, the 
housing electricity trading role for promoting the real estate industry in the trough, recognised by industry chain upstream and downstream, 
some large brand developers, such as vanke, China resources, Evergrande etc., have already put the entire building and even the national 
property in to real estate electric business platform, in-depth cooperation. 

 
4.2 Personal communication channels 

 
Sales commissioner or property consultants as part of the real estate marketing staff communication channels, in the depth of 

communication with customers, promote clinch a deal is crucial. Under the new media environment, with the aid of mobile applications, 
social media, sales staff can be more close to the customer service in place. On the other hand, due to the long-term and complexity of 
residential product purchase decisions, and often involves the whole family even more family and friends, then spread word-of-mouth is 
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particularly important. K enterprises with brand as a whole, set up a system of members, in addition to the organization acknowledge the 
landlord activities regularly, its core is to set up multiple reward mechanism, encourage the old owners recommend others to buy K 
enterprise development. Such as setting up the member points, recommend friends to buy success, every ten thousand yuan can get 5 points 
of integral, integral can be according to certain proportion cash or gifts. 

 
5. Advertising and sales 

 
In the advertising budget, the general is the percentage of the sales to extract a certain number of advertising budget, this method is 

simple and easy, but is proportional to the advertising, sales and marketing is directly proportional to the speed is not, that is to say, at the 
sales advertising is to assume that sales is a constant speed, rhythm is also an unchangeable destiny, under this premise, the larger the sales 
volume, the more the more advertising needs. Auction sales of large must be put on the advertising is, the greater the not equal to say the 
more advertising sales cycle longer? A villa project, the unit production sales of large, sales pace can be a day a day more than ten sets. So 
by sales advertising budget is unreasonable, so it is necessary for statistical analysis of sales volume and advertising expenses for correlation 
with them. Statistical experiential formula can make us know advertising expenses from more angles of actual effect. 

 
Table 1 Real estate advertising and sales analysis 

 Already sold out of a 
cycle 

Sold period Total sales 
revenue 

Sales pace Advertising investment Advertising accounts for the 
proportion of price 

The ridge 212 403 698745121 0.526 2657600 0.3805 
One like you 92 278 211948452 0.3309 781452 0.3987 
Napa valley 96 516 361458742 0.186 858950 0.2379 

Vancouver forest 72 384 246589479 0.1876 425255 0.172 
Oriental provence 91 374 495874561 0.2433 584000 0.1174 
Xiangjiang villa 60 421 171458478 0.1426 136000 0.0793 

One one thousand 102 159 427958465 0.6145 290000 0.0662 
 

6. Effect of monitoring for advertising channels 
 
Channels for advertising effect evaluation, according to borrow to customer feedback information statistics, collecting, sorting and 

analysis. First of all, must be ready before put into advertising information collecting all the tools, unified training for sales staff, for 
example, to power statistical prepare need sales personnel within 3 rings, considerate to answer the phone, natural to answer the caller. Sales 
staff to be in a roundabout way to answer the question, of course, the insert for questioning at the same time, get to know each other, 
remember to avoid the caller asked several questions, simply neat hang up the phone, as long as considerate, very willing to help each other, 
communicate with each other, grasp the tone, tone, sound, speed, let the other side to listen to your smile and sincere, this communication 
can talk from unilaterally asking questions to dialogue, in the process of conversation, sales staff to be in the form of a prepared answer 
records, the appropriate place to fill in the record (had better have telephone recording equipment), can receive telephone form to fill in as an 
indicator of assessment agents work performance. To charge interest in degrees, that is, advertising after the arrival of informed, the number 
of people are interested in. Are interested in, there are several kinds of peers and marketing personnel, interested in investment, where the 
project is located in the future, to have intention to prospective customers that buy a house, to the project site more interested in people, 
whether it is a what kind of person, sales staff should be as much as possible to clear his intention, origin, occupation, identity. Really have a 
strong intention to buy the client will express he needs to buy, for example, quantity, bedroom floor, prices... Will walk out respectively, and 
the real user requires additional some skills, but it's important to understand each other knows how to hear that the project, and tried to 
attract his visit the site. Visiting that deeper awareness that ads, inquire or without consulting, all the people coming to inspect the project 
details in person, for example, location, surrounding environment, family, facade, progress... On the analysis of the quantity of visiting 
observation, not only to record him access to information, let the client talk about their own needs and ideas about the advertising and as 
well as to the product's expectation. For example, how did you learn about this project? What do you think of this project is suitable for the 
style you request? It (or product) advertising can give you the impression? 

Through the analysis of people can come to the conclusion that the next round of advertising money is channel layout, to focus on 
outdoor media, so that can improve to electricity, visiting and subscribe, outdoor media advertising attract the eyes of the outdoor people 
adequately, due to the large volume, vision is open, easy to be found that the public through each day can also repeatedly passed by and saw 
him, do not have to be specially spending time and attention for reading, if spend 200000 yuan in the newspaper ads generally can only 
make two sheet, excellent layout may only be a sheet of paper. That is 200000 yuan a basic invalid, two days after continuous cast, is quite 
expensive. Compared with the discipline aspect (note only Mr Zhang will obtain the ownership of the house of time occurs during the 
duration of the marriage did not consider the time doesn't change the property ownership for Mr Zhang premarital man "to" attribute, 
therefore, the view is not correct. 

Based on the analysis of the above, it can be seen that the new media ecology to real estate enterprise marketing communication has 
brought new opportunities and challenges, whether it is dominated by media transmission of the personnel or personnel spread by word of 
mouth spread as the core, all need to grasp the opportunities brought by the development of new media, using more accurate data, the 
communication more convenient interactive tool eventually led to the sales. At the same time, also need to rethink the enterprise's marketing 
communication strategy, an integrated marketing communications, integrated online perspective, build the new accord with the 
characteristics of real estate product characteristics and consumer purchase decision marketing communication system. 
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Abstract: With continuous innovation of computer animation technology, the traditional hand-drawing animation is gradually replaced by 
the paperless animation (computer animation). Subsequently, as the computer 3D animation technology gradually becomes mature, 3D 
animation quickly takes the place of 2D animation. With the rise of 3D animation, a new form of animation processed by 3D animating 
technology on the basis of the traditional classic animations appears in front of the audience, and we call them 2D-to-3D converted 
animations. This paper will take American classic cartoon Transformers as an example, try to find the connections between the successful 
conversions of the animation and the development of computer animation technology. At the same time, it also tries to find the problems in 
this type of animations. I tried to find the technical difficulties and further research directions of 3D technology through the analysis so as to 
propose suggestions to improve the 3D animation technology with the hope of promoting more animation of this type to hit the market. 
 
Keywords: paperless animation; 2D animation; 3D animation; blueprint; 2D-to-3D converted animation; transformers 
 
1. Introduction. Transformers - the continuation of the myth 
 
1.1 The birth of Transformers 

 
The initial prototypes of Transformers are from the toy and story series of Diaclone which launched by Japanese TAKARA Company 

(Takara used to be one of the famous toy manufacturers in Japan and it merged with another prominent Japanese toy company, Tomy Co., 
Ltd., on March 1, 2006 to form Takara Tomy) in 1980. Due to its wide popularity, American Hasbro Company began to cooperate with 
TAKARA. In 1984, Hasbro (An American multinational toy and board game company) introduced some of the two series of products, 
namely “Diaclone” and “Microman” to the United States in the name of Transformers. Marvel Comics (a comic book company in the 
United States, which is held by Marvel Entertainment, Inc. And Marvel Entertainment Inc. is a subsidiary of the Walt Disney Company) 
began writing and serialized related comics. At the same time, in order to better promote the toy series, Sunbow productions (an animation 
studio in the United States) (Now Sunbow Entertainment) rolled out Transformers series cartoon and broadcasted on television [1-3]. From 
then on, 2D animated film Transformers was born. 

 
1.2 The development of Transformers 

 
With the development of computer animation technology, when the traditional hand-drawing and computer technology cannot meet the 

demand of the animation technology upgradation, 3D animation gradually becomes the mainstream of the animation development. Since the 
emergence of 3D animation, some animation companies begin to use the branch-new 3D technology to reproduce the original classic 2D 
animation, namely, 2D to 3D converted animation as we mentioned earlier. And Transformers is also constantly updating and improving 
itself during this technology revolutionary [4-6]. Table 1 shows concrete facts on Transformers series animation and the films since the 
United States began the production in 1984. It can be found from the picture that the United States has almost never stopped producing and 
updating this series of animation. 

 
Table 1. Annual America’s Transformers versions list 

 
 
It is been 30 years since Transformers first appeared on the television in 1984 to the latest release of the Transformers 4 in 2014. In the 

past 30 years, the United States and Japan have launched a total of 21Transformers-themed animation and more than 700 sets of the 
animated series (30 Years Review of Transformers Series Animation, Cultural Industry Review). And as the science and technology 
advanced, Transformers first appeared on the movie screen in the form of combining CG animation and live action in 2007. At this point, 
the reputation and popularity of Transformers have been raised to an unprecedented height. 

 
2. Analysis of success factors of Transformers  

 
The success of the transformers is not accidental. Behind his success, there are a lot of things that are worth digging and thinking. With 

the formation of the global economic integration pattern, the development of animation technology does not only reflect in the technical 
field of animation technology, its advancement and the maturity of the animation industry chain are closely connected with the rapid 
development of the computer 3D technology . 

 
2.1 The creativity and design of its success 
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Transformers combine three elements of the robot, the car and the transforming, which become the “inexhaustible source” (“Qu Zhi Bu 

Jin, Yong Zhi Bu Jie”: It comes from The First Ode on the Red Cliff, which written by Shu Shi, Song Dynasty. It means inexhaustible in 
supply and always available for use.) for the creation of animation, comics and the film. In the aesthetic point,it combines the mechanical 
setting and characters setting to produce more intersection and thus open up a new field. Therefore, the creative positioning of Transformers 
is very successful.Owing to its successful story adaptation, Transformers incorporates new story elements in each new series and it 
successfully establishes a complete animation worldview without changing the original main contradictory clues. More importantly, the 
creative essence of Transformers-"Transforming" has been continued. Under the premise of not overturning the main symbolic roles, 
designers are constantly innovating and improving the roles from modeling to transforming, and the design also becomes more and more 
complicated. 

 
Table 2. Previous design and toy design of Optimus Prime 

 
 
For example, designers attempted to add more complicated mechanical elements to the models of Optimus Prime in the previous 

versions. In particular, the high-tech and refined design of roles in film version attracted the mechanical enthusiasts and fans. Before 
shooting the movie, the director Michael Bay (An American film director and producer who made great gains in the films such as This is the 
End, The Rock, Pearl Harbor, Transformers, etc. He is also a member of the Los Angeles production company Propaganda Films) said he 
wanted to create Transformers that have different deformable characteristics than the previous animation versions, which do not change the 
volume and each part can be deformed correspondingly. The 3D software technology could support his idea then, and we saw the 2007 
movie version of complicated mechanical structures and perfect design of Transformers. Such creativity and design are one of the important 
reasons for Transformers's time-standing charm. 

 
2.2 Update and flexible use of technical support 
 
2.2.1 Update of technical support 

The advantages of computer animation industry in the United States are very prominent, which can develop new computer animation 
software or technologies with the skilled use of relevant software. Computer animation technology and animation software development in 
the United States have always maintained a mutually beneficial cooperation; they mutually penetrate, influence and develop. From the 1984 
version of Transformers, the computer technology used in the animation is increasingly advanced and the picture processing is also 
gradually sophisticated [7, 8]. Production technology and the development of animation software of Transformers are synchronized. 2D 
computer animation is the mainstream of computer animation in the United States from1980s to 1990s. During this period, the application of 
2D animation technology and 2D computer software technology reached its peak, and the leading company is Disney. In 1996, “Beast Wars: 
Transformers “presented us with 3D for the first time. In the same period, early version of 3DSMAX which called 3D Studio Dos and 3D 
Studio MAX 1.0 was duding.Perhaps because the immaturity of 3d animation software, “Transformers: Armada” in 2002 turned back to 2D. 
In 2005, <Transformers：Cybertron> launched, it tried a combination of 2D hand-drawing with 3D animation, which gave the audience a 
new visual effect. And in the same year, Autodesk 3ds Max 8.0 released to public. 

After 2005, 3dsmax software company Autodesk Company officially acquired the Alias of Maya. In the next few years, 3dsMax and 
Maya also gradually began to develop in two different directions. MAYA quickly occupied the field of film and television industry, with its 
absolute leading advantage,, and 3dsMax had gradually shifted to digital entertainment. In the Transformers movie series which launched in 
2007, Maya had become the main model of film creation and the main software for all model action. The film also incorporates a lot of other 
high-end production technologies. For example, the core software of the production team Industrial Light & Magic (ILM- Industrial Light 
Magic), such as ZENO. Special light tools – the rendering software  such as LUX based on ZENO, Pixar Animation Studios’ (Pixar 
Company) Renderman (film graphics rendering software) and Mental Images Company’s Mental Ray. So, advanced tech support ensures 
that the Transformers animation and movie works can always show their best visual effects in each period. 

 
2.2.2 Flexible application of 2D and 3D Technology 

2D animation technology and 3D animation technology are not the products of the same period. The 3D animation software will face 
the problems that cannot be solved during the production. We can divide the production of Transformers into four types from the application 
of production technology: 2D, 3D, 2D+3D and CG+live action. In order to demonstrate the flexible application of software in Transformers, 
we contrast and analyze four types of animation or the movie roles.(Table 3) 

 
Table 3 The comparison of robots and human roles in the past generations of Transformers in the United States 
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As shown in Table 3, the robot, due to the mechanical characteristics, each version of the stage has increased the production of 

precision, particularly in Optimus Prime in 2007, but not for the human characters. 2D animation technology is specialized in the characters' 
facial features and facial expression, so the production of human roles is more inclined to 2D which is reflected more character details. For 
example, we increase the shadow and bright surface in order to increase the cubist vision, and it is especially obvious in the facial 
expressions. It is worth emphasizing that figures in the 2005 version adopt a combination of 2D and 3D technologies, and human characters 
and backgrounds both use the 2D technology, only the robot uses the 3D model and 2D material rendering technology. In the production 
version of the 3D in 2010, 3D animation software technology could refined animation effects. However, the features of human characters in 
this version are obviously weakened compared to the previous 2D versions. 

As a result, it can be proved that the production of Transformers reasonably takes advantage of 2D and 3D software. There is a 
difference between the robot's facial features and human's features, and mechanical characteristics determine that the robot does not have the 
same flexible and vivid expression as human do. So flexible application on two different kinds of software in the production is also an 
important reasonof the popularity of Transformers. 

 
3. 2D-to-3D converted animation is still faced with the technical test 

 
Based on the analysis above, we can also find that there is still a lot of 3D animation technologies need to break through and the 

difficulties need to overcome in the upgradation from 2D animation technology to 3D animation technology. 2D animation and 3D 
animation have completely different advantages according to their own characteristics. 2D animation cannot be confined to styles and 
expression techniques, the design style is very diverse; On the other hand, 2D can use exaggerated techniques in the description of the 
design, body and facial expressions, which goes beyond the reality, and the exaggerated description is a highlight to attract the audience. 
While the principle of 3D software is based on the principle of Reality Simulation, so the absolute advantage of 3D animation lies in its 
accuracy and realism. At the same time, the production efficiency of 3D animation is also superior to 2D animation in terms of the 
production process. The difference between the two technologies is demonstrated in the story picturing and character models in the 2D-to-
3D converted animation, which causes a big problem -- how to use the 3D animation technology to portray and restore the classic elements 
of the 2D animation, such as character setting and picture styles, facial expression and action performance, etc. In order to be more 
illustrative, we select two of the same type of 2D to 3D animated conversion works of Astroboy (a series of science fiction animation works 
written by Osamu Tezuka, In 1961, it had the first 2D cartoon. In 2009, it launched a full 3D animated film) and Saint Seiya (one of the 
representatives of the famous Japanese cartoonist Masami Kurumada. In 1986, it launched a two-dimensional animated film. In 2014, it 
launched a full 3D animation named Saint Seiya: Legend of Sanctuary) for analysis (Table 4) 

 
Table 4 2D and 3D version of the animation character contrasting diagram 

 
 

3.1 The shaping of expression and structure  
 
Facial features and expressions of the roles are exaggerated and vivid in 2D version. In the 3D version, due to the characteristics of the 

3D software - realism, the character's expressions is more realistic. The detail processing in 3D animation, particularly the distance between 
the eyebrows and eyes, as well as the opening and closing degree of the mouth will be subject to the software limitations, whilesuch 
limitations are not exist in 2D animation. When role designers create a character, they know that the distance between the eyes and the 
opening and closing degree of the mouth are keys to shaping the character expression. In 2D animation, the line is an important factor to 
determine all the details, so we can see that the lines clearly depict the facial features, expressions and the outline of the hair. In 3D 
animation, the line has basically been replaced by the surface contour. Therefore, the character contour line of 3D will be weaker than the 
2D animation. At the same time, the flexible usage of lines in 2D animation draw the character's expressions and movements. In the 
perspective performance, it can be adjusted according to the picture effects and the plot. And facial expressions and actions in 3D can't be 
given a willful play and adjusted at any time as 2D does under the same circumstances. So, 3D is more limited in this point. 

 
3.2 The shaping of color and the details 

 
Due to the impact of light and shade, the role color in the 2D is bright, and the contrast is strong, simple and bright. Due to the 

characteristics of software technology, the light sources and rendering methods used in the 3D roles are to simulate the reality. So it will 
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produce more complex colors and shadow effects on the character's faces and bodies. This effect will make the picture more rich and 
delicate, it also increases the difference from the original 2D style For hair effect, 3D software highly simulates reality, which is the absolute 
advantage of the 3D software. But in the shaping of the roles of 2D, the hair of 2D roles uses large area color lumps or detail weakening, 
which makes it difficultto keep the elements which existed in the original 2D animation by using 3D technology. 

 
4. Conclusions 

 
There is no doubt that the increasingly powerful 3D computer technology is indispensible for the rapid development of animation, 

which promotes the upgradation and growth of animation technology from 2D technology to 3D Technology, and it also has made a great 
contribution to the production and success of a lot of 2D to 3D converted animation. However, we can also clearly realize that the impact on 
the production effect of this animation caused by the difference between 2D and 3D technologies. We affirm that computer technology 
promotes the animation industry, while we should be aware that 3D animation technology still has more space and fields to progress. With 
the rapid development of computer software technology, purposefully seeking the solutions to overcome these difficulties is ardently 
anticipated by the workers and technicians in the field of animation. 
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Abstract: The relationship between mental health status and job burnout of higher vocational college counselor is studied. First of all, the 
symptom checklist 90 (SCL-90) and job burnout scale (MBI-GS) are chosen. Secondly, it adopts the cluster random sampling method to 
survey the counselors in higher vocational college, 130 questionnaires are issued, 115 valid questionnaires are recovered, and the recovery 
rate is 88%. Then the questionnaire was analyzed using SPSS19.0 software. The analysis results show that the seven factors and the total 
score of the mental health status of the counselors have significant difference, but the overall level is in a lower level. Job burnout scores are 
lower in the mild burnout level. The factors of mental health are positively correlated with each factor of job burnout. Therefore, the more 
serious is the level of job burnout; the worse is the level of mental health. 
 
Keywords: counselor; higher vocational college; job burnout; mental health 
 
1. Introduction 
 

The professional division of labor has formed a professional group. Under the rapid development of science and technology and the 
increasingly fierce competition in the social context, professional groups bear all kinds of pressure [1-3]. Moderate pressure is a necessary 
condition to ensure the normal development of the work, and even improves the work efficiency. However, when long-term and heavy work 
pressure can not be effectively alleviated, it will lead to individual emotional exhaustion, physical and mental fatigue, and the phenomenon 
of job burnout will appear [4-8]. According to Maslach, Frudenberger and so on about the definition of job burnout, job burnout not only 
make the body tired, but also lead to mental illness [9-10]. Hamjah's research shows that heavy workload causes them to be physically and 
mentally tired [11]. Szeto AC’s survey found that people with a higher degree of burnout have a higher incidence of mental disorders [12]. 
Davorka Peric found the mental health of soldiers and combat stress are closely related [13]. 

Higher vocational college counselors are a special team of college teachers. They have the closest contact with the students, and they 
bear a variety of roles, such as ideological and political education, learning guidance, mental health counseling, and class management and 
so on. The pressure of the counselors is exacerbated by the higher vocational colleges to expand the scale and the popularization of higher 
education. At the same time, higher vocational college students' learning interest is not high, affected by the bad social atmosphere, which 
has a certain difficulty for the management of students in higher vocational colleges. Especially in higher vocational colleges, students' 
learning ability is poor, and the self management ability is poor. And the work pressure of the counselors is even greater. 

With the rapid development of society and the tendency of the professional development of college counselors, the connotation of the 
work of counselors is constantly expanded. It puts forward more strict requirements on the personal qualities, business ability, and work 
efficiency and so on. Therefore, the professional pressure of the counselors has been increased. Health decline level of mental counselors 
and the existence of job burnout not only affects the career development of the counselors themselves and the stability and professionalism 
of the counselors, but also influences the development of students' mental health and personality. 

In recent years, with the enrollment of higher vocational colleges, the good and bad are intermingled in the quality of the students in 
higher vocational education and enterprise of talent training quality raise, the counselor role is more and more prominent. Higher vocational 
colleges have higher requirements for the work ability of counselor. To a certain extent, this has caused the heavy psychological burden to 
the counselor, and the job stress of the counselor is increased. The counselors' own job burnout not only affects the level of psychological 
health, but also affects the effectiveness of the work. 

Higher vocational college counselors are a special group of counselors. Compared with the undergraduate college, higher vocational 
colleges generally have been found years late, rules and regulations are not perfect, professional and technical experience in teaching is lack; 
the quality of students is generally low characteristics. Therefore, the higher vocational college counselors face the psychological and 
occupational stress may be greater than the undergraduate college counselors, which has also been confirmed by the relevant research. At 
present, there is little research about the job burnout of higher vocational college counselor. There is no in-depth understanding of the 
counselor service object and the existing system, more just in the counselors to do the principle of mental health problems, lack of 
substantive and targeted solutions. Therefore, it is of great theoretical and practical significance to study the relationship between mental 
health and job burnout of the higher vocational college counselor. 

In this paper, job burnout of the higher vocational college counselor is studied by questionnaire analytically. In order to provide 
empirical evidence and theoretical support for the maintenance and improvement of mental health of higher vocational college counselor, 
the counselor's job burnout status in higher vocational colleges must be understood. This will help to explore the regularity of the 
construction of higher vocational college counselor under the new situation. And from a new perspective the theoretical connotation of 
Ideological and political education is enriched. 

 
2. Object and method 
 
2.1 Subjects 

 
This study adopts the method of cluster random sampling to survey the counselors in higher vocational colleges, 130 questionnaires 

were issued, 115 valid questionnaires were recovered, and the recovery rate was 88%. There are 51 men, accounting for 44%.Women are 64 
people in number, accounting for 56%.17 people are25 years old or below, accounting for 15%.26-30 year old has 55 people, accounting for 
48%.31-35 year old has 34 people, accounting for 30%.Over the age of 35, there are 9 people, accounting for 7%. There are 38 people with 
two years or less working lives, accounting for 33%. There are 77 people working lives in more than 2 years, accounting for 67%. In the 
marital status unmarried has 56 people; married has 58 people, basically each half. There are 80 people whose highest degree is an 
undergraduate, accounting for 70%.There are 27 people whose highest degree is a master's degree, accounting for 23%.There are 8 people 
whose highest degree is below the undergraduate, accounting for 7%. Junior titles have 49 people, accounted for 43%, intermediate title 
have 31 people, accounting for 27%, Associate professor and above have 4 people accounted for 3%, no title have31 people, accounted for 
27%. Public colleges and universities have 74 people, 41 people are in private schools. 

 
2.2 Research tool 
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Self compiled demographic questionnaire. The contents of the questionnaire include the gender, age, marital status, the highest 
academic qualifications, professional titles, positions, work experience, monthly income, and the nature of the college. 

Symptom checklist 90 (SCL-90). In 1970s symptom checklist 90 is compiled by Derogatis et al. The scale contains 90 items; there are 
somatization, interpersonal sensitivity, paranoia, depression, anxiety, fear, hostility, psychosis, sleep and eating disorders and other 
symptoms. The scale has 10 factors. The coverage is very big. The symptom is very rich. It is the use of a wide range of self rating scale, 
which has good reliability and validity index. In this paper, the 1-5 score method is adopted. Without the symptom response (1 points), mild 
(2 points), moderate (3 points), emphasis (4 points), severe (5 points). The higher the score of each symptom factor, the more obvious the 
symptom. 

Job burnout scale (MBI-GS). In this paper, Chinese scholars of the revised MBI-GS scale are adopted. It has a total of 15 questions, 
which is by emotional exhaustion, depersonalization, and a sense of achievement low three dimension composition, has been shown to have 
high reliability and validity. Among them, the sense of achievement is low reverse score, and the other two dimensions are positive score. It 
is adopted from "never" (0) - "very frequent" (6) 7 grade system. In the two dimensions of emotional exhaustion and cynicism, the higher 
the score, the stronger the burnout; the lower the score, burnout degree is lower. In the low dimension of personal achievement, the higher 
the score, the lower the degree of burnout, the lower the score, the higher the degree of burnout (personal sense of achievement in the lower 
dimensions to take a reverse score). 

 
2.3 Method  

 
The paper takes the whole group of random sampling method to survey the counselors in higher vocational colleges. All the data are 

recorded and analyzed using Statistical Package for Social Science (SPSS) software. 
SPSS software is the world's first to use the graphical menu driven interface statistical software, is statistical analysis software in social 

studies, psychological statistics and other data analysis. Its most prominent feature is exceptionally user-friendly interface, its output 
beautiful appearance. It shows that almost all of the functions are displayed in a unified and standardized interface. Various methods of 
managing and analyzing data are displayed by window methods. The dialog box shows a variety of functional options. As long as the user 
has a certain Windows operating skills, proficient in statistical analysis of the principle, the user can use the software for a specific research 
work. SPSS software uses a similar form of EXCEL to enter and manage the data, the data interface is more common, can be easily read 
data from other databases. According to the actual needs and the function of the computer, the user can select the module in order to reduce 
the requirement of the system hard disk capacity, which is beneficial to the popularization and application of the software. The basic 
functions of SPSS include data management, statistical analysis, chart analysis, output management, etc. 

The statistical process includes the commonly used, more mature statistical process, can meet the needs of the work of non statistical 
professionals. Its statistical analysis included descriptive statistics, the mean comparison, general linear model, correlation analysis, 
regression analysis, log linear model, clustering analysis, data reduction, survival analysis, time series analysis and multiple responses. Each 
category is divided into several statistical processes. Such as regression analysis, linear regression analysis was divided, curve estimation, 
Logistic Regression, Probit regression, weighted estimate, more statistics process two-stage least squares, nonlinear regression, and each 
process in turn allows the user to select different methods and parameter. In this paper, SPSS19.0 software is used to deal with the data 
obtained by questionnaire and scale. 

 
3. Results 
 
3.1 Mental health status  

 
As can be seen from table 3-1, the total average score of higher vocational college counselors ‘s SCL-90 is 1.6171.Each factor score is 

between 1.3 and 1.6. The overall feel is between no symptoms and very light. But compared with the recent national large sample, the 
results show that the college counselors in the scale of the total average score and the specific nine factors are higher than the large sample. 
Compared with the national large sample, the significant difference was reached in 6 aspects, such as the average of the average grade of the 
physical, obsessive-compulsive, anxiety, terror, mental illness and mental health, P<0.01. Depression and hostility factors were significantly 
different from the national large sample scores, P<0.05. There was no significant difference between the sensitive and paranoid factor scores 
and the national large sample scores. Overall, the mental health level of higher vocational college counselors is lower than that of the 
national large sample. 

The gender, age, marital status, the highest qualifications, job title, duties, work experience, the nature of institutions and the number of 
students are as independent variables, the overall level of mental health is as the dependent variable. The data was analyzed by independent 
sample t test and single factor variance analysis respectively. The results showed that there were no significant differences in the level of 
mental health, gender, age, marital status, the highest academic qualifications, work experience and the number of students in the mental 
health level of higher vocational college counselors. However, significant differences were found in the analysis of the following variables. 
Found in the job analysis, there was a significant difference in the intermediate title and the subtropical high title relationship sensitivity. No 
significant differences were found between the other titles. Job analysis found that in addition to terror and psychosis factor, other factors 
have significant differences in the staff and assistant. Most of the factors of mental health were significantly correlated with the difference of 
the monthly income. Single factor variance test showed that, among other factors, the difference was very significant between the other 
factors except for physical, forced and interpersonal sensitivity. 

 
3.2 Job burnout status 

 
Table 1 data show that the scale of the project is lower than the theoretical value of 3.5; therefore, higher vocational college counselor’s 

job burnout is not serious. 
 

Table 1 Job burnout status 
 Emotional exhaustion Cynicism Low sense of accomplishment 

Average value 1.8152 1.3322 2.4159 
Standard deviation 1.43235 1.37621 1.65159 

Minimum value 0 0 0 
Maximum value 6 6 6 

 
As can be seen from table 2, in the emotional exhaustion of the factor, the higher vocational college counselors are enthusiastic and full 

of work. Cynicism is working the attitude factor, higher vocational colleges counselors working attitude are serious and responsible, the 
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higher education work attitude is more correct. In low sense of accomplishment. Although the majority of vocational college counselors 
work attitude is correct, there is enthusiasm, but the sense of achievement is low. 

 
Table 2 The job burnout differences among demographic factors 

Job burnout (demographic)  Emotional exhaustion Cynicism Low sense of accomplishment 

Gender male 1.86 1.42 2.08 
female 1.78 1.25 2.68 

Marital status unmarried 1.78 1.38 2.47 
married 1.87 1.30 2.30 

Highest degree undergraduate 1.85 1.39 2.45 
master 1.60 0.99 2.40 

Title 

no 1.66 1.17 2.38 
junior 1.86 1.44 2.61 

intermediate 2.02 1.38 2.11 
associate professor 1.18 1.05 1.70 

Post 

clerk 1.63 1.28 2.67 
section member 2.0 1.24 2.26 

deputy chief 2.08 1.63 2.23 
mirana 1.5 0.84 2.67 

deputy director 1.5 1.4 1.33 
 

3.3 The relationship between mental health status and job burnout 
 
As can be seen from table 3, higher vocational college counselors score of mental health and job burnout scores showed a significant 

correlation. It showed a significant correlation with emotional exhaustion and cynicism, but with a sense of accomplishment low no 
significant correlation. 

The factors of mental health are analyzed, and the results are shown in table 4, table 5 and table 6The analysis results show that the 
mental health’s factors were significantly related to emotional exhaustion and cynical, but the low sense of accomplishment was only 
significantly related to sensitive to interpersonal sensitivity, depression and terror. Further analysis showed that emotional exhaustion and 
cynicism and mental health of each factor was a significant positive correlation, emotional is more failure, cynicism score is high, you can 
predict the level of mental health of higher vocational college counselors worse. 

 
Table 3 Correlation analysis between total score of mental health and job burnout 

  Emotional exhaustion Cynicism Low sense of accomplishment 

Emotional exhaustion 

Pearson relevance 1 0.766 -0.019 

Significant (bilateral)  0.000 0.844 
N 115 115 115 

Cynicism 

Pearson relevance 0.766** 1 0.046 
Significant (bilateral) 0  0.628 

N 115 115 115 

Low sense of accomplishment 

Pearson relevance -0.019 0.046 1 
Significant (bilateral) 0.844 0.628  

N 115 115 115 

Score of mental health 

Pearson relevance 0.547 0.699 0.157 
Significant (bilateral) 0 0 0.094 

N 115 115 115 
 

Table 4 Correlation analysis between the factors of mental health and the dimensions of job burnout(1) 
  Somatization Obsession-compulsion Interpersonal sensitivity 

Emotional exhaustion 
Pearson relevance 0.549 0.595 0.289 

Significant (bilateral) 0 0 0.001 

Cynicism 
Pearson relevance 0.611** 0.664** 0.471** 

Significant (bilateral) 0 0 0 

Low sense of 
accomplishment 

Pearson relevance 0.077 0.136 0.213 
Significant (bilateral) 0.207 0.073 0.011 

 
Table 5 Correlation analysis between the factors of mental health and the dimensions of job burnout(2) 

 Depression Anxiety  Hostility 

Emotional exhaustion Pearson relevance 0.530 0.482 0.454 
Significant (bilateral) 0 0 0 

Cynicism Pearson relevance 0.683 0.601 0.606 
Significant (bilateral) 0 0 0 
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Low sense of accomplishment Pearson relevance 0.219 0.108 0.098 
Significant (bilateral) 0.009 0.126 0.148 

 
Table 6 Correlation analysis between the factors of mental health and the dimensions of job burnout(3) 

 Phobic anxiety Paranoid ideation Psychoticism 

Emotional exhaustion Pearson relevance 0.530 0.482 0.454 
Significant (bilateral) 0 0 0 

Cynicism Pearson relevance 0.683 0.601 0.606 
Significant (bilateral) 0 0 0 

Low sense of accomplishment Pearson relevance 0.219 0.108 0.098 
Significant (bilateral) 0.009 0.126 0.148 

 
4. Discussion 

 
The above results show that the mental health of higher vocational college counselor is generally good. But compared with the national 

large sample it has yet to be improved. Higher vocational colleges counselor s' job burnout level is also at a low level, which shows that 
higher vocational college counselors in general is responsible for the work of the enthusiasm. According to the demographic statistics, 
deputy division level and above is only 7%, the associate professor and above is only 3%.On the one hand, it is because the higher 
vocational college counselors are young, on the other hand, it shows that the professional title and position of the promotion channels are 
less. According to the resource conservation theory, when the individual in the work of long-term experience of continuous cycle of 
resource loss and can not get the corresponding compensation, job burnout is likely to produce. There is no significant difference in the 
mental health of higher vocational college counselors in other demographic factors, which shows that job treatment and self promotion have 
the greatest psychological impact on the higher vocational college counselors. 

The level of mental health and job burnout of the higher vocational college counselor is significantly positively related to the overall 
level of mental health. Therefore, it can be measured by measuring the job burnout of higher vocational college counselors, to understand 
their mental health status, and then find ways to ease the problem. If the higher vocational college counselor has the negative emotional and 
behavioral characteristics such as sensitivity, depression, hostility, then it can be speculated that it has suffered a greater pressure on the job. 
So it can promptly reduce the work pressure, improve the mental health level, and then avoid the job burnout, realize the virtuous circle. 

 
5. Conclusion 

 
According to the research results, the mental health of higher vocational college counselor is significantly positively related to the level 

of job burnout. Therefore, the higher vocational college counselor’s professional title, position and salary should be improved, so as to 
relieve the job stress of higher vocational college counselor, avoid job burnout, and strengthen the psychological health level of higher 
vocational college counselor. This is also consistent with Maslow's hierarchy of needs theory. To improve the income levels of higher 
vocational college counselor can be an effective solution to the higher vocational college counselor's physiological needs and security 
requirements. At the same time title and position solve the problem of the people's esteem and self actualization needs so that higher 
vocational college counselor can set his mind at work, concentrate on the study of the management work for students in higher vocational 
colleges .So it is related to the effectiveness of ideological and political education in higher vocational college and the construction of a 
harmonious campus, and hope to help the construction of the counselor team in higher vocational college. 
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Abstract: The interface shear strength of soil against geosynthetic, creep property, acid and alkali resistance ability, high temperature 
resistant ability and freeze-thaw resistance ability are of great interest in geosynthetic properties. This paper presents a series of direct shear 
tests to capture the interface shear strength of the silt soil-geosynthetic material interface subjected to various normal stresses. The direct 
shear test results reveal that the shear force increases until sliding occurred between the silt-geotextile interfaces. At low normal stress, the 
stress-softening response is observed at large shear displacement. However, at large normal stress, there is no well-defined peak shear 
strength is observed for the interface between silt and geotextile. The creep test was carried out using a creep test setup new designed and 
developed by Shandong University. The creep test results presents that the tensile deformation of the geosynthetic specimen is small during 
the creep test, suggesting low creep and good durability of the geosynthetic material. Furthermore, the results of acid and alkali resistance 
tests show that the new geosynthetics has a good acid and alkali resistance ability. The results of high temperature test indicate that the 
deformation properties of this new geosynthetics will be strengthened after the geosynthetics is treated with high temperature, and the 
elongation rate at break and the tensile strength of this new geosynthetics will have peak values when the geosynthetics is treated in high 
temperature between 14 days and 28 days. As to the results of freezing and thawing cycle test, it can be concluded that present that the 
elongation rate at break increases after the geosynthetics is treated with freezing and thawing cycle, and increases with increasing number of 
freezing and thawing cycles. However, the influence of number of freezing and thawing cycles on the strength of this new geosynthetics is 
small. 
 
Keywords: geosynthetic; direct shear test; creep test; acid and alkali resistance tests; high temperature test; freezing and thawing cycle test; 
shear strength; tensile deformation 
 
1. Introduction 
 

Geosynthetics have a wide range of applications and have been widely used in roadway construction to improve road quality, 
particularly when roads are built on unstable soil. They are also used in slope protection, refuse landfill construction, soft soil improvement, 
erosion control, landfill liners, sediment control, landfill covers, and mining. Geosynthetics are available in a wide range of forms and 
materials. The new geosynthetic material presented in this paper is knitted using the polymerization filament fiber with high strength, high 
modulus and low creep. These synthetic fibers are made into flexible, porous fabrics by standard weaving machinery.  The understanding of 
shear strength of the interface between soil and the new presented geosynthetic is essential to the design and stability analysis of 
geosynthetic reinforced soil structures. Direct shear test is still the most common testing method to capture the interface shear strength of silt 
soil against geosynthetic material subjected to various normal stresses. Laboratory tests involving interfaces between soil and geotextile 
have been performed by Lee and Manjunath [1], Bergado et al.[2], Wu[3], Liu [4], Shi et al. [5], Abdi and Arjomand [6], and Xu and Liao 
[7]. It is well known that all geosynthetic materials used as soil reinforcements will creep and their creep responses should be assessed 
before they can be used. It is also known that the geosynthetics may be corroded by acid or alkali when the geosynthetics is used in the coal 
mine and the tunnel constructed in karst area. Moreover, the geosynthetics may be used in the deep coal mine, the geothermal power plant in 
a high temperature environment and the railway located in cold area. There is a need to analyze the freeze-thaw resistance ability of this new 
geosynthetics. Therefore, there is a need to analyze the shear strength of the soil-new geosynthetic interface, the creep behavior, acid and 
alkali resistance ability, high temperature resistant ability and freeze-thaw resistance ability of the new geosynthetic materials. 

 
2. Test materials 

 
Silt soil was used herein. Table 1 lists the physical characteristics of silt soil. The silt soil was prepared into denser conditions with the 

total unit weight of 18.6 kN/m. The geosynthetic material used in this test was knitted using the polymerization filament fiber with high 
strength, high modulus and low creep. The intersection point for warp and weft direction was reinforced using high strength long fibers. A 
coating which can be used to prevent flammability and conduct static electricity, was jet printed on the geosynthetic. The dimensions of this 
geogrid were 25 mm× 43 mm (see Fig.1). 

 
Table 1 Silt soil characteristics 

Property Silt 

Liquid limit (%) 31.5 

Plastic limit (%) 18.6 

Plasticity index 12.9 

Maximum dry density (g/cm3) 1.62 

Optimum water content 18.1 

D10 (mm) 0.021 

D30 (mm) 0.041 

D60 (mm) 0.061 

Coefficient of uniformity 2.90 
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Coefficient of curvature 1.31 

Angle of internal friction (°) 29.0 

Cohesion（kPa） 4.2 

 

 
Figure. 1 Geosynthetic specimen 

 
3. Direct shear test  

 
Direct shear tests on geosynthetics were conducted using a large direct shear equipment (see Fig.2). The direct shear apparatus has a 

moving container, a lower shear box and another stationary, upper box. The container moves in a parallel direction to the applied shear force. 
The upper shear box section was 200 × 200 mm2 square while the lower section was extended 100 mm making it 200 mm in width  300 mm 
in length. The geosynthetics with a length of 200 mm and a width of 140 mm was placed into the silt soil. Therefore, during shear there was 
always a 200 ×  140 mm 2 surface being tested. After fixing the upper and lower geotextiles to their respective halves of the shear box, a 
constant horizontal displacement rate of 1.33mm/min was applied for the direct shear tests, whereas a fixed normal stress of 50 kPa, 100 kPa, 
150 kPa and 200 kPa was adopted for the direct shear tests, respectively. A rigid load plate was used to apply the normal stress. During the 
shear phase, a dynamometric ring was used to measure the shear force, whereas a linear variable differential transformer was used to 
measure horizontal of the geosynthetic specimen. After applying normal stress, the shear force was increased until sliding occurred between 
the silt soil and the geosynthetic specimen. The maximum horizontal displacement reached was 13 mm. During the direct shear test, the 
shear force and horizontal displacement were measured. 

  
Figure. 2 Direct shear apparatus 

Fig.3 presents a typical relationship between shear stress and shear displacement for the silt-geotextile interface. 
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Figure. 3 Relationship between shear stress and shear displacement for the silt-geotextile interface 
The test results show that after the normal stress is applied, the shear force increases until sliding occurred between the silt-geotextile 

interfaces. The peak shear strength is observed to increase with increasing normal stress. Under the condition of low normal stress, the 
stress-softening response can be investigated at large shear displacement. However, at large normal stress (larger than 100 kPa in this paper), 
there is no well-defined peak shear strength is observed for the silt-geotextile interface. Generally speaking, a yield shear stress is not 
reached at a small shear displacement, indicating that larger shear displacement is required to fully mobilize the shear stress. When the 
normal stress increases, the geotextile becomes compressed and increasingly interbedded due to the roughness of the contacting 
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geosynthetic. This may be one possible explanation for this significant increase in the shear strength at high normal stress and the larger 
displacement needed to fully mobilize the shear stress. 

 
4. Creep test  

 
A creep test setup independently designed and developed by Shandong University was used to carry out creep tests on geosynthetics. 

The geosynthetics material used in the creep tests consisted of nine geogrids along the longitudinal direction and two geogrids along the 
transverse direction. The tensile strength of this geosynthetics specimen was adopted as 2.34 kN. 

 
Figure. 4 Creep apparatus designed and developed by Shandong University 

 
Table 2 Variation of tensile deformation of geosynthetic specimen with time 

Time  
Variation of tensile deformation (mm) 

20% of tensile strength 30% of tensile strength 40% of tensile strength 60% of tensile strength  

1 min 0.417 1.17 1.872 3.269 

2 min 0.487 1.29 1.968 3.39 

4 min 0.547 1.42 2.066 3.461 

8 min 0.598 1.461 2.14 3.519 

15 min 0.648 1.542 2.203 3.58 

30 min 0.698 1.64 2.278 3.642 

60 min 0.767 1.735 2.349 3.701 

2 h 0.835 1.835 2.405 3.744 

4 h 0.876 1.918 2.46 3.791 

8 h 0.928 1.988 2.518 3.838 

24 h 1.028 2.121 2.581 3.894 

3 d 1.098 2.22 2.638 3.929 

7 d 1.165 2.317 2.701 3.979 

14 d 1.218 2.361 2.701 3.979 

21 d 1.236 2.38 2.701 3.981 

42 d 1.283 2.443 2.721 4.003 
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Figure. 5 Long-term tensile creep results 

Before conducting the creep tests, the tensile strength, elongation at break, and transversal shrinkage ratio were tested. The 
geosynthetics specimen with a length mark was fixed on the fixture, and the marked length was adopted as the initial length of the 
geosynthetics specimen. The extensometer was installed, and then the fixture was fixed on the testing jig, as shown in Fig.4 (a). A jack was 
installed at the bottom of the pallet (see Fig.4 (b). The initial length of the geosynthetics specimen was measured using the slide calipers 
fixed on the two fixtures. The load was applied by the reaction of weights, and was increased step by step. The magnitude of weight at each 
step was selected as 10 kg. After all the required weights were applied, the jack was withdrawn from the bottom of the pallet. The creep 
deformation of the geosynthetics specimen was then recorded after the weights had been applied and maintained for 1 min, 2 min, 4 min, 8 
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min, 15 min, 30 min, 1 h, 4 h, 6 h, 8 h, 24 h, 72 h, 7 d, 14 d, 21 d and 42 d, as shown in Fig.3 (c). The total loads for the weights were 
adopted as 0.468 kN, 0.702 kN, 0.936 kN, 1.404 kN, respectively, corresponding to the tensile strength of 20%, 30%, 40% and 60%. 
Therefore, four creep tests were carried out herein. 

Table 2 shows the tensile deformation of geosynthetic specimen with time. 
Fig. 5 illustrates the creep results of the geosynthetic specimen subjected to various tensile pressures, which are from 20% to 60% of 

the tensile strength. The strain of the geosynthetic specimen has an obvious increase trend in two hours. However, two hours later, the strain 
is almost unchanged with time. It also can be observed that the creep strain of the geosynthetic material increases with an increase in the 
applied load. In general, the tensile deformation of the geosynthetic specimen is small during the creep test, suggesting low creep and good 
durability of the geosynthetic material. 

 
5. Acid and alkali resistance tests  

 
The geosynthetics may be corroded by acid or alkali when the geosynthetics is used in the coal mine and the tunnel constructed in karst 

area. Acid and alkali resistance ability is a key indicator to assess the durability of geosynthetics. After assessing the suitability of 
geosynthetics for different geological environments, the applicability of geosynthetics can be justified. Therefore, there is a need to check 
the acid and alkali resistance ability of the geosynthetics. 

 
Figure. 6 Tension test 

18 pieces of geosynthetics with the same length and width was divided into three groups. The first group of the geosynthetics was 
without any treatment, whereas the second and the third group of the geosynthetics were soaked in 0.025mol/L sulfuric acid solution and 
2.5g/L calcium hydroxide solution, respectively. Tension tests on the three groups of the geosynthetics were carried out using electronic 
universal testing machine, as shown in Fig.6. During the tension tests, the tensile strength and elongation at break of three groups of the 
geosynthetics were recorded. The average values of the tensile strength and breaking elongation are shown in Table 3.  

Table 3 shows that the average value of tensile strength and breaking elongation of the geosynthetics treated with sulfuric acid solution 
and calcium hydroxide solution were 90% of that of the geosynthetics without any treatment, indicating that the new geosynthetics has a 
good acid and alkali resistance ability. 

 
Table 3 Results of acid and alkali resistance tests 

Group 
Horizontal direction Vertical direction 

Elongation  
at break (mm) 

Tensile  
strength (N) 

Elongation  
at break (mm) 

Tensile  
strength (N) 

Group 1 (without any treatment) 9.16  160.97  8.74  167.33  

Group 2 (treated with 0.025mol/L sulfuric acid 
solution )  8.24  158.75  8.16  143.00  

Group 3 (treated with 2.5g/L calcium hydroxide 
solution ) 8.12  151.73  8.24  151.80  

 
6. High temperature test 

 
The geosynthetics may be used in the deep coal mine and the geothermal power plant in a high temperature environment. The high 

temperature resistant ability should be fully considered in a high temperature environment.  
15 pieces of geosynthetics with the same length and width was divided into three groups. The first group of the geosynthetics was 

without any treatment, whereas the second and the third group of the geosynthetics were baked in a bake oven at 110 degree centigrade for 
14 days and 28 days, respectively, as shown in Fig.7. Tension tests on the three groups of the geosynthetics were carried out using electronic 
universal testing machine (see Fig.6). During the tension tests, the tensile strength and elongation at break of three groups of the 
geosynthetics were recorded. The average values of the tensile strength and breaking elongation are shown in Table 4. 

   
Figure.7 Three groups of geosynthetics carried out in high temperature test 
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Table 4 shows that the elongation rate at break increases after the geosynthetics is treated in high temperature, indicating that the 
deformation properties of this new geosynthetics will be strengthened after the geosynthetics is treated in high temperature. The elongation 
rate at break and the tensile strength of the geosynthetics baked in a bake oven at 110 degree centigrade for 14 days is larger than that of the 
geosynthetics baked in a bake oven at 110 degree centigrade for 28 days. This suggests that the elongation rate at break and the tensile 
strength of this new geosynthetics will have peak values when the geosynthetics is treated in high temperature between 14 days and 28 days. 

 
Table 4 Results of high temperature test 

Group Elongation at break (mm) Elongation rate at 
break (%) 

Tensile strength 
(N) 

Group 1 (Geosynthetics without any treatment) 11.5 17.0 221.0 

Group 2 (Geosynthetics baked in a bake oven at 110 degree 
centigrade for 14 days )  15.2 20.6 223.4 

Group 3 (Geosynthetics baked in a bake oven at 110 degree 
centigrade for 28 days) 14.8 19.7 207.5 

 
7. Freezing and thawing cycle test 

 
The geosynthetics will be used in the railway located in cold area. There is a need to analyze the freeze-thaw resistance ability of this 

new geosynthetics.  
18 pieces of geosynthetics with the same length and width was divided into three groups. The first group of the geosynthetics was 

without any treatment, whereas the second and the third group of the geosynthetics were conducted with 50 freeze-thaw cycles and 100 
freeze-thaw cycles at -30 degree centigrade, respectively, as shown in Fig.8. Tension tests on the three groups of the geosynthetics were 
carried out using electronic universal testing machine (see Fig.6). During the tension tests, the tensile strength and elongation at break of 
three groups of the geosynthetics were recorded. The average values of the tensile strength and breaking elongation are shown in Table 5. 

 
Figure. 7 Three groups of geosynthetics carried out in freezing and thawing cycle test 

Table 5 shows that the elongation rate at break increases after the geosynthetics is treated with freezing and thawing cycle, and 
increases with increasing number of freezing and thawing cycles. This indicates that the deformation properties of this new geosynthetics 
will be strengthened after the geosynthetics is treated with freezing and thawing cycle. It can be concluded that the tensile strength decreases 
with an increase in number of freezing and thawing cycles. However, the influence of number of freezing and thawing cycles on the strength 
of this new geosynthetics is small. 

 
Table 5 Results of freezing and thawing cycle test 

Group Elongation at break (mm) Elongation rate at 
break (%) 

Tensile 
strength (N) 

Group 1 (Geosynthetics without any treatment) 12.1 19.8 296.5 
Group 2 (Geosynthetics conducted with 50 freeze-thaw 

cycles at -30 degree centigrade )  12.4 20.4 296.2 

Group 3 (Geosynthetics conducted with 100 freeze-thaw 
cycles at -30 degree centigrade) 11.2 21.0 288.0 

 
8. Conclusions 

 
The interface shear strength of soil against geosynthetic, creep property, acid and alkali resistance ability, high temperature resistant 

ability and freeze-thaw resistance ability are analyzed in this paper. A series of direct shear tests were carried out to capture the interface 
shear strength of the silt soil-geosynthetic material interface subjected to various normal stresses. The direct shear test results reveal that the 
shear force increases until sliding occurred between the silt-geotextile interfaces. At low normal stress, the stress-softening response is 
observed at large shear displacement. However, at large normal stress, there is no well-defined peak shear strength is observed for the 
interface between silt and geotextile. The instructions of a creep test setup independently designed and developed by Shandong University 
are presented, and the new designed creep test setup is used to carry out creep tests on geosynthetics. The creep test results presents that the 
tensile deformation of the geosynthetic specimen is small during the creep test, suggesting low creep and good durability of the geosynthetic 
material. Furthermore, the results of acid and alkali resistance tests show that the new geosynthetics has a good acid and alkali resistance 
ability. The results of high temperature test indicate that the deformation properties of this new geosynthetics will be strengthened after the 
geosynthetics is treated with high temperature, and the elongation rate at break and the tensile strength of this new geosynthetics will have 
peak values when the geosynthetics is treated with high temperature between 14 days and 28 days. As to the results of freezing and thawing 
cycle test, it can be concluded that present that the elongation rate at break increases after the geosynthetics is treated with freezing and 
thawing cycle, and increases with increasing number of freezing and thawing cycles. However, the influence of number of freezing and 
thawing cycles on the strength of this new geosynthetics is small. 
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Abstract: To help students with different learning abilities independent learning, research on stratification of teaching objectives is 
important. This study analyzes the construction situation in the problems on B1ackboard network environment, devises the architecture of 
stratified targets of statistics of resources and environment based on B1ackboard network environment and boils the students of statistics of 
resources and environment down to auxiliary study, independent study and exploratory study. The network of B1ackboard will constitute 12 
programs and the measures for hierarchical construction of statistics of resources and environment will be increased. Determining intended 
goal and effect to establish grey situation decision-making model to obtain optimal decision-making scheme of management measures, 
training students’ research ability to use the grey situation decision-making model. Then optimization schemes of those architecture 
programs are obtained to provide relatively convenient and scientific schemes of the construction of column for different students. 
 
Keywords: Stratified target, Grey situation decision-making, scheme, B1ackboard 
 
1. Introduction 
 

As an emerging teaching form of distance education, online education receives more and more attention of domestic and overseas 
scholars for its wide application in various fields of education [1]. The teaching management platform B1ackboard (shortened as “BB 
platform”) is an online teaching platform developed by an American company called Blackboard. It is applied to enhance the virtual 
learning environment, for which it is also called B1ackboard network environment as it is a platform supplementing classroom teaching and 
offering distance teaching [2]. Blackboard network environment has a set of powerful core functions which help teachers effectively manage 
courses, set details, generate homework and strengthen cooperation to assist schools to get significant aims related to teaching, 
communication and evaluation [3]. The interface of this network environment is simple and unified. Its easy operation makes teachers 
conveniently set up courses, add course content, establish discussion board and so on [4]. This greatly reduces the difficulty for teachers to 
use this network environment and enlarges its range of application [5], which is easy for teachers to set numerous courses with the subject 
characteristics and is more suitable for students to study college courses [6]. Currently, Blackboard network environment has more than 
5,200 users all over the world [7], including some noted universities like Princeton University, Harvard University and Stanford University 
[8]. 

 
2. The Construction Situation And The Problems Of B1ackboard Network Environment 

 
B1ackboard network environment possesses 4 independent functional blocks: The first part is content resource management. Teachers 

can simply issue, manage and organize the teaching content through this block. For example, creating the folder structure of courses, 
disclosure of information like notices, course information, tasks, links of educational resources and teachers’ brief introduction, etc. 
Learning materials can be obtained whenever and wherever by students. The second one is the function of online message exchange. 
B1ackboard can supply synchro-nous (virtual classroom) and asynchronous (forum) communication tools at the same time to enhance 
learning effect. On the one hand, unlimited forums can be established and diversified ways and themes are being allowed to reach interactive 
learning in the forum. On the other hand, except online text chats in a virtual classroom, teachers can also lead students to scan the course 
content through the interactive white board and to glance over the web content and mark graph on the web page. The third function is 
assessment management. B1ackboard offers very complete management function of extra-curricular work, which makes it easier for 
students to submit jobs in long distance and for teachers to correct homework online at any time. It also has the extremely progressive 
function of traditional written examination. The method is recording original exam materials and generating item bank, then randomly 
creating the test paper from the item bank, which can be used repeatedly. The fourth function is system management. B1ackboard can 
expediently register and log-out student organizations and individual information. By means of automatic setup districts of discussion board, 
evaluation and other contents, online courses can be recycled in various semesters. In particular, its powerful supervising function in the 
learning process can count up the study time and specific study content by tracking, which will automatically generate a statistical report and 
then provide effective management and service for asynchronous teaching management. 

The most essential point is that B1ackboard offers asynchronous communication tools (discussion board and digital send-receive box) 
and synchronous communication tools (virtual classroom), which breaks the limits of time and space that can realize the interactions and the 
collaborations of communication, solving puzzles, sharing resources and experiences and group discussion between teachers and students or 
among the students. Group discussion can be in-creased, if necessary, to supply tutorship and advice for individual students. The functions 
in B1ackboard provide favor-able carrier for exploratory teaching. 

Although B1ackboard has some favorable functions, currently using still faces several obstacles, whose main performances are as 
follows: 

A. Teaching content is not effective in exploratory teach-ing 
Presently, most presentations of the teaching content of online courses includes: texts and static images, lecture of PPT and lecture 

videos. Online courses only make up the content mentioned above and show in the form of a network, which is lack of elaborate 
organization and guidance of the design of teaching activity. Similarly, online courses only provide learning resources for downloading and 
scanning, which is not effective in exploratory teaching and does not realize the purpose of the group farm-out. 

B. It’s difficult to meet the demand of personal learning of learners 
Online courses are not simply providing information. It makes students become their own “teachers” to satisfy their need of personal 

learning. However, most online courses still emphasize “teaching” at present. Once learners enter the online education platform, they really 
start to acquire knowledge. Which is to say, many online courses do not play a commendable role as complementing classroom teaching? 
Interactive functions of online courses such as forums, answering questions and online tests do not play a role in facilitating learning and 
covering the shortage of classroom teaching, which can hardly meet the requirement of subjective learning of learners. 

C. Lack of designing instructional activities 
Networked learning, composed of a series of learning activities of learners, concerns not only the design and the realization of 

educational objectives but also the process of implementation and capability development students acquire in the process, rather than one 
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starting point and one destination. In the process of learning, students are the main body while teachers are the organizer and the instructor. 
Teachers who play the role of promoting and assisting meaning-construction process of students have noticeable function. Thus, the 
functions of teachers are not only providing teaching materials. Every step of teaching activities needs teachers’ elaborate organization and 
guidance, like making learning environment, directing learning strategies, communicating and feedback in a networked environment. 
Current online courses are restricted to online answering from teachers and the discussion between teachers and students, which are short of 
teachers’ organization and guidance of conferences and teacher’s concern about students’ learning activities. In brief, group learning and 
cooperative learning have not truly realized. 

D. Low use efficiency of studying and communicating zone 
Currently, studying and communicating zones in many online courses exist in name only. Students rarely ask questions so that the 

quantity and the quality of interaction be-tween teachers and students are not enough. They do not precede in-depth interaction but just stay 
on the surface of communication. The enthusiasm for interaction is not high as there are some records in the communication space. The 
reason for this is that students have no sense of belonging to interaction, there is short of great interactive content, the reply they ought to get 
always delayed, etc. The effective way to increase students’ sense of belonging and let them think deeply is proceeding group 
communication according to different learning levels, hobbies and interests. 

E. Simplex examination and evaluation towards students 
Present online courses pay more attention to summarize evaluation of students rather than a process evaluation. Online examinations 

are usually taken in the end of studying online. Students’ comprehension of basic knowledge and the concepts is theoretical, which is short 
of innovative consciousness and innovation ability. 

III. INDOOR EXPERIMENT ON LIME-TREATED HIGH LIQUID LIMIT SOIL 
A. Design methods of hierarchical targets 
Hierarchy of curriculum objectives: Layering targets of online courses is turning excessive uniform instructional objectives into stretch 

targets which can be freely selected by students. Whether those targets are achieved can be reflected by a series of learning behavior of 
students. Because of their different initial levels, it is better for students to have a test at the beginning of term then they will know what 
exactly their levels are. There are more choices for those well-based students while for those who have poor foundation it is favorable to 
know their own shortcomings. For gaps among students’ levels, feasible teaching objectives aiming at different requirements should be 
formulated. On the basis of students handling necessary skills, studying in higher level should be proceeded. It is also essential to compile 
syllabus with different priorities and structure multi-level three-dimensional raise pattern. 

Modules of teaching contents based on hierarchical targets: Online courses should offer plentiful multi-level learning resource to 
students. Moreover, teaching contents should contain basic contents and extended contents. Students can choose extended contents to 
independently study according to their own hobbies after achieving the basic learning tar-gets. 

Resilient grouping and exchange module on account of hierarchical targets: According to the learning needs of students, setting up 
learning groups provides suitable learning activities and learning exchange for students. Students can be split into groups according to their 
scores in a specific learning activity. Also, several kinds of group tasks or programs can be put forward for students so that students can 
freely choose the tasks or the programs they wish to achieve. Properly managing layering targets and resilient grouping play an important 
role in facilitating learning and individual development. Adopting project-based learning to proceed group learning, then students can 
choose concrete research projects judging from their majors and hobbies. Through the cooperative discussion in groups, students can 
exchange information, learn from each other and accomplish the task together. Studying every section can start with concrete tasks. So that 
if students finish all the tasks in one section, they can choose to skip learning this section. 

Evaluation module based on hierarchical targets: Reasonable examination forms motivate students’ interests. Courses should lay equal 
stress on learning knowledge and cultivating ability. Evaluating students should be multi-layered, diversified and comprehensive by 
combing historical record of networked learning, academic records of each unit, the final grade and paper presentations of groups. 

B. The design of networked courses of statistics of resources and environment based on hierarchical targets 
For the statistics of resources and environment is established in cultivating qualified professional personnel, training goals are set as 

follows: possessing favorable mathematical literacy, mastering elementary principle and method of statistics, proceeding data analysis by 
using Statistical Product and Service Solutions(SPSS) proficiency, mastering data analysis and information extraction for working at the 
department of resources and environment, enterprises, public institutions or economic authorities, having a capacity for deducing, predicting 
and decision-making and also possessing certain research capacity. For courses aiming at a large number of departments, adopting unified 
teaching objectives, teaching contents and teaching methods can hardly meet learning needs of various learners which lead to students’ lack 
of learning enthusiasm. Thus, this course adopts the design of networked courses which is based on hierarchical targets. 

General objectives of the course is to make students comprehensively and systematically understand basic techniques and basic 
concepts of the statistics of resources and environment, have an intimate knowledge of the precondition of applying basic approach of the 
statistics of resources and environment, master practical application of basic approach of the statistics of resources and environment and use 
SPSS proficiency to master data analysis and information extraction and possess a capacity for deducing, predicting and decision-making. 
College students can not only master the basic operation of SPSS, but also grasp the basic principle, elementary knowledge and basic 
approach of statistical analysis and have a capacity for solving practical problems. On the basis of general objectives, system of hierarchical 
targets is formulated. The courses of the statistics of resources and environment are subdivided into distinct modules and syllabus having 
different emphases is compiled to structure multi-hierarchy and three-dimensional raise pattern. 

    The teaching content of the statistics of resources and environment covers a lot of ground, some have widespread use while the other 
is quite professional. This course offer multi-hierarchy learning content includes the basic content and expanding content in the teaching 
content of the statistics of resources and environment. For example, on the basis of mastering the basic content, scheduling deep study of 
some sections according to students’ concrete hobbies, like skewed normal distribution, generalized linear models, step-wise regression, 
two-stage least squares procedure (2SLS) and binary-class Logistic regression model. Diversified challenging teaching content and activities 
are designed and teaching activities and communication are put into effect by groups. This course pays attention to the assessment of 
teaching efficiency and realizes hierarchy of targets, multi-layer teaching of content and multi-hierarchical interactive communication. The 
feature of this design is that students at different initial levels study different things. 

On the basis of hierarchical targets, the design of online courses of the statistics of resources and environment should start with analysis 
of learners and general course objectives. This course is given a test at the beginning for understanding the developmental needs and the 
experience of students. Also, adopting questionnaire and test before courses, knowing learning needs, difference of the initial level and 
learning style of students is firmly essential. According to the test result of students, it is necessary to communicate with students and 
require them to choose a liberal form of learning from various learning types. We divide the students into 3 types: supplementary learning, 
autonomous learning and exploratory learning. Students of supplementary learning mainly learn in class while the networked platform is 
their assistant study platform. On the contrary, students of autonomous learning mainly learn through the networked platform while learning 
in class is the second choice. Both of them consider the course examination as the main performance of the course. However, exploratory 
learning deemphasizes the selection of learning platform as it mainly examines students’ comprehensive exploratory capacity. It requires 
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students to utilize knowledge acquires from this course, independently organize minor issue and publish research papers as the principle 
basis of the scores is the thesis level. 

C. The architecture of courses modules of the statistics of resources and environment based on hierarchical targets 
On the basis of hierarchical targets mentioned above, the architecture of courses modules of the statistic of resources and environment 

is consist of 5 modules and 12 main columns in B1ackboard network environment. Five modules are basic content, extended content, 
exercises, communication and examples of student work separately. And 12 main columns respectively are multimedia courseware, video 
demos, case explanation, the expansion of cases, students’ comments on cases, computer operation, classroom tests, online tests, discussion 
board, online courses, thesis writing and student work. 

The module of elementary content is the basic content of this course mainly includes related contents organized by sections and 
knowledge points and teaching courseware. Details are set in the following columns: multimedia courseware, case explanation, video demos, 
computer operation, online courses and so on. 

The module of extended content is the extended resource of this course. Except setting in basic column, its concrete content also adds 
related courseware, related data, related application area, the prerequisite of related approaches and so on. 

The module of exercises mainly contains tests and exercise answer, whose concrete content is installed in classroom tests and online 
tests these two columns. 

The module of communication: Online exchange by using the discussion board, or internet communication tools like QQ, YY and BBS. 
Its main column is B1ackboard discussion board. 

The module of examples of student work which leads students to study by sections, student work and examples mainly sets student 
work and students’ comments on cases these two columns. 

IV. MEASURES OF HIERARCHICAL TARGETS OF THE STATISTICS OF RESOURCES AND ENVIRONMENT 
Based on hierarchical targets, classifying each column in-to A, B, C and D which represent excellent, good, eligible and unqualified. 

Each level has it corresponding assessment criterion. The lowest level of all types should be reached is shown in the table below: 
 

Table 1. The Lowest Level of Hierarchical Targets of Courses on The Statistics of Resources And Environment 
 

main columns 

The lowest level of Learnings’ Type  

Supplementar
y Learning 

Autonomou
s Learning 

Explorator
y Learning 

Multimedia 
Courseware C B A 

Video Demos C B A 

Case Explanation B B B 

The Expansion of 
cases / C B 

Students’ Comments 
on Cases / / C 

Computer Operation C B A 

Classroom Tests C B A 

Online Test / C B 

Discussion Board C B A 

Online Courses / C B 

Thesis Writing / / C 

Student Work / C B 

 

Aiming at various forms, there are different strategies. For example, there is a strategy as “C-C-B-/-/-C-C-/-C-/- /-/” in the strategies of 
supplementary learning whose corresponding requirements are: “Case Explanation” reaches B level; “Multimedia Courseware”, “Video 
Demos”, “Computer Operation”, “Classroom Tests” and “Discussion Board” reach C level. Those are the minimum standard of this course. 
That is to say, if students are up to the standard, they are qualified as scored 60. If students who reach a higher level than this requirement, 
their score would be raised. Upgrading one level in one column scores 2, take the strategy “B-C-B-/-/-C-C-/-C-/-/-/” as an example. If 
someone whose “Multimedia Courseware” reaches B level while the others reach the minimum standard, his grade is 62. Total scores cannot 
exceed 100 by this calculated method. Hence, distinct hierarchy of teaching targets can be obtained. 
 
2. GREY SITUATION DECISION-MAKING FOR MEASURE OF HIERARCHICAL TARGETS OF THE STATISTICS OF RESOURCES AND 
ENVIRONMENT 
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Optimization decisions are the main step to carry out hierarchical targets. Since there is little information available on some of these 
elements, this study adopts a ‘grey situation’ decision-making model to analyze the overall benefits resulting from each of several different 
combinations of potential situations. Grey situation decision-making is an essential element of grey system theory. It approaches decision-
analysis in an overarching manner by comprehensively considering the four elements of the decision-making process. These are: event, 
countermeasure, effect and objective. The most significant characteristic of this method is that it is able to handle problems where the data 
needed for decision-making is incomplete [9]. We have used grey situation decision-making to carry out an advantage analysis and a 
comprehensive evaluation for each situation of measures of hierarchical targets of the statistics of resources and environment. Therefore, we 
are able to prove that grey situation decision-making is valuable in assessing the optimal choices for implementing measures of hierarchical 
targets of the statistics of resources and environment. 

The principle of determining optimal schemes by Grey decision-making is based on combined effects to ascertain the relative merits of 
each program being evaluated. There are four basic elements in grey situation decision-making: the event (the problem requiring a situation), 
the countermeasures (the measures for dealing with each problem), the effect (the real effect of each scheme on its target element) and the 
objectives (the criteria for evaluating the effect). 

Taking the event as ai, its countermeasure as bj, the binary combination of the event and its countermeasure (ai, bj) is the situation Sij, 
and the effect of the countermeasure on the event as γij, then the ratio of the effect and corresponding situation γij/Sij is the decision element, 
while for multiple targets, the decision element of the kth target is γ(k)ij/Sij, we can thus construct the effect measure matrix with of i rows * j 
columns as M(k), the combined decision element of k targets is γ(Σ)ij/Sij, and these constitute the comprehensive measure matrix of i rows * j 
columns as M(Σ). Transform each element by optimal ordering in matrix M(Σ) by row and column, then we get a more useful decision matrix 
M*，The final decision is then based on the size of the effect of each countermeasure [10]. 

 
3. Optimization decisions for targets of the statistics of resources and environment 
 

Event set (ai) and countermeasure strategy set (bj): Supplementary learning (a1), autonomous learning (a2) and exploratory learning (a3) 
constitute event set (ai)= (a1, a2,a3). These different events get different countermeasures. And the assemblage of countermeasures form 
countermeasure strategy set (bj)= (b1, b2, …, b12) which contains columns of course structure including multimedia courseware (b1), video 
demos (b2), case explanation (b3), the expansion of cases (b4), students’ comments on cases (b5), computer operation (b6), classroom tests 
(b7), online tests (b8), discussion board (b9), online courses (b10), thesis writing (b11) and student work (b12). 

Representing the situation Sij : The situation (Sij) for the event ai (i = 1, 2, 3) and countermeasures bj (j = 1, 2, ..., 12) binary 
combinations, namely Sij = (ai, bj). In the present embodiment, combinations of the above three kinds of events and responses 12 may 
constitute situation matrix of 3 rows * 12 columns. 

Objective set (kp): It primarily examines learning time, inspiring study enthusiasm, learning effect and the capacity of cultivating 
students’ research ability. The set of decision-making objective criteria is kp = (k1, k2, k3, k4) (=learning time, inspiring study enthusiasm, 
learning effect, the capacity of cultivating students’ research ability). 

Decision-making matrix model: As there are 4 decision-making objectives in this study, multiple-objective decision-making is required, 
therefore including four single-objective decision-making matrices M (k) (k = 1, 2, 3, 4) and the comprehensive decision-making matrix M(Σ). 
These four matrices are all represented in the dimensions of 3 row * 12 column matrix, and the pattern of each single -objective decision-
making matrices M (k) is: 
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        (1) 
In the formula: γ(k)ij (i = 1, 2,…,6; j = 1, 2,…,12) is the measure of the effect under the kth (k = 1, 2, 3, 4) objective, and Sij  (=ai and bj) 

is the situation. 
This study uniformly divides four targets k1,  k2， k3 and k4  into 10 levels, and then separately quantizes these 10 levels into 10, 9,┅, 1 

in the order of long→short, high→low, good→bad or strong→weak. Constructing 4 single-objective decision-making matrices M (k) (k = 1, 2, 
3, 4) which respectively represents 4 targets kp= (k1、k2、k3、k4)(Study time, inspiring study enthusiasm, learning effect, the capacity of 
cultivating students’ research ability) that students in three types (Supplementary learning, autonomous learning and exploratory learning) 
aiming at and the importance of their corresponding 12 columns of courses. Every matrix is a multidimensional matrix of 3 row*12coumn. 

Seven specialists were invited to participate in the research. They were first asked subjectively to assess the effects of these four targets. 
Then the mean value of all the specialists’ assessments was taken as the quantization value xij. In view of the diversity between data, it is quite 
convenient for comparison that normalization processing xij according to following formula: 

minmax

min

jj

jij
ij xx

xx
y

−
−

=
 (xij is a positive index)                                                          (2) 

maxmin

min

jj

ijj
ij xx

xx
y

−

−
=

 (xij is a negative index)                                                       (3) 
In the formula, xjmax is the maximum of the jth target while xjmin is the minimum of the jth target. 
As a result, the processed index value is between 0 to 1. 
After treated, four single-objective decision-making matrices M(k) (k = 1, 2, 3, 4) respectively are: 
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72.086.058.065.072.076.081.055.068.072.074.079.0
74.021.051.082.074.066.078.021.043.074.075.081.0
32.018.023.065.025.071.058.032.022.086.068.076.0

=)1(
1M

 

81.083.057.065.065.078.085.053.067.079.079.078.0
46.037.058.084.065.078.076.028.042.072.076.079.0
24.016.025.047.033.068.066.044.028.085.062.076.0

=)2(
2M

80.082.053.065.065.075.085.056.059.083.078.074.0
43.034.078.087.074.076.085.038.042.074.076.077.0
24.023.024.048.038.052.072.034.022.085.075.083.0

=)3(
3M

78.092.053.065.055.073.073.057.057.086.069.073.0
44.037.068.063.065.077.067.033.055.066.076.078.0
23.031.026.052.024.066.069.038.028.065.063.076.0

=)4(
4M

 
Calculation of the impact of an effect γ(k)ij: Determining the impact of an effect is an important aspect of grey situation decision-making. 

The assessment of the effect of a effect measure depends on its actual impact on each situation being investigated in the comparison. In general, 
it includes upper effect measure, lower effect measure and moderate effect measure. The formulae for measuring the impact are different for 
the different goals: 

( )
( )

( )Upper effect measure:
max max

k
ijk

ij k
iji j

U
U

γ =                                                             (4) 
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( )
( )

min min
Lower effect measure:

k
iji jk

ij k
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U

U
γ =                                                                 (5) 

( ) 0
( )

0 0

Moderation limit measure: k
ij k

ij

U
U U U

γ =
− +

                                                      (6) 

In the formula, γ(k)ij  is the effect measure of situation Sij under the kth target; U(k)ij  is the actual effect on the situation Sij under the 
kth target; maxmaxU(k)ij and minxminU(k)ij are the actual maximum and minimum values of the effect in all situations under the kth target，
U0 is a specified acceptable value. 

The calculated values of γ(k)ij can be represented in a matrix termed the ‘effect measure matrix’ M(k)ij. The value of γ(k)ij  is obviously 
always less than 1. 

By calculating, these 4 single-objective effect measure matrices M(k)ij (k=1,2,3,4) respectively are： 

837.01674.0756.0837.0884.0941.0639.0791.0837.0860.0919.0
860.0244.0593.0953.0860.0767.0907.0244.05.0860.0872.0941.0
372.0209.0267.0756.0291.0826.0674.0372.0256.01791.0884.0

=)1(
ijM

 

953.0976.0671.0765.0765.0918.01624.0788.0929.0929.0918.0
541.0435.0682.0988.0765.0918.0894.0329.0494.0847.0894.0929.0
282.0188.0294.0553.0388.0800.0776.0518.0329.017289.0894.0

=)2(
ijM

 

920.0943.0609.0747.0747.0862.0977.0644.0678.0954.0897.0851.0
494.0391.0897.01851.0874.0977.0437.0482.0850.0874.0885.0
276.0264.0276.0552.0436.0598.0828.0391.0253.0977.0862.0954.0

=)3(
ijM

 

848.01576.0706.0597.0793.0793.0620.0620.0935.0750.0793.0
478.0402.0739.0685.0707.0837.0728.0359.0598.0717.0827.0848.0
250.0337.0283.0565.0261.0717.0750.0413.0304.0706.0685.0826.0

=)4(
ijM

 
 

Calculation of the combined effect of the measures M(Σ):In fact, the calculation of each single-objective effect measure is processing 
normalization of the intended effect in different targets which is convenient for calculating the comprehensive effect measure. 

An averaging method or a weighted method could be adopted to calculate this combined effect. Comprehensive comparative analysis 
shows that adopting the weighted method is more appropriate for this decision-making problem. Weights of target M1, M2, M3 and M4 are 
0.20, 0.20, 0.35 and 0.25，so that we can obtain the combined effect of the measure for the situation, M(Σ) : 

)4()3()2()1()( ×25.0+×35.0+×20.0+×20.0= ijijijij MMMMM ∑                                                        (7) 

So the matrix for the combined effect of the measures is: 

892.0975.0626.0742.0731.0860.0929.0633.0708.0921.0859.0863.0
573.0373.0754.0909.0799.0852.0884.0357.0517.0819.0866.0895.0
290.0256.0280.0596.0354.0714.0767.0418.0287.0919.0777.0896.0

=)(∑M

 
Thus, the optimum overall strategy involving all 3 events can be obtained. The best situation for the first event is the third decision, for 

which the value is 0.919; the best situation for the second event is the ninth decision where the value is 0.909; the best situation for the last 
event is the eleventh decision with a value of 0.975. Seen from the combined effect of the measure, the order of optimized countermeasure of 
supplementary learning (a1) is: 

b3>b1>b2>b6>b7>b9>b5>b8>b12>b4>b10>b11; 
the order of optimized countermeasure of autonomous learning (a2) is: 
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b9>b1>b6>b2>b7>b3>b8>b10>b12>b4>b11>b5; 
the order of optimized countermeasure of exploratory learning (a3) is: 
b11>b6>b3>b12>b1>b7>b2>b9>b8>b4>b5>b10. 
 

CONCLUSION 
 

By applying multi-target grey decision-making method, ascertaining students in various types concern columns in varying degree in 
B1ackboard network environment. The optimized order of columns that supplementary students(a1) concern is: case 
explanation(b3)>multimedia courseware(b1)> video demos(b2)>computer operation(b6)>classroom tests(b7)>discussion 
board(b9)>students’ comment on cases(b5)> online tests(b8)> student work(b12)> the expansion of cases(b4)> online courses(b10)> thesis 
writing(b11).The optimized order of columns that autonomous students(a2) concern is: discussion board(b9)> multimedia courseware(b1)> 
computer operation(b6)> video demos(b2)> classroom tests(b7)> case explanation(b3)> online tests(b8)> online courses(b10)> student 
work(b12)> the expansion of cases(b4)> thesis writing(b11)> students’ comment on cases(b5). The optimized order of columns that 
exploratory students(a3) concern is: thesis writing(b11)> computer operation(b6)> case explanation(b3)> student work(b12)> multimedia 
courseware(b1)> classroom tests(b7)> video demos(b2)> discussion board(b9)> online tests(b8)> the expansion of cases(b4)> students’ 
comment on cases(b5)> online courses(b10). This method is firmly convenient both in calculation and operation; also, it is widely used in 
practice. There is no denying that applying the method greatly depends on subjective intuition and experience which is of inevitable 
artificiality. How to take all the factors into account more comprehensive and reasonable is still expected to be studied and explored. 
 

Acknowledgment 
 

This work is supported by Based on the BB Network Environment Study Case to Explore the Model of Classroom Teaching Research 
(10YB105) from the Education Scientific Planning Project in Jiangxi province. 

 
References 
 
[1] Im J H, Kim J. “Use of Blended Learning for Effective Implementation of English-Medium Instruction in a Non-English Higher 

Education Context,” International Education Studies, 2015, 11, pp. 1-15. 
[2] Tummons J, Fournier C, Kits O, et al. “Teaching without a blackboard and chalk: conflicting attitudes towards using ICTs in higher 

education teaching and learning,” Higher Education Research & Development, 2016, 41, pp. 1-12. 
[3] G. Gercek, N.Saleem, D. Steel. “Implementing Cloud Based Virtual Computer Network Labs for Online Education: Experiences from 

a Phased Approach,” International Journal of Online Engineering, 2016, 12, pp. 70-76.  
[4] Zheng L, Niu Y. “Research on College Students' Application Behavior Based on Blackboard System-A Case Study on Business 

College of Beijing Union University,” International Journal of Smart Home, 2015, 9, pp. 111-126. 
[5] H. Jiehong. “Appliance of Course Management Functioned as Team Based on Blackboard Platform”. Journal of Guangzhou City 

Polytechnic, 2013, 7, pp. 75-78. 
[6] O'Brien S. “Inside Education: Exploring the Art of Good Learning,” Routledge, 2015. 
[7] Thomas M. Connolly, Ewan MacArthur, Mark Stansfield, Evelyn McLellan “A quasi- experimental study of three online learning 

courses in computing”. Computers & Education, vol.36, pp. 345-359, Apr. 2007. 
[8] S. Parahakaran. “Designing and Evaluating Collaborative Projects in Learning Communities: Innovative Practices and Strategies,” 

International Journal of Advanced Corporate Learning, 2016, 9, pp. 26-34. 
[9] L. Sifeng, D. Yaoguo, F. Zhigeng. The Grey System Theory and Its Application. China Science Press: Beijing, Beijing: 2010. 
 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                                      200.1 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/200 

 

Loan Loss Provisioning:  Pro-cyclicality or Counter-cyclicality 
 

Ning yuxin*, Hu zhijun 

 
1. Economics and Management school, Xi’an Shiyou University, Shanxi, Xi’an 710065, China 

 
Abstract: We analyze whether loan loss provisioning has some pro-cyclical or counter-cyclical effects and whether forward-looking loan 
loss provisioning would lead to earning management. In order to answer these questions, we divide loan loss provisions into 
nondiscretionary loan loss provisions and discretionary loan loss provisions, and make use of the listed commercial banks’ 2004-2012 half-
yearly panel data as empirical samples. By GMM estimating some factors which influence loan loss provisioning, we find that our 
commercial banks loan have countercyclical effect owing to the existence of discretionary loan loss provisions. At the meantime, 
commercial banks have motivations to manage earnings.. 
 
Keywords: pro-cyclical and countercyclical；earning management；capital supervision, discretionary loan loss provisions 
 
1. Introduction 
 

Loan loss provisions (LLPs) plays an important role in the credit risk management of the bank. LLPs are expected to reflect anticipated 
loss by bank managers and avoid the huge impact which economic downturn may bring to the bank, LLPs are treated as cushions " to 
protect the bank 's own capital. However, due to financial innovation and the popularity of asset securitization, a lot of risk assets are 
transferred out as off-balance-sheet items. Meanwhile, many banks often relax lending standards, increase credit supply and underestimate 
the expected loan losses during the booming years. During recession time, it is difficult to cover the estimated loan losses, so the banks have 
to write off capital to compensate for the loss and be forced to cut large scale loan to meet the requirements of capital adequacy regulation 
policy at the same time which may cause further decline in the economy. Therefore, many national regulators think that LLPs’ pro-cyclical 
effect becomes an "internal accelerator of credit cyclical fluctuations. For this reason, the reform of bank loan provisioning system and the 
implementation of forward looking provisioning system has become an important topic of the financial regulatory authorities after 2007 
financial crisis era.  

However, we should note that bank’s loan loss provisioning behavior is determined by past loan loss provisioning experience, non-
performing assets rate and expected loan risk etc. Secondly, the size of loans and loan growth rate are important indicators to predict future 
risk of bank. Except for these factors, it is necessary for many banks to satisfy supervision capital adequacy rate and performance evaluation 
requirements when drawing LLPs. In order to meet regulatory capital adequacy requirements during the economic downturn, the bank 
would tighten credit supply and strengthen the pro-cyclical effect of loan loss reserve provisioning. On the other hand, the bank will use the 
loan loss provisioning to manage earnings. Bank managers often use LLPs as a tool to reduce volatility of earnings resulted from economy 
cycles. In conclusions, forward looking provisioning system may cause the prevalence of earning management behavior which would be not 
conducive to the implementation of capital regulatory policies, as well as lead to counter-cyclical " effect of loan loss provisioning. 

For above the reasons, this paper divides LLPs into non-discretionary loan loss provisioning (non-discretionary LLP, abbreviated 
NDLLP) and discretionary loan loss provisioning (discretionary LLP, abbreviated DLLP). Based on the semi-annual panel data from 2004 
to 2012 of the listed banks, the paper utilizes GMM to estimate some factors which may affect loan loss provisioning.  

The paper confirms that NDLLP has no significant influence on bank credit, DLLP has a significant positive effect on bank credits, 
which indicates that excessive DLLP provisioning will promote the growth of credit scale. Secondly, due to the necessity of discretionary 
loan loss provisioning, the bank also has the motivation for earnings management in order to meet the need of performance appraisal. The 
empirical tests provide relevant evidences that how some factors for loan loss provisioning are interactive. The paper provides necessary 
theoretical foundation for the LLPs’ policy choice  

The remainder of this paper is organized as follows. In section 1, we briefly review previous papers. Section 2 is about literature review. 
Section 3 is theoretical analysis and research hypothesis. Section 4 is empirical research design. and empirical results in section 5. Section 6 
discusses the main findings and conclusions. 

 
2. Literature review 
 
2.1The target and foundation of loan loss provisioning 
 

LLPs are expected to cover future losses of banks. According to 2002 " New Basel Capital Accord " the core capital only includes paid-
up capital, capital reserves and other owners' equity capital .Loan loss reserves which occurred more than expected would be allowed to 
enter the subsidiary capital with limitation. Maximum of which are no more than 1.25% of risk-weighted assets (Lu Jun and Li Yujia, 2006). 
The amount of loan loss provisioning depends on the correct estimation of future expected losses. High LLPs would affect the profit of 
banks and reduce the capital amount which couldn’t meet the capital adequacy standards of regulatory authority; Low loan loss reserve 
cannot resist the huge impacts of the financial crisis and lead to the bankruptcy liquidation of banks in financial "tsunami" inevitably. 
Secondly, banks as modern enterprises endogenously have agency problems which arise from the separation of ownership and management. 
In practice, loan loss reserves are balance between different factors such as future anticipated losses, regulatory capital requirements and 
earnings management. Anwer S. Ahmed and Carolyn Takeda (1999) made a research about loan loss provisioning of US commercial banks 
from 1986-1995 which showed that capital supervision is the primary factor considered when drawing LLPs. There is a significant negative 
correlation between loan loss reserves and core capitals for those enterprises which have a high loan growth rate. However, the study did not 
find a significant relationship between loan loss reserves and earnings management. Michele Cavallo and Giovanni Majnoni (2001) 
analyzed the loan loss provisioning of 1176 commercial banks from 1988-1999 and found that there is a significant positive correlation 
between loan loss reserves and bank’s EBIT in G10 countries’ banks which has not been confirmed in non-G10 countries’ commercial 
banks. Non-G10 countries’ banks create little provisions in good times and are forced to increase them during economic downturn. The 
study also found that there is a significant negative correlation between bank profits and loan losses provisioning for those banks with 
"external" guarantees. According to the above researches, we could have some conclusions that for those companies that have good 
performance earning management is the main factor which mangers consider to create loan loss reserves. On the other hand for those 
companies with poor performance or high credit risk, capital regulatory requirements and safeguarding credit risk are the main factors to be 
considered. Duan Junshan (2012) found that loan loss provisions are positive with total loans, ROE, non-performing rate and money supply 
which indicated the possibility of earnings management when LLPs are drawn in China. 
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2.2. Loan loss provisioning and Credit Cycle 
 

Macro-economic are cyclically fluctuating and the interaction between the financial system and macroeconomic activities makes 
commercial bank credit not only having the cyclical features, but also have the effects of “acceleration amplification”. Antonio Garcia 
Pascual (2009) have studied on the financial systems of 11 East Asian countries and showed that the variation of collateral value , strict 
capital supervision , large number of relationship lending, insufficiency of LLPs and so on led credit system play an important role as 
financial accelerator. C&M, L&M and Bikker and Hu (2002) found that during economy flourishing credit supply grow fastly and bank’s 
manager would draw lower LLPs based on higher asset prices and good expected performance compared to economic downturn. LLPs did 
not only " ironing” the impact of economic fluctuation but also accelerate economic downturn. Corporate bankruptcies would increase bad 
debts and bank’s managers have to write off large amount of loan loss reserves which led the rapid decline of bank performance during the 
economic downturn. Therefore, loan loss provisioning is regarded as push culprit " of further economic slowdown. Borio et al (2001) and 
Lowe (2002) thought that there should be a positive relationship between LLPs and credit scale. That is under good performance, banks 
should draw more LLPs to avoid credit losses occurring during the economic downturn .JA Bikker and PAJ Metzemakers (2002) made a 
analysis on bank data of 29 OECD countries during past 10 years and found that the ratio of loan loss provisioning improved significantly 
when the GDP growth rate is low, which can support the " pro-cyclical " effect of loan losses provisioning. They also found that if bank 
increased LLPs as the performance improved, which would weaken the pro-cyclical effect of loan losses provisioning. This results are 
different from those of Cavallo and Majnoni (2002). They found that there were a significant inverse relationship between credit growth and 
loan loss provisioning. Scott Liao (2009) found that the credit reduced amounts of banks based on the incurred model for LLPs is obviously 
higher than those of based on forward-looking banks in the economic recession, which can prove the " real-time " of loan loss provisioning 
can weaken the impact of the credit crunch. Eric Wong, Tom Fong and Henry Choi (2009) made a study on loan loss "pro-cyclical" effect of 
twelve listed banks in Hong Kong, which could prove the existence of the loan loss "pro-cyclical" effects and the impact on the supply of 
credit. Most studies support the idea of loan loss provisioning" pro-cyclical" effects, but why LLPs have pro-cyclical effects is still a 
controversial issue. The reason is due to the inadequacy of loan loss provisioning or meeting regulatory capital requirements. Secondly, how 
would earnings management make a reverse effect on loan losses "pro-cyclical "? The answers to these questions still need to be further 
studied. 

 
3. Loan loss provisioning and theoretical hypothesis in China 
 

China had experienced market-oriented reform for more than ten years. Loan loss provisioning was originally implemented according 
to the requirements of administrative orders. Ministry of Finance in July 1998 had promulgated the notice about how to draw the allowance 
for doubtful accounts. According to the notice, banks in China drew allowance for doubtful accounts regarding as 1% of the loan balanced 
per year which had deducted loan loss allowance of the previous year.  

In April 2002, China People Bank promulgated “Bank Loan Loss Provisioning Guidelines “which kept pace with international 
standards gradually. The Guidelines made definitions for general allowance, special allowance and specific allowance according to five 
categories of bank loans loss provisioning. Sun Tianqi and Yang Lan (2005) made a survey about LLPs for Chinese commercial Banks. 
They found that most banks’ LLPs didn’t show the pro-cyclical features. Xu Youchuans (2011) research indicated that banks in China tend 
to evaluate their expected loss of credit portfolio according to incurred information and LLPs presented counter-cyclical feature, which 
indicated that banks would overestimate the expected loss of credit portfolio in good times and cut credit supply during recession time.  

Beatty and Liao (2011) analyzed the motivations and consequences of loan loss provisioning from the viewpoint of timeliness. The so-
called “timeliness referred to the reaction prior to the credit system. The study of Beatty and Liao (2011) showed that the higher timeliness 
the bank was, the less significant credit periodicity it would be. Generally speaking, the timelier loan loss provisioning the bank is, the 
relatively higher provisioning ratio of discretionary loan loss provisioning it will be. Empirical analysis of Vincent, BOUVATIER Laetitia 
LEPETIT (2006) for 186 EU banks panel data from 1992-2004 had confirmed that non-discretionary LLPs had significant cyclical 
characteristics. Although Beatty and Liao (2011), Vincent BOUVATIER Laetitia LEPETIT (2006) made different categories for LLPs 
according to different rules. They all thought that LLPs shouldn’t be simply regarded as being pro-cyclical or counter-cyclical, which should 
be considered by connecting with bank’s own characteristics.  

We divide LLPs into discretionary loan loss provisions (DLLP) and nondiscretionary loan loss provisions (NDLLP). The NDLLP is 
"rigid" and DLLP has a larger flexible space. Therefore, it is anticipated that DLLP is an important "tool" for bank managers to smooth 
profits and manage earnings. When banks have enough DLLP, which means banks draw more LLPs according to future possible loss, 
therefore banks have great motivation to supply more credit which would lead to "countercyclical" effect between LLPs and credit scale. 
DLLP and NDLLP both will affect the bank after-tax profits, and have a negative impact on the capital adequacy ratio at the same time. 
Based on the above analysis, we propose the following hypothesis:  

There is a significant positive correlation between discretionary loan loss provisioning (DLLP) and credit supplies. There is a 
significant positive correlation between discretionary loan loss provisioning (DLLP) and profits, discretionary loan loss provisioning (DLLP) 
and non-discretionary loan loss provisioning (NDLLP) both have a significant negative correlation with capital adequacy ratio. 

 
4 Empirical design 
 
4.1 Sample selection and data sources 
 

We use 16 listed commercial banks from 2004 to 2012 years as empirical samples. LLPs had been disclosed in semi-reports after 2004. 
Therefore we make 6 months as a research period. From 2004 to 2012, we could have 288 unbalanced panel data. The related financial data 
is from GAT. LLPs and LLAs are from the semi-annual and annual reports in the official website which made manually.  

 
4.2 Methodology  
 

According to the above analysis, we made reference the ideas of Beatty and Liao (2011), Vincent BOUVATIER Laetitia LEPETIT 
(2006) and set model as the following phases, Firstly we should test the stationary of panel data because our sample is 16 section and 18 
year-period as a "square-shaped" panel. Secondly, we should determine to use fixed effects model, random effects model or dynamic panel 
model. Thirdly, we would set econometric model to estimating NDLLPs and DLLPs. According to the incurred LLPs model, we concluded 
that NDLLP is mainly connected with NPL rate(non-performance loan), the variation of NPL rate and the loan loss allowance balance. The 
model is listed as follows 

 

tititititi LLANPLrateNPLrateLLP ,,3,21,10, eaaaa ++∆++= −                     (1) 
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With unbiased expectations, Equation (1) estimated expected regression tiNDLLP ,  as NDLLP. The difference between the actual tiNDLLP ,  

and expected tiNDLLP , should be regarded as tiDLLP , ,which is normally distributed disturbances.  
Because LLPs has the endogenous relationship with credit scale, capital adequacy and earnings before interest, taxes and provisions for 

loan loss, we make reference Love and Zicchino (2002) panel autoregressive model (PVAR) to estimate the bi-directional shock effect 
among these variables. Panel VAR consists of three main parts: the first is  

GMM, which illustrates the regression relationship among variables; the second is the analysis of error term variance, which could 
explain the error term impact proportion of the related factors; the third is the impulse response graphs. Through the dynamic impact 
response graphs, we could observe the reaction of each variable to impulse (Duan Junshan, 2011). PVAR model is set as follows: 

titiptiti yy ,,, µγω +++Γ= −                                                                        (2) 

tiy , =｛ tiLLP , ， tiLoanrate , ， tiNebirate , tieCapitalrat , ｝,which is the variable vector based on panel data 4*1, p is 

the lag order in the ptiy −, ,Γ is the 4*4 coefficient matrix, ， iω ， tγ  is the individual effect vector and time effect vector of 4*1 

dimension respectively, reflecting the heterogeneity of individual sections and specific impulse varying with time. ti,µ
is a random 

perturbation vector for 4*1 
 

4.3 Definition  of  variables  and  descriptive  analysis 
 

Table 1 Sample description  (2004-2012, N = 16, T = 20, NT = 288) 
Variables  Variable 

meaning 
Calculation method Average  Median Standard 

deviation 
Maximum  Min

imu
m  

NPLrate  
Non-
performing 
loan rate of 
assets 

Total  not performing 
assets of listed banks 
announced divided by the 
initial loan amount 

0.0548 0.0408 0.0429 0.2543 0.00
74 

LLP  
Provisions for 
loan losses  

Loan loss provisioning 
divided bythe total initial 
loan 

0.0078 0.0068 0.0062 0.0817 0.00
04 

LLA  
Amounts of 
reserves 

loan loss reserve closing 
balance divided by the 
initial loan amount 

0.0256 0.0244 0.0082 0.0631 0.00
31 

Loanrate  
Loan rate The proportion of each 

period total loans divided 
by initial total assets  

0.5407 0.5250 0.0873 0.8426 0.36
48 

Nebirate  
Net assets 
profit rate 

Earnings before interest 
and tax and profit before 
provision for loan loss 
divided by net assets of 
listed banks 

0.3131 0.2994 0.1157 0.7279 -
0.16
88 

eCapitalrat  
Capital 
adequacy rate 

Tier one capital adequacy 
rate index of listed banks 
reported 

0.1117 0.1134 0.0279 0.2100 -
0.01
47 

 
Table 1 shows the descriptive statistics analysis of variables. The average non-performing loan of assets (NPLrate) accounted for the 

initial total loans is 5.48%, and the median of which is 4.08%. LLPs accounted for the initial loans is 0.78%, the median of which is 
0.68%.The average loan scale accounted for total bank assets（Loanrate）is 54.07%, with a median of 52.5% .Net assets profit rate 
(Nebirate) referred to income before tax and provision for loan loss divided by the banks’ net assets, the average of which is 31.31% and the 
median is 29.94%.The average value of capital adequacy rate is 11.17%, the median of which is 11.34%. 

 
4.4 Empirical results  
 

Table 2 presents the result of unit root tests, which gained by using Augmented Dickey-Fuller (ADF) method for unit root test. We 
found that Nebirate, LLP and LLA have a significant non-stationary feature, and the feature of Capitalrate is stable. Differences of the above 
variables are stable. Non-stationary variables which be used in static panel model would lead to correlation between explanatory variables 
and random error items. Non-consistence estimation for variables will rise when we estimate panel data using fixed effects or random effects 
will. 

 
4.5 Estimation for DLLP and NDLLP 
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According to the above-mentioned characteristics of panel data, we adopted GMM model to estimate DLLP and NDLLP. GMM model 

was developed by Arellano and Bond (1991), Arellano and Bover (1995) , Blundell and Bond (1998). Windmeijer (2005) estimated standard 
variance by using GMM two-step method to reduce small sample’s estimated error. Table 3 shows dynamic panel estimating result, which 

reports that the correlation between the previous year’s NPLrate and LLP is 0.0138, the significance of which is at the 5% level. The 

correlation between tiNPLrate ,∆
and LLP  is 0.0058, significant at the 10% level. Wald Chi2 (5) is equal to 41.79, which refers to 

the overall validation of the model (1).Table 4 reports the measuring values of tiNDLLP ,  ，The average values of tiNDLLP ,  and DLLP  
respectively  are  0.7199%  and  0.0153%.  

 
5. GMM estimation 
 

Due to endogenous relationship among LLP , Loanrate , eCapitalrat  and Nebirate ,panel VAR estimation model can 

more effectively reflect the interactive influences. The aforementioned unit root test results show that LLP Loanrate 、

eCapitalrat  and Nebirate apply to I (1) distribution, which indicating that there is long-term equilibrium relationship among these 
variables. According to SIC's information criterion, we could use first-order lag PVAR model to estimate. The GMM estimation results of 
PVAR is shown in Table 5 and Table 6. 

Seen from table 5, the effects that all variables have on DLLP  are relatively small. The lagged one period 1−tDLLP  has effects on 
the current variable DLLP , the coefficience of which is 0.2815, at the 5% significant level, which indicates that DLLP  has path dependent 

features. On the contrary, 1−tDLLP  has great significant effects on Loanrate , the coefficience of which is 2.2309, at the 1% significant level, 
which indicates that when bank has enough DLLP, banks will have greater motivation to supply credit that caused loan further growth. 
Hyphosis 1 has been demonstrated.  

The  coefficience of 1−tDLLP  to Nebirate is 3.8253 at the 1% significant level, which indicates that when banks have enough 
DLLP, banks have sufficient motivation to conduct earnings management and have a good financial report. Hypothesis 2 can be verified. 

Meanwhile,  the coffeicience of 1, −tiDLLP  to eCapitalrat  is-66.7449 at the 5% significant level. Loan loss provisions (LLP ) has a 
significant impact on the after-tax profits, which casuses the banks’ capital adequacy rate decreasing. Table 6 reflects interactive relationship 
between NDLLP s and various variables. From the table 6, the effects between NDLLP  and other variables are relatively small. NDLLPi,t-
1 has an effect on NDLLP , which illustrate that loan loss provisions are drawn based on bank ‘s non-performing loan rate of assets and 
have no significant 'cycle' impact on bank commercial credit. And the same as the effect of DLLP, the coefficient of NDLLP on capital 
adequacy rate is -432.0657, at the 5% significant level. Hyphosis 3 has been demonstrated.  

 
5.1. Analyzing Panel Error Variance Decomposition  
 

(1) Error Term Description of DLLP and NDLLP: as shown in Table 7 and Table 8 : during the 10th period , the explanatory power of 
Loanrate , eCapitalrat  and Nebirate for the error term of DLLP  is very small. However, the explanatory power of 

Loanrate , eCapitalrat  and Nebirate for the error term of NDLLP is respectively 8.5%, 3.1% and 2.9%. which confirmed that 
there is long term influence relationship between NDLLP and commercial credit, and performance and capital adequacy rate. 

Error Term Description of Loanrate: during the 10th period, the explanatory power of NDLLP on the error term of 
Loanrate is 0.005; and the explanatory power of DLLP on the error term of Loanrate is 0.092, which illustrates that the greater bank’s LLPs 
are, the greater speeds of credit supply are. From table 7 and 8, we could find that Nebirate has little impact on the error term of Loanrate, 
almost zero, which indicates the growth of profit is not driving factor to propel credit supply. Capitalrate has certain explanatory power on 
the error term of Loanrate as table 7 and table 8 showed, indicating that Capitalrate is an important factor required consideration in the 
process of credit growing .  

Error Term Analyzing of Nebirate: during the 10th period, the explanatory power of NDLLP and DLLP on the the error term of 
Nebirate is relatively large, and is respectively 13.1%, which indicates that that the bank always have motivation to conduct earnings 
management in the long run, based on the requirements of drawing LLPs. Table 7 and table 8 showed that Loanrate has a certain 
explanatory power on the Nebirate error term, Indicating that loan growth is important driver to propel the growth of bank’s profit growing. 
On the contrary, the viewpoint couldn’t be set up.  

Error Term Analyzing of Capitalrate: table 7 and table 8 showed that the explanatory power of Loanrate, Nebirat, NDLLP and DLLP 
on the error term of Capitalrate is relatively large, which is above the 9% level. There is great explanatory power of Loanrate on the error 
term of Capitalrate is more than 30%, which indicates that loan growth will have significant effect on the capital adequacy rate. 

 
Table 2 unit  root  results of panel dat 

Variable 
name 

ADF test Verification 
results 

First order 
differential 

ADF test Verificatio
n results 

NPLrate  48.489
（0.0310） 

Non-stability  NPLrateD.  29.054
（0.4096） 

Non-
stability  

LLP  23.9962
（0.8446） 

Non-stability LLPD.  44.069(0.02
73) 

stability 

LLA  38.63
（0.1950） 

Non-stability LLAD.  60.23
（0.0009） 

stability 

Loanrate  16.7736
（0.9876） 

Non-stability LoanrateD.  55.253
（0.0065） 

stability 

Nebirat  110.03 stability NebirateD.  134.35(0.00 stability 
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（0.000） 0) 

Capitalra  
56.34

（0.005） 
stability eCapitalratD.  

70.34(0.000
) 

stability 

 
Table 3  Dynamic  panel  model (1) estimation results 

 erceptint  1, −tiLLP  2, −tiLLP  1, −tiNPLrate  iNPLrate∆  LLA  
Coeff

icient 
0.0036 -0.0946 0.1493 0.0138 0.0058 0.1004 

T test 2.45（0.014）
** 

-0.83
（0.408） 

1.11
（0.269） 

2.30（0.022）
** 

1.69
（0.090）** 

2.9
（0.004）

*** 
Wald chi2(5) = 41.79，   Prob > chi2 = 0.0000Number of  obs=152 

Numbers in brackets are standard errors; *, * *, * * *, representing significant in the extent of10%, 5%, 1% . 
 

Table 4  Descriptive Statistical Analysis 
Variable 

name 
Average 

number 
Median Standard 

deviation 
Maximum 

value 
Minimu

m value 

tiNDLLP ,  
0.0072 0.0070 0.0012 0.0114 0.0037 

tiDLLP ,  
0.0002 -0.0004 0.0034 0.0227 -0.0057 

 
Impulse response function reflects effect of a variable in the panel model orthogonal impact on the each variable in the system, which 

is the further test of the GMM estimation. Figure 1 shows DLLP’s impulse response diagram. When Loanrate, Nebirate and Capitalrate has 
impulse from DLLP, there will be a significant response, and this response is not eliminated in the long run. Higher DLLP will push 
Loanrate increasing and DLLP also contributed to profit growth of Nebirate, which indicates that the greater proportion of DLLP is , the 
greater growth of loan scale is. While the motivation for banks to improve their improve is also significant. DLLP has the negative impact 
on Capitalrate, which is declining over the continuing of time ,but couldn’t eliminate to 6th period.  

Figure 2 shows impulse response diagram of NDLLP. As figure 2 showed, the impact of the NDLLP had no significant effect on 
Loanrate; the impact of the NDLLP have a positive effect on Nebirate and have a negative effect on Capitalrate. The effects of the impact 
gradually decay after the third period. 
Figure 1 and Figure 2 also show the interaction relationship among the profit indicators (Nebirate), loan rate (Loanrate) and capital adequacy 
rate (Capitalrate). 
The impact of the Nebirate has no significant effect on Loanrate and has a negative effect on Capitalrate. which disappears during the 
second period. The result indicates that profit growth has not improved loan scale growth . At the initial stage, there is a negative 
relationship between profits and capital adequacy rate, which indicating that banks manage earning by drawing LLPs, but reducing the 
bank's capital adequacy rate. This conclusion could be further confirmed from the significant positive impulse of Loanrate to Nebirate, but 
significant negative impluse to Capitalrate. 
 
6. Conclusions and Policy Recommendations 
 

Owing to LLPs divided into DLLPs and NDLLPs, we could respectively identify the impact of LLPs on bank credits, banks 
performance and capital adequacy rate, which could verify the objectives of LLPs, that is for requirements of earning management or capital 
regulatory. At the same time, we could verify whether LLPs are "cyclical characteristic” or not . From GMM estimation, error 
decomposition analyzing and impulse response analyzing, we could see DLLP has significant effect on bank credits, which lasts a long time. 
The conclusions confirmed that there is no "procyclical" feature for LLPs. The reason is that banks often draw excessive provisions which 
provide a basis for banks to expand credit scale, and make loan growth keep pace with LLPs. From the results of panel VAR model, we 
could find that DLLPs and Nebirates have a significant positive relationship, which indicating that banks have obvious motivation to 
conduct earning management and expand DLLPs. The conclusion is consistent with LLPs’ countercyclical features, which illustrates that 
banks draw much more LLPs to prepare for the economy recession. There is a significant inverse relationship between DLLP and 
Capitalrate, so does NDLLP, which is not comply with capital regulating hypothesis. The result of above examination indicates that banks 
have not effectively conduct capital regulating for the objective of capital adequacy rate. The reason is that since 2005 , China's economy 
has been growing rapidly and banks’ profits have also been increasing greatly. Therefore, banks have confidence to meet the objectives of 
capital adequacy rate and don’t need to use LLPs for regulating capital.  

By using panel VAR test, we could confirm that LLPs of listed banks in China have "countercyclical" features. The results illustrate 
that listed banks make use of LLPs to manage earnings, on the other hand, higher DLLPs have significant negative impacts on capital 
adequacy rate. Although China's commercial banks' capital adequacy rate is 11.17% on average , considering earning management. It is 
possible that capital adequacy rate could be downward with  

 
6.1. China's economic’s growing rate being slow 
 

This paper provides valuable policy implication for drawing LLPs. Although many national countries have recommended the forward-
looking method for LLPs. We should pay more attention suitability of the method in China. China's accounting system at the 
implementation level also needs to be perfected, especially there are many problems in the respects of corporate governance and internal 
control systems, which is closely connected with the implementation of accounting system. Forward looking method being adopted hastily 
provides sensible reasons for earning management. While excessive earning management could undermine the bank's capital basis and 
decrease capital adequacy rate ,which is not contribute to bank's long-term and sustainable development. 

 
Table 5 PVR estimation results provision for discretionary loan loss provisions (DLLP) 

 DLLP Loanrate  Nebirate  Capitalrate 

L.h_ DLLP 0.2820（2..96)*** 2.231（2.66）*** 3.8253（2.6）*** -66.74（-1.97）** 
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L.h_ Loanrate 0.00429（0.01） 0.9612（4.76）*** 0.3231（0.89） -17.10（-1.91）** 

L.h_ Nebirate -0.00076（-0.08） 0.043（0.44） 0.2830（1.42） 0.2830（1.42） 

L.h_ Capitalrate -0.00028（-0.42） 0.0075（0.96） -0.0064（-0.4） -0.0064（-0.40） 

Numbers in brackets are standard errors; *, * *, * * *, representing significant in the extent of10%, 5%, 1% . 
 

Table 6 PVR estimation results provision for nondiscretionary loan loss provisions (NDLLP) 
 NDLLP Loanrate  Nebirate  Capitalrate 

L.h_ NDLLP 0.492（2.52）*** 2.668（0.56） 13.92（1.32） -432.07（-2.02）** 

L.h_ Loanrate 0.0049（1.23） 0.891（5.71）*** 0.0530（0.21） -9.355（-1.91）** 

L.h_ Nebirate 0.0029（1.44） 0.0.32（0.39） 0.2183（1.25） -1.5140（-0.60） 

L.h_ Capitalrate 0.00015（0.73） 0.0056（0.84） -0.0122（-0.92） 0.2614（0.96） 

Numbers in brackets are standard errors; *, * *, * * *, representing significant in the extent of10%, 5%, 1% . 
 

Table 7  Discretionary loan loss provisions (DLLP) panel error term analysis 
 S DLLP Loanrate  Nebirate  Capitalrate 

DLLP 10 0.996 0.003 0.000 0.001 

Loanrate 10 0.092 0.845 0.006 0.057 

Nebirate 10 0.131 0.170 0.688 0.011 

Capitalrate 10 0.111 0.505 0.102 0.281 

 

Table 8  Nondiscretionary loan loss provisions (DLLP) panel error term analysis 
 S NDLLP Loanrate  Nebirate  Capitalrate 

NDLLP 10 0.855 0.085 0.031 0.029 

Loanrate 10 0.005 0.956 0.000 0.039 

Nebirate 10 0.131 0.084 0.767 0.019 

Capitalrate 10 0.206 0.381 0.090 0.322 

 
Impulse response function reflects effect of a variable in the panel model orthogonal impact on the each variable in the system, which 

is the further test of the GMM estimation. Figure 1 shows DLLP’s impulse response diagram. When Loanrate, Nebirate and Capitalrate has 
impulse from DLLP, there will be a significant response, and this response is not eliminated in the long run. Higher DLLP will push 
Loanrate increasing and DLLP also contributed to profit growth of Nebirate, which indicates that the greater proportion of DLLP is , the 
greater growth of loan scale is. While the motivation for banks to improve their improve is also significant. DLLP has the negative impact 
on Capitalrate, which is declining over the continuing of time ,but couldn’t eliminate to 6th period.  

Figure 2 shows impulse response diagram of NDLLP. As figure 2 showed, the impact of the NDLLP had no significant effect on 
Loanrate; the impact of the NDLLP have a positive effect on Nebirate and have a negative effect on Capitalrate. The effects of the impact 
gradually decay after the third period. 

Figure 1 and Figure 2 also show the interaction relationship among the profit indicators (Nebirate), loan rate (Loanrate) and capital 
adequacy rate (Capitalrate). 

The impact of the Nebirate has no significant effect on Loanrate and has a negative effect on Capitalrate. which disappears during the 
second period. The result indicates that profit growth has not improved loan scale growth . At the initial stage, there is a negative 
relationship between profits and capital adequacy rate, which indicating that banks manage earning by drawing LLPs, but reducing the 
bank's capital adequacy rate. This conclusion could be further confirmed from the significant positive impulse of Loanrate to Nebirate, but 
significant negative impluse to Capitalrate. 

 
7. Conclusions and Policy Recommendations 
 

Owing to LLPs divided into DLLPs and NDLLPs, we could respectively identify the impact of LLPs on bank credits, banks 
performance and capital adequacy rate, which could verify the objectives of LLPs, that is for requirements of earning management or capital 
regulatory. At the same time , we could verify whether LLPs are "cyclical characteristic” or not . From GMM estimation, error 
decomposition analyzing and impulse response analyzing, we could see DLLP has significant effect on bank credits, which lasts a long time. 
The conclusions confirmed that there is no "procyclical" feature for LLPs. The reason is that banks often draw excessive provisions which 
provide a basis for banks to expand credit scale, and make loan growth keep pace with LLPs. From the results of panel VAR model, we 
could find that DLLPs and Nebirates have a significant positive relationship, which indicating that banks have obvious motivation to 
conduct earning management and expand DLLPs. The conclusion is consistent with LLPs’ countercyclical features, which illustrates that 
banks draw much more LLPs to prepare for the economy recession. There is a significant inverse relationship between DLLP and 
Capitalrate, so does NDLLP, which is not comply with capital regulating hypothesis. The result of above examination indicates that banks 
have not effectively conduct capital regulating for the objective of capital adequacy rate. The reason is that since 2005 , China's economy 
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has been growing rapidly and banks’ profits have also been increasing greatly. Therefore, banks have confidence to meet the objectives of 
capital adequacy rate and don’t need to use LLPs for regulating capital.  

By using panel VAR test, we could confirm that LLPs of listed banks in China have "countercyclical" features. The results illustrate 
that listed banks make use of LLPs to manage earnings, on the other hand, higher DLLPs have significant negative impacts on capital 
adequacy rate. Although China's commercial banks' capital adequacy rate is 11.17% on average , considering earning management. It is 
possible that capital adequacy rate could be downward with  
China's economic’s growing rate being slow.  

This paper provides valuable policy implication for drawing LLPs. Although many national countries have recommended the forward-
looking method for LLPs. We should pay more attention suitability of the method in China. China's accounting system at the 
implementation level also needs to be perfected, especially there are many problems in the respects of corporate governance and internal 
control systems, which is closely connected with the implementation of accounting system. Forward looking method being adopted hastily 
provides sensible reasons for earning management. While excessive earning management could undermine the bank's capital basis and 
decrease capital adequacy rate ,which is not contribute to bank's long-term and sustainable development. 

 
Table 5  PVR estimation results provision for discretionary loan loss provisions (DLLP) 

 DLLP Loanrate  Nebirate  Capitalrate 

L.h_ DLLP 0.2820（2..96)*** 2.231（2.66）*** 3.8253（2.6）*** -66.74（-1.97）** 

L.h_ Loanrate 0.00429（0.01） 0.9612（4.76）*** 0.3231（0.89） -17.10（-1.91）** 

L.h_ Nebirate -0.00076（-0.08） 0.043（0.44） 0.2830（1.42） 0.2830（1.42） 

L.h_ Capitalrate -0.00028（-0.42） 0.0075（0.96） -0.0064（-0.4） -0.0064（-0.40） 

Numbers in brackets are standard errors; *, * *, * * *, representing significant in the extent of10%, 5%, 1% 

 
Table 6  PVR estimation results provision for nondiscretionary loan loss provisions (NDLLP) 

 NDLLP Loanrate  Nebirate  Capitalrate 

L.h_ NDLLP 0.492（2.52）*** 2.668（0.56） 13.92（1.32） -432.07（-2.02）** 

L.h_ Loanrate 0.0049（1.23） 0.891（5.71）*** 0.0530（0.21） -9.355（-1.91）** 

L.h_ Nebirate 0.0029（1.44） 0.0.32（0.39） 0.2183（1.25） -1.5140（-0.60） 

L.h_ Capitalrate 0.00015（0.73） 0.0056（0.84） -0.0122（-0.92） 0.2614（0.96） 

Numbers in brackets are standard errors; *, * *, * * *, representing significant in the extent of10%, 5%, 1% . 

 
Table 7  Discretionary loan loss provisions (DLLP) panel error term analysis 

 S DLLP Loanrate  Nebirate  Capitalrate 

DLLP 10 0.996 0.003 0.000 0.001 

Loanrate 10 0.092 0.845 0.006 0.057 

Nebirate 10 0.131 0.170 0.688 0.011 

Capitalrate 10 0.111 0.505 0.102 0.281 

 
Table 8 Nondiscretionary loan loss provisions (DLLP) panel error term analysis 

 S NDLLP Loanrate  Nebirate  Capitalrate 

NDLLP 10 0.855 0.085 0.031 0.029 

Loanrate 10 0.005 0.956 0.000 0.039 

Nebirate 10 0.131 0.084 0.767 0.019 

Capitalrate 10 0.206 0.381 0.090 0.322 
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Figure 1 Impulse-response for 1 lag VAR of DLLP，Loanrate, Nebirate and Capitalrate 
 

 

Figure 2 Impulse-response for 1 lag VAR of NDLLP，Loanrate，Nebirate and Capitalrate 
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An approach to Multiple Attribute Decision Making with Intuitionistic Fuzzy Information and its 
Application to Software Quality Evaluation 

 
Jia Tang 
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Abstract: Hamacher product is a t-norm and Hamacher sum is a t-conorm. They are good alternatives to algebraic product and algebraic 
sum, respectively. Nevertheless, it seems that most of the existing hesitant fuzzy aggregation operators are based on the algebraic operations. 
In this paper, we utilize Hamacher operations to develop some intuitionistic fuzzy aggregation operators: intuitionistic fuzzy Hamacher 
weighted geometric (IFHWG) operator, intuitionistic fuzzy Hamacher ordered weighted geometric (IFHOWG) operator and intuitionistic 
fuzzy Hamacher hybrid geometric (IFHHG) operator. The prominent characteristic of these proposed operators are studied. Then, we have 
utilized these operators to develop some approaches to solve the intuitionistic fuzzy multiple attribute decision making problems. Finally, a 
practical example for software quality evaluation is given to verify the developed approach and to demonstrate its practicality and 
effectiveness. 
 
Keywords: intuitionistic fuzzy numbers; operational laws; intuitionistic fuzzy hamacher weighted geometric (IFHWG) operator; 
intuitionistic fuzzy hamacher ordered weighted geometric (IFHOWG) operator; intuitionistic fuzzy hamacher hybrid geometric (IFHHG) 
operator; Software Quality Evaluation 
 
1. Introduction 

 
Atanassov [1, 2] introduced the concept of intuitionistic fuzzy set(IFS) characterized by a membership function and a non-membership 

function, which is a generalization of the concept of fuzzy set [3] whose basic component is only a membership function. The intuitionistic 
fuzzy set has received more and more attention since its appearance [4, 11]. Xu [12] developed some geometric aggregation operators, such 
as the intuitionistic fuzzy weighted geometric (IFWG) operator, the intuitionistic fuzzy ordered weighted geometric (IFOWG) operator, and 
the intuitionistic fuzzy hybrid geometric (IFHG) operator and gave an application of the IFHG operator to multiple attribute group decision 
making with intuitionistic fuzzy information. Later, Atanassov and Gargov further introduced the intuitionistic fuzzy set (IFS), which is a 
generalization of the IFS. The fundamental characteristic of the IFS is that the values of its membership function and non-membership 
function are intervals rather than exact numbers. Xu and Wei & Wang developed intuitionistic fuzzy weighted geometric (IFWG) operator, 
the intuitionistic fuzzy ordered weighted geometric (IFOWG) operator and the intuitionistic fuzzy hybrid geometric (IFHG) operator. Wei 
investigated the dynamic intuitionistic fuzzy multiple attribute decision making problems where all the attribute values are expressed in 
intuitionistic fuzzy numbers or intuitionistic fuzzy numbers and proposed some geometric aggregation operators such as the dynamic 
intuitionistic fuzzy weighted geometric (DIFWG) operator and uncertain dynamic intuitionistic fuzzy weighted geometric (UDIFWG) 
operator to aggregate dynamic or uncertain dynamic intuitionistic fuzzy information. Wei proposed two new aggregation operators: induced 
intuitionistic fuzzy ordered weighted geometric (I-IFOWG) operator and induced intuitionistic fuzzy ordered weighted geometric (I-
IIFOWG) operator are proposed, and some desirable properties of the I-IFOWG and I-IIFOWG operators are studied, such as commutativity, 
idempotency and monotonicity. Wei and Zhao developed two new aggregation operators: induced intuitionistic fuzzy correlated averaging 
(I-IFCA) operator and induced intuitionistic fuzzy correlated geometric (I-IFCG) operator are developed and some desirable properties of 
the I-IFCA and I-IFCG operators are studied, such as commutativity, idempotency and monotonicity. Yu et al. Proposed some intuitionistic 
fuzzy aggregation operators such as the intuitionistic fuzzy prioritized weighted average (IFPWA) operator, the intuitionistic fuzzy 
prioritized weighted geometric (IFPWG) operator.  

All the above operators are based on the algebraic operational laws of IFSs for carrying the combination process and are not consistent 
with the limiting case of ordinary fuzzy sets. But, these operator fail to deal with aggregating the intuitionistic fuzzy information. Therefore, 
how to extend the Hamacher operations to aggregate the intuitionistic fuzzy information is a meaningful work which is also the focus of this 
paper. In order to do so, the remainder of this paper is set out as follows. In the next section, we introduce some basic concepts related to 
intuitionistic fuzzy sets.  In Section 3, we establish the Hamacher operations on intuitionistic fuzzy sets. In Section 4, we develop some 
intuitionistic fuzzy Hamacher geometric aggregation operators, such as such as the intuitionistic fuzzy Hamacher weighted geometric 
(IFHWG) operator, the intuitionistic fuzzy Hamacher ordered weighted geometric (IFHOWG) operator and the intuitionistic fuzzy 
Hamacher hybrid geometric (IFHHG) operator and study some desired properties of these operators. In Section 5, we apply the intuitionistic 
fuzzy Hamacher hybrid geometric (IFHHG) operator to deal with multiple attribute decision making with intuitionistic fuzzy information. In 
Section 6, an illustrative example for software quality evaluation is pointed out. In Section 7, we conclude the paper and give some remarks. 
 
2. Preliminaries 

 
In the following, we introduce some basic concepts related to intuitionistic fuzzy sets. Atanassov extended the fuzzy set to the IFS, 

shown as follows: 
Definition 1. An IFS A  in X  is given by 

( ) ( ){ }, ,A AA x x x x Xµ ν= ∈                                                                   (1) 

Where [ ]: 0,1A Xµ →  and [ ]: 0,1A Xν → , with the condition ( ) ( )0 1A Ax xµ ν≤ + ≤ , x X∀ ∈ . 

The numbers ( )A xµ  and ( )A xν  represent, respectively, the membership degree and non- membership degree of the 

element x to the set A [1, 2]. 

Definition 2. Let ( ),a µ ν=  be an intuitionistic fuzzy number, a score function S  of an intuitionistic fuzzy value can be 

represented as follows 
: 
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( )S a µ ν= − ， ( ) [ ]1,1S a ∈ − .                                                                     (2) 

Definition 3. Let ( ),a µ ν=  be an intuitionistic fuzzy number, a accuracy function H  of an intuitionistic fuzzy value can be 

represented as follows: 

( )H a µ ν= + , ( ) [ ]0,1H a ∈  .                                                                         (3) 

to evaluate the degree of accuracy of the intuitionistic fuzzy value ( ),a µ ν=  , where ( ) [ ]0,1H a ∈ . The larger the value of 

( )H a , the more the degree of accuracy of the intuitionistic fuzzy value a . 

 
 
3. Hamacher operations of the intuitionistic fuzzy set 
 
3.1 Hamacher operations 

 
T-norm and t-conorm are an important notion in fuzzy set theory, which are used to define a generalized union and intersection of 

fuzzy sets. Roychowdhury and Wang gave the definition and conditions of t-norm and t-conorm. Based on a t-norm (T) and t-conorm (T*), a 
generalized union and a generalized intersection of intuitionistic fuzzy sets were introduced by Deschrijver and Kerre. Further, Hamacher 
proposed a more generalized t-norm and t-conorm.  Hamacher operation include the Hamacher product and Hamacher sum, which are 
examples of t-norms and t-conorms, respectively. They are defined as follows: 

Hamacher product ⊗ is a t-norm and Hamacher sum ⊕ is a t-conorm, where 

( ) ( )( )
,

1
abT a b a b

a b abγ γ
= ⊗ =

+ − + −
                                                                      

(4) 

( ) (1 )* ,
1 (1 )

a b ab abT a b a b
ab
γ

γ
+ − − −

= ⊕ =
− −  

                                                                         (5) 

Especially, when 1γ = , then Hamacher t-norm and t-conorm will reduce to  

( ),T a b a b ab= ⊗ =
                                                                                                

(6) 

( )* ,T a b a b a b ab= ⊕ = + −
 
                                                                                      (7) 

Which are the algebraic t-norm and t-conorm respectively; when 2γ = , then Hamacher t-norm and t-conorm will reduce to 

( ) ( )( )
,

1 1 1
abT a b a b
a b

= ⊗ =
+ − −

                                                                                     

(8) 

( )* ,
1
a bT a b a b

ab
+

= ⊕ =
+  

                                                                                            (9) 

Which are called the Hamacher t-norm and t-conorm respectively. 
 
3.2. Hamacher operations of intuitionistic fuzzy set 

 
In this section, we shall introduce the Hamacher operations on intuitionistic fuzzy sets and analyze some desirable properties of these 

operations. Motivated by (8-9), let the t-norm T and t-conorm S be Hamacher product T, then the generalised intersection and union on two 

IFSs A and B become the Hamacher product (denoted by 1 2a a⊗  ) on two IFSs 1a  and 2a , respectively, as follows. 

( )
1 2 1 2 1 2 1 2

1 2
1 2 1 2 1 2

(1 ),
(1 ) 1 (1 )

a a µ µ ν ν ν ν γ ν ν
γ γ µ µ µ µ γ ν ν

 + − − −
⊗ =   + − + − − − 

                      (10) 

( ) ( )
( )( )( ) ( )( )

( )( ) ( )
( )( ) ( )( )

1 11
1

1 1 1 1

1 1 1
, , 0

1 1 1 1 1 1 1 1
a

λ λλ
λ

λ λλ λ

γ ν νγ µ
λ

γ µ γ µ γ ν γ ν

 + − − −
 = >
 + − − + − + − + − − 

      

(11)

 

 
4. Intuitionistic fuzzy Hamacher Geometric Aggregation Operators 

 
In the section, we shall investigate the intuitionistic geometric fuzzy aggregation operators with the help of the Hamacher operations. 

Definition 4.  Let ( )( ), 1, 2, ,j j ja j nµ ν= =
  ( )1,2, ,j n=   be a collection of intuitionistic fuzzy values, and let 

IFHWG: nQ Q→ , if 
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( ) ( )1 2 1
IFHWG , , , j

n

n jj
a a a a

ω

ω =
= ⊗   

                                                                (12) 

where ( )1 2, , , T
nω ω ω ω=   be the weight vector of ( )1,2, ,ja j n=

 , and 0jω > , 
1

1
n

j
j
ω

=

=∑ , then IFHWA 

is called the intuitionistic fuzzy Hamacher weighted geometric (IFHWG) operator. 
Based on Hamacher product operations of the intuitionistic fuzzy numbers described, we can drive the Theorem 1. 

Theorem 1. Let ( )( ), 1, 2, ,j j ja j nµ ν= =
   be a collection of intuitionistic fuzzy numbers, then their aggregated value 

by using the IFHWA operator is also an IFN, and 

( ) ( )

( )( )( ) ( )

( )( ) ( )

( )( ) ( ) ( )

1 2 1

1 1 1

1 1 1 1

IFHWG , , ,

1 1 1
,

1 1 1 1 1 1 1 1

j

j jj

j j jj

n

n jj

n n n

j j j
j j j

n n n n

j j j j
j j j j

a a a a
ω

ω

ω ωω

ω ω ωω

γ µ γ ν ν

γ µ γ µ γ ν γ ν

=

= = =

= = = =

= ⊗

 
+ − − − 

 =
 + − − + − + − + − − 
 

∏ ∏ ∏

∏ ∏ ∏ ∏

   


           (13) 

Where ( )1 2, , , T
nω ω ω ω=   be the weight vector of ( )1,2, ,ja j n=

 , and 0jω > , 
1

1
n

j
j
ω

=

=∑ . 

Now, we can discuss some special cases of the IFHWG operator with respect to the parameterγ . 

 When 1γ = , IFHWG operator reduces to the intuitionistic fuzzy weighted geometric (IFWG) operator as follows: 

( ) ( ) ( )1 2 1 1 1

IFWG , , , ,1 1j jj
n nn

n j j jj j j

a a a a
ω ωω

ω µ ν
=

= =

 
= ⊗ = − − 

 
∏ ∏   

                                     (14) 

 When 2γ = , IFHWG operator reduces to the intuitionistic fuzzy Einstein weighted geometric (IFEWG) operator as follows: 

( )

( )

( )

( ) ( )

( ) ( )

1 2

1

1 1 1

1 1 1 1

IFEWG , , ,

2 1 1
,

2 1 1

j

j jj

j j jj

n

n

jj

n n n

j j j
j j j

n n n n

j j j j
j j j j

a a a

a

ω

ω

ω ωω

ω ω ωω

µ ν ν

µ µ ν ν

=

= = =

= = = =

= ⊗

 
+ − − 

 =
 − + + + − 
 

∏ ∏ ∏

∏ ∏ ∏ ∏

  




                                            

(15) 

It can be easily proved that the IFHWG operator has the following properties. 

Theorem 2. (Idempotency)  If all ( )1,2, ,ja j n=
 are equal, i.e. ja a=   for all j , then 

( )1 2IFHWG , , , na a a aω =   


                                                                         
(16) 

Theorem 3. (Boundedness)  Let ( )1,2, ,ja j n=
  be a collection of IFN, and let 

min jj
a a− =  , max jj

a a+ =   

Then 

( )1 2IFHWG , , , na a a a aω
− +≤ ≤    



                                                                   
(17)

 
Theorem 4. (Monotonicity)  Let ( )1,2, ,ja j n=

  and ( )1,2, ,ja j n′ =
 be two set of IFNs, if j ja a′≤  , for all j , 

then 

( ) ( )1 2 1 2IFHWG , , , IFHWG , , ,n na a a a a aω ω ′ ′ ′≤     
 

                                          
(18) 

Furthermore, we shall develop the intuitionistic fuzzy Hamacher ordered weighted geometric (IFHOWG) operator. 

Definition 5. Let ( )( ), 1, 2, ,j j ja j nµ ν= =
  be a collection of intuitionistic fuzzy numbers. An intuitionistic fuzzy 

Hamacher ordered weighted geometric (IFHOWG) operator of dimension n  is a mapping IFHOWG: nQ Q→ , that has an associated 

vector ( )1 2, , , T
nw w w w=   such that 0jw >  and 

1
1

n

j
j

w
=

=∑ . Furthermore, 
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( ) ( )( )1 2 1
IFHOWG , , ,

jn w

w n jj
a a a aσ=

= ⊗   


                                                                   
(19) 

where ( ) ( ) ( )( )1 , 2 , , nσ σ σ  is a permutation of ( )1,2, , n , such that ( ) ( )1j jσ σα α− ≥   for all 2, ,j n=  . 

 Based on Hamacher product operations of the intuitionistic fuzzy values described, we can drive the Theorem 5. 

Theorem 5. Let ( )( ), 1, 2, ,j j ja j nµ ν= =
   be a collection of intuitionistic fuzzy numbers. An intuitionistic fuzzy 

Hamacher ordered weighted geometric (IFHOWG) operator of dimension n  is a mapping IFHOWG: nQ Q→ , that has an associated 

vector ( )1 2, , , T
nw w w w=   such that 0jw >  and 

1
1

n

j
j

w
=

=∑ . Furthermore, 

( )

( )( )

( )

( ) ( )( )( ) ( ) ( )

( ) ( )( ) ( )( )
( ) ( )( ) ( ) ( )( )

1 2

1

1

1 1

1 1

1 1

IFHOWG , , ,

,
1 1 1 1

1 1 1

1 1 1 1

j

j

j
j

j j

j j

w n

n w

jj

n
w

j
j

n nw w
j j

j j

n nw w

j j
j j

n nw w

j j
j j

a a a

aσ

σ

σ σ

σ σ

σ σ

γ µ

γ µ γ µ

γ ν ν

γ ν γ ν

=

=

= =

= =

= =

= ⊗



=
 + − − + −



+ − − − 


+ − + − − 


∏

∏ ∏

∏ ∏

∏ ∏

  




                                                 

(20)

 
Where ( ) ( ) ( )( )1 , 2 , , nσ σ σ  is a permutation of ( )1,2, , n , such that ( ) ( )1j jσ σα α− ≥   for all 2, ,j n=  .   

Now, we can discuss some special cases of the IFHOWG operator with respect to the parameterγ . 

 When 1γ = , IFHOWG operator reduces to the intuitionistic fuzzy ordered weighted geometric (IFOWG) operator as follows: 

( ) ( )( ) ( ) ( )( )1 2 1 1 1

IFOWG , , , ,1 1
j j

j
n nn w ww

w n j j jj j j

a a a aσ σ σµ ν
=

= =

 
= ⊗ = − − 

 
∏ ∏   

                   (21) 

 When 2γ = , IFHOWG operator reduces to the intuitionistic fuzzy Einstein ordered weighted geometric (HFEOWG) operator 
as follows: 

( )

( )( )

( )

( )( ) ( )

( )( ) ( )( )

( )( ) ( )( )

1 2

1

1 1 1

1 1 1 1
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2 1 1
,

2 1 1

j

j j
j

j j j
j

w n

n w
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n n nw ww
j j j

j j j
n n n nw w ww

j j j j
j j j j

a a a

aσ

σ σ σ

σ σ σ σ

µ ν ν

µ µ ν ν

=

= = =

= = = =

= ⊗

 
+ − − 

 =
 − + + + − 
 

∏ ∏ ∏

∏ ∏ ∏ ∏

  




                    

(22) 

It can be easily proved that the IFHOWG operator has the following properties. 

Theorem 6. (Idempotency)  If all ( )1,2, ,ja j n=
 are equal, i.e. ja a=   for all j , then 

( )1 2IFHOWG , , ,w na a a a=   


                                                                           
(23) 

Theorem 7. (Boundedness)  Let ( )1,2, ,ja j n=
  be a collection of IFNs, and let 

min jj
a a− =  , max jj

a a+ =   

Then 

( )1 2IFHOWG , , ,w na a a a a− +≤ ≤    


                                                                      
(24)
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Theorem 8. (Monotonicity)  Let ( )1,2, ,ja j n=
  and ( )1,2, ,ja j n′ =

 be two set of IFNs, if j ja a′≤  , for all j , 

then 

( ) ( )1 2 1 2IFHOWG , , , IFHOWG , , ,w n w na a a a a a′ ′ ′≤     
 

                                           
(25) 

Theorem 9. (Commutativity)  Let ( )1,2, ,ja j n=
  and ( )1,2, ,ja j n′ =

 be two set of IFNs, then 

( ) ( )1 2 1 2IFHOWG , , , IFHOWG , , ,w n w na a a a a a′ ′ ′=     
 

                                              
(26) 

Where
 

( )1,2, ,ja j n′ =
 is any permutation of ( )1,2, ,ja j n=

 . 

From Definitions 4 and 5, we know that the IFHWG operator weights only the intuitionistic fuzzy values, while the IFHOWG operator 
weights only the ordered positions of the intuitionistic fuzzy values instead of weighting the intuitionistic fuzzy values themselves. 
Therefore, weights represent different aspects in both the IFHWG and IFHOWG operators. However, both the operators consider only one 
of them. To solve this drawback, in the following we shall propose an intuitionistic fuzzy Hamacher hybrid geometric (IFHHG). 

Definition 6. An intuitionistic fuzzy Hamacher hybrid geometric (IFHHG) operator of dimension n  is a mapping IFHHG: 

nQ Q→ , that has an associated vector ( )1 2, , , T
nw w w w=   such that 0jw >  and 

1
1

n

j
j

w
=
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                                               (27) 

where ( )jaσ  is the j th largest of the weighted intuitionistic fuzzy values ( ), 1, 2, ,j j j ja a n a j nω= = 

  
 , 

( )1 2, , , T
nω ω ω ω=   be the weight vector of ( )1,2, ,ja j n=

 , and 0jω > , 
1

1
n

j
j
ω

=

=∑ , and n is the balancing 

coefficient. Let ( )1 ,1 , ,1w n n n=  , then the IFHWG operator is a special case of the IFHHG operator; 

Let ( )1 ,1 , ,1n n nω =  , then the IFHOWG operator is a special case of the IFHHG operator. So we know that the IFHHG 

operator generalizes both the IFHWG and IFHOWG operators, and reflects the importance degrees of both the given arguments and their 
ordered positions. 

 
5. An approach to multiple attribute decision making with intuitionistic fuzzy information 

 
In this section, we shall investigate the multiple attribute decision making (MADM) problems based on the IFHHG operator in which 

both the attribute weights and the expert weights take the form of real numbers, attribute values take the form of intuitionistic fuzzy numbers. 

Let { }1 2, , , mA A A A=   be a discrete set of alternatives, and { }1 2, , , nG G G G=  be the set of attributes. The information 

about attribute weights is completely known. Let ( )1 2, , , nw w w w H= ∈

 
be the weight vector of attributes, 

where 0jw ≥ , 1, 2, ,j n=  , 
1

1
n

j
j

w
=

=∑ . Suppose that ( ) ( ),ij ij ijm n m n
R r µ ν

× ×
= =

  is the intuitionistic fuzzy decision 

matrix, where ijµ  indicates the degree that the alternative iA  satisfies the attribute jG  given by the decision maker, ijν  indicates the 

degree that the alternative iA  doesn’t satisfy the attribute jG  given by the decision maker, [ ]0,1ijµ ⊂ , [ ]0,1ijν ⊂  , 

1ij ijµ ν+ ≤ , 1, 2, ,i m=  , 1, 2, ,j n=  . 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                        201.6 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/201 

 

In the following, we apply the IFHHG operator to multiple attribute decision making based on intuitionistic fuzzy information. The 
method involves the following steps: 

Step 1. Utilize the decision information given in matrix R , and the IFHHG operator 

( ) ( ), 1 2, =IFHHG , , ,i i i w i i inr r r rωµ ν=   
 , 1, 2, ,i m=  .                                                (28) 

to derive the collective overall preference values ( )1,2, ,ir i m=
 of the alternative iA ,where ( )1 2, , , T

nω ω ω ω=  is 

the weighting vector of the attributes and ( )1 2, , , T
nw w w w=  is the associated vector of the IFHHA operator, such that 0jw >  

and 
1

1
n

j
j

w
=

=∑ . 

Step 2. calculate the scores ( ) ( )1,2, ,iS r i m=
 of the collective overall values ( )1,2, ,ir i m=

 to rank all the 

alternatives ( )1,2, ,iA i m=   and then to select the best one(s). 

Step 3. Rank all the alternatives ( )1,2, ,iA i m=   and select the best one(s) in accordance with ( )iS r  and 

( )iH r ( )1,2, ,i m=  . 

Step 4. End. 
 

6. Illustrative Example 
 
In this section, we present an empirical case study of evaluating the software quality. The project's aim is to evaluate the best software 

quality from the different software systems, which provide alternatives of software systems to university. The software quality of five 

possible software systems
 

( )1,2,3,4,5iA i = is evaluated. A software selection problem can be calculated as a multiple attribute 

group decision making problem in which alternatives are the software packages to be selected and criteria are those attributes under 
consideration. A computer center in a university desires to select a new information system in order to improve work productivity. After 

preliminary screening, five alternatives ( )1,2, ,5iA i =   have remained in the candidate list. Three decision makers (experts) form a 

committee to act as decision makers. The computer center in the university must take a decision according to the following four attributes: 
①G1 is the costs of hardware/software investment; ②G2 is the contribution to organization performance; ③ G3 is the effort to transform 

from current system; ④G4 is the outsourcing software developer reliability. The five possible software systems ( )1,2,3,4,5iA i =  

are to be evaluated using the intuitionistic fuzzy information by the decision maker under the above four attributes (whose weighting 

vector ( )0.2,0.1,0.3,0.4 Tω = ), as listed in the following matrix. 

( ) ( ) ( ) ( )
( ) ( ) ( ) ( )
( ) ( ) ( ) ( )
( ) ( ) ( ) ( )
( ) ( ) ( ) ( )

0.7,0.2 0.3,0.7 0.4,0.6 0.6,0.4
0.3,0.6 0.2,0.5 0.5,0.2 0.6,0.3
0.2,0.4 0.6,0.3 0.4,0.4 0.5,0.4
0.3,0.5 0.3,0.6 0.4,0.6 0.4,0.6
0.6,0.4 0.5,0.5 0.8,0.2 0.6,0.2

R

 
 
 
 =
 
 
  

  

In the following, we apply the IFHHG operator to multiple attribute decision making for software quality evaluation with intuitionistic 
fuzzy information. The method involves the following steps: 

Step 1. Utilize the decision information given in matrix R , and ( ) jn

ij ija a
ω

=  , we get: 

( ) ( ) ( ) ( )
( ) ( ) ( ) ( )
( ) ( ) ( ) ( )

11 12 13 14

21 22 23 24

31 32 33 34

41

0.22,0.45 , 0.64,0.05 , 0.71,0.02 , 0.02,0.81

0.43,0.35 , 0.46,0.11 , 0.76,0.22 , 0.12,0.66

0.33,0.45 , 0.64,0.14 , 0.65,0.19 , 0.33,0.05

0.54,

a a a a

a a a a

a a a a

a

= = = =

= = = =

= = = =

=

   

   

   

   

   

   



 ( ) ( ) ( ) ( )
( ) ( ) ( ) ( )

42 43 44

51 52 53 54

0.12 , 0.55,0.05 , 0.71,0.15 , 0.13,0.74

0.54,0.24 , 0.27,0.17 , 0.58,0.24 , 0.35,0.45

a a a

a a a a

= = =

= = = =

  

  

   

   

 

Then by score functions, we can get: 
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( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) ( ) ( )

11 12 13 14

21 22 23 24

31 32 33 34

0.71,0.02 , 0.64,0.05 , 0.22,0.56 45, 0.02,0.81

0.76,0.22 , 0.46,0.11 , 0.43,0.35 , 0.12,0.66

0.65,0.19 , 0.64,0.14 , 0.33,0.45 , 0.33,0

a a a a

a a a a

a a a a

σ σ σ σ

σ σ σ σ

σ σ σ σ

= = = =

= = = =

= = = =

   

   

   

   

   

    ( )

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )
41 42 43 44

51 52 53 54

.05

0.71,0.15 , 0.55,0.05 , 0.54,0.12 , 0.13,0.74

0.58,0.24 , 0.54,0.24 , 0.27,0.17 , 0.35,0.45

a a a a

a a a a
σ σ σ σ

σ σ σ σ

= = = =

= = = =

   

   

   

   

 

Step 2. Utilize the decision information given in matrix R , and the IFHHG operator which has associated weighting 

vector ( )0.20,0.30,0.30,0.2 Tw = , we obtain the overall preference values ir  of the software systems
 

( )1,2, ,5iA i =  . 

( ) ( ) ( )
( ) ( )

1 2 3

4 5

0.28,0.59 , 0.58,0.36 , 0.65,0.32

0.34,0.48 , 0.53,0.26

r r r

r r

= = =

= =

  

 

 

Step 3. Calculate the scores ( ) ( )1,2, ,5iS r i =
 of the overall intuitionistic fuzzy preference values ( )1,2, ,5ir i =

  

( ) ( ) ( )
( ) ( )

1 2 3

4 5

0.31, 0.22, 0.33

0.14, 0.27

S r S r S r

S r S r

= − = =

= − =

  

 

 

Step 4. Rank all the software systems ( )1,2,3,4,5iA i =  in accordance with the scores ( )iS r  ( )1, 2, ,5i =  of the 

overall preference values ( )1,2, ,5ir i =
 : 3 5 2 4 1A A A A A    , and thus the most desirable software system is 3A . 

 
7. Conclusion 

 
In this paper, we investigate the multiple attribute decision making (MADM) problems with intuitionistic fuzzy numbers and further 

develop some new Hamacher aggregation operators, such as the intuitionistic fuzzy Hamacher weighted geometric (IFHWG) operator, the 
intuitionistic fuzzy Hamacher ordered weighted geometric (IFHOWG) operator and the intuitionistic fuzzy Hamacher hybrid geometric 
(IFHHG) operator. We also establish some desirable properties of these operators, such as commutativity, idempotency and monotonicity. 
Then, we apply the intuitionistic fuzzy Hamacher hybrid geometric (IFHHG) operator to deal with multiple attribute decision making 
problems with intuitionistic fuzzy information. Finally, an illustrative example for software quality evaluation is given to verify the 
developed approach and to demonstrate its practicality and effectiveness.  
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Research on the Execution Time Analysis Technology of the Worst Case System in Real Time System 
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Abstract: The calculation results of the embedded real-time system correctness depends not only on the logical system, and the results also spent 
time, the system must ensure in response to external events in a predictable period of time. Worst Execution Time (the worst case execution time 
(Case) is the maximum execution time of the program in the process of running. It plays a very important role in the research of real time 
scheduling, task priority arbitration, resource conflict arbitration; inter task communication and hardware / software partitioning. This paper 
focuses on the specific hardware platform (ARM7TDMI processor), the worst case Garfield system MP3 decoding program execution time 
(WCET) were evaluated on the MP3 decoding program optimization and give objective evaluation, but also provide important basis for the 
division of hardware and software of MP3 module. The worst case execution time (WCET) calculation is mainly related to two aspects: the high 
level analysis (Analysis High-Level) and the underlying modeling (Modeling Low-Level). High level analysis is to analyze the program structure 
in a high level language, find out the sequence of instructions in the worst case, while the bottom is built hardware model in assembly 
environment, the worst case has a known sequence of instructions execution time. The complexity of the WCET calculation limits the size of the 
analyzed program and the accuracy of the calculation. This paper introduces an effective method to calculate the worst-case execution time 
(WCET), and develops a path analysis tool CRYINGCAT. The path analysis tools to get the instruction execution time from the bottom of the 
model, the anti mark flow graph analysis control extracted from the top (Control Flow Graph), and then use the containing control execution time 
information flow diagram to establish the integer linear programming model, and finally through the worst case solving integer linear 
programming model to obtain the execution time of the program (WCET). Prior informed system program in the worst case execution time 
(Worst-Case Execution, Time, WCET) is the design and verification of real-time scheduling and schedulability analysis of the premise, but also 
to determine whether the periodic tasks meet their performance goals, in order to find the basis system performance bottleneck. This paper 
summarizes the analysis methods of WCET program, describes the definition and composition of WCET analysis, summarize the program flow 
fact analysis method, and points out the research program flow fact analysis and WCET analysis of the existing problems. 
 
Keywords: Real time system; worst case; execution time; analysis technology; research design 
 
1. Introduction 

 
Embedded system is a computer application system embedded in the object system, which includes one or more control microprocessor and 

high level software developed for the specific application environment. And the biggest difference is that the general computer, embedded systems 
as a part of the software and its systems are closely related, in general, the end user is not changed. Typical embedded systems include printers, 
mobile phones, car engine control units, etc. Previously, the complexity of the system is not very high, generally can be built by a simple circuit. 
But in recent years, more and more complexity of the system is required, while the cost of the system is getting lower and lower, the system 
development cycle is getting shorter and shorter, which makes the circuit more and more difficult to build. Compared with the hardware circuit, the 
software can execute complex arithmetic, and the software can greatly increase the application of embedded system. Loading different versions on 
the same hardware structure of the software products, can meet the different needs of the market; the development of different software on the same 
hardware structure, can quickly enhance the function of the system, enhance the competitiveness of products. At the same time, the reuse of 
hardware circuit, greatly shorten the system development cycle [1], reduce the cost of development. With the improvement of the performance of 
the microprocessor and the complexity of the system, the development prospect of embedded system becomes more and more extensive. The future, 
instead of a logic gate is the basic units of calculation will be performed in the embedded microprocessor instruction, so we should be the goal of 
optimization analysis by logic gate array extended to the embedded system performance. The performance index of embedded system has many 
items; the most important one is the real-time performance of embedded system. The embedded system can be regarded as an excitation response 
system, which has a time from the input to the output of the response, i.e., the excitation response cycle. An embedded system with a very short 
response time to external events is often referred to as the "real time embedded system" ". For real-time embedded systems, the correctness of the 
system depends not only on the logical result of the computation, but also on the time it takes to produce the result. In general, this means that real-
time embedded systems must be guaranteed to react to external events within a predictable time period. If you do not meet the above requirements, 
then the system will make the wrong operation. The real-time embedded system usually can be divided into two categories: soft real-time embedded 
systems and real-time embedded system. The biggest difference between the two is a soft real-time embedded system can allow limited due to 
system execution time exceeds the maximum response time specified error, and hard real-time systems do not allow such mistakes. The structure of 
embedded real-time system is shown in Figure 1. 
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Figure 1. Structure of embedded real time system. 
Real time is a relative concept, which indicates the ability of the system to respond and deal with external events in the foreseeable time. From 

the perspective of embedded system software, software to make a reliable response to external events within a certain period of time, the designer 
must ensure that the worst-case execution time of software (WCET) is less than the specified maximum response time. In a fixed hardware platform, 
with the initial state of the system and the input data is different, the same user task execution time will be very different. In the system design, the 
worst-case execution time of software (WCET) refers to the maximum possible user tasks in the life cycle of each job execution time value, it may 
affect the software and the operation of the whole system, the research of real-time operating system scheduling, priority arbitration, resource 
conflict arbitration and inter task communication etc. the assumption of worst-case execution time (WCET) is a known value. But the worst-case 
execution time of program (WCET) is an important basis for the software and hardware resources reasonably, because the division of hardware and 
software need to be considered in order to meet the performance requirements, performance, try to use the software to achieve. Compared with the 
hardware implementation, software flexibility is good, and easy to verify [2]. In recent years, many experts and scholars at home and abroad have a 
certain research on the worst case execution time (WCET) of embedded system program, and it is a part of the theoretical framework of real time 
system. Worst case execution time (WCET) calculation is usually the method of static analysis, Kligerman and Stolyenko specifically defines a 
real-time programming language Real-Time Eulcid, it can be the worst case for any program execution time analysis. In order to make the analysis 
of the worst-case execution time close to the true value, the Eulcid Real-Time language is more concerned with the expression of context relations. 
 
2. WCET analysis of embedded system 
 
2.1 Program path analysis 

 
The research shows that the main analysis error of the program's worst case execution time has been changed from the error of program path 

analysis to the error of hardware structure model analysis. Compared with the Cache's memory, the microprocessor analysis and modeling of the 
Pipeline pipe line technology is relatively easy, because the instruction is affected by its adjacent instructions. And the establishment of the Cache 
model, the analysis of the instructions in the memory of the Cache, the need to analyze the instructions before the implementation of a number of 
instructions. Before the analysis of the program path, in order to decompose the complexity of the problem, we first build a simple hardware 
structure model, that is, the execution time of each instruction is a constant. This rough model will be replaced by the memory model and the Pipe 
Line model that contains the instruction Cache. The absolute path enumeration by using regular expressions to describe the instruction path of all 
procedures, the use of IDL language (Information Description Language) removal path is not executable; all executable paths identified, then 
traverse the worst of all possible paths to get the execution time of the program (WCET). To identify the executable path, the method is usually 
used to exclude the path is used to describe the program statement, by calculating the intersection point of the regular expression to find the path of 
the program can be executed. Through the analysis, we can know that the linear constraint of node execution times Xi is mainly divided into two 
parts, the program structure and functional constraints. Program structural constraints can be obtained from the program control flow diagram 
(CFG). The program control flow diagram (CFG) is an abstract data structure, which is an abstract description of the program. It consists of nodes 
and directed edges. The node can be a single statement, and can also be continuous multiple statements. But if there is more than one statement, the 
statement must be in the order of the structure; the middle cannot be a branch, cycle and jump structure. A node that is connected to the edge, which 
indicates the flow of control between nodes. Normally, there are two special nodes in the control flow graph: the start node and the end node. The 
starting node controls the initial entry of the control flow graph. The control flow must pass through the initial node to enter the control flow 
diagram. The control flow must pass the stop node to leave the control flow chart. If there is a branch of the program control flow diagram, the 
program of conditional statements, such as the if statement; if the program control flow closed loop diagram, showing that the loop program, such 
as the while statement. Functional constraints are related to the number of cycles, including the number of cycles of the relevant path information, 
which can be obtained from the semantics of the program semantics, or by way of artificial additions to get. Procedures for the establishment of 
structural constraints as shown in Figure 2. 
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Figure 2. Sketch of the establishment of linear constraints. 

 
2.2 Hardware structure analysis 

 
Microelectronics technology development, especially the rapid development of ultra large scale integrated circuit, the size of the processor 

components is becoming smaller and smaller, the distance between components is becoming shorter and shorter, thus improving the system running 
speed. However, compared with the computer structure early in recent years, the processor speed gain is mainly from the processor and memory 
organization design technology updates, including the cache using Cache and Pipeline pipe line processing technology etc. [3]. The starting point of 
all of these technologies is to maximize the processor to keep running state. Memory Cache (cache, hereinafter referred to as Cache) is designed to 
give the fastest speed approximation of memory, while the price of a cheaper semiconductor memory to provide a large memory capacity. Figure 7 
illustrates this concept, the relatively large capacity, slow speed of the main memory and the smaller, faster speed of the Cache together, Cache 
storage in the main memory of the part of the copy. When CPU tries to read a word from the memory, check whether the word is in the Cache. If 
yes, this word is transmitted to the CPU; if not, then a fixed number of characters in the main memory are read into the Cache, and then the word is 
transmitted to the CPU. As a result of the visit, when a piece of data is taken into the Cache, to meet a memory access, the future access to other 
words in the block is extremely possible. The processor generates an address RA to read the word, and if the word is present in the Cache, it is sent 
to the processor. Otherwise, the block containing the word is loaded into the Cache, and then the request is sent to the CPU. In this structure, Cache 
via a data line, a control line and an address line connected to the processor, data and address lines also received data buffer and address buffer, the 
buffer receives the system bus, and main memory connected to. When the Cache hits, the two buffers are closed, the communication is only 
between the processor and the Cache, and the system bus is not. When Cache is not hit, the data block that contains the word to be read is first 
loaded into Cache, and then transmitted to the processor by Cache. The schematic diagram of the main memory is shown in Figure 3. 

 
Figure 3. Schematic diagram of main memory structure. 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                        202.4 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/202 

 

 
2.3 Hardware structure model 

 
Control flow diagram (CFG) node information is mainly refers to the control flow chart of the basic node of the execution time. In order to 

improve the performance of the system, the high speed buffer and pipeline technology are widely used in the embedded real CI system. The 
application of these new technologies in improving the performance of the system at the same time, increase the uncertainty of the system, making 
the system in the worst case execution time analysis and calculation is very difficult. In this paper, through the modeling of the hardware structure, 
the main is to establish Cache model and Pipi Line model, analysis of the impact of the hardware structure of the program execution time, reduce 
the uncertainty analysis system, so that the evaluation is more close to the actual value. If the memory in the system is Cache, the execution time of 
the instruction varies as the instruction is in the Cache. The program path analysis of instruction execution times is further divided into Cache and 
Cache hit the execution times of miss’s execution times, if can know single instruction execution time Cache hits and misses, then the worst-case 
execution time of program evaluation value will be more close to the actual value. A block in the Cache table represents a L-Block node. From the 
programs target code, you can know the starting address of each basic block. According to the number of Cache slot to establish a Cache table, the 
starting address of each basic block will be loaded into the corresponding Cache table entry. Any of the two maps in the same L-Block Instruction 
Cache slot node, if the replacement of one L-Block node cause content Cache slot, then the two L-Block node is in conflict. If the L-Block node 
mapping two or more conflicting to the same Cache slot, their Cache hit rate depends on their execution order, and is not affected by other Cache 
slot in the implementation of the L-Block node [4]. Using this characteristic, a Cache L-Block Graph Cache (conflict) is established for any 
arbitrary Cache slot, which is used to resolve the phase conflict. The definition of L-Block and the Cache conflict flow diagram are shown in Figure 
4 and 5. 

 
Figure 4. Schematic diagram of the definition of L-Block. 

 
Figure 5. Schematic diagram of Cache conflict flow diagram. 

 
2.4 The pipeline model 

 
Pipeline (Pipeline) is a parallel processing technology to implement multiple instruction overlapping execution. The pipeline to increase the 

number of instructions executed at the same time, the beginning and end of the command line ratio, bring performance improvement and water line 
is proportional to the number of instructions, the instruction sequence overlap between the execution time is less than the total sequence within a 
single instruction execution time. Pipeline operations are maintained during the execution of the instruction sequence ABC without interruption. 
Due to many reasons [5], for a given instruction, a certain segment of the pipeline may not be able to complete its task at the time of allocation, 
which is caused by the delay of the clock called blocking. May be in the instruction fetch stage (IF), since the cache failure, must extract the 
instructions from the main memory, which makes the instruction block decoding unit and execution unit idle instruction in the second and third bus 
cycles; may the execution of the instruction operation takes a number of clock cycles, the formation of the executive obstruction the fetch unit and 
instruction decoding unit idle in fourth and fifth in the bus cycle. This paper presents a method in ARM system development environment ARM 
Development Suite (ADS), using ARMulator (instruction level CPU software simulator) simulation; get the execution time of basic nodes and 
nodes in the pipeline of the basic sequence. ARMulator (instruction level CPU software simulator) basic functions can be very accurate simulation 
of ARM series processor instruction set, memory and peripheral equipment, which is included on the ARM7TDMI microprocessor and ARMv4T 
instruction set support. ARMulator can execute almost all of the ARM instructions, even including the Thumb instruction set. ARMulator strictly 
consistent with the real CPU, from the perspective of software [6], there is hardly any difference between the actual ARMulator and CPU, in 
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ARMulator debugging through the procedure basically no longer need to make any modifications that can be executed correctly in the real ARM 
processor. ARMulator not only realized the accurate simulation of ARM series instruction set, but also to a certain extent, realized the simulation of 
the instruction execution cycle. In this way, the execution of the program on the ARMulator, not only can verify the correctness of the program 
function, but also can be given according to the instructions given by the ARMulator execution cycle of the data to estimate the performance of the 
implementation of the program. Extended Debugger ARM (AXD) symbol debugging environment there are many internal variables, reflecting the 
debugging status of the relevant information. In the software simulation using ARMulator, the internal variables in the statistical variables with the 
Statistics program implementation step by step, will perform the dynamic display program consumed by the number of instructions, the internal 
clock cycles, and in the ARM extended Debugger Statistics can be used in the statistics of a number of instructions and the consumption of 
instruction code the internal clock cycles. In the end of this code set a breakpoint, the starting point of the pointer in the program counter to the code, 
add a new statistic reference point, software simulation using ARMulator. From the program control flow graph from the C language (CFG), the 
main object of analysis is the text editor to write the C language source program, the source program code can be regarded as composed of one 
character according to certain lexical rules. Through lexical rules on character analysis, text file in C language string structure into lexical identifier 
(token), and then the structure of the lexical identifier and C language syntax rule matching, different grammatical rules form different control flow 
graph structure, typical control flow control flow structure, conditional branch cycle control flow structure and function call control flow structure. 
Once the program code is analyzed, the program control flow diagram (CFG) is established [7]. The instruction pipeline schematic diagram of the 
instruction block diagram is shown in Figure 6, 7, 8. 

 
Figure 6. Uninterrupted execution of the instruction pipeline. 

 
Figure 7. Instruction block instruction pipeline. 
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Figure 8. Execute blocking instruction. 

 
3. C language lexical and syntax analysis 
 
3.1 Lexical analysis principle 

 
Words are the smallest grammatical units in the advanced language, and the word is composed of one character. Each high-level language 

defines a set of characters that contains a set of lexical rules or grammars. Lexical rules in accordance with the usual reading habits, generally 
written in Backus-Naur-Form type, referred to as BNF, the form of A: =B|C. Some words from a single character, such as +, -, *, / etc.; some of the 
two characters, such as = =, > =; some by one or more characters, such as constants, identifiers, keywords etc. The main task of lexical analysis is 
from the source program input string according to certain lexical rules one by one to put these words identified and transformed into easy to use 
code form. Lexical analysis is based on the theoretical basis of finite automata; lexical analysis can be used as a finite automaton. Between the finite 
automaton and formal description language in a one-to-one relationship, understanding the relationship between the two, the lexical analysis 
problem is smoothly done or easily solved. Finite automata (Finite Automata) are a mathematical model with discrete input and output systems. The 
system has a finite number of internal states; the current state of the system summarizes the information of the past input processing. System only 
needs to be based on the current state of the state and face the input characters can determine the system's successor. The internal state of the system 
will also change when the system processes the current input characters [8]. 
 
3.2 Principle of grammatical analysis 

 
The task of syntactic analysis is to group the words into sentences. Each language has a set of grammatical rules, which can be combined with 

a set of grammatical rules, such as phrases, sentences, functions, and programs. Grammar analysis is to determine whether the input string can form 
the correct sentence or sentence in the grammar through the analysis of the grammatical rules. Grammar analysis has two kinds of analysis methods: 
derivation and reduction. Is derived from the start symbol of the grammar, in accordance with the rules of grammar, each time you select a 
candidate type right rule replaced left, until the sentence recognition or find the mistakes so far. On the other hand, each use left instead of the right 
part of the rule is called reduction. Derivation and reduction is the inverse process. The left end of each use a rule to the right instead of string 
symbol called the leftmost derivation of the inverse process left most derivation called the right reduction, also can adopt the right derivation, 
namely each use a rule to replace the symbol series non terminating right breaks to the right, inverse the process of rightmost derivation called the 
left reduction. The bottom-up syntax analysis process is the inverse process of the rightmost derivation (i.e. the left, from the structural grammar 
reduction) the number of point of view, from the end of the tree (leaf) nodes began to gradually trim the tree until the root node. That is to say, from 
the beginning of the input string, toward the direction of the initial grammar symbol reduction, until it reaches the start symbol until the process of 
grammar, mentioned here refers to the lexical input string identifier sent from in the lexical analysis (token). The top-down parsing method is 
divided into two categories: operator precedence analysis method and LR analysis method of context free grammar. Operator precedence analysis 
method is particularly suited to the analysis of the expression; the basic point is the syntax analysis according to the precedence relation of operator 
and the combination rule. LR analysis method and context free grammar refers to "scanning from left to right, the right is the reverse process, most 
of the context free grammar describes a programming language can be identified, and the recognition efficiency is very high. LR analysis can be 
found in the input string from left to right, and can accurately point out the error position, which is not comparable to the operator precedence 
analysis method. But LR analysis method requires the structural analysis program, if by hand structural analysis program, the workload is too heavy 
[9], and error prone, so the design and development of the automatic generation of this analysis program - LR parser generator. The LR parser is 
actually a finite state machine with a push down stack, which is used to store the state in the process of analyzing the input string. Each state of the 
stack is summarized from the analysis to all the information reduction stage, so the top of the stack can be used to determine the current state of 
action. 
 
3.3 Generation of lexical analyzer 

 
According to the previous lexical analysis can be known, the lexical analyzer is actually a state transition diagram and a control program. The 

control procedure is very simple; the key is to construct the state transition diagram and the corresponding semantic actions. The state transition 
diagram is constructed according to the normal formula of each class of words, deterministic finite automaton corresponding structure 
(Deterministic Finite Automata), and then integrated into a deterministic finite automaton to identify all words (DFA), which is a state transition 
diagram mapping function. The normal form of a group of words and their corresponding semantic actions called LEX language, which is used to 
describe the lexical analysis program. Therefore, in the LEX language source code to construct the C language word normal form and the 
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corresponding semantic action can be generated by the LEX compiler lexical analyzer. Bison is a common syntax parser generation tool; it can 
move forward to see the LR analysis table construction method (LALR) will be a context free grammar to parse the C language function to parse 
the grammar. LALR parsing with certainty, which means that the lexical identifier (token) syntax rules are unique, there are no grammatical rules of 
the two meaning. According to the determination of LALR syntax parsing, the preparation of a complete description of the C language syntax rules 
of the Bison language source code, through the Bison compiler, you can develop a C language parser. The so-called context free grammar, refers to 
the grammar can be specified for one or more of the basic grammatical unit, through certain rules of these basic grammar unit complex reduction 
unit. For example, the expression in the C language is one of the most commonly used basic grammatical unit, there are a lot of rules, forming 
expressions such as: "the expression is an integer, the expression and expression of the combination is equal to minus" etc. In the Bison language, 
those not in the basic grammatical unit segmentation called the terminator, terminator by reduction into a syntax element complex called 
nonterminal. Syntax parsing as shown in Figure 9. 

 
Figure 9. Syntax parsing core code. 

 
4. MP3 decoding process analysis 

 
Based on the system function of Garfield MP3 decoding program of ARM7TDMI microprocessor in the more time-consuming for the worst 

case execution time and the proportion is larger, therefore in the extraction of the Mp3 decoder in the CFG graph of the function, focus on the more 
time-consuming need. Among the many debugging analysis tools of AXD, the Profiling tools can sample the program counter in a certain time 
interval, and the sample data have two formats, flat format and call graph format. In the flat format, according to the PC sampling information, 
profiler gives the percentage of its own time consuming, but does not include the time to call the sub function. In call graph format, as a result of the 
number of function calls to add information, making AXD not only gives the percentage of the function, but also gives details of the number of calls 
between functions. Command line tool AXD to generate the airproof of the sample data analysis, you can set up the various functions in the process 
of running a percentage of time. Figure 25 for the MP3 decoding process time distribution table. 
 
4.1 CFG map node information of the reverse 

 
In the CFG node structure parser generated in its member structure in Node Info time as the node execution time; LTime flow compensation 

time node and its left child node; RTime water compensation time nodes and sub nodes of the right. From the extended Debugger ARM (AXD) in 
the implementation of the relevant nodes of the information back to the CFG map, making CFG map into a weighted amount of network flow graph 
(Graph Net flow). The data structure of CFG diagram is similar to that of the two fork tree structure, but the structure of the two fork tree is 
different. At the two tree structure, with a maximum of two sub nodes of each node, and the root node, all nodes have one and only one parent; and 
in the CFG graph data structure, there is a maximum of two sub nodes of each node, but if_end nodes can have two parent node. Node information 
is the object of the time information is to add the instruction to add all CFG diagram, in this process, to the implementation of the time information 
and the CFG map of the node one by one. Node information is written in accordance with the procedure code sequence acquisition, save the file 
info.an in the. In the sequential structure, code written simply according to the order of the sentence, so the node information written to the file 
info.an in the sequence is in accordance with the sequence of program statements; in branch structure, program code in accordance with the first 
order if writing else branch, and from the node information in the info.an in order to save first the if branch node information and node information 
of the else branch; and in the loop structure, code format if the condition is satisfied, the implementation cycle, if the cycle condition is not satisfied, 
is executed statement, resulting in the info.a file, to save the information node order is always circular body the statement node information in the 
condition is not satisfied, the node information before executing statement. Therefore, in the process of node information annotation to the CFG 
map in a consistent map of the CFG traversal to and stored in the info. a node in the order of information put forward the requirements of the 
sequential traversal of CFG graph traversal algorithm. Compared with the branch structure, the cycle structure of the traversal to be simple. 
Definition of conditional loop structure expression of the right node to circulation structure in the CFG diagram, the left node to end node virtual 
loop structure for_end or while end, according to the above conditions of expression node algorithm (the tail, the right node insertion of two-way 
linked list control flow along the left node forward), the control flow is equal to the s cycle the structure of the virtual end node for_end or while end, 
while the rear is the body of the loop structure of two-way linked list the first node, and the C language programming style is required to traverse 
the loop body, and then virtual node access loop structure. Thus, when the control flow s is the virtual end node of the loop structure, the control 
flow s is inserted into the head of the bidirectional linked list, and the first node of the loop body is taken out from the tail of the bidirectional list, 
and the control flow is assigned to the S. Node information to traverse algorithm core code is shown in Figure 10. 
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Figure 10. Syntax parsing core code. 

 
4.2 Network flow graph analysis 

 
Label the node information of a CFG graph is a weighted graph containing information network, so the worst case execution time can be set up 

through the linear programming model, using integer linear programming (ILP Solver) parser to calculate. Linear programming is the study of 
matter, in some given conditions (constraints), and the function (objective function) in some sense of the extremum (maximum or minimum) 
problem, namely the problem of target with variable function form, constraints problem expressed by the relevant variables of equality or inequality. 
The linear programming that requires the variable to take an integer is called the integer linear programming. The problem of linear programming is 
mainly studied. Production planning problems, the postman problem, these are all with a weighted network map problem. In the process of node s, 
the time information of flow compensation is first added to the Pipeline model, and then the sub nodes are added to the queue. Create a structure 
that contains the execution time and the index information, and is inserted into the list. The structure of the ILP objective function can be obtained 
by accessing the list. The corresponding relationship between the information contained in the s subscript node and its child node index list node 
based on list, the subscript information analysis, using the function Condition (ILP) can get the constraints in the model. 
 
4.3 Comparative analysis between WCET and simulator simulation 

 
In this paper, we were on the MP3 decoding process has been optimized and non-optimized function synth_1tol III_dequantize_sample 

function and the MP3 decoding program execution time of simulation, get the worst-case execution time of them. Then the simulation of the WCET 
value obtained and analyzed the calculated WCET value comparison, through a comparison of WCET value function has been optimized to verify 
the accuracy of the calculation analysis, on the other hand, through the comparison of the MP3 decoding program to illustrate the WCET value, 
WCET analysis and calculation of the simulator and get in the huge the test vector set the WCET value close to. The smaller the test vector set, the 
greater the difference of the WCET value obtained from the simulation and analysis of the simulator. The MP3 encoding part of music is divided 
into several independent pieces, called frames (Frame), each frame consists of 1152 PCM fixed sampling points (if stereo music, because contains 
the left and right channels, the sampling points corresponding to double). Choose a MP3 song, one frame is a test vector MP3 decoding procedures, 
simulation WCET value for each frame decoding takes time to get through the MP3 statistical decoding procedure, the periodic table 7 for the MP3 
decoding program focused on the test vectors of different sizes are WCET the number of. Figure. 11 schematic diagram of WCET simulation value 
of different size test vectors. 

 
Figure 11. Simulation value of WCET under different size test vectors. 

From Figure 11 can be seen through the simulation of three kinds of test vectors of different sizes have been set, the optimization function 
synth_1tol only test vector set in (1000 test vectors) can be the basic traversal of all possible paths, to obtain a stable WCET value. Compared with 
the WCET value calculated by the program path analysis tool CRYINGCAT and integer linear programming parser Solver ILP, the difference 
between the two is 1%. Without the optimization function of III_dequantize_sample and the main function of main due to the complex structure of 
program, with the increase of test vector set, the statistical simulator WCET values showed a rising trend, and gradually close to the calculated 
WCET. Function of III_dequantize_sample in the small test set (500 test vectors) obtained in simulation values vary greatly with the calculated 
WCET value, up to 32.5% in the test set (1000 test vectors) in a difference of 12%, while in the test set (2000 test vectors), the difference is reduced 
to 4% [10]. Also, the main function of main in the simulation test vector set value obtained and calculated WCET value is 27.6%, the test vector set 
a difference of 22%, while in the test vector set difference is 7.8%, as shown in Figure 12. 
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Figure 12. Simulation and calculation of the percentage of WCET. 

 
5. Summary and prospect 

 
With the increasing application of embedded real-time system, the real-time performance of the system has become the focus of people's 

attention. Considering the real time of the system, we have to analyze and calculate the worst case execution time of the program. The WCET 
analysis method proposed in this paper is a new attempt, which is based on the WCET value of the developed path analysis tool CRYINGCAT, 
which does not need to be dependent on the specific compiler. This paper has done the following work: in the program control flow graph (CFG) 
extraction, according to the C language compiler lexical analysis and syntax analysis principle in the analysis tool LEX and Bison syntax analysis 
tools using lexical analysis tools CRYINGCAT development path. Through the path analysis tools of C language syntax semantic analysis, we can 
construct the C program control flow graph, and according to the needs of the program control flow chart of the C language access granularity, 
control flow diagram in the form of elaborate design, the program control flow graph access efficiency is greatly improved. In the aspect of the 
program control flow graph node information collection, taking into account the modern embedded system generally contains Cache memory and a 
pipeline instruction unit of the processor, this paper analyzed and established the Cache model and pipeline model. According to the MP3 decoding 
program in Garfield system based on ARM7TDMI microprocessor, the node information in the program control flow diagram is obtained by ARM 
lator simulation. 
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Abstract: Chinese housing purchase restriction policy is an important macro-control policy of real estate, but the study is rarely focused on 
the process of this policy. The multi-streams theory can explain the process of policy change effectively as a new theoretical tool for the 
policy process analysis. Improvement of multi-streams theory provides an interpretative theoretical framework with policy change of 
Chinese housing purchase restriction and conducts an empirical research on this process as well, because political stream is the core of three 
streams which affects other ones. Three streams push the policy change, and they illustrate a progressive trend among different steps, which 
providing an explanation from another angle that different from the classical one. 
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1. Introduction 
 

Since the implementation of China "four trillion" economic stimulus policy at the end of 2008, decreased housing prices began to 
rebound. In order to prevent the house prices rising too fast, on April 17, 2010, the state council issued "about resolutely curb the property 
price hikes in some cities notice, media to a file called" history's most severe "real estate regulation policy. One of the most striking one is 
"the local people's governments according to the actual situation, take temporary measures, in a certain period of time limit in residential", 
this article to analyze "housing purchase restrictions", specifically refers to the government's main subject qualification that buy a house and 
buy a set number of restrictive policy. Housing purchase as the central government to keep prices from rising policy tool, also can damage 
the market mechanism of self correcting, side effect is very big, such as distortion of the real estate market price mechanism, or push up 
market rents, or to promote the city house prices for purchasing [1]. As of January 22, 2016, in addition to Beijing, Shanghai, Guangzhou, 
Shenzhen, Sanya five cities still implement housing purchase; other cities have canceled the policy [2]. From the housing purchase policy to 
in the end of most cities, only experienced four years or so. But some hot spots of the city in the first half of 2016 prices soaring housing 
purchase restrictions to restart again, appeared in public again. The influence of the housing purchase restrictions caused the social from all 
walks of life continue to debate. 
 
2. Laminar flow theory and analysis framework based on the political flow center 

 
In reference to bounded rationality, gradualism and "garbage can model" and relevant theories, John Kingdon put forward the basic 

framework of origin analysis, which is more widely and effectively used in the policy process analysis, and has a strong explanatory power 
and change to the interpretation of the policy. More origin theory provides a good explanation framework for the analysis of the policy 
process, domestic scholars also uses the theory to analyze the multiple areas of public policy process. 
 
2.1 The connotation of multiple origin theory 

 
Multiple origin theory system includes origin, policy origin and political origin. Problem origin refers to the government subject to 

solve the problem, also is the main cause of that makes public policy form. When problems are identified and focused on, relevant policy 
recommendations will be put forward, which formed the policy origin. Political question origin is independent of the origin and the origin of 
the policy, including the public mood, social public opinion, interest groups, the results of the election, power and other factors. Gold thinks, 
policy is included in the agenda at a particular moment coupling with the result of joint action of many factors, this kind of interaction is 
origin, policy origin and political origin of the coupling, the development of the three origin and operation were independent of each other, 
in accordance with their respective dynamic characteristics and rules of development. So the openness or close of "window of the policy of" 
is unpredictable, with a certain chance. But when the three coupled together, the window of the policy is open as shown in figure 1. 

 
Figure 1. The connotation of the origin theory 

 
2.2 Laminar evolution analysis framework based on political flow center 

 
Theoretical origin of default theory Gold that have put forward the rooted in the American political, economic, and social background, 

emphasizing on the three origin between independent operation, and three streams, roughly but that does not conform to the situation of our 
country. With Chinese characteristics under the system of the communist party of China in the determination of policy issues, policy options 
and policy options and policy options in the process of legalization in leadership [3]. Party through the political system will political input 
into the official policies, decisions and actions, authoritative distribution of social value, this had decided the question origin, policy origin 
and political origin between them is not independent, political origin flow the most active and powerful in the public domain, and set the 
basic framework of public problems. When a public problem after problem origin also began to highlight, but may not be incorporated into 
the policy agenda; Because China has a strong ideological political system, especially the social form the strong pressure of public opinion 
on a subject, political origin "spewing out", so as to define and measure how can deal with problem origin, present a clear authority, 
compulsory and non-competitive. In question origin, on the other hand, after get the attention of the political origin, through policy streams, 
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to effectively solve the highly centralized political system in our country also determines the political origin are the decisive factors in policy 
origin. Under the authority of the political system and mandatory requirements, policy origin need more political origin in service, the 
government tends to preset the corresponding solution in the origin of public policy, expected to solve the problem. Based on the above 
analysis, in the three origins, politics is the center, which influence and act on the other two origins. 

In addition, the problem of origin are often faced with are some of the major social and economic problems that difficult to solve in the 
short term, which may be there for a long time span. Problems will change in the process of policy implementation. As the origin of the 
transformation, political ideology on the origin may also change. Since China's reform and opening up, the face of all the uncertainty could 
face political system reform, the practice of China's political reform embodied an important feature is its progressive. Policies in the process 
of the main body behavior are restrained by the political system, gradually formed "touch stone across the river" policy model. Therefore, 
political and politics origin follow the principle of gradual to make corresponding adjustment. 

Above all, in China's real scenarios, in performance for laminar flow theory, political origin tend to be the center, which cause influence 
and constraint origin and the origin of the policy, on the whole, showing a gradual evolution. Political origin after driving problems origin 
and the origin of the policy, so three source coupling is not accidental, but there's certain inevitability. When first three source coupling, the 
problem will be incorporated into the policy agenda, if the problem has not been solved effectively in evolution, theory of laminar flow will 
follow the pattern for the next gradualism coupling. Political origin once again confirmed that policy origin will carry on the thinking of the 
one phase, according to the progressive pattern changes and new problems after origin coupling, until finally solve the problem. 
 
3. The changes of the housing purchase restrictions in China 

 
Since 2004, the central government to regulate the real estate market has been around the market conduct regulation of real estate 

enterprises, did not use administrative mean directly limit buyers purchase behavior. Until April 17, 2010, the state council "about resolutely 
curb the property price hikes in some cities the circular, this is our country real estate macroeconomic regulation and control policy 
intervene directly in a file for the first time home buyers purchase behavior. After that, the central government of the housing and housing 
purchase issued a series of policy (see table 1). 

 
Table 1 and the central government ministries issued the main housing policy for purchasing list 

Time division file or meeting name main content 

2010-4-17 state council 
on resolutely curb the 
property price hikes in some 
cities 

local people's governments according to the actual situation, 
take temporary measures, in a certain period of time limit in 
residential 

2010-9-30 

ministry, the 
ministry, the 
ministry of 
supervision 

on further implementation of 
the file [2010] 10 

high house prices, rising too fast, supplies to the residents in a 
certain time limit family residential 

2011-1-26 state council 
general office 

on further do a good job 
about the problem of the real 
estate market regulation 

the eligible families purchase 1 set of housing, family not in 
conformity with the conditions of family suspend purchase; 
Comply with the conditions for purchasing and measures has 
been taken to the city, to be issued detailed rules for the 
implementation 

2011-7-12 state council executive meeting of the state 
council 

the implementation of the housing purchase measures cities 
will continue to strictly implement, lower-tier cities housing 
prices rising too fast to take necessary measures for 
purchasing 

2011-8-17 ministry of new 
cities 

five proposed standard for 
purchasing list 

"five standards" for a list of second - and third-tier cities need 
to be included in the scope for purchasing 

2012-12-25 ministry of 
national work 

conference on housing urban 
and rural construction 

continue to strictly implement purchasing, the city house 
prices rising too fast will accountability 

2013-2-26 

state council 
general office 

informed about to continue to 
do a good job of the real 
estate market regulation 
measures 

continue to strictly implement commercial housing purchase, 
specify the restricted area, housing type and residential 

 
3.1 The housing purchase restrictions put forward: from can be restricted to the requirements for purchasing 

 
Since the country sent [2010] no. 10 document, housing purchase restrictions were clear request, "local government according to the 

local specific circumstances, to a certain time limit buyers in residential." This is the first time the housing purchase restrictions into the 
government agenda. Time response to this policy, the Beijing municipal government issued the implementation of the state council about 
resolutely curb files notice property price hikes in some cities. But in addition to the Beijing no other cities take corresponding measures. 
Then, combination of housing and urban-rural development of land and resources, ministry of supervision in Taiwan on September 30, 2010, 
“set further implementation of the country is sent [2010] 10 date file notice (that is, building no. [2010] 2010) further emphasizes the 
required local governments to carry out the restrictions. 23 cities such as Shenzhen, Xiamen, developed the local restrictions. Because the 
requirements for purchasing only in principle such as the state council and the ministry, the restrictions issued by the above 23 cities 
according to the group for purchasing and a cycle is not consistent, also did not say whether including second-hand housing. More 
importantly, the central government believes there are many cities housing prices rose too fast and not laying restrictions [4]. 
 
3.2 The strengthening of the housing purchase restrictions: from naming to conform to the standards for purchasing will be 
restricted 

 
The first stage because many cities housing prices rising too fast there is still no purchase intention, and across to purchase are not 

uniform standards, the state council general office on January 26, 2011 issued "about further do a good job about the problem of the real 
estate market regulation" (that is, the hair [2011] no. 1 files) again, for purchasing should take restrictions cities including "the municipality 
directly under the central government, cities under separate state planning, and rising house prices too high, too fast, capital city of the city", 
restrictions standard also made specific provision. Countries do hair [2011] no. 1 document issued by means of housing purchase restrictions 
in our country has entered the phase of reinforcement. This stage stable local prices responsibility have been incorporated into questioning 
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and accountability scope of local government, under the force of the central government, municipality directly under the central government 
(except Chongqing), cities under separate state planning and capital cities except (Lhasa), combined with individual as house prices rising 
too fast prefecture have been introduced local restrictions. [5] The ministry announced on August 17, 2011, and the second - and third-tier 
cities list five proposed standard, and put forward the "just conform to one of the two cities take purchase". In this notice after the release, 
Taizhou, Quzhou and Zhuhai three cities issued restrictions. At this point, the restrictions have 47 cities in China [6]. 
 
3.3 Differentiation of housing purchase restrictions: continue to purchase or cancel the purchase 

 
Over the real estate regulation and control is an important part of the central economic work conference, but in 2013 and 2014 are not 

involved in the central economic work conference of the content of the real estate. Although in the general office of the state council "about 
to continue to do a good job of the real estate market regulation notice of (i.e. countries do hair [2013] no. 17) once again emphasizes the 
housing purchase, but after that no similar papers, no new city into the housing purchase. [7]After a new government leaders are elected, on 
the third plenary session of the eighteenth offered to handle "the relationship between government and market, the central government to the 
thinking of the real estate macroeconomic regulation and control and have started to change. Because of the housing purchase restrictions to 
change the real estate market supply and demand structure, many were restricted in the real estate turnover shrinking city, real estate 
enterprise capital chain tension, and tightening of local fiscal revenue, local governments and real estate enterprises to cancel the call for 
housing purchase restrictions have been constantly. Ministry of May 2014, after a week of investigation to major cities, proposed the 
"respect the market rule in the real estate market adjustment, doesn't stimulate or suppress the real estate market." 2015 central economic 
work conference in December again refer to real estate, the expression for "resolve real estate stocks," and "cancel out restrictive measures". 
 
4. Multiple laminar evolution analysis of China's housing purchasing policy change 

 
Multiple laminar evolutionary framework based on political flow as the center provides a theoretical tool for housing policy for 

purchasing process analysis, which can clearly explain the housing purchase process and inner mechanism of policy change. [8]Policy 
changes because of origin, policy origin and political origin coupling at a certain point in time, including political origin at the center 
position, drive the other two origins, prompting problem into the policy agenda, eventually to promote the change of public policy. 
 
4.1 The interpretation of the housing policy for purchasing 

 
(1) Problem origin: house prices rising too fast 
Origin mainly the problems of housing purchase restrictions on housing prices rose too fast, so that the central government had to 

intervene. Housing has a "use value" and "exchange value" dual attribute, in preference to housing as an investment tool mechanism of 
housing system, housing price is not stable, with emphasis on the housing use value system will make the price mechanism smooth in. Since 
1998, after the housing reform emphasized the commodity housing property, inherently unstable housing price mechanism caused the price 
higher and higher. [9]Although the central government in 2004 to house prices rose too fast in a series of macroeconomic regulation and 
control, but its purpose are more stable housing prices, to ensure the sustainable of real estate drive national economic growth. The "four 
trillion" policy at the end of 2008 stimulated the economy, had come down and starting a new round of rising house prices. Rapid rise in 
house prices could induce the economic crisis; it also caused the central government attaches great importance to, how to curb rising prices 
is the central government in 2010 after the prime problem is urgently in need of solution. Housing purchase restrictions is to curb 
unreasonable demand for housing, so as to achieve the effect of the stable house price. Guofa [2010] no. 10, building [2010] no. 2010 and 
countries do hair [2011] no. 1, the three documents respectively represents the first phase of a housing purchase restrictions important time 
node. Through to the first batch of 14 cities in the city for purchasing the trends of new commodity housing sale area, the volume of these 
cities basically after the policy began to rebound after a sharp decline. [10]So the central government and a new policy to curb volume 
rebound, hope to be able to inhibit the unreasonable housing needs to stabilize prices. Due to the volume rebounded repeatedly, did not 
achieve policy expectations, the central government had to repeatedly housing purchase. 

(2) Political origin: stable housing prices rose to the political level 
Gold thinks, political origin constituted by factors like “the public mood, the rivalry between the pressure group, and the results of the 

election, political party or ideology in the distribution and change of the government in congress”. In the process of housing purchase policy, 
party's ruling concept is an important variable of political origin. The political thinking of the current our country is "stability", "stability" 
politicizing of generalization caused a lot of social problems, including economic and social livelihood problems, these problems will point 
to the political field, requires the government to preserve and to solve. [11]Housing problem is the core of the housing prices rising too fast 
and more than the capacity of ordinary residents, causing anxiety and concern of the government and the social from all walks of life. 
Combined with the background of the global sluggish real estate market by the end of 2008, China's house prices, like a runaway wild horse 
could not suppress, the central government began to realize that high prices have threaten the overall economic situation, the political origin 
will stabilize property prices rose to the political level, and presents the obvious authority, compulsory and non-competitive. It is in this way 
of thinking, the stable house price become economic problems, livelihood issues, but also political problems. 

(3) Policy origin: the continuation of the real estate market regulation by the central government to stabilize property prices 
House prices began to rise quickly since 2004; the central government has been conducted on the real estate market macroeconomic 

regulation and control, to now have more than ten years. 2004-2008, when rapidly rising prices, policy guidance to curb housing prices from 
rising too fast; 2008-2009, when the real estate market is bad, policy guidance is to support the real estate market development; In the 
second half of 2009, house prices soaring again, real estate regulation and control guidance to keep prices from rising again. It is under the 
background of the so-called "history's most severe" housing policy for purchasing. Bocheng Yin believes that the implementation of 
purchase can recover the original function of urban housing; Correctly guide rational consumption; Can control the financial risk and 
economic risk; To prevent the widening gap between the rich and poor; The process of urbanization; To control inflation, the transformation 
of the mode of economic development. Also have scholars accused link household registration and housing rights led to a new unfair, former 
housing minister Jiang Weixin, helplessly said "there is no way to" no side-effects. From the perspective of the real estate regulation in the 
use of means of past, regulation policy first and maximize and repeatedly use all kinds of economic means, including credit, interest rates, 
taxes, fees, etc., only after the above means there is no trick to the purchase, price and other administrative methods, hope to be able to 
stabilize property prices. 

(4) The first three source coupling: housing policy for purchasing 
From the above analysis, the first phase of the housing purchase restrictions are able to come on stage, because the central government 

on the question origin think house prices rising too fast. Stable prices need housing supply and demand to reach equilibrium, and the supply 
of homes in the short term it is difficult to increase, so only curb unreasonable demand for housing to achieve equilibrium. Political origin of 
the central government will stabilize property prices to rise to the political level, under this kind of political ideology, in order to ensure that 
the local government to stabilize property prices, the central government will house prices rose in the assessment of local government 
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system, the local government has carried on the political constraints. Housing policy reflects the government's ideology, therefore, how to 
stabilize housing prices in the policy origin, housing purchase restrictions is the central government for the real estate market regulation, 
after a routine measure in the past have not received effects, put forward the strong intrusive restrictions. The source of three coupling, the 
housing purchase restrictions and set out after being incorporated into the policy agenda. 
 
4.2 The interpretation of the housing purchase restrictions strengthening 

 
(1) Problem origin: house prices to rise further 
Housing purchase limit policy is to curb speculative housing demand, so as to realize the purpose of stabilizing housing prices. After 

entering the second stage, the vast majority of purchase commercial housing sales area is not in the city, and from 2013 to 2014 sales area is 
generally present a growth trend. Due to unreasonable speculative housing demand has not been effectively suppressed, house prices are 
mostly trend. Therefore, the housing purchases restrictions in sustained and strengthened in the second stage. 

(2) Political origin: stable prices is still a political problem 
On political origin for the first phase of the train of thought, the stable house price still stay at the height of political problems. On July 

14, 2011, state council executive meeting again purchase, think that "the current parts of the city house price pressure, must be strong 
control... and asked for expanding the scope of the restrictions of execution". But is restricted to perform to cities in the land of fiscal 
collapse, under the pressure of the local government to relax or cancel purchase intention have always had. On October 11, 2011, Foshan 
city, the government to relax the restrictions, but under the pressure and stopped the policy overnight. Under the central government's 
political pressure, other cities can't cross the "red line" prescribed by the central government. The second stage of the degree of political no 
relaxation, and further strengthen the responsibility of local governments to stabilize property prices. 

(3) Policy origin: strengthening local government implementation of housing purchase restrictions 
The real estate market as a regional market, the role of the local government in the real estate market plays a key role. Whether the real 

estate market boom or not decide if the local government revenue is high or not. So, governments are more willing to increase price. In order 
to allow local governments to cooperate to implement the policy, the central government may not be time, many local governments strict 
execution housing purchase restrictions. But Cao Qingfeng and others found that the real estate development activities more active, the 
higher administrative level, the lower the GDP growth rate, the financial revenue and expenditure gap is smaller city to carry out the 
restrictions of probability higher. Accords with afore-mentioned a few conditions of city is not much, housing purchase restrictions as 
closely beset above the heads of local governments', most local governments try to resist a variety of way. This also explains why the policy 
on April 17, 2010, the housing purchase, until in 2013 the central government repeatedly emphasized housing purchase and constantly 
improve the detailed rules for the implementation, at the same time, the price into the scope of the assessment of local government. As house 
prices be incorporated in the evaluation index of the local government, the housing purchase restrictions as long as you don't break the 
central government's red line, how to control housing prices are set according to oneself circumstance of local government. These measures 
aimed at changing the situation of lack of executive regulation policy of local government, with the central government in the real estate 
macroeconomic regulation and control to realize the incentive compatibility. 

(4) Three source coupling for the second time: housing purchase restrictions 
This stage the problem of origin has not been solved, but housing prices are still rising. So the central government still maintained the 

stable prices of political repression, hope the local government to strictly implement the central housing purchase restrictions. Based on the 
political origin, the central government asked local governments to strengthen the macroeconomic regulation and control execution. So the 
origin on the central government on the one hand, strengthen the housing purchase restrictions, as far as possible, to ensure the smooth 
implementation of the policy, strengthen the appraisal of local government on the other hand, local government and the central government 
in the real estate regulation and control to realize the incentive compatibility. Three sources of quadratic convergence further strengthen 
housing purchase restrictions in the second stage. 
 
4.3 The interpretation of the housing purchase restrictions differentiation 

 
(1) Problem origin: the real estate market differentiation 
With the implementation of the housing purchase restrictions, the effect for purchasing also gradually highlights. Is a regional market, 

the real estate market in the limit the purchase of housing under the strong administrative intervention, 2014 years after the real estate 
market began to differentiation, the scene of "should". Even in the restricted continued to cities such as Beijing, Shanghai, Shenzhen, a piece 
of red land market, house prices are still rising, and even a room is hard to find; But it's more likely that most cities began to face real estate 
inventory is too high, the plight of poor sales. The trend of prices in different cities, there is obvious differentiation, but still didn't get stable. 
Under the pressure of high inventory, and place on the "two sessions", 2016, 26 provincial government work report in 41 times "to stock", of 
which 13 provinces such as Hebei would go in the arrangement of inventory on the government's work. 

(2) Political origin: transition of national leaders 
18 elected after the third plenary session of the new national leaders, they face economic situation has been different from the past; 

thinking of the country's governance has changed, clearly put forward to deal with "the relationship between government and market, stress 
plays a decisive role in the allocation of resources. On this basis, the central government to the understanding of the real estate 
macroeconomic regulation and control nature also there is an obvious change. Housing purchase restrictions is obviously through the visible 
hand of government intervention in the market mechanism, it is not about the current of the country's leaders. Premier Li Keqiang, his 
government work report from 2014 puts forward "curb speculative investment demand, promote the healthy development of the real estate 
market" in 2015 to "stick to sorted guidance, because Shice, to carry out the principal responsibility of local government, support residents 
from living and improvement of housing demand, promote the real estate market stable healthy development". But due to the differentiation 
of the real estate market in our country, cities and other lower-tier cities face a different market, can only divide and rule according to 
different situations. 

(3) Policy origin: housing prices lead to the change of the policy objectives of differentiation 
Stable house prices need total housing supply and demand into balance, but the real estate market supply and demand balance is just a 

special status. Housing purchase restrictions but also suppresses the real estate market demand, and transforms the equilibrium of supply and 
demand of the market. For more than three years of housing purchase makes the real estate market risk accumulated gradually highlights, as 
most of the city price is falling, high inventories be hanging above the heads of most of the local government "the sword of Damocles". As 
the real estate market differentiation, the central government in regulating the real estate market of the intended target has been changed real 
estate regulation policy goals. In 2014, housing department releases "two-way adjustment" signal on the "two sessions". It also reflects the 
central government for housing purchase restrictions goal has changed: for urban housing glut, can consider relaxing or canceling the 
purchase, stimulate the demand for housing in order to "inventory"; for house prices still rising city, still have to continue to adhere to the 
housing purchase to control rising house prices. 

(4) Coupling for the third time: housing purchase restrictions 
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With the passage of time, the housing purchase restrictions effect began to emerge, the real estate market appears differentiation. In 
addition to Beijing, Shanghai, Shenzhen, Guangzhou and other cities of the inventory more smoothly, other cities are facing severe inventory, 
it also makes the question origin again change, from the initial curb unreasonable demand for housing in order to realize the stability of 
prices, now most of the second - and third-tier cities inventory level is too high to need "to stock" of the city. Political origin due to the 
transition of national leaders, the governance of the country mentality has been changed; the new leaders emphasize the decisive role of 
market mechanism play in the allocation of resources, but still maintained highly attention about rising house prices. It also reflects the 
central government on the real estate regulation on political attitudes change that no longer blindly curbs unreasonable demand for housing, 
at the same time also need to promote sustainable development of real estate industry to support economic growth. Policy origin according 
to the origin of problem situation, combined with political origin is also changed, loose housing purchase restrictions began to appear, but 
the central government has not completely abolish the first two stages of policy, but give the local government whether housing purchase 
restrictions to choose, let local governments according to the different classified city real estate market regulation, this constitutes the policy 
origin of this phase. Local governments are facing the land finance and the double pressure of high inventory, in testing the central 
government to relax the restrictions gradually attitude, basically to cancel the housing purchase restrictions. Three sources coupled again, it 
also makes the housing purchase restrictions in the third stage divided. 
 
4.4 Mechanism of the housing purchase restrictions change path 

 
The theoretical origin correction as we opened the housing purchase restrictions "black box" of the process. According to the above 

analysis, no matter what stage of the policy change, are due to question origin, the coupling between and among political origin and policy. 
Under system with Chinese characteristics, the three sources in the housing purchase restrictions are not independent, political origin are 
constantly to define problem origin, policy origin is also the default solution to the problem of origin, this makes the three sources are more 
prone to coupling, the window of the policy is open for many times, lead to housing purchase restrictions appeared many times change, the 
changes of the specific path. Again, because of problems origin there is a long time span, and house prices problem constantly evolution, the 
political origin and policy origin also appear with the corresponding transformation, but the shift will follow the principle of gradual. 
Overall, the housing purchase restrictions three origin in different stages are not isolated, but has certain progressive. 
 
5. Summary 

 
Through the above analysis, we can more accurately to explain why the Chinese government will be in the short term for housing 

purchase many times to open the window of the "policy", also draw the outline of the housing purchase of constantly open "window of the 
policy of" three origin evolution path and the logical relationship between. And through the above research can be further speculation, with 
the differentiation of the real estate market, housing prices and inventory in different cities of different housing purchase restrictions will 
differ according to local real estate market and further differentiation, many cities in the recent resumption of restrictions also confirm this. 
This for our government to develop the next phase of the real estate macroeconomic regulation and control policy provides certain reference 
basis. 
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Abstract: Hanshan Temple mostly Qing Dynasty architecture, the main hall, Jing Lou, Zhong Lou, Bei Lang, Feng Jiang building, cream 
bell etc.. Hanshan Temple's architectural layout is not strictly in the central axis. The Hanshan Temple gate in front of the stone arch bridge 
is a bridge between the village, bridge and the gate stack called yellow wall screen wall. The two ancient camphor tree lined. Yellow wall in 
classical Pavilion cornices, right Maple river building, left Weishuang tower, are derived from fengqiaoyebo poems. Behind a statue of the 
general majestic-looking Fokan like face, in front of the main hall, holding a Vajra, also called Jiang Mochu Weituo, that is, among the four 
kings under the thirty-two God first. This paper will be carrying a unique Hanshan Temple culture China temple Suzhou Hanshan Temple 
building as the prototype, from the "digital" ways to study the Buddhist architectural decoration of 3D digital display and virtual interactive 
roaming expression technology in two aspects. Hanshan Temple's digital performance is not only to the reality of the simulation, but the 
depth of the art of Hanshan Temple decorative excavation and carry forward. To explore a set of effective construction of large scene 
Buddhist temple architecture rapid method in digital expression technology ensures the interactivity and can achieve good art expression 
effect. In order to provide a new feasible way to carry on the inheritance of the traditional culture of the ancient buildings, it has a good 
reference value and practical significance in the digital design in the future. This paper firstly analyzes the Hanshan Temple digital 
expression principles of interpretation, and according to the structural difference between different parts of Hanshan Temple, comparative 
analysis of characteristics of a variety of modeling software, and ultimately determines the design software in this thesis use. Then it makes 
a brief description of the whole building decoration composition of Hanshan Temple and makes use of the modeling software to carry on the 
modeling inside and outside Hanshan Temple. First of all, the paper introduces several important technical features and key technologies of 
digital expression technology in the aspects of 3D digital display and virtual interactive roaming in Hanshan Temple. Then, the overall 
design of the digital design system of Hanshan Temple building decoration. The feasibility and effectiveness of the proposed view are 
expounded in the paper, combined with the 3D demonstration of Suzhou Hanshan Temple. Hanshan Temple as a Buddhist temple, its 
significance is far more than the building itself, it has a very important role in the cultural heritage and promote. However, due to the 
architectural nature of Hanshan Temple and its existence and its cultural dissemination has a certain time and geographical constraints, the 
application of digital technology is the best way to solve this problem. The development of historical change, destruction and maintenance 
of Hanshan Temple several times, and even reconstruction in order to better protect the building too many to count, and the unique culture 
of Hanshan Temple, Hanshan Temple building decoration design vocabulary mining, this paper selects the digital mode for the protection 
and expression of Hanshan Temple. 
 
Keywords: Hanshan Temple; architectural decorative art; digital expression; 3D modeling; design research 
 
1. Introduction 

 
Is located in "Suzhou City" and "the ancient canal", "Fengqiao town" of the Hanshan Temple, with his unique style and famous, become 

universally known ancient Temple Buddhist temple. Especially in the Tang Dynasty poet Zhang Ji's poem "midnight bells", although only a 
few words but reveal the poet's sincere feelings, more out of the temple of Zen and poetry charm with "midnight bells" background, and makes 
the Temple City Scenery perfect blend together, forever in the annals of history. The Hanshan Temple was called "Miao Li Puming Tayuan" is 
an ancient building, which has more than 1 thousand and 500 years of history, the creation time of ad 502-519 years during the period of six 
dynasties[1]. In the Tang Dynasty, the monk Hanshan and picking up here has chaired and renamed the "Hanshan Temple". Hanshan Temple 
after long years of baptism, continue to grow, the Hanshan Temple first because of Zhang Ji's poetry and become famous, because of Hanshan 
Temple Culture and architectural art and its international, now, after the 1500 storm of Hanshan Temple, visitors are still in a continuous line, 
people from all over the world, with immense reverence and worship for the tour. Is the experience and experience of this ancient temple 
Millennium style? The Hanshan Temple area is not large, but the overall layout is very compact, compact structure, reasonable layout. The 
ancient building is Tayuan Tang style full of plain with fortitude, simplicity in setting a vigorous, is a unique architectural style of art. Hanshan 
Temple's architectural style and architectural decoration have obvious geographical and religious characteristics, and the characteristics are 
very bright. To take into account the decorative elements characteristics of Hanshan Temple culture in both the structure function and also can 
complete the decorative design in a creative foundation of cultural heritage, the architectural decoration connotation has been greatly enriched, 
and render the strong atmosphere of Buddhism highlights the rich Buddhist theme. Through this strong Buddhist atmosphere, so that people 
get a deeper level of religious experience and cultural thinking. Hanshan Temple decorative art of classical architecture is a typical regional 
culture, religious culture and traditional culture Chinese fusion examples, it carries the history of various cultures, identity, penetration, thus 
displays the architectural decoration of the inner spirit and external style, the building decoration has use value and cultural value at the same 
time, more it is important to have a "sentimental value". It described a temple of historical development and continuity, people experience to 
human creativity in front of the building decoration. There may have been some glorious history of architecture, but as history they bring to 
people today is more cultural connotation [2]. Both sides of Hanshan Temple garden flower on the left side of the main block strip stone two, a 
Ming Dynasty carved from Chong frame "cold up traces"; another moment at the end of the Qing Dynasty Jiangsu governor Cheng Dequan 
wrote "Miao Li Zong fan". Out of the main hall, on the left and right Puming pagoda Abbot room, as the "midnight bells" with fame spreading 
far and wide to the bell tower, two storey houses in front of the library. Over the roof, Tang Seng, Sun Wukong and other visible Buddhist 
statue group. The floor upstairs downstairs to hoard precious sutras, called "cold Shi Dian"; pick up the back wall of the rear in a giant 
monument, engraved qianshouqianyan Guanyin, Li Guan and other characters. The clock tower is near the house of the cold. The temple of 
Buddha behind different and elsewhere, dedicated to the Tang Dynasty, Han Shan stone portrait picked up, rather than the island of guanyin. 
The portrait from the Qing Dynasty Yangzhou is one of the Eight Eccentrics of Luo pin hand pen bold, smooth lines. Figure refers to the right 
hand of Hanshan, laughing; picking up naked, happy listening. Hanshan Temple is relatively unique, pick up cold temple, this temple is 
located in the building, building roof decorated with "journey to the west" story, is the Tang master since the West made canon and the return 
of the image, theme and library meaning is very appropriate. The statue of Han Shan, two people stand up the house. Behind the cold, pick up 
the statue inlaid with Avalokitesvara stone carvings, a Qing Dynasty scholar of Suzhou stone Yun Yu seal "thousand hand eye". The left wall 
of the Southern Song Dynasty calligrapher Zhang Jizhi book "Diamond Sutra", a total of twenty-seven stone. Dong Qichang, Bi Maokang, 
followed by Lin Zexu, Yu Yue et al. A total of eleven stone inscriptions. The first floor of the original Hanshan Temple Feng Jiang monastery 
of the maple river building has three hundred years ago unrepair. This building is the Suzhou Municipal People's Government in order to 
protect cultural relics and monuments, dressing in 1954 in Hanshan Temple, Suzhou city in the cultivation of Xiang song Zhai famous "flower 
house" built this shift. The basket building, out of the ordinary in architectural style, the artistic value. This large building has two main 
columns, handle like flowers, bear the weight of the whole building, and general building, there must be at least four or more [3]. A building in 
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the beam and the connection of the former Yan put on two fine carving flower blue. The spiral staircase, which is coiled up, depends on a 
single column to bear the weight of the whole staircase. The panorama of Hanshan Temple is shown in Figure 1. 

 
Figure 1. Hanshan Temple panorama. 

The Hanshan Temple was one of the ten famous temples in the history of our country. Suzhou is located in the west gate outside the 
Fengqiao town, with its long history and, inheritance, development and dissemination of local Buddhist culture all cannot do without the 
Hanshan Temple, Hanshan Temple and Hanshan Temple and the carrier characteristics of culture, culture, culture, and the poetry culture, is a 
very precious cultural treasure. At the same time, the Hanshan Temple building decoration also around the culture, the environment beautiful, 
lush flowers and trees, many historic sites pavilions, terraces and open halls, complement each other, such as Zhang ancient stone inscriptions, 
presided over the Hanshan and picking up stone statues, as well as Wen Zhiming, Tang Yin and other pieces of book inscriptions[4]. The 
different point of Hanshan Temple building layout and our temple layout is our temple layout more rules such as the temple at the entrance to 
the Mountain Gate (also known as the three door, gate) must be dedicated to the hengha will be two. Enter the gate after the king hall, between 
the gate and the king hall for the Bell Tower and Drum Tower, the drum tower, the clock tower right. The side of King Hall Shanmen for 
Maitreya need to worship Buddha, Buddha is enshrined in Maitreya around four kings in Maitreya, and the need to worship Buddha behind the 
rear fengtuo. Is the king of the rear of the main hall, the main hall, and the hall of heavenly kings and should be in a straight line, the center of 
the main hall should worship Buddha III, beside surrounded by eighteen Arhats, or dedicated to the twenty heavens or twenty-four heavens, 
behind the main hall should be dedicated to guanyin. The main hall after some temples to see the temple features and some Guanyin temple, 
some Canon house, some Tibetan temple, next to the temple and the temple with the temple. The main building of the Hanshan Temple main 
hall, king hall, hall, corridor; pick up the cold Puming pagoda bell tower, etc. Hanshan Temple is not in accordance with the law China 
traditional Buddhist temple layout in the back of the hall set up to pick up cold but Guanyin Temple instead of visible image is picked up, cold 
core is characteristic of the entire temple. The Buddha Hall behind not consecrate Guanyin, but in the Tang Dynasty, Han Shan stone portrait 
picked up from one of the Qing Dynasty in Yangzhou instead, portraits of eight strange up hand, bold, bold strokes and lines. Figure refers to 
the right to speak at Hanshan, picking up; naked, listen, Hantai can be cut. It is found in Han Shan and two Bodhisattvas Manjusri, 
Samantabhadra reincarnation, was later emperors called and ordered them, on behalf of the auspicious. The space layout of Hanshan Temple 
to pick up the overall layout of the cold palace as the center, the main hall, Puming pagoda, Zhang Han room, king hall, Zhaobi form the 
middle axis, flanked by the hall, Luo Hantang hall, bell tower and dharma[5]. The spatial hierarchy, layout well-proportioned, because the 
corridor's sake, connected together, as the buildings here in order, and the overall feel good, a sense of hierarchy: continuous, distance, 
brightness, height, density, exquisite design. Hanshan Temple paintings as shown in Figure 2. 

 
Figure 2. Sketch map of hanshan temple like paintings. 

 
2. Key technologies involved in the system 
 
2.1 Virtual reality technology 
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Virtual reality technology is a kind of can create and experience the virtual world of computer simulation system which uses computer to 

create a kind of virtual environment is a system of multi-source information fusion simulation of 3D dynamic interactive scene and entity 
behavior users immerse in the environment. Virtual reality technology is an important direction of simulation technology is a set of simulation 
technology and computer graphics, human-computer interface technology multimedia technology network technology sensing technology is a 
challenging subject of cross technology and research field. Virtual reality technology (VR) mainly includes simulation environment, 
perception, natural skills and sensing devices, etc. The simulation environment is produced by the computer, real-time dynamic 3D stereo 
images. Perception is the ideal VR should have all the people have the sense of. In addition to the computer graphics technology generated by 
the visual perception, there are hearing, touch, force perception, motion and other sensing, and even the sense of smell and taste, also known as 
multi. Natural skill refers to the rotation of the head, eyes, gestures, or other human behavior by the computer processing and participants of 
the action and adapts the data, and the user input to make real-time response and feedback to the user's facial features respectively. Sensing 
device is a three-dimensional interactive device. The evolution of the history of the development of virtual reality technology can be divided 
into four stages with dynamic simulation of the sound shape is the first stage of the ideological implication of virtual reality (1963 years ago) 
virtual reality sprout into second stages (1963 -1972) and the theory of virtual reality concept initially became a third stage (1973 -1989) 
virtual reality theory further improvement and application of fourth stage (1990 -2004). Virtual reality is a comprehensive variety of 
technologies, including real-time 3D computer graphics technology, wide-angle (wide field) stereo display technology to the observer head, 
eye and hand tracking technology, and tactile / haptic feedback, stereo, network transmission[6], voice input and output technology etc.. These 
techniques are described below. By comparison, it is not too hard to use a computer model to produce a graphic image. If there is enough 
accurate model, and there is enough time, we can generate different light conditions of the exact image of a variety of objects, but the key here 
is real time. For example, in flight simulation system, image refresh is very important, at the same time, the image quality requirements are 
very high, coupled with a very complex virtual environment, and the problem becomes quite difficult. People around the world, due to the 
different position of the two eyes, the image is slightly different, the image fusion in his mind, the formation of a about the world around the 
whole scene, the scene includes distance information. Of course, distance information can also be obtained by other methods, such as the 
distance of the focal length of the eye, the comparison of the size of the object, etc. In the VR system, the binocular stereo vision played a great 
role. The user's two eyes to see the different images are generated respectively, displayed on different monitors. Some systems use a single 
display, but the user wearing special glasses, only one eye to see the odd image, the other eye can only see the even frames between odd and 
even different frames is produced stereoscopic parallax. User (head, eye) tracking: in the artificial environment, each object has a position and 
attitude relative to the coordinate system of the system, and the user is also the case. Users to see the scene is determined by the user's location 
and head (eye) direction to determine the. Virtual reality headset head motion tracking in computer graphics technology in the traditional view, 
the change is realized through the mouse or keyboard [7], visual motion perception system and the users of the system are separated, and the 
use of head tracking to change the image from the perspective of visual system and motion perception system users can connect. Feel more 
realistic. Another advantage is that the user can not only through the binocular stereo vision to recognize the environment, but also through the 
head of the movement to observe the environment. In the interaction between the user and the computer, the keyboard and the mouse is the 
most commonly used tool, but for three-dimensional space, they are not suitable for. Because there are six degrees of freedom in the three-
dimensional space, it is difficult to find a more intuitive way to map the mouse's planar motion into a three-dimensional space of any 
movement. Now, there have been a number of devices that can provide six degrees of freedom, such as the 3Space digital instrument and the 
Space Ball space ball, etc. Some of the more excellent performance of the device is the data gloves and data clothing. The sketch map of 
virtual reality technology is shown in Figure 3. 

 
Figure 3. Sketch map of virtual reality technology. 

 
2.2 Introduction of fault type classification 

 
Augmented reality (Augmented Reality, referred to as AR), is the position and angle of a real-time calculation of the camera image and 

the image with the corresponding technology, the goal of this technology is set in the virtual world and interact with the real world on the 
screen. This technology was first proposed in 1990. With the improvement of computing power of portable electronic products, the use of 
augmented reality is more and more widely. Augmented reality technology, it is a kind of new technology of the real world and the virtual 
world information seamless integration, is the original in the real world, the scope of a certain time and space is difficult to experience the 
entity information (visual information, sound, taste, touch, etc.) by computer science and technology, simulation after stacking, the application 
of the virtual information into the real world, is perceived by the human senses, so as to achieve realistic sensory experience beyond. Real 
environment and virtual objects are added to the same picture or space in real time. Augmented reality technology[8], not only to show the real 
world of information, but also the virtual information displayed at the same time, the two kinds of information complement each other. In the 
visual augmented reality, the user uses the helmet display, the real world and computer graphics multiple synthesis together, you can see the 
real world around it. Augmented reality technology includes multimedia, three-dimensional modeling, real-time video display and control, 
multi sensor fusion, real-time tracking and registration, scene integration and other new technologies and new. Augmented reality provides 
information that is, in general, different from that of human beings. AR system has three outstanding characteristics: the real world and the 
virtual world of information integration; the real time interaction; the third is to add virtual objects in the three-dimensional space. AR 
technology can be widely used in military, medical, construction, education, engineering, film and television, entertainment and other fields. A 
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complete augmented reality system is composed of a group of closely linked, real-time work of hardware components and related software 
systems to achieve, commonly used in the following three forms. In a AR implementation scheme based on a computer display, the real world 
image of the camera is input to the computer, and the virtual scene synthesis generated by the computer graphics system is output to the screen 
display. Users from the screen to see the final image enhancement. Although it is simple, but cannot give the user a sense of how much 
immersion. Helmet mounted display (displays Head-mounted, referred to as HMD) is widely used in virtual reality system, to enhance the 
user's sense of immersion. Augmented reality researchers have also used a similar display technology, which is widely used in AR, the 
penetration of HMD. According to the specific implementation of the principle is divided into two categories, respectively, based on the 
optical principle of the HMD (See-through HMD Optical) and based on the video synthesis technology based on HMD (See-through HMD 
Video). AR technology not only in the field of application of similar VR technology, such as sophisticated weapons, aircraft design and 
development [9], data visualization, virtual training, entertainment and art has been widely applied to many fields, but also because it can 
enhance the properties of the real environment display output, in medical research and training, anatomy precision instrument manufacturing 
and maintenance, engineering design, military aircraft navigation and robot remote control and other fields, is more obvious than the 
advantages of VR technology. The sketch map of augmented reality is shown in Figure 4 and 5. 

 
Figure 4. Implementation scheme of Monitor-Based augmented reality system. 

 
Figure 5. Schematic diagram of an optical system to realize the optical system. 

 
2.3 GIS technology analysis 

 
GIS (Geographic Information System) is a multi-disciplinary cross product, it is based on the geographic space, using geographic model 

analysis, provides many kinds of spatial and dynamic real-time geographic information system is a computer technology for geographic 
research and geographic decision-making services. Its basic function is to convert tabular data (whether it comes from a database, a 
spreadsheet file, or directly in the program) into a graphical display, and then browse, operate, and analyze the results. The display range from 
the intercontinental map to a very detailed map of the block, the real object includes population, sales, transport lines, and other content. 
Geographic Information System (GIS) is a spatial information analysis technology which has developed rapidly in recent years. It has played a 
leading role in the field of resources and environment. GIS technology can not only effectively manage all kinds of resources and environment 
information with spatial attributes, rapid and repeated analysis to test the environmental resource management and practice mode, to make 
evaluation of science and policy decision, and can compare the standard, dynamic monitoring and analysis of resources and environment 
condition of the multi period production activities and changes effectively. Also, the data can be collected, spatial analysis and decision-
making process integrated into a common information flow, improve work efficiency and economic benefit, in order to solve the problems of 
resources and environment protection and sustainable development to provide technical support. Data sources and data quality is difficult to 
guarantee (a wide range of data sources, but the data quality is not high). Resources and environmental issues involved in soil science, 
environmental science and geography and other disciplines, the impact of complex factors, the need for a large amount of data and high 
quality requirements. However, due to the limitation of equipment and manpower, many data are difficult to obtain. But the existing data is 
often due to a data source, different data formats [10], in the different causes of land resources and ecological environment to ensure the 
quality of data, especially the data format; it is difficult to share the data area, seriously affecting the application of GIS. At the same time, the 
basic characteristics of the geographic information system is each item of data with spatial coordinates, and the artificial collection and field 
investigation data of space positioning ability of the traditional difference, and often point to the face, inevitably bring about various errors. So 
the data source and data precision have been the bottleneck of GIS technology to solve the problem of resource and environment ". The 
schematic diagram of GIS technology is shown in Figure 6. 
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Figure 6. Three dimensional virtual campus based on GIS Technology. 

 
2.4 Digital modeling technology 

 
The production of digital technology can be traced back to the beginning of the last century, in the middle of twentieth Century, it was 

predicted that mankind will enter the information society, into the digital age. Now these predictions have become reality, although the 
operation ability of the early computer, but with the development of computer software and hardware development, has now reached a high-
speed processing of large amounts of information, have enough storage space and a variety of input and output devices of the era. With the 
development of digital products and computer technology, rapid reduction in price, the computer into the modern people's life, and changed 
people's way of life, we cannot do without the basic necessities of life are digital technology, and the popularization of the computer users for 
the spread of digital products has laid a good foundation for the audience. After the material level of satisfaction, people began to pursue a 
higher level of spiritual. Digital technology is specific to the protection of ancient architecture and cultural communication, including image 
capture, three-dimensional scanning, virtual reality, digital information editing, etc. Image capture and 3D scanning is the main material for 
information acquisition, image is two dimensional image data, 3D scanning is a full range of three-dimensional data acquisition, according to 
the collection of objects to choose different ways, the object is small and easy to move, can use 3D scanning to collect data [11], more detailed 
and accurate data, and can directly from the three-dimensional model of the object, is very high. If the object is large, easy to move, can use 
the image, the image capturing should note the following points, first, to shoot the object to be measured from the multi angle, in order to have 
the spatial relationship and proportion in the later data processing of reference data, secondly, should pay attention to detail when shooting 
especially, in the construction of the simulation, in order to restore the ancient building more accurate style, brick should be recorded in detail, 
finally, in order to realistic modeling texture to late paving, pillars details of selected light and close-up photography, not a strong sense of 
perspective, try to shoot with the measured objects vertical. The formation of the scene material library. These information through digital 
processing and mapping modeling line frame and the entity graph as shown in figure 7. To form a complete image and data, and stored to the 
Internet as a permanent data storage. Virtual reality technology is the core technology of digital ancient architecture decoration, virtual reality 
is to reconstruct the buildings using digital means, the first use of 2D image acquisition information to complete the establishment of 3D 
model, and achieve the best visual effect by texture, light and material, rendering and other means, and then through the platform is that these 
models can in one scene, and the user is free with arbitrary angle and the distance to see everything in the scene, the formation of interaction, 
so that visitors such as general personally on the scene. 

 
Figure 7. Schematic diagram of modeling line frame and entity diagram. 

 
3. Analysis on the technical requirements of the digital hanshan temple 
 
3.1 Modeling technology needs analysis 
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Hanshan Temple digital model can be divided into two parts: the need to interact with the main part of the trigger event and does not need 

to interact with the environment without triggering the event part. When the event is triggered, the user will be close to the main body, and the 
precision of the model and the fluency of the event are required. While guaranteeing the visual viewing and viewing the results of the use of 
the number of models to reduce the amount of computing to improve the flow of event triggered. The main trigger part for the building, such 
as the main hall, Puming pagoda, and temple and pick up the cold for modeling must reach the following points: (1) structure accurately. 
Digital Hanshan Temple is the pursuit of the true reduction and the art of recreation; everything is based on the real. And the structure of 
Chinese ancient architecture of the United States is the world's leading. In particular, both the garden style of Hanshan Temple, Hanshan 
Temple of the United States is not only reflected in the building, but also reflected in the environment, layout, culture and art in Hanshan 
Temple. In order to truly reproduce the beauty of Hanshan Temple, the need for more than five convenient to carry out accurate digital 
expression design. (2) delicate decoration. In the building construction is complete and accurate under the condition that the decoration is the 
focus of this system, in order to better restoration of architectural decoration, should use the collected images and image data combined with 
text data to restore the decorative elements. And the decorative elements of the classification, as digital data for cloud storage. (3) to minimize 
the number of model surface. To ensure the degree of simulation model considering the operation data of the computer, some buildings can be 
processed by low mold, such as no virtual event triggered window, ancient building window for hollow lattice windows, if fully completed by 
modeling, model faces a window can reach 2 million pieces how, if every window using a fine model of this although visual effect is 
guaranteed at the expense of computing speed. In order to balance the entire system, as far as possible to reduce the number of surface. (4) the 
components needed to trigger the virtual event should be built separately. If the entire building is a complete model, then the open part will not 
be implemented. In order to complete the virtual event trigger, the component parts of the model need to be processed separately [12]. 
 
3.2 Texture technology requirement analysis 

 
In order to show the Hanshan Temple unique architectural decoration, to restore the true map through a large amount of data, 

reproduction of high simulation, the relationship between colors, and the harmony between the environment and the reasonable collocation of 
Hanshan Temple, making the overall environment has a certain artistic effect. In the texture technology needs to complete the following 
requirements: (1) real reflection. This technique can reflect the object's surface by ray tracing property. In this way, the real sense of the metal 
or the glass product can be improved to a certain extent, and the method can also be used to illuminate the object on the basis of not providing 
the light source. (2) using a high quality bitmap. Due to the foundation of the field investigation, a large number of high resolution and high 
resolution mapping data were collected to ensure the authenticity of the texture and the fine texture. (3) dynamic map. In order to reduce the 
amount of data in computer operations, not all models use real-time rendering, but the choice of parts of the object using a dynamic mapping 
method to simulate real-time rendering, to reduce the amount of computer computing. (4) every object to be independent and has the same 
texture map that can ensure the proportion of all objects to get a good feel of the material. (5) independent rendering. After the completion of 
the fine model can be used to separate the fine model to get a positive picture, the use of this image as a low number of the surface of the low 
modulus of the map can achieve a low number of high quality texture mapping effect. Modeling based on geometric model (Based - Modeling 
Geometry) referred to as GBM technology, also known as the based graphics modeling and rendering (Based - Modeling and Rendering 
Graphie) referred to as GBMR technology. This modeling approach is through the software in the virtual space in the three-dimensional model 
of the formation, and then use the camera angle of observation and observation methods fixed, select the appropriate physical illumination and 
projection process, finally completed the three-dimensional geometric model of the stereo images of multi angle, the three-dimensional model 
of vivid and delicate. And the viewing angle and the viewing direction can be changed arbitrarily, but there are also shortcomings, the 
modeling process in a three-dimensional model of the complex and tedious steps, so the calculation maker has strong modeling capabilities 
and requirements of computer equipment, widely used in graphic work station. Image based modeling (Image Based Modeling, referred to as 
IBM) technology; the modeling method is the use of multi angle image combination method to achieve the dynamic display of the modeling 
environment. The creation of the 3D model, using rotating camera, from different angles were observed[13], each turn a camera, the formation 
of an image, so that multiple angles of image combination, then image post processing and cutting and compression preservation, to form a 
dynamic panorama. Users can call the panoramic view of the complex three-dimensional scene roaming. The superiority of GBMR and a IBM 
method is compared with does not require complex geometry modeling, reduce a lot of tedious work of computer user modeling; operation 
ability is not high, the equipment requirements are reduced; can reflect the fact that the environment, in dealing with the complexity of image 
information is. Not want to model data so simple, but the complexity associated with the model. For a fixed operation does not need any things 
such as Hanshan Temple and the flowers mountains and trees, the use of image based modeling technology to build the computer operation in 
order to reduce the amount of data. By adjusting the angle of the camera, can make use of three-dimensional geometric model of real and 
virtual environment using image modeling effectively combining with the actual match to the virtual, makes digital space set up, to meet the 
user can smoothly browse practical requirements at the same time also can realize humanized human-computer interaction. 
 
3.3 Comparison of modeling methods 

 
At present, many mature computer software can be used to establish the three-dimensional model of the digital environment, in the above 

I have introduced the virtual object of Hanshan Temple created according to the demand, there are three software to meet the requirements of 
FLASH, Max and 3D respectively is MAYA, FALSH is a 2D software in data collection and preservation are to effect of 3DMAX and Maya 
are relatively powerful 3D software, each has its advantages, I will be following the specific needs of digital Hanshan Temple based on a 
detailed comparison of the software. For different needs of the processing object using different software will make the production efficiency 
with half the effort, so that the three software which is good, depends on the object engaged in the production of [14]. 3DMAX resources and 
tutorials are abundant, there are strong material base model library as a powerful backing, and Maya need to spend a lot of effort to learn 
without abundant model library as a backup, but once the master can make arbitrary things, flexibility. Each software has its own 
characteristics, MAYA provides a variety of modeling methods, which can be chosen according to their needs, a variety of modeling methods 
can be exchanged for each other, to facilitate data exchange. In the map has a very efficient UV editor, providing a variety of editing methods 
to include all the complex model. It can be said, from modeling to animation, to efficiency and stability, Maya is very good. Therefore, this 
paper selects MAYA as the main production software of Hanshan Temple. Because of the unique characteristics of other software, according 
to the need to organize the data in the beginning of the use of FLASH for data collection and storage, in the intersection with other software 
through the 3DMAX as a bridge software. Hanshan Temple modeling process as shown in Figure 8 and 9. 
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Figure 8. Sketch map of Hanshan Temple. 

 
Figure 8. Sketch map of Hanshan Temple lighting. 

 
4. The design and implementation of DRC management tool 

 
The real data collection, analysis, sorting and post processing based 3D modeling; whether the data is accurate and complete 3D 

modeling is really key degree, namely the quality model and quality of data are closely related. There are two main types of data sources, the 
first is through the network to collect, or get satellite images, through satellite positioning, the second is the field data collection field research 
such as photography, 3D scanning and manual measurement distance. In this paper, the modeling of three-dimensional data of the Hanshan 
Temple to take field measurements and photography, as well as the drawings as a data base. For the purpose of modeling in digital 
photography is greatly different from the usual photography, in order to ensure the accuracy of the model and texture clarity, must have high 
quality photos, which requires before shooting to good planning, good design, has reached the final photograph complete and available. High 
quality photographs taken at the end of the final shot. To reduce the errors and omissions in the process of data acquisition, and to form an 
immeasurable influence on the construction of the model in the future. According to the different shooting angle can be divided into the main 
building, photo atmosphere as well as the requirements of high positive maps photos, so to choose the objects in the photo shooting map, do 
not select the strong part of the light, should choose the uniform illumination, no shadow as part of the map, to avoid unnecessary reflection 
and the extra reflection, which can reduce the photo post processing; shooting photos of the main building, attention should be paid to the 
choice to show the construction overall style and its own characteristic angle, but there is no lack of complete requirements of shoot 
architecture details, and try to capture part of the environment around the building in order to determine the size of the atmosphere; photo 
shooting is usually building decoration or is surrounded by flowers and trees or pavement, mainly to the relationship between buildings and 
environment background. At the same time, the camera is recommended to be supplemented by the camera, the purpose of the camera is more 
simple, mainly in order to record the spatial layout of a number of buildings, and the details of the surrounding environment and the continuity 
of architectural decoration. A variety of acquisition methods and complement each other, for the subsequent data processing to lay a solid 
foundation. After the object geometry model is established, and then the material and texture are given to build the model. Material records is 
the object's texture, metal or plastic cloth are relying on material properties to control and record the color map information, reflecting 
information, materials and textures can be combined with the model of image control. Proper creation and use of materials play an important 
role in digital environment image modeling. In the digital modeling of virtual object is given material, geometric model is more sophisticated, 
more the number of the other side, the easier it is to produce three-dimensional sense of reality, but the detailed description will produce large 
amounts of data to reduce system fluency. Therefore, in the design, should ensure the effect of the same time looking for a balance point to 
take into account the flow. When the material is given, we should consider the utilization of the map, when the scene is complex and the object 
is far away, the material can be simplified. When the observer close range, the use of high resolution mapping, in order to avoid the emergence 
of pixels due to the jagged [15]. 
 
5. Summary and Prospect 

 
Architectural decorative art design of digital expression Chinese famous Buddhist temple - Hanshan Temple in Suzhou, field research on 

Hanshan Temple to obtain first-hand information based on the combination of digital technology at present, puts forward a new way of 
expression from Hanshan Temple digital, three-dimensional display and interactive virtual roaming technology two aspects discussed the 
digital expression of ancient architecture, in at the same time to ensure optimization of digital expression method of good visual effect and 
good architectural art expression effect, which is to ensure the visual effect but also the convenience of fluency and the use of interactive. To 
prove that the development model of three-dimensional digital is effective and feasible, and has a good reference value and practical 
significance in the virtual reality simulation system. 
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Abstract: With the continuous development of China's artistic creation, type and number of college students and the creation of works of art 
exhibits increasing, management is also increasing, only the use of advanced management tools and methods, the use of information 
technology integration, in order to implement the whole process of scientific and standardized management of the exhibits, the exhibits 
quality, data security, the implementation of effective monitoring to reduce the demand of the exhibits, exhibits the risk, realize the sharing 
of resources of the user exhibits.. In fact, these works regardless of the school, teachers, and students have a lot of useful value, so this issue 
is to solve this problem, the design of architectural art online display platform. In this way, schools can promote research the school 
achievement, teachers can guide students to promote their grades, students can show their work, promote exchanges between students, 
promote students interest in writing. This system uses the platform development technology based on J2EE, using the Struts framework 
technology, combined with JSP technology, the foreground and background, using SQL Server 2012 as the database server, this system 
adopts B/S mode, using MVC model, the students of the architectural works of art, through image processing the collected and processing, 
and then stored in the database, after the call, the display on the page. This system is developed based on My Eclipse, written by java 
language code, at the same time the front page is written by JSP technology, web technology will use the combination of the front page can 
access and related operation of the construction works of art information in the database, after the end of system development, the system 
will be deployed on the server so, the system can access in the browser. This paper through the requirements analysis, feasibility analysis, 
and the system is divided into foreground and background display management mode, to determine the system's design principles, 
development environment, research methods, described in detail the design and implementation of system in after system development, unit 
testing and integration testing was carried out on the system. The system can run normally, finally completed and implementation of 
construction works of art online display system design. The development and use of the system, to solve our school do not have their own 
construction works of art history online display platform, one hand to facilitate the school management of large construction works of art 
exhibition, on the other hand, promote the students' creative passion. The development and use of the system, a wealth of exhibits 
management mode, the display of the exhibits and exhibition management, improve the maintenance efficiency and reduce the cost of 
expenditure. In the use of the system, the system can be used to organize the exhibition and reuse, reduce the layout of the exhibition hall, 
save the occupation of public space, save a lot of manpower and material resources. By displaying different types and forms of exhibits, the 
sharing of resources, data management and real time communication of art works are realized. To achieve the art exhibits at any time and 
place through the platform, breaking the limitations of time and space, and from the perspective of security and loss to better protect the 
original works. 

Keywords: architectural art works; online display system; J2EE technology; MVC architecture; system design 

1. Introduction 

The rapid development of modern society, driven by the rapid development of the construction industry, which is engaged in the
architectural design are also gradually increased, especially in the universities, there are many teachers and students engaged in research on 
architectural design. In this process, it will be very natural to produce a lot of architectural works of art. Students in this need to hand in their 
homework or the exchange of students, as well as teachers and students of the construction of art works to the whole school or the whole 
society of the show. At this time, students have to do their own work, and then sent to the teacher marking, the communication between 
students, also can bring heavy work [1]. In particular, if the school is organizing large-scale construction works of art exhibition, the school 
will have to design good site, good service, and then organize the layout of the venue, teachers and students also had to put his architectural 
works of art are ready, and then into the site for people to visit. This to all aspects of personnel inconvenience, and the scope of the impact is 
not great, the effect is not very good, so it is proposed to give teachers and students to design a building art works online display platform. In 
the rapid development of computer technology, web technology processes, application of image and graphics technology, so that it can be 
moved to the line under construction works of art line, through the early works collection, use of graphics technology, and give each piece of 
work with the relevant description, can also be a voice, also or video, so upload the information to the construction works of art platform, 
realizes to display online, which greatly facilitates the interaction between teachers and students and students exchanges, of course, schools 
can also use this platform to open the exhibition or open competition, so as to improve the efficiency of various aspects, convenient everyone.  
With the continuous progress, forming and application of Internet technology and multimedia video technology, Web is widely applied; the 
network has become an important part of our education, a number of Industrial Science and technology, finance, culture etc. The Internet 
includes information from text, audio and video, images and other types of information, providing a platform for all kinds of users with 
practical application and value. Online display system as an important part of network application of works of art, is intuitive, convenient to 
use and rich forms, it realizes the information directly and efficiently transfer, with gradually understanding and concern people display 
technology and application of the online application and development, it is also more widely and rapidly. In addition, it is a very important 
way for people to obtain information resources, to facilitate the majority of network users, so that people can cross the boundaries of time and 
space to share a large number of information resources. In recent years, with the development of Internet technology [2], the exchange of 
human information from a single media transition to the development of multimedia and multimedia real-time transmission, and there have 
been many streaming media technology and software platform, real-time multimedia conferencing system, VOD system, remote education 
system and remote medical system, such as real-time virtual environment system the multimedia playback and application system. Streaming 
media is a kind of real-time transmission of audio and video based on broadband technology, with the rapid development of China's broadband 
network, especially recently making relevant "12th Five-Year" plan, being studied to determine the objectives, policies and measures of 
broadband development, the government is actively recommended into the national strategic level to promote broadband network 
infrastructure, are constantly upgrading and the increase of network bandwidth, provides a good supporting platform for improving the 
transmission of multimedia data. The schematic diagram of the online exhibition system of architectural art works is shown in Figure 1. 
Architectural art works online display platform is based on Web application technology, web technology is currently based on the rapid 
development of the application, so that the traditional application areas have begun to apply this technology to re-design and development. At 
present, the application of this aspect abroad has been mature, and it has been applied in various fields, and it is more systematic, more perfect 
and more professional. Compared with the domestic, there are some works of art online display platform, basically achieved a similar display 
function, received a certain effect. However, compared to the national institutions of higher learning, most of these colleges and universities 
have not their own display platform. In universities, there are a lot of course design and extracurricular practice, contests and other works, 
including works of art, which requires schools to organize some shows, to complete these works show, in this process, requires the approval of 
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the school, arrange the exhibition site and some other related matters, and special personnel to the exhibition in the exhibition, after the work is 
very difficult to continue to survive, but also not conducive to long-term development, in this regard, the need for such an online platform to 
complete the task. 

 
Figure 1. Schematic diagram of architectural art online display system. 

In view of the art works of various colleges and universities show the way, not only time-consuming and laborious, but also cannot 
guarantee the safety of the works. Therefore, it is necessary to design a construction works of art online display platform, but also various 
colleges and universities to exhibit the development trend, so universities to bring new vitality, help teachers and students of the creation, and 
help the school publicity, so after the mature will help colleges and universities in the country to promote the application. And how to set up an 
online for more and more diverse forms of artistic works, unified, convenient browsing works has certain protection function works display 
system has become a key problem to face in our work. From the influence of the development of new media technology on Colleges and 
universities, will integrate the writings, photos, video works scanned, creation, animation creation, creation of songs such as a variety of works 
forms of media to a unified platform for online display, is a new field of contemporary universities actively explore. From the point of view of 
property rights protection information, streaming media technology applied to the comprehensive works display platform[3], the user cannot 
download the network media files, not free to spread the creative art unique content, the media for information property rights can play a 
certain role in the protection of security. At the same time the rapid development and extensive use of information technology has quietly 
changed people's reading habits. As the active thinking, innovation and leading the frontiers of knowledge, teachers and students of 
information especially the multimedia information needs more and more, the homes will be able to browse to the online school outstanding 
works, everyone holds a positive attitude and look deeply and accept such a system early on the line. With the development of modern science 
and technology, the application of digital display technology will be ubiquitous; the application of network video on demand in all sectors of 
society has been more and more attention. Video on demand is a kind of modern technology of multimedia audio and video applications, and 
it is a new technology which is combined with information exchange and communication technology. At the same time it is a kind of business 
information, refer to the use of interactive, convenient network technology for real-time interaction with images and sound transmission, meet 
the user can interact with diversified programs and access a remote server saved. Due to the current domestic Internet bandwidth is limited, to 
a certain extent limits the video on demand in the field of Internet development. Streaming media technology is the organic combination of 
network technology video / audio technology, as a contemporary novel network multimedia transmission means of communication, the 
superior solution of video and audio data through Internet transmission problems. With the continuous development of technology, streaming 
media technology has been applied to video audio and video and a variety of multimedia on demand platform and system [4]. 
 
2. Key technologies involved in the system 
 
2.1 MVC design pattern 

 
MVC full name is Model View Controller (model) is the model view controller (view) - (controller) abbreviation, a software design 

model, a business logic and data display interface, tissue isolation method code, business logic will be gathered in a component inside, and 
improvement in interface and customization user interaction at the same time, do not need to write business logic. MVC has been developed to 
map the traditional input, processing and output functions in a logical graphical user interface. MVC is present in desktop applications, M 
refers to the business model, V refers to the user interface, C controller is used, and the purpose of MVC is to achieve code separation of M 
and V, so that a program can use different forms of expression. For example, a number of statistical data can be used to represent histogram, 
pie chart. The purpose of C is to ensure that the M and V synchronization, once the M changes, V should be synchronized with the update. 
Model view controller (MVC) is a kind of software design pattern, which was invented by PARC Smalltalk in 1980s, and has been widely 
used, in programming language Xerox 80. Later was recommended for Oracle's Sun Java EE platform design model, and is more and more 
popular with the use of ColdFusion and PHP developer’s welcome. Model view controller model is a useful tool kit, it has many advantages, 
but there are some disadvantages. Framework, design patterns are always easy to confuse the two concepts, in fact, there is still a difference 
between them. Framework is usually code reuse, and design patterns are design reuse, architecture is somewhere between the two, part of the 
code reuse, design reuse, sometimes analysis can be reused. There are three levels of reuse in software production: internal reuse [5], i.e. in the 
same application can use the public abstract block; code reuse, is universal modules into a library or tool set can be used for multiple 
applications and in the field; application framework reuse, which provides general or ready-made basis structure for the special field, in order 
to obtain the highest level of reuse. Although the framework and design patterns are similar, but they are fundamentally different. Design 
pattern is to appear repeatedly in some environment problems and describe the solution to solve this problem, it is more abstract framework; 
framework can be expressed in code, can be directly executed or on mode multiplexing, only instance to use code representation; design 
pattern is smaller than the frame elements, one or more design patterns often contain a frame, the frame is always for a particular application, 
but the same pattern can be suitable for various applications. It can be said that the framework is the software, and the design model is the 
knowledge of software. Apache is part of the Struts software foundation Jakarta project. The main architecture design and developer of the 
Struts framework is R.McClanahan Craig. Struts are the undisputed king of the Web MVC Java framework. After more than nine years of 
development, Struts has gradually grown into a stable and mature framework, and occupies the largest market share in the MVC framework. 
But some of the technical characteristics of Struts have lagged behind the emerging MVC framework. In the face of MVC Spring, Webwork2 
these designs more sophisticated, more scalable framework, Struts has been an unprecedented challenge. But from the point of view of product 
development, Struts is still the most secure option. The schematic diagram of MVC design pattern is shown in Figure 2. 
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Figure 2. Schematic diagram of MVC design pattern. 

 
2.2 Introduction of fault type classification 

 
J2EE is a completely different from the traditional application development technology architecture, including many components, mainly 

to simplify and standardize the development and deployment of application system, and then improve the portability, security and reuse value. 
At present, there are 3 versions of the Java 2 platform, which is suitable for small devices and smart card Java 2 platform Micro Version (Java 
2 Platform Micro Edition, J2ME), suitable for desktop Java 2 Platform Standard Edition (Java 2 Platform Standard Edition, J2SE) is used to 
create the server application and service. Java 2 Platform Enterprise Edition (Java 2 Platform Enterprise Edition, J2EE). J2EE is a system 
architecture that uses Java 2 platform to simplify the complex issues related to the development, deployment and management of enterprise 
solutions. The standard version of the foundation of the J2EE technology is the core of the Java platform or Java 2 platform[6], J2EE not only 
consolidate the many advantages of the Standard Version, such as "write once, run anywhere" characteristics, easy access to the database 
JDBC API, and CORBA technology can be applied in Internet in the protection of data security mode, but also provide the EJB (Enterprise 
JavaBeans), Java Servlets API, JSP (Java Server Pages) and the full support of XML technology. Its ultimate goal is to become a business 
developer can significantly shorten the market time of the system structure. J2EE technology has won the media attention is one of the reasons 
EJB. They provide a framework for the development and implementation of distributed business logic, which significantly simplifies the 
development of enterprise class applications with scalable and highly complex. The EJB specification defines when and how EJB components 
interact with their containers. The container is responsible for providing public services such as directory services, transaction management, 
security, resource buffer pools, and fault tolerance. But it is worth noting here is that EJB is not the only way to achieve J2EE. It is due to the 
openness of J2EE, so that some vendors can be a way to achieve the same purpose in parallel with the EJB. With the support of IDL Java, 
developers can integrate Java and CORBA together. They can create a Java object and make it available in ORB CORBA, or they can also 
create a Java class and serve as a client for the CORBA object that is launched with the other ORB. The latter approach provides another way 
through which Java can be used to integrate your new application with the old system. As JavaEE of the whole technical system, it is 
undoubtedly very complex [7], which is also a feature of enterprise applications. At the beginning of the popular JavaEE related technologies 
in the country, are probably the JSP/Servlet and their technical basis for the various types of free web framework. In this regard, JavaEE 
technology for the development of the Internet application is undoubtedly too complicated. But on the other hand, the popularity of the Web 
development framework is also started by JavaEE, which has its credit for JavaEE. But anyway, JavaEE is obviously not for the Internet 
application. But its contribution in the field of Web application development still cannot be ignored. In the traditional enterprise application 
areas, spring and Hibernate framework provides a more flexible, simple and rapid development framework, JavaEE is clearly behind them. 
The schematic diagram of J2EE application is shown in Figure 3. 

 
Figure 3. Schematic diagram of J2EE application. 

 
2.3 JSP technology introduction 

 
JSP Chinese name java server page, which is simply a simplified Servlet design, which is advocated by Microsystems Sun Company, 

many companies involved in the establishment of a dynamic web technology standards. JSP technology somewhat similar to ASP technology 
it is in the traditional HTML web (a subset of Standard Generalized Markup Language (*.htm) file, *.html) into the Java program (Scriptlet) 
and JSP marker (tag), thus forming the JSP file, the suffix (*.jsp). JSP development with the Web application is cross platform, both in the 
Linux running, but also in other operating systems to run. It implements the Html syntax Java (extended by <. % > form). JSP, like Servlet, is 
executed at the server side. Usually returned to the client is a HTML text, so the client can browse as long as there is a browser. JSP 
technology using Java programming language class tags XML and script lets, to encapsulate the processing logic of dynamic web pages. Web 
pages can also be accessed through the tags and script lets resources in the server application logic. JSP page logic and web design of the 
display separation, support for reusable component based design, so that the development of Web based applications become quickly and 
easily. JSP (Pages Java Server) is a dynamic page technology; it is the main purpose of the logic is separated from the Servlet. Servlet Java is 
the technical foundation of JSP, and the development of large-scale Web application requires Servlet Java and JSP to complete. JSP has a 
simple and easy to use Java technology, fully object-oriented, platform independent and safe and reliable, mainly for all the characteristics of 
the internet. One of the main features of JSP 2 is its support for language expression. The JSTL expression language can easily access the 
implicit object and JavaBeans component of JSP by using the tag format [8]. The core tag of JSTL provides the process and loop control 
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function. Homemade tag also has the function of the function, so basically all scriptlet can achieve the function can be replaced by the JSTL. 
In JSP 2, it is recommended to use EL as far as possible to make the JSP format more consistent. JSP 2 added a new API that creates a custom 
tag, and javax.servlet.jsp.tagext.SimpleTag defines the interface to implement a simple tag. And JSP 1.2 in the existing interface is different; 
the Simple Tag interface does not use the doStartTag and doEndTag methods, and provides a simple doTag method. This method is used only 
once when the tag is called. The need to achieve in a homemade marking all the logical process, circulation and marked body evaluation is 
realized in this method. In this respect, Iteration Tag and Simple Tag can achieve the same effect. But the Simple Tag method and the 
processing cycle is much simpler. In Simple Tag there is also used to set the setJspBody content of the JSP and getJspBody methods. Web 
container will use the setJspBody method to define a JspFragment object that represents the content of the JSP. Implementation of SimpleTag 
tag program can be in the doTag method according to the need to call the getJspBody. Invoke method repeatedly to deal with JSP content. One 
of the main functions of JSP2.0 is the fragment JSP, which is the basic feature of the JSP tag attribute that can be deferred to handle JSP 
containers. We know that the general JSP is the first to evaluate the properties of the JSP tag, and then use these properties when dealing with 
the JSP tag, and fragment JSP provides a dynamic attribute. That is, these properties can be changed when the JSP is processed by the tag. JSP 
needs to define such properties as javax.servlet.jsp.tagext.JspFragment type. When the JSP tag is set to this form, the property of the tag is 
actually a process similar to that of the tag. In the process of implementing a tag, the tag attribute can be repeatedly evaluated repeatedly. This 
usage is called fragment JSP [9]. Fragment JSP can also be defined in a SimpleTag processing program used in the homemade tag action. As 
the previous example shows, getJspBody returns a JspFragment object and can be used repeatedly in the doTag method. It should be noted that 
the use of fragment JSP can only have a general text and action JSP, cannot have scriptlet and scriptlet expressions. JSP related schematic 
diagram shown in Figure 4 and 5. 

 
Figure 4. Schematic diagram of JSP work. 

 
Figure 5. Schematic diagram of JSP scope. 

 
2.4 Schematic diagram of B/S architecture 

 
B/S structure (Browser/Server, browser / server mode), WEB is the rise of a network structure mode; WEB browser is the client's most 

important application software. This model unifies the client, the system function realizes the key part to the server, has simplified the system 
development, the maintenance and the use. The client just install a browser (Browser ['bra Z. ['bra Z]] the), such as Netscape Navigator or 
Internet Explorer, SQL Server, Oracle server installation and MYSQL database. The browser through the Server Web with the database for 
data interaction. Because of the various problems existing in Client/Server structure, people put forward a kind of application system structure 
browser / server (Browser/Server) structure with three layer mode (3-Tier) on the basis of its original structure. Browser/Server structure is the 
rise of the Internet, a kind of improvement on the structure of Client/Server. In essence, the Browser/Server structure is a Client/Server 
structure; it can be regarded as a special case of application of a model consists of two layers of Client/Server structure and the development of 
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the traditional mode of three layers Client/Server structure on Web. Browser/Server structure is mainly used to mature Web browser 
technology: combining multiple browser scripting language and ActiveX technology, using a standard web browser to achieve the original 
need powerful special software to realize the complexity, while saving development costs. B/S the biggest advantage is that it can be operated 
in any place without installing any special software, as long as there is a computer can access the Internet, the client zero installation, zero 
maintenance. The expansion of the system is very easy. More and more use of B/S structure, especially by the demand to promote the 
development of AJAX technology, the program can also carry on partial processing on the client computer, thus greatly reduce the burden on 
the server; and to increase the interactivity, can carry on the partial refresh. Easy maintenance and upgrade. At present, the software system has 
become more and more frequent, and the product of B/S architecture is more and more convenient. On a slightly larger unit, system managers 
if needed in the hundreds or even thousands of computer running back and forth between efficiency and workload is, as can be imagined, but 
only need B/S software management server on the line, all the client browser only, this need not do any maintenance. Regardless of size, 
number of branch will not increase any maintenance workload, all the operation only for the server; if it is remote, only need to connect server 
network can realize the maintenance[10], upgrading and remote sharing. So the client is more and more "thin", and the server is more and 
more "fat" is the main direction of the development of information technology in the future. In the future, software upgrades and maintenance 
will be more and easier, and the use of it will be more and simpler, this is the user's manpower, material, time, cost savings is obvious, 
amazing. Therefore, the way to maintain and upgrade the revolution is the "thin" client, "fat" server. Cost reduction, select more. We all know 
that windows on the desktop computer almost dominate the world, the web browser has become the standard configuration, but the server 
operating system on the windows is not in the absolute dominance. The current trend is where the use of B/S architecture application 
management software, just installed on the Linux server can be, and high security. So the server operating system is the choice of many, no 
matter which kind of operating system can make most people use windows as a desktop computer operating system is not affected, which 
makes the most popular free Linux operating system developed rapidly, in addition to the Linux operating system is free, even the database is 
free of charge, the choice is very popular. The original Client/Server structure into Browser/Server structure, the client's pressure is greatly 
reduced, the load is balanced to the server. Because the structure is no longer needed special client software, so the technical maintenance 
personnel from the heavy installation, configuration and upgrade and maintenance work freed, can focus on the server program update work. 
At the same time, the use of Web browser as client software, friendly interface, the newly developed system does not require the user to learn 
from scratch every time. Moreover, the three layer model, layer and layer are independent of each other; any layer of change does not affect 
other layers of the original function, so the product can be used with different manufacturers to form a better performance of the system. In 
short, the three layer model of Browser/Server structure fundamentally makes up for the traditional two layer model of the Client/Server 
structure of the defect, is a profound change in the application system architecture. The schematic diagram of B/S architecture is shown in 
Figure 6. 

 
Figure 6. Schematic diagram of B/S architecture. 

 
3. System requirement analysis 
 
3.1 An overview of system requirements analysis 

 
The design demand of this system is to build a display platform for architectural art works. This system is for the school teachers and 

students, mainly to show the construction works of art, later can be expanded to provide effective display for the organization of the Exhibition 
Department of the school, teachers and students can upload their works to the display system, the system is not limited to the exhibition bureau, 
teachers and students can also display platform works through online communication. In this system, we created the management function of 
the personal upload architecture art works, and the users can query, delete and other requirements. Schools and other related management 
system users can grasp the situation in a timely manner, the analysis of the distribution of the current data, at the same time to show the work 
of the summary, analysis, in order to better guide the exhibition. The main function of the demand analysis is to analyze the problem of the 
user to tell the system developers or system designers. It is mainly to tell you what to do, not to tell you how to do it. It is the first step in a 
system or software development, as a first step it has an important role. The result of requirement analysis is the requirement analysis. Demand 
analysis, need to express to prepare reaction or on behalf of the user the most fundamental requirement or desire, can not only consider the 
problem from the angle of the basic needs of users, but also need to take into account the user does not take into account the problem. Its direct 
impact will result in the following outline design, logical design, physical design, operation and maintenance of the workload. If you deviate 
from the user's needs, then the follow-up to do the work needs to be re-designed and implemented. Needs analysis of main tasks is to analyze 
the user in the actual process, the user of the object and the need to deal with the data and the user's workflow and other information, 
developers or system designers need to fully understand the user in the present work the work habits or workflow, clear user requirements for 
further communication, or through several exchanges in the way to fully understand the fundamental or the needs of users. In the demand 
analysis stage, the problem is the need to pay special attention to the user in the working environment of the data and the data processing flow, 
obtained the three basic requirements of database users: one is the information requirements; two is the processing requirements; three is the 
data security and integrity requirements. 
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3.2 Feasibility analysis of the system 
 
Analysis of the feasibility of the system contains many analysis modules, this section is mainly three important aspects which are 

analyzed, on behalf of the three aspects are: the cost of technology is feasible, have what problem and the subsequent operation and 
maintenance is feasible. In most cases, these three aspects are important to determine whether a system is feasible or not. 1) Economic 
feasibility analysis: the subject of the construction art display system can replace the traditional display system, introduce the workers' 
expenses, save the cost, therefore, the cost is more cost-effective. 2) technical feasibility study: computer technology change rapidly, emerge in 
an endless stream of new technology, Web technology, after decades of development has been on stabilization and improvement in the Web 
technology, launched by the SUN JSP technology is particularly outstanding, has won the praise of developers. This topic presents the 
architectural art display system and is based on the browser and server mode, this mode of development and implementation of the technology 
is not a problem, and the author also has a certain project development experience. B/S mode C/S mode which is different from the traditional 
structure, and the safety of Java development language, the development module of database access, and the importance of the information 
system of encryption, to ensure the safety of the data in the system. All users of the system only need to use a browser to access and related 
operations, the system does not need the hardware and software platform is very complex and many complex configuration, a PC machine can 
meet the needs of the ordinary, more convenient to use; the user use the system for data input, judgment and detection such as the date format 
enter the information system of the front and back of the user submitted, the age is in accordance with the specification, to ensure compliance 
with requirements to add data to the database, reduce the system pressure; as the building art exhibition system uses the B/S architecture 
design, so all the system data exchange are carried out in the network, reduce the client the task and pressure; reduce the user manual input, try 
to let users use the selection box to choose, reduce user input error, security Secondly, this topic mainly uses the JSP technology and database 
technology to realize all the functions needed. JSP is a dynamic web page to achieve the standard. It is the main difference between the 
traditional HTML pages: in the static page to add some Java code and some of the unique JSP tags, you can form a simple JSP page 
development. Which was added to the Java code in the static web page can have a variety of different functions, the basic function can carry 
out the database crud task can access to other pages including all established all functions of dynamic web page need. But the request and task 
logic related systems are handed over to the server, the server returns the user to view in the browser on the result of this model largely reduce 
the pressure of server, reduce the client due to software installation or configuration requirements. Even if the average client does not have any 
software installed on the machine, the system can access the system as long as there is any browser. And JSP technology to facilitate easy to 
learn, for the development of this system is very effective. Therefore, JSP technology to realize the function of this system is more than 
sufficient. Therefore, the technology is relatively mature; the subject of the proposed system can be achieved. 3) Operation feasibility analysis: 
due to the early demand analysis shows that the work has been doing better, but also the system processing and captures a lot of exception 
handling, so the development of the system and the maintenance work is relatively difficult. On the one hand, there is a complex business 
process, system maintenance and operation personnel only daily management and monitoring of the system, especially in the current computer 
technology popularization, the demand is not very high, after a short-term training can adapt to. In addition, the main business processes of the 
system design are more familiar with the traditional staff, the operation is handier. Therefore, the operation is not a big problem. 
 
3.3 Functional analysis of the system 

 
Construction works of art online display system, the relevant operation mainly includes the display of works and the background design 

and database, upload is one of the core functions of the system, the administrator to upload construction works of art management, users can 
upload works, to own work for maintenance, the administrator can view the user and management of works. This system mainly faces three 
kinds of user roles: in the school student, teacher and system management personnel. Different user roles have different permissions. Students 
and teachers, you can browse the architectural works of art information, query their own interest in the works, as well as upload their own 
works, but also to their favorite works, such as the operation of a message. System administrator, responsible for the stable operation of the 
system, the system users, works, the message to maintain. Web based on the development of the system is an essential function of registration, 
the function can be a good distinction between the user's rights, and the system is also a kind of protection. Non registered users can only 
browse the works of architectural art, cannot be related to the work of the operation of the message. Only registered users can leave a message 
to the work. In this system, the user can click on the registration, registration of a series of input information, and after successful registration, 
get a username and password, and then log on this system; you can upload your own to show the construction works of art, you can browse the 
message in time for their favorite works. This system of construction works of art on display, the display time requires the module be arranged, 
three types of construction works of art on display, which is in accordance with the exhibits types, format, display time. There are various 
types of exhibits, some students love to their favorite architectural works of art pictures show, this show is the picture type works; some 
students love the film, on the formation of video, this is the type of video works show; some students love the works made in the form of a 
slide, the slide is types of works. At the same time in the display of time, on the display of the work is also the time of the exhibition. The need 
for personal information in the system of management, the user registration, the need for their information updates, it is necessary to use 
personal information management module, but also for the management of personal work, to be able to upload their own architectural works 
of art, can modify their own construction works of art, but also delete their own architectural art works. This module will need to include 
personal information management, personal work management (upload, modify, delete) module, etc. Maintain the latest information by using 
related operations. Query is an essential function of a system, the query can save the user's time to find the target, but also very good for the 
construction of the work of art search. In the process of the application of the system, building works of art will be more and more, it is 
required to be able to quickly find the works. This module provides information on the name of the building works of art, architectural art, 
architectural art, etc. System administrator to manage the entire system operation. When the registered users to upload the wrong, or not the 
right message, you need to work on the management of the message for the management. System administrators to register the user 
management, daily operation management, but also on the security of the system to make maintenance. This module is mainly for the 
administrator to maintain the use of the work of management, management of the message and other maintenance management. This system 
will leave a space for the interaction between teachers and students on the design of message mode, so that when users see their love works, 
and the author of the work when you want to interact, you can show in the following works, the works of the message. So when the author of 
the work of the system, you will see the comment, and then respond to it, the formation of interaction. This module is mainly to provide the 
majority of teachers and students of their favorite works of the message, the realization of online interaction, to facilitate the exchange of 
teachers and students of architectural art. 
 
4. Design and implementation of the system 

 
This system is architectural art works online display system, is based on the development of web, based on web related technologies, 

relatively mature, can be very good to meet the needs of the system. This system is based on the development of J2EE, the design pattern, 
MVC development, the display layer, control layer separate development, not only conducive to the current development and maintenance is 
also beneficial to later. The use of B/S model development, so that users can access through the browser, the database using Server SQL 2012 
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data storage management. The system construction works of art online display system, development system based on Web, the front desk is 
presented to the user through the JSP page, so the user input of the system in the URL browser, you can access to the system, and then perform 
related operations on the Internet, such as browsing, query and other construction works of art. This system uses the B/S development model, 
the traditional development, is the need for a separate client program, which requires a different environment for system, separate time-
consuming, and now the development of the client, based on the development of the B/S model, do not need to open a separate client, is based 
on the browser's development so, as long as the relevant web technical support, will be able to complete the development of the front desk, it 
can get the important energy for the background, development of the server, the support for the front. Based on the development of B/S, there 
is no need to maintain the needs of the client, so that it is necessary to reduce the unnecessary development. This system is based on the 
development of web, the use of the relevant web technology, system architecture is the user through the browser sends a Request, and then 
through the JSP passed to the Java Bean, Java Bean by interacting with the database, the user needs from the database, after Java Bean, passed 
to JSP, JSP to the user in the Response, it is displayed to the user through the browser. The architecture design of the system is shown in 
Figure 7. This system is established for our construction works of art online display platform, to meet the needs of teachers and students online 
display, but also to adapt to the requirements of the school show, the system should be able to complete a good online display. First of all, the 
system has strong practicability, the system must be simple and easy to use, whether teachers, students and school management personnel, 
related operations in the training situation, and to highlight the main function of system, for the construction works of art exhibition provides 
rapid method. Secondly, the system should be maintained, in the development of the current web development technology to choose well, to 
be able to keep up with the current development, with the maintenance of the future. Finally, the system to ensure security and stability, the 
system should be able to stable operation, the system to save the user's data, to have a backup of the data, to prevent the collapse of the system, 
the loss of data. When users log in or upload, the data should be encrypted to prevent leakage of user data. In the process of system 
development, in addition to the importance of the preparation of the code, but also to do a good job of document management. This system 
adopts the web development of new technology in the design process, based on the development of J2EE, in the process of development, 
requires modular development in detail, this is not only conducive to the function division, but also conducive to the development of relevant 
personnel, can clearly see the overall and module of the system, division modular according to the required functions, the modular design of 
the system in detail. 

 
Figure 7. Schematic diagram of system architecture. 

In order to better serve the school teachers and students, the system designed the user login registration module, using the real name 
registration system, so that users can also facilitate the self-management, and access to the problem. The user can login after successful 
registration and related operations, user registration, to choose their own easy to remember, familiar with the account or password, to prevent 
password forget after several modifications, inconvenient and memory. The design of user registration module, to consider the technical 
details of registered users, because it is to be registered by the browser, to consider some functions of the browser, whether to save the login 
page username and password, whether forward or backward browser will affect the user registration, but also consider the problem of browser 
cache. At the time of registration, the registration information can be set to the user name, the number of students or the teacher's job number, 
name, age, school, e-mail and other relevant information. So after the success of the registration, the system will create an account for each 
registered user to complete the user's login, you can log on to complete the further operation. Registered users are divided into two kinds of 
users, one is ordinary users, the other is the system administrator users, these two users are not the same rights, and the operation of the content 
is not the same. Users browse the construction works of art, is a function of the system is essential, whether registered users or non-registered 
users can browse, this is mainly to create convenience for the exhibition held in the school, and online browsing works are not necessarily 
registered users, so it is necessary to conduct the design. The system in order to facilitate the user's use, designed the user query function, that 
is, the user's search function, search function in a system is a very important function. On the one hand, it is convenient for the users to quickly 
find what they want to browse the works, save a lot of time, on the other hand, with the increase of system users, upload the construction 
works of art will be more and more, the data stored in the database will be more and more, if you do not design the search function, the user 
experience will not well, more importantly, can very quickly find you want to see the works. The upload function of architectural art works is 
one of the most important functions of this system, only the registered users can upload the works to display the works. When the user is 
registered, enter the upload module, the construction of the works of art. In this system, users can upload 3D works of art, photography, art 
works of art and other types of art works of art. Personal information management module includes the management of personal information 
and personal works to manage these two main modules. To carry out personal information management, the first is to register the user, so the 
user first in the system to register, to obtain a user name and password, login the system, in order to carry out the relevant operation. The login 
screen of the system is shown in Figure 8. 

 
Figure 8. System login interface. 
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5. Summary and Prospect 

 
In the face of the lack of social construction works of art online display platform, based on the functional requirements of J2EE, the 

construction works of art online display system based on structure design, system implementation and other aspects of the in-depth research 
and implementation. This paper adopts three layer model of MVC system development, using the design model based on B/S architecture, 
using Struts framework, using Java language, JSP technology has completed the architectural works of art online display system, which 
provides convenience for the students to show their architectural works of art. According to the construction works of art online display system 
needs analysis, functional design, system development, web application development technology to achieve the construction works of art 
online display system the construction works of art exhibition, the background of the works, works, works management update message, user 
management and other functions. The application of Struts framework based on J2EE platform; improve the efficiency of the development, 
saving the time of development. The construction works of art online display system, solve the problem of school organization exhibition, 
enhance teachers and students through the works of communication space, to a certain extent, and stimulate students' creative passion, while 
saving the time management of construction works of art. 
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Abstract: The most fundamental reason for the human resources management system is the optimization and utilization of human resources 
management system, to obtain the best economic benefits. Now the concept of people-oriented, human capital is far more important than the 
land, plant, equipment and funds, etc. You want to shine in the computer science and the application of human resource application, it must 
be human resource management properly, can play the best utility of human resources. With the rapid popularization and development of 
information technology, how to improve the management level and production efficiency of enterprises by using information technology is 
more and more important. As an important management information system in the enterprise, the human resource management system is 
very important to the enterprise production and management. In order to adapt to the economic development, improve the market 
competitiveness of enterprises, we must establish a set of reasonable and efficient human resources management information system, will 
change the original manual management inefficient for the use of the computer automation management, not only helps to reduce the 
duplication of work, improve the production efficiency, but also improve the management level and the ability to optimize the allocation of 
human resources of enterprises. Based on the enterprise application as a starting point, firstly, the basic concepts and research the human 
resource management system of the relevant characteristics and the current development situation, expounds the significance and necessity 
of the development of human resource management system based on J2EE mode. Secondly, this paper presents the design and 
implementation of a J2EE based hierarchical architecture and MVC model of human resource management system, to build a Spring based, 
Hibernate supplemented by the application framework. In this paper, on the basis of the SSH framework, combined with the three 
characteristics of the development and application of J2EE system based on configuration, multi user efficiency and scalability, in the aspect 
of technology are given the system data layer, business logic layer, system layer is the Web layer system show the corresponding design 
scheme. System in the design using Hibernate technology to avoid the direct operation of the database and the realization of the data 
resources of the package. The use of Struts architecture to make the component in different business logic layer of the association between 
very few, low coupling, greatly improved the application of maintainability and scalability. The system has been tested to meet the 
requirements of the design, put into use will greatly reduce office consumption, improve office efficiency. And use the user experience 
better ExtJS to make up for the lack of SSH framework in the presentation layer. This topic is in the Java development environment, 
MyEclipse as the development tool, SQL Server 2008 as the database of the system, through the Tomcat server, using B/S three layer 
architecture, the system has good maintainability and reusability. At the same time, in the process of software development, the use of MVC 
design patterns and object-oriented design and development methods, easy system design and implementation. In this paper, the 
development and implementation of human resource management information system are described in detail in the following aspects, such 
as requirement analysis, system design, development environment configuration, system implementation and so on. 
 
Keywords: human resource management system; J2EE technology; ExtJS technology; system development; system test 
 
1. Introduction 

 
Human resource management is an important part of a business unit, with the rapid development of social economy, the increasingly 

fierce market competition, the role of human resource management in all enterprises in the increasingly prominent, it provides for the 
enterprise managers critical decision support. However, the human resource management system is often complex information about 
employees, but also need to constantly updated, these problems need to be solved or become a problem in human resource management. With 
the rapid development of science and technology and the popularization of information technology, it is possible to use information 
technology to manage human resources files automatically [1]. To establish a set of effective and reasonable human resource management 
information system is an inevitable trend to adapt to the modern enterprise system, promote enterprise management to scientific, standardized 
and automation. Based on the enterprise application as a starting point, firstly, the basic concepts, research on human resource management 
service system and the software model of the relevant characteristics and the current development situation, expounds the necessity and 
significance of developing the OA system based on J2EE model. Secondly, this paper presents the design and implementation of a J2EE based 
hierarchical architecture and MVC model of human resource management system, to build a Spring based, Hibernate supplemented by the 
application framework. Based on the application framework, combined with the three features of the application of J2EE, configurable, multi 
user efficiency, scalability, on the aspect of technology are given the system data layer, business logic layer, system layer is the Web layer 
system show the corresponding design scheme. One of the main content of human resource management is the management of personnel 
archives information, such as educational experience, work experience, professional title and so on. And one of the most significant features of 
the personnel information is a wide range of data, complex relationship. Using the traditional manual management way to manage the staff file 
information, not only the efficiency is low, the secrecy is bad, and the information search [2], update, maintenance is also more difficult. The 
realization of human resources management system by using information technology, using computer management with manual management 
incomparable advantages of personnel archives information, such as rapid retrieval and search for convenient, high reliability, high efficiency, 
large storage capacity, confidentiality, long life, low cost etc.. In addition according to the needs of attendance management, the use of 
information technology in human resource management system, marking the log plans to submit the salary payment etc. These advantages 
have greatly improved the efficiency and level of enterprise human resource management. Is conducive to optimizing the allocation of human 
resources for enterprises, but also the important conditions for enterprise management to scientific, standardized. Human resources 
management system is a typical management information system, the system of management information system, is composed by human and 
computer and other peripheral equipment to the information collection, transmission, storage, processing, maintenance and use of the system. 
Its main task is to maximize the use of modern computer and network communication technology to strengthen enterprise information 
management, through the investigation of the enterprise of human, material and financial resources, equipment, technology and other 
resources, to establish the correct data processing and to prepare a variety of information to provide timely information to managers in order to 
correct the decision, constantly improve the management level of enterprises and economic benefits. The traditional personnel management 
system, management mode is divided into one process module, general staff basic information management, organization management, 
recruitment management, attendance management and payroll management module, in the analysis of the business and has the new human 
resources management concept of the gap, and there many problems in the system design, such as integration and openness, inconvenient 
operation and maintenance and so on, help management personnel can very good reduce the burden of work, improve work efficiency and 
management level. As a dynamic factor, human resource has become the key factor to decide the success of the enterprise strategy 
implementation. With the new and old computer technology constantly changing, enterprise human resources management tools will also be 
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changed. Create enterprise human resource management system, and strive to improve the service function, and thus improve the scientific 
management of human resources [3], to mobilize the enthusiasm of employees, to become a major focus of enterprise competition. The human 
resources management system schematic diagram is shown in Figure 1. 

 
Figure 1. Sketch of human resource management system. 

Human resources management system, improve internal employee satisfaction and loyalty, thereby improving employee contribution, 
performance, help managers through effective management to reduce costs and accelerate growth to create value chain. Comprehensive 
management of human resources solutions from the perspective of human resource management, centralized data will almost all human 
resources related information (including: organizational planning, recruitment management, personnel archives, employee turnover on-the-job 
experience, labor contract, incentive management, office supplies, hospital insurance, mobility management, training management, 
performance management, attendance management, hourly wages, piece rate, dormitory management, employee self-service, etc.) the unified 
management of the leadership for approval. The first generation of human resources management system appeared in the end of 1960s, in 
addition to the automatic calculation of staff salaries, there is little more such as report generation and data analysis and other functions, but 
also do not retain any historical information. The second generation of human resources management system appeared in the end of 1970s, the 
non-financial human resources information and salary history information are designed, but also the primary report generation and data 
analysis functions. The third generation of human resource management system appears at the end of 1990s, the HRMS database will be 
almost all human resources related data were collected and management, more powerful report generation tool, data analysis tools and 
information sharing [4]. The main reason for the enterprise human resources management system is expected by the human resources 
management system, the use of human resources to the best economic benefit, but also because of the advent of knowledge economy, the 
concept of human capital has been formed, the importance of human capital is not inferior to more land, plant, equipment and funds, and even 
beyond. In addition, people are the carrier of knowledge, in order to effectively use knowledge, knowledge will maximize the effectiveness of 
human resource management, we need to properly, can play the best utility of human resources. The system should have good expansibility 
and the ability to develop the two times. The client system administrator uses the tools provided by the system to update and extend the 
functionality. Third party developers can code development in this system, manufacturers can provide training and technical support; 
workflow engine built international standard and commonly used procedures, can be customized personalized work flow, meet different 
people to work the multi-level audit requirements, can automatically modify the relevant business data the approval in each step is completed, 
can automatically judge also artificial selection process to the whole system should be set up branches; standard Portal technology based on 
dynamic deployment and system integration capabilities. Have a unified access control mechanism; all of the resources in the system should 
be able to control the rights. Permissions can be centralized control, but also to the various modules to control. Permissions can be granted 
directly to the portal users, employees, positions, institutions, user groups, user categories, special identity group and user association object; 
with report development tools, users can define it all kinds of details, statistical reports, and quickly showing a variety of complex 
relationships between data [5]. Support cloud computing platform. The advantages of human resource management system are as follows: 1. 
enterprises do not need to consider the purchase of this set of human resources management system and their own management system and 
future purchase of advanced systems are not compatible with each other, the data cannot be exchanged. Enterprises need not worry about the 
future need to replace the system brought about by the heavy capital investment, staff and management personnel training many times. 2. no 
matter how large organizations, or by the development of small and medium-sized enterprises to large group, this system can be easily 
managed by our company, and then how to expand mostly without investing extra cost. In the management and update of the system more 
easily, because the system needs to be installed only once in the enterprise server, no need to install any additional client computer program 
other (of course we need enterprise access to the necessary IE browser), easy to upgrade management server on a fix, so we are the enterprise 
branches extended to any place the world do not have to worry about upgrading the pain management. 3. of today's enterprise management 
personalization is very strong, there are various tactics for enterprise development, must be set for the current business management mode and 
human resources management system customization future development mode, that is to say we need software should be flexible with the 
company's system can adjust and change to make corresponding adjustment and change the. This will be able to reduce the cost of the 
company's two development, and can fully meet the needs of the appropriate company, thus saving unnecessary expenses. 4. the paperless 
office, remote office together, no matter where you can log on this set of human resources management system to achieve your role in the 
enterprise, want you to sit in the office as in this completed the work process, greatly improving the work efficiency. This is also a 
manifestation of the management system, reflects the "management in the former, the implementation of the post" in the advanced concept. 5. 
with the concept of enterprise management, improve job posts in the enterprise more and more detailed, according to this trend of development, 
we choose human resource management software must take into account the suitability of each position, control permissions system problems. 
Rights allocation must correspond to different departments in the enterprise and different people, according to different management personnel 
and delegated the appropriate authority [6]. So as to bring the management of the enterprise security and information security. In addition, the 
position and authority in the distributed access control system are combined, and the vacancy of the duty is caused by the flow of the people. 
And, it can be unified management, but also a clear division of labor. Reasonable decentralization of authority can also reduce the burden on 
the work of the post. 
 
2. Key technologies involved in the system 
 
2.1 J2EE technology introduction 
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J2EE is a completely different from the traditional application development technology architecture, including many components, mainly 
to simplify and standardize the development and deployment of application system, and then improve the portability, security and reuse value. 
At present, there are 3 versions of the Java 2 platform, which is suitable for small devices and smart card Java 2 platform Micro Version (Java 
2 Platform Micro Edition, J2ME), suitable for desktop Java 2 Platform Standard Edition (Java 2 Platform Standard Edition, J2SE) is used to 
create the server application and service. Java 2 Platform Enterprise Edition (Java 2 Platform Enterprise Edition, J2EE). J2EE is a system 
architecture that uses Java 2 platform to simplify the complex issues related to the development, deployment and management of enterprise 
solutions. The standard version of the foundation of the J2EE technology is the core of the Java platform or Java 2 platform, J2EE not only 
consolidate the many advantages of the Standard Version, such as "write once, run anywhere" characteristics, easy access to the database 
JDBC API, and CORBA technology can be applied in Internet in the protection of data security mode, but also provide the EJB (Enterprise 
JavaBeans), Java Servlets API, JSP (Java Server Pages) and the full support of XML technology. Its ultimate goal is to become a business 
developer can significantly shorten the market time of the system structure [7]. J2EE technology has won the media attention is one of the 
reasons EJB. They provide a framework for the development and implementation of distributed business logic, which significantly simplifies 
the development of enterprise class applications with scalable and highly complex. The EJB specification defines when and how EJB 
components interact with their containers. The container is responsible for providing public services such as directory services, transaction 
management, security, resource buffer pools, and fault tolerance. But it is worth noting here is that EJB is not the only way to achieve J2EE. It 
is due to the openness of J2EE, so that some vendors can be a way to achieve the same purpose in parallel with the EJB. Because companies 
must adapt to the new business needs, the use of existing enterprise information systems in terms of investment, rather than re formulate a 
comprehensive program has become very important. In this way, a gradual (rather than radical, totally negative) approach is based on the 
existing system on the server side platform mechanism is the company's needs. J2EE architecture can make full use of the user's original 
investment, such as the use of some companies Tuxedo BEA, CICS IBM, Encina IBM, VisiBroker Inprise and Application Server Netscape. 
This has become possible because the J2EE has a wide range of industry support and a number of important 'Business Computing' areas of 
supplier involvement. Each vendor provides an upgrade path for existing customers without the need to scrap existing investments and enter a 
portable J2EE field. The existing operating system and hardware can be kept in use, because the product based on the J2EE platform can be 
used in almost any operating system and hardware configuration. J2EE uses a multi-tier distributed application model; the application logic is 
divided into components according to the function, each application component according to their layer distribution in different machine [8]. 
In fact, sun J2EE design of the original intention was to address the two layer model (client/server) of the drawbacks in the traditional mode, 
the client is bloated play too much role, in this mode, the first deployment time is relatively easy, but difficult to upgrade or improve the 
extensibility and is not ideal. Often based on a proprietary protocol, usually in a database protocol. It makes reuse of business logic and 
interface logic very difficult. Now J2EE multi-tier enterprise application model will be divided into two layers of the different layers of the 
model into many layers. J2EE technical structure schematic diagram shown in Figure 2. 

 
Figure 2. Schematic diagram of J2EE technology structure. 

 
2.2 ExtJS technology introduction 

 
ExtJS can be used to develop RIA, which is a rich client AJAX application, is written in JavaScript, is mainly used to create a front-end 

user interface, and is a front end Ajax framework is not related to the background. Therefore, it can be used in.Net, Java, Php, ExtJS and other 
development of the application of language development. The beginning of ExtJs based on YUI technology, developed by the developers 
JackSlocum, through mechanisms such as reference to organize JavaSwing visual components, both from the application of the UI interface of 
the CSS style, to the data analysis on the exception handling, can be regarded as a rare JavaScript client technology boutique. The UI 
component model and the development of the concept of Ext in the womb, forming the Yahoo component library of YUI and Java on the 
platform of Swing two, and for developers to handle a large number of cross browser shielding aspects. Relatively speaking, EXT than the 
developer directly for the DOM, W3C object model to develop UI components easily. JQuery, Prototype and YUI belong to the very core of 
the JS library. Although YUI, as well as the recent JQuery, have to build their own series of UI devices (Widget), but there is no real 
integration of a good and complete program development platform. Even if the core library is very good, but when put into the real 
development environment, still need to do a lot of developers to do a lot of work to improve the lack of a lot of. And Ext is to fill these gaps. 
Mainstream open source framework only Dojo like Ext, try to provide an integrated development platform. We think Ext can provide a higher 
degree of adhesion to the application framework, compared to Dojo, a good tool kit [9]. Each component of the Ext is designed to work 
seamlessly with other Ext components. This smooth interoperability cannot be separated from a close cooperation of the team, but also must 
always emphasize the design and development of the unity of these two goals, which is a lot of open source projects failed to do. From the 
start of building each component, we always emphasize the appearance, performance, interoperability and scalability of the components, and 
we believe that the component has reached the requirements of these points. Ext can be used alone. In fact, in addition to the specific 
requirements, recommend the use of Ext alone, so that the paper accounts for a smaller, support and integration are also more closely. We also 
support the integration of jQuery, YUI, or Prototype, as the underlying Library's role appears to provide processing of a variety of core 
services, such as DOM and event processing, Ajax connection and animation effects. One reason for the use of integration is that they already 
have a number of specific devices, and Ext has no native support - like History's YUI control is a typical example. At this time, the underlying 
Ext need to rely on the YUI of the library to achieve History control, so that it can also be removed from the Ext database, thus reducing the 
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memory footprint of the program. Another reason for the use of integration is that, for many applications that have been using other underlying 
libraries, you may want to step by step into the Ext. In short, if there are other libraries, Ext can take advantage of them. Our aim is to provide 
users with a variety of possibilities and performance on the optimization. In fact, as long as the realization of database interfaces corresponding 
to an arbitrary frame, add adapter is not a problem; people can easily be Dojo, Moo, AjaxNET, or other JS library into the bottom of Ext. In 
the development of the use of Ext application, Component is the highest level of abstraction is used directly to the user, Ext Element is the 
underlying API Ext, is mainly composed of Ext or custom component calls, and DOM is the W3C standard definition of the original API, Ext 
by the operation of the Element DOM to achieve the effect of the page display. In Ext, component rendering can be accessed through the El 
property of the component to get the component corresponding to the Element; by accessing the DOM property of the Element can get its 
DOM object [10]. In addition, we can use the method of Ext class getCmp, get, getDom and other methods to come components Component, 
Ext elements Element and DOM nodes. The schematic diagram of ExtJS structure is shown in Figure 3. 

 
Figure 3. Schematic diagram of GUI internal structure of single page DOM. 

 
2.3 Composition of disaster recovery system 

 
MVC full name is Model View Controller (model) is the model view controller (view) - (controller) abbreviation, a software design 

model, a business logic and data display interface, tissue isolation method code, business logic will be gathered in a component inside, and 
improvement in interface and customization user interaction at the same time, do not need to write business logic. MVC has been developed to 
map the traditional input, processing and output functions in a logical graphical user interface. MVC is present in desktop applications, M 
refers to the business model, V refers to the user interface, C controller is used, and the purpose of MVC is to achieve code separation of M 
and V, so that a program can use different forms of expression. For example, a number of statistical data can be used to represent histogram, 
pie chart. The purpose of C is to ensure that the M and V synchronization, once the M changes, V should be synchronized with the update. 
Model view controller (MVC) is a kind of software design pattern, which was invented by PARC Smalltalk in 1980s, and has been widely 
used, in programming language Xerox 80. Later was recommended for Oracle's Sun Java EE platform design model, and is more and more 
popular with the use of ColdFusion and PHP developer’s welcome [11]. Model view controller model is a useful tool kit, it has many 
advantages, but there are some disadvantages. Framework, design patterns are always easy to confuse the two concepts, in fact, there is still a 
difference between them. Framework is usually code reuse, and design patterns are design reuse, architecture is somewhere between the two, 
part of the code reuse, design reuse, sometimes analysis can be reused. There are three levels of reuse in software production: internal reuse, i.e. 
in the same application can use the public abstract block; code reuse, is universal modules into a library or tool set can be used for multiple 
applications and in the field; application framework reuse, which provides general or ready-made basis structure for the special field, in order 
to obtain the highest level of reuse. Although the framework and design patterns are similar, but they are fundamentally different. Design 
pattern is to appear repeatedly in some environment problems and describe the solution to solve this problem, it is more abstract framework; 
framework can be expressed in code, can be directly executed or on mode multiplexing, only instance to use code representation; design 
pattern is smaller than the frame elements, one or more design patterns often contain a frame, the frame is always for a particular application, 
but the same pattern can be suitable for various applications. It can be said that the framework is the software, and the design model is the 
knowledge of software. The schematic diagram of MVC structure is shown in Figure 4. As technology continues to progress, more and more 
ways are needed to access the application. MVC mode allows the use of a variety of different styles of view to access the same server code, 
because multiple views can share a model, which includes any WEB browser (HTTP) or wireless browser (WAP), for example, users can use 
the computer or by mobile phone to order a product, although the way of ordering is not the same, but the same way to order products. 
Because the data returned by the model is not formatted, the same component can be used by different interfaces. For example, a lot of data 
may be expressed by HTML, but it is also possible to use WAP to represent, and these indicate that the command is required to change the 
implementation of the view layer, and the control layer and model layer without any change. As the data and business rules have been 
separated from the presentation layer, so you can maximize the reuse of the code. The model also has the function of state management and 
data persistence processing, for example, based on the conversation of shopping cart and e-commerce process can also be used by Flash or 
wireless networking applications. Because each different layer has some of the same characteristics of each layer of different applications, is 
conducive to the adoption of engineering and management tools of program code. The controller also provides a benefit that can be used to 
connect different models and views to the user's needs, so that the controller can provide a powerful means to construct the application. Given 
a number of reusable models and views, the controller can be processed according to the user's demand selection model, and then select the 
view to display the results to the user. MVC based on framework J2EE in the world of Web is an unprecedented boom, almost every one or 
two weeks on the TTS site will have a new MVC framework release, better MVC, the veteran has Struts, Webwork. Emerging MVC 
framework has MVC Tapestry, Spring, JSF, etc. The most famous team works, there are also some edge team works, is quite good, such as 
Dinamica, VRaptor and so on, these frameworks provide a good level separation ability, based on good MVC separated, by providing some 
auxiliary classes, but also promote the improvement of production efficiency. 
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Figure 4. Schematic diagram of MVC structure. 

 
2.4 Database technology 

 
Database technology is a core technology of information system. Is a kind of computer aided management data method; it studies how to 

organize and store data, how to efficiently access and process data. Database technology is the basic theory of database structure, storage, 
design, management, application and realization method, and use these theories to realize the processing, analysis and understanding of the 
data in the database technology. Database technology is a software science research, management and application of the database. Object 
oriented database technology research and management of the data, so the specific content of the database technology involved mainly 
includes: through the unified organization and management of data, in accordance with the establishment of the corresponding database and 
data warehouse designated structure; mining system design can realize the data in the database for a variety of functions add modify and delete 
processing, analysis, understanding, report and print the data management and data mining application system using the database management 
system and data; and the application management system realizes processing, analysis and understanding of the data. Database technology is a 
core technology of information system. Is a kind of computer aided management data method; it studies how to organize and store data, how 
to efficiently access and process data. Through the research on the basic theory of database structure, storage, design, management, application 
and realization method, and use these theories to realize the processing, analysis and understanding of the data in the database technology. 
Database technology is a software science research, management and application of the database. Database technology is an important part of 
modern information science and technology, and it is the core of computer data processing and information management system. Research on 
database technology and solves the storage and computer information processing in the process of large amounts of data to effectively 
organize problems in database systems to reduce data redundancy, data sharing, data security data security and efficient data retrieval and 
processing. Database technology is used to solve the problem of document processing system in the middle of 1960s. At that time the database 
processing technology is also very fragile, often cannot be applied to the case of the application. The relationship model was established in 
1970s, which provides a standard method to construct and process the database, and promotes the development and application of the 
relational database. In 1979, Ashton-Tate introduced the dBase II, which is called the relational database management system, and then 
transferred to the personal computer. Mid to late 1980s, end users will start independent computer network using a LAN technology, database 
sharing between the terminal and the formation of a new type of multi user data processing, called the structure of client / server database. 
Now, database technology is being used to combine with Internet technology in order to release the database data in the organization intranet, 
local area network and even WWW. The unstructured database is part of the research focused on the relational database model is too simple, 
inconvenient to express complex nested data types and the need to support limited, with the comprehensive model based on database theory 
from the Internet application data model. Support repeated fields and sub fields and variable length field and realizes the variable storage 
management processing and data items of variable length data and repeat fields, when dealing with continuous information (including text 
information) and unstructured information (repeated data and variable length data) in a traditional relational database incomparable advantage. 
But the researchers believe that this database technology will not completely replace the popular relational database, but they are a useful 
supplement. The schematic diagram of the database is shown in Figure 5. 

 
Figure 5. Schematic diagram of a database cluster. 

 
3. System requirements analysis 
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3.1 An overview of system requirements analysis 
 
The main function of the demand analysis is to analyze the problem of the user to tell the system developers or system designers. It is 

mainly to tell you what to do, not to tell you how to do it. It is the first step in a system or software development, as a first step it has an 
important role. The result of requirement analysis is the requirement analysis. Demand analysis, need to express to prepare reaction or on 
behalf of the user the most fundamental requirement or desire, can not only consider the problem from the angle of the basic needs of users, 
but also need to take into account the user does not take into account the problem. Its direct impact will result in the following outline design, 
logical design, physical design, operation and maintenance of the workload. If you deviate from the user's needs, then the follow-up to do the 
work needs to be redesigned and implemented. Needs analysis of main tasks is to analyze the user in the actual process, the user of the object 
and the need to deal with the data and the user's workflow and other information, developers or system designers need to fully understand the 
user in the present work the work habits or workflow, clear user requirements for further communication, or through several exchanges in the 
way to fully understand the fundamental or the needs of users. In the demand analysis stage, the problem is the need to pay special attention to 
the user in the working environment of the data and the data processing flow, obtained the three basic requirements of database users: one is 
the information requirements; two is the processing requirements; three is the data security and integrity requirements. 
 
3.2 Functional requirements analysis of the system 

 
According to the relevant literature and in-depth analysis, we will work attendance management is divided into two parts: the first is the 

daily registration record, usually occurring leave, travel, overtime, late, leave early, absenteeism and other events; the second is the final 
attendance, the attendance at the end of each period, according to the daily registration data. The period of attendance summary data, these 
data will affect the calculation of wages. As the attendance data directly affects the staff salary, so attendance management is very important. 
Leave registration function for the registration of employee leave, sick leave, and can query to this post as "competent attendance post" staff 
leave record. Should pay attention to the function of query and behind the "leave query" function, "leave query" can be found all the data I 
leave the situation within the permission, not necessarily in this position as "competent attendance post" staff leave record. Leave the query 
function for the specified period of time to leave records. This function can find out my "data rights" within the leave of all people, not 
necessarily registered by me. This is in order to facilitate the management of personnel to carry out inspection. For example, the branch of the 
human resources department is responsible for the registration of attendance, but the branch manager will need to view these attendance data, 
then you can use this feature. Business registration functions for the registration of staff travel, poor sales situation, and can check the position 
as the "attendance" of the staff of the business records. And leave the registration function is very similar. It should be noted that the function 
of query and behind the "travel search" function, "travel query" can be found on all personal data within the authority, not necessarily 
competent attendance staff positions in the position of business records. Travel enquiry function for the travel records of the specified period. 
This feature can be found in the travel of all people in my data rights, not necessarily the position for the attendance of the staff of the record. 
This is in order to facilitate the management of personnel to carry out inspection. The daily attendance registration function for daily 
attendance registration staff (including late, leave early, absenteeism), and can query to this post as "competent attendance post" employee 
daily attendance record. It should be noted that the function of query and the back of the "daily attendance query" function, "the daily 
attendance query function can find out all my data within the jurisdiction of the daily attendance, not necessarily in the position as" head of the 
post attendance "staff daily attendance record. Daily attendance check function is used to check the daily attendance record during the 
specified period. This function can be found in the daily attendance of all the people in my data rights, is not necessarily registered by me. This 
is in order to facilitate the management of personnel to carry out inspection. Provide the personnel file management system functions including 
adding users in the system of the personal file information includes some new year's rewards and punishment information, daily attendance, 
employee and employee probation to the approval of resignation of the application and approval operation etc.. Only the system's personnel 
file administrator can log in to the system to modify the personal file information of the employees in the system with the permission of the 
personnel management. The task management module of the system provides a series of task management services, including the Department 
task assignment, the company mission assignment, task query, task management. The system is authorized by a specific person to develop and 
assign tasks, as well as to manage the task. System management functions mainly include the following aspects: to modify the password of the 
user login system, the system administrator to add, modify the current time, such as the operation of the system to update the user's personal 
information. User login system password changes only to the current user login system for the user's personal login password to modify. 
System administrator can modify the current time of the system and add a new system administrator to the system operation; the general user 
login system cannot achieve the above functions. The functional requirements analysis use case diagram of the system is shown in Figure 6. 
There are two kinds of administrator in the system, a system administrator server, is responsible for the purchase of a company the system 
authorization date code generation, using the settings and the administrator set a company system for a company. A company through the 
company's system administrator login account to the Create Company's internal personnel account and authorization and other operations. The 
system use the bottom of a company's employees, they can make corresponding operation, such as modifying password, document receiving 
and transmitting, check the mail list and so on. This paper analyzes the functional requirements of the human resource management system 
based on J2EE, and gives a brief description of some of the relevant design. These are based on the J2EE human resources management 
system design is very helpful. At the same time, the development environment of the system is described, and the feasibility of the system 
development is analyzed. 
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Figure 6. System functional requirements analysis use case diagram. 

 
3.3 Feasibility analysis of the system 

 
Analysis of the feasibility of the system contains many analysis module, this section is mainly three important aspects which are analyzed, 

on behalf of the three aspects are: the cost of technology is feasible, have what problem and the subsequent operation and maintenance is 
feasible. In most cases, these three aspects are important to determine whether a system is feasible or not. 1) economic feasibility analysis: the 
project proposed by the human resources management system can replace the traditional semi-automated office system, introduce the workers, 
save costs and therefore, the cost is more cost-effective. 2) technical feasibility study: computer technology change rapidly, emerge in an 
endless stream of new technology, Web technology, after decades of development has been on stabilization and improvement in the Web 
technology, launched by the SUN JSP technology is particularly outstanding, has won the praise of developers. The topic of human resource 
management system is based on browser and server mode, this mode of development and implementation of the technology is not a problem, 
and the author also has some experience in project development. B/S mode C/S mode which is different from the traditional structure, and the 
safety of Java development language, the development module of database access, and the importance of the information system of encryption, 
to ensure the safety of the data in the system. All users of the system only need to use a browser to access and related operations, the system 
does not need the hardware and software platform is very complex and many complex configuration, a PC machine can meet the needs of the 
ordinary, more convenient to use; the user use the system for data input, judgment and detection such as the date format enter the information 
system of the front and back of the user submitted, the age is in accordance with the specification, to ensure compliance with requirements to 
add data to the database, reduce the system pressure; because of the human resource management system is the B/S system architecture design, 
so all data exchange are carried out in the network, and to reduce the client task pressure; reduce user manual input, try to let users use the 
selection box to choose, reduce user input error, data security Secondly, this paper mainly uses the JSP technology and database technology to 
realize all the functions needed. JSP is a dynamic web page to achieve the standard. It is the main difference between the traditional HTML 
pages: in the static page to add some Java code and some of the unique JSP tags, you can form a simple JSP page development. Which was 
added to the Java code in the static web page can have a variety of different functions, the basic function can carry out the database crud task 
can access to other pages including all established all functions of dynamic web page need. But the request and task logic related systems are 
handed over to the server, the server returns the user to view in the browser on the result of this model largely reduce the pressure of server, 
reduce the client due to software installation or configuration requirements. Even if the average client does not have any software installed on 
the machine, the system can access the system as long as there is any browser. And JSP technology to facilitate easy to learn, for the 
development of this system is very effective. Therefore, JSP technology to realize the function of this system is more than sufficient. Therefore, 
the technology is relatively mature; the subject of the proposed system can be achieved. 3) operation feasibility analysis: due to the early 
demand analysis shows that the work has been doing better, but also the system processing and captures a lot of exception handling, so the 
development of the system and the maintenance work is relatively difficult. On the one hand, there is a complex business process, system 
maintenance and operation personnel only daily management and monitoring of the system, especially in the current computer technology 
popularization, the demand is not very high, after a short-term training can adapt to. In addition, the main business processes of the system 
design are more familiar with the traditional staff, the operation is handier. Therefore, the operation is not a big problem. 
 
4. Design and implementation of the system 

 
The system adopts modularization design method, introduce the following functions: leave the function for the registration of employee 

leave, sick leave, and can query to this post as "competent attendance post" staff leave record. Should pay attention to the function of query 
and behind the "leave query" function, "leave query" can be found all the data I leave the situation within the permission, not necessarily in 
this position as "competent attendance post" staff leave record. Travel function: this function is used to register the employee's travel, sales, 
and can check to the position as the "attendance" of the staff of the business records. And leave the registration function is very similar. It 
should be noted that the function of query and behind the "travel search" function, "travel query" can be found on all personal data within the 
authority, not necessarily competent attendance staff positions in the position of business records. Leave query: this function is used to check 
the leave record during the specified period. This function can find out my "data rights" within the leave of all people, not necessarily 
registered by me. This is in order to facilitate the management of personnel to carry out inspection. For example, the branch of the human 
resources department is responsible for the registration of attendance, but the branch manager will need to view these attendance data, then 
you can use this feature. Attendance period: Specifies the period to which the query attendance during travel records, attendance here can 
move forward or backward any modification, this condition is used to query, Never mind and business registration during the period specified 
in attendance. Select the attendance chief, said to the query to this post as head of the post of staff attendance for business travel records, view 
a supervisor is responsible for staff attendance; click the query to specify the query conditions, and can be found in accordance with the terms 
of the business records. You can click the "view" button to view the details of the various business records. The login screen of the system is 
shown in Figure 7. 
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Figure 7. Schematic diagram of the system login interface. 

 
5. Summary and prospect 

 
This paper first introduces the current research on the basic concept of human resource management system, the background at home and 

abroad, analyzes the enterprise human resources management system of the actual business needs, and then through the in-depth study of daily 
business enterprise operation, the management system is divided into front and back office management subsystem. The company's human 
resources management system is designed and implemented in this paper mainly consists of six functional modules, namely information 
management module system management module, file management module, learning module, internal communication user authentication 
module, staff and financial information management module. This paper mainly introduces the design of management system of human 
resource management system and implementation and system administrators, ordinary users, administrators and financial personnel 
administrator four types of users is how to call the modules of the network management system of human resource management of the 
company. The company human resources management system proposed in this paper has the advantages of low configuration, convenient 
installation, easy to use, high security, easy to maintain, easy to expand, easy to modify, and it has a certain practical value. 
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Abstract: At present, information technology has become to promote economic development and social progress is the most crucial 
technical factors, with the application of biotechnology and information technology in agriculture on the deepening of modern agriculture 
and information agriculture will be even more rapid development. As the carrier of agricultural information technology, agricultural 
information system plays a more and more important role in promoting the sustainable development of agriculture. Agricultural information 
is the essential feature of agricultural modernization in the information age, and it is the inevitable trend of agricultural development. The 
use of modern information technology to transform traditional agriculture, so that the combination of information technology and traditional 
agriculture is the basic requirement of building a well-off society in an all-round way, is also the basic content of China's agricultural 
modernization. To strengthen the research of agricultural informatization, find a suitable reclamation mode of development of agricultural 
information, to promote the rapid, healthy and coordinated development of agricultural economy, agricultural modernization has strong 
theoretical and practical significance. The purpose of this study is to explore and research the key technology problems of agricultural and 
rural information service cloud platform integration, on the basis of the development of agricultural and rural informatization experience 
abroad and on the results of previous studies, the requirement analysis and feasibility analysis of rural information service platform for 
agricultural construction system; system design on cloud services platform in the process of building the system structure, agricultural and 
rural agricultural and rural information standards, ontology and knowledge base, intelligent information service system and other key 
modules; to carry out an empirical study on the citrus industry information platform for cloud services case, explore new ideas and new 
mode to speed up the construction of China's agricultural and rural information service platform, to promote the rapid development of 
agriculture and rural areas information. Modern agriculture information service platform is designed in this paper, the integration of 
computer network middleware and component technology, this project uses the B/S structure, using JAVA as a programming language, 
using Struts as a development framework, Orical9i as the background database. This paper consists of five parts: the first is the analysis of 
the purpose and significance of the construction of agricultural information service platform of modernization, countermeasure research in 
domestic application and should be taken; and then, the design of modern agriculture information service platform function are discussed; 
finally, the operation of the platform and the economic and social benefits of the analysis, and make analysis on the future development 
trend of agricultural informatization. From the theoretical research on the basis of cloud computing, cloud computing theory system research 
and development speed, the theoretical results are rich. In recent years, the theoretical research results of cloud based information platform 
construction and cloud services model are numerous. Have the feasibility of the construction of the rural information service platform to 
carry out agricultural cloud; cloud computing technology is developed from distributed processing, grid computing and parallel processing 
technology. In fact, it is a new method to realize the network technology. The support of mature technology provides strong technical 
conditions for the construction of agricultural and rural information cloud services platform; with the rapid development of our national 
economy, the economic benefits of agriculture production in industrial production has become an important national policy. Therefore, the 
economic basis of the construction of agricultural and rural information service platform has been built. The strong support of national 
policy environment, especially the social and economic conditions in rural areas is still relatively weak, the advantages of cloud service 
model of high efficiency, low cost and flexibility, become a powerful driving force for the construction of agricultural and rural information 
service cloud platform. 
 
Keywords: agriculturalcountryside; information construction; cloud service platform; key technology; research and design 
 
1. Introduction 

 
In recent years, with the rapid development of information technology, especially the mature application of new technologies such as 

cloud computing, semantic, Internet of things, the application of information technology in agriculture and rural areas has been greatly 
expanded. Although the rural information service platform is numerous, but the integrated service level is not high; information distributed 
application system, independent of each other, the problem of information island is serious; the effectiveness, timeliness of agricultural and 
rural information; rural agricultural information service system remains to be established. Therefore, aiming at the key problems in 
development of agriculture and rural informatization and its important needs, research and exploration of key technologies and actively carry 
out agricultural and rural information resources and service platform integration, it is very necessary and urgent[1]. It has important practical 
significance to improve the comprehensive information service ability of agricultural industry development in China, and to speed up the 
construction of agricultural information in rural areas. At present, in the field of agricultural informatization, the development model is still the 
most used for the system and development system, the function and development function, there is a repeated application development, 
development ideas are not unified, Delphi, PB and other low-level programming tools, still use the database access technology and all kinds of 
engine technology is still not perfect, B/S the application of chaos and C/S structure problems. The implementation of this project is to use the 
platform development model, adopt object-oriented design idea, using Java as the development language, the establishment of a unified 
development platform, forming technology framework and operational framework of the public, all of the business system is developed on the 
basis of the platform, on the one hand to solve the problem of repeated development in the development process, on the other on the one hand, 
the various business systems to share the information through the platform, forming a unified system of collaborative work, the platform 
development technology is introduced to the field of agricultural informatization. Implementation of the project to fill the field of agricultural 
information technology platform for the development of space technology, enhance the ability of software development, improve the quality 
of software. In order to study the formation of the Ministry of agriculture and the National Bureau of statistics, agricultural economy, foreign 
agricultural service, agricultural marketing service, the World Agricultural Outlook board and Chief Information Office of the information 
collection, analysis, publication system and service system. Will produce various types of agricultural products in accordance with the project, 
the varieties of points, and in accordance with the trade status of each agricultural product to determine the amount of market information 
personnel. And all information personnel must pass through the Ministry of agriculture before the strict training and obtain the corresponding 
qualification certificate. They are also accredited to the world's agricultural counsellor, attaché, foreign trade office staff and experts, 
marketing experts, negotiators and other relevant experts and technical personnel in the acquisition of foreign agricultural information, through 
analyzing and processing seriously, will release information available to farmers[2]. China's agricultural and rural information technology 
research and application in developed countries than there is still a relatively large gap, but in our research efforts, also have made a significant 
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progress in precision agriculture, agricultural expert system, agricultural production management and decision support, digital agriculture etc. 
Virtual agriculture is a very important research field of agricultural informatization, it can be in the computer aided design and simulation 
environment, the agricultural science and technology information integrated, open up a new way to the research and application of agricultural 
information technology. Yang Guocai believes that the virtual agriculture is not only a system platform, but also a research method and means, 
and should establish a complete system of technical theory. At present the main research direction of virtual agriculture technology in our 
country is: the virtual crop system: users within a short time operation, observation, detection, data acquisition is possible; also can be the real 
world cannot observe the genetic and embryonic development, crops absorb nutrients and other content, as people can see, the process of 
perception the model of virtual plant visualization and virtual reality technology, virtual crop model is built on the real world crops based on, 
first of all to the real crop morphological structure of natural growth accurately quantitative research, and summarizes the growth pattern of the 
crop, and then use the appropriate method to express the morphology and structure of crops and growth rules. Our country agriculture social 
service system is the need to focus on agricultural production and operation of various aspects, to provide material, capital, labor, technology 
and other services, including material supply, production services, technical services, information services, financial services, insurance 
services and agricultural products processing, transportation, sales and other relevant entities to Tibet,. Organism. Agricultural information 
service system is an important part of the construction of agricultural social service system. Specifically, agricultural information service 
system includes agricultural production management, agricultural science and technology, agricultural management, rural market circulation, 
agricultural resources and environment, farmers' living and consumption information, and so on. Generally speaking, the rural market 
information service refers to all levels of government and related departments in decision-making and management of the work of the rural 
economy and the rural market (i.e. agricultural producers, processors, operators and consumers) all the necessary information in economic 
activities. The specific contents include: theory, policy, policy, new varieties, new agricultural technology, quality standard, agricultural 
production materials supply and the price of agricultural products, supply and price of rural labor, rural finance, rural land, rural economy and 
national economy macro, macro, macro world economic conditions and other aspects of information level. It can be divided into farming, 
animal husbandry, fishery, forestry, agriculture, water conservancy, meteorological, agricultural, agricultural, township enterprises and other 
industries [3], can also be subdivided into agricultural production, processing, management, storage, distribution and consumption of all 
aspects of the information industry, but also can be divided into basic, comprehensive, dynamic, forward-looking information. The sketch map 
of rural agricultural information system is shown in Figure 1. At present, the main problem of agricultural information service system in China 
is that there are more information resources, but it can't be shared effectively; it is difficult to choose the platform system, but it cannot be used 
effectively. The intensive, specialized and industrialized development of agriculture industry in our country is developing rapidly, and it is 
urgent to support the agricultural information and the development of modern agricultural technology. However, many current research and 
development of agricultural production technology in the traditional agricultural areas mostly, mostly still only adapt to individual production 
pattern; effective rural information service platform system and lack of agricultural science and technology and information are still using the 
traditional way of communication, is obviously difficult to adapt to the development of agricultural industrialization and the construction of 
new countryside; although is established perfect TTF team and multi-level system of agricultural extension services, but the lack of the main 
bridge of communication connection technology service and receptor and remote service platform, the service efficiency is low; the existing 
network information rely mainly on reprint and copy, grafting and integration failed with local actual situation, reflects the regional 
particularity and applicability of agricultural information the information is not updated in a timely manner; and the farming and the people 
and is not tight, the effectiveness of the information provided and pertinence Strong; information content with comprehensive information, 
technical information and decision support means lack; rural medical insurance social security, culture and education, science and market 
information is missing, update is not timely, the service is relatively backward. Thus, the current advance of China's agricultural and rural 
informatization, the biggest bottleneck is the lack of the information service products and decision-making, applicability and technical support 
platform, the lack of timeliness, diversity and reliability of information sources, lack of modern agricultural technology and modern 
information service system integrated demonstration, the relevant government agencies the village of farmers, and the industry is difficult to 
form the enthusiasm and support of informatization process[4]. 

 
Figure 1. Sketch map of agricultural information system in rural areas. 

The establishment of agricultural information technology and rural information service system, information technology quality and skill 
requirements of agricultural operators have higher requirements, information system terminal users higher literacy and industrial base, and the 
ordinary farmers or planting large cultural level is generally not high, they lack of systematic training and practice of information acquisition 
technology, information processing technology and information technology, to the data from the massive hoof pick their needed information 
(such as the policies and regulations, agricultural science and technology knowledge, market information etc.), it is difficult to own 
information and upload to support remote access processing. 
 
2. Key technologies involved in the system 
 
2.1 Internet of things technology 

 
The definition of networking technology is: through radio frequency identification (RFID), infrared sensors, GPS, laser scanners and 

other information sensing equipment, according to the agreement, will anything connected to the Internet, information exchange and 
communication, to achieve a network intelligent identification, positioning, tracking, monitoring and management them. "The basis and core 
technology of the Internet of things" is still the "Internet technology" is a network technology based on Internet and the extension of the 
technology, the extension and expansion of the client to any goods and goods, to exchange information and communication. The Internet of 
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things (Internet of Things) refers to the ubiquitous (Ubiquitous) terminal equipment (Devices) and (Facilities), including facilities with "innate 
intelligence" sensors, mobile terminals, industrial system, CNC system, home intelligent facilities, video monitoring system, and "external 
enable" (Enabled) the different kinds of assets such as labelling of RFID (Assets), a mobile wireless terminal and personal vehicles and so on 
"intelligent object or animal" or "smart dust" (Mote), through a variety of wireless and / or wired long distance and / or short distance 
communication network to achieve interoperability and Application Integration (M2M) (Grand Integration), and cloud based SaaS operation 
mode in the network (Intranet), network (Extranet), and / or the Internet (Internet) environment, using appropriate information security 
mechanism to provide real-time online monitoring, positioning and tracing, safe and controllable personalized alarm linkage, dispatching, plan 
management, remote control, security and remote maintenance, online upgrade, statistics, decision support, leadership (showcase Cockpit 
Dashboard desktop) management and service functions, to achieve the "all things" "high efficiency, energy saving, safety and environmental 
protection" "management, control and operation integration. Sensor technology, which is also a key technology in computer applications. As 
we all know, so far most of the computer processing is digital signal. Since the computer has been required to convert analog signals into 
digital signals to the computer can be processed. Is a combination of computer hardware and software, sensor technology [5], integrated circuit 
technology, electronic application technology as one of the complex technology? After decades of evolution, the embedded system is 
characterized by intelligent terminal products everywhere; small to the people around the MP3, the satellite system to the aerospace aviation. 
Embedded system is changing people's lives, promoting the development of industrial production and national defense industry. If networking 
uses the body to do a simple analogy, the sensor equivalent of the eyes, nose, skin and other sensory, neural network is used to transmit 
information system, embedded system is the human brain, after receiving information to classify. This example is a very vivid description of 
the sensor, embedded system in the Internet of things in the position and role. The typical architecture of the Internet of things is divided into 3 
layers, which are the perception layer, network layer and application layer. The core competence of the perception layer to achieve things 
overall perception, is the key technology, standardization, networking industry in an urgent need to break the key part lies in having a more 
accurate and more comprehensive perception, and solve the low power consumption, miniaturization and low cost. The network layer is 
mainly based on the mobile communication network coverage as infrastructure, is the most mature standard part of the Internet of things in the 
highest level of industrialization, the strongest, is the key for Internet application features to optimize the system, the formation of the 
perception of the network[6]. The application layer provides a rich application, combined with the demand of information network technology 
and industry, realize the wide application of intelligent solutions, the key lies in the development of industry integration, the development and 
utilization of information resources, solutions, low cost and high quality information security and effective business model. Through the sensor 
network, can collect the required information, the customer can use RFID reader and related sensors in practice to collect the required data 
information, when the gateway terminal through the wireless network convergence, the fortune easily transported to the specified application 
system. In addition, the sensor can also use ZigBee and Bluetooth technology to achieve the purpose of effective communication with the 
sensor gateway. Most of the sensors on the market can be detected in most of the relevant parameters, including pressure, humidity or 
temperature, etc. Some specialized and high quality sensors can also detect important water quality parameters, including turbidity, water level, 
dissolved oxygen, conductivity, algae blue element, pH value, chlorophyll and so on. The use of sensor gateway to achieve the convergence of 
information, while the use of communication network technology to enable information can be transmitted over a long distance, and 
successfully arrived at the designated application system. Our wireless communication network mainly has WLAN, 3G, LTE, GPRS, and 4G 
is still the pilot phase. The M2M platform has the authentication function, so it can provide the necessary service for the customer terminal 
management, at the same time, for different access methods, which can successfully access the M2M platform; it can be more smooth and 
convenient for data transmission. In addition, M2M platform also has a certain management capabilities, which would be effective 
management of user authentication, data routing, etc. And for the BOSS system, which has a strong accounting management function, so in 
the Internet of things business has been widely used. Business application system mainly provides application services necessary, including 
smart card Home Furnishing service, service, quality monitoring services, serving the people, not only for individual users, can also for 
industry users and home users. In the IOT system, there is more than one communication interface, the communication interface is not 
standardized, and in networking applications, the relevant laws and regulations is not perfect, which is not conducive to the development of the 
security of the Internet of things. The schematic diagram of the Internet of things is shown in Figure 2. 

 
Figure 2. Sketch map of the Internet of things architecture. 

 
2.2 Multi sensor information fusion technology 

 
The so-called multi sensor information fusion (Multi-sensor Information Fusion, MSIF), is the use of computer technology in the future 

from multi sources of information and data, to automatically analyze and synthesize in a certain criterion, information processing decision and 
estimation in order to complete the required for the process. Multi sensor information fusion is an information processing technology which is 
used to contain many or many kinds of sensors at different locations. With the development of sensor application technology, data processing 
technology, computer hardware and software technology and industrial control technology, multi sensor information fusion technology has 
become a hot emerging discipline and technology [7]. The research of multi-sensor information fusion technology in our country has already 
been applied to the location and recognition of information in engineering. And I believe that with the progress of science, multi sensor 
information fusion technology will become an intelligent, sophisticated data and information technology, such as integrated processing and 
research of specialized technology. The process of comprehensive treatment of brain information as the basic principle of multi-sensor 
information fusion technology is the same as, various sensors of multi-level and multi spatial information complementary and optimization, 
finally produced consistent explanation on the observation environment. In this process it is necessary to make full use of multi-source data 
reasonably and use, and the ultimate goal of information fusion is separated based on the observation information of each sensor, through more 
useful information on multi-level and multi way combination of derived information. This not only uses the advantages of multi sensor 
cooperative operation, but also integrated processing of other information source data to improve the whole system of intelligent sensor. 
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According to the different data processing methods, the architecture of information fusion system has three kinds: distributed, centralized and 
hybrid. 1) distributed: firstly, the original data obtained from each individual sensor is processed locally, and then the results are sent to the 
information fusion center to achieve the final results. The demand of distributed communication bandwidth, low computing speed, reliability 
and continuity, but the tracking accuracy is far from high centralized and distributed fusion structure; distributed can be divided into 
distributed fusion structure with feedback and fusion structure with feedback. 2): the original data of the centralized sensor is directly sent to 
the central processor fusion can achieve real-time fusion, the data processing of high precision, flexible algorithm, the disadvantage is that the 
processor demand is high, low reliability, large amount of data, so it is difficult to achieve; 3) hybrid: Hybrid multi the sensor information 
fusion framework, part of the sensor using centralized fusion methods, the remaining sensor adopts distributed fusion method. Hybrid fusion 
framework has a strong adaptability, taking into account the advantages of centralized fusion and distributed strong stability. The structure of 
the hybrid fusion method is more complex than the first two fusion methods [8], which increases the cost of communication and computation. 
Calman filtering process is generally estimated and corrected, and he is not only a simple and specific algorithm for multi sensor information 
fusion technology, but also a very useful system processing program. In fact, it is similar with the method of data processing of many systems, 
it uses mathematical iterative recurrence calculation for optimal estimation of statistical significance for the effective integration of data, but 
the space and calculation of the storage requirement is small, suitable for the limit of space and the speed of data processing environment. KF 
is divided into two kinds of decentralized Calman filter (DKF) and extended Calman filter (EKF). DKF can make the data fusion completely 
decentralized, and EKF can effectively overcome the errors of data processing and stability influence on information fusion process. Multi 
sensor information fusion technology is widely used in the field, not only in the military; in the civil application also has a lot of space. 
Military application of multi-sensor information fusion technology is the cornerstone of the birth; specific applications include ocean 
surveillance system and military defense system. In the field of civil applications, mainly for intelligent processing and industrial control, 
intelligent processing, including medical aspects of the robot micro surgery and disease monitoring, especially smart home, etc. The schematic 
diagram of multi sensor data fusion technology is shown in Figure 3. 

 
Figure 3. Schematic diagram of multi sensor data fusion technology. 

 
2.3 Cloud services technology sketch map 

 
Cloud services are based on the increase, use and delivery of Internet related services, usually involving the Internet to provide dynamic 

and easy to expand and often virtual resources. Cloud is a metaphor for the Internet, the internet. In the past in the map is often used to 
represent the telecommunications network cloud, and later also used to represent the underlying infrastructure of the Internet and the abstract. 
Cloud services refer to the required services through the network to be on-demand, easy to extend the way to get the required services [9]. This 
service can be IT and software, Internet related, but also other services. It means that computing power can also be used as a commodity 
through the internet. Cloud computing (Cloud Computing) (Distributed Computing) is a distributed computing, parallel computing (Parallel, 
Computing) (Utility Computing), the utility computing network storage (Network Storage Technologies) and Virtualization (Virtualization), 
load balancing (Load Balance) and the development of traditional computer and network technology integration of the product. From the 
cloud computing service mode, it is the birth of the personal cloud computing an extension of the overall service, personal cloud services will 
also be expanded, its market value will be highlighted based on personal cloud storage vendors and cloud storage cloud services survey, there 
are currently nearly 50 million users in the use of personal cloud services, personal cloud services as of the current accounts has reached 240 
million dollars, it is worth about $4 billion to. Through a set of numbers above we can see that, at this stage, personal cloud computing service 
model is still in a beginning stage, as a kind of cloud computing, and other cloud computing service model, in personal cloud for information 
storage, is also a large amount of data upload users to the cloud service provider's server equipment, and by running the application on the 
server in the corresponding calculation, individual users can access personal cloud services with terminal client software. This is the same with 
both public and private clouds. By making computing distributed in a large number of distributed computers, rather than the local computer or 
remote server, the operation of the enterprise data center will be more similar to the Internet. This allows companies to switch to the needs of 
the application, access to the computer and storage system based on demand. Is like from the old single generator mode turned to the power 
plant centralized power supply mode. It means that computing power can also be used as a commodity to flow, like gas, water and electricity, 
taking convenience, low cost. The biggest difference is that it is transmitted through the internet. The public cloud is the most basic services, 
multiple clients can share system resources as a service provider, they do not set up any equipment and equipment management personnel, can 
enjoy professional IT services, which for entrepreneurs, SMEs, is a way to reduce costs. Public cloud also can be divided into 3 categories, 
including Software-as-a-Service, SaaS, Platform-as-a-Service (software as a service), PaaS (platform as a service) and Infrastructure-as-a-
Service IaaS (infrastructure-as-a-service) [10]. We have a common Gmail, Hotmail, online album belong to SaaS, mainly in the single network 
software is dominant; as for PaaS in the form of service to provide the application development and deployment platform, accelerate the user 
to write CRM (Customer Relationship Management), ERP (Enterprise Resource Planning) system, the user must have strong knowledge of IT. 
Cloud storage is in the cloud (Cloud Computing) is a new concept of extension and development, refers to the application through the cluster, 
grid or distributed file system, a large number of a variety of different types of network storage devices together through the application 
software work together to provide a data storage system and access to foreign business. When the core of system operation and processing of 
cloud computing is a large amount of data storage and management, cloud computing system will need to configure a massive storage devices, 
so cloud computing system is transformed into a cloud storage system, so the cloud storage is a data storage and management as the core of 
cloud computing system. Cloud services schematic diagram shown in Figure 4 and 5. 
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Figure 4. Cloud services schematic. 

 
Figure 5. Cloud service structure sketch map. 

 
2.4 Top level design of the system 

 
As the two stage of information construction, information planning theory, the implementation of information technology is related to 

practice, but from theory to practice need to approach, emphasis on methods. Top design is the way, method. If the concept of information 
needs to be supported by a set of methods, the top-level design is such a methodology. Top design is actually based on information technology 
development planning as a guide to create the overall framework of the implementation of information technology. It is the continuation and 
refinement of the information development plan and the implementation plan, and also is the premise and basis for the implementation of 
information technology. Therefore, the top-level design is the bridge between the information planning and implementation of information 
technology, the information theory and information technology practice, the top design of the results of the information technology has 
become a blueprint for the construction. Agricultural and rural information cloud services platform "top design" is the overall planning of the 
implementation of a method, is a specific local agricultural and rural information service cloud platform overall planning more specific, it is 
the principles from the cloud service management and service goals, to refine the overall planning the. The top-level design of agricultural and 
rural information service cloud platform construction plays a vital role. It will be the network transmission architecture and all related to 
hardware and software set in the unified standards and norms of its gorge, with a complete plan from the information collection (including 
validation), to provide information processing and information transmission, information storage, information to the information security and 
other aspects of the specific goals and requirements, including database the details of the design. From a large number of examples show that 
the success and failure of existing in the agricultural and rural information construction, if the lack of top-level design to develop specific 
implementation plan and long-term planning, the system will appear only on the field of construction and the system of "lack of coordination". 
Because the software, the interface and the standard of the system are all different, it is necessary to cause the system to realize the 
interconnection, and the problem of "information island" is formed. More unable to achieve the sharing of information resources [11], 
exchange and business collaboration, etc. Thus, the important role of the top-level design is to guarantee the construction of rural agricultural 
information cloud services platform to obtain reliable planning, use, maintenance, upgrading and long-term development, realize the organic 
integration of the system, implementation of agricultural and rural information resources, sharing, and exchange and business collaboration 
right. As the development of agricultural and rural economic development planning is long-term, agricultural and rural information planning 
should also be long-term, and agricultural information technology cannot be separated from the actual development of new technology. 
Therefore, in the planning time, first built after the construction of the system which first investment system, which system, which can be set 
after the investment; the amount of investment the number of construction scale and so on should make scientific planning and top-level 
design in. This top-level design is also in the future planning of agricultural information construction in rural areas of the road map. The top-
level design should include the following contents: information resources investigation; demand analysis; standard report, compiled database 
construction information system architecture and resource report data distribution strategy report; the establishment of standards and system 
modeling. System modeling should be included in the information resources directory system and exchange system design. System modeling 
involves: function modeling, data modeling, building classification directory, system architecture model, network planning and application 
system development plan, etc. The standardization is the principle of agricultural and rural information service cloud platform for top-level 
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design to strictly follow the top-level design includes three main parts: one is the function model of cloud service platform; the two is the data 
model of cloud service platform (including data standardization; three is the structure model of cloud service platform [12]. Through the 
absorption of domestic and foreign advanced theoretical methods and long-term exploration and accumulation, the development of agricultural 
information resources planning, cloud services platform top-level design of the relevant specifications and specific technical standards. 
Including data interface, data management mechanism, data storage and interactive format, system integration, etc. To realize the data 
conversion and interface between the platform and the system, and to unify the data standards and management of the new system. 

 
Figure 6. Top level design of the system. 

 
3. System requirements analysis 
 
3.1 An overview of system requirements analysis 

 
The main function of the demand analysis is to analyze the problem of the user to tell the system developers or system designers. It is 

mainly to tell you what to do, not to tell you how to do it. It is the first step in a system or software development, as a first step it has an 
important role. The result of requirement analysis is the requirement analysis. Demand analysis, need to express to prepare reaction or on 
behalf of the user the most fundamental requirement or desire, can not only consider the problem from the angle of the basic needs of users, 
but also need to take into account the user does not take into account the problem. Its direct impact will result in the following outline design, 
logical design, physical design, operation and maintenance of the workload. If you deviate from the user's needs, then the follow-up to do the 
work needs to be re-designed and implemented. The main task is to analyze the user needs analysis in the actual process, the user of the object 
and the need to deal with the data and the user's workflow and other information, developers or system designers need to fully understand the 
user in the present work the work habits or workflow, clear user requirements for further communication, or through several exchanges in the 
way to fully understand the fundamental or the needs of users. In the demand analysis stage, the problem is the need to pay special attention to 
the user in the working environment of the data and the data processing flow, obtained the three basic requirements of database users: one is 
the information requirements; two is the processing requirements; three is the data security and integrity requirements. The system adopts 
centralized storage scheme, multiple business server data to save to centralized storage devices, the scheme has the advantages of advanced 
technology[13], data security, high reliability, scalability, simple management and flexible configuration advantages, is the mature 
international models and new storage and backup technology. Because the server is not only bearing the core business of all kinds of 
information services, but also responsible for the storage and backup and business closely related to the core data, but also bear the business 
backup and disaster recovery and other important functions. Therefore, the server configuration and selection of cost and performance 
considerations, both safe and reliable, but also to reduce costs as much as possible. According to the service content, the system should 
configure the security authentication server, WEB server, database server, network server, application server, SMS server, backup server, user 
server etc. The overall business framework of the platform is based on the three aspects of modern agricultural enterprise management, 
agricultural production and farmers' life as the main line of business, the public service of agricultural information services and agricultural 
research management services at all levels of business. In the security mechanism, unified access control mode, cooperative work of various 
business systems, data transfer between the free systems, the interlocking between the businesses. 
 
3.2 Feasibility analysis of the system 

 
Analysis of the feasibility of the system contains many analysis modules, this section is mainly three important aspects which are 

analyzed, on behalf of the three aspects are: the cost of technology is feasible, have what problem and the subsequent operation and 
maintenance is feasible. In most cases, these three aspects are important to determine whether a system is feasible or not. 1) economic 
feasibility analysis: the issue of agricultural information system in rural areas can replace the traditional semi-automated agricultural system, 
the introduction of labor costs, cost savings, the cost is more cost-effective. 2) technical feasibility study: computer technology change rapidly, 
emerge in an endless stream of new technology, Web technology, after decades of development has been on stabilization and improvement in 
the Web technology, launched by the SUN JSP technology is particularly outstanding, has won the praise of developers. Agricultural and rural 
informatization management system proposed in this paper and is the browser and server mode based on the development and implementation 
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of this model is technically no problem, and the author also has some experience in project development. B/S mode C/S mode which is 
different from the traditional structure, and the safety of Java development language, the development module of database access, and the 
importance of the information system of encryption, to ensure the safety of the data in the system. All users of the system only need to use a 
browser to access and related operations, the system does not need the hardware and software platform is very complex and many complex 
configuration, a PC machine can meet the needs of the ordinary, more convenient to use; the user use the system for data input[14], judgment 
and detection such as the date format enter the information system of the front and back of the user submitted, the age is in accordance with 
the specification, to ensure compliance with requirements to add data to the database, reduce the system pressure; because of the use of 
agricultural and rural information management system is the B/S system architecture design, so all data exchange are carried out in the 
network, reduce the client task and pressure; reduce the user manual input, try to let users use the selection box to choose, reduce user input 
error. Secondly, this topic mainly uses the JSP technology and database technology to realize all the functions needed. JSP is a dynamic web 
page to achieve the standard. It is the main difference between the traditional HTML pages: in the static page to add some Java code and some 
of the unique JSP tags, you can form a simple JSP page development. Which was added to the Java code in the static web page can have a 
variety of different functions, the basic function can carry out the database crud task can access to other pages including all established all 
functions of dynamic web page need. But the request and task logic related systems are handed over to the server, the server returns the user to 
view in the browser on the result of this model largely reduce the pressure of server, reduce the client due to software installation or 
configuration requirements. Even if the average client does not have any software installed on the machine, the system can access the system 
as long as there is any browser. And JSP technology to facilitate easy to learn, for the development of this system is very effective. Therefore, 
JSP technology to realize the function of this system is more than sufficient. Therefore, the technology is relatively mature; the subject of the 
proposed system can be achieved. 3) operation feasibility analysis: due to the early demand analysis shows that the work has been doing better, 
but also the system processing and captures a lot of exception handling, so the development of the system and the maintenance work is 
relatively difficult. On the one hand, there is a complex business process, system maintenance and operation personnel only daily management 
and monitoring of the system, especially in the current computer technology popularization, the demand is not very high, after a short-term 
training can adapt to. In addition, the main business processes of the system design are more familiar with the traditional staff, the operation is 
handier. Therefore, the operation is not a big problem. 
 
3.3 Functional requirements analysis of the system 

 
The system functional requirements analysis is introduced as follows: the bottom of the system: the system framework underlying 

framework including database, operating system, JAVA operating environment. The three parts provides a platform for hardware and the basic 
operation is controlled by the operating system, the data through the database storage, run through the JAVA platform, the senior software 
function into operating system cognitive machine language and database. Technical framework: the technical framework includes database 
access layer, file access layer and other input system. Access layer to isolate the application and data storage through the establishment of a 
unified data, all access to the database through the data access layer, while providing a data access interface for other external systems, for 
other business system and external system integration and data exchange platform of the public method and function. File access layer is the 
access control layer to the bottom of the system, including the log and other business functions. Other input / output devices provide access to 
other hardware interfaces. Application framework: application framework application framework layer, integrated development of information 
management platform, workflow engine, business object definition, authentication and authorization, password filter, strategies based method 
and components through the application framework layer, component development and provide a unified standard for the development of 
business system of the bottom. Business application layer: the application layer is mainly for various business systems of different specific 
business implementation, mainly includes five fields: the modern agricultural production and management, macro decision-making monitoring, 
public information service, agricultural management, agricultural research of modern agricultural enterprise management. The main business 
covers the needle system of modern agricultural production field management for the management of agricultural production, management, 
business management is the core of the field; macro decision monitoring is mainly to provide the decision-making information service system 
mainly, including application of 3S technology and business intelligence; agricultural information service for the public information service, 
through various means of information dissemination; management of agricultural scientific research mainly includes the research project 
management and laboratory management; modern agricultural enterprise management is mainly for enterprise management and control 
aspects of the formation of modern agricultural enterprise information management tool set. Presentation layer: presentation layer refers to the 
platform to show the form through the web, mobile phone SMS, handheld terminal, digital TV and other terminal platform content display, the 
user through the presentation layer to interact with the system[15]. 

 
Figure 7. Schematic diagram of system application layer. 

 
4. System design to achieve 

 
The function modules in this system are described as follows: the system of supplier management, including the seed storage 

management, process management, seed inventory management, library management, through the implementation of the system, the 
management of the whole process of seed production and management, to ensure the safety of seed. The production planning section starts 
from the production plan, manages the distribution of the production plan, supervises the implementation of the production plan, and 
completes the progress. According to the production plan, guide the operation of farming paddy upland. Production management, including 
the management of paddy field plowing seedling management, planting management, Honda management, harvest management and a series 
of paddy farming process. Upland production management including land preparation management, management, management, tube spring 
harvest management and a series of dry farming process. Agricultural information management through agricultural basic information 
registration, management of agricultural machinery safety and technical inspection records sold, and realize the management of agricultural 
machinery. The driver from the driver information management basic information registration, through the supervision and guidance of driver 
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refresher training, driver's license renewal process, realize the management of the driver. Agricultural operations management since the release 
of the production plan, the supervision of agricultural operations analysis, the task of the distribution of agricultural machinery, job quality 
control, agricultural machinery operations, operations management, etc.. Part of the supply of production according to production plan, 
fertilization system and agricultural resource management system of production information supply and demand, then production material 
purchasing and production data after the arrival of the information management, and tracking the production data to the. Agricultural products 
distribution part of the main agricultural products to complete the quality of production guidance, agricultural production and information 
management, agricultural procurement management and agricultural product sales management. Other features include import and export 
trade, investment, liquor circulation management, home appliances, Shaichang management, warehouse management. On the basis of the 
above functions through the query, statistics, statements and other forms to assist users to make the corresponding decision. The formula 
fertilization of crops is the main activity of the crop production process, which is closely related to the growth of crops. The main crops 
fertilization system based on these main crops of rice, soybean, corn, wheat, barley and construction, how to guide the scientific fertilization, 
and to determine the measure, real-time detection data, and feedback in fertilizer system. The land contract management system is mainly to 
agricultural resources management, especially for land contracting management of land, including land contracting, family farm registration, 
land contract fee collection and so on business management, the final system can be realized through signing the land contract, after signing 
the contract, the system of expenses function complete contract the cost of collection, and through the map (GIS Technology) show contracted 
land information, each piece of land information, contract information, and remote sensing system combined with checking the 
implementation of the contract, the cultivation of crops such as the formation of various types of statistical analysis of the data, auxiliary 
decision-making. Intelligent expert system belongs to the molding technology; establish the decision-making model by expert knowledge, 
through text, images and other forms to guide agricultural production from species to close and pest diagnosis intelligent expert decision 
expert system, mainly including cold soybean rice expert system, expert system, expert system, animal husbandry corn expert system etc. The 
login screen of the system is shown in Figure 8. 

 
Figure 8. System login interface. 

 
5. Summary and prospect 

 
Through the comprehensive and systematic analysis, this paper finds out the problems existing in the agricultural and rural 

informatization at the present stage. The reason for the limitations of technology and industry departments and fragmentation, resulting in 
agricultural and rural information construction lack of overall planning and design; the information resources, information platform 
independent, lead to difficulties in agricultural and rural information resource sharing; the existing websites and many platforms, because of 
the management and operation mechanism, information cannot be timely the agricultural and rural information update, practicality and 
timeliness; the agricultural and rural information service system to establish and perfect. Through the use of modern agriculture information 
service platform for agricultural production standardization, process and information, the producers or consumers to improve the development 
of scientific farming, processing of agricultural products and farmers market, the transfer of agricultural population, so that the majority of the 
increase of farmers' income. The agricultural service system, improve agricultural service level, the development of agricultural production, 
agricultural information be smooth, solve the difficult problem of sales of agricultural products, to increase the income of farmers. 
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Abstract: As an important part of the information society, enterprises are facing the problem of how to strengthen their own information 
and standardization. ERP system based on its own advanced management ideas and strict system structure, more and more favored by the 
small and medium enterprises, the development prospects are very good. Based on the above reasons, this paper analyzes the ERP 
development history and research status at home and abroad, combined with the actual operating mode and development status of the 
enterprise, the comprehensive utilization of ERP, data warehouse, data mining theory and technology, establish a ERP system for small and 
medium sized enterprises. First of all, according to the history and research actuality of the development of ERP, combined with the present 
situation and deficiency of small and medium-sized enterprise application ERP system, puts forward the research content and objectives, 
formulate the work plan; secondly, by tracking and investigation of a specific enterprise and participation, determine the needs of the 
enterprise, analyze the function, performance, security and other three the demand of the system, and the future with business intelligence 
carried out a feasibility study; third, to build the framework of the ERP system, the system is divided into administrator module, personnel 
management module, sales module, detailed design and introduces the structure chart of the function modules of the system, and the 
authority and the system database design; fourth. To determine the system development environment, the comprehensive use of relevant 
technology to the login module, personnel management module, sales, purchasing, inventory module etc. In the end, the paper briefly 
describes the purpose, method and procedure of the system test, and gives an example to illustrate the testing process. ERP system for small 
and medium enterprises and flexible information system is an open, dynamic, and the research on the system, I believe it is a good practice, 
can make the small and medium-sized enterprise informationization construction to a new level. The current world economic integration 
continues to accelerate the process of informatization, high popularity, enterprise competition gradually become more flexible and agile, 
need to make a quick and timely response according to the change of market environment, the enterprise is able to do this for its 
development has a crucial influence. In this paper, the small and medium-sized manufacturing companies as research object, based on 
supply chain management, through the Struts framework and Ajax technology widely applied, successfully developed a set of B/S supply 
chain management system structure model. The system can gather and transmit different data information involved in the management, the 
contents of the four rights management, inventory management, production management, material supply and marketing enterprise supply 
chain management system based on business process, so that all can realize seamless docking, realize the common management of supply 
chain. At this stage, the rapid development of society and economy, global integration has become increasingly obvious, small and medium-
sized enterprises to provide daily necessities for human, good external environment, promote the rapid development of enterprises, as more 
and more enterprises to join this big cake decomposition market, competition is inevitable, is the so-called "temptation of larger, more 
intense" the competition, enterprises are to survive and seek long-term development direction. With the rapid development of modern 
computer and network, as an important part of the information society, enterprises are faced with how to strengthen their informationization 
and standardization problems, which forced enterprises to establish a fast and efficient information processing mechanism, its advanced 
management ideas and strict system structure based on the ERP system, provides a the feasibility of the program, for the establishment of 
information technology so as to enhance the core competitiveness of enterprises, enterprises attach great importance to the application of 
ERP. 
 
Keywords: small and medium sized enterprises; ERP environment; supply chain management; MVC design pattern; business intelligence 
 
1. Introduction 

 
At this stage, the rapid development of society and economy, global integration has become increasingly obvious, small and medium-

sized enterprises to provide daily necessities for human, good external environment, promote the rapid development of enterprises, as more 
and more enterprises to join this big cake decomposition market, competition is inevitable, is the so-called "temptation of larger, more intense" 
the competition, enterprises are to survive and seek long-term development direction. With the rapid development of modern computer and 
network, as an important part of the information society, enterprises are faced with how to strengthen their informationization and 
standardization problems, which forced enterprises to establish a fast and efficient information processing mechanism, its advanced 
management ideas and strict system structure based on the ERP system, provides a the feasibility of the program[1], for the establishment of 
information technology so as to enhance the core competitiveness of enterprises, enterprises attach great importance to the application of ERP. 
Since the reform and opening up, the development of large and medium-sized enterprises by leaps and bounds, to enter the world trade 
organization, it is developing rapidly, the small and medium-sized enterprises also ushered in the opportunity for the development of high 
speed. Each enterprise hopes its own survival, development is fast and stable, which is not only related to the opportunities of the times, but 
also related to the management level of the enterprise. Therefore, ERP system with its advanced management ideas and the good control of 
enterprise management has been recognized by the enterprise, more and more small and medium enterprises also hope that can use ERP to 
enhance the market competitiveness. Thus, the goal of this paper is to establish a suitable ERP system for small and medium enterprises. At 
the end of last century, the rapid development of computer information technology, IT, enterprises also hope that information technology will 
be introduced to the enterprise management, enterprise management information system in the information era will change, so the United 
States Gartner Inc proposed the enterprise resource planning (ERP), the program is based on the concept of enterprise management, enterprise 
the business, in the process of financial data, personnel statistics, computer and Internet way together, therefore, this is an era of Internet 
information technology revolution, the purpose is to provide for information management platform for enterprises[2]. Therefore, in the era of 
computer to tell the development, the emergence of the program to a large extent reflects the needs of the enterprise; it is bound to bring about 
the development of the enterprise to help. Early MRP phase, that is, the material demand plan, is a production management system; it appeared 
in the last century in 60s, aimed at the production of inventory of materials or inventory management, referred to as MRP. The plan is 
gradually applied to the enterprise material management, mainly used for processing inventory management information on the manufacturing 
industry, that is to say, in production before, to the materials required quantity, quality, price, delivery date and other factors to check, then, to 
make production according to the date of delivery date and production cycle and other factors, the maximum to avoid the warehouse backlog 
of products. Closed loop MRP phase. With the development of the times, only to inventory early MRP management has been unable to meet 
the requirements of enterprises, production, raw material procurement, production planning and other factors should be taken into account, 
therefore, the production of raw materials procurement, production planning, and other factors into MRP, not only that, enterprises also need 
to consider the human factor, also that is, employees and suppliers of information feedback will inevitably bring influence on the production, 
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so when the human factor is added to the MRP, forming a closed loop MRP system. At this time, the working principle of MRP is: firstly, the 
material classification, one is for the demand for products of different varieties of materials into independent materials and related materials, 
the two is the time required to make material requirements according to different schedules; secondly, the production of products according to 
the different needs of the organization structure of the material, and combining with the production cycle of the products make production plan, 
in order to solve the material purchase cycle and production cycle coordination problems. MRP is a production of the required materials as the 
core of the management system, according to customer demand for production, with the help of the computer system to achieve control of the 
production process, the maximum guarantee the feasibility of the plan is a set of production and control integrated system. When the society 
into the era of knowledge economy, the era background updates that enterprise social environment has undergone tremendous changes, 
increasingly fierce market competition, the original MRPII has been further developed and perfected, developed into enterprise resource 
planning stage, which is the ERP stage. This stage is not only to take full advantage of their resource in the enterprise, but also the enterprise 
partners into account, the supply of raw materials, manufacturing, product sales channels, business customers as the key link in the plan, 
market and customer requirements the myriads of changes of various enterprises, in addition to enhance the management idea, but also to 
adjust the production how to arrange the production structure, in order to better respond to the market has become a vital part of business 
survival. In contrast[3], ERP stage in strengthening the function of the MRPII stage, pay more attention to information, actively face the 
greater market space, the function is perfect, relates to enterprise resource management more and more coverage, for example, sales and 
production from the main business activities of the organization, but also contains the enterprise supply chain management. As an enterprise 
management, supply chain management, sales management, financial management, as one of the enterprise management software system, 
ERP for the better development of enterprises has laid a good foundation for information. In today's society in the era of knowledge economy, 
it is impossible to succeed in the market competition, only rely on their own resources, therefore, need to various aspects of business activities 
involved are fully mobilized, the material supply, production, marketing network, client terminal, together, form a the supply chain, so as to 
reasonably develop business activities, in order to achieve the purpose of business development, that is to say, as far as possible to make full 
use of market resources to carry out efficient production to meet business requirements, have greater advantages in the competition in the 
market through the way to enhance efficiency, thus forming a virtuous circle. So, in the new century, the competition between enterprises is no 
longer the competition between individual enterprises, but evolved into the competition between supply chains, ERP system focuses on the 
enterprise's supply chain management, to meet the requirements of the times. The schematic diagram of ERP system is shown in Figure 1 and 
2. Now the enterprise society requires not only have the mass production of a single product, but also a small scale production of a variety of 
products, that is to say, the enterprise must adapt to this kind of mixed production mode cannot be eliminated by the market, occupy a certain 
advantage in the market competition, the ERP system to support the hybrid production way, its management thoughts exist in two the first is: 
lean production, is the core idea of the production enterprise becomes not the behavior of the party, that is to say, from the enterprise 
production plan, storage products and even sent to the customer, in this process, all the people and things related to production together, so that 
enterprises with raw materials sales agents, suppliers, customers, logistics and other aspects of the formation of a trade community, benefit 
sharing, risk sharing, the partners Relationship is composed of the supply chain of an enterprise, and makes the production becomes 
appropriate market demand, has a stronger market competitiveness, so, lean production is a kind of enterprise management strategy system. 
Second is the agile manufacturing, put forward flexible production requirements for enterprises, the core idea is that when enterprises meet the 
specific market or special product requirements, enterprises can quickly and effectively combine its own supply chain, set up product chain, 
from product development, setting, to the designated production planning, procurement of raw materials from products[4]. To the workshop 
production, from seeking sales agents, products into the market to reach the hands of consumers, pay attention to the "fast, accurate and 
relentless", as the saying goes, "time is money, efficiency is life", "agile manufacturing" in the process embodied most incisive, in this process, 
the enterprise production and sales our raw material suppliers, as well as the corresponding cooperative units must be consistent with the 
flexible, complete each product changes of enterprises in order to maintain the vitality of enterprises and the market share, This is also the 
value of "sharp manufacturing". 

 
Figure 1. Schematic diagram of ERP system structure. 

The ERP system can be formulated and implemented for the production planning, process control plan, provide help, making various 
decisions but these all cannot do without the participation of the people, therefore, in the implementation process, requires all participants 
positive initiative, with a strong sense of participation, a strong sense of teamwork. In order to stimulate people's potential, to maximize the 
effect of the ERP system, so as to realize the transformation of enterprise management from the organizational structure to the extreme 
volatility of smooth type organization, continuously improve the response speed of enterprises in a dynamic market. In summary, the ERP 
system can not only provide the advanced enterprise management concept, but also provides solutions for enterprise information integration, 
formulation, implementation and control for the enterprise to solve the product planning, manpower, financial and material resources control 
problems, therefore, as a kind of advanced management mode, the ERP system provides the maximum utilization of enterprises the existing 
resources for the enterprise to realize the maximization of enterprise economic benefits guarantee. As the ERP system based on the 
information technology of the software in the form displayed in front of all the companies, it provides the soft system management is accepted 
by more and more enterprises, with the rapid development of computer and network, has now developed into an important modern enterprise 
management theory, namely "enterprise resource planning system", as an important tool for the implementation of business process 
reengineering, provide new platform for enterprise operation and management[5]. 
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Figure 2. Sketch map of foreign ERP system. 

 
2. Key technologies involved in the system 
 
2.1 Supply chain related knowledge 

 
The concept of supply chain is expanded from production (Extended Production) and the concept of development, the definition of 

modern management education on the supply chain as "supply chain around the core enterprise, through the control of information flow, 
logistics, capital flow, from the procurement of raw materials to the manufacture of intermediate products and final products, finally by the 
sales network products to the hands of consumers by a connected by suppliers and manufacturers, distributors, retailers and the end user of the 
overall functional network structure". The supply chain is connected to the cohesion or business commodity before reaching consumers each 
of them, around the core enterprise, through the information flow, logistics, and capital flow control, starting from the procurement of raw 
materials, intermediate products and final products are made, finally by the sales network products to consumers will be suppliers, 
manufacturers. Distributors, retailers, until the end user as a function of the overall network structure. The management idea of supply chain 
management is from the consumer's point of view, through the cooperation between enterprises, to seek the overall optimization of the supply 
chain. Successful supply chain management can coordinate and integrate all the activities in the supply chain, and ultimately become the 
integration process of seamless connection. The concept of supply chain is developed from the expansion of the production concept; it will be 
the production activities of enterprises carried out before and after the extension. In the lean cooperation mode of the Toyota Corporation, the 
supplier's activities are regarded as an organic part of the production activities, which are controlled and coordinated. Harrison (Harrison) 
defined as: "supply chain is the implementation of procurement of raw materials, and they are converted to intermediate products and finished 
products, and the finished product sales to the user's functional network chain". Stevens (Stevens) said: "through the value-added process and 
distribution channels to control the flow from suppliers to customers is the supply chain, it began in the supply of the source point, ending at 
the end of the consumer." Therefore, the supply chain is through the program (Plan), (Obtain), storage (Store), distribution (Distribute), (Serve) 
a convergence of such activities and the formation between the customer and the supplier (Interface), which enables the enterprise to meet the 
needs of internal and external customers. We can take the supply chain as a leafy tree: production enterprises constitute the roots; the sole 
agent is the main rod; the distributor is branches and the tree; a tree full of greenery safflower is the end user; in the root and main stem, branch 
and bar a node contains a circulation, context is the body is the information management system [6]. The relationship between enterprises in 
the supply chain is similar to that of the food chain in biology. In the "grass rabbit wolf lion" such a simple food chain (for the sake of 
discussion, assume that only the four species living in the natural environment), if we put the rabbit to kill all, then the grass would grow up, 
wolf will be starved to death because of the extinction of the rabbit, even the most powerful the lion will be the wolf's death slowly starve to 
death. It can be seen that every kind of living creature in food chain is mutually dependent and destroys any kind of living things in the food 
chain, which will lead to the loss of the balance of the food chain, and ultimately destroy the ecological environment of human survival. The 
same token, in the supply chain enterprise A - enterprise B an enterprise C, the enterprise A is the enterprise B raw material suppliers, 
enterprise C is the enterprise B product vendors. If the mutual dependency relation enterprise B ignored the various elements in the supply 
chain, and focus on its internal development, production capacity of products continue to improve, but if the enterprise A cannot be timely to 
provide him with the production of raw materials, the development of enterprises or C sales capacity to keep up with the enterprise B product 
production capacity, so we can conclusion: the development of enterprise B productivity cannot meet the overall efficiency of the supply chain. 
Supply chain is a system that includes the main body of suppliers, manufacturers, carriers, retailers and customers. Supply chain management 
refers to the whole supply chain system planning, coordination, operation, control and optimization of the activities and processes, its goal is to 
customers the right products at the right time, in the right quantity, quality and condition to the right place, and the minimum total cost take 
this process. Obviously, supply chain management is a kind of management mode which embodies the idea of integration and coordination. It 
requires the members of the supply chain system to work together to deal with the complex and volatile situation of the external market. 
However, facing the complex and changeable market environment in the era of economic globalization, it is not easy to realize the efficient 
supply chain management. One of the important reasons is that there is a lot of information in the market every time, which contains a wealth 
of opportunities, but also indicates that the risk is not small. However, enterprises in the supply chain are often unable to grasp the useful 
information in a timely and accurate way, so it is very difficult to make the right decisions when making decisions [7]. That is to say, each 
member enterprise should carry on sufficient information sharing; eliminate the uncertainty of supply chain system. The way to solve this 
problem is to make information. But the way is a variety of information technology; choose not to achieve the desired effect. So for Chinese 
enterprises, how to determine their own way of information? This article believes that the correct information strategy must meet the two 
requirements, one is to allow business managers to obtain a variety of necessary information in real time; the two is to facilitate cooperation 
with other enterprises. Based on this idea, this paper will use the idea of supply chain management to eliminate the bottleneck of enterprise 
information and improve the performance of enterprise management. In the supply chain management mode, the enterprise should choose the 
supply chain partner as the information cooperation object, and implement the information of the supply chain. This is because the 
fundamental goal of business is to maximize their own profits, the realization of this goal is achieved by well meet the demand of downstream 
enterprises, in this process, must rely on the upstream supply. So the relationship between supply and demand is the closest relationship 
between enterprises and enterprises. Every business should think about the problem from the perspective of supply and demand matching. For 
a joint enterprise in the supply chain, it is concerned with the supply of information from the upstream and downstream demand information. 
If we can fully understand the information, it can carry out production, transportation and marketing arrangements. The supply chain 
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management requires information after the completion of the enterprise management personnel can effectively to get the information through 
the information system, rather than the traditional single enterprise information that can only form the ability to control the local information 
of the enterprise. The supply chain is shown in Figure 3. With the development of information technology and the increase of industrial 
uncertainty, the relationship between enterprises is becoming more and more obvious. At the same time, understanding of the supply chain is 
also from linear to nonlinear single network chain, pay more attention to the concept of supply chain network chain around the core enterprise, 
the suppliers of core enterprise and suppliers, suppliers all forward relationship, and the user, the user and all back relationship. The concept of 
supply chain is different from the traditional sales chain, across enterprise boundaries, starting from the new thinking of the extended 
enterprise, and considers the business competitiveness from the overall perspective, the supply chain rose from an operation tool for system 
management method, a kind of management thought and pattern [8]. 

 
Figure 3. Schematic diagram of supply chain. 

 
2.2 MVC design pattern 

 
MVC full name is Model View Controller (model) is the model view controller (view) - (controller) abbreviation, a software design 

model, a business logic and data display interface, tissue isolation method code, business logic will be gathered in a component inside, and 
improvement in interface and customization user interaction at the same time, do not need to write business logic. MVC has been developed to 
map the traditional input, processing and output functions in a logical graphical user interface. MVC is present in desktop applications, M 
refers to the business model, V refers to the user interface, C controller is used, and the purpose of MVC is to achieve code separation of M 
and V, so that a program can use different forms of expression. For example, a number of statistical data can be used to represent histogram, 
pie chart. The purpose of C is to ensure that the M and V synchronization, once the M changes, V should be synchronized with the update. 
Model view controller (MVC) is a kind of software design pattern, which was invented by PARC Smalltalk in 1980s, and has been widely 
used, in programming language Xerox 80. Later was recommended for Oracle's Sun Java EE platform design model, and is more and more 
popular with the use of ColdFusion and PHP developer’s welcome. Model view controller model is a useful tool kit, it has many advantages, 
but there are some disadvantages. Framework, design patterns are always easy to confuse the two concepts, in fact, there is still a difference 
between them. Framework is usually code reuse, and design patterns are design reuse, architecture is somewhere between the two, part of the 
code reuse, design reuse, sometimes analysis can be reused. There are three levels of reuse in software production: internal reuse, i.e. in the 
same application can use the public abstract block; code reuse, is universal modules into a library or tool set can be used for multiple 
applications and in the field; application framework reuse, which provides general or ready-made basis structure for the special field, in order 
to obtain the highest level of reuse. Although the framework and design patterns are similar, but they are fundamentally different. Design 
pattern is to appear repeatedly in some environment problems and describe the solution to solve this problem, it is more abstract framework; 
framework can be expressed in code, can be directly executed or on mode multiplexing, only instance to use code representation; design 
pattern is smaller than the frame elements, one or more design patterns often contain a frame, the frame is always for a particular application, 
but the same pattern can be suitable for various applications. It can be said that the framework is the software, and the design model is the 
knowledge of software. Apache is part of the Struts software foundation Jakarta project. The main architecture design and developer of the 
Struts framework is R.McClanahan Craig. Struts are the undisputed king of the Web MVC Java framework. After more than nine years of 
development, Struts has gradually grown into a stable and mature framework, and occupies the largest market share in the MVC framework. 
But some of the technical characteristics of Struts have lagged behind the emerging MVC framework. In the face of MVC Spring, Webwork2 
these designs more sophisticated, more scalable framework, Struts has been an unprecedented challenge. But from the point of view of product 
development, Struts is still the most secure option. Struts have a group of cooperative classes (components), Servlet, and tag lib JSP 
components. The web application program based on Struts framework is basically in line with the design standard of Model2 JSP, it can be 
said that it is a kind of change type of MVC design pattern. According to the above description of the framework, it is easy to understand why 
Struts is a framework web, rather than just a combination of some of the tag library. But Struts also contains a wealth of tag libraries and utility 
classes that work independently of the framework. Struts has its own controller (Controller), and some other techniques are integrated to 
implement the model layer (Model) and the visual layer (View) [9]. In the model layer, Struts can be easily combined with data access 
technology, including EJB, JDBC and Relation Bridge Object. In the view layer, Struts can be combined with JSP, Templates Velocity, XSL, 
and so on. Spring is actually One-on-One J2EE Development Expert Design and a book in the design of the specific implementation of the 
idea. In the One-on-One book, Johnson Rod advocates J2EE's pragmatic design ideas, and provides an initial development framework for the 
book (interface21 development kit). And Spring is the more comprehensive and specific embodiment of this idea. Johnson interface21 in the 
Rod development kit on the basis of the further transformation and expansion, so that the development of a more open, clear, comprehensive 
and efficient development framework. The schematic diagram of MVC architecture is shown in Figure 4. As technology continues to progress, 
more and more ways are needed to access the application. MVC mode allows the use of a variety of different styles of view to access the same 
server code, because multiple views can share a model, which includes any WEB browser (HTTP) or wireless browser (WAP), for example, 
users can use the computer or by mobile phone to order a product, although the way of ordering is not the same, but the same way to order 
products. Because the data returned by the model is not formatted, the same component can be used by different interfaces. For example, a lot 
of data may be expressed by HTML, but it is also possible to use WAP to represent, and these indicate that the command is required to change 
the implementation of the view layer, and the control layer and model layer without any change. As the data and business rules have been 
separated from the presentation layer, so you can maximize the reuse of the code. The model also has the function of state management and 
data persistence processing, for example, based on the conversation of shopping cart and e-commerce process can also be used by Flash or 
wireless networking applications [10]. 
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Figure 4. Schematic diagram of MVC frame. 

 
2.3 Introduction to ajax related theory 

 
The core of AJAX is the JavaScript object XMLHttpRequest. The object is first introduced in Explorer Internet 5, which is a technique 

that supports asynchronous requests. In short, XMLHttpRequest allows you to use JavaScript to request and respond to the server, without 
blocking the user. The technology has been applied before and after 1998. The first component that allows the client script to send a HTTP 
request (XMLHTTP) is written by the Web Access Outlook group. The component originally belonged to the Microsoft Server Exchange, and 
quickly became part of the Explorer Internet 4. Some observers believe that Web Access Outlook is the first successful commercial application 
of Ajax technology, and become a leader in many products, including Odd post’s web mail products. However, at the beginning of 2005, 
many events made the Ajax accepted by the public. Google in its famous interactive applications, the use of asynchronous communication, 
such as Google, Google maps, Google searches suggestions, Gmail, etc. Ajax this word by "A New Approach to Web Applications Ajax:" a 
text of the article, the rapid spread of the text to improve people's awareness of the use of the technology. In addition, the support of the 
Mozilla/Gecko makes the technology mature, become more easy to use. Many of the important technologies and AJAX development models 
that use J2EE Ajax development organizations can be obtained from existing knowledge. For example, in an application that sends a request to 
a server, it must contain a request order, a priority, a timeout response, an error handler, and a callback, many of which have been included in 
the Web service. At the same time, with the maturity of the technology there will be many places need to be improved, especially the ease of 
use of the UI part. AJAX development is very different from the traditional C/S development. These differences introduce a new programming 
problem; the biggest problem is the ease of use. Due to the AJAX dependency of JavaScript and XML, browser compatibility and support 
standards have become as important as the runtime performance of JavaScript. Most of these problems come from a combination of browsers, 
servers, and technology, and must therefore understand how best to use these techniques. Combined with a variety of changes in the 
technology and the strong coupling of customer service environment, AJAX proposed a new way of development. AJAX developers must 
understand the traditional MVC architecture, which limits the boundaries between the application levels. At the same time, developers also 
need to consider the external environment of the C/S and the use of AJAX technology to re finalize the MVC boundary. Most importantly [11], 
AJAX developers must prohibit the use of a page set to consider the Web application needs to be considered a single page. Once the range 
between the UI design and the service architecture is strictly distinguished, the developer will need to update and change the technology set. 
AJAX schematic diagram shown in Figure 5 and 6. 

 
Figure 5. Schematic diagram of AJAX logic. 
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Figure 6. Schematic diagram of AJAX structure. 

 
2.4 Database technology 

 
Database technology is a core technology of information system. Is a kind of computer aided management data method; it studies how to 

organize and store data, how to efficiently access and process data. Database technology is the basic theory of database structure, storage, 
design, management, application and realization method, and use these theories to realize the processing, analysis and understanding of the 
data in the database technology. Database technology is a software science research, management and application of the database. Object 
oriented database technology research and management of the data, so the specific content of the database technology involved mainly 
includes: through the unified organization and management of data, in accordance with the establishment of the corresponding database and 
data warehouse designated structure; mining system design can realize the data in the database for a variety of functions add modify and delete 
processing, analysis, understanding, report and print the data management and data mining application system using the database management 
system and data; and the application management system realizes processing, analysis and understanding of the data. Database technology is a 
core technology of information system. Is a kind of computer aided management data method; it studies how to organize and store data, how 
to efficiently access and process data. Through the research on the basic theory of database structure, storage, design, management, application 
and realization method, and use these theories to realize the processing, analysis and understanding of the data in the database technology. 
Database technology is a software science research, management and application of the database. Database technology is an important part of 
modern information science and technology, and it is the core of computer data processing and information management system. Research on 
database technology and solves the storage and computer information processing in the process of large amounts of data to effectively 
organize problems in database systems to reduce data redundancy, data sharing, data security data security and efficient data retrieval and 
processing. Database technology is an important branch of computer science and technology. From the mid-1950s, computer applications from 
the scientific research department to enterprise management and government administrative departments, people's demand for data processing 
is also getting higher and higher. In 1968, the world was born the first commercial information management system IMS (Management 
System Information), from now on, the database technology has been rapid development. In the Internet has been accepted by people today, 
Internet and database technology, knowledge, skills, the importance of the full amplification. Today, the database has become one of the main 
software tools for information management, office automation, computer aided design and other applications, to help people to deal with a 
wide range of information data. 
 
3. System requirements analysis 
 
3.1 An overview of system requirements analysis 

 
The main function of the demand analysis is to analyze the problem of the user to tell the system developers or system designers. It is 

mainly to tell you what to do, not to tell you how to do it. It is the first step in a system or software development, as a first step it has an 
important role. The result of requirement analysis is the requirement analysis. Demand analysis, need to express to prepare reaction or on 
behalf of the user the most fundamental requirement or desire, can not only consider the problem from the angle of the basic needs of users, 
but also need to take into account the user does not take into account the problem. Its direct impact will result in the following outline design, 
logical design, physical design, operation and maintenance of the workload. If you deviate from the user's needs, then the follow-up to do the 
work needs to be re-designed and implemented. Needs analysis of main tasks is to analyze the user in the actual process, the user of the object 
and the need to deal with the data and the user's workflow and other information [12], developers or system designers need to fully understand 
the user in the present work the work habits or workflow, clear user requirements for further communication, or through several exchanges in 
the way to fully understand the fundamental or the needs of users. In the demand analysis stage, the problem is the need to pay special 
attention to the user in the working environment of the data and the data processing flow, obtained the three basic requirements of database 
users: one is the information requirements; two is the processing requirements; three is the data security and integrity requirements. The 
management thought of ERP system and the enterprise informationization is closely linked, therefore, enterprises hope to be able to adopt the 
system of reasonable control of enterprise activity flow, a step work will not be able to carry out the next step of work, for example, the sales 
staff did not issue sales orders, warehouse delivery warehouse; do not open the library list, the product cannot be removed from the warehouse. 
 
3.2 Feasibility analysis of the system 

 
Analysis of the feasibility of the system contains many analysis modules, this section is mainly three important aspects which are 

analyzed, on behalf of the three aspects are: the cost of technology is feasible, have what problem and the subsequent operation and 
maintenance is feasible. In most cases, these three aspects are important to determine whether a system is feasible or not. 1) economic 
feasibility analysis: this topic proposed the small and medium-sized enterprise ERP management system can replace the traditional semi-
automatic office system, introduce the worker's expenses, save the cost and therefore, the cost is more cost-effective. 2) technical feasibility 
study: computer technology change rapidly, emerge in an endless stream of new technology, Web technology, after decades of development 
has been on stabilization and improvement in the Web technology, launched by the SUN JSP technology is particularly outstanding, has won 
the praise of developers[13]. The small and medium-sized enterprise ERP management system proposed in this paper and is the browser and 
server mode based on the development and implementation of this model is technically no problem, and the author also has some experience 
in project development. B/S mode C/S mode which is different from the traditional structure, and the safety of Java development language, the 
development module of database access, and the importance of the information system of encryption, to ensure the safety of the data in the 
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system. All users of the system only need to use a browser to access and related operations, the system does not need the hardware and 
software platform is very complex and many complex configuration, a PC machine can meet the needs of the ordinary, more convenient to use; 
the user use the system for data input, judgment and detection such as the date format enter the information system of the front and back of the 
user submitted, the age is in accordance with the specification, to ensure compliance with requirements to add data to the database, reduce the 
system pressure; due to the use of ERP management system in small and medium sized enterprises is the architecture design of B/S system, so 
all data exchange are carried out in the network, reduce the client task and pressure; reduce the user manual input, try to let users use the 
selection box to choose, reduce user input error, the number of security According to the accuracy of the second, this topic mainly uses the JSP 
technology and database technology to achieve all the functions. JSP is a dynamic web page to achieve the standard. It is the main difference 
between the traditional HTML pages: in the static page to add some Java code and some of the unique JSP tags, you can form a simple JSP 
page development. Which was added to the Java code in the static web page can have a variety of different functions, the basic function can 
carry out the database crud task can access to other pages including all established all functions of dynamic web page need. But the request 
and task logic related systems are handed over to the server, the server returns the user to view in the browser on the result of this model 
largely reduce the pressure of server, reduce the client due to software installation or configuration requirements. Even if the average client 
does not have any software installed on the machine, the system can access the system as long as there is any browser. And JSP technology to 
facilitate easy to learn, for the development of this system is very effective. Therefore, JSP technology to realize the function of this system is 
more than sufficient. Therefore, the technology is relatively mature; the subject of the proposed system can be achieved. 3) operation 
feasibility analysis: due to the early demand analysis shows that the work has been doing better, but also the system processing and captures a 
lot of exception handling, so the development of the system and the maintenance work is relatively difficult. On the one hand, there is a 
complex business process, system maintenance and operation personnel only daily management and monitoring of the system, especially in 
the current computer technology popularization, the demand is not very high, after a short-term training can adapt to. In addition, the main 
business processes of the system design are more familiar with the traditional staff, the operation is handier. Therefore, the operation is not a 
big problem [14]. 
 
3.3 Functional requirements analysis of the system 

 
For a small and medium enterprises, hoping to establish an ERP system, to provide marketing, personnel aspects of the help. The users of 

the system are employees, executives, administrators, employees using the ERP system data entry enterprise, enterprise data, query enterprises 
to carry out daily activities, corporate executives use the system view of business data, statistical data and other enterprises, system 
administrators and the day-to-day maintenance of the system, to ensure the normal operation of the system. Enterprise data entry: according to 
the data generated by the business activities, the relevant person in charge will be input into the computer, save and audit submitted to the 
database file. For example, the sales staff will be the customer order information into the computer, and after the customer approved product 
quantity, specifications, price, delivery time, payment method, additional requirements, submit the database file and convenient query. 
Enterprise data query: enterprise employees, business executives need to understand the business of a data; the system can log on data query. 
For example, enterprise employees want to know the salary of this month, the need to log into the system, enter the wage query interface, you 
can view their own salary details. Business Statistics: according to the needs of enterprise data, to meet the requirements of the data in the 
database system after the screening, statistics using data mining technology to facilitate employees, executives view. For example, executives 
landing system, you can see all the business data, and in accordance with the need for statistical data, convenient for business executives to get 
information from these statistics, in order to make the next step business operation strategy. The management thought of ERP system and the 
enterprise informationization is closely linked, therefore, enterprises hope to be able to adopt the system of reasonable control of enterprise 
activity flow, a step work will not be able to carry out the next step of work, for example, the sales staff did not issue sales orders, warehouse 
delivery warehouse; do not open the library list, the product cannot be removed from the warehouse. The administrator module, the code 
management to realize the control of the whole system, combined with the actual situation of enterprises, the need for management of various 
departments and the role of the implementation of the management role besides the role and functions by setting the permissions settings, as 
well as the role of landing, the password change in the Department of management; contains the design menu setting, Department of the 
Department function and flexible modification function. Personnel management module mainly consists of two parts, the basic information, 
and the staff salary information. The basic information of employee information (age, education, nationality, hobbies, etc.), customer 
information (name, address, telephone, etc.) the supplier information (name, address, telephone etc.) query and edit information (add, delete, 
modify and other functions); staff salary is composed of basic salary (by staff attendance (nature), late, leave early, absenteeism, leave, etc.) 
the business commission (the actual business volume and business volume difference of corresponding percentage, the values can be positive 
or negative), the amount of reward (enterprises), the final summary, wage accounting. Marketing module, as the core of the enterprise, 
including sales, procurement, inventory of three sub modules, these three sub modules are interrelated, are indispensable. Sales management 
sub module consists of three parts, customer management, sales management, warehouse management. Purchasing management sub module 
includes three parts, supplier, purchase order and warehouse. Inventory management sub module contains the product information, access to 
records, product storage management, product library management, such as four blocks, so that the warehouse inventory information clears, 
systematic. 
 
4. Design and implementation of the system 

 
Each module of the system is independent and has a very close relationship, that is, the function of each module is independent of each 

other, do not interfere with each other, to ensure the stability of the system; at the same time, each module between data, information, and even 
individual processes are linked, therefore, through the sharing of data and information, realizes the combination among the modules, together 
organically. Customer base, product suppliers, procurement, sales, sales agents constitute factors personnel in business activities, between 
them through the circulation of goods and capital flow, information flow to form a community of interests, therefore, in the design process of 
the system, these factors have to be taken into account, is a part of business activities them. The administrator module is started in the whole 
system, including the role of management and management of department, in the role of the set, add, modify and maintenance operations, and 
it is an important task to set access permissions, the different roles of the landing system, can query and see is not the same, for example, the 
warehouse administrator can the number of product inventory query, modify and other operations, and sales personnel only on the number of 
product inventory inquiries, no functional changes, it can guarantee the unity of the data, at the same time, it is also a division of responsibility, 
because making enterprise data will affect the decision-making of enterprise, so the enterprise data change must be careful, only to have the 
corresponding role of staff can modify the data, once the data error, can also be very fast Find the responsible person, to find out the truth of 
the facts. The function setting, is mainly responsible for the corporate sector's role in setting and function distribution, main business 
department has retail department, warehouse, sales department, purchasing department, financial department, the different functions of 
different departments, for example, responsible for warehouse inventory records, inventory, update products into the library, library and other 
products; sales department according to sales responsible for the regional different division "city" and "countryside" two marketing division, 
responsible for the formulation and implementation of marketing strategy; the purchasing department according to the feedback information of 
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inventory information and marketing departments responsible for the implementation of procurement plans, and to the financial department 
responsible for the circulation of funds; and a series of related functions. Menu design, according to the different functions, set the relevant 
pages and links to achieve the Department functions, for example, menu design of marketing department consists of three blocks, the first 
piece of news bulletin, the main contents of each stage of marketing strategy of the content and related information announcement; second for 
the menu sales staff, such as customer orders, make customer orders tracking and inventory price inquiries, the third block is used to record the 
information feedback, customer feedback and market dynamics. Personnel management is an important content in enterprise management, 
how fair, objective, comprehensive and efficient recording and evaluation of the employee information, improve the efficiency of personnel 
management, and realize the people-oriented management strategy; enterprise management has become a big problem. With the development 
of economy and the popularization of computer application, it is the inevitable trend of the new economic times to adopt information 
management enterprise human resources, but also the urgent needs of enterprise managers. The function of the system of access to effective 
permissions to users of the system design, according to the different operation modes of the corporate sector, need to use the permissions 
settings of different government departments, and shall assign permissions to a certain degree of refinement. For example, corporate CEOs can 
view all data within the system, but do not have to modify the function, and the financial sector can be appropriately revised error of capital, 
the warehouse can also inventory related information for fine tuning and so on, various roles, permissions, these need to be completed at the 
beginning of the design, to ensure a single system stability and data [15]. 
 
5. Summary and prospect 

 
Through the detailed discussion of the above modules, we can see that this paper is mainly aimed at the small and medium-sized 

enterprises, and they are the research objects. Firstly, the specific problems of small and medium manufacturing industry in reality, in order for 
the careful observation and analysis of acupuncture and the module design related to the special needs of the problem. In addition, the design 
of the application system is also carried out on the basis of the above. This system is mainly based on JAVA programming language, Struts 
framework and Ajax technology is very popular is also used, the more attractive is the use of the many excellent open source software and 
database, formed from the presentation layer, logic layer, persistence layer and data base layer of the multilayer application system. This 
application system design not only gives the typical application code, but also in the popular JAVA software test tools and finally used on unit 
testing, for the latter part of the demand cannot only develop two times, and others may be combined with the system. It can be seen that the 
design of WEB application is a very complicated process. 
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Abstract: With the aging problem in our country, the effective supply of the aged care service has become an urgent problem to be solved. 
The construction of intelligent community service platform, community service is an effective measure to alleviate the mismatch between 
supply and demand, is an important task to perfect our social endowment service system, an important issue is China's pension services in 
the field of intelligent. Intelligent current pension service model shows "fragmented pattern of their own business", the service supply of the 
subject is the lack of effective coordination, this situation not only not be effective use of resources, but also seriously hindered our country 
city intelligent pension services building process. This paper uses the theory of welfare pluralism theory and integration theory to analyze 
the theoretical basis of constructing the intelligent community endowment service platform of community care; applied analysis method and 
regression analysis and other statistical methods of case interview society, the actual operation situation of China's elderly intelligent 
situation of the demand for pension services and the existing intelligent pension service model the deeper causes of China's intelligent 
pension service resources are not effectively used; study the pension service model application cases of domestic and foreign intelligence 
and Its Enlightenment to China, in order to find out the construction of China's smart community service platform of ideas, and build the 
intelligent community service platform, make the analysis and sustainable development of the platform, puts forward countermeasures and 
suggestions of perfecting the intelligent community endowment service platform. As one of the "Internet plus pension service pension 
services", O2O can play the optimization of Internet in the allocation of pension service resources and integration to a certain extent. In the 
detailed analysis of pension service supply, the Internet in the field of pension service application of the theoretical study and Practice on the 
basis of the key elements of the pension service O2O operating platform content, function, framework and security are discussed, through 
online endowment service marketing and consumption, providing services to drive, to meet the old people needs at the same time, shaping 
the orderly competition environment, to guide the prototype pension services market, and ultimately the real pension service socialization 
and marketization. This paper presents an intelligent community service platform is a new type of pension service model in the application 
of intelligent technology on the basis of the existing government, social organizations and communities of the three main supply to the 
community endowment service, its essence is the realization of the government, social organizations and community service providers each 
service effective coordination, integration of pension service resources ultimately, the community endowment service to maximize the 
supply target. We should follow the "service object oriented, community oriented" and "build the concept of sustainable development, 
system design, and adapt to social and economic development, easy to operate, construction principle, construction steps of intelligent 
platform, operation mechanism and operation mode to create scientific. In the new era of Internet information is highly developed, make full 
use of Internet technology and big data model, combined with the traditional Home Furnishing pension service model, formed a new O2O 
(Online To Offline) new home endowment service mode, the line current, the mode has become the focus of the construction goal in the 
construction of Chinese city community. This article from the O2O model and the feasibility of community home-based care services model 
to build a service model about corresponding strategy for building the model under the mechanism. 
 
Keywords: Internet model; old age service; O2O model; supply and demand platform; mechanism construction 
 
1. Introduction 

 
The phenomenon of population aging in our country has been very serious, and then takes Shanghai city as an example to illustrate. As 

early as in 1980s, Shanghai entered the aging, is China's first to enter the aging of the city. Especially in recent years, with the continuous 
development of economic and social, the degree of aging in Shanghai is more serious. According to the latest Shanghai aging population and 
aging service monitoring statistics, by the end of December 31, 2014 the city's population aged 60 years and over 4 million 139 thousand and 
800 people, accounting for 28.8% of the total population at the end of 2013, an increase of 262 thousand and 600, an increase of 6.8%, 
accounting for the proportion of the population from 28.8% to 27.1%, 80 years of age and elderly population of 753 thousand and 200 people, 
accounting for 60 and the elderly population aged over 18.2% accounted for 5.2% of the total population. 80 years old and over population 
increased by 37 thousand and 700 people, an increase of 5.3%; the proportion of the total population increased from 5% to 5.2%. This means 
that every four people in Shanghai, there are a 60 year old more than the elderly [1]. The survival rate of elderly with various factors of 
economy, health and quality of life improvement is also increasing, in 2014 according to the latest statistics, Shanghai household population 
life expectancy is 82.29 years, we found that, compared to 82.13 years in 2010, 2011 82.51, 2012 82.41 and 2013 82.47 the life expectancy of 
the household population in Shanghai, although the volatility is not, but is still in a rising state. According to the sixth national census 
summary, in 2010 China's population average life expectancy is 74.83 years old, at the same time; in 2010 the average life expectancy of the 
world's population is 69.6 years old. Compared to Shanghai in 2010 82.13, Shanghai household population than the average life expectancy of 
the population life expectancy was 8 higher than the average age of the world's population life expectancy high at the age of 12, has been in a 
very high level. In addition, according to the experts and scholars of Shanghai City, the elderly population will reach a peak in 2030, numerical 
prediction will be more than 5 million, the future aging degree of Shanghai will be more serious, and pension services face greater challenges 
and pressures. Marx believes that all human activities (economic, political and social) are determined by a certain mode of production, Chinese 
traditional production methods is characterized by self-sufficient natural economy, family life is the organic combination of units and 
production units, one of the important functions for a variety of security and family for their family members[2]. In the dual role of traditional 
culture and traditional mode of production, Chinese elderly family emotion, emphasize the kinship between, the vast majority of elderly 
people in psychological or action generally chooses the family pension. However, with the change of production mode, the family structure 
has changed greatly, and the family population is decreasing. Now is the "421" family structure, experts predict that in the next few years, 
even the "621" and "821" type of family structure will become the norm, empty nest family is increasing, the family structure change the 
heritage for thousands of years of traditional family old-age pension responsibility was difficult to continue, borne by the family the inevitable 
transfer to the outside of the home. Wisdom of the city's basic content is based on information technology, intelligent management and 
operation of the characteristics of the city itself, harmony, sustainable development as the goal, and ultimately creates a better life for urban 
residents. The European Commission in the "wisdom city" in the report of the connotation of the wisdom of the city from the six dimensions 
of economy, population, environment, housing, flow and management has made the elaboration, and pointed out that the essence of the 
wisdom of the city is to optimize the allocation of resources, improve the City management efficiency. Smart city is the advanced stage of 
urbanization, the slogan of the construction of smart city of Shanghai city is the era of the development of modern international metropolis. 
Shanghai city plan in 2016 basically completed the smart city early construction, to achieve the full coverage of the network of basic public 
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services, including basic public services, including pension service system. At present, the construction of smart city of Shanghai is promoting 
the intelligence community in key projects, infrastructure construction, supporting the wisdom of the various functions of city construction and 
the promotion of the concept of the wisdom of the city to provide a strong guarantee to help promote the intelligent. The nature of quasi-public 
goods of community endowment service based in Shanghai, at present mainly in the government purchase form to achieve supply, which 
means that the government plays a leading role in the community endowment service supply, supply and service contents of its preferences 
and judgments also affects the community endowment service in a certain extent, the actual demand to cover the elderly the person itself, the 
resulting imbalance of supply and demand structure of the community service for the aged. In 2007, Shanghai for the first time the pension 
service needs assessment, and according to the evaluation results are divided into three grades the standard payment of government subsidies 
to the elderly community home care vouchers, we hope both fairness and the diverse needs of the elderly, but due to the number of elderly 
population is large, the assessment needs of the elderly to the needle will include all the elderly secondly, using the technology assessment and 
evaluation standard is still not mature[3], in the development of service supply and service supply decision-making process, content in the 
service supply and service personnel with the service, the supply structure will have a certain bias between the actual demand and the elderly, 
resulting in the overall supply and demand does not match the community service for the aged. Pension supply and demand platform 
schematic diagram shown in Figure 1 and 2. 

 
Figure 1. Schematic diagram of O2O pension model. 

 
Figure 2. Sketch map of modern pension model. 

A systematic study on the construction of the mechanism of the intelligent community endowment service platform, the system 
construction is helpful to the intelligent community endowment service platform, which in theory can deepen our understanding of the 
inherent law of the community endowment service mode to grasp, enrich and perfect the social security theories, is conducive to the whole 
social security subject development. And the development of community service for the elderly to provide theoretical guidance. The sociology, 
statistics and other disciplines are applied to the study of the construction of community endowment intelligent platform, the use of 
complementary cross disciplines to solve problems, research questions, to study content from multiple perspectives, multi-disciplinary 
perspective, enrich and improve the research methods of social security issues, to further promote the social security, the rich and perfect. The 
construction of the theoretical model of the intelligent platform of the community service for the elderly can provide the decision-making basis 
for the government decision-making departments. The construction of intelligent community service platform is not only a theoretical problem, 
but also a very practical problem, with the problems of supply and demand of Shanghai aging and community service, the research on 
community endowment service supply mechanism will become an important issue facing the government, the research on this problem can to 
provide reference for the government decision-making departments [4], so it has very good practical significance. The construction of 
intelligent community service platform will help to enrich and improve the pension service mode, change the traditional way of 
communication and interaction between the pension service model, the effective integration of government, society, family and community 
pension service resources. The supply of pension service model is the essence of community endowment service, the development and China's 
pension services are closely linked, therefore, how to achieve effective supply, the pension service resources to maximize utilization is the 
priority among priorities of developing community pension service model, thus has a very important practical study on the significance of 
constructing intelligent community service platform. To sum up, around the needs of the elderly, the basic theme of community care service is 
summed up by who to provide services, provide what kind of service, how to provide the problem. Therefore, basic consensus of academic 
circles on the community endowment service supply mode is the effective combination of social supply, government, social organizations and 
community service in the supply of the main supply process is the focus of future problems. In specific research methods, scholars generally 
use typical case to have significant aging characteristics of the city or community as an example of the analysis, a case study from a 
considerable number of we summed up more serious degree of aging in the city or region, community endowment service diversified supply 
mode has become a kind of service trend, the next step is to do research on how to effectively link multiple supply subject, integration of 
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pension service resources, to maximize the use of resources endowment. From the beginning of 1980, China's community service pension after 
20 years of development, has formed a door-to-door service, designated service facilities and services as the main form of services, life care, 
medical care, spiritual comfort, social participation and cultural entertainment as the main content of the community pension service pattern, to 
some extent alleviate the pension the pressure, made a great contribution to the construction of our social endowment service system. But 
scholars and experts generally believe that although China's community pension service has been 20 years of development, there are still a lot 
of problems. First of all, is the development of the community endowment service in our country and the economy, the population aging trend 
does not match. China is the third largest economy in the world (2014), and according to expert estimates that by 2030 China will become the 
world's highest degree of aging countries, countries have realized the importance of community service for the elderly, but the reality is now 
facing the community service pension funding is not enough, service content, service team quality high and lack of long-term planning and 
other issues, the pace of development of community endowment service compared to the economy, the aging speed of development is still 
lagging behind; secondly, is China's elderly expectations and the reality of community endowment service not serious butt [5]. 
 
2. Key technologies involved in the system 
 
2.1 Cloud platform technology 

 
Turn cloud computing (Computing Cloud), is a major change in the industry will face. The emergence of a variety of cloud platforms 

(platforms cloud) is one of the most important aspects of the transformation. Just as its name implies, this platform allows developers to put 
written procedures in the "cloud", or the use of "cloud" in the services provided, or the two are. As for the name of this platform, we can now 
hear more than one call, such as on-demand platform (platform on-demand), platform (service) platform that services (as a, PaaS) and so on. 
But whatever you call it, this new way of supporting the application has great potential. Application platform (platforms application) is how to 
be used. The development team in the creation of an indoor application (on-premises application, namely applications running within a 
mechanism), many of the basic required for this application are already exist: the operating system provides the basic support for the execution 
of the application and access storage; other computer provides such services such as remote storage in. If each creates an indoor application 
must first build the basis for the application of all these, then I are afraid we see today will be a lot less. Software as a service (as a service 
Software, SaaS): SaaS applications are entirely in the "cloud" (that is, an Internet service provider on the server) to run the. The indoor client 
(on-premises client) is usually a simple browser or other client. Sales force may be the most well-known SaaS applications, but in addition 
there are many other applications. Attachment service (Attached services): each indoor application (on-premises application) has a certain 
function; they can often access the "cloud" for the application services, to enhance its function. Since these services can only be used for this 
particular application, they can be considered to be attached to the application. A famous example of consumer spending is the Apple Corp's 
iTunes: its desktop applications can be used to play music, and so on, and attached to the service so that the purchase of new audio or video 
content to become possible. Microsoft Corp Exchange hosting service is an enterprise for example; it can increase the indoor Exchange server 
based on the "cloud" of spam filtering, archiving and other services. Cloud platform (platforms Cloud): cloud platform to provide cloud based 
services for developers to create applications. You don't have to build your base; you can rely on the cloud platform to create a new SaaS 
application. Cloud platform for direct users is the developer, not the end user. As the indoor application (on-premises application) is built on 
the basis of indoor (on-premises Foundation) on the cloud application (Cloud Application) can also be built on the cloud base (cloud 
Foundation). Both the indoor environment, and "cloud" in the infrastructure and application services, can be used for the two applications. The 
indoor platform for today's applications to provide support, similarly, for tomorrow we will build a cloud platform application service. The 
cloud platform is equipped with cloud platform server software in the cloud server, equipped with a computer and network components cloud 
platform client software [6], to improve the comprehensive performance of low configuration or old computer, so as to reach the current 
popular speed effect. Basic environment for the operation and management of the basic environment of cloud applications, including the 
Gleasy desktop, account management, G currency recharge and consumption, news center, etc. System mainly includes Monday (instant 
messaging), a letter (mail), a disk (the file cloud storage and online editing), contact (name card, friends dynamic, personal homepage), online 
tools such as Notepad, table and picture viewer and editor PDF reader and other auxiliary tools. Cloud platform schematic diagram shown in 
Figure 3. 

 
Figure 3. Cloud platform schematic. 

 
2.2 O2O pension technology 

 
O2O that (online offline / online to the next line), is to refer to the line of business opportunities and Internet combination, so that the 

Internet has become a platform for online transactions, the concept of the first source in the United states. The concept of O2O is very wide, 
can relate to online, but also relates to the line, can be called O2O. Mainstream business management courses are on the O2O this new 
business model has been introduced and attention. In 2013, O2O entered a stage of rapid development, localization and began the integration 
of mobile devices and perfect, so O2O business model turned out to be the localization pattern of O2O branch. O2O that is To Offline Online 
refers to the line of business opportunities and Internet combination, so that the Internet has become the front line of the next line transactions, 
this concept originated in the United states. The concept of O2O is very wide, as long as the industry chain can relate to online, but also relates 
to the line, it can be called O2O. O2O electronic commerce need to have five elements: membership marketing system independent online 
store, the national certification authority industry trusted sites, online advertising network marketing, a comprehensive social media to interact 
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with customers online, online and offline integration. One idea is that an enterprise can have online shopping mall and store the line between 
the two, and online shopping mall with full line store price of the same category, can be called O2O; there is also a view, O2O is B2C 
(Business To Customers) is a kind of special form. In early 1 when the O2O line of the initial docking, mainly the use of online promotion 
convenience to users together, then put down the flow line to the next line, mainly concentrated in the field of mission to the United States as 
the representative of the online group purchase and sales promotion etc.. In this process, there are mainly one-way [7], low viscosity 
characteristics. The platform and the user's interaction is less, basically to the completion of the transaction as the end point. Users are more 
affected by the price and other factors, such as the purchase and consumption frequency is relatively low. Development to the 2 stage, O2O 
basically already have the current understanding of the elements. The main feature of this stage is to upgrade the service business model: 
product (service), orders, payment and other processes, the electricity supplier module before transfer to more simple, and scenes of daily life 
in high frequency. Because the traditional service industry has been in a state of shortage and inefficient labor, in the new model to promote 
and catalytic capital, the emergence of the O2O Carnival Craze, so massage, home delivery, door, fresh makeup, a taxi drops and other various 
O2O mode began to emerge in an endless stream. At this stage, due to the mobile terminal, We Chat payment, data and other aspects of the 
mature algorithm, plus capital catalysis, user blowout, frequency of use and loyalty began to rise, the beginning of O2O and the user's daily 
life began to fusion, said that part of life are inseparable. However, in the middle, there are many needs to look very prosperous, due to the 
capital of a large number of subsidies, etc., false foam to cover up the real situation. There are a lot of business models are not rigid demand 
began to emerge, such as massage, car wash, etc. To the 3 stage, began a clear differentiation, a number of Companies in the field of real 
vertical segments began to emerge. For example, focusing on express delivery courier easy, focused on the high-end restaurant ranking of the 
delicious do not, etc., focus on the fast pace of white-collar workers to take a meal. Another is the vertical subdivision of the field of the 
development of the platform. By the original subdivision of the field to solve a pain point pattern began to horizontal expansion, covering the 
entire industry. For example, hungry from earlier to later open the hummingbird takeaway system began the formal third party logistics team 
and crowdsourcing docking. To join the business as the main body, with self-distribution as a template and operations center, through the 
cooperation of the long tail to solve the long tail of the way to run. Distribution category includes fresh, super products, and even laundry 
services, to achieve a platform of business. In June 8, 2013, Suning online offline goods opened a prelude to O2O mode. This is not only 
because the online service cannot be shipped, it is more important that the courier itself cannot be delivered to the social experience brought 
about by the happy. But if we can through the O2O mode, and service merchandise line on display, and provide online payment "booking 
consumption", for consumers, not only broaden the choice, but also through the online comparison and selection of the most anticipated 
service and more suitable for the service in accordance with the regional consumers enjoy businesses to provide. But if there is no online 
display, it may be difficult for consumers to know the business information, not to mention the two word consumer. In addition, the current 
use of O2O groping forward business people, but also often use the line under the payment to be more favorable means to attract customers to 
pay online, which also saves a lot of consumer spending. For local businesses [8], O2O mode requires the consumer site payment, the payment 
information will become the business to understand the consumer shopping channel of information, facilitate business to consumer purchase 
data collection, in order to achieve precision marketing purposes, to better maintain and expand customer. Increased customer through online 
resources and will not bring too much cost to the business, but to bring more profits. In addition, the O2O model to a certain extent, reduce the 
dependence of the business on the location of the store, reducing the cost of rent. The schematic diagram of O2O mode is shown in Figure 4 
and 5. 

 
Figure 4. Schematic diagram of O2O mode logic. 

 
Figure 5. Schematic diagram of O2O mode operation. 

 
2.3 Online hospital services 
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Network hospital, in fact, is to take the Internet as the carrier, to carry out online health consulting and information services, professional 
health websites. It mainly provides three aspects of information: online health consulting, medical information services, pharmaceutical 
marketing and communication. The patient can interact with the doctor on the Internet, communicate, get the pertinent answer, and listen to 
the guiding solution. The online hospital has a strong disease sample database, medical hospital database, pharmaceutical products database 
[9], health agencies, professional medical information database engine cyber source etc. Through these resources, we can provide professional 
self-diagnosis program for each patient consultation, in order to achieve self-diagnosis. Patients only in the form of online quiz questions, they 
can interact with the online doctor, exchange, get targeted answer, listen to the guiding solution. Taking the patients' needs as the starting point, 
each online hospital generally includes the general situation of the hospital, information dynamics, medical guide, doctor patient interaction, 
video news, etc. These projects mainly introduce the general situation of the different sections of the hospital, the situation of the 
characteristics of the hospital medical project. Users through the hospital access page, can not only understand the specific situation and 
consulting department Zuozhen specialist, also can get all kinds of health care knowledge, understand the latest developments in the hospital, 
the hospital held a free clinic to master a variety of activities such as information. But there are many problems in the online hospital. First of 
all, the Internet is a variety of hospitals, there are no standardized terms, and patients in the choice of the time are very easy to blind. Secondly, 
the vast majority of online hospital doctors are serving doctors, to enter this platform is just a hobby, because there is no face with the patient, 
so the information provided is not necessarily correct. Again, the patient's response to the complex, easily confused, more likely to be 
misleading. Select the online hospital; be sure to choose a regular, professional health site. Because this kind of hospital has the very big 
authority, therefore mostly can guarantee the authenticity of the information. If you meet a professional doctor, you can get the right solution. 
Patients should pay special attention to some "cure", a few minutes to register is an "expert" website. The national health department in August 
5, 2009 issued "on the implementation of reservation service work opinions" in public hospitals, the "opinions" requirement, since the 
beginning of October 2009, all three hospitals must carry out the reservation service. The implementation of the "online booking online 
medical service work, not only conducive to patients for medical consultation, advance arrangements for medical treatment plan, reduce the 
waiting time, but also to improve hospital management level, improve work efficiency and quality of care, reduce the medical risk. 
 
2.4 Remote monitoring and control technology 

 
Remote monitoring from literally can be divided into "prison" and "control" two parts, including "prison" means to obtain information 

through the network, and "control" refers to the method of operation of the remote computer through the network, to restart and shutdown 
operation on the remote computer, including daily settings for the remote computer work. Remote monitoring from literally can be divided 
into "prison" and "control" two parts, including "prison" is a remote monitoring, can be divided into two parts: one is the environmental 
monitoring, the two is on the computer system and network equipment monitoring, however remote monitoring means to obtain information 
through the network.: "control" refers to the remote control, refers to the method of operation of the remote computer through the network, it 
not only includes the re start and shutdown operation, including the daily settings on the remote computer on the remote computer[10]. 
Through the hardware can also achieve the function of remote boot. In a word, to fully control remote computer, the first should be able to 
monitor, which can see the computer screen, and then talk about the "control", remote control must be "prison" and "control" refers to the 
combination, so we usually say that the general remote monitoring is the remote control. In addition, for network administrators, remote 
control is the control of network equipment, most of today's network equipment support Telnet, even on the Web form remote management, 
this is also a kind of remote control method. First of all, from the camera video signal input video acquisition terminal, then the video capture 
terminal through the image compression algorithm, the video signal is converted to digital images of 25 frames per second, and the 
compressed audio and video data stream transmitted to the video monitoring center through the network; finally, video monitoring center of 
the monitoring computer the front end from the received image and voice data are decompressed and through the computer display screen and 
sound card for real-time monitoring. When an alarm occurs, the decoder will alarm output device, and the alarm will alarm signal input 
terminal of video decoder, and transmitted to the monitoring center, the video server monitoring center receives the alarm signal immediately 
after the voice signal, recording alarm events, hard disk video alarm operation. Camera control and protection control signal is downlink 
transmission, by monitoring computer monitoring center out of control signal, the video acquisition terminal after receiving the control signal, 
the controller directly control the PTZ camera or camera, or complete the deployment operation. The system uses hardware compression 
software decompression technology, computer terminals in the relevant departments on the corresponding software or by Windows's own IE 
browser Web function can realize the function of remote video monitoring, video monitoring station set. Network communication adopts 
TCP/IP and network multicast (Multicast) technology, to maximize the use of the network's transmission performance and network bandwidth, 
to avoid network congestion. The remote video monitoring system is composed of the system substation and the dispatching center main 
station. System substation is arranged in the subordinate coal mine, power plant and substation need monitoring sites, mainly by the video 
acquisition terminal, computer network connection device, camera, alarm, alarm probe decoder etc., for audio and video signal and digital 
signal acquisition and alarm, and the use of existing computer network realization between sites and scheduling the center of the video / alarm 
information transmission and remote monitoring. Monitoring and dispatching center mainly consists of video management server, browser, 
computer network connection equipment, remote monitoring and video server software and so on. Monitoring center can manage a number of 
stations through the network, can switch and control to any one of the monitoring points to the scene, the implementation of the overall 
monitoring, so as to achieve video surveillance throughout the region. It through the network, not only can browse the video scene of each 
monitoring point in real time, but also can remote access to the collection station video files, and download video files, but also in the 
monitoring center for video. The monitoring center, which is composed of a central image processing server, image monitoring system, image 
processing software, remote video monitoring / alarm software for receiving the scene to transmit images, and the alarm signal, suggesting that 
security personnel to take all kinds of measures, and can realize remote control, remote PTZ camera matrix, and linkage control, remote and 
feasible video file download, image retrieval and digital video playback operation. The center of the image management server for 
transmission and storage of image management system management, database and system management software and monitoring terminal 
module software installed on the server, plays on the whole system of management and service function[11]. 
 
3. Status quo of intelligent pension services 
 
3.1 National policy level 

 
The American scholar James C. Scott in his book "national perspective" in the "national view" in this view, although Scott in the book is 

mainly to discuss the reasons of countries trying to improve the well-being of the people of the failure of the project, but from the perspective 
of the state to consider the implementation of these power is worthy of our reference. Scott believes that the state of the implementation of 
these projects have two power: first, more effective control, governance of public and private areas; two is expected to improve the welfare of 
all the people. In the national mandatory rights protection, improving the well-being of the people of the project, so that the community can 
form a more orderly and standardized order, and management of public and private sector to control more effectively and increase the welfare 
of the people. The main part here we elaborate on the national policy is the national implementation of the project in order to benefit the well-
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being, through the development of rules, to guide and standardize the public and private sectors, increase the welfare of the people. From the 
perspective of Scott "national view" point of view, China has formulated and promulgated the relevant intelligence service pension policy, 
with the national rights to pursue policies to regulate and guide the construction of intelligent pension services, pension services to ease the 
pressure, promote social stability. With the improvement of our country, the problem of aging in 1999, the National Working Commission on 
aging was established [12], and the cause of aging industry development is the important schedule the party and the state. 2006, the State 
Council designated the "national information strategy" clearly put forward the use of information technology to promote social transformation. 
In 2012, the newly revised "People's Republic of China elderly protection law" separate "social services" chapter clearly pointed out that the 
elderly have to participate in social development and sharing the fruits of development rights. Information technology represents the 
development direction of the advanced productive forces, and it is one of the important indicators of social development. Therefore, the 
information technology into the traditional pension industry, promote the traditional pension industry constantly upgrading, improve resource 
efficiency, to enable the elderly to enjoy the high level and high quality service for the elderly, is one of the basic rights of the elderly. In 
recent years, with the aging of the increasingly serious situation, the development of the industry and the industry has been more and more 
attention by the party and the government, so the promulgation of a series of intelligent pension services favorable policies. Since 2006, the 
state to support the introduction of the policy to encourage intelligent pension industry, 2010 to 2015 six years, the introduction of relevant 
policies more intensive. From 2006 2010, relevant policies issued by the state can be seen in the information technology has been the concern 
of the government to promote national economic and social development, in 2011 clearly put forward to build information service for the old 
platform by using modern science and technology, develop to 2014 policy is more clear and detailed, covering various aspects of intelligent 
products, old technology and medical treatment, and ultimately determine the "relying on information technology, the basic trend of pension 
service model innovation". This reflects the national awareness of the application of information technology to the field of pension services, 
pension services industry overall importance to improve the efficiency of supply, innovation of endowment pattern; on the other hand also 
reflects the application of intelligent technology to the field of pension services is the inevitable trend of China's economic development and 
social progress. In summary, these policies are two characteristics: first, the government's focus, the government's attention gradually from the 
social and public areas of information technology applications to the field of pension services in the field of information technology 
applications. Two is related to the content of the policy is more detailed, covering all aspects of the intelligent pension services, proposed 
intelligent pension is the health care industry. In general, the government through reasonable planning, application of information technology 
to clear the importance and urgency of the pension services, by providing tax, venues and other preferential policies to encourage and guide 
social capital into the organization and intelligent pension services industry to significantly increased the intensity of. The introduction of the 
national level of the policies and regulations, for the construction of Shanghai's intelligent pension service has played a guiding role, to lay a 
good policy environment [13]. 
 
3.2 Policy construction review 

 
From the vertical perspective, the policy contains a comprehensive social policy, special planning strategy and refined with guidance of 

the operation, these parts constitute a complete intelligent pension service policy system; from the lateral view, intelligent pension service 
policy has begun to slowly cover all aspects of pension service supply of the elderly people, not only has material, but also the spirit; from the 
policy content, the intelligence of nearly five years of pension service policy more intensive, we can see that the party and the government for 
more in-depth understanding and intelligent pension, is no longer just from the existing pension service pressure relief the dimensions to 
consider, but to see the important role of the intelligent pension service model in China's endowment services and its development potential 
inherent. The national level and Shanghai policy repeatedly proposed to strengthen the use of information technology, information technology 
to help establish docking service platform, integration of resources and realize the supply and demand, the government policies are effective 
measures to encourage, guide and inspire appropriate social organizations to participate in the intelligent service for the elderly. With the 
gradual development of intelligent pension, the central to realize the importance of strengthening local autonomy, encourage local 
governments according to the actual situation in the region in line with the development of intelligent autonomous regional characteristics of 
pension service policy, which is to further deepen the national endowment for intelligent understanding. Intelligent pension services can play 
with the effects of policies not only need is the perfection of the central government promulgated the policy, the most important is whether 
Shanghai can be better implemented according to their own situation, the development of Shanghai intelligent endowment service, cannot do 
without double promotion of national level and local level policy. China's current laws on the intelligent pension only the People's Republic of 
China elderly Protection Act, there is no special law. Although the old people's rights and interests protection law has been promulgated and 
implemented and constantly revised, but according to the previous experience, the rights and interests of the elderly protection regulations 
should be refined according to different groups. In addition, there is no specific law on Intelligent pension is the main responsibility, access 
mechanism, evaluation mechanism and so on were defined, then the specific policy in the process of advancing the lack of legal basis, there 
will be "policies, under the measures of the situation. The relevant policies promulgated by the intelligent pension now whether it is at the 
national level or the level of Shanghai basically is aimed at all the elderly, no further refinement according to the specific needs and special 
circumstances of the elderly, so that the policy in the implementation is difficult to achieve the desired effect, so it should be intelligent 
pension service policy according to the difference of the specific needs of the elderly, the intelligent pension service supply is truly 
implemented[14]. 
 
3.3 Status quo of intelligent pension services 

 
In addition to local governments to combine the specific situation of the local central policy interpretation, it is more important to 

implement the policy, in order to make the policy to achieve the desired effect. Shanghai is the most economically developed city in China, the 
highest level of information technology, in the early 80s the beginning of the earliest application of communication calling equipment to 
provide emergency relief services for the elderly, early intelligent pension services for construction. The practice of Shanghai pension services 
intelligent construction, intelligent community endowment service platform and lay a good foundation for the research of the practice of 
construction of Shanghai, in order to alleviate the pressure of pension services, pension services to implement intelligent policy mainly 
adopted the following strategies: Shanghai municipal government and the county government, the Civil Affairs Bureau to promote the 
promotion and implementation of the intelligent pension the service mode, to actively promote the. First of all, through the mobilization of 
civil affairs will promote the training of workers; let the pension service model of local intelligent operation process, the effect of a certain 
understanding, and through the real case to let the staff know the actual utility of intelligent pension service model. Then, through the 
neighborhood streets and other grass-roots government agencies and community workers, volunteers and other personnel, to broadcast, issuing 
brochures, visits and other forms of preaching, the intelligent supply model, using the way of pension and service content that enable the 
elderly to intelligent pension service model has a certain understanding. According to the relevant laws and regulations, public bidding for 
pension services by way of government procurement, and issued a tender notice in the official website and paper documents, take the 
application, examination and approval of a series of audits of access service provider, and the service project period, service provider 
qualification and bidding period restrictions are make a clear explanation, and strict service supplier qualification, and the bidding results 
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publicity, so that the whole bidding process is carried out in the sun, accept the supervision of the public. In order to ease the pressure of 
pension, the Shanghai municipal government and the county civil affairs departments to actively encourage social organizations and market 
forces to participate in the provision of intelligent pension services, and grow the strength of building intelligent pension. The government 
encourages private enterprises to undertake intelligent pension services, the use of market mechanisms for operation and management, the 
government is responsible for guiding and tax subsidies in favor in the policy, these measures promoted the development of intelligent pension 
services to a large extent, improve the overall level of pension services. 
 
4. An empirical study on intelligent pension service 

 
Shanghai is the highest degree of aging in our country area, Shanghai to explore the new pension model to deal with the problem of aging 

is becoming more and more serious, in the intelligent information technology is more and more advanced cases, Shanghai actively explore the 
application mode of intelligent pension services. Using survey data of Shanghai pension service intelligence, with questionnaire survey 
method, two Logistic regression statistical analysis method to analyze the survey data, combined with depth interviews, analyzes three 
problems: one is the current situation of the elderly intelligent pension services, the two is how the elderly pension services for intelligent 
demand three what are the factors influencing the elderly intelligent pension services. On the basis of the analysis of the above three problems, 
the idea of constructing the intelligent platform of community service for the aged is put forward. According to previous statistical data show 
that the proportion of the elderly population according to the overall distribution of the general equilibrium, but there is a large difference in 
the gender of each age group. Through the statistical data of the previous chapter and the life expectancy of the population forecast we know 
that women's average life expectancy than men, in our research, is the age distribution survey of the elderly more average, the elderly over 80 
years old male were obviously less than female elderly people, this is our sample number of male elderly population less than one reason the 
number of elderly women. In addition, different age groups of different gender in each age for pension services, 50-70 years of age, male 
group than in female group have more intense daily care service needs, but to the aging stage more than 70 of the elderly, people pay more 
attention to the medical care service needs. Due to differences in gender and age groups of elderly pension services leads to different demand, 
therefore need to provide pension services in the intelligent distinction, rich service offerings to meet the personalized needs of the elderly, 
diversification. Although the number of telephone hotline and website has more than a few years ago has increased, but compared to other 
types of websites, telephone hotlines and other than the number is obviously insufficient, still unable to meet the pension needs of all elderly 
people. In addition, the elderly satisfaction is not high and the low proportion of another note from the existing Shanghai intelligent pension 
services in terms of diversification and enrich the content of services to improve the quality of service is still a long way to go. So, intelligent 
pension services not only to meet the diversity of services, but also to improve the quality of their services, to be implemented, rather than to 
make such a wide range of services into a display. Many elderly people think they are not willing to spend money, just to see the money spent 
there is no value, if they need to provide services in a timely manner, and the price is reasonable they can accept. Just before also had similar 
smart devices, but many project settings are not reasonable, such as small amount of service is not accepted, in the course of time, will 
automatically discard no, the so-called smart pension services also lost interest. But when asked whether they want to popularize intelligent 
pension services, the vast majority of the elderly have answered yes, because they feel that even if they do not, there is always better than No. 
There are some non-Shanghai residence for the elderly, automatically put their shielding old-age services in such a smart, that they do not have 
the qualifications, so that government departments in the design, we have to fully service coverage. We can see that, despite the existing 
intelligent pension service is not satisfactory, but also all aspects of intelligent pension services have great hope. Therefore, to make up for the 
shortcomings of existing intelligent pension services, to correct the drawbacks of the existing intelligent pension services, is the first 
consideration of building a community care service intelligent platform[15]. 
 
5. Summary and prospect 

 
The construction of intelligent community service platform is a system engineering, to ensure the benign operation of the system, in 

addition to the various elements of the organic integration platform and operation platform as well as the external environment of the benign 
operation platform plays a crucial role. According to the theory of welfare pluralism, in order to actively promote the effective operation of the 
intelligent community endowment service platform, the need for external parties to actively promote and participate in. In the construction of 
intelligent community endowment service platform, government, social organizations and community should be based on their respective 
functions of pension service responsibility, so as to achieve a balanced and stable intelligent community service platform system. A mature 
and stable background environment is the prerequisite for the healthy operation of the intelligent platform for the community care service. 
There are many components of the background environment; the most important one is the development of relevant policies and laws. The 
improvement of relevant policies and laws determine the sustainable development of the intelligent platform. 
 
References 
[1] Li Haolin. O2O model research summary: Based on the literature measurement analysis. Modern economic information. 2015, (03). 
[2] Ding Jianding, Li Wei. On the core issues of China's home care service system construction. Exploration. 2014, (05). 
[3] Lu Yiqing, Chen Li. O2O business model and development prospect of. Enterprise economy. 2013, (11). 
[4] High glossy ganoderma, Liu Xue. Study on the urban home care services for the urban home care services in the perspective of supply 

and demand. Journal of Nantong University (SOCIAL SCIENCE EDITION). 2012, (03). 
[5] Jiang Qiping. O2O business model analysis. Internet week. 2011, (19). 
[6] Yan - youth. Four home-based care services mode of the advantages and disadvantages of the. Social welfare. 2009, (03). 
[7] Hong Liang, Peng Xizhe. Contradictions and Countermeasures. Exploration and development of city social endowment contend career. 

1998, (01). 
[8] Sun Haitao, Cong Yu, Wang Yanju. Construction of the party and government cadres of. Participating in the long-term mechanism of 

college democratic parties. 2014, (07). 
[9] Fang Fu Jian. Study on construction of incentive compatible mechanism of NPC deputies. 2009, (06). 
[10] Theme discussion: security mechanisms in the construction of African autonomy and international cooperation. West Asia and Africa. 

2014, (04). 
[11] Fan Xixian, Wan Cheng. A number of thinking on the construction of national innovative capacity training mechanism. Realistic. 2007, 

(09). 
[12] Huang. On behalf of the NPC deputies to the protection mechanism to build the NPC Research. 2009, (09). 
[13] Zhou Yu. Sino US strategic and Economic Dialogue: mechanism construction and significance of the analysis of the. Theory of vision. 

2016, (07). 
[14] Liu Huilan. The role and mechanism of community care for the elderly is an exploration of the. Journal of Xichang College (SOCIAL 

SCIENCE EDITION). 2016, (03). 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                                       209.8 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/209 

 

[15] Li Wei.The guarantee of people's sharing mechanism Quine. 30 years of reform and development achievements benefit the construction 
of. Journal of Jishou University (SOCIAL SCIENCE EDITION). 2008, (05). 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                               210.1 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/210 

 

Effect Study of the Influence of the Real Estate Regulation Policy on Market Economy Subjects Game 
 

ZHOU Gaoyi, Zhao Xiaodong, Jia Meng 

 
School of Economics and Management, Yanshan University, Qinhuangdao, China 

 
Abstract: The development situation of the real estate market present and the volatility of it in recent years show that the existence of a lot 
of speculation seriously affects the normal order of the real estate market and healthy. Curb real estate speculation and control of investment 
behavior in a resonable way has become a problem urgently to be solved in our government. In this paper, based on game analysis, focusing 
on regulating the possibility, necessity and the investment subject of speculation, the real estate market not just in terms of the behavior of 
the buyer, the government should strength on regulation policy to provide effective guidance and enforcement of regulation policy 
suggestions to the central and local governments in China. Game analysis results show that the central government shall formulate 
reasonable and flexible real estate tax rate, and lower part of the control rights to the local government. In addition, the market stability and 
docking of local government performance, effective incentive regulation and control measures of local government should be matched. In 
regulating the market, local governments should make full use of their information advantage, select high efficiency and low cost control 
strategy, thus effectively restrain speculative investment demand.  

 
Keywords: local government; speculative demand. not just to the purchaser; game model 

 
1. Introduction 

 
Real estate market is the basis of the real estate economy, is an important part of the whole national economy system, is also an active 

has significant characteristics of the specialized market, the running status of its development, change and directly influence the 
development of other sectors, thus affecting the operation of the whole national economy. [1]In 2010, the Chinese government for volatile 
and conducted a series of prices continue to rise in the real estate market can be called "history's most severe regulation" of control measures, 
but still failed to restrain the excessive growth of the price of the house. The relevant economic theory suggests that the real estate market 
instability can aggravate the economic crisis, so the regulation policy is very necessary, and on the control power and means should follow 
the market rules and its own national conditions.  

In theoretical research, the overall demand of the real estate market is usually divided into three parts: consumer demand, investment 
demand and speculative demand. In this paper, called the investment demand and speculative demand unity not just demand, consumer 
demand is called the rigid demand. Investment behavior of huge growth in house prices makes this part of the focus of research in recent 
years. At the same time, the government in regulating the real estate market is considered the key control not just demand in the market. In 
2014 the government work report, prime minister li keqiang offered to resolutely curb speculation and investment demand, the real estate 
market stable healthy development of a long-term mechanism; Promulgated by the state council's "five" new countries also expressed this 
policy attitude[2].  

At this stage of the real estate market speculation research is primarily qualitative theoretical analysis research, quantitative research is 
very little, by utilizing the method of game analysis, this paper focus on regulating the possibility, necessity and the investment subject of 
speculation, the real estate market not just in terms of the behavior of the buyer, the government should strength of timing on how regulation 
policy, in order to the central and local governments in China provide effective guidance and enforcement of regulation policy Suggestions.  
 
2. The real estate market game model building 

 
In the real estate market regulation, the game process between local governments and not urgent purchasers mainly showed in 

controlling or not, and speculative or not. Not just for speculative buyers choice in the market will get considerable excess profits, but there 
are risks of punishment by the government, therefore, the speculation there is a certain probability. This article assumes that the probability 
of not just need the buyer speculation is , that the strategy can be expressed as { , ( )}, namely two cases speculation, and not. 
Problems in the real estate market operation, such as market overheating or depressed market, to ensure the stable operation of the market, 
the local government control the excessive investment speculation, to choose whether or not the corresponding policies, namely the 
government's strategy we are expressed as { q ，( q−1 )}, namely {suppressed, not suppressed} two cases. [3]It needs to pay attention that 
the government involved in the implementation of regulation policy execution cost.  

First, this paper gives the following assumptions and parameters set:  
(1) The local government had no inhibition of policy, not just to the acquirer speculation can get profit, no speculation, lose, not the 

speculative profit is.  
(2) Local governments carry out a strict curb speculation, if not just to the purchaser to obtain an above-average profits, so the need for 

not exceed speculative profits of pay a certain percentage of fines, penalties for proportion.  
(3) The real estate market transaction tax rate set by the central government, local government suppression policy need to pay for the 

cost.  
(4) Not just be the purchasers of speculation that makes the market stability will damage, serious may even lead to a property bubble, 

serious adverse effects on the social welfare and the people's livelihood. The government doesn't adjust and control, the influence degree

)(sD , namely social welfare caused by the negative externalities associated with speculation profit, and 0)(
>

∂
∂

s
sD

. Inhibit the policy 

of local government, the social welfare negative externalities will reduce, reduce the ratio of adjustment coefficient θ ( 10 <<θ ), and 

the bigger the θ  is, the lower the regulation efficiency is, namely, regulate and control the negative externality of the )(sDθ . 
 

Table 1. Different game player's payoff matrix 

Different game matrix of the payoffs 
local government 

suppress q  Not suppress q−1  

p p p−1
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Non-rigid buyer 

speculation p  
)(sDCsR θατ −−+  )(sDR −τ  

sR ατ −− )1(  )1( τ−R  

No- speculation p−1  
CsR −− )(τ  )( sR −τ  

)1)(( τ−− sR  )1)(( τ−− sR  

 
Table 1 is the model of the set of real estate regulation policy; local government adopted the policy of suppression and not just should 

be paid to the purchaser's speculative decision matrix [4].  

By table 1, available profits of the local government ( gπ ) and rigid-demand buuer can be calculated as:  

)]()[1)(1(])([)1()]()[1()]([ sRqpCsRqpsDRqpsDCsRpqg −−−+−−−+−−+−−+= τττθατπ
  (1) 

)]1)()[(1)(1()]1)([()1()]1()[1(])1([ τττατπ −−−−+−−−+−−+−−= sRqpsRqpRqpsRpqb    
(2) 

 
3. Game equilibrium analysis 
 
3.1 The equilibrium results 

By type (1) and (2), the optimization of conditions of the local government and not rigid-demand purchaser, respectively is

0=
∂

∂

q
gπ

 and 0=
∂
∂
p
bπ . 

By the above two type available equilibrium state, not just to the purchaser the optimal probability 
*p  of speculation and the optimal 

probability of local governments to carry out the policies of the curb speculation
*q :  

)()1(
*

sDs
Cp
θα −+

=                                                (3) 

α
τ )1(* −

=q                                                    (4) 

By type (3) and (4), we can draw the following conclusion:  

Conclusion 1. If the probability of the not rigid-demand buyer is less than speculation 
*p , so local governments can choose not to 

perform control policy.  
Through supervision and market conditions, government can make full use of market gives the signal for the speculative probability of 

not just need the buyer must forecast. But if the government forecast just is less likely to be the purchaser's speculation, so don't need to 
carry out the policies of the regulation, to the market to regulate itself. [5]Already so to avoid the cost, government policy and avoid the 
government regulation of market allocation of resources caused by the human is conducive to the healthy development of the real estate 
market.  

Conclusion 2. If the probability of local government execution control policy is more than
*q , so not just to the acquirer had better 

choose not to speculation.  
Not just to the acquirer can through the analysis of local government policy indicators and running state of the market to roughly 

predict the possibility of government execution control policy on the real estate market, if the possibility is larger, so in order to avoid the 
risk of loss and punished by the government regulation policy, not just for the optimal choice is not to the purchaser of speculation.  
 
3.2 Local government behavior analysis  

 
Conclusion 3. Local government behavior is not affected by the social welfare negative externalities.  

Through the type (6) it can be seen that *q has nothing to do with )(sD , namely whether the government curb speculation has 
nothing to do with speculation caused by negative externality, therefore, the local government in regulating the real estate market 
underpowered. This is often due to local governments only focus on short-term profit, and ignore the long-term planning and development.  

Conclusion 4. The higher the very real estate industry tax is, the local government less inclined to speculation to control policy.  
To derivation available:, that is, while decreases with increase of, suggests that the real estate industry tax contribution for the local 

government, the greater the government less inclined to adopt policies to curb speculation. [6]The cause of this situation is mainly local 
governments with only the profit maximization as the goal, without consideration of factors such as the people's livelihood. The central 
government should be considered in the real estate market is not stable cities or regions to reduce the tax rate of the real estate industry, 
reduce tax contribution, control of the real estate market trading incentives, reduce transaction, maintaining market stability.  

Conclusion 5. Local government statement of penalties, the greater the more don't need to really implement control policy.  

To derivation α  from 
*q available 0

*

<
∂
∂
α
q

, that is, while 
*q decreases with increase of α , before shows that the 

government can inhibit policy, related policies and penalties to the real estate market information, fully emphasize the dangers of speculation 
and possible punishment, as far as possible to reduce not just need the buyer incentives for speculation.  
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3.3 Behavior analysis of the not rigid-demand buyers 
 
Conclusion 6. The not rigid-demand buyer need the acquirer observed the higher the cost of government control policy θ , the 

speculation in the greater the chance. At the same time, government regulation coefficient is larger, the control efficiency is lower, the 
greater the chance of not just need the acquirer speculation.  

And derivative C  and θ  separately available: 0
*

>
∂
∂

C
p

 and 0
*

>
∂
∂
θ
p

, and 
*p  increases with the increases of C and 

θ , which suggests that the government's policy of cost is higher, the speculation is possible; The lower the efficiency of government 
regulation, speculation is possible. The conclusion 6 shows that the government in regulating, need to take into account the cost and 
efficiency problem chooses regulation policy of low cost and high efficiency. This can not only guarantee the profits at the same time also 
can effectively inhibit the possibility of not just need the acquirer speculation.  

Conclusion 7. The greater the penalty of local governments for speculation, the smaller the possibility of speculation is for the not 
rigid-demand buyer.  

For derivative 
*p available: that 0

*

<
∂
∂
α
p

, with the increase α  of decrease
*p . Show that although the speculative excess 

profit can be obtained, but not just need the buyer also need to consider the government's penalties, gain excess profit part being punished, 
the more he is the smaller the possibility of speculation.  
 
4. China's real estate market regulation policy recommendations 

 
For the central government, should first establish reasonable real estate transaction tax rate, adjust measures to local conditions. 

Because the real estate industry development level and the market is active degree is different, in the real estate industry transaction tax rate 
should be considered when the regional factors, choose suitable for different regional tax rates and policy, at the same time reduce the 
differences between different regions. [7] In addition, in the case of market overheating can refer to the "more curtilage tax" system, South 
Korea to limit not just demand, stable real estate market, guarantee the stability of the economic development. Can also limit each housing 
one of the most widespread, the excessive housing, especially the actual charge of vacant housing "tenure tax", etc., in order to limit the 
unlimited housing consumption behavior of high income groups, guide the residents to moderate consumption. At the same time, market 
stability and government performance, to form effective constraints of local government. The negative externality and social welfare of local 
government performance evaluation, the effective constraint, strengthen government regulation and market incentives.  
 
5. Summary 

 
For local governments, they should make full use of their information advantage of appropriate conceal true costs of regulation, 

appropriate penalties message at the same time to reduce the speculative probability of the no-rigid buyer. In addition, the government 
should analyze comprehensively of the market feedback information, and the previous phase regulation policies to adjust to meausres to 
control and improve the efficiency of regulation, thus reduce speculation in real estate market.  
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Abstract: In this paper, the legal risks involved in the overseas mergers and acquisitions within the scope of the current world are analyzed, 
and the existing problems are put forward. Finally, the paper put forward some counter measures like perfect the laws and regulations, 
perfect the system of examination and approval; strengthen the government service function and mprove the ability of enterprises overseas 
mergers and acquisitions, as well as the cultivation of professional talents. 
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1. Introduction 

 
Transnational mergers and acquisitions a kind of enterprise business activities rose in the west in recent years that in rapid development. 

In transnational mergers and acquisitions between more than one hundred years, western countries has experienced five times the wave of 
cross-border m&a. Since the trend of economic globalization strengthening, the pace of enterprise transnational merger and acquisition has 
speeded up. After the reform and opening up 30 years of development accumulation, and "going out" policy support Chinese enterprises in 
recent years also quickly down the path of development of globalization, enterprises implement significantly increased the number of 
overseas mergers and acquisitions. In our country enterprise overseas mergers and acquisitions, the United States is a major country for our 
country enterprise implementation of overseas mergers and acquisitions in 2013, China's direct investment to the United States reached a 
record $14 billion, and in the next few years will continue to maintain a certain amount of growth, it serves to show China's direct 
investment to the United States still exist great potential, in the investment activities, transnational mergers and acquisitions occupies a high 
proportion, implementation of overseas mergers and acquisitions in the United States in recent years, Chinese enterprises large trading case 
also abound. But, our country enterprise overseas m&a is still in the primary stage, all aspects of preparation conditions are inadequate, the 
number of overseas mergers and acquisitions fail every year still more, in terms of success rate and quality of mergers and acquisitions, 
overseas mergers and acquisitions activity of the enterprises in our country at present and investment superpower status in our country there 
is still a big gap. In the process of mergers and acquisitions, the opportunities and risks always relative two aspects, the legal risk is our 
country enterprise overseas mergers and acquisitions when facing a major problem. Overseas m&a legal risk is the implementation of 
overseas mergers and acquisitions in China because of violate the relevant laws and regulations and bring economic income uncertainty and 
other legal consequences, it produced in the whole process of before and after mergers and acquisitions, induced by various factors.  
 
2. Overseas m&a legal risk analysis  
 
2.1 The meaning of the legal risks of overseas m&a 

 
Transnational mergers and acquisitions is a rise in the west, in recent years the rapid development of a kind of enterprise business 

activities, in transnational mergers and acquisitions between more than one hundred years, western countries has experienced five times the 
wave of cross-border m&a. Since the trend of economic globalization strengthening, the pace of enterprise transnational merger and 
acquisition has speed up. Chinese enterprises after the reform and opening up 30 years of development accumulation, and "going out" policy 
support, in recent years also quickly down the path of development of globalization, enterprises implement significantly increased the 
number of overseas mergers and acquisitions. In our country enterprise overseas mergers and acquisitions, the United States is a major 
country, our country enterprise implementation of overseas mergers and acquisitions in 2013, China's direct investment to the United States 
reached a record $14 billion, and in the next few years will continue to maintain a certain amount of growth, it serves to show China's direct 
investment to the United States still exist great potential, in the investment activities, transnational mergers and acquisitions occupies a high 
proportion, implementation of overseas mergers and acquisitions in the United States in recent years, Chinese enterprises large trading case 
also abound. But, our country enterprise overseas m&a is still in the primary stage, all aspects of preparation conditions are inadequate, the 
number of overseas mergers and acquisitions fail every year still more, in terms of success rate and quality of mergers and acquisitions, 
overseas mergers and acquisitions activity of the enterprises in our country at present and investment superpower status in our country there 
is still a big gap. In the process of mergers and acquisitions, the opportunities and risks always relative two aspects, the legal risk is our 
country enterprise overseas mergers and acquisitions when facing a major problem. Overseas m&a legal risk is the implementation of 
overseas mergers and acquisitions in China because of violate the relevant laws and regulations and bring economic income uncertainty and 
other legal consequences, it produced in the whole process of before and after mergers and acquisitions, induced by various factors. 
Domestic enterprises as a result of many years in local operation, environment is very familiar with the local laws, but for the 
implementation of transnational m&a buy-out firms need to enter the host country such a relatively unfamiliar market environment, the local 
legal system, legal environment and the law requires a process of adaptation, is often difficult to effectively adjust the enterprise itself in a 
short time to adapt to the host country law, so was born the m&a enterprise information asymmetry phenomenon between parties, may 
trigger corresponding legal risk.  
 
2.2 The legal risks of overseas m&a 

 
Transnational mergers and acquisitions is a rise in the west, in recent years the rapid development of a kind of enterprise business 

activities, in transnational mergers and acquisitions between more than one hundred years, western countries has experienced five times the 
wave of cross-border m&a. Since the trend of economic globalization strengthening, the pace of enterprise transnational merger and 
acquisition has speed up. Chinese enterprises after the reform and opening up 30 years of development accumulation, and "going out" policy 
support, in recent years also quickly down the path of development of globalization, enterprises implement significantly increased the 
number of overseas mergers and acquisitions. In our country enterprise overseas mergers and acquisitions, the United States is a major 
country, our country enterprise implementation of overseas mergers and acquisitions in 2013, China's direct investment to the United States 
reached a record $14 billion, and in the next few years will continue to maintain a certain amount of growth, it serves to show China's direct 
investment to the United States still exist great potential, in the investment activities, transnational mergers and acquisitions occupies a high 
proportion, implementation of overseas mergers and acquisitions in the United States in recent years, Chinese enterprises large trading case 
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also abound. But, our country enterprise overseas m&a is still in the primary stage, all aspects of preparation conditions are inadequate, the 
number of overseas mergers and acquisitions fail every year still more, in terms of success rate and quality of mergers and acquisitions, 
overseas mergers and acquisitions activity of the enterprises in our country at present and investment superpower status in our country there 
is still a big gap. In the process of mergers and acquisitions, the opportunities and risks always relative two aspects, the legal risk is our 
country enterprise overseas mergers and acquisitions when facing a major problem. Overseas m&a legal risk is the implementation of 
overseas mergers and acquisitions in China because of violate the relevant laws and regulations and bring economic income uncertainty and 
other legal consequences, it produced in the whole process of before and after mergers and acquisitions, induced by various factors. 
Domestic enterprises as a result of many years in local operation, environment is very familiar with the local laws, but for the 
implementation of transnational m&a buy-out firms need to enter the host country such a relatively unfamiliar market environment, the local 
legal system, legal environment and the law requires a process of adaptation, is often difficult to effectively adjust the enterprise itself in a 
short time to adapt to the host country law, so was born the m&a enterprise information asymmetry phenomenon between parties, may 
trigger corresponding legal risk.  
 
3. Overseas m&a legal risk prevention measures 
 
3.1 Perfect the laws and regulations, and the system of examination and approval 

 
(1) Perfect the enterprise m&legislation, build up a set of overseas m&a legal system, as soon as possible to change our country 

enterprise to engage in international operation could not be in accordance with the situation. Of overseas mergers and acquisitions subject 
different from western developed country, China's overseas mergers and acquisitions and more subject to state-owned enterprises and in 
state-owned enterprises as the main body for the long term, so the legislation should also have on China's own characteristics, the legislature 
should establish as soon as possible, including company mergers, acquisitions overseas responsibility, overseas m&a programming method 
(including industrial policy, investment main body, investment areas, investment industry planning), overseas and purchase insurance fund 
law and government service act, form a complete set of laws and regulations. At the same time should be made to the detriment of overseas 
investment of foreign exchange regulations change, especially change condition outside investment margin system, prohibits shareholders 
provide guarantee and enforce the provisions of the entry of foreign capital gold back.  

(2) Relax foreign investment approval policies, simplify examination and approval procedures, and increase the transparency of 
examination and approval. First of all, should be rationally divided in accordance with the principle of legitimate and efficiency and adjust 
the functions of the departments concerned, the function overlapping, it is necessary to a department, implement a sex for examination and 
approval. Secondly, in accordance with the principle of reasonable and on the development of the socialist market economy, with reference 
to relevant countries gradual liberalization of examination and approval of the foreign direct investment, fundamentally change the current 
problem of microscopic examination and approval system, the foreign direct investment to obeys the law of foreign direct investment is 
reasonable for examination and approval. Again, according to the original, responsibility, attention to foreign investment projects and at the 
same time, more should strengthen supervision. For itself is not endowed with supervision function department will no longer give its 
approval. Finally, for it possesses the function of supervision department should strengthen its supervision function, make the organic unity. 
Finally, in accordance with the principle of supervision, the specific approval of the foreign direct investment conditions and procedures, 
open, fair, fair, transparent, standardized examination and approval, to facilitate social supervision.  

(3) Constantly enrich consummates our country anti-monopoly law. Only monopoly in my within the territory of China for foreign 
enterprises shall be similar regulation, to overseas enterprises in China shall be investigated by the antitrust law of malicious grab antitrust 
law weapon when implementing legal retaliation.  
 
3.2 Strengthen the government service function 

 
Establish guarantee mechanism, the legitimate rights and interests’ maintenance enterprise. The government should make full use of 

our country in the world trade organization (WTO) rights, strengthen multilateral and bilateral economic and trade negotiations, to reduce 
and eliminate the foreign trade and investment barriers. Grasping the investment protection agreement and the dual taxation avoid agreement 
signed, the judicial assistance agreement, economic cooperation, trade and investment agreements, and social insurance agreement between 
the government, such as create a good external environment for Chinese enterprises to go out. Unified national overseas investment 
management agency, which set up overseas and purchase management, unified study of overseas mergers and acquisitions policy, policy, 
planning, unified management and coordination of all aspects of the activity, summarizes the experiences and problems of overseas mergers 
and acquisitions in China. And used in the host country's embassies, consulates in China to establish the authority of the information 
intelligence Heart, overseas mergers and acquisitions for the enterprise to provide information consulting services and project feasibility 
study.  
 
3.3 Improve the ability of enterprises overseas mergers and acquisitions 

 
(1) Clear their own competitive advantage, accurate positioning of overseas merger and acquisition strategy. Domestic companies to go 

overseas, especially to the United States, Europe is engaged in the internationalization strategy and combination and purchase, should 
seriously consider three questions: first one is engaged in the industry is a sunset industry or a sunrise industry in the target market? If it is 
the sunset industry, internationalization Must slow down, the decision must think twice; The second is whether the enterprise competition in 
the Chinese market with brand, market, product, technology, strategy, management and talent advantages; Three is the enterprise to overseas 
have not easily imitated by competitors easily core competition force. If companies in the country without these competitive advantages also 
do not have certain core competitiveness abroad, go abroad do not hold fluky psychology the market competition.  

(2) Do the foreign market environment investigation. To succeed in mergers and acquisitions, must to the acquired company product 
market by a detailed research of the host countries and learn a lot of first-hand information. Japan's Toyota motor in order to enter the U.S. in 
the 80 s luxury cars consumption market, sent a large number of engineers to upscale community to experience life in the United States, 
United States people's driving habits, in the high consumption places to collect Americans on different types of high-grade car, understand 
their consumer demand. Results the Lexus LS400 car luxury car market in the United States in 1989 the success.  

(3) The integration of enterprises. For Chinese companies, enterprise after the merger integration is difficult, so first before completing 
the acquisition, to integrated planning and preparation. Pay special attention to in the integration of the overall effective management 
coordination, coordination can be done since the last down strongly, to ensure the win-win and maximize shareholder value, should also 
actively pushed into mergers and acquisitions and multinational management ability talent recruitment and training, at the same time pay 
attention to the management of talent localization. Strive to do it from the merger will begin on the first day of enterprise culture integration, 
the creation of a new culture, in order to win-win and sustainable development.  
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3.4 Cultivate professional talents 

 
(1) Cultivation of professional talents in universities and colleges. Law colleges should implement education of clinic type, the 

professor of legal theory and practice need to use the combination of training a batch of familiar with international rules, understand the 
international practice, especially to understand and study the investment management local legal system in the host country and culture 
comprehensive talented person. Let them to provide Chinese enterprises overseas mergers and acquisitions of the host country legal advice 
and legal reasoning services, to help enterprises achieve the specification investment, scientific decision-making, guard against and evade 
the law risk.  

(2) The enterprise special talents training. Enterprise of the important factors of the success of the overseas mergers and acquisitions Is 
to establish a understand in the shortest possible time to understand the domestic and international, professional, understand technology, 
understand management, understand the market and are familiar with overseas humanities environment, political, social and cultural 
development trend, and can communicate with overseas enterprise internationalized talent team. Enterprises before m&a can send members 
to different countries to experience life, which is familiar with the local environment, to master the local language, and then to the branch 
practice, understand the problem may occur in the international m&a case. When the company acquisition of foreign enterprises, there will 
be a "experts" to m&a site with local enterprise management personnel in the shortest time after and common implementation and strategic 
planning, the organization construction and the cultural integration problem.  
 
4. Summary 

 
As a result of many years in local operation, domestic enterprises environment is very familiar with the local laws, but for the 

implementation of transnational m&a buy-out firms, they need to enter relatively unfamiliar market environment such as the host country, 
which requires a process of adaptation to the local legal system, legal environment and the law, often difficult to effectively adjust the 
enterprise itself in a short time to adapt to the host country law, which may trigger corresponding legal risk. 
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Determine Limit Tier of the Dump by Application of Numerical Analysis Method 
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Abstract: In view of the situation that the dump site of Fushun rich in iron ore, this paper adopts the method of numerical analysis to build 
three-dimensional numerical model of mine to get the overall safety factor and potential sliding surface through strength subtraction. 
According to one of the most dangerous section, plane numerical model is established to analyze overall safety coefficient in the process of 
mine pile row and influence of lowering in ore body stopping process on mine. The results show that the mine lift and its safety show 
coefficient linear relationship, when the safety coefficient is equal to 1.0 the theory of tall is 324 m. When the ore body stopping below back, 
the stability of the dump increases slightly with the increase of stopping span, potential instability forms to point to the caving. In this paper 
if of bright engineering characteristics and the calculation results can provide reference for similar projects.  

 
Keywords: limited tier; dump; numerical analysis method; engineering 

 
1. Introduction 

 
Mine engineering research in China began in the 80s this century, the gentle or basal clay tall at home and abroad is basal surface soil 

deformation and bearing capacity is used to determine whether until now. Site to limit the stack height calculation at present basically has 
the following several ways:  

(1) Site is the composite basement, the upper overburden, lower for the bedrock, today, both at home and abroad in the topsoil relative 
deformation of the basement ∆h/h≤15~20% to determine the height limit.  
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In the type, the ∆h and h for topsoil before the final settlement and topsoil compression average thickness; ；a，e1 for topsoil 
compression coefficient and void ratio of the basement; H，γ  for tall and medium density.  

(2) The type above has some defects, computing stack height limit clay the determination of the limit height H does not reflect the 
effect of overburden thickness H, the formula of the overburden destruction and soil field both equivalent, destruction and soil field and soil 
determine corresponding limit tier, thus directly by the overburden failure to determine the mine lift. Practice found that the two are not 
always equal, and only when the damage of floor heave of topsoil soil field to determine soil field stacking limit. Into account in the 
overburden thickness and surface soil and soil field waste rock at the bottom of the contact condition are derived on the basis of determining 
soil field method and the formula of the limit height. [1] 

Topsoil thickness h < h1 + h2, h1 is for limits on the amount, h2 to rely on surface soil cohesive force under the action of mine 
parameter h<h1+h2 site from the bottom of the extrusion of the thickness of the overburden.  
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In the type: dm is for the average particle size of rocks, at the bottom of the e1 for stones at the bottom of the void ratio, n for trials to 
determine statistical significance of the topsoil in crowded stone gap on the layers, the natural Numbers, c as the surface soil cohesive force, 
beta site for slope Angle, gamma for medium density. The dump load determined by rock bearing capacity can be thought of, the bearing 
capacity of rock desirable 1/3 of the uniaxial compressive strength of sigma σB, mine under the limit tier through obtained from:  

BH σγ
3
1

<                                                  (4) 

For thicker topsoil, there is h > h1 + h2. Under this condition, the basal topsoil destruction was equivalent to the bottom of the mine, 
mine or the limits of the tall only depends on the bearing capacity of surface soil, the type (1) can be used to calculate.  

Practice has proved that the above method is not easy to get the state of extreme tier, parameters such as h1, h2, and n is not easy to 
determine. In addition, the site of the above method to calculate the limit height of the, is essentially the foundation overburden by 
compression failure criticality. And the actual situation is not so damage often have to wait until next dumping mine topsoil occurred plastic 
deformation and mobile base, floor heave induced damage will occur. According to the damage of floor heave of dumping site 
corresponding to the stacking height is the limit of the stack height. Practice shows that certain parts of the upper table damage, does not 
necessarily lead to queue and destruction. Only when the topsoil plastic deformation and movement occurred, induce failure when the bass 
drum, mine damage occurs, the site can be defined according to the type of limit tier.  
 
2. The establishment of the numerical model 

 
Mine mechanical behavior in addition to the related to its physical and mechanical properties, and load state and loading history also 

has a direct relationship, mine present mechanical behavior nature is a transition state, in the process of the whole existence is different to 
the past deposit soil and state after superposition comprehensive reflection, also is bound to affect future row soil accumulation process and 
result. [2]In that case, should be system simulation state of dumping and the pile row process, in order to study the case in the future.  

At present most of the numerical calculation is carried out under the condition of a series of simplification and assumption of the 
analysis, this paper studies not expansion mining into underground mining in the process of slope stability, the modeling and calculation of 
simplification and assumptions as follows:  

(1) hypothesis of rock mass is continuous, homogeneous and isotropic medium; (2) because the area of the shallow depth and the 
unloading effect of coal mining, in the process of calculation does not consider the effect of tectonic stress, the initial stress field generated 
by weight of rock mass; (3) research within the scope of the litho logy is simpler, though there are local dike and stone, but accurate analysis 
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of the types and the occurrence of surveying and mapping is more difficult, thus simplifying for rock and ore body; (4) the Mohr yield 
criterion are FLAC model in geotechnical engineering.  

Figure 1 for the proposed calculation, including Ⅰ ~ Ⅳ point coordinates (x, y) of (0, 0), (0,900), (1200,900) and (900, 0), and z 
coordinates is determined by the measured elevation point, mine vertex is 296 m above sea level, deposit body buried deeply - 80 m, Ⅰ 
geological measured points in figure 1 coordinates is (4615250/570250).  

 
Figure 1. Model calculation area 

Figure 2 is the numerical model unit division, the model of the communist party of China including 317036 units and 336147 nodes. 
Ore body distribution within the scope of the selected calculation range in prospecting line 16 lines to seven lines. [3]Part of ore body 
contains units 5320, 8675.  

 
Figure 2. Calculation model of slope 

 
3. The calculation results and analysis 
 
3.1 Strength subtraction 

 
At present, for slope stability analysis under the static state, the smooth mainly used. Clear concept of limit equilibrium method, has a 

long history and has accumulated rich experience in engineering, easy to engineering personnel to understand and master, can directly reflect 
the safety factor of slope stability is given value and potential sliding surface shape and position, has proven to be analysis of slope stability 
is relatively reliable method, thus has been was widely used in engineering. For slope stability analysis under dynamic loading, the 
commonly used methods are mainly pseudo-static method and Newmark method, full-time process numerical simulation method, 
experimental method, etc.  

With the development of computer, many excellent numerical calculation method have sprung up in recent years in the geotechnical 
engineering calculations, strength subtraction based on the finite element method and limit equilibrium method is complement each other.  

Strength subtraction of the most important is the definition of safety coefficient, the safety factor of the currently used mainly has three 
kinds: one is based on the strength reserve safety coefficient, namely by reducing strength in geotechnical engineering to safety factor; 2 it is 
overload reserve safety coefficient, namely by increasing load coefficient to reflect security; 3 it is to slide overload reserve safety 
coefficient, namely through the slide but not increase sliding resistance to calculate the landslide thrust design value.  

So application strength subtraction is presented in this paper, the method of reference, at the same time reduction c，  and  t , that is:  
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(5) 

 
3.2 Slope stability condition of not-mining side 

 
Mine according to the dichotomy of strength reduction stability analysis by type (1) to calculate, elected to take the test (strength) site 

safety coefficient Ftrial = 1.35 Z direction displacement calculation result is shown in figure 3. [4]Visible, the maximum displacement 
produced in Z direction x = 950 to x = 1120 between the two surfaces, namely the site on the east side of the position. By shear failure zone 
distribution of the shear strain increment said cloud picture 4 also can be seen, on the edge of mine on the east side of the form of shear slip 
plane.  
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Figure 3. Contour of Z - displacement 

 
Figure 4. Contour of shear strain increment 

 
3.4 The effect on the stability of the recovery of dump slope 

 
In order to further analysis of the effect on the stability of the dump, selecting the Fs = 1.1 324 m tall calculation conditions. Mining 

method for ore prospecting line in figure 1 from east to west, and into the road 12 m in height, step caved ore from 4 m. Figure 9 site for 
stope span of 96 m vertical displacement echogram, it can be seen that the maximal displacement produced in mine slope, displacement 
direction is to point to the east of the open pit. At this time of the Fs = 1.06, which is mainly due to the recovery after slope have caused by 
vertical displacement. Figure 10 site for stope span and Fs relation curve, it is clear that with the increase of span, the change of the Fs is not 
big, when the span of less than 70 m, Fs is 1.1. Small changes with the increase of span, the Fs, and ultimately reduced to 1.06 when span of 
96 m. Since then, add the stope span, prior to performance for stope roof caving mine slope sliding.  

 
Figure 5. Contour of Z displacements 

 
Figure 6. Curve of stope span VS the Fs 

 
4. Summary 

 
According to the project example, choose of the most likely occurrence of ore bodies below selection section slip, the study shows that 

under the condition of existing mine continue to pile row, mine safety coefficient and lift the approximate linear relationship, when the mine 
lift is 324 m, safety coefficient is 1.0 by means of numerical analysis as the main research means. Due to the difference between the ore 
body and mine is larger, the bottom of the ore body mining to mine the stability of the overall effect is not obvious, ore body mining, mine 
safety coefficient increases slightly, after stoping span 96 m, calculated mine area of instability forms of stope roof caving. Due to the 
complexity of engineering geological conditions of the mine and underground stope, the potential failure modes and the calculation method 
of safety coefficient of existing a variety of forms, it remains to be further discussed in research in the future.  
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Abstract: Under the environment of knowledge-based economy, how to get information resources, share knowledge, and make the value of 
resources improve higher has become the important problem for high-tech enterprise. High-tech enterprises should attach importance to the 
sharing of the information and knowledge in the organization, encourage cooperation among employees and knowledge sharing, the 
transformation of knowledge to productivity and competitive advantage. Choose NS company as the research object of this study, on the 
basis of qualitative research through the questionnaire survey to collect the relevant data (243 valid samples) empirically the relationship 
between organizational socialization and knowledge sharing behavior. Data results support the four dimensions of organizational 
socialization have significant positive impact on the employees' knowledge sharing behavior–accepting training, organization understanding, 
colleagues’ support and future expectations. Finally, in view of the found management problems and organizational socialization influence 
on knowledge sharing, we put forward the suggestions to improve the management level of NS company and promote the knowledge 
sharing behavior of employees. 

 
Keywords: high-tech enterprises; organizational socialization; knowledge sharing 

 
1. Introduction 

 
Under the background of knowledge economy, with the increasing complexity of organizational environment, more and more 

enterprises begin to pay more attention to the significance of knowledge resources to the enterprise of obtaining strategic competitive 
advantage. How to obtain, apply, integrate and create knowledge, improve the utilization efficiency of knowledge and experience, reduce 
the cost of trial and error will become the carrier of high and new technology research and development - high-tech enterprises need to focus 
on top priority. With the matching is that demand growth within the organization knowledge sharing [1]. Based on the knowledge sharing to 
employees of the effective management of explicit knowledge and tacit knowledge mining is the key of the enterprise knowledge 
management. And the implementation of knowledge management is the best time employees' organizational socialization stage [2]. 

Organizational socialization is the individual transition to job roles with necessary knowledge and skills in the process. Individual 
members integrate into the organization and work role; constantly adjust their behavior and attitude. Throughout the organization 
socialization research both at home and abroad, most research how the organizational socialization affects employees’ behavior performance 
(job performance, organizational citizenship behavior, behavior of office) and work attitude, job satisfaction, organizational 
commitment).On the basis of previous studies, this research attempts to take root in NS company particulary and the actual situation of 
China, discusses its influence on knowledge sharing from the perspective of the organizational socialization tactics [3]. 
 
2. Interview research of the organizational socialization and knowledge sharing of the NS company 

 
This part adopts the individual depth interview to collect related information, to preliminary explore the NS company employees' 

organizational socialization knowledge sharing within the scope of the present situation and the company, and try to find the possible links 
between the two. The interview was in the form of a semi-structured, the author has carried on the detailed record during the interview. 
Interview was form March to April in 2015, interviewing 23employees in NS company, including 3 technical directors, 20 frontline staff, 
and the interview time ranges from 20 to 50 minutes, the average time is about 30 minutes [4].  

Analyzing the above 23 respondent’s information content, through the open coding, selective coding and so on we can get the 
following table 1. For example, when asked about choose the cause of the work of the organization, respondents answer can be summed up 
as considering the NS company good enterprise culture and humanized management system and in line with their own values, the 
communication between with colleagues is relatively smooth, no communication obstacles and able to get in contact with the leadership 
support, as well as in the work to make knowledge and applied technology [5]. 

 
Table 1. The statistics of the results of the interview 

Questions Results of the interview 
1 The culture and concept of the organization, communication between colleagues, leadership support, job 

performance of knowledge and skills. 
2 Colleagues communicate when they trust each other and offer help when they are willing, the main work includes 

how to better finish the work, how to put forward the thinking of innovation, how to better share in life. 
3 Arrange learning training, skills training, learning advanced stage; 

Mainly reflects in: promote the communication between colleagues, faster into the working state, better understand 
the company's culture and philosophy  

4 Solve the problem by yourself and when you cannot, ask for help and finally the leader. Although company offers 
help, it has only few methods, leaders think have already offered. 

5 Like the work because they can learn real ability, and be able to complete their own dreams. Like my colleagues 
because they can help each other and share responsibilities and learn new knowledge and skills from each other. 

6 Like the atmosphere of mutual help and unity between colleagues, be able to complete the organization jointly 
assigned tasks. 

7 Need the support of company finance and learning resources, as well as the good working atmosphere; now the 
company learning resources sharing is doing is not good enough, the working environment is satisfactory 

 
Interview results show that, NS company, in the aspect of organizational socialization: (1) at the secondary level in terms of salary and 

benefits and lacks the attraction of the elite team;(2) orientation lacks of technical type quickly adapting to work for training;(3) lacks of 
long-term incentives to young employees, especially in career planning;(4) bureaucratic and traditional leadership style, doesn’t match the 
software industry of free and open;(5) lacks of effective communication channels between informal communication become mainstream. In 
the aspect of knowledge sharing, NS company shows the following (1) employees’ frequent and effectiveness of the communication 
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between largely depends on good relationships with one another;(2) the ability of knowledge sharing between individual employees mostly 
are based on the informal channels and more personal relationship;(3) the employee's knowledge sharing is not limited to the organization 
with the characteristics of professional internal communication;(4) the project team and departments lack information sharing mechanism 
and channels. 

 
Through the interview results, on the one hand, the company should take the effective induction and technical training; enhance the 

enterprise goals, strategy, culture, values and concept of understanding and identity; interactions between colleagues, support each other and 
learning. Moreover, the theme is also young employees focus on important issues. NS young employees inside the company, on the other 
hand, have a strong desire to knowledge sharing and learning each other, but employees rely more on informal channels of communication 
and learning. Also, the performance of knowledge sharing for high and new technology enterprise and long-term development is very 
important. 

 
3. Empirical study of the effect of organizational socialization on knowledge sharing of NS company’s employee 
 
3.1 Research assumptions 

 
In view of the above analysis and previous research on organizational socialization and the knowledge sharing of the literature, we have 

reason to think that the four aspects of organizational socialization, namely, training, organization understanding, colleagues support and 
expectations will be a positive impact on knowledge sharing in the future. Therefore, put forward the following hypothesis: 

H1: Accepting training has influence on employee's willingness and positive of knowledge sharing behavior; 
H2: Organizational understanding will positively influence the employee's knowledge sharing willingness and behavior; 
H3: Colleagues support will positively influence the employee's knowledge sharing willingness and behavior; 
H4: The future expectations have influence on employee's willingness and positive of knowledge sharing behavior. 

 
3.2 Research design and samples 

 
This research data from an IT high-tech company - NS Company in Hebei province. In order to improve enterprise's comprehensive 

competitiveness level both at home and abroad, especially pay attention to cultivating the independent innovation ability of employees, to 
cultivate knowledge-based employees in order to improve the level of group knowledge sharing, stimulate creativity. Before the formal 
investigation, we conducted a small survey, according to age and length of service employees of NS company division. First of all, on the 
basis of age is divided into five grades (< 20, 20 ~ 25, 25 to 30 years old, 30 to 35 years old, > 35) randomized to intension, to test the local 
adaptability scale. The results showed that the adaptability of questionnaire in our country is higher, and less than 30 years old of three grade 
intension effect is better. Considering the organizational socialization occurred in general staff at the period of the enterprise, we continue to 
three groups of less than 30 years old staff to length of service as a standard for division and correlation, found the length of service is less 
than 3 years of employee orientation effect is obvious, so we lock investigation object is less than 30 years of age and length of service in 
the following three years young employees to carry out a formal investigation. A total of 286 employees were involved in the investigation. 
We use the print and electronic questionnaire, in order to guarantee the data quality, data is collected in two phases: the first stage is to 
collect information about participants demographic variables and organizational socialization, a total of 286 questionnaires, the recovery of 
277 valid questionnaires, effective recovery rate is 96.85%. A week later, which is the knowledge sharing of information collection at the 
second phase, we gave out 277 questionnaires, had 243 valid questionnaires, the valid recovery rate was 87.73%. In the process of 
distributing questionnaire, we increase the rate of completed and authenticity of the questionnaire by issuing a small gift. 

 
Table 2. Sample characteristics description 

 Number of people Percentage  

Sex  Man  145 59.67% 
Woman  98 40.33% 

Working age 
Less than 1year 54 22.22% 
1-2 years 112 46.09% 
2-3 years 77 31.69% 

Age  
Less than 20 years  31 12.76% 
20-25  134 55.14% 
25-30 78 32.10% 

Education  

Lower than high school 23 9.47% 
Junior high school 46 18.93% 
Undergraduate  143 58.84% 
Lower than graduate 31 12.76% 

 
3.3 Data analysis 

 
We analyze confirmatory factor from the following 5 variables: accept training, organizations to understand, colleagues support and 

future expectations and knowledge sharing, such as the above Figure 1 and Figure 2. Result shows that we have put forward the theoretical 
model of knowledge sharing is acceptable. 
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Figure 1. Accepting the training dimension to confirmatory factor analysis 

 
Figure 2. Organization understand dimension to confirmatory factor analysis 

The whole fitting model index (χ2 /df=1.562、AGFI=0.906、GFI=0.930、RMSEA=0.047、NFI=0.925、CFI=0.945、PNFI=0.764、
PGFI=0.682) are within the acceptable range, the following Figure 3 is the structural equation model of path coefficients figure. And an 
empirical analysis on the above-mentioned, supports the NS company youth organization socialization affecting the knowledge sharing of 
the knowledge-type employees, NS between organizational socialization and knowledge sharing in the company can understand from the 
training, organization, and the influence of colleagues support four aspects carries on the analysis and future expectations. 

 
Figure 3. The path coefficient of influence on knowledge sharing by organization socialization 

 
4. Summary 

 
Organizational socialization training influences knowledge sharing behavior in the organization. In NS Company, staff said if they can 

get organizational formalized training, it can promote employees to share knowledge and skills will, deepen the communication between 
team and department, create a harmonious working atmosphere. Organizational socialization colleague support dimension positively 
influence knowledge sharing behavior within the organization. Colleagues in the same working environment and nature may encounter 
similar problems in the work, if they can help and promote each other, naturally can promote the depth and breadth of knowledge sharing. If 
employees can understand the company, on the basis of the recognition admit organization vision of the future, employees can accomplish 
organizational goals, unity is strength, which will share their knowledge and skills. 
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Abstract: Since the beginning of twenty-first Century, the higher education has been developed to the popularization of higher education, 
the comprehensive development of talents training, the development of science and technology and the integration of knowledge 
communication. In 2005, China put forward the construction of innovative country policy, realize the power of higher education is an urgent 
need to the construction and development of colleges and universities in China take the road of innovation in our country, the 
implementation of the construction of innovative entrepreneurial local colleges and universities, to cultivate more talents of innovation and 
Entrepreneurship for national construction. Local colleges and universities in our country accounted for the majority of the University; this 
paper takes the local university as the research object. The construction of local colleges and universities need to clear its own position and 
development objectives, need to have the relevant evaluation indicators to reflect the situation of the construction of a local university, 
which has important significance to realize educational equity investment, optimize the allocation of educational resources. Since 2000, 
some domestic institutions and organizations have launched a local university ranking list, the corresponding evaluation ranking of local 
colleges and universities in China, provides guidelines and development goals launched these indicators for the local colleges and 
universities self-positioning. At present, for the local university ranking index is not perfect, the same standard of local universities in 
different categories, did not reflect the principle of classification, index design regardless of school size, index heavy quantity, light quality, 
compared with foreign, more scientific research index, do not pay equal attention to personnel training and scientific research, no reflect the 
school and local colleges and universities personnel training, scientific research and social service level etc.. Local colleges and universities 
in China many categories, due to different historical conditions of development, education investment, local colleges and universities 
located in different regions, and the national education policy constraints and other factors, the level of development of local colleges and 
universities and the development ability of different. The development of the local colleges should not take the side of the road between the 
different levels of thousands of schools, local colleges and universities should make a difference between the evaluation standard, the 
evaluation index system of local colleges and universities need to local colleges and universities should accord with the characteristics and 
the development of the road. To establish and perfect the corresponding evaluation index of innovation and entrepreneurship in local 
universities, benefit from the multidimensional angle to provide reference for the government in the allocation of educational resources and 
the adjustment of local universities, local colleges and universities to clarify their own development goals, adjust the orientation of school 
running, the features of running school; also help to enhance the school running efficiency, improve the local colleges and universities its 
comprehensive competitiveness, realize sustainable development better. In this paper, innovation and entrepreneurship in local colleges and 
universities as the research object, a comprehensive comparative study on evaluation subject classification and evaluation system suitability, 
evaluation index design, preliminary design of the evaluation index system of the university. First of all, this paper expounds the necessity 
of the existence of local colleges and universities, and the advantages and significance of the construction of innovative and entrepreneurial 
local colleges and universities. Secondly, the classification of the current situation of China domestic universities were summarized, 
describes the characteristics and the value of innovation and Entrepreneurship of local colleges and universities, to our existing local 
university ranking index system are reviewed, and some foreign local universities ranking list index are analyzed. Again, starting from the 
function of innovation and entrepreneurial type of local universities, combining with the innovation and entrepreneurship theory and SWOT 
theory, the system analysis of the index system of innovation and entrepreneurship local colleges and universities is carried out. Finally, 
according to the principles and basis of setting up the innovation oriented local university evaluation index, pay attention to the input and 
output factors in the index design, strengthen the capacity index of design, in order to reflect the fairness index, initially proposed by the 
input index, index of innovative talents and innovative technology research, research achievement index four level indicators and 25 two 
indicators consisting of innovative entrepreneurial evaluation index system of local colleges and universities. It is expected that it can 
provide reference for the optimization of the equity allocation of higher education resources, and provide reference for similar research. 
 
Keywords: local colleges and universities; innovation and entrepreneurship ability; evaluation index; system construction; CIPP model 
 
1. Introduction 

 
Since twentieth Century, the environment for the development of local colleges and universities in the development and changing, many 

countries in this form also began to explore the future development direction and path of local colleges and universities, some local colleges 
and universities to seize the opportunity, based on its own system of change, for the transformation of University, will focus on science and 
technology in transformation application and industry, the typical representative of the United States of Massachusetts Institute of Technology 
and Stanford University. Local colleges and universities and the transformation of our country is built in to create an innovative country this 
big policy background, the local universities should be based on its actual situation, the courage to self-breakthrough, seize the opportunity, 
innovation and construction of entrepreneurial university. Eighteen reports pointed out that the implementation of innovation driven 
development strategy [1]. "Scientific and technological innovation is the strategic support to improve the social productive forces and overall 
national strength, and must be placed in the core position of the whole country. To adhere to the road of independent innovation with Chinese 
characteristics, to plan and promote innovation in the global perspective, improve the original innovation, integrated innovation and the 
introduction of innovative ability to digest and absorb, pay more attention to collaborative innovation. Deepen science and technology system 
reform, promote the combination of science and technology and economy, accelerate the construction of national innovation system, and focus 
on building a business as the main body, the market as a guide, a combination of technology innovation system. Improve the knowledge 
innovation system, strengthen basic research, cutting-edge technology research, and social welfare technology research, and improve the level 
of scientific research and the ability to transform the achievements, to seize the strategic high ground of the development of science and 
technology. The implementation of major national science and technology projects, breakthroughs in major technical bottlenecks. To speed up 
the development of new technologies and applications, to enhance the technology integration and business model innovation [2]. Improve the 
evaluation standard of science and technology innovation, incentive mechanism, transformation mechanism. The implementation of 
intellectual property strategy, strengthen the protection of intellectual property rights. Promote efficient allocation of innovative resources and 
comprehensive integration, the whole social wisdom and strength to innovation and development." 2011, a total of 2409 ordinary colleges and 
universities. The number of students in Colleges and universities is 6 million 815 thousand, and the number of them is 6 million 82 thousand. 
2012 general local college graduates about 6 million 800 thousand people, a record high. In July 2010 promulgated the "national long-term 
education reform and development plan (2010-2020)" clearly pointed out: Local Colleges and universities to improve the management mode, 
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the introduction of competition mechanism, the implementation of performance evaluation, dynamic management." However, at this stage, 
China's local colleges and universities are faced with a series of problems: first, the classification is not clear, the teaching purpose is not clear, 
the teaching division of chaos. Two is the transformation of scientific research is not sufficient, the research results of the transformation 
process is too many, the efficiency is low. Three is the number of high-end technology is too small, the technology of gold is too low, the 
patent number is less, the economic contribution rate is low. Innovative and entrepreneurial university as a new type of modern university has 
a strong vitality and development space. However, local colleges and universities in the implementation process and create a steady pace more 
standardized, correct and rapid development, how to better promote the development of local colleges and regional economy, how to improve 
the new achievements of science and technology, how to realize the sustainable development of innovation, how to continue to build and 
improve the innovation of entrepreneurial university is. It is necessary to evaluate the index as a means of investigation and evaluation. 
Provide the reference evaluation index from the multidimensional perspective for local colleges and adjust the allocation of education 
resources, is conducive to the local colleges and universities to clarify their own position, adjust the orientation of school running; but also 
conducive to enhancing the efficiency of higher education, improve their comprehensive competitiveness, realize sustainable development 
better. At present, there is no unified scientific evaluation index system, and many local colleges and universities are facing an unfair 
evaluation. More hard school input and output evaluation index weight, and ignore the development of cultural soft index; index design of 
local colleges and universities regardless of size, only pay attention to the absolute quantity instead of quality, not considering the per capita 
contribution rate. In the dynamic direction of the sustainable development of local colleges and universities [3], there is no scientific index to 
carry on the objective evaluation and supplementary guidance. Statistics of innovation and entrepreneurship in local colleges and universities 
in China are shown in Figure 1 and 2. 

 
Figure 1. Statistics of innovation and entrepreneurship in local colleges and Universities. 

Lu Dengting pointed out that local colleges and universities in the long-term development, has two missions: one is to disseminate 
knowledge, and continue to explore on the basis of previous results and innovation, knowledge update in the social development trend. The 
two is to cultivate talent, to guide students to conduct in-depth, stimulate innovative thinking, and enhance the comprehensive ability not drift 
with the current. At present, the construction of an innovative country this background, local colleges and universities is regarded as 
"innovation" is an important subject indispensable, has the advantage of talent and technological advantage is obviously, therefore, the 
development path of innovation and entrepreneurial university is a long way to go. Local colleges and universities is the top science and 
technology research and development and transformation of the place, but also makes the birthplace of high-tech talent and innovative talents, 
one mission of local universities is to cultivate talent, in the increasingly fierce competition today, only cultivate innovative talents with high 
level of high-quality, comprehensive development level of Local Colleges and universities in order to enhance the overall, so as to further raise 
the competitiveness of our country[4]. As a local university, we should actively participate in the national innovative national construction of 
the trend to the training of students to do It differs from man to man. from different angles and different levels, different specifications, 
training and other aspects of the system integration, change the traditional mode of the original. Local colleges should be based on the 
combination of social enterprises, the establishment of practice base, more preferential policies, funds, increase funding support, encourage 
students to practice and practice, and according to the actual needs of the community, purposeful and targeted to innovation, the results can be 
applied to practical production process of enterprises to. Local colleges and universities can take science and technology and talent as a 
breakthrough point, with enterprises as a strategic partner, in the market situation has a correct understanding and foresight of the premise, the 
establishment of industrial parks or national science and technology park. Incubate high-tech industries, promote the upgrading of traditional 
industries, and vigorously assist knowledge and technology intensive enterprise development, innovation and entrepreneurial university not 
only to combine teaching and research, but also need to focus on innovation output. The successful experience of the Silicon Valley and the 
Cambridge Science Park has shown high levels of the university is the main force in the high-tech industry, is an important link and link 
between technology and economy. Innovative entrepreneurial universities need to continue to promote innovation, combined with its own 
reality, strengthen the research of experimental results, to guide the scientific research topics to meet the needs of the country's major strategic 
and industrial core technology to solve the needs of the industry. Focus on the results of industrialization and improve the efficiency of the 
conversion rate up, drive efficiency and employment, to achieve the development of green cycle. The university has been shouldering the 
guidance of social value, is the birthplace of the advanced culture, providing cultural soft power, for the construction of an innovative country 
university innovation, not blindly abandon the traditional culture, is to combine tradition and innovation, inheritance and innovation, to change 
the current local colleges and universities to theory. To instill knowledge as the main mode of teaching methods, must be accountable to local 
universities and reform system, change the way of education, cultivate the spirit of innovation from the source, and actively introduce 
innovative talents of knowledge and technology practice instruction. Innovative entrepreneurial university should be the courage to assume the 
mission of innovation and cultural development and heritage, with the power of innovative advanced culture to promote social progress [5]. 
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Figure 2. Sketch map of innovation and entrepreneurship evaluation index of local colleges and Universities. 

 
2. Construction of innovative and entrepreneurial universities requires a scientific evaluation system 
 
2.1 An overview of the scientific evaluation system 

 
The innovation of entrepreneurial university than other traditional universities, pay more attention to the development of a culture of 

innovation, in scientific research, pay more attention to the research and social practice, to meet the social needs of scientific and technological 
achievements, the research of the commercial industry, set up in the school curriculum, in addition to the general foundation course, opened 
entrepreneurship courses, more focus on technology development and application, strengthen the connection between University and society, 
not out of touch with society of talent training, can directly participate in the practice, in line with the needs of enterprises. The entrepreneurial 
university is put forward based on the proposition that the construction of innovative entrepreneurial universities, innovative talents and 
entrepreneurial talents should be more emphasis on university culture is a kind of equal relationship, universities in personnel training should 
pay attention to the cultivation of innovative talents, to the cultivation of entrepreneurial talents, in the process of talents cultivation. To 
enhance the ability of innovation and practice of talent. By the end of 2012, "Chinese research and promote the cooperation and Innovation 
Award" approved by the State Science and technology awards office, is China's only national award for research cooperation, to play the 
positive role of non-governmental awards, by units and individuals that have made outstanding contributions to the cooperative innovation in 
terms of recognition, widely mobilize the enthusiasm of political research, guide enterprises to gather innovative elements to promote 
industrial upgrading and economic restructuring, transformation of scientific and technological achievements. The state established the 
"outstanding contribution award", which shows the importance of the state to promote the university research cooperation. The government 
management department of education in the higher education investment is still lack of comparative measure of science and justice, resource 
allocation is still based on the traditional university scale and the traditional elite understanding and knowledge, not scientific assessment of 
colleges and universities from the angle of efficiency and benefit, universities must break the "thousand school side" education mode, 
characteristic the benefits, the running of the government should, from the angle of input-output of the school effectiveness and efficiency of 
scientific assessment, in order to implement the higher education investment optimal input-output ratio, improve the government limited 
education resources allocation optimization. What kind of higher education evaluation system and index of universities take what the road will 
play an important role of guidance, promote the university play the largest role in personnel training, scientific research, social services and 
cultural inheritance and innovation. Therefore, the innovation of entrepreneurial university needs a set of scientific and perfect evaluation 
index system, to correctly evaluate the specification, guidance, identify the location, and the innovation of entrepreneurial universities in the 
development of the problems appeared in the play the role of indicators, to maximize the innovation of Entrepreneurial University in science, 
technology and talent advantages better, promote the overall level of colleges and universities in China's development and promotion. The 
innovation of entrepreneurial university is a university recently, is a product of the trend of the times, to relieve the pressure of employment in 
our country is very good fit between the universities and the production department, a serious gap between the research results are not fast 
transformation phenomenon. This article from the status quo of innovation of Entrepreneurial University[6], expounds its necessity, through 
analysis and comparison of the current evaluation index system, combined with some foreign university evaluation index system on the basis 
of previous studies, the analysis of the current evaluation index system of advantages and disadvantages, hope to promote the development of 
innovative entrepreneurial university, thus promoting the development the evaluation index system of China's colleges and universities healthy. 
Through comparative analysis of existing evaluation indicators both at home and abroad, collate and summarize, fully understand all aspects 
of the situation, the party’s point of view. According to the research topic, this paper compares and analyzes the indicators in the index system 
of university ranking, analyzes and compares the relevant advantage indicators, and finally carries on the comprehensive optimization. On this 
basis, the paper puts forward the principles and basis for the construction of the evaluation index system of innovation and entrepreneurship, 
and finally designs the evaluation index system of innovation and entrepreneurship in China. 
 
2.2 Definition of innovative and entrepreneurial universities 

 
Entrepreneurial university is a university with self - reliance, self - development, and willing to take risks. Entrepreneurial University 

deepens the basic social functions of the University, compared with the traditional university; its biggest feature is that it highlights a special 
spirit of temperament and organizational characteristics. Yang Xinglin believes that the traditional university to entrepreneurial university 
change, to have a strong control of the core, but also an intermediary organizations or institutions, to be able to integrate the resources. Control 
the core is to be able to coordinate the new and old values, so that no conflict, and to adapt to and promote the development of the concept of 
university. The organization is in the University, internal research center, University Research Center, a center and between enterprises or 
social organizations are established, and the organization can promote scientific research with social development and the needs of enterprise 
production, at the same time can reduce the pressure of funds. Integration of resources is the soft power of Entrepreneurial University, that is, 
the concept of culture, innovation and entrepreneurship in a timely manner to update and adjust, and penetrate into the teaching concept, to 
promote the development and improvement of other factors. New York University professor Henry Etzkowitz that the entrepreneurial 
university is often university government policies to encourage its members to gain interest from knowledge capital increasing, the interest and 
desire and accelerate the blurring the boundaries of academic institutions and companies[7], the organization of knowledge and economic 
interests always closely linked to the application and return." The Burton Clark pointed out that the entrepreneurial university is on its own, 
active exploration on how to do it in the cause of innovation. It seeks to make a substantial change in the characteristics of the organization in 
order to achieve a more promising future ".”Entrepreneurial universities are seeking to become 'stand up' universities, which can act as an 
important actor in their own claims". And thus, the entrepreneurial university is a new university concept and mode of development, it is not 
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equivalent to the enterprise university, more is not simply equal to carry out entrepreneurship education in University; it is not narrowly of 
commercialization, more important is to make contributions for the development of economy and society, at the same time reflect the 
traditional function of teaching and research university. Industry university, refers to the extension of the traditional teaching and scientific 
research, undertake to promote national and regional economic and social development of the mission; play the main role of regional 
knowledge innovation, and establish a new cooperative relationship with government and industry; to enhance the quality of research and 
development, provide the impetus for innovation and Entrepreneurship with interdisciplinary research activities; derivative enterprises, 
technology transfer center, office and other pioneering organizations as the carrier, and actively carry out innovation activities; combining 
entrepreneurial culture and academic culture, the new University of traditional culture and new culture as a whole. As a new concept and 
development model, innovative entrepreneurial university has been accepted and recognized by more and more colleges and universities. 
From the functional perspective, innovation and entrepreneurial universities pay more attention to culture and explore the innovation ability, 
pay attention to the social demand as the priority, vigorously improve and adapt to social needs basic science research and application 
technology development ability, pay attention to the transmission of the heritage of traditional culture and new culture [8], to drive the 
University's strategic innovation forward continue forward. In essence, the creation and development of university teaching mode and the 
traditional innovation of entrepreneurial universities are very different, it is not a single theory of cultural knowledge teaching university, not 
to cultivate a professional skill based colleges, and to study the primary research university is far. This innovative entrepreneurial university 
and this has strong scientific research strength, the traditional background has a profound basis of academic research, but also has a strong 
ability to innovate technology to develop innovative talents; in addition to the cultivation of high-quality talents innovation entrepreneurial, 
essential for close integration of school and society is innovation and entrepreneurship University, but also focus on joint efforts of universities 
and enterprises. At the same time to strengthen the research on the school based, pay more attention to the feasibility study of correlation, its 
research contents and practical achievements into mass production technology, closely focusing on the needs of the economic output of 
scientific research and market, can provide high rise original technology development and cultivating self-innovation for the development of 
the society and regional economic. Therefore, in the entrepreneurial university is put forward based on the proposition that the construction of 
innovative entrepreneurial university, innovative talents and entrepreneurial talents should be more emphasis on university culture is a kind of 
equal relationship, universities in personnel training should pay attention to the cultivation of innovative talents, to cultivate entrepreneurial 
talents, in the process of talents cultivation in enhancing the ability of innovation and practice of talent. I think, can be innovative 
entrepreneurial university is defined as: innovation and entrepreneurial university is innovative knowledge, and knowledge into practical 
productivity fruitful, training more entrepreneurial talents of the university. 
 
2.3 Evaluation index system 

 
The evaluation index system of colleges and universities refers to the evaluation system which is composed of a series of indicators that 

reflect the various related factors of colleges and universities to achieve sustainable development. At present, these indexes are different from 
the main body of evaluation mechanism, the emphasis is different, and the content is not the same. The evaluation is mainly through various 
aspects of universities and colleges educational achievement evaluation index provides a variety of information about running status in 
Colleges and universities, in order to reveal the operation situation of university organization and contribution to the society, provide related 
information for managers and stakeholders to provide guidelines for improving organizational performance, so as to better to realize the 
development, improve the comprehensive strength, absorb excellent talents, scientific research and innovation. At the same time, the index 
system is also an open form of social supervision and evaluation in Colleges and universities. For some parents of students in the college 
entrance examination, university ranking has great influence on their choice behavior, helps people to deepen the understanding of the 
development of colleges and universities, and the requirements of evaluation index system of the greatest degree of objectivity and impartiality. 
With the rapid development of society, the progress of science and technology, the need for high level talents is increasing, as the cradle of 
university high level personnel training, its importance is self-evident, under the new era, every kind of universities also have emerged, 
however, how to make a scientific and reasonable evaluation of many universities is particularly important. To evaluate the University, not 
only need a standard, need a reasonable and scientific assessment system, and the design criteria and indicators are affected and restricted by 
university classification, different schools need to use different standards, different standards just need indices. To sum up, to colleges and 
universities a reasonable classification and orientation is to develop and adapt the premise of scientific evaluation index system, in addition, a 
reasonable classification and orientation, it can guide university development at all levels of good and quick. British educator Chatok said: "the 
most basic form of diversification should be created and maintained in different types of higher education, higher education and create and 
maintain various subclasses in each class in higher education, the university has its own characteristics." At present, there are many kinds of 
classification methods in the world. The classification of colleges and universities is not a simple sense of the category, but in line with the 
actual situation of Chinese colleges and universities to join the international situation of the development of the standard. According to its own 
characteristics and social functions, the State Education Department divides the universities into different types. This classification will be the 
competition mechanism into the same type of universities, through the horizontal comparison, to play a guiding role in running resources, 
maximize the overall efficiency of educational resources. Its characteristics are diversity, complexity and relative stability. After the vertical 
analysis, different types of colleges and universities can learn from each other, draw on the advantages and strengths of different types of 
colleges and universities, the allocation of resources have a regulatory role. At the same time, but also to strengthen the joint between the 
colleges and universities [9], mutual contact, and common progress. Chen Min suggested that the university is divided into three categories: 
the first category is the elite university, followed by the public university; the last category is the combination of the two, namely the elite - the 
common university. Elite university is a master of the graduate students as the main source of colleges and universities, representative of the 
University of foreign first-class university. Popular university, which is more close to the public life of the University, unlike the elite 
university of the threshold is a bit high, relatively easy to school. And the third type is a combination of two types, both elite education and 
mass education. The construction of an innovative country, the core of which is to enhance the ability of independent innovation as the 
strategic basis for the development of science and technology, walk the road of independent innovation China characteristics, promoting the 
great leap forward development of science and technology; is to enhance the ability of independent innovation as the adjustment of industrial 
structure, change the growth mode of the central part, the construction of a resource-saving and environment-friendly society. To promote the 
national economy to develop faster and better; is to enhance the ability of independent innovation as a national strategy, through to the 
modernization construction in all aspects, stimulate the innovative spirit of the nation, the cultivation of high level creative talents, establish 
systems and mechanisms conducive to independent innovation, and vigorously promote the theory innovation, system innovation, 
technological innovation, and constantly consolidate and develop Chinese the characteristics of the great cause of socialism." Building an 
innovative country, talent is the key. Therefore, the classification of colleges and universities in China should be based on the needs of many 
types of talents in the construction of innovative country. In our country at present, and no scholar will innovate the entrepreneurial university 
system into a formal categories, but there are still some scholars on the basis of the actual situation in our country, in accordance with the 
functions of university put forward the classification idea: one is the innovative university; one is the innovation of Entrepreneurial University; 
one is traditional university [10]. Scientific research innovation university mainly focus on the original results, on the basis of the basic theory 
research as the guide, in the cultivation of technological innovation talents with outstanding achievements; innovative entrepreneurial 
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universities pay attention to professional, pay attention to scientific and Technological Development and achievements of absorption, pay 
attention to the cultivation of innovative entrepreneurial talent; traditional universities focus on the knowledge inheritance and propagation, 
cultivation professional skill builders. Evaluation indicators in many factors affecting the university ranking, play a fundamental role. 
Scientific evaluation indicators play a correct guide and banner role for the development of colleges and universities, the university is a 
necessity of self-perfection. If there is no scientific evaluation indicators, the evaluation results will be difficult to be fair and reasonable, it is 
difficult to convince the public. In the world, all countries put forward the index system to carry out the university ranking according to the 
specific situation of the country. From the process of the evaluation system can be seen in the evaluation system: Nihon University is the first 
university to carry out self-evaluation, and then evaluation of university evaluation of University of science and Specialized Committee system. 
At the end of twentieth Century, many universities conducted a comprehensive self-assessment, and the university evaluation of the 
Specialized Committee until the beginning of twenty-first Century was established. The order of evaluation system of the College (the first 
internal evaluation, external evaluation) is to follow the law of development of university evaluation, step by step, at the same time earlier in 
order to carry out the latter evaluation system and the system has laid a solid foundation. To sum up, the evaluation index system in foreign 
countries can be used for reference in terms of data sources, evaluation system, and the selection of indicators. First of all, the use of foreign 
metadata is the ranking index system is very accurate, from the University's official website and inside can see or collected, at the same time, 
these data sources are legal protection, no one shall be arbitrarily tampered with, and otherwise there will be legal sanctions, in a way that 
ensures the evaluation justice. Secondly, the evaluation system, the evaluation is not a single unilateral foreign rating agencies, but between 
universities and evaluation mechanism both interactive and proofreading the result, the expectations of the University, does not produce 
deviation is too great; also reflect the human side of the evaluation index system. This evaluation system of our country is concerned; it is also 
worth learning from. Third, the evaluation index, the quality evaluation index system in foreign countries pay more attention to the graduates, 
the output index contains graduation rates, graduation rates, school reputation, alumni donations and so on, the innovation of entrepreneurial 
university evaluation index of the indicators and the research is closely related to the evaluation index system of innovative entrepreneurial 
university should on the entrepreneurial innovation and entrepreneurial innovation output index after different[11]. 
 
2.4 Research on evaluation index system of domestic universities 

 
The subject of university evaluation is the evaluation mechanism, and then by these institutions selected indicators, data screening and 

processing, using the weight calculation method, evaluation form after making a comprehensive analysis of the results, university evaluation is 
for the public. The main way of university evaluation is through the network and survey. The organizers of the evaluation of China's 
universities involved a wide range, including the national research institutes, universities, information technology companies and websites and 
so on. At the beginning of 1980s, the first attempt of domestic university rankings is some non-governmental organizations, and the official 
authoritative list in December 23, 1992 by the State Science and Technology Commission by the national government ministries in the name 
published in the "people's Daily". University evaluation development to today, the evaluation institutions are gradually enriched by the original 
single. From the transmission of evaluation results, the official is the evaluation of the government, is to point out that colleges and universities 
in the deficiencies in the work, the results are not open to the public, only in the internal communication system in Colleges and universities; 
on the other hand, private institutions are now emerging, using multidimensional means, in addition to the general academic journals and so on, 
but also make full use of the huge call network, for the groups than the former more civilians. In 1993, China Management Science Research 
Institute published research and development in 1991 China University in the top 100, the ranking technology belongs to the individual 
rankings, the achievement, the input-output ratio is complementary, involving a total of 25 indicators. In 2001, the index has made an 
important adjustment, the two level index system for three level index system, the formation of the 2 level indicators, 4 level two indexes, 24 
level three indexes, then basically stabilized, only some small additions and weight adjustment. The index system mainly considers the 
personnel training and scientific research, in personnel training, the graduate student training and the training of undergraduate statistics. 
According to the scientific research of natural science research and social science research are statistics, the index system of science and 
engineering disciplines in comprehensive universities, liberal arts and professional complete university has obvious advantages in the 
evaluation, for colleges and universities, the index score will obviously in the unfair position. In addition, the index design cannot objectively 
reflect the contribution of universities in social services. 2013 evaluation system followed the 2012 and 2011 indicators of the highlights of the 
system, that is, alumni donations". This concept is developed from abroad, it is commonly used in the evaluation index system of foreign 
universities, and it is an important standard to evaluate the first-class universities in foreign countries. The alumni association is the first to 
apply this index into the evaluation system of China's institutions, China's colleges and universities to the international lead and line. However, 
the evaluation index system of too much emphasis on these index outstanding alumni, at the same time in the scientific research index, too 
much published in the scientific journal Nature and the results of this paper and other paper magazine or core journals should also can be used 
as the standard of one [12]. 
 
3. Evaluation system model 
 
3.1 Introduction of CIPP model 

 
The American scholar J Taafel Bhim (Stufflebeam, D.L.) proposed the CIPP model on the basis of the reflection of Taylor's behavior 

goal model in 1967. CIPP evaluation model consists of the first letter of the four assessment activities: 1 background assessment, 2, input 
assessment, 3, process assessment 4, the results of the assessment. CIPP evaluation model. These four kinds of evaluation provide information 
for different aspects of decision making, therefore, the CIPP model is also called decision oriented evaluation model. The CIPP evaluation 
model provides a comprehensive guide to the assessment of projects, engineering, staff, products, associations, and systems, especially those 
that are prepared to carry out long-term development and hope to achieve sustainable improvement. The content of the CIPP model is defined 
as: to understand the relevant environment; diagnosis of special issues; analysis of training needs; determine the training needs; identify 
training opportunities; develop training objectives, etc. Identifying training needs and setting the training objectives is the main task. The input 
contains the evaluation matters: collect training resource information; evaluation of training resources; to determine how effective use of 
existing resources to achieve the goal of training; to determine whether the project planning and design of the overall strategy to assist external 
resources. The purpose of process assessment is to provide information feedback to those who are in charge of the implementation of the 
training program, and to revise or improve the implementation process of the training program. The evaluation process mainly through the 
following ways: to achieve insight into the potential causes of failure in the process of training implementation, put forward the reason to 
exclude potential failure of the scheme; unfavorable factors in the process of training implementation failure, put forward methods to 
overcome the unfavorable factors; analysis and description of things and in the actual implementation of training; analyze and judge. With the 
distance of the target; to provide relevant decision-making and established new decision-making and implementation process in the training 
course, with the other stages of the evaluation, process evaluation also need to establish on the basis of relevant information. The collection of 
information and data can be used both formal and informal methods. These methods include feedback tables, grade scoring tables, and analysis 
of existing records. CIPP evaluation model has significant characteristics. In particular, it is the characteristics of the whole process, process 
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and feedback. The so-called full characteristics, is that it really will assess the activities throughout the teaching process of each link. Or that 
any step of it and training activities occur: connecting the background assessment corresponding to identify training needs and determine 
training objectives link; assessment of input corresponding to the training strategy and training plan and design steps, evaluation process 
corresponding to the implementation of the training steps. The so-called process characteristics, its performance are the focus of the 
implementation of the training program to monitor the implementation process. In order to make the training items remaining between 
potential causes, may lead to the failure of the implementation process of the unfavorable factors and training target distance becomes clear, 
also make the program can be improved constantly according to strategy[13], strategy adjustment or methods, timely and appropriate in the 
implementation process. The so-called feedback characteristics, that is, the CIPP model clearly put forward the results of the assessment can 
be carried out in the training, but also in the training of the. That is to say, the CIPP model is not only to training after the results evaluation, 
the feedback significance work more on subsequent training programs, also hope of the outcome of the assessment in training, in order to 
make it more meaningful feedback effects on training activities are carried out. Practice shows that the hand will once again improve and 
promote the training process provide more useful basis and dynamic evaluation training in the implementation of the results, the other side just 
will help to fully tap the potential and strengthen the college students learning motivation. The schematic diagram of the CIPP model is shown 
in Figure 3. 

 
Figure 3. Schematic diagram of CIPP model. 

 
3.2 An overview of SWOT analysis theory 

 
SWOT analysis method is used to determine the competitive advantage and disadvantage, opportunity and threat, which will be a 

scientific analyzing method and strategy of company's internal resources and external environment organically. The so-called SWOT analysis, 
namely the internal and external competitive environment and under the conditions of the situation analysis based on SWOT analysis method, 
is closely related with the study of the various major internal strengths, weaknesses and external opportunities and threats, enumerated through 
investigation, and in accordance with the matrix, and then use the idea of system, and the various factors match each other together to analyze 
and draw a series of conclusions from the conclusion, and usually with a certain decision. By using this method, we can make a 
comprehensive, systematic and accurate research on the situation of the research object, so as to make the corresponding development strategy, 
plan and countermeasures according to the research results. S (strengths) is the advantage, W (weaknesses) is a disadvantage, O (opportunities) 
is the opportunity, and T (threats) is a threat. In accordance with the concept of enterprise competition strategy, the strategy should be an 
enterprise "can do" (i.e., the organization's strengths and weaknesses) and "can do" (i.e., opportunities and threats) between the organic 
combinations. SWOT analysis method from a sense of belonging to the enterprise internal analysis method, that is, according to the 
enterprise's own inherent conditions for analysis. SWOT analysis has the basis of its formation. Competitive strategy expert Michael famous. 
Potter puts forward the theory of competition from the industrial structure of an enterprise "can do" are analyzed and explained thoroughly[14], 
and the ability of school management experts are using the value chain deconstruction of corporate value creation process, the emphasis on the 
analysis of the company's resources and capabilities. SWOT analysis is based on the front of the two, to resource school scholars as the 
representative of the company's internal analysis (1980s interim management academic authorities who are concerned the research orientation, 
ability to school as the representative) analysis and external competitive environment (i.e. the early strategy research focus of the theme 
Michael, Andrews and Potter as the representative). Together, forming a balance system structured system analysis. Compared with other 
analytical methods, SWOT analysis has significant structural and systematic characteristics from the start. In terms of structure, first of all, the 
SWOT analysis method is shown to construct the SWOT structure matrix, and the different regions of the matrix are endowed with different 
analytical significance. Secondly, the main theoretical basis of the SWOT analysis method is also emphasized from the analysis of the 
structure of the enterprise's external environment and internal resources analysis. SWOT analysis shows the intent as shown in Figure 4. 
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Figure 4. Schematic diagram of SWOT analysis. 

 
3.3 Research status and analysis of evaluation index system of University 

 
How to make colleges and universities in the implementation of the new era and the process of creating a steady pace of more 

standardized, correct and rapid development, university evaluation indicators as a means of investigation and evaluation is very necessary. The 
evaluation index from a multidimensional perspective for the adjustment and allocation of education resources to provide reference and help 
colleges to clarify their own position, adjust the orientation of school running; but also conducive to enhancing the efficiency of higher 
education, better development. At the same time, it also provides a reference for other types of colleges and universities to carry out evaluation 
research. At present various universities evaluation more and more social attention, but the existing evaluation system did not reflect the 
principle of classification, but the basic is to use the same set of evaluation index system, some colleges and universities in order to improve 
their rankings, expand awareness, strive for students, the ranking index system of loopholes, or not when using means to improve the ranking 
objective. In a ranking of the present, there is no lack of such a mechanism in order to seek their own interests, resort to deceit, ranking make 
impractical. So, in order to strengthen the construction of our country's ranking system, create a good competitive environment, hierarchical 
classification, continuous improvement and encourage the evaluation index system is necessary, we should strictly prevent the illegal 
phenomenon, to the sustainable development of our university to provide fair open environment to promote its ranking, good health and 
development. At the same time also hope that this can be introduced as soon as possible the relevant laws and regulations. And, with the 
classification and hierarchy of evaluation index system, not only makes the evaluation of contemporary all kinds of colleges and universities 
have certain pertinence, but also can promote the development of better and more scientific and comprehensive. The maximum current 
situation of colleges and universities in China is not balanced, the uneven transverse aspects: teaching resources are not balanced, the source 
power is not balanced, teachers are not balanced, the local economic development is not balanced, the local government support is not 
balanced, the state funds support imbalance, social organization participation strength is not balanced, and so on. However, objectively 
speaking, the university evaluation mechanism is not fair to generalize all colleges and universities. While the vertical, many universities in 
China have their own characteristics, such as liberal arts colleges, science and engineering colleges, comprehensive university, Career 
Academy, colleges, and liberal arts colleges cannot be used or are used to evaluate the evaluation of Career Academy College of science and 
engineering benchmarks to measure itself, at the same time, nor will the disadvantage index advantage index College of Arts and science and 
Engineering School of the comparison, this is not scientific. The ideal objective evaluation system should be arranged, science and engineering 
have ranked liberal arts college rankings, Career Academy ranked. Ranking indicators in the setting should focus more on the per capita 
number, rather than focusing on the total number of purposes, so that more can reflect the fairness. 
 
4. Enlightenment and reflection on the construction of innovative and entrepreneurial universities based on the innovation theory 

 
The eighteen reports, "innovation" is still the key words, to see the stage of basic research in China is still relatively weak, slow 

development process driven by innovation, scientific and technological level of our country compared with developed countries there is still a 
big gap. According to the innovation theory, we can think about the construction of innovative and entrepreneurial universities from the 
following aspects: first, the innovation technology. Economist Inpet in his theory of innovation is especially emphasized the important role of 
innovation for economic development. Only when the available technology into real productivity, promote the improvement of productivity, is 
the innovation of technology, which is essential for our innovative entrepreneurial universities put forward higher technical requirements, 
further catalytic research the universities, enterprises and society of mutual cooperation, mutual promotion, play the advantages of colleges 
and Universities Based on sexual cycle, enterprise and society need to work at the same time, enterprises and society timely feedback of 
information to research universities, constantly revised and improved, the university should take the initiative to play its talent advantage, the 
advantage of scientific research advanced production technology research and development and the top problem to tackle, and foreign experts 
and scholars can also communicate and Cooperation and improve the conversion rate of scientific research achievements. Second, the 
innovation of University system. Colleges and universities in China have long been more emphasis on scientific research and education, which 
have ignored in technological innovation and practice, which requires innovation from the university system and the education system, from 
the management system, including teaching settings, change from the enrollment mechanism and the evaluation system above, refined to 
universities, including the teachers and students performance assessment, curriculum setting, competition mechanism, end elimination 
mechanism, credit system, opened a minor course and so on a series of innovative change. And the innovation and reform of the system at the 
same time, it also plays a role in promoting the technological reform of colleges and universities. Again, the cultivation of innovative spirit. 
Economist Inpet believes that entrepreneurs must have a spirit of innovation. Chinese universities to cultivate entrepreneurs, entrepreneurs 
must be strengthened in the ideological concept of the training of students.The new education is the core of the spirit of innovation, in order to 
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cultivate students' innovation ability as the goal, to stimulate students' innovation consciousness, when faced with failure of courage, and 
constantly improve the comprehensive quality of the students, at the same time you can set some reward mechanism, innovation and 
technology innovation activities and encourage students to actively participate in national competitions, the undergraduate entrepreneurship 
education as required class, is the Ministry of education to develop new requirements with the spirit of innovation and entrepreneurship talents 
in Colleges and universities. For teachers, but also actively innovation, actively change the teaching methods, changing teaching methods and 
content obsolete, and encourage and participate in student exchanges, being a missionary, lead the students to participate in the research and 
development of science and technology. The spirit of innovation including innovation theory, should use scientific theories to guide the 
innovation and development of innovative and entrepreneurial university development, colleges and universities should actively introduce this 
talent, abandon old ideas originally, with new innovation theory to guide students[15]. 
 
5. Summary and prospect 

 
The objective evaluation can play a guiding role for the healthy development of colleges and universities, and the accuracy of the 

evaluation index system should be based on accurate data based transparent source, from the source to ensure the accuracy of data acquisition, 
data from the index system to ensure the credibility, to get recognition. The establishment of this system not only has a great reference value to 
the evaluation index system of University in China, but also provides convenience for the horizontal and vertical comparison of universities 
themselves. Therefore, colleges and universities to establish and perfect the database information system is very necessary, in the Education 
Department of the government under the unified coordination based index design in the Chinese college at present information database 
system to solicit the views of experts and scholars on the improvement of data collection information system, and timely public release of real-
time data, quantitative data further accurate to a digital data acquisition, convenient to researchers, but also provide a sufficient basis for the 
government's macroeconomic policy. To establish and perfect the evaluation index system, and guide the healthy development of colleges and 
universities, improve the comprehensive strength of colleges and universities in our country in the world and so on, only rely on the system of 
higher education or university's own efforts are not enough, also need government departments, joint efforts of many aspects of the social 
organizations and enterprises and to participate, school evaluation encourage and support social organizations to participate in private colleges 
and universities, to provide financial support to carry out related research on research institutions and social organizations at all levels, from 
various views, multi subject and perfect the evaluation index system of colleges and universities in china. In order to guide the independent 
running of college and the characteristics of running school, completely breaking the current national college "one side" of the school model. 
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Abstract: In recent years, with the rapid development of computer technology, automation technology and network technology, intelligent 
and network has become the development direction of greenhouse environment control, cultivation and management of greenhouse crops 
has also begun to focus on energy conservation and sustainable development. Jilin area winter long and cold, summer short and warm, day 
and night temperature difference, and the basic temperature and temperature change compared with other regions are very different. The 
existing control system is a fixed control system, which cannot be changed with the user's requirements and seasonal changes. The effects of 
environmental factors of greenhouse crop growth, the function and characteristics of regulation of environment parameters of the actuator 
used in the greenhouse were analyzed comprehensively, and on this basis, according to the micro environment of greenhouse control 
requirements and characteristics of the general intelligent control system case. In view of the micro environment of greenhouse is a multi-
variable, strong coupling, time-varying controlled object, accurate mathematical model cannot be established, and the control effect of 
conventional switch or control cannot get the ideal, this paper is based on the results of previous studies, the design of fuzzy intelligent 
controller based on fuzzy control theory. The study also designed a fuzzy PID controller of the greenhouse control system, and uses the 
improved genetic algorithm the fuzzy PID controller of two inputs and three outputs of the optimized triangle membership function and 
fuzzy control rule base width. The optimized fuzzy PID controller is simulated and compared with the conventional PID controller and the 
fuzzy PID controller. A set of remote intelligent control system design of fuzzy control based on this research, the control system consists of 
four parts: one for PC remote control client, a server and as a PC as the greenhouse controller chip stc15f2k60s2 and data acquisition system 
and an actuating mechanism. The greenhouse controller can display the temperature, humidity, light intensity and CO2 concentration of the 
greenhouse in real time, and the running state of the actuator. And according to the control instructions sent by the host computer to control 
the implementation of the indoor temperature. The field layer mainly comprises a temperature sensor, a humidity sensor, a light intensity 
sensor, a data acquisition system and a data acquisition system. The experiment shows that the system has friendly interface and easy to 
operate, can display the running status of greenhouse environment parameters and actuators, and be able to control greenhouse environment 
intelligent control strategy, environmental parameters can be controlled in the range of set value, create a suitable environment for the 
growth of cucumber. In addition, the control parameters such as the temperature and humidity of the system are easy to be modified to meet 
the needs of different crops. Technical personnel or management personnel in different provinces, city and even different countries can run 
through the remote control of greenhouse environment monitoring state machine convenient and actuators, to achieve the purpose of 
downsizing. 
 
Keywords: fuzzy control strategy; greenhouse remote control; intelligent control; genetic algorithm; PID control algorithm 
 
1. Introduction 

 
Greenhouse production is a high input, high output of the industry, in which, the proportion of energy consumption accounts for a large 

proportion of capital investment. Greenhouse winter production needs to consume a large amount of energy. Global agricultural production in 
a year in the greenhouse heating up the energy consumption of 35%, the total cost of greenhouse production of 15% ~40% for the cost of 
greenhouse energy consumption. Greenhouse production of a variety of advanced technologies and facilities, through the adjustment of 
various environmental parameters, control the operating conditions of various devices in the greenhouse, to provide a suitable environment for 
growth. The application of advanced automation technology, communication technology, network technology, application software 
development platform, developed the control system of greenhouse environment model, the control system for the development of control 
software with friendly user interface, set the appropriate parameters for each environmental factor, so that the performance of the control 
system to improve the control effect, comprehensive optimization of greenhouse environment factor. The remote control system of the staff, 
even if not on the scene, also can understand to the real-time control of the greenhouse, and can carry out the artificial control of the 
greenhouse actuator, greenhouse managers can conveniently, timely and accurate information to the required information, and take 
corresponding measures [1], in order to create a more suitable environment for greenhouse crop growth, saving manpower, saving resources. 
Light, temperature, humidity, CO2 and soil environment all have a great impact on the growth of crops in the greenhouse. The system of these 
environmental parameters are adjusted by the greenhouse intelligent control, can effectively improve the environmental conditions of crop 
growth, the crop growth under suitable temperature and humidity conditions, so as to improve its yield and quality. At present, the research of 
greenhouse environment control at home and abroad mainly includes: the design of hardware and software of control system, the optimization 
combination of control algorithm, the simulation of the greenhouse environment and the research of energy saving and environmental 
protection. External shading, shading, roof, side window, exhaust fan, wet curtain pump, circulating fan, lights, water spray system, irrigation 
system, heating system, etc. These are the common greenhouse actuator. Through the supporting hardware equipment, control the running 
state of these executive agencies, regulate the temperature, humidity, light intensity and CO2 concentration of the greenhouse, so as to provide 
suitable environmental parameters for the growth of the crop. In different regions, winter greenhouse climate is not conducive to crop growth 
under the condition of heating in the greenhouse heat storage system is different, such as bedrock, phase change material, the heat pipe heat 
exchanger system, solar heating systems, water coupled heat exchanger system, ground heat exchanger system, although the material is 
different, but the common purpose is as far as possible the rational use of energy, save energy, protect the environment. The current commonly 
used MCU controller still greenhouse structure of general and cheap, SCM is responsible for receiving the data acquisition system and the data 
uploaded to the host computer, and then according to the control strategy set to achieve control action of the actuator. Such as Wang Qingzhu 
development of the greenhouse group monitoring and control system, can measure temperature, humidity, CO2 concentration and soil 
moisture content and other parameters and CO2 concentration alarm [2]. Qi Yunhe, such as the design of the new quasi distributed greenhouse 
control system, the upper layer of the computer management, and receive data acquisition data acquisition, the realization of the underlying 
system control. The programmable logic controller (PLC) is easy to program, has strong expansibility and high reliability, so it is used in the 
hardware design of the control of the greenhouse. Chen Guohui uses the programmable controller and industrial control configuration software 
for solar greenhouse in Heilongjiang province forest botanical garden to design the hardware and software of a control system. Wang Zhiguo 
designed a PLC is used as the core of intelligent greenhouse environment control system, hardware and software structure of the system is 
designed, using the typical PID control algorithm, realizes the intelligent environment control system consists of many sensors and control 
equipment. But because of its high price, it is difficult to be widely used in the greenhouse control system. In the signal transmission, the 
transmission distance of RS485 bus to 1200m, the transmission speed of 76.8kpbs, the distributed control system for greenhouse environment, 
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which can communicate with the remote weather station, in order to obtain greenhouse temperature and humidity, light intensity and other 
parameters, and the upper computer and the greenhouse controller also can communicate. Sun Zhongfu established a greenhouse monitoring 
system, PC computer and digital sensors connected via the RS-485 bus, on-site monitoring system through the GPRS is connected to the 
Internet to send information and real-time acquisition of WEB data server. The German BOSCH company developed CAN bus has the 
characteristics of good reliability and high error detection ability therefore, widely used in automatic control system, bad environment and 
strong electromagnetic radiation, vibration etc. in industrial environment. It has a two-way transmission and intelligent node, Sun Xingshuai 
distributed greenhouse environment monitoring system based on CANopen protocol, constructs a CANopen slave node, using the VB 
software development of greenhouse monitoring system, system of greenhouse field sensors and various environmental control equipment for 
the greenhouse environment factor acquisition and real-time control. In recent years, with the rapid development of wireless communication 
technology and network, Zigbee, GSM, GPRS, WEB, Internet and other wireless transmission and remote monitoring technology is widely 
used in the design of the greenhouse control system. Greenhouse control system schematic diagram shown in Figure 1 and 2. 

 
Figure 1. Schematic diagram of intelligent greenhouse control system. 

 
Figure 2. Schematic diagram of intelligent greenhouse control system simulation. 

Both hardware system and control algorithm can affect the performance of the system. Control algorithm is reasonable, affect the control 
effect of the comprehensive environmental factors. Reasonable control algorithm is beneficial to the intelligent control system of the 
greenhouse. The control object of the greenhouse environment is complex, which has the characteristics of strong coupling, time variation, 
large lag and large inertia [3]. The control effect of the traditional PID method is always not ideal. The PID control has good robustness and 
simple algorithm and application in the process control method is widely used, but the parameter setting is more complex, if the parameter 
tuning is bad, it will affect the performance of the system. The traditional fuzzy controller are often based on expert or operator according to 
the actual operating experience of vague semantic knowledge or knowledge to design according to the statistical relationship between the input 
output data of the system in operation. This kind of subjectivity and randomness has certain restriction to the control quality of the fuzzy 
controller. Therefore, the combination of fuzzy control and PID, neural network design of greenhouse controller, compared with the use of one 
of the separate algorithm will achieve better results. Particle swarm algorithm is good at solving nonlinear and non-differentiable problem, its 
global search ability is very strong, but the speed is slow and prone to premature convergence in the late stage of evolution; BP neural network 
nonlinear approximation ability is very strong, but the gradient descent algorithm is easy to cause it to fall into the local optimal solution and 
the initial value sensitivity; global searching ability of genetic algorithm is better, the solution space in all solutions can be quickly searched 
out; but due to its poor local search ability, leading to premature convergence problem; simulated annealing algorithm has the ability to break 
away from the local optimal solution, but understanding it for the entire search space is not much, a strong dependence on the parameters, so 
the operation efficiency is not high, the rate of evolution is slow. Therefore, a large number of researchers will be a variety of intelligent 
algorithms to optimize the combination of complementary advantages, so as to improve the control performance of the system. In order to 
understand the structural characteristics of the greenhouse, the greenhouse climate conditions and the impact of crops on the microclimate of 
the greenhouse, the greenhouse can be modeled and simulated, so that it can be convenient and intuitive understanding of the information 
needed. The structure design of the greenhouse and the prediction of the environment can be modeled and simulated, so that the data of the 
growth model of the greenhouse crop can be obtained through the simulation results. Modeling and Simulation of greenhouse environment, is 
the foundation of establishing the intelligent control of the greenhouse microclimate, can promote the qualitative management of facility 
agriculture in China, can make the transition from extensive operation to greenhouse automation and intelligent management. The effects of 
temperature, humidity, light intensity and carbon dioxide concentration in the greenhouse environment factor, the maximum temperature on 
the growth and yield of crop, the appropriate temperature not only has a direct impact on the growth and yield of crops, but also can affect the 
growth rate of crop and inhibit the occurrence of pests and diseases, is an important factor in greenhouse the control system, so in the design of 
control system, based on other environmental factors, should consider the influence of temperature on crop. Energy conservation, 
environmental protection is a topic of common concern of all countries around the world, the development of the greenhouse industry also 
pays attention to energy conservation and sustainable development, focusing on energy saving technology research. The energy consumption 
of greenhouse mainly includes light, electricity, heat, water and fertilizer. Greenhouse energy saving is a measure to reduce energy 
consumption in the production of greenhouse crops. To take the hardware facilities of the greenhouse, the operation management of the 
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greenhouse also should pay attention to strengthen the awareness of energy conservation. In the pursuit of economic interests, pesticide abuse 
phenomenon existing in the production, resulting in pest resistance, form a vicious spiral, consumers pay more attention to the problem of 
pesticide residues in agricultural products, and we need to adopt non chemical control method. Use different methods to make the hardware 
and software design of greenhouse environment control system, the design of a variety of methods, the control accuracy of the designed 
control system is also different, for the effectiveness of saving energy control and the difference is also great. The wireless transmission 
control system, intelligent signal has become the research focus of environmental control, the control method of segmented and artificial 
control combination has been unable to meet the modern requirements of the control system, considering the economic growth and 
environmental factors, crop production control model will be the further development direction. Although the fusion control algorithm is 
varied, but in the process of controller design, cannot be too much emphasis on control precision, should be combined with the growth model 
of crop environment control and pay attention to economic production, strengthen the combination of theory and practice. People pay more 
and more attention to energy conservation, greenhouse space utilization such as multi support tray system using the document in full, the use 
of ground heating system temperature theory, will reduce energy consumption, the irrigation system adopts fuzzy control strategy to conserve 
water resources etc. Single use of a method can be effective energy saving, for a variety of ways to integrate the savings initiatives have yet to 
be further studied [4]. 
 
2. Key technologies involved in the system 
 
2.1 Fuzzy control theory 

 
The control method of the basic thought and theory of fuzzy mathematics. In the field of traditional control, the control system dynamic 

model is the most important key to control the quality of the control system. The more detailed information, the more precise control can be 
achieved. However, for complex systems, because of too many variables, it is often difficult to accurately describe dynamic system, so the 
engineers use various methods to simplify the dynamic system, to achieve the purpose of control, but it is not ideal. In other words, the 
traditional control theory has a strong and powerful control ability for the explicit system, but it is powerless for the system which is too 
complicated or difficult to describe accurately. So we try to deal with these control problems with fuzzy mathematics. The fuzzy theory 
simulates the process of human's thinking, that is, to observe, think, judge and make decision. L.A.Zadeh proposed the exclusion principle, 
when increasing the complexity of the system; the clear ability will be reduced, when reaching a certain threshold, clarity and complexity will 
repel each other, so they have a fuzzy control. Fuzzy control does not need to know the mathematical model of the control object, it is the 
control rule which is summed up by a lot of actual operation data, and the control strategy is expressed in natural language. The greenhouse is 
a complex control object, nonlinear, time-varying, strong coupling, large inertia and large delay characteristics, the traditional method of 
greenhouse control effect is not ideal, the greenhouse environment system with fuzzy control is very suitable. Fuzzy mathematics was founded 
by Zadeh, a great contribution to the control system is not clear, since 70s, some practical controller have emerged, so that we in the control 
field and a big step forward, this article on the fuzzy control theory to do a Asuke[5]. Fuzzy logic control (Logic Control Fuzzy) referred to as 
fuzzy control (Control Fuzzy), is based on fuzzy set theory, fuzzy language variables and fuzzy logic inference based on a computer digital 
control technology. In 1965, the United States L.A.Zadeh founded fuzzy set theory; in 1973 he gave the definition of fuzzy logic control and 
related theorems. In 1974, E.H.Mamdani was the first time in the United Kingdom to constitute a fuzzy controller based on the fuzzy control 
statement, and it was applied to the control of boiler and steam engine. This pioneering work marks the birth of fuzzy control theory. The 
fuzzy control is essentially a kind of nonlinear control, which belongs to the category of intelligent control. One of the characteristics of fuzzy 
control is not only systematic theory, but also a large number of practical application background. The development of fuzzy control was 
initially met with great resistance in the West; however, in the East, especially in Japan, it has been widely used. In recent 20 years, fuzzy 
control has made great progress both in theory and technology, and it has become a very active and fruitful branch in the field of automatic 
control. The typical application relates to many aspects of production and life, such as fuzzy washing machine, microwave oven, air 
conditioning, vacuum cleaners, camera and camcorder in household appliances; water purification treatment, fermentation process, chemical 
reaction kettle, cement kiln etc. in the field of industrial control; in the special system and other aspects by subway station parking, car driving, 
elevator, escalator, steam engine and robot fuzzy control. The fuzzy controller consists of four parts: (1) fuzzy. The main role is to select the 
input of the fuzzy controller, and the fuzzy was converted to system identification, it includes the following three steps: first, the input can 
meet the processing demand of the fuzzy control; second, transform the input value; third, to determine the value of fuzzy language and the 
corresponding membership function of the input the amount of. (2) rule base. Set up fuzzy rule base according to the experience of human 
experts. Fuzzy rule base contains many control rules, which is a key step in the transition from the actual control experience to the fuzzy 
controller. (3) fuzzy reasoning. Knowledge based reasoning and decision making. (4) solution fuzzy. The main function is to control the output 
to the control output. The schematic diagram of fuzzy control is shown in Figure 3. Select the control variable to have the system 
characteristics. Control variable selection is correct; the performance of the system will have a great impact. For example, when the position 
control, the system output and the set value of the error amount can be used as the input variables of the fuzzy controller. Generally speaking, 
can choose the system output, output variation and output error and output error variation and the total quantity of output error, the fuzzy 
controller language variables, specifically how to choose depends on the understanding of the system for engineers and professional 
knowledge. Therefore, experience and engineering knowledge play a very important role in the selection of control variables [6]. 

 
Figure 3. Schematic diagram of fuzzy controller. 

 
2.2 Introduction to genetic algorithm 
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The genetic algorithm (Genetic Algorithm) is a computational model of biological evolution process of natural selection and genetic 
mechanism of the simulation of Darwin's theory of biological evolution, is a kind of method to search the optimal solution through simulating 
the process of natural evolution. The genetic algorithm starts with a population (population) representing a potential solution set, and a 
population is composed of a number of individuals (individual) encoded by the gene (gene). Each individual is actually a chromosome 
(chromosome) with the characteristics of the entity. The chromosome as the main carrier of genetic material, which is a collection of genes, 
the internal performance (genotype) is a combination of genes, which determine the external performance of the individual shapes, features 
such as the black hair is a combination of genes from chromosome in control of the characteristics of the decision. Therefore, in the beginning, 
it is needed to realize the mapping from the expression to the genotype, which is the coding work. Because after the gene encoding is complex, 
we tend to simplify, such as binary encoding, after the initial population have, in accordance with the principle of survival of the fittest and the 
survival of the fittest, generational evolution (generation) to produce more and better approximate solution, in every generation, ask according 
to the fitness of individuals in the domain of the problem size (fitness) selection of individual genetic operators (selection), and with the help 
of natural genetics (genetic operators) the combination of Cross (crossover) and mutation (mutation), produces a new population 
representative solution set. This process will lead to a group of the same generation of natural evolution population is more than the previous 
generation to adapt to the environment, the best individual in the population after decoding (decoding), can be used as the approximate optimal 
solution problem. The genetic algorithm (Genetic Algorithm) is a type of reference biological evolutionary laws (survival of the fittest, 
survival of the fittest genetic mechanism) evolved random search method. It was first proposed by Professor J.Holland in 1975 in the United 
States, its main characteristic is to operate directly on the structure of the object, there is no derivation and limited function continuity; with 
global internal implicit parallelism and better optimization ability; using probability optimization methods, can automatically obtain and 
optimize the search space and adaptively adjust the search direction, do not need to determine the rules. The properties of genetic algorithms 
have been widely used in the fields of combinatorial optimization, machine learning, signal processing, adaptive control and artificial life [7]. 
It is the key technology of modern intelligent computing. Genetic algorithm is also used in the field of Computer Science in the field of 
artificial intelligence to solve the optimization of a search heuristic algorithm, is a kind of evolutionary algorithm. This heuristic is usually 
used to generate useful solutions for optimization and search problems. Evolutionary algorithm was originally developed from some 
phenomena in evolutionary biology, including genetics, mutation, natural selection and hybridization. The genetic algorithm has the potential 
to converge to the local optimal, but not the global optimum, when the fitness function is selected. The genetic algorithm starts from the string 
set of the problem solution, but not from a single solution. This is a great difference between genetic algorithm and the traditional optimization 
algorithm. The traditional optimization algorithm is from a single initial value of iterative optimal solution easily strayed into the local optimal 
solution. Genetic algorithm starts from the string set search, the coverage is big, is advantageous to the overall merit. With the expansion of 
application fields, the study of genetic algorithm appeared a few remarkable new trend: one is the machine learning based on genetic algorithm, 
which is a new research topic from the genetic algorithm optimization has the discrete search space search algorithm is extended to the unique 
rules of the generation function of new machine learning algorithm. This new learning mechanism brings hope to solve the bottleneck problem 
of knowledge acquisition and Optimization in artificial intelligence. The two is the genetic algorithm and neural network are increasingly, 
fuzzy reasoning and chaos theory and other intelligent computing methods of mutual penetration and combination, this technology will be of 
great significance to develop new intelligent computing in twenty-first Century. Three is the parallel processing of the genetic algorithm is 
very active. This research not only to the development of genetic algorithm itself, but also for the new generation of intelligent computer 
architecture research is very important. Four is the genetic algorithm and another called artificial life new research areas are constantly 
infiltrated. The so-called artificial life is rich and colorful life of the natural phenomena simulation by computer, including biological, 
evolutionary and adaptive immune phenomena is an important research object of artificial life, and the genetic algorithm in this regard will 
play a certain role, five is the genetic algorithm and evolutionary programming (Evolution, Programming, EP and Strategy (Evolution) 
evolution strategy ES, etc.) the increasing integration of evolutionary computation theory. EP and ES are almost at the same time, and the 
genetic algorithm developed independently, with the genetic algorithm, intelligent computing method are simulating the evolutionary 
mechanism of nature is the same, the genetic algorithm has similarities, but also have their own characteristics. At present, the comparison 
between the three studies and the combination of each other is the formation of hot spots. Genetic algorithm schematic diagram shown in 
Figure 4. 

 
Figure 4. Schematic diagram of genetic algorithm. 

 
2.3 Design of PID controller 

 
In industrial production process, the temperature, pressure, flow, liquid level and other process variables are often required to be 

maintained at a certain value, or change according to a certain law to meet the requirements of the production process. PID controller is based 
on the PID control principle of the entire control system to adjust the deviation, so that the actual value of the controlled variable and the 
predetermined value of the process requirements. Different control laws can be applied to different production processes, and the 
corresponding control laws must be chosen reasonably, otherwise the PID controller will not achieve the desired control effect. PID controller 
is a common feedback loop component in industrial control applications. The controller compares the collected data and a reference value, 
then this difference is used to calculate the new input value, the new input value is to let the system data can reach or maintain at the reference 
value. And other simple control operation is different, PID controller can adjust the input value according to the historical data and the 
difference of the emergence rate [8], this can make the system more accurate, more stable. It can be proved that a PID feedback loop can keep 
the stability of the system in the case of other control methods, which can lead to stable error or repetitive process. The measurement results of 
the system are decided by the sensor controller, an output device controller to react measurement results are obtained from the sensor, and then 
use the results to get the measurement results of demand minus error. The error is then used to calculate a correction value for the system to be 
used as a result of the input, so that the system can eliminate the error from the output result. In a PID loop, this correction value has three 
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algorithms to eliminate the current error, the average past error, and the change of the error to predict future errors. For example, if a water 
tank is to provide water for a plant, the water in the tank needs to be kept at a certain height. A sensor is used to check the height of the water 
in the tank, so that the measurement results are obtained. The controller will have a fixed user input value to indicate the water level of the 
water tank, assuming that the value is maintained at 65% of the amount of water. The output of the controller is connected to a water valve 
controlled by a motor. Open the valve will give the water tank; shut the valve will let the water drop in the water tank. The valve's control 
signal is the variable that we control; it is also the input of the system to maintain the water level of the water tank. The PID controller can be 
used to control any variables that can be measured and can be controlled. For example, it can be used to control temperature, pressure, flow, 
chemical composition, speed and so on. The automobile cruise control function is an example. Some control systems put a number of PID 
controllers in series, or link to a network. In this case, a master controller may be the result of other control outputs. A common example is the 
control of the motor. We will often need to have a motor control speed and stop at a certain location. In this way, a sub controller is used to 
manage the speed, but the speed of the controller is managed by a master controller that controls the position of the motor. Proportional 
integral control is not ideal for the controlled object with time lag [9]. The so-called "time lag" refers to: when the controlled object perturbed, 
controlled variables have no immediate change, but there is a time delay, such as capacity lag, the proportional integral control is slow, not 
timely. To this end, it is envisaged that: according to the deviation of the changes in the trend to make the corresponding control action? Like 
the experienced operator, according to the deviation of the size of the valve opening changes (proportion effect) and, according to the 
deviation rate of change size is expected to appear in advance, excessive control, "nip in the bud". This is the differential control law with the 
function of "advance" control. The magnitude of the output of the differential controller depends on the speed of the input variation. A 
schematic diagram of a typical PID controller is shown in Figure 5 and 6. The most ideal control is proportional integral differential control 
law. It sets the length of the three: both the role of a timely and rapid, and the elimination of the role of the integration of residual capacity, as 
well as the differential role of advanced control functions. When the deviation step occurs, immediately greatly differential action, this 
inhibition deviation jump; proportion and eliminate deviation, the deviation amplitude decreases, because the ratio is lasting and play a major 
role in the control law, which make the system more stable and integral role; slowly overcome residual. As long as the three control 
parameters are chosen properly, it can give full play to the advantages of the three control laws, and get the ideal control effect. The parameter 
tuning of PID controller is the core content of the control system design. It is based on the characteristics of the controlled process to 
determine the proportion of PID controller coefficient, integration time and the size of the differential time. PID controller parameters tuning 
methods are many, summed up in two categories: one is the theoretical calculation method. It is mainly based on the mathematical model of 
the system, through theoretical calculation to determine the controller parameters. The calculated data obtained by this method may not be 
directly used, but also have to be adjusted and modified by engineering practice. Two is the engineering setting method, it mainly depends on 
the engineering experience, directly in the control system of the test, and the method is simple, easy to master, in engineering practice is 
widely used. PID controller parameters of the engineering setting method, the main method of the critical ratio method, the response curve 
method and the attenuation method. Three methods each have their own characteristics, their common point is through the test, and then 
according to the engineering experience formula to the controller parameters setting [10]. 

 
Figure 5. Schematic diagram of PID controller. 

 
Figure 6. Schematic diagram of integral operation. 

 
2.4 Internet of things technology 

 
The definition of networking technology is: through radio frequency identification (RFID), infrared sensors, GPS, laser scanners and 

other information sensing equipment, according to the agreement, will anything connected to the Internet, information exchange and 
communication, to achieve a network intelligent identification, positioning, tracking, monitoring and management them. "The basis and core 
technology of the Internet of things" is still the "Internet technology" is a network technology based on Internet and the extension of the 
technology, the extension and expansion of the client to any goods and goods, to exchange information and communication. The Internet of 
things (Internet of Things) refers to the ubiquitous (Ubiquitous) terminal equipment (Devices) and (Facilities), including facilities with "innate 
intelligence" sensors, mobile terminals, industrial system, CNC system, home intelligent facilities, video monitoring system, and "external 
enable" (Enabled) the different kinds of assets such as labelling of RFID (Assets), a mobile wireless terminal and personal vehicles and so on 
"intelligent object or animal" or "smart dust" (Mote), through a variety of wireless and / or wired long distance and / or short distance 
communication network to achieve interoperability and Application Integration (M2M) (Grand Integration), and cloud based SaaS operation 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                                       215.6 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/215 

 

mode in the network (Intranet), network (Extranet), and / or the Internet (Internet) environment, using appropriate information security 
mechanism to provide real-time online monitoring, positioning and tracing, safe and controllable personalized alarm linkage, dispatching, plan 
management, remote control, security and remote maintenance, online upgrade, statistics, decision support, leadership (showcase Cockpit 
Dashboard desktop) management and service functions, to achieve the "all things" "high efficiency, energy saving[11], safety and 
environmental protection" "management, control and operation integration. The typical architecture of the Internet of things is divided into 3 
layers, which are the perception layer, network layer and application layer. The core competence of the perception layer to achieve things 
overall perception, is the key technology, standardization, networking industry in an urgent need to break the key part lies in having a more 
accurate and more comprehensive perception, and solve the low power consumption, miniaturization and low cost. The network layer is 
mainly based on the mobile communication network coverage as infrastructure, is the most mature standard part of the Internet of things in the 
highest level of industrialization, the strongest, and is the key for Internet application features to optimize the system, the formation of the 
perception of the network. The application layer provides a rich application, combined with the demand of information network technology 
and industry, realize the wide application of intelligent solutions, the key lies in the development of industry integration, the development and 
utilization of information resources, solutions, low cost and high quality information security and effective business model. The schematic 
diagram of the Internet of things technology is shown in Figure 7. Through the sensor network, can collect the required information, the 
customer can use RFID reader and related sensors in practice to collect the required data information, when the gateway terminal through the 
wireless network convergence, the fortune easily transported to the specified application system. In addition, the sensor can also use ZigBee 
and Bluetooth technology to achieve the purpose of effective communication with the sensor gateway. Most of the sensors on the market can 
be detected in most of the relevant parameters, including pressure, humidity or temperature, etc. Some specialized and high quality sensors can 
also detect important water quality parameters, including turbidity, water level, dissolved oxygen, conductivity, algae blue element, pH value, 
chlorophyll and so on. The use of sensor gateway to achieve the convergence of information, while the use of communication network 
technology to enable information can be transmitted over a long distance, and successfully arrived at the designated application system. Our 
wireless communication network mainly has WLAN, 3G, LTE, GPRS, and 4G is still the pilot phase. The M2M platform has the 
authentication function, so it can provide the necessary service for the customer terminal management, at the same time, for different access 
methods, which can successfully access the M2M platform; it can be more smooth and convenient for data transmission. In addition, M2M 
platform also has a certain management capabilities, which would be effective management of user authentication, data routing, etc. And for 
the BOSS system, which has a strong accounting management function, so in the Internet of things business has been widely used. Business 
application system mainly provides application services necessary, including smart card Home Furnishing service, service, quality monitoring 
services, serving the people, not only for individual users, can also for industry users and home users. In the IOT system, there is more than 
one communication interface, the communication interface is not standardized, and in networking applications, the relevant laws and 
regulations is not perfect, which is not conducive to the development of the security of the Internet of things[12]. 

 
Figure 7. Sketch map of the Internet of things technology. 

 
3. Design of control strategy for greenhouse control system 
 
3.1 Study on control strategy of greenhouse 

 
Temperature, light, air, soil, water and biological factors on the main factors that influence the growth and development of crops, these 

environmental factors interact, mutual influence, for the crop growth and development plays a comprehensive effect. The environmental 
parameters of the greenhouse environment control system designed by this research are selected such as temperature, humidity, and light 
intensity and CO2 concentration. The temperature has the comprehensive effects on crop growth, it can not only affect the crop photosynthesis, 
transpiration and respiration and other metabolic processes, also can directly through the effects of soil temperature and crop water absorption 
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effect and dredge, can also affect the organic synthesis and transport process. The three basis points of the influence of temperature on crops 
include the lowest temperature, the optimum temperature and the maximum temperature. Crops can only grow in the lowest and highest 
temperature range. Air relative humidity is one of the important factors that affect the water uptake and transpiration of crops. It directly 
affects the crop transpiration rate, the soil moisture is sufficient, if the crop has certain water retention capacity, so low air humidity, 
transpiration is strong, water and nutrients will be absorbed by the root increased, easy to accelerate the growth of crops. If the air humidity is 
in a saturation state for a long time, it will inhibit the growth of the crop, resulting in the decline of the quality of the crop. Humidity also has a 
close relationship with the occurrence of crop diseases and insect pests; humidity is big, easy to cause a variety of diseases and insect pests. 
Light is the energy source of photosynthesis, which affects the quality of seedlings, plant growth and yield. Light conditions have a great effect 
on the photosynthesis and respiration of crops, and the light is too strong to burn the crops, and the light is less time to cooperate with it. The 
requirements of different types of crops of different light, some love light environment, some love growth under low light conditions, but also 
some of the crops can grow under full light conditions, can also endure moderate weak light environment. The same plant in different 
developmental stages of light environment requirements is not the same. Some crops such as seedling shade, plant hi yang. CO2 is the main 
raw material for photosynthesis, and it is an important factor to affect the yield of crops. Without it, there would be no photosynthesis. CO2 
concentration in cloudy days to be significantly higher than the clear, sunny days when photosynthesis is more vigorous than the cloudy, the 
amount of CO2 consumed in the greenhouse is a big day. Temperature, humidity, light and other controlled variables affect each other, and a 
change of environmental factors will affect the other environmental factors. Such as the increase of greenhouse light intensity led to the 
decline in temperature and humidity. Therefore, in the design of control strategy, we should consider the interaction between the various 
environmental factors [13]. 
 
3.2 Control method for greenhouse environment 

 
The control parameters of the greenhouse control system designed by this research include temperature, humidity, and light intensity and 

CO2 concentration. Including the main actuator control: external shading, shading, the top of the window, wet curtain window fan, valgus, 
wetcurtain pump circulation fan, lights, air conditioning, heat preservation and CO2 generator etc. Temperature control of the greenhouse, first 
open the sunroof and wet curtain window eversion of natural ventilation; the control effect is not ideal, open the blower and the wet curtain 
eversion window, by forced ventilation cooling; to high temperature, open the wet curtain fan cooling system. In summer, the weather is sunny 
and hot, humidity is too small, the transpiration is strong, and the crop water loss is fast. The wet curtain cooling system is an effective method 
to increase the air humidity. In addition, the greenhouse is also provided with a spraying device, and the spraying device can also increase the 
humidity of the greenhouse. This study is based on the planting of cucumber based greenhouse as the research object, by changing the 
parameters of each greenhouse implementation to control greenhouse temperature, humidity, and light intensity and CO2 concentration 
operation mechanism, to create the most suitable growth environment for the growth of crops. Multi factor coupling control strategy is adopted, 
and the control mode is divided into two kinds of spring, summer, autumn and winter. Spring and Autumn period control mode, in one day, 
using four temperature management mode is temperature management according to the four morning and in the afternoon, evening and night 
phase respectively with different temperature. Control parameters including temperature, humidity, light intensity and CO2 concentration, etc. 
Including the main actuator control: external shading, shading, the top of the window, wet curtain window fan, valgus, wet curtain circulation 
pumps, fans, lights and so on, in order to reduce the frequent implementation of electric hoist, the environmental data collected every 30min to 
PC, decided by computer control strategy. No matter what season of spring, summer and autumn and winter, the environmental control 
equipment in the greenhouse will not start when the environmental parameters are in the appropriate range. But the temperature inside the 
greenhouse is suitable for growing crops, which cannot represent the micro climate in the greenhouse. But for air does not flow in temperature 
(no wind) under the condition of crop derived relative humidity is not appropriate, thus causing breeding and crop diseases of poor growth. 
Many of the greenhouse, which has environmental control equipment, still has disease and poor growth in the spring and the wet season, the 
reason is that the air is not flowing [14]. 
 
3.3 Alarm parameter settings 

 
Cucumber is a warm season crop. When the temperature falls below 10~12, the physiological activity of plants is imbalance, the growth 

is slow or stop growing. It is not resistant to high temperature, the temperature above 32 degrees Celsius, photosynthesis began to decline. 
When the temperature exceeds 35 degrees, the physiological activities of cucumber will be a barrier. When the temperature reached 40 degrees 
Celsius, the growth was almost stopped. Cucumber is wet and not drought resistant; it requires high soil temperature and air humidity. The soil 
moisture is suitable for 85%--90%. The humidity of air is suitable for 70%~90%. The light saturation point of cucumber is generally 5.5~6 
million LX, the light compensation point is 2000lx, the optimum light intensity is 2~6 million LX, 10 thousand LX below the growth and 
development is bad. The suitable CO2 concentration of cucumber was 1000~1500ppm. Set the upper limit of the alarm, the lower limit of the 
alarm, the confirmation time and duration as the alarm parameters. When the environmental parameters of the greenhouse are detected beyond 
the set alarm parameters and continue for a period of time, the system will alarm. In addition, when the temperature outside there is heavy rain 
and strong wind and other adverse weather conditions on greenhouse crops, emergency measures should be taken in the open state, manually 
close the sunroof, wet curtain window, valgus wet curtain water pump and fan, so as to avoid greenhouse crops causing unnecessary harm. In 
the stagnant air, resulting in the boundary layer also indirectly contributed to the condensation surface of crops, also after the sprinkler 
irrigation operation of greenhouse crops, water droplets on the surface is not easy to evaporate, the formation of water droplets on the leaf 
surface, which is conducive to the survival of bacteria, fungi and spores, mycelium help crops to make further. Rapid propagation of disease. 
In order to solve the above problems, the greenhouse environment should be ventilated in a timely manner. In addition to the fan, the 
greenhouse is also equipped with circulation fans, circulation fan running, only in the internal cause of air flow, without the introduction of 
outside air, so the internal temperature does not affect. 
 
4. Design and implementation of the system 

 
The control system consists of a remote control PC (Personal Computer, personal computers), a computer and multi single chip to realize 

communication between the various devices through the bus, depending on the choice of different serial port monitoring and management of 
multiple greenhouse, PC using PC machine, and the use of Visual C++ 6 for intelligent greenhouse the control software, receiving machine to 
transmit the data acquisition system to collect the data, and compared with the set value, and control decision by intelligent software, the crew 
sent control instructions to control the actuator. The middle layer of greenhouse MCU controller has the ability to communicate with the 
bottom node and top level host computer, the core component is a single chip microcomputer stc15f2k60s2 with dual serial ports. MCU 
programming environment for the KEIL4, the preparation of the language for the C language. MCU receives the host machine through the 
serial port to send data, and the running state of the greenhouse environment parameters and actuator to PC, PC environment according to the 
received parameters compared with the set value, and then the lower computer sends out the control command, to drive the actuator to open 
and close. The bottom layer is mainly composed of a variety of sensor data acquisition system and the regulation of the implementation of the 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                                       215.8 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/215 

 

greenhouse environment. The sensor comprises a temperature sensor, humidity sensor and light sensor, actuator including top window, 
window, valgus wet curtain fan, shading, shading, heat preservation, water pump, wet curtain lights, CO2 generator, air conditioning and 
circulation fan. The control switches of each actuator are encapsulated to the scene of the greenhouse control cabinet, control actuator control 
circuit of the switching on and off through the MCU controller on the AC contactor control relay, in order to achieve the intelligent control 
effect. PC is the core of the intelligent control system of greenhouse. It has a lot of functions, such as issuing the control directives, setting the 
parameters of the greenhouse environment, controlling the running state of the executing agencies in the greenhouse. It can modify the 
greenhouse temperature and humidity and illumination settings, data storage, through the intelligent control strategy for greenhouse 
environment control, and to provide users with convenient and friendly visual monitoring interface. In order to ensure the safe operation of 
intelligent greenhouse control system, the software with the administrator password, do not know the password control interface will not enter 
the greenhouse intelligent control system; it will not be able to control any operation system. Only the correct input password can be 
successfully entered the control system, or will pop up the error prompt box. In addition the system login interface is also provided with a 
"change password" button to modify the password to enter the original password, and then enter the new password two times, only the original 
password is correct and two times the new password to be consistent, password revision to be successful. It should be noted that the new 
password cannot be equal to the original password, otherwise it will pop up a prompt box, and the new password cannot be equal to the 
original password". After the correct input of the greenhouse intelligent control system password, it entered the greenhouse intelligent control 
system of the main interface. The data receiving module is mainly through the machine and the corresponding temperature, humidity and light 
intensity sensor to the environmental factors monitoring, collection, display, processing and preservation operation, save the collected data into 
Access. The parameter setting module is designed according to the requirements of the different growth stages of the crop, which provides 
reference data for intelligent control. The state display module for displaying the operation state of each actuator field, either automatic or 
manual control by intelligent, or to open or close the control through a remote manual control of the indoor temperature actuator [15], 
greenhouse controller will of all executive agencies to open or close the operation and running state each actuator returns the host computer 
and display actuator status bar shown in the following image. The login screen of the system is shown in Figure 8. 

 
Figure 8. System login interface. 

 
5. Summary and prospect 

 
With the rapid development of computer technology, control technology, network technology, control of the greenhouse environment is 

to achieve intelligent and network, also began to focus on energy conservation and sustainable development of crop cultivation and 
management. In this paper, all glass greenhouse cucumber planted mainly as the research object, through the acquisition of greenhouse 
temperature and humidity, illumination and other environmental information, analysis of characteristics of various environmental factors in the 
greenhouse, designing reasonable control strategy, establish a remote control system of intelligent greenhouse environment system, to achieve 
the greenhouse crop growth and provide a suitable environment for the growth the improvement of crop yield and quality, saving energy 
consumption, so as to achieve efficient and high-quality production of greenhouse crops. The fuzzy PID controller of the greenhouse control 
system was designed, and the membership function and fuzzy control rules of the fuzzy controller were optimized by the improved genetic 
algorithm. A greenhouse intelligent control system software and a greenhouse remote control system software are designed. Greenhouse 
intelligent control system software includes human-computer interaction interface module, data receiving and display module, parameter 
setting module, control strategy module, status display module and communication module, and so on. The remote intelligent control system 
in greenhouse experiment, showing good control effect, can provide a good environment for the growth of greenhouse crops, improve crop 
yield and quality, saves manpower, and can guarantee the normal operation of the greenhouse. 
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Abstract: The Regional Entrepreneurial Environment of continuous improvement and stimulate entrepreneurial activity of new high tide, to 
promote the high tech enterprises to become the new regional economic growth has important theory significance and the practice value. 
This paper based on the theory of social filtering, the 2001 related data of 31 provinces and cities of our country regional entrepreneurial 
environment in 2012, build filtration index of Regional Entrepreneurial Environment in three dimensions, use panel data model to do 
empirical test. The results show that the regional entrepreneurial environment has a significant positive effect on economic growth, but there 
are regional differences. According to the characteristics of different regions, the optimization of regional entrepreneurship environment and 
the promotion of new and high-tech enterprise policy recommendations are proposed. 
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1. Introduction 

Entrepreneurial activity as an important power source of regional economic development focused by the Chinese government and
scholars in recent years, has increasingly become a bridge of knowledge and technological achievements commercialization process. 
Regional entrepreneurial environment is a series factors of affecting collection that are various services provided for entrepreneurial activity 
in a region. China Global Entrepreneurship Monitor Report (2014) clearly pointed out: China's TEA (early entrepreneurial index) ranks in 
the top, while the level of entrepreneurial environment ranking 36 among the 69 GEM countries and regions participated in observation. 
This shows that after China joined the WTO, continuous improvement in the entrepreneurial ability and entrepreneurial environment level, 
but because of the historical limitations, the support capability of entrepreneurial environment is still weak and has a big gap, especially in 
different regions. How regional business environment effect industry and the relationship of the promotion in national or regional economic 
growth still remains to be explored. Katz (2003) said that a good business environment can provide business-oriented environment, promote 
entrepreneurship economic development, coordinate the development of regional economy. Zahra & Wright (2011) highlighted the 
contribution that the business environment research should be strengthen in Entrepreneurship Research, scholars at home and abroad has 
made some progress in this filed, but it is still unsatisfactory. How to correctly understand the business environment with Chinese 
characteristics, focus on entrepreneurial environment research hypothesis constructed and use the method of cross-level analysis of 
entrepreneurial environment research has become the future direction of the entrepreneurial environment studies [1]. China is in an 
important period that is a long-term and innovation-oriented economic development time , and based on" the chain longitudinal direction, 
transverse of a plane" as the main feature of the industrial cluster that seems to have become a new regional economic growth. Therefore, 
under the realistic background of high-tech industrial clusters, further the exploration of regional economic growth in the business 
environment is necessary. 

In recent years, the international magazine has published many essays under the regional economic integration which is based Chinese 
scenario, economic globalization, the quantity and quality of research has rapid risen. The entrepreneurial activity, entrepreneurial 
environment research from China has become the world featuring the new category management important research questions. Regional 
business environment for domestic and foreign scholars conducted extensive research, but the lack of systematic and authoritative comb. 
Summarizing the research achievements of foreign entrepreneurial environment, it is easy to see, scholars mainly from two schools’ studies 
one is population ecology theory genres, the other one is resource dependency theory schools. 

Thus, a successful business depends on whether the area where the entrepreneurs with their business environment to fully adapt to fuse 
efficiently, whether the various internal and external business environment factors remain highly concerned. Only driven by an 
entrepreneurial available resource to fully meet the demand, enterprises will be able to create success. [2] The adequacy of resources and 
entrepreneurial business environment mainly by the regional decision to choose good regional entrepreneurial environment has also become 
entrepreneurs develop entrepreneurial decision primary consideration. Only driven by an entrepreneurial available resource to fully meet the 
demand, enterprises will be able to create success. The adequacy of resources is determined by the entrepreneurial environment, at the same 
time choosing a good regional entrepreneurial environment has also become entrepreneurs primarily take into consideration when they 
develop entrepreneurial decision. Therefore, scientific evaluation, proper consideration of all environmental factors entrepreneurial levels, 
prompting new ventures related resources can start and development strategy, the main elements of the regional economy as a whole to 
match the target to become the core idea of resource dependent flow. 

Since the reform and opening up, China has entered a transition from a planned economy to a market economy in the economic 
restructuring. At this stage of economic restructuring, China's economy has developed by leaps and bounds, and the government strongly 
encouraged economic liberalization on the basis of the formation of a more liberal market economy, has gradually become a major force in 
the world's emerging economies, but there are also many problems, the most critical path to tackle these issues is the reform of the economic 
development model in essence, to promote economic growth from resource-driven growth in transition to the innovation-driven growth. [3] 
Under this situation, domestic and foreign scholars have done a lot of empirical research to explore the regional business environment 
factors and the impact on economic growth. Li & Wang study of Chinese literature in the field of entrepreneurship systematic analysis 
pointed out that entrepreneurship has become one of the region to promote regional economic growth, core power, and excellent regional 
entrepreneurial environment directly determines the degree of development of regional economic growth. Soetanto study shows, create a 
good business environment, create various types of Venture intermediary organizations (business incubators, etc.) is created to promote 
high-tech enterprises, the development of the effect is significant policy tool in the region. Empirical Study Schwartz show that the new 
start-ups have received regional innovation network in the agency conduct business incubator, which is significantly higher than the success 
rate of entrepreneurship of which did not receive incubator services business. 

In summary, the The first research hypothesis presented in this article that: 
H1: the relationship between the regional business environment and regional economic growth was a significant positive correlation. 
H1a: the relationship between the market environment and regional economic growth was a significant positive correlation. 
H1b: the relationship between regional economic growth and financial environment is a significant positive correlation. 
H1c: science and technology relationship between the environment and regional economic growth as a significant positive correlation. 

2. Variables, data, and model building 
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2.1 selected variables 

 
Scholars research mainly focus on industry cluster degree evaluation, development and optimization of regional entrepreneurial 

environment Evaluation System [4, 5], a number of dimensions of each individual selected indicators explain the correlation between the 
relevant factors [6]. Continue to develop and optimize the regional business environment evaluation index system for future scholars to 
study regional business environment indicators provide library and dimensions. But studying in selecting a single index division in the 
Institute dimensions, and there is no single indicator which has overall effect can not represent it in the dimension .Therefore, in this study 
will be divided into regional business environment market environment, financial environment and technological environment, citing the 
theory of regional entrepreneurial environment impact studies on regional economic growth, social filters [7]. 

"Social filtering" was put forward by the psychologist Erich Fromm. In his thought with the continuous evolution of society, by every 
member of society will eventually own practices, communication, life experience, work experience, etc. gradually form a specific system 
and scope, and the scope of such a system would each experience, speech, behavior, put forward different levels of rules, as filters are 
generally play in restricting only through filtration language, logic and social taboos by social constraints test, people's experience, speech, 
behavior can rise to consciousness [8]. Rodrguez was first introduced in the economic management of research in the field of social filter of 
an assignment means complex variables and empirical test. But this article will social filter thought of an assignment means of complex 
variables, empirical studies "social filter" the use of scientific research methods, certain indicators delete selection, merger, conversion of 
complex variables representative of significance, to reflect where the dimensions of the overall level of these variables as possible by 
comparison with the dimensions of a single indicator has a more powerful representation, but also to make the results more relevant 
empirical research practically [9]. 

Purpose of study is to measure the impact area of the entrepreneurial environment for regional economic growth, so in summary put 
forward hypotheses on the basis of previous studies, according to research hypotheses selected study variables. For by selecting variables 
selected by scholars widely accepted analysis variables: 2001-2012 gross provincial production (GDP), intends to build a linear model to 
describe the regional relations business environment and economic growth, according to Chen Wei, Lee Xiao, Jiang Hong, Xie, Rodrguez 
and other scholars to develop and optimize the regional business environment evaluation of different types of extracts corresponding 
indicators build econometric model to build market filtration, financial filtration technology filter three filter index [10]. 

Select the text 2001 - - 2012 31 provincial-level administrative units of panel data, study sample size was 372 Mainland China, the raw 
data from the "China Statistical Yearbook", "Regional economic China Statistical Yearbook" (2002--2013).This article will be divided into 
regional business environment market environment, financial environment, science and technology of the three dimensions of the 
environment, the market environment in which the choice of selecting the total import and export, sales of consumer goods, passenger traffic, 
fixed asset investment in four indicators, the financial environment select loans, urban and rural residents RMB savings deposits of two 
indicators, environmental science and technology select R & D funding, patent applications granted, the number of teachers colleges and 
universities three indicators, a total of eight indicators, extracted from the raw data related yearbook, the data were briefly treated [11]. 

First, in order to reduce the heteroskedasticity of data, the number of data processing right. Then use SPSS20.0 software for data KMO 
and Bartlett test of the sphericity, test data collection and processing is valid, the test data of KMO measure of overall value of 0.882, more 
than the standard value of 0.5.The freedom of Barrtlett test of sphericity is 36 degrees which has the Chi-square approximation to 
5954.495.Chi-square statistic worth probability is 0.000, much less than a given significance level of 0.05, refused spherical test the null 
hypothesis, the collected data suitable for factor analysis. In order to verify the dimensions of the regional entrepreneurial environment 
research division is reasonable, the data principal component factor analysis, using principal component varimax orthogonal rotation matrix, 
select the characteristic root factor greater than 1 will be the main component extraction, draw the corresponding factor The total variance 
decomposition table [12]. In accordance with the principles of the main components extracted when extracting the third principal 
components, the cumulative variance contribution rate of 93.283%, indicating that the original data can be extracted in three dimensions. 
Finally, after a series of "social taboos" filter, the dimensions of each index were the main component extraction to give the corresponding 
principal component coefficients are multiplied by the market add up to filtration, filtration finance, science and technology filtration three 
composite variables value as a regional entrepreneurial environment for economic growth explanatory variables. 

In the index selection process filtration market, financial filtration, filtration science and technology, clustering and other indices are 
composite variable filter, a composite of the Statistical Yearbook of the specific variables together, therefore, the basis of data collected after 
the completion of the need for data processing to give specific numerical complex variables.Stata12.0 use software for basic data types of 
filters principal component analysis (PCA), principal component analysis (PCA) is used to create a composite variable community was 
filtered to take advantage of the principal component analysis is that it can be used identify patterns in the data and merge a set of variables. 
Into a single index can retain as much of the initial variability information (Rodriguez, 2008), it is the result of the merger of all the variables 
into a composite variable social filter to obtain a composite variable load factor of each underlying variables, basic each filter data 
corresponding to the sum of the load factor is multiplied by the market filtration, filtration finance, science and technology to filter specific 
values. 
 
2.2 Model 

 
To study the impact of the regional business environment on regional economic growth, this paper build regional business environment, 

industrial clusters filter index, mainland China plans to establish 31 provincial-level administrative units of the static panel data model, and 
then follow the eastern region, central and western division subregional comparative regional business environment in the high-tech industry 
cluster background on economic growth. Operation in the form of panel data is: Yit = it + 1Xit + 2Zit + μit (i = 1,2 ......, n; t = 1,2, ......, t).In 
the formula, Xit have multiple independent variables, except for the constant term, a coefficient representing the independent variable, and 
the constant term and as well as the cross-sectional individual characteristic variables by the 2Zit, where the cross-section of individual 
characteristics variable represents no change over time but able to provide effective cross-section of individuals affect interpretation of a set 
of variables. 
 
3. Empirical analysis and results 

 
According to the literature review and screening indicators above, this article selected market environment, financial environment, 

technological environment measure regional business environment, relations Regional business environment and economic growth, 
according to the study hypothesis H1, proposed a panel data model:  

iiititit uXXXaY εβββ +++++= 332211it  
Model Yit represents Chinese i-th provinces t annual GNP logarithmic form, X1, X2, X3 respectively represents the i-th year t 

provinces filtration market index, financial index filtration, filtration science and technology index, ui represents time effects unpredictable, 
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ξi representatives can not be estimated random error term. In the calculation of the index in each filter raw data log processing to reduce 
heteroscedasticity. 
 
3.1 Model checking 

 
In this article, there is a F test and Hausman test for empirical results after data processing as for Chinese 31 provincial-level 

administrative units constructed panel data regression model. Firstly, F-statistic P value is 0.000, less than a given significance level 0.05, 
model by F test; secondly, Hausman test showed Prob> chi2 = 0.0000, less than a given significance level of 0.05, by Hausman test, select 
the fixed effects model and the random effects of the two fixed effects model.STATA12.0 software was applied to this article, building a 
static panel model by using OLS regression method, after the software provided by the country's 31 provinces and regional business 
environment and economic growth filter index regression results shown in Table 1-1. 

    The number of observing individual model is 372, including 31 provinces and 12-year time span, the model goodness of fit was 
0.9754, filtered index of all three regional business environment through significant test, model building instructions is very reasonable 
which describes the impact of the role of regional business environment in a different dimension of economic growth  effectively. Based on 
the country’s empirical data, we have a differentiate distinguish on eastern, central and western of China. Exploring regional business 
environment in different economic regions of the impact on regional economic growth. We were having the empirical as business 
environment and economic growth index filtration analysis on 13 provinces and cities in eastern, 6 provinces and cities in central, 12 
provinces and regions in western. To construct a fixed effects model and the random effects model, the model F test run results and 
Hausman test , F test results show that three regional models F statistic P = 0.0000, less than a given significance level of 0.05, the model by 
F test; Hausman test results show that three regions, three regions each Prob> chi2 = 0.0000 also less than a given significance level of 0.05, 
by Hausman test, choose a fixed effects model. Goodness of fit of the eastern, central and western fixed effects model is not as 0.9596, 0.949, 
0.9722, the regional business environment index was filtered through a significant test, filtration market, the financial index was filtered at 
0.01 significance level was significantly TECHNOLOGY filtering at 0.05 significance level significantly. The results are shown in Table 
1-2,1-3,1-4 model runs. 

 
Table 1. Regional entrepreneurial environment for economic growth in the static panel regression results 

 
1- Nationwide 1-2: Eastern  1-3: Central  1-4: Western 
Fixed Random  Fixed  Random Fixed   Random Fixed  Random 

Market Filter 
0.1936*** 0.1978*** 0.2212*** 0.2232*** 0.1959*** 0.1985*** 0.0889*** 0.1105*** 
0.0000  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000  

Financial Filter 
0.3805*** 0.3731*** 0.3039*** 0.3013*** 0.3197*** 0.3164*** 0.4954*** 0.491*** 
0.0000  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000  0.0000  

Technological Filter 
0.0180** 0.0178** 0.0229** 0.0229** 0.0469** 0.0467** 0.0541** 0.0308  
0.0290  0.0260  0.0180  0.0140  0.0390  0.0290  0.0190  0.1480  

Constant 
0.0069  0.0179  0.2753  0.2654  0.4886  0.4778  0.3624* 0.2099  
0.9520  0.9010  0.1350  0.1690  0.1960  0.1880  0.0750  0.2910  

Observing the Number of Individuals 372 372 156 156 72 72 144 144 
Goodness of Fit (R2) 0.9754  0.9596  0.949  0.9722  
P Values 0.0000   0.0000   0.0000   0.0000   
Hausman Test (Prob>chi2) 0.0000   0.0000  0.0000  0.0000  
Provinces Number  31 31 13 13 6 6 12 12 

Note: ***, **, * denote 1%, 5%, 10% significance level; downward coefficient corresponding P values. 
 
3.2 Analysis 

 
Entrepreneurial environment in the area of market environment, the market filtered index and economic growth was a significant 

positive correlation, hypothesis H1a verified. It’s said the Description of the regional market openness, market consumption capacity, 
government investment guide, transportation and other markets the ability to optimize the environment, the greater the economic growth, the 
success rate is also higher entrepreneurial behavior. Eastern, central market area of the filter coefficients 0.2212,0.1985, higher than the 
national level, while the western region was 0.0889, well below the national level, which is due to start the market environment in the 
western region by the national policy is not timely tilt, traffic conditions the impact of resources and the actual situation of product supply 
and demand imbalance, resulting in market-dependent western region of entrepreneurial behavior is far better than the eastern and central 
regions. In the financial environment, the financial index was filtered and economic growth was a significant positive correlation, hypothesis 
H1b verified. Eastern and central regions Finance filtration coefficient (0.3039, 0.3197) below the national level (0.3805), the western region 
financial filtration coefficient (0.4954) higher than the national level, it also shows that entrepreneurial behavior in western China pay more 
attention to whether the region provide adequate financial support. In the science and technology environment, science and technology and 
economic growth in the filter index was a significant positive correlation, assuming H1c verified. According to the regional business 
environment and economic growth in the static panel data analysis, hypothesis H1a, H1b, H1c were verified, and also by examining the 
hypothesis H1, the regional business environment and economic growth, there was a significant positive correlation. 
 
4. Conclusion 

 
Regional business environment, although there was a significant positive correlation between the impact on regional economic growth, 

but the test results can be found, the existence of regional-level differences, eastern regional business environment in addition to the market 
environment, financial environment affected areas entrepreneurial environment in various dimensions of economic growth, environmental 
impact of science on economic growth in the eastern part of the impact is less than the Midwest, that is, in the open market conditions are 
relatively backward western entrepreneurial environment, financial environment, science and environmental impact on regional economic 
growth is greater than the eastern region, the central region, the western compared with the eastern part of the region is more dependent on 
the financial support of regional entrepreneurship, science and the environment, this situation is mainly because the eastern part of finance, 
science and education level is much higher than the central and western regions, in the long economic development, financing system, R & 
D ability and talent applications have been built to a relatively mature system, how to further open the domestic and foreign markets, 
domestic and foreign SMEs to become connected to trade, investment hotspots become a new impetus to the development of the eastern 
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region of entrepreneurial activity. Midwest limited financial market liquidity is not high, the weak foundation of scientific and technological 
capabilities, the starting point for the development of science and technology environment is too low and other factors, to the test results as 
the basis, based on the theory of comparative advantage endowment can be drawn, a unit increase financial environment, science and the 
environment level of contribution to economic growth in the West, is higher than the eastern region, the Midwest regional entrepreneurial 
new ventures in the financial environment, science and environment dependence higher than similar enterprises in the eastern region. 
Therefore, this paper for the government to put forward policy suggestions as follows: first of all, the government should efforts to establish 
a highly efficient, specification, the scientific management system of market economy, to create a first-class service government, strengthen 
the transparency of government affairs public, approval process to reduce the economic activity, market economy system operation more 
standardized, institutionalized. Government departments should vigorously the introduction of conducive to the regional economy 
development of entrepreneurial projects, improve the ability of business services, not only to develop a series of preferential tax, the 
introduction of talent, the cooperation etc. aspects of entrepreneurial support policies and laws, and to focus on policy, laws and regulations 
execution process monitoring. The government should be based on Regional The actual situation of strengthening supervision departments 
of entrepreneurship policy supervision, to ensure that the regional entrepreneurial environment optimization policy is carried out effectively. 
Secondly, to the central and western regions of high-tech business incubator, the cooperation network of continuous improvement, to 
promote high technology enterprise incubator, university scientific research organization, technology transfer intermediaries such as all 
kinds of technology give full play to the functions, in business counseling, technology transfer and information consulting and other aspects 
of the new venture education and training, to raise the level of the patent technology commodity, build research networking mechanisms for 
cooperation, the establishment of can meet the needs of industry of new and high technology start-ups in different growth stages of 
multi-level scientific Technology supply system. Thirdly, the different regional governments in conjunction with the specific circumstances 
of each region, the development of different policies, services, industrial transfer, the eastern region as much as possible to encourage the 
consumption of resources, labor-intensive industries to resources, labor is relatively abundant in areas transferred to ease living area pressure, 
and vigorously promote the construction of high-tech-intensive industry cluster; central and western regions should develop a set of policies, 
optimize the industrial settled tax incentives, the introduction of talent, infrastructure construction, and actively build undertake industrial 
transfer, make full use of optimization of regional cluster effect entrepreneurial environment, promote regional economic development. 
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Abstract: The creation of hand-painted animation emphasizes the use of exaggerated techniques to draw animation roles and performance 
animation role changes in the unique way to abstract the role of artistic features, so that the creation of animation is full of artistic appeal. 
The traditional hand-painted animation because of its low efficiency of creation, seriously affected the creation of high-quality animation 
works. With the computer technology widely used in animation creation, around the low efficiency of hand-painted animation, there have 
been many Computer-Aided Creative hand-painted animation methods. But these methods have several significant problems although can 
improve the efficiency of animation creation, but reduce the role of artistic expression, it is difficult to highlight the hand-painted animation 
common abstract exaggeration and other key features. For example, in the creation of hand-painted animation creation of three-dimensional 
animation technology, based on video streaming animation and reuse of materials used to create hand-painted animation. The introduction 
of new ideas and new methods, but the low efficiency of animation creation, such as the creation of animation in the introduction of 
traditional Chinese art elements. With the middle frame method of semi-automatic generation technology to produce animation, which can 
meet the user to fully express the idea of the heart, in a natural way to define and describe the animation, highlight the role of the art features, 
but the production efficiency of these methods is still very low. Cartoon role modeling method based on multi view hand drawing. 
Geometric modeling of role is a key issue in computer role animation. According to the characteristics of cartoon character creation, the role 
model is expressed as a hierarchical structure which contains grid and skeleton, and the complex cartoon role model is created by combining 
multi view hand drawing and domain knowledge. Firstly, combined with the surface optimization and surface subdivision algorithm, a grid 
model matching the multi view hand drawing is created, and then the skeleton subspace model of the grid is established by using the thermal 
diffusion algorithm. The method adopts the modeling method of batch processing, consistent with the traditional animator’s convention of. 
Thus, without loss of the artistic features of the animation role, how to effectively improve the animation production efficiency, and provide 
a good interactive and creative interface for end users, has become a major problem currently facing the development of animation. The 
research of this paper revolves around how to solve this problem. At present, the research on computer aided animation creation in the semi-
automatic generation method of middle frame research and other methods are very different and it not only meet the painters to express the 
idea of the heart in the definition and description of animated characters, and to highlight the role of abstract art features exaggerated. At 
present, the main problems of this method are as follows: the correspondence between frames and the interpolation problem between 
corresponding points are large, poor maneuverability, and the efficiency of animation creation needs to be improved. Based on the 
intermediate frame generating method, this paper presents an efficient and natural hand-painted animation interactive design method, the 
algorithm of determining the corresponding relationship between the elements through the key frame, and based on the sequence of the 
corresponding relationship between the interpolation to generate intermediate frame algorithm, and developed a software prototype to 
achieve the above algorithm. This method can emancipate painter from time-consuming animation creation, into the animation art creation, 
the creation of animation art features to highlight the role of abstract exaggerated, and improve the efficiency of animation creation, creation 
provides the convenience for the end user, with a strong operational of. This study has some reference value for the future development of 
hand-painted animation. 
 
Keywords: hand drawn art; animation art; computer aided design; intermediate frame semi-automatic generation method; hand modeling 
interface 
 
1. Introduction 

 
Cartoon animation usually refers to the abstract style of the picture, humorous story plot animation. Expression and artistic cartoon 

animation with character modeling, beyond the laws of physics Abstract movement, exaggerated style of painting, can fully reflect the artist's 
imagination and artistic talent, is one of the richest artistic form of appeal. The outstanding cartoon has absorbed the essence of the drawing art 
and the popular culture in the creation, receives the each level audience's widespread welcome, and has the broad market. With the 
development of computer and related technology, people began to explore the production technology of computer aided animation, in order to 
reduce the various stages in the process of the production of traditional animation manual labor, shorten the production cycle, saving 
production cost [1]. These related technologies have made significant progress, especially the paperless production system, so that the 
traditional animation process almost all the tasks can be completed on the computer. Compared with the manual method, these systems not 
only reduce the cost of production, and improve the quality of the picture; you can create a more infectious cartoon animation. However, the 
degree of automation of the existing systems is still limited; especially in the computer-aided intermediate frame generation is still facing great 
challenges. Therefore, in the production of professional animation, the animators still need to pay a lot of time and effort to draw the middle 
frame, limits the efficiency of cartoon animation. Three dimensional computer animation technology through the construction of three-
dimensional geometric model to simulate the real three-dimensional objects, and then design the object movement in three-dimensional space, 
and finally through the drawing to generate a continuous sequence of images. The 3D animation technology to explicitly express the three-
dimensional geometric information of objects, and other sports, and draw the animation elements of phase separation, so compared with the 
traditional production process, three-dimensional animation production process has been greatly simplified. Despite the rapid development of 
three-dimensional animation in recent years, but the traditional cartoon animation has not declined and disappeared. This is because cartoon 
animation has vivid, flexible and expressive features. Hand-painted creation way of intuitive and natural, not only to give full play to the 
imagination of the animator, and can create the artistic effect of many conventional 3D animation to achieve. Therefore, the cartoon with hand-
painted style is still welcomed by the audience and occupies a large market share. In recent years, the boundaries of two-dimensional cartoon 
animation and three-dimensional computer animation are gradually blurred, a lot of cartoon animation has introduced three-dimensional 
animation technology to enhance visual effects, improve production efficiency. From the current situation of the development of cartoon 
animation can be seen, fusion is intuitive and flexible hand-painted creation style and accurate and efficient 3D computer animation 
technology, has become a new trend of technology development of computer assisted cartoon animation. This paper based on this starting 
point, combined with computer animation technology and artistic rendering technology, explore the method of creating cartoon characters and 
the fusion hand-painted style, cartoon character modeling, hand-painted map fusion hand-painted cartoon character animation generation 
based on a series of key issues in-depth study, to provide theoretical and technical support for efficient creation cartoon animation. Cartoon 
character modeling and movement is the core of cartoon animation. In the traditional animation process, the animator by hand to design role 
modeling and motion [2], creating a very expressive cartoon animation. But the traditional animation production process will be the role of 
modeling and movement characteristics of the disaster in the key frame as the core of the hand-painted two-dimensional screen. The two-
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dimensional picture is the art of 3D geometric information in the minds of the animators to explain the appearance of the character according 
to the attitude and emotional factors such as time, point of view, the role of the different, showing the art of change. Modeling and motion 
information which makes the computer cannot completely and accurately restore the role from the two-dimensional screen, so it is difficult to 
effectively realize the automation of the intermediate frame generating and coloring process, limits the efficiency of cartoon animation. The 
traditional hand drawn animation, computer animation is before the manual creation of animation; it’s most important feature is that the 
painting can be defined in a natural way and describes the cartoon character, the full expression of the idea of the heart. Its animation role 
Abstract, exaggeration and other artistic characteristics of the vivid show deeply attracted the majority of audience groups. But the 
cumbersome process of creation is an energy consuming big project, so the creation of low efficiency has become one of the key factors 
restricting the development of animation. Sketch map of hand drawn animation based on computer aided system is shown in Figure 1 and 2. 

 
Figure 1. Sketch of computer aided sketch art animation. 

 
Figure 2. Sketch computer aided design sketch map. 

In the field of computer animation, the role modeling and motion generation has been a hot issue. Character animation can be divided into 
human animation and expression animation form. Although there are a lot of related technology research, how to quickly generate hand-
painted style cartoon character animation, is still a challenging topic. At present, the mainstream of computer role animation production 
process is generally based on the role of the geometric model, mainly divided into modeling, motion generation and rendering three stages. 
The explicit expression of the three-dimensional geometric information of characters, and a clear distinction between shape and motion 
elements, thus fusion of motion capture data, face video and other visual media, efficient creation of realistic character animation [3]. However, 
the process is usually based on the bounded modeling and motion generation methods. Compared with the flexible and free hand writing, this 
method is complex and not intuitive, it is difficult to create expressive cartoon character animation. Therefore, it is an important way to solve 
the above problems by combining hand drawing to assist computer animation. This paper based on this starting point, in the animated cartoon 
character creation embodies the hand-painted style for the purpose of the animators hand drawing into the production process of computer 
animation, in-depth research on some key problems related to modeling, animation and rendering stage. Geometric model is the basis of 
computer role animation, and the use of WIMP based modeling interface to create a complex cartoon role model is usually tedious. Therefore, 
this paper uses a hand drawn modeling interface, which aims to automatically construct the geometric model of the role according to the hand 
drawn graph created by the user. Key issues include how to create a hierarchical representation model, the geometric model and multi view 
drawings match, and the model is easy to control the motion of how to make the process as much as possible to meet the role model of the 
traditional animator’s hand-painted creation habit. The traditional three-dimensional model rendering results usually cannot reflect the 
common point of view in hand-painted animation art style. Therefore, the focus of this paper is to combine the geometric deformation and 
artistic rendering method, so that the role model in different views of the drawing results can reflect the hand drawing point of view related 
features. The key problem is how to make the geometric characteristics of the model automatically consistent with the hand drawn diagram 
created by the user in a specific viewpoint [4], and how to simulate the cartoon painting style by contour drawing and coloring. Motion data 
driven human animation generation method has the advantages of real and efficient, but it mainly imitates the movement of real performers, 
and it is difficult to create realistic freehand style movement directly. Therefore, one of the research goals of this paper is to combine the hand-
painted creation method with data-driven animation generation method, and to create cartoon with hand-painted style based on motion data. 
The key problem is how to establish the mapping relationship between the motion data and the hand drawn movement, and how to make the 
generated animation not only embody the stroke style of the freehand graph, but also preserve the original characteristics of the motion data. 
Computer facial animation technology mainly faces the modeling of the real touching face. How to generate the hand drawn expression 
animation with abstract, exaggeration and viewpoint related effect is a challenging subject. One of the goal of this paper is according to the 
animators hand-painted expression sets, new generation, has certain emotional hand drawn animation. The key problem is how to build the 
expression model of hand-painted expression style, so that the role can be based on the emotional state and different viewpoints, resulting in 
hand-painted style expression changes. By analyzing the characteristics of cartoon character creation, a geometric modeling method based on 
multi view hand drawing and domain knowledge is presented. This method expresses the role model as a hierarchical structure containing 
skeleton and grid. Firstly, combined with surface optimization and surface subdivision algorithm, a grid model matching multi view hand 
drawn contour is created. Then, the skeleton subspace model of the grid is established by the thermal diffusion algorithm to facilitate the 
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motion control of the character. The method adopts the modeling method of batch processing; do not need to input the process of iteration, 
consistent with the traditional animator’s convention of. In order to realize the artistic cartoon style, the traditional viewpoint dependent 
deformation method is improved. For each critical viewpoint, the skeleton attitude reconstruction algorithm is used to match the overall pose 
of the reference with the reference graph, and then the mesh is matched with the reference map by optimizing the deformation algorithm. 
Given the new viewpoint, automatic generation of specific model of this method, the geometric features of reference map depends on the 
adjacent key viewpoint, and rendering and texture mapping algorithm with cartoon style characters with contour picture. The method reduces 
the burden of manual marking by calculating the corresponding relationship between the model and the reference graph [5]. 
 
2. Cartoon character modeling and animation generation technology 
 
2.1 Overview of computer aided animation technology based on traditional process 

 
The production process of computer role animation is divided into three stages: role modeling, motion generation and rendering. In the 

traditional animation process, making cartoon character pictures including key frame drawing, intermediate frame drawing, line drawing and 
coloring etc., some steps, which draw the elements of role mainly through the line tracing and coloring process to establish, and modeling and 
motion element coupling during drawing the key frames and the frames in the middle in. The early computer aided animation technology is 
mainly based on the traditional animation production process; by computer aided intermediate frame generation and color work, in order to 
reduce the burden of labor, improve production efficiency. On this basis, in order to give full play to the role of the computer in the cartoon 
animation, overcome traditional animation modeling and motion process characteristics of coupled faults, many researchers from the 
production process of computer animation, explores the new technology of cartoon character animation, and put forward many effective 
solutions to key issues cartoon character modeling, cartoon characters, cartoon style rendering and motion generation. This chapter first 
outlines the computer aided animation technology based on traditional process. Then, based on the introduction of computer animation process 
of cartoon character modeling, motion generation and rendering of the second section introduces the cartoon geometric modeling technique, 
third motion generating technology of cartoon rendering technology are reviewed, the fourth section summarizes the cartoon style. Finally, the 
above research fields are summarized and compared, and the research status and development trend are analyzed. Ability to use computer 
assisted animation tasks. On this basis, the researchers to achieve the traditional animation production process of digitization and automation 
as the goal, to carry out a large number of research work. On the one hand, through the traditional production process involved in the 
implementation of digital media, for the animators to provide more convenient and efficient authoring tools. Among them, because hand 
drawn is the core of traditional animation creation, so hand drawing input and processing is the key to digital production process. On the other 
hand, of the key steps in the production process automation, reduce repetitive animator [6]. Therefore, it is the focus of the research to finish 
the color and intermediate frame generation automatically or semi automatically by computer. This section first introduces the input and 
processing technology of digital hand drawing, and then summarizes the computer aided cartoon coloring and intermediate frame generation 
technology. The paper compared with the traditional scanning methods, this method can provide the interactive input information sequence, 
drawing speed and pressure more, and to provide feedback to the user, so it is more widely used. Strokes drawn by hand drawn devices are 
typically represented as a sequence of timing points that contain two-dimensional coordinates and timestamps of each sampling point. The 
user input sketch strokes with irregular sampling interval, and contains some problems caused by jitter or equipment error sampling points and 
noise, so the need for re sampling, smoothing and fitting of preprocessing of the sketch. The goal of computer aided colorization is to draw the 
specified colors on each area of the picture. Many researchers put forward the method of automatic cartoon animation, so that the computer 
can be based on a group of user painted reference frame, automatically for each target frame finish coloring work. The key problem of this 
kind of method is how to calculate the corresponding relationship between the colored region in a target frame and the reference frame in each 
region, which will be the reference frame color information is transmitted to the target frame correlation, especially when the target frame line 
drawing due to occlusion and motion, the topological structure and shape variations how to obtain the corresponding relationship. The general 
solution is the use of reference frame and the target frame picture information select the appropriate regional characteristics and gives the 
regional similarity calculation method, and then the similarity is derived according to the relation of the target frame and the reference frame of 
the region. Paperless cartoon animation system schematic shown in Figure 3. In the traditional animation production process, the role of the 
general rendering based on the key frame method, mainly divided into key frame rendering and intermediate frame rendering two stages. The 
limit position of key frames is usually the role of image, emotion and movement, completed by senior animator. Is a sequence of pictures in 
intermediate frames between the key frames, usually performed by junior animator, they will accord the key frame continuous movement 
together, draw in the visual nature of smooth cartoon motion. Computer aided intermediate frame generating is designed based on the key 
frame, automatically or semi automatically generate the intermediate frame sequence, instead of beginning animators in the extent of work. 
The key question is how to make the intermediate frames automatically generated and reflected the same key frame continuous motion and 
drawing style, and maintain a reasonable three-dimensional geometry to produce key frame in the case of partial occlusion effectively recover 
the occluded parts in the middle frame. When the object motion of two key frames or the viewpoint changes greatly, the shape and topology of 
the line drawing differ greatly. In this case, it is difficult to establish accurate correspondence between line drawings. This problem also exists 
in computer aided colorization. The main cause of this problem is the three-dimensional geometric information of cartoon characters hidden in 
the animator's head, and the two-dimensional hand-painted cartoon picture is the art of 3D interpretation of the world, including the art of 
abstract and exaggeration, so difficult to computer by hand in the key frame, true and complete to derive 3D geometric information. The lack 
of information makes the computer can not completely solve the problem of matching and occlusion between frames [7]. 
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Figure 3. Sketch map of paperless cartoon animation system. 

 
2.2 Cartoon role geometric modeling technology 

 
Due to the lack of three-dimensional geometric information, which makes the traditional animation most heavy color and middle frame 

drawing work cannot be fully automated in the production process, still need to pay a large amount of manual labor animator. Therefore, the 
computer in traditional animation production process can only play an auxiliary role. In contrast, a clear distinction between the computer 
animation process modeling and motion features of the characters, the animator geometric models of the creation of the role, so that the 
computer can explicitly express 3D geometric information. Based on this, you can use a variety of motion control tools to manipulate 
geometric model, will be transformed into the calculation problem of computer animation is good at processing, so that the computer can play 
a central role in the production of animation. Therefore, drawing on the ideas and methods of computer animation, combined with the role of 
three-dimensional geometric information to assist cartoon animation design and production, is a new trend of computer aided cartoon 
animation. Geometric modeling is the basis of cartoon animation, the main problem is how to create the role of geometric model more 
efficient, and the model can maintain the geometric characteristics of the right, and the expression of animated cartoon drawing style. To solve 
this problem, many researchers put forward the corresponding solutions. These methods can be mainly summarized as three dimensional 
structure based method and two dimensional structure method. Mainly through the form of expression and 3D modeling algorithm improved 
cartoon method based on three-dimensional structure, to create 3D model matching and 2D drawings, including geometric modeling method 
and view interface based on hand geometry modeling method etc.. Based on the two-dimensional structure method, the approximate 3D 
geometric information is expressed mainly by the 2D semi model or the approximate 3D model. This section first introduces the hand drawn 
modeling method based on 3D structure and the viewpoint dependent geometric modeling method, and then summarizes the approximate 
geometric modeling method based on two-dimensional structure. The system transforms the image features of each projection contour to 
extract the template features with rotation invariance, and then transforms the input sketches into the same image, and then matches the 
template features [8]. Also includes the process of creating 3D models from 2D templates. This method first retrieves, and sketch template, 
and then describe the modeling process of knowledge acquisition, according to the parameters extracted from the drawings in creating 
geometric features and sketches of the new model remain highly consistent. Although the above system provides powerful interactive 
modeling capabilities, this iterative interactive approach does not conform to the artist's creative habits. In the traditional design process, artists 
usually used to directly draw the complete sketch, so batch system more in line with this creative requirements. However, batch systems 
cannot use the rule information implied in the interactive authoring process, and need to explicitly establish the corresponding relationship 
between strokes in different views. One solution is to introduce additional domain knowledge to provide auxiliary information for the 
reconstruction algorithm. The system allows users to input sketches from any viewpoint, and then set the relevant primitives and annotations 
on the sketch. The primitive element includes ellipsoid, generalized cylinder, skeleton, transverse section and so on. Mark, including isometric 
equiangular, alignment, mirror symmetry and connecting curves, provides the necessary modeling semantic rules. The user first establishes the 
corresponding relationship for each frame's hand drawn strokes, and then creates a set of consistent 2D meshes by triangulation and 
subdivision, and generates the 3D mesh model with vertex consistency by the expansion method. This model can draw for painted role of 
generating cartoon and texture mapping effect, because only a single viewpoint according to the drawings to create 3D model for complex 
cartoon object, when the middle frame of the original point of view and quite different viewpoint, three-dimensional geometry model is 
difficult to correctly describe the object, easy to cause the rendering result error. Through the above analysis, it can be seen that the traditional 
2D cartoon animation method is difficult to generate and color in the middle frame due to the lack of 3D geometric information. However, it is 
necessary to overcome the difficulties of modeling and stiff results by generating cartoon animation directly through accurate 3D model. 
Therefore, some researchers combine these two techniques to explore the method of 2D cartoon animation combined with approximate 3D 
geometric information. This research mainly includes two dimensional semi model method and 3D approximate model method. Schematic 
diagram of viewpoint dependent geometric method is shown in Figure 4. 
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Figure 4. Sketch of hand drawn animation modeling. 

 
2.3 Approximate 3D geometry modeling 

 
The first layer contains the basic elements of each key frame curve model, and to preserve the order of drawing as the depth of the second 

layer is the explicit 2D semi structure, to determine the view direction position and orientation by half strokes of each 2D, and search the key 
frame close to the value of the middle frame third layer generates a new viewpoint is the expression of three the skeleton of occlusion by linear 
interpolation, bind it with the second layer 2 through fourth layer structure, cartoon animation manipulation three-dimensional framework can 
drive different viewpoints to generate two-dimensional semi structured high-level tools, including non-affine transform, facial expression 
generation etc.. The main drawback of this method is the occlusion of each frame must be specified manually by the user through the stroke 
depth or the skeleton, and to calculate the intermediate frames by linear interpolation method to stroke position, easily lead to the wrong 
position. However, the 2D half model only expresses the occlusion relation and three-dimensional position of the stroke, and cannot reflect the 
complete three-dimensional geometric information. Therefore, the semi occlusion effect cannot be generated [9]. At the same time, because 
the shape of the middle frame strokes is obtained by interpolation, and the guidance of the three-dimensional information is lacking, some 
complex parts will still have wrong interpolation results when the viewpoint changes obviously. Some scholars have proposed an animation 
method based on 3D approximation model. According to the 2D primitives inputted by the user, the corresponding 3D polyhedron is 
automatically restored and the 3D approximate model is adjusted. In the role of the animators to line drawing, the model can assist the 
animators to draw contour lines in the correct position, so as to keep the volume invariance of role. Hand drawn contours can be copied to 
different viewpoints and postures according to the three-dimensional approximation model, reducing the burden of hand-painted input. At 
present, the method of computer role animation can be divided into three kinds of manual driven methods, model driven methods and data-
driven methods. The data driven method can effectively and realistically synthesize character animation on the basis of motion capture 
technology, which has been widely used in the production of realistic animation. However, the traditional cartoon animation usually contains a 
lot of realistic movement, because the motion capture data usually come from the real performance therefore cannot be directly used to 
produce exaggerated animation style cartoon animation. To solve this problem, some researchers have explored the method of generating 
cartoon animation. From the technical route, the research work can be divided into three categories: methods based on the principles of 
animation, by making reference to the principles of traditional animation, motion effects make character animation simulation cartoon motion 
style based on the method of hand[10], by imitating the artist hand-painted character movement, animated cartoon character to generate a 
hand-painted. Based on the reuse method of animation material, the motion features and visual features of the characters are extracted from the 
existing material and reused to the new character animation. Traditional animation production usually follow some basic principles, these 
principles can also be used for computer animation production. In these basic principles, stretching and squeezing effect form, poised and 
homeopathic movement, and exaggerated the effect of the movement, is a character animation cartoon style of the most obvious characteristics 
compared with real character animation. Therefore, some scholars based on these basic principles of cartoon style sports effect generation 
methods were studied. Strengthen the effect of extrusion and stretching helps to reflect the material and motion properties of the object, and 
can make animation more vivid. The basic principle of creating extrusion and tension is to maintain the volume invariance of the object and 
avoid shrinkage and expansion. According to the motion velocity and impact parameter to simulate the deformation of an object in motion, 
make the object in free fall and elastic collision process, can produce tensile and compressive deformation with cartoon style. The deformation 
process of the object is controlled by the scaling coefficient along the principal axis, and the volume of the object is maintained by adjusting 
the scaling coefficient of other directions simultaneously. To show that an action for action, usually in the opposite direction of action. To 
strengthen the action can be viewers to object to make prompt action, the next step, while enhancing the expressive force of the picture. The 
continuous motion of an action that is affected by inertia. Some parts of the homeopathic movement often overlap with the next action, 
resulting in very vivid motion effects. Sports exaggeration is a very important expression in traditional animation. Exaggeration can strengthen 
the expression of emotional meaning, reflect personality and animation style. Exaggeration does not mean blind distortion and violence, but 
should be based on the real action on the action characteristics of reasonable amplification. This method generally controls the overall motion 
style through a small amount of parameters, and its main advantages are simplicity and efficiency. But because the user cannot directly control 
the movement style, this kind of method is usually difficult to generate the user is expected to complete the same movement, and can 
according to the role of the different parts were complex and fine processing style. In traditional animation, animators generally by hand to 
design role attitude and details. Because of the flexible and exaggerated character of hand drawn characters, it is difficult to simulate by the 
method of parameterization. To solve this problem, some scholars put forward a method of generating character animation directly by hand 
drawing. This method is generally based on key frame technology, through the interpolation and synthesis methods to spread the hand-painted 
key frame movement style [11]. Sketch based motion synthesis method is shown in Figure 5. 
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Figure 5. Hand sketching based motion synthesis method. 

 
2.4 Contour detection and rendering 

 
NPR technology is different from the traditional realistic rendering technology; its goal is not to generate a picture as real as the picture, 

but the creation of human hand-painted screen similar artistic picture. Its evaluation standard is not to produce the authenticity and accuracy of 
the picture, but lies in the artistic, abstract, similarity with hand-painted works and the ability to express information. In the imitation cartoon 
style rendering, NPR technology research mainly for cartoon animation creation of two basic steps outline rendering and cartoon style 
rendering. The main technical problems of solving the frame to make the computer drawing of the animator's hand-painted cartoon style, and 
how to make the contour between frames and colored details maintaining temporal consistency. The goal lies not in the authenticity of the 
graphics, but mainly in the artistic characteristics of the graphics, the simulation of works of Art (even the defects in the works) or as an 
effective complement to the realistic graphics. The main types of painting are oil painting, watercolor painting, pen drawing, pencil drawing, 
ink painting and cartoon animation. First appeared in early 1980s papers such as: Stresemann and Masada. 90 years Saito and Takahashi and 
Haeberli published in the Siggraph conference of the two very influential papers. In the 94 year, as several papers were published at the 
Siggraph conference and published at the Eurographics conference, this new field emerged. By the 97 year Siggraph will be non-photorealistic 
rendering alone as a category, since the non-photorealistic rendering technology entered a period of steady development. In recent years, the 
video, image, three-dimensional model of non-photorealistic processing has become increasingly popular, and now professor Jin Xiao gang 
Zhejiang University focused on this research, and has made many achievements. Domestic research is relatively late, but due to the 
characteristics of Chinese ink painting, domestic research is in a leading position. For example, Tianjin University professor Sun Jinzhou, 
Zhejiang University professor Yu Jinhui, Xiamen University, Dr. Zhang Junsong, Liaoning Normal University Professor Zang and super 
graduate shadbush. Unlike traditional realistic computer graphics, NPR is influenced by paintings, drawings, technical drawings, and animated 
cartoons. NPR has appeared in movies and video games in the form of cartoon contrast, it has also appeared in the design drawings and test 
animation. Based on the object space method, the contour lines can be detected by the geometric features of 3D objects. Object space 
algorithm requires contour detection and visibility estimation in two steps; the basic method is based on the geometric boundary detection 
boundary line object, according to the curvature detection fold line, according to the line of sight direction detection prior to the surface and 
back surface of the shared edge as object contours. Cartoon style rendering method is very simple and efficient, in cartoon animation and 
games have been widely used. However, the cartoon animation directly generated by 3D model is faced with difficulties in modeling and stiff 
results, which limits its application to some extent. Computer aided cartoon animation technology based on traditional production process [12], 
and cartoon character modeling and animation generation technology based on computer animation process are described in detail. Can be 
seen, because the traditional animation process of the coupled modeling elements and moving elements of cartoon characters in the two-
dimensional screen, the computer to establish a calculation model of these elements, so the computer in the traditional process usually only 
play a supporting role. To solve this problem, many researchers from modeling, 3D animation in computer animation generation and rendering 
phases is the thought of separation, production process improvement model, cartoon animation with 3D motion data such as visual media data, 
so that the computer can accurately and efficiently on the cartoon object modeling, motion and drawing elements are processed separately, 
thus to a more central role in the creation of the cartoon animation. Schematic diagram of NPR technology shown in Figure 6. 

 
Figure 6. Schematic diagram of NPR Technology. 

 
3. Intermediate frame generation algorithm 
 
3.1 To determine the relationship between key frames by algorithm 

 
Previously described, to complete the semi-automatic generation of intermediate frames, to solve the first problem is how to determine 

the relationship between the elements in the whole key frame. The key frame is composed of a plurality of curves, each curve is composed of a 
plurality of points, thus determine the curve relationship between elements is to determine the correspondence between points on the curve of 
initial key frames in a certain point, should be gradual to the end key frames in which point. This section describes the corresponding 
relationship determination algorithm is to solve the control curve of how to determine the corresponding points of the problems with the user 
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specified several groups corresponding to the general curve through key frame in the control group by finding the corresponding relationship 
between the point on the curve, and the corresponding relationship between the common curve key frame control curve and the experience, to 
determine between the common curve corresponds to the key frame points on the corresponding relationship. Between the control points on 
the curve to determine the relation between the mainly refers to first determine the user to draw each curve corresponding relationship, and 
then control the curve of each corresponding uniform segmentation, to determine the relation between each control curve of uniform 
segmentation points. Because the control curves from the point in the sequence, the values of the coordinates between adjacent points on each 
curve is small, there is no need to select the curve on all points[13], so here are evenly divided on the control of inch points on the curve, and 
then determine the uniform segmentation point correspondence between. The improved method for uniform segmentation of points is shown 
in Figure 7. However, even a simple point segmentation method, according to the shape of the curve is complex, such as a single curve and 
cross point sequence overlap, there is little segmentation uneven phenomenon, to solve this problem, using the uniform segmentation method 
this paper improved point, can be solved. For simple curve segmentation, the introduction of the two points of the uniform segmentation 
method, you can get uniform segmentation points. But when there are overlapping and overlapping phenomena such as point curve, simple 
point segmentation method will lead to the non-uniform and uniform segmentation, the improved segmentation method can solve the problem 
of the point, also proved by experiments. 

 
Figure 7. Schematic diagram of the improved method of uniform segmentation point. 

 
3.2 Determination of correspondence between control curve and normal curve 
 

The control curve drawn by the user is used to control the key frame in the curve element, if the loss of part of a control curve, which 
means the control elements curve control will also be lost in the whole story of key frame elements in information, lost the case; the 
deformation effect is certainly not desirable. There is a situation that should be part of the control elements of the curve control, will be lost 
because of the part of the control curve, control curve was included in other parts of the adjacent period, it will lead to distortion of the final 
result. Through the analysis of two kinds of uniform division method, known for non-uniform simple point segmentation method in 
segmentation, loss of control points on the curve and so on, this paper improved point uniform segmentation method can be a good solution, 
and can guarantee the final effect of deformation without distortion. Determine the control curve and the common curve is mainly to control 
curve of the user draw, respectively is the key frame in which control through one or more common curve, and determine the relation between 
the common points on the curve and control the common curve control point curve. Between the control curve and the common curve point 
correspondence determination, on the section using a simple cannot point on the curve of uniform segmentation method for segmentation of 
the uniform control curve and general curve, because the control curves discussed here are not uniform and common curves corresponding to 
the part of the curve corresponds to only ordinary curve control the. The corresponding relationship between the determined control curve and 
corresponding relation between control curve and general curve, all is the ultimate premise to determine the corresponding relationship 
between the common point on the curve, can be said to control the curve for the media, through to find the relationship between the control 
curve and the common curve, and then determine the general curve corresponding to Q the relationship between. Typically, correspondence 
between the point sequences of common curve corresponding two groups on the two groups according to the sequence corresponding to a 
group corresponding to the point, which is common for corresponding points on the curve. But in the initial key frame changes to process end 
key frames, there will be a part of the initial curve of key frames, not disappear at the end of key frames or key frames in the initial curve, it 
appears in the end key frames. In view of the common curve increase or decrease, the common point on the curve to increase or decrease the 
problem, consider the part of the curve more or less should belong to which part of key frame not only need to use to control curve control 
effect can be that all the common curve in the control curve of the neighborhood in this article, are controlled by the control curve [14]. 
 
3.3 Intermediate frame interpolation algorithm 

 
When the relationship between the elements in the whole curve of key frames to determine the corresponding curve between the elements 

of the key frame, how to get the intermediate interpolation frame, and the middle frame interpolation path problem. In this paper, we use the 
user to specify a number of path curves for the corresponding control curves. According to the different number of path curves, different 
interpolation algorithms are used to generate the intermediate frame. At the same time with the identification curve, which identifies the 
common curve of initial key frame in the interpolation deformation along the path, is not identified along the straight line interpolation 
deformation can not specify the identity curve, when all will be along the specified path interpolation curve. In general, the middle frame is 
generated in the following way by painting given through two key frames, the frame sequence is obtained by computer to calculate the linear 
distance between the corresponding points in these two frames obtained. The so-called linear interpolation, refers to the process of 
interpolation between key frames of the two corresponding point distance is the interval division. Of course, you can also use other 
interpolation to get different classification. The linear interpolation algorithm discussed in this paper includes linear interpolation of linear path 
and linear interpolation of specified path [15]. 
 
4. Prototype implementation and evaluation of pen interactive freehand animation 
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Pen interactive hand-painted works to facilitate the painter in a more natural way to describe and express the inner idea. In this paper by 
means of interactive pen, draw on the key frame, and work on the specified control curve, curve and curve path identification. And this part of 
interactive work can be divided into two parts: static interactive design of animation sketch and dynamic interaction design of animation 
sketch. In the context of interaction design has the two parts in detail, and elaborated by pen to generate the intermediate frame sequence 
related to the algorithm in the above described below, implementation of pen interaction design and intermediate frames semi-automatic 
generation algorithm. From the beginning of the first draw point, draw a point on each new connection point and the previous point into line, 
when leaving the pen interface, defined as a curve, the curve drawing process for synchronous display on the computer screen, the other curve 
frame is used to draw the same way. Until the user draws two end of the frame, can be obtained sequence of multiple two-dimensional point 
sets, then these points are processed. Users create a blank drawing text, select the brush to draw the curve of the width, the experiment 
provides two widths, respectively is drawn through key frame or the two frame drawing control curve. Start drawing the first point of the curve, 
and at the end of the last point of the plot, record the time of each point. After the completion of interactive drawing sketches, according to the 
user information, the relationship between the key frames determined by interpolation algorithm and the intermediate frame generation 
algorithm, semi automatically generated intermediate frames of the final. The key frame and the control curve are drawn by the user, the two 
path curve and several curves is identified and designated as a key frame by. The identified common curve is interpolated along the specified 
path curve, and the UN normal curve is interpolated along the linear path. The key frame and the control curve are drawn by the user, a path 
curve and are designated as a key frame by. The curve in the initial key frame follows the specified path curve, and keeps consistent with the 
speed of the drawing path curve. The traditional hand drawn animation creation way, users need to draw each frame, drawing a lot of work, 
and the other hand drawn animation frames in the middle of a semi-automatic generation technology of animation creation efficiency is low, 
drawn by the user through the key frames, then use interpolation algorithm to generate the intermediate frames can be different, greatly 
reduces the workload of animation but, in between key frames through the corresponding relationship between the frame and two point 
corresponding to the interpolation problem, specify a larger workload, low efficiency of animation creation. Vertex correspondence and path 
interpolation, other methods of semi-automatic generation of intermediate frames, and the detailed comparison of the solutions used in this 
paper. According to the main existing problems in the research on the other corresponding relation and path interpolation between key frames 
by manual, the specified workload, animation creation efficiency is low, this paper based on pen interactive operation of users, convenient for 
the user heart, the natural expression of the idea, the operation is very simple, at the same time as the story between key frames the specified 
path interpolation curve corresponding to the maximum of two, reducing the specified workload, without losing the role of abstract art features 
exaggerated. 
 
5. Summary and prospect 

 
In recent years, with the computer technology widely used in the creation of hand-painted animation, its creative efficiency compared 

with the traditional method of hand-painted animation, has been significantly improved. There are many methods of computer aided creation 
of hand drawn animation, in which the middle frame semi-automatic generation technology, to highlight the role of abstract art features at the 
same time, improve the animation production efficiency, but the current research of the technology also exists in the relationship between the 
problem of curve to determine the key frames and generating intermediate frames when a user specified sequence, heavy workload, low 
efficiency of animation creation. Based on these problems, this paper based on the semi-automatic generation of intermediate frames, with the 
user through the free hand drawing key frames and specified control graphic elements as key frame, and by determining the relationship 
between the key frame interpolation algorithm and the intermediate frame generation algorithm, determine the corresponding relationship 
curves of two key elements in the frame, and the corresponding relationship between interpolation for generating intermediate frames based on 
the sequence, and the development of prototype software to achieve the above algorithm. Experiments show that this method can get the 
expected effect. The research of this paper has certain reference function for the research of middle frame semi-automatic generation 
technology of hand drawn animation in the future. 
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Abstract: Cloud computing as a hot topic of research and application in recent years, most IT companies and industry insiders believe that 
the next generation of computer network technology is the core application architecture. The emergence of cloud computing has 
revolutionized the traditional usage of computers. In the cloud computing environment, most application software and data is transferred to 
the cloud computing data center network service providers large, all applications and data management and maintenance work is delegated 
to the cloud computing service providers to complete. This feature of cloud computing provides users with convenience, but also brings a lot 
of security challenges. Controllable data storage and management will inevitably be uneasy about the user created and stored in the cloud 
data file, and cloud computing have a certain sense of trust in the service provider, largely restricted the development of cloud computing. 
Therefore, the research based on cloud computing data security has very important application and academic value. In this paper, data 
security in cloud computing as the research object, definition, first on the cloud computing architecture, application and research 
organization are discussed, including the method introduces the data security of symmetric and non-symmetric cryptography, attribute based 
encryption algorithm and Merkle Hash Tree related to this paper. Then, for cloud computing virtualization, large-scale, dynamic 
configuration and scalability and other characteristics, based on cloud computing security challenges, environment faced with security 
advantages and protection measures were summarized, introduces the calculation of the cloud data storage security architecture. On this 
basis, in the cloud computing environment for data manipulation and dynamic data validation generally lack of support of this defect, this 
paper proposes a verification scheme of dynamic Merkle based on Tree Hash data. In the multi-dimensional system model of centralized 
security protection, each dimension has focus. The user dimension to the letter for management technology as the side on point, put forward 
to give the trust of the ID Ze tube authorization system. Focus on the research of data encryption technology from data, design and 
degradation is a cloud storage security solutions. Business dimension to security juice and monitoring as a focus put forward call service 
cloud security monitoring system. Basic dimensions focus on network and application system host security. In addition, aiming at the 
problem of information security standards and put forward the cloud security standards combined with the evaluation system to improve the 
protection system and the implementation of multidimensional cloud. In addition, in view of the problems of data file access control in cloud 
computing environment, this paper proposes an access control scheme based on attribute encryption algorithm in cloud computing 
environment. The main idea of security solutions and the definition of the scheme assume that the participants, in detail, a series of design 
scheme including initialization, file access and change the access rights, the specific implementation process, and finally analyzed. 
 
Keywords: cloud computing environment; data security; multidimensional protection system; HDFS encryption algorithm; merkle hash tree 
technology 
 
1. Introduction 

 
In the 90s of last century, the network as a novel and convenient information media, gradually being recognized. People realize that it has 

a huge scale of computing resources, fascinated by its huge application prospects, and to study how to use these resources efficiently and 
easily. With the popularization and application of cloud computing technology, people have the ability to use large-scale distributed 
computing resources in the network. Cloud computing as a hot topic of research and application in recent years, most IT companies and 
industry insiders believe that the next generation of computer network application technology core architecture. Under the cloud computing 
environment, users do not have to spend the high cost of hardware and software to powerful computing resources and huge storage capacity, 
all of which can be handed over to the cloud computing service providers to complete. Not only saves the cost, but also does not need to 
expend the massive energy. Norton Company 2011 Internet crime report (Norton Cybercrime Report 2011) pointed out that the total loss 
caused by global cyber crime has reached a staggering $388 billion, far greater than the total amount of marijuana and heroin worldwide 
illegal transactions. Visible, the threat of network security is increasing, the network has a strong dependence on cloud computing is inevitable 
in the application process there are many security risks. In the traditional IT service solution, the vast majority of application software and data 
information is running or stored in the user's local physical equipment, in the user's absolute controllable range [1]. However, in cloud 
computing environment, application software and data information have been transferred to a large network data center, all service 
maintenance and data management are entrusted to the cloud computing service providers to complete. This feature has brought many security 
challenges to the application of cloud computing promotion. Among them, the data security problem based on cloud computing is one of the 
hot topics in academic circles. At present, although many scholars believe that cloud computing service providers to provide strong security 
capabilities of the data center, but the security problem is still the main problem faced by people in the use of cloud computing data storage 
service. Cloud computing service provider unified management of user data files and centralized storage, data security real-time monitoring 
and data failure timely processing. Uncontrollable data will inevitably bring users to store in the cloud data insecurity and cloud computing 
service provider’s distrust. In view of the cloud computing has a broad space for development and application prospects, cloud computing data 
security issues have been widespread concern scholars at home and abroad, but also become one of the main problems restricting the 
development of cloud computing applications. Despite the widespread concern of scholars, the existing research on cloud computing data 
security is still in its infancy, which has a large space for improvement and important applications and academic research value. Cloud 
computing is regarded as an information technology to large-scale, intensive development trend. Experienced from the mainframe computer, 
microcomputer to the Internet era, cloud computing is considered to be the development of information technology has brought another huge 
change. Due to its virtualization, service-oriented and other features, making cloud infrastructure cloud computing users rendered transparent, 
users do not need to master the appropriate expertise and control the specific operating process. As an Internet based new IT services increase, 
use and delivery model, cloud computing is usually through the Internet to provide users with dynamic and scalable resources. Although cloud 
computing and data service there is a security risk, but compared to the user's own IT operation platform, cloud service providers provide 
computing, storage, applications and other services, in the calculation of efficiency, safety, cost saving and other aspects still has a lot of 
advantages, therefore, the cloud computing technology and services still attract more and more users join the cloud service system. At the 
same time, cloud storage data security solutions have become many users, scholars [2], research workers focus. Currently, cloud service 
providers or research workers have put forward many specific and feasible cloud storage security problem solving measures. But these 
measures have not been generally recognized and accepted by the reliability of security programs. Moreover, previous research results in the 
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user's own security risks, cloud and user organization management loopholes, as well as legal and standard analysis and Discussion on the 
system is not enough and in-depth. This paper will based on the cloud storage security theory and practice research, to cloud storage 
throughout their life cycle as a new perspective, on the basis of both technology and management principles, in-depth analysis and Research 
on data security, cloud users of its own existence, to explore solutions to the user data storage security the new cloud environment, I hope this 
research can effectively reduce the risk of data storage in cloud environment. Cloud computing environment data security multidimensional 
protection system schematic shown in Figure 1 and 2. 

 
Figure 1. Schematic diagram of multidimensional protection system for data security. 

 
Figure 2. Sketch of data security multidimensional protection system based on cloud platform. 

In this paper, we should consider and study the security of cloud data, and build a data security model. The model adopts a 
multidimensional architecture with three layers of defense function. The first layer is user authentication protection function to prevent data 
tampering. Only authenticated users can view, modify and delete data. If illegal users use illegal means to cheat authentication system, the 
access file will enable data encryption and privacy protection layer. This layer of data is encrypted, even if illegal users get the key cannot 
decrypt and get effective data information. This is very important for users who need to protect trade secrets. The last layer is a fast recovery 
layer, through fast recovery algorithm, even if the user's data has been severely damaged can also be quickly restored. In this model, each level 
has its specific protection responsibilities, and each level is also coordinated to protect the data security in the cloud environment. On the basis 
of analyzing the hidden dangers of data storage in access control and key management in cloud environment, a cipher text policy attribute 
based encryption scheme is proposed. In order to solve the shortcomings of the traditional data encryption overhead system [3], designed the 
cloud storage data privacy protection mechanism for data segmentation and classification, can not only protect the privacy of data, it can 
enhance the flexibility and reduce the cost of system. From the data access control, data encryption, data transmission and storage to 
completely remove verification and other aspects of technology solutions; carries on the discussion from the cloud service compliance, 
standard and legal binding and so on, some safety problems need to be solved; on all levels of the cloud data security risk analysis, design and 
safety management system etc.. Although these research results have some help to ensure the security of cloud data storage, but in the user's 
own security risks and legal and standard analysis and research is not enough system and in-depth. This paper will be based on the domestic 
and foreign cloud storage security issues in the study of theory and practice, to cloud storage throughout the life cycle perspective, in-depth 
analysis and Research on data security, cloud user's own existence and the legal standard and guarantee method, constructing user data storage 
security model in cloud environment. In this paper, according to the characteristics of cloud computing environment and the current security 
threats faced by cloud computing, confidentiality, integrity, availability and other elements as the goal of cloud data security. As far as 
possible to fully grasp the cloud computing security issues encountered in the application and popularization of the calculated data, cloud users, 
cloud service providers and cloud to cloud computing environment in four aspects as the starting point, based on the user dimension, data 
dimension, dimension, dimension based business data security protection system is multidimensional. A new classification of cloud security 
system. Compared with the security system scheme is put forward compared with other applications of institutions for user trust management 
and lack of an access system in the user dimension of user behavior trust management based authorization, protect the user dimension 
"credibility". Mu Wen's life is to study the contents of the cloud computing environment data security multi-dimensional protection system. 
Analyze the particularity of cloud computing environment! Security threats faced by cloud computing, a multi-dimensional protection system 
model. At the same time design and implement a wide range of cloud authentication mechanism and a cloud data transmission security and 
storage security technical solutions [4]. 
 
2. Key technologies involved in system design process 
 
2.1 Introduction to cloud computing 
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Cloud computing (Cloud Computing) is an increase, use and delivery model for Internet based services, typically involving dynamic, 
scalable and often virtualized resources over the internet. Cloud is a metaphor for the Internet, the internet. In the past in the map is often used 
to represent the telecommunications network cloud, and later also used to represent the underlying infrastructure of the Internet and the 
abstract. Therefore, cloud computing can even allow you to experience the computing power of 10 trillion times per second, with such a strong 
computing power can simulate the nuclear explosion, the prediction of climate change and market trends. Users through computers, laptops, 
mobile phones and other ways to access data center, according to their own needs for computing. There are many definitions of cloud 
computing. For what is cloud computing, you can find at least 100 explanations. At present widely accepted is the National Institute of 
standards and Technology (NIST) definition: cloud computing is a pay per use model, this model provides available, convenient, on-demand 
network access into configurable computing resources shared pool of resources (including network, server, storage. Application software, 
services), these resources can be quickly provided, just put a few management work, or rarely interact with service providers. The National 
Institute of standards and Technology (NIST) definition: cloud computing is a pay per use model, this model provides available, convenient, 
on-demand network access into configurable computing resources shared pool (resources including network, servers, storage, applications, 
services), these resources can be quickly provided, just put a few management work, or rarely interact with service providers. XenSystem, as 
well as in foreign countries has been very mature Intel and IBM, a variety of cloud computing applications are increasingly expanding the 
scope of service, the impact is immeasurable. Because of the application of cloud computing deepening and expanding demand for large data 
processing, users of the strong performance of high availability, 4 road, 8 road server demand growth significantly accelerated, the breakdown 
products of more than 200% year on year. IBM has a considerable advantage in this area, more noteworthy is that the wave of Tissot TS850 
only to a product in 2011 to achieve the market share of more than 15%, with less than 1% of the gap ranked IBM, HP; Chinese become the 
high-end server three. Cloud computing is to make computing distributed on a large number of distributed computers, rather than the local 
computer or remote server, the operation of the enterprise data center will be more similar to the internet. This allows companies to switch to 
the needs of the application, access to the computer and storage system based on demand. Is like from the old single generator mode turned to 
the power plant centralized power supply mode. It means that computing power can also be used as a commodity to flow, like gas, water and 
electricity, taking convenience, low cost. The biggest difference is that it is transmitted through the internet. Cloud Computing supports users 
in any location, using a variety of terminal access to application services. The requested resources come from "clouds" rather than fixed 
tangible entities [5]. Applications in the cloud somewhere to run, but in fact users do not need to know, do not worry about the specific 
location of the application running. Just need a laptop or a mobile phone; you can through the network service to achieve everything we need, 
even including supercomputing tasks such as. Cloud computing services, in addition to providing computing services, also provides storage 
services. But cloud computing services are currently in the hands of private organizations (enterprises), and they are only able to provide 
commercial credit. For government agencies, commercial institutions (especially commercial banks such as sensitive data) for the selection of 
cloud computing services should be vigilant enough. Once the business users of large-scale use of private organizations to provide cloud 
computing services, regardless of their technical superiority has many strong, will inevitably make these private institutions with "data 
(information) the importance of holding the whole society. For information society, "information" is crucial. On the other hand, cloud 
computing data for other users of cloud computing users are confidential, but for the provision of cloud computing business entities, there is 
no secret to speak of. All of these potential risks are an important prerequisite for business organizations and government agencies to select 
cloud computing services, especially for foreign institutions to provide cloud computing services, had to consider. The popularity and 
application of cloud computing, there is a long way, social recognition, people habits, technical capabilities, and even social management 
systems should make the appropriate changes, so that the real popularity of cloud computing. But in any case, the Internet based applications 
will gradually penetrate into everyone's life, our services, life will have a profound impact. To deal with this change, we also need to discuss 
the future development of our business model, determine the direction of our efforts. Cloud computing schematic shown in Figure 3. 

 
Figure 3. Cloud computing framework sketch map. 

 
2.2 Multidimensional data security protection system 

 
Information security management system is an organization to establish information security policies and objectives within the overall or 

specific scope, and the methods used to achieve these goals. It is the result of direct management activities, expressed as a set of principles, 
principles, objectives, methods, processes, checklists (Checklists) and other elements. Information security management system (Information 
Security Management System, referred to as ISMS) before and after 1998 from the British developed field in information security is a new 
concept, management system (Management System MS) ideas and methods used in the field of information security. In recent years, with the 
revision of ISMS international standards, ISMS is rapidly accepted and recognized by the whole world, becoming an effective way to solve 
the problem of information security by organizations all over the world [6]. ISMS certification becomes an effective way for organizations to 
prove their information security level and ability to society and related parties. Information security management system is the organization of 
information security management system of units in accordance with the relevant standards, the development of information security 
management policy and strategy, using the method of risk management of information security management, information security 
management plan implementation, review inspection, improved enforcement work system. Information security management system is in 
accordance with ISO/IEC 27001 standard "information technology security technical information security management system requirements" 
requirements established, ISO/IEC 27001 standard is developed by the BS7799-2 standard. ISMS information security management system is 
to establish and maintain the information security management system standard, the standard requirements of the organization by determining 
the range of information security management system, the development of information security policy, management responsibilities, to 
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establish risk assessment of information security management system based on activity control goal and the control mode of system; once 
established the organization shall operate according to the system the requirements, effective maintain the operation of the system; information 
security management system should have some form of documents, namely the organization shall establish and maintain information security 
management system of a document, which should be the protection of assets, elaborate organization risk management method, control 
objectives and control mode and the need to guarantee degree. Procedures generally do not involve pure technical details, the details are 
usually specified in work instructions or work instructions; the program file is executed according to the stated objectives and activities of 
information security to make it, we should clarify the influence of information security management personnel, enforcement officers, 
validation or review of personnel duty, power and the relationship, that the implementation of various activities, will use the file and control 
mode will be adopted; method of the program file scope and level of detail should depend on the complexity and security work for the 
personnel involved in this activity and the required skills, quality and training; program files should be concise and clear and to understand, 
which is operational and inspection procedures; should maintain the structure and layout of a unified, easy to understand and use the file. Can 
check. The implementation of information security management system is an important sign of effectiveness verification. The program file 
mainly can check, if necessary with the corresponding control standard; before the formal written procedures, the organization shall plan the 
actual risk assessment according to the requirements of the standard, the results and organization of program file number and control points, it 
is necessary to ensure the connection between each procedure, to avoid the same content there are large repeat between different programs; in 
addition, can achieve in the premise of safety control, program file number and the length of each program less; program files should be the 
relevant departments agreed and accepted, must be approved, indicating the revision and validity[7]. Information security management system 
can cover all or part of the organization. Whether it is all or part of the organization must clearly define the scope of the system, if the system 
covers only a part of the organization this becomes more important. The organization needs a documented information security management 
system; the information security management system should cover the scope: process of establishing information security management system 
and system environment for information security management; strategic environment and organization; information security risk management 
organization; information security risk assessment standards and guarantee degree required; the scope of information assets identification. 
Information security management system may also be within the control of other information security management system. In this case, the 
relationship between superior and subordinate control has the following two possibilities: control of the lower information security 
management system does not use the information security management system: in this case, the control of information security management 
system does not affect the level of information security management system PDCA; control subordinate information security management 
system using superior information security management system: in this case, the control of information security management system can be 
considered as external control of the lower information security management system planning activities "". Although such external control 
does not affect the subordinate information security management system implementation, check and measure, but the lower the information 
security management system still has the responsibility that provides adequate protection to these external control. Safety policy is about the 
rules and instructions on how to manage [8] protect and distribute information assets within an organization. Organization's information 
security policy, describes the importance of information security in the organization, indicating that the management's commitment to the 
organization to manage information security methods for the organization's information security management to provide direction and support. 
Multidimensional data security protection system schematic shown in Figure 4. 

 
Figure 4. Schematic diagram of the multidimensional data security protection. 

 
2.3 Hash tree technology introduction 

 
Figure 5 gives a binary hash tree (tiger hash tree commonly used two binary hash tree, but also the form). It is often used in some 

distributed hash tree in distributed storage system or the anti-entropy mechanism (Anti-entropy), also called to entropy. These applications 
include Amazon Dynamo and Apache Cassandra database, through to the entropy can do each synchronization of different nodes, each node 
keeps abreast of the latest information is. The characteristics of the hash tree is very clear: the leaf node is stored in the data file, and the non-
leaf node is stored in the hash value of its child nodes (called Message Digest) of the non-leaf nodes of the Hash is called the path hash value, 
Hash value of leaf nodes is the real data. The Hash values for the use of the tree structure. The time complexity of MT is O (logn). In BT, 
usually the seed information contained in the file is Root, in addition to the file data block length, length and other important information. 
When the client downloads the data block 8, before downloading, it will require peer to provide 8 check block all the required path hash values: 
H24, H12, H6 and H1. download after the client begins to check, it first calculates the Hash it has downloaded data block 8 of the value of 23, 
denoted as H23 ', that has not been verified. Then according to several formulas I given in the previous section, in order to solve until H0' and 
compared with H0, the check is through error free download the path through the check. The hash value will be cached, after a certain number 
of hash path value is cached, subsequent data block verification process will be greatly simplified. At this time we can directly use the check 
on the path the lowest known path to check on the part of the hash block of data, without the need to check every time the root hash value of 
H0. in Dynamo, each node maintains a range of key values, there are overlapping between different nodes of key range. In the entropy 
removal operation [9], only a common key value range between two nodes is considered. MT leaf node is the common key value range of each 
key hash, through the leaf node hash bottom-up can build a MT. Dynamo MT hash first compare the root, if consistent, said two completely 
consistent, otherwise it will continue to exchange its child nodes and the comparison process, to know the positioning data blocks are different. 
This synchronization method has the advantages of saving network transmission capacity. In the distributed hash tree structure is dynamic; the 
initialization process unlike some hash algorithms that require long time, only need to initialize the root node can start work. The hash tree is 
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not necessary to allocate space in advance for nonexistent keywords. Search quickly; up to 10 times the need to take and compare operations, 
you can know whether this object exists. Hash tree search number and element number does not matter. Structure unchanged, the hash tree 
does not do any structural adjustment when deleting. This is also a very good advantage of it. Regular tree structure should make certain 
structural adjustment when adding elements and deleting elements. The hash tree is a one-way structure that increases with the amount of data 
stored. Even if the amount of data is reduced to the original number, the hash tree summary point tree does not decrease. The aim is to avoid 
the additional cost of structural adjustment. In a variety of data structures (linear tables, trees, etc.), the relative position recorded in the 
structure is random, and there is no relationship between the recorded keywords. Therefore, when looking for records in the organization need 
to conduct a series and keyword comparison. This type of search method is based on "comparison". In the sequential search, the comparison of 
the results for "and" two possibilities. In two binary search, binary sort tree search and tree search, compare the results for "", "" and "" three 
possible. The efficiency of the lookup depends on the number of comparisons performed during the lookup process. In general, the efficiency 
of these algorithms will decrease with the increase of data records. Just some faster (time complexity), some slow (time complexity is) only. 
The average search length of these lookup algorithms is obtained in a relatively ideal case. In practical applications, the frequent increase and 
deletion of data in the data structure will change the structure of the data. These operations may cause some data structures to degenerate into 
linked list structures, so their performance is bound to decline. In order to avoid this situation and take the adjustment measures, but also 
inevitably increased the complexity of the program and the operation of additional time. The ideal situation is that without any comparison, 
one can get access to check records, it must establish a definite corresponding relation between the storage locations and remember its 
keyword, the corresponding one storage location for each keyword and structure. Therefore, when searching, we can find the image of the 
given value according to the corresponding relation. If there are keywords and equal records in the structure, it must be in the storage location, 
thus, without comparison can be obtained directly records. Here, we call this correspondence Hashi (Hash) function, according to this idea to 
form the table for the table of the Hashi. The same hash address may be obtained for different keywords in the hash table. This phenomenon is 
called conflict (Collision). In general, conflicts can only be reduced as much as possible, rather than completely avoided. Because the hash 
functions is an image from the keyword collection to the address set. Usually the collection of keywords is large, its elements include all 
possible keywords, and the address set elements are only the address values in the hash table. If the identifier is defined as a 8 bit character 
headed, the set size of the keyword (identifier) is, and the data object that appears in a source is limited, with 10000 elements. The elements in 
the address set are 0 to 9999. Therefore, in general, the hash function is a compressed image function, which inevitably conflicts. Nonlinear 
resolution algorithm is the method of using nonlinear function in the process of obtaining characteristic numbers. That is to say, the nonlinear 
function can be used completely, or the mixed function of nonlinear function and linear function can be used. But as long as the nonlinear 
function is used, it is called nonlinear resolution. The method of extracting features from single valued nonlinear functions (e.g.) is called 
nonlinear characteristic method. It is obvious that the single value correspondence of these functions does not change the resolution range. 
These functions are only a deformation of the feature space. This deformation may be translation, scaling, etc.. However, the resolution ability 
is not enlarged, the conflict probability has not been reduced, the simplification has not changed, and the overall evaluation standard of the 
resolution algorithm has not changed. This algorithm has obvious advantages when resolving consecutive integers based on 2 - ary. However, 
when distinguishing hashing, for example, character based strings, the number of feature points and the number of characters will increase 
rapidly. Too many feature points and character numbers mean waste of feature space, more initialization time, and more comparison times and 
comparison times. In order to still be able to use this resolution method, the commonly used string compression coding into integer, then use 
the resolution algorithm. However, even if the conversion method, for the long string is still not very easy to deal with [10]. 

 
Figure 5. Schematic diagram of hash tree. 

 
2.4 HDFS encryption algorithm 

 
Hadoop distributed file system (HDFS) is designed as a distributed file system suitable for running on general purpose hardware 

(commodity hardware). It has a lot in common with existing distributed file systems. But at the same time, it differs from other distributed file 
systems. HDFS is a highly fault-tolerant system suitable for deployment on cheap machines. HDFS can provide high throughput data access, 
very suitable for large-scale data sets on the application. HDFS relaxed part of the POSIX constraints, to achieve the purpose of streaming file 
system data read. HDFS was developed at the beginning as the infrastructure of the Apache Nutch search engine project. HDFS is part of the 
Apache Hadoop Core project. HDFS features high fault tolerance (fault-tolerant) and is designed to be deployed on low (low-cost) hardware. 
And it provides high throughput (high throughput) to access the application's data, suitable for those with large data sets (large data set) 
applications. HDFS relaxed (relax) POSIX requirements (requirements) so that the flow can be achieved in the form of access (streaming 
access) file system data. Hardware failure is normal, not abnormal. The entire HDFS system will consist of hundreds or thousands of servers 
that store file data fragments. In fact, it has very large part, each part is likely to fail, which means that HDFS always have some parts is 
invalid, therefore, fault detection and automatic fast recovery is a very HDFS core design goal. Applications running on HDFS must stream 
their data sets, which are not ordinary programs running on common file systems. HDFS is designed for batch processing, not user interactive. 
The focus is on data throughput and response time than the data access, POSIX lot of rigid demand is not required for HDFS applications, to 
remove a small part of POSIX key semantic can get better data throughput. The name of nodes and data nodes are running on the ordinary 
machine software, the typical machine is GNU/Linux, HDFS is written in Java, any Java machine can run the node name or data node, using 
the ultra-portable Java language, it is easy to deploy HDFS to a wide range of machines. The typical deployment is to run the name node 
software by a specialized machine, and each other machine in the cluster runs a data node instance. The architecture does not exclude 
instances of multiple data nodes running on a single machine, but the actual deployment will not be the case. HDFS supports traditional 
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inherited file organization. A user or a program can create directories, store files into many directories. File system namespaces are similar to 
other file systems. You can create, move files, move files from one directory to another, or rename. HDFS has not yet implemented user 
quotas and access control. HDFS does not support hard links and soft links[11]. However, HDFS structures do not exclude these functions in 
the future. The name node maintains the namespace of the file system, any file namespace changes and / or attributes are recorded by the name 
node. An application can specify the number of copies of a file. The number of copies of a file is called a copy factor of a file, which is stored 
by a namespace. The default HDFS block placement policy makes some compromises between minimizing write overhead and maximizing 
data reliability, availability, and overall read bandwidth. Under normal circumstances the replication factor is 3, HDFS replica strategy will be 
the first copy on the local node, second copies in another node of local frame and third copies in different nodes on the rack. This reduces the 
write traffic between the racks, thereby improving the performance of the write. Rack failure probability is much less than node failure. This 
approach does not affect the data reliability and availability constraints, and it does reduce the network aggregation bandwidth of the read 
operation, because the file block only exists two different racks, rather than the three. The copy of the file is not evenly distributed in the rack, 
1/3 on the same node, 1/3 copy on the same rack, another 1/3 evenly distributed on other racks. This way improves the write performance and 
does not affect data reliability and read performance. HDFS encryption algorithm schematic shown in Figure 6 and 7. At startup, the name 
node enters a special state called safe mode. Replication of file blocks not allowed in security mode. Name node receives heartbeat and block 
report from data node. A block report contains a list of data blocks owned by a data node. Each block has a specific minimum number of 
copies. When the name node checks the block has been greater than the minimum number of replication is considered to be safely copied, 
when reaching the configuration of the safety block ratio (copy plus additional 30 seconds), the node name will exit the safe mode. It detects a 
list of data blocks and copies blocks smaller than the number of specific copies to other data nodes. File system metadata persistence HDFS 
namespace is stored by name nodes. Use the transaction log name node called EditLog to persistent record every change of metadata of file 
system, such as to create a new file in HDFS, the node name will insert a record to record the change in EditLog. Similarly, changing the copy 
factor of a file will insert a record into the EditLog. The name node uses a file in the local file system to store this EditLog. The entire file 
system namespace, including the file block mapping table and file system configuration there is a file called FsImage, FsImage also stored in 
the name node in the local file system. The name node retains a complete file system namespace and the mapping of the file block mapping 
table in memory. This metadata is designed to be compact so that the 4GB memory name node is sufficient to handle very large file numbers 
and directories. The name node starts, it reads the FsImage and EditLog from the disk, the EditLog in all affairs is applied to the FsImage 
imitation memory space, and then the new FsImage to refresh the local disk, because the transaction has been processed and persisted in 
FsImage, then you can take the old EditLog. This process is called checkpoint. In the current implementation, the checkpoint occurs only when 
the name node starts, and the periodic checkpoint is supported [12]. 

 
Figure 6. Schematic diagram of HDFS structure. 

 
Figure 7. Schematic diagram of HDFS logic. 

 
3. Data dynamic operation verifiable scheme based on merkle hash tree 
 
3.1 Preliminary idea 

 
At present, although the cloud computing service providers through stable high-speed Internet connection allows users to access remote 

data storage, convenient and efficient access to services, but because of the cloud computing has virtual, large-scale, dynamic configuration 
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and scalability and other characteristics, and has brought many security risks and challenges for the calculation of large-scale data storage 
service environment under the cloud. In order to improve the utilization rate of the storage efficiency and storage space, large data files are 
usually stored in the cloud computing service providers is split into a plurality of small blocks of data, location and storage of each data block 
of the user state is unknown, the user may doubt the integrity and consistency of your data file. As a key index to measure the data storage 
service, how to ensure the integrity and consistency of user data files stored in the geographic unknown huge server in the cluster, has always 
been a major problem in cloud computing and data storage services are facing. Especially after the Amazon Simple Storage Service and 
Google Docs service interruption and other accidents have occurred, users of cloud computing service providers is to save resources and 
reduce the cost of concealing safety accidents more had a great distrust. Users want to have a complete set of mechanisms so that they do not 
spend too much computing resources and time under the premise of a data file integrity and consistency of the ability to review. Related 
research has been carried out a long time ago, and has achieved good results in the design of efficiency, verifiability, query and recovery. 
Currently, there are two common solutions for data integrity and consistency: private audit and open audit. Private audit as the name implies is 
the users own commitment to the data file audit work, public audit is the audit trusted third party audit institutions to complete. Although the 
private audit because of its simple logic has higher efficiency of auditing, but public audit can not only provide safe and reliable data for the 
user, but also to a large extent for the user to save a lot of computing resources and time. In the cloud computing environment, users are 
unlikely to have a lot of time and energy to carry out frequent audit work on their own data files, will this time-consuming task by having 
reliable and complete audit protocol to solve the trusted third party audit plan to complete can be said to be a very good choice. Data storage 
research attention verification in terms of long ago already by the industry, the solution proposed by scholars in efficiency, verifiability, query 
and recoverability etc. also have achieved certain results. Unfortunately, most scholars' research is limited to the operation of static data files, 
many research results cannot meet the dynamic operation of data files frequently. The following will be scholars before the relevant research 
results are summarized. Based on the previous research results, this paper solves the verification problem of user data file integrity and 
consistency in cloud computing environment by using special tree structure of Merkle Hash Tree. Not only effectively support cloud 
computing basic data dynamic operation of all environments (including data add, delete and modify etc.), also give full consideration to the 
storage of data in a distributed environment the geographical location of influence on the computational efficiency, the validation of the 
Merkle Hash based on Tree to make a certain contribution [13]. 
 
3.2 Safety assumption 

 
The scheme assumes that all communication channels do not exist in the case of large packet loss (communication channels include 

between USER and CDC, between CDC and TPA and between three parts of TPA and USER). At the same time, the TPA in the program is 
unbiased, fully trusted third party audit institutions, able to faithfully complete all tasks entrusted by USER. The security assumption of CDC 
in the scheme is slightly different from previous research, CDC is no longer completely non trust, but has a certain curiosity but can faithfully 
complete all tasks. CDC ensures that all parameters of their commitment to the correctness of calculation, no deceptive and non-repudiation, 
and unconditional response at any time for any user data file audit request. After all user data files are pretreated, there is no possibility of 
mutual interference between data blocks. In addition, the focus of the scheme is how to support the integrity and consistency verification of 
user data files stored in CDC and dynamic operation of data. Therefore, other securities issues such as user access control, data file recovery 
and so on are not within the scope of this chapter, this section will not be described in detail. Before the file is processed, USER will forward 
the data file storage request to CDC. CDC authentication of USER in accordance with its predefined access control rules. CDC authentication 
by legitimate users will get permission to file storage. In order to location only a block of data, for added position label to a size of 5 bytes for 
each data block (LTag), which is composed of a machine frame tag tag information sequence marking information, 2 bytes of the 1 byte and 2 
byte node tag information composition. Sequence tag information record is the data blocks in all data blocks in the order number, frame 
marker information recording is the specific piece of data is stored in the data center frame number, node number specific server node tag 
information indicating the data block storage [14]. CDC maintains a LTag tag list for each data file, recording the LTag tag information for all 
data blocks of the file. File block sketch map shown in Figure 8. 

 
Figure 8. File block diagram. 

 
3.3 Verification of data files 

 
In the process of file preprocessing, the Merkle Hash Tree of nodes, racks and files are constructed, and their corresponding root node 

values are calculated. All root node values will be the primary validation information for the solution. Program provides that the data file all 
validation information will not only be saved in CDC, but also in TPA backup. CDC is responsible for the latest authentication information to 
update the data file in real time through the communication network with TPA so that TPA can complete the data integrity and consistency 
verification of USER delegation. The program provides TPA file Merkle Hash Tree to the root node update data file with the latest LTag list 
information, stored data files of all the nodes Merkle Hash Tree root node value, the stored data files of all Merkle Hash Tree frame the root 
node value and the value of the stored data file. In addition, TPA clearly generates rules and methods for all validation information in a data 
file. First, CDC completes the USER data file storage, and submits to TPA the relevant verification data stored by USER. Data files before 
being deleted by USER, as long as the changes have occurred, CDC will be responsible for the data file to generate the latest validation 
information, and real-time updates with TPA. Then, CDC notification USER data file storage and verification information generation work 
has been completed, and told USER can begin to entrust TPA data file integrity and consistency of the verification. USER can choose 
immediately or try other time to communicate with the TPA, to entrust TPA to verify the integrity and consistency of data files. TPA from 
USER in the Audit Commission after the request, will carry out audit verification regularly or irregularly on the data file according to the 
requirement of USER, and all the audit operations retain verification log for USER days after the inspection. In the verification process, if the 
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data file authentication fails, TPA will inform the USER by e-mail or SMS and other communications, while requiring CDC to recover data 
files and other remedies. Cloud computing environment, most of the data files carried out frequently three basic dynamic operations are: data 
insertion, data modification and data deletion. In this scheme, after the three dynamic operations of the data file, all the verification 
information related to the data file must be re generated by CDC. This section will detail the data file after dynamic operation, Merkle Hash 
Tree data structure of the three reconstruction algorithms. 
 
4. Access control scheme based on attribute encryption algorithm 

 
The encryption algorithm based on attribute by adding the user identity attribute description, use and gate, or gate and gate contains 

threshold function as constraint condition, significantly improve the ability of sharing data file, the system in a distributed environment, access 
control efficiency is better than the traditional use of unique identity label identity based encryption algorithm is very suitable. In the cloud 
computing environment data file sharing rate is very high. To research attention access control scheme in long before there has been the 
application of encryption algorithm based on attribute, the solution proposed by scholars in the permission revocation, threshold function 
support and proxy re encryption and other aspects also have achieved certain results. Unfortunately, most of the scholars of the research 
content are limited to the use of encryption algorithm based on attribute to solve the control problems of the traditional computing model in 
which access, most research are not able to meet the application requirements in cloud computing environment. The following first of scholars 
before the relevant research results are summarized. The scheme assumes that all communication channels do not exist in the case of malicious 
packet loss (communication channels include between USER and CDC, between CDC and TPA and between three parts of TPA and USER). 
At the same time, the TPA in the program is unbiased, completely trusted third party audit institutions, able to faithfully complete all tasks 
entrusted by USER. The CDC in this paper is slightly different from the CDC in the previous scheme, although the CDC in the scheme has the 
curiosity, but can faithfully complete the task, no longer completely unreliable. All parameters of the CDC calculation, and bear the encryption 
key generation and distribution of work tasks, can guarantee the absolute correctness, no deceptive and non-repudiation. CDC can 
unconditionally respond to any USER file access request issued at any time, and strictly comply with the protocol formulated by the protocol 
key generation, change and distribution work. In addition, TPA can update real-time CDC access control and file information, CDC 
supervision. Cloud computing data storage security architecture, creative trusted third party audit agency into cloud computing access control 
operations. Therefore, the access control operation of the data file is slightly different from the traditional access control strategy. The program 
provides has write permissions for USER as long as the data file is modified, all have the data file access to the private key of the USER 
Merkle Hash Tree will file with the root node value change and failure, all USER access control permissions will be granted. When the USER 
key is proposed using failure data file access request, CDC will request to TPA for processing TPA, after confirming the identity of the USER, 
according to new data file access control permissions for the re issuance of private key operations. If USER still has access to the data files, 
then TPA will release a new private key for USER, so that USER can operate the corresponding data file; otherwise, TPA USER refused to 
file access request [15]. 
 
5. Summary and prospect 

 
Cloud computing as the core architecture of the next generation of computer network applications identified by most IT companies and 

insiders, has revolutionized the traditional usage of computers. Most services and data information of traditional IT solutions are in the 
absolute control of the user, most of which are stored in the user's own local physical equipment. But in cloud computing environment, almost 
all application software and data information are transferred to its huge server cluster by cloud computing service providers. Centralized 
management of data and services brings many security challenges to cloud computing applications. Although many scholars believe that cloud 
computing service providers have the ability to provide a more secure and reliable data center, but security is still the biggest problem in the 
application and promotion of cloud computing process. In the cloud computing environment, uncontrollable user data will inevitably bring 
uneasiness and distrust. Therefore, the research based on cloud computing data security has high application and academic value. In this paper, 
based on data security in cloud computing as a research topic for cloud computing virtualization, large-scale, dynamic configuration and 
scalability and other characteristics, the key technology of cloud computing data security field is studied. Completed the following work: 1, 
introduced the cloud computing related definitions and model architecture. 2, analysis of the existing data security methods, including 
symmetric and asymmetric cryptography, attribute based encryption algorithm and Merkle Hash Tree, etc. 3, summarizes the security 
challenges faced by data storage in cloud computing environment, has the advantages and the protection measures should be taken, and 
discusses the data security architecture in the cloud computing environment. 4, according to the integrity and consistency of data verification 
issues of cloud computing operating environment and dynamic data file, the design scheme of Merkle Hash verification based on Tree data 
support a dynamic operation in cloud computing environments. The main ideas, security assumptions, file preprocessing, verification process 
of data files and dynamic operation details of data are described in detail. 
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Abstract: With the accelerated process of urbanization and the rapid development of expressway, the traffic situation of freeway has been 
paid more and more attention. However, the traffic incidents on freeway are also frequent. Due to the traffic incident itself has strong 
randomness and unpredictability of the destruction, cannot be informed of the location and time of occurrence, the normal operation of 
highway traffic poses a potential threat, but also increases the complexity and difficulty of the traffic incident detection greatly invisible. 
Therefore, the highway management department at home and abroad has always attached great importance to the rapid detection of traffic 
incidents and traffic congestion in time to ease the solution, to minimize the impact of traffic incidents. With the continuous progress of 
science and technology, it provides a new way for the research of freeway traffic incident detection algorithm and early warning technology. 
These new technologies, new methods and new means of organic combination, will make the development of better performance, more 
intelligent traffic monitoring system has become possible. This paper combined with the technologies of detection and recognition of 
moving target tracking based on the video, this paper describes the principle of traffic incident detection technology based on video, using a 
mixed Gauss model, Calman filtering, target feature recognition technology, the research method of traffic flow detection and data 
acquisition of the video traffic incident based on the implementation of accurate detection of traffic incident on the highway video in the 
process of monitoring and control management, the formation of a set of Expressway whole monitoring, detection, warning, forensics. The 
aim of the highway video traffic incident detection system is analyzed in this paper, and the analysis of system data, software and hardware, 
network and other needs; working principle, detailed highway traffic video monitoring system for traffic incident detection and alarm record 
linkage process, the overall architecture design, system hardware architecture, transmission network architecture and software architecture, 
main function well, the front control deployment, front camera installation layout; and introduces the system according to the technical 
process, traffic incident detection of expressway traffic violations design mathematical model and various kinds of traffic violations 
detection algorithm, analysis method and process of vehicle motion direction, speed, slow, retrograde, speeding, road detection stop, and 
pedestrians. Based on the above theory, the research and implementation of highway traffic video monitoring system, describes the system 
hardware and software environment, system deployment, equipment installation, implementation steps, implementation of the system 
interface and the main function, application cases and highway traffic video monitoring system in large cross hub or highway access. The 
design and implementation of monitoring system in the end high-definition network camera to collect video data using USB camera or 
support RTMP protocol, video information through a unified interface to upload RTMP streaming media server, check the application layer 
for real-time video or video recording by calling the RTMP Client interface, this topic is in the Java development environment, MyEclipse 
as the development tool SQL, Server 2008 as the database of the system through the Tomcat server, using B/S three layer architecture, the 
system has good maintainability and reusability. At the same time, in the process of software development, the use of MVC design patterns 
and object-oriented design and development methods, easy system design and implementation. According to the idea of software 
development and design, this paper describes the development and implementation of traffic monitoring information management system in 
detail from the aspects of requirement analysis, system design, development environment configuration, system realization and so on. 
 
Keywords: traffic monitoring system; high definition image processing technology; real time monitoring system; rtmp protocol; system 
design and implementation 
 
1. Introduction 
 

At present, most of the highways in our country have been built in the traffic control center, which plays an important role in alleviating 
the road congestion, reducing traffic accidents and so on. With the rapid development of Expressway and the scale of video surveillance 
rapidly, rely on manual monitoring of traffic monitoring center of the traditional way to detect vehicle operation condition of highway; traffic 
management cannot meet the increasingly complex needs. So it is urgent to need a kind of real-time, accurate, efficient and intelligent traffic 
management system to solve the problem. Video based automatic detection of traffic incidents, is to achieve real-time traffic detection, traffic 
management intelligent, mitigation and prevention of traffic congestion is one of the effective measures. In this paper, we mainly study the 
traffic incident detection technology based on video tracking, and design and implement the video surveillance system of the expressway. 
Since the reform and opening up, with the economic and social development of our country, the people's living standard has been improved [1], 
and the consumption demand of the automobile has been gradually expanded. The rapid growth of the number of cars to bring people to 
facilitate traffic congestion but more and more frequent, more and more serious. Traffic congestion is not only a waste of energy, time and 
economic resources, but also because of emissions and noise environment pollution, bring great challenges to the sustainable development of 
China's economy, energy, social and ecological aspects. Expressway is one of the important parts of urban traffic, and it is the important 
foundation for the development of urban economy. With the rapid development of urbanization in our country, people pay more and more 
attention to the condition of expressway traffic. With the growing traffic demand, the rapid development of highways, and to promote social 
progress and economic development, produce the enormous economic benefits and social benefits, but also lead to the frequent occurrence of 
traffic accidents of expressway. Highway traffic increases often lead to different degree of road traffic congestion, reduce expressway 
operation efficiency, a series of problems caused by traffic safety, vehicle damage and casualties, two accidents such as traffic and energy 
waste, environmental pollution and other social problems[2]. Therefore, the important task of highway management is to discover the traffic 
incident, real-time traffic congestion, rapid development of rescue. However, random and destructive traffic incident itself, unpredictable 
traffic accident time and place, virtually increase the difficulty of traffic incident detection on highway traffic, normal operation constitutes a 
potential threat. Therefore, how to quickly detect traffic incidents, timely warning and ease traffic, to maximize the impact caused by traffic 
incidents, much attention to the highway management department. With the increase of traffic volume, the problem of traffic congestion is 
becoming more and more serious. By fog, rain, snow, road maintenance and construction and other causes of recurrent congestion, can be 
predicted and excluded; incidental congestion mainly by traffic incidents (such as traffic accidents, goods scattered, parking vehicles etc.) 
caused by randomness and accidental, not easy to be found promptly and were excluded, and all closed highway traffic flow, vehicle speed is 
high, once the accident caused by congestion and traffic delays, affecting the normal traffic, and may cause subsequent accidents, a vicious 
accident, including vehicle increase, increases the number of casualties. So it is very important and urgent to establish the information system 
of the automatic detection, evidence collection and early warning of the traffic on the freeway. In the past more than and 20 years, the 
developed countries of the world in the development of the scale of the highway construction at the same time, also gradually for intelligent 
traffic management in the field of research, including research in traffic incident detection technology has made many research achievements 
and successful experience, plays a very important role in the modernization of traffic monitoring and management of the highway in. However, 
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due to the early research conditions and technical level restrictions, traffic incident detection algorithm is insufficient, generally reflected in the 
high false alarm rate, low detection rate, average detection time, low efficiency, poor effect, difficult to reach the level of intelligent highway 
management system, with the modernization and social progress the. Germany, Australia, the United States and other developed countries 
started earlier, the video traffic incident detection technology is an important part of the traffic incident management system, which has just 
started in China, began to realize the road traffic monitoring system based on video image is an important means to ensure the road traffic 
safety and efficiency. Video image detection is a direct detection method, even in the condition of low traffic volume also has a better 
detection effect, is the most effective way of highway traffic incident detection. At present, the detection method is still stuck in the artificial 
detection mode, that is, in the monitoring room monitoring personnel to observe the occurrence of the continuous round of traffic events, 
rather than automatically detect the occurrence of traffic incidents. For the video image more sections, monitoring room by way of round robin 
or multi-screen to monitor multiple images on display on a monitor, monitoring personnel need long time for a large number of monitors to 
display the content of continuous observation, increase staff monitoring work amount and intensity, but also on the experience of the staff 
requirements are very high, but still difficult to continuous and simultaneous detection of multiple images, easy to cause lead to imprecise and 
missing problem. Therefore, how to effectively use the existing video signal, the real traffic incident intelligent, real-time, all-weather 
detection, to avoid detection of phenomenon of monitoring personnel, the field information acquisition and management functions of efficient 
integration, accelerate the reaction speed and improve work efficiency is one of the urgent problems to solve highway traffic monitoring. In 
recent years, with the continuous progress of science and technology, especially the communication technology, artificial intelligence, image 
processing technology, global positioning system, geographic information system and other aspects of the new methods and new results has 
provided a new way for further study on freeway traffic incident detection technology. The organic combination of these new technologies and 
new methods will promote the development of traffic monitoring system in the direction of better performance and higher degree of 
intelligence [3]. The schematic diagram of traffic monitoring system is shown in Figure 1 and 2. 

 
Figure 1. Schematic diagram of traffic monitoring system. 
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Figure 2. Structure of traffic monitoring system. 

Full closure of the highway to implement the management, reduce traffic interference, eliminate cross conflict, for motor vehicles to 
create good conditions, compared with the ordinary road traffic accident less but more serious accident. The driver safety consciousness, law 
consciousness difference, driving experience and other violations caused by traffic accidents, affecting the traffic capacity of the expressway, 
to the highway operation safety problems, bring huge economic losses and waste of resources. Therefore, if the traffic management 
department of highway management department and the city can be found in highway and city road traffic on a variety of specific events, 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                   219.3 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/219 

 

timely warning guidance, can reduce the occurrence of traffic accidents; on the other hand, if timely road traffic accident scene of the accident 
found rapid reaction, shorten the cleaning time, due to the impact of road traffic accidents decreased the. In addition, traffic flow data can 
provide the basis and foundation for the road planning and traffic guidance and the management department needs collection equipment, 
which is simple and flexible, and can be used for pavement construction. This research in the analysis of the existing traffic incident detection 
algorithm based on the problems[4], to the modern highway operation management demand for traffic incident detection as the goal, relying 
on the advanced image processing technology and pattern recognition technology, optimal control theory, in-depth research around the theme 
of traffic incident detection technology. The key research contents include: Based on the analysis of freeway traffic incident detection and 
traffic monitoring panoramic video data acquisition technology research, and based on HD video intelligent analysis technology, the design 
and implementation of highway traffic video monitoring system. In the architecture of intelligent transportation system, the event detection 
system is an important part of the advanced traffic management system and has a very important role. The main function of the traffic incident 
detection system is the timely detection of road traffic accidents occur, and timely treatment, to minimize the traffic incident caused by road 
congestion, property loss and casualties, effectively avoid or reduce the occurrence of two events. The use of video traffic incident detection 
system, can increase the safety factor of the vehicle traveling on the highway, improve the use of existing highway facilities, shorten the time 
of the corresponding emergency rescue, improve the effectiveness and reliability, improve the operation efficiency of each actuator, after the 
incident quickly restore traffic capacity of the freeway. With the continuous construction of the highway and the use of a large number of 
inputs to the highway management level,the traditional management of ordinary highway technical means has not been able to adapt to the 
needs of modern management, will eliminate backward traffic control methods and techniques. Facing the complex, real-time and integrated 
management requirements of the expressway, it is necessary to adopt more efficient and advanced traffic incident detection algorithm. Study 
on the new traffic incident detection technology, not only conducive to the realization of the automation system, and intelligent management 
mode, is conducive to the improvement of the existing highway management level, and to provide more high-quality user service [5]. 
 
2. Key technologies involved in the system 
 
2.1 B/S architecture technology 

 
B/S structure (Browser/Server, browser / server mode), WEB is the rise of a network structure mode; WEB browser is the client's most 

important application software. This model unifies the client, the system function realizes the key part to the server, has simplified the system 
development, the maintenance and the use. The client just install a browser, such as Netscape Navigator or Internet Explorer, SQL Server, 
Oracle server installation and MYSQL database. The browser through the Server Web with the database for data interaction. Because of the 
various problems existing in Client/Server structure, people put forward a kind of application system structure browser / server 
(Browser/Server) structure with three layer mode (3-Tier) on the basis of its original structure. Browser/Server structure is the rise of the 
Internet, a kind of improvement on the structure of Client/Server. In essence, the Browser/Server structure is a Client/Server structure; it can 
be regarded as a special case of application of a model consists of two layers of Client/Server structure and the development of the traditional 
mode of three layers Client/Server structure on Web. Browser/Server structure is mainly used to mature Web browser technology: combining 
multiple browser scripting language and ActiveX technology, using a standard web browser to achieve the original need powerful special 
software to realize the complexity, while saving development costs. B/S the biggest advantage is that it can be operated in any place without 
installing any special software, as long as there is a computer can access the Internet, the client zero installation, zero maintenance. The 
expansion of the system is very easy. More and more use of B/S structure, especially by the demand to promote the development of AJAX 
technology, the program can also carry on partial processing on the client computer, thus greatly reduce the burden on the server; and to 
increase the interactivity, can carry on the partial refresh. At present, the software system has become more and more frequent, and the product 
of B/S architecture is more and more convenient. On a slightly larger unit, system managers if needed in the hundreds or even thousands of 
computer running back and forth between efficiency and workload is, as can be imagined, but only need B/S software management server on 
the line, all the client browser only, this need not do any maintenance. Regardless of size, number of branch will not increase any maintenance 
workload, all the operation only for the server; if it is remote, only need to connect server network can realize the maintenance, upgrading and 
remote sharing. So the client is more and more "thin", and the server is more and more "fat" is the main direction of the development of 
information technology in the future [6]. In the future, software upgrades and maintenance will be more and easier, and the use of it will be 
more and simpler, this is the user's manpower, material, time, cost savings is obvious, amazing. Therefore, the way to maintain and upgrade 
the revolution is the "thin" client, "fat" server. We all know that windows on the desktop computer almost dominate the world, the web 
browser has become the standard configuration, but the server operating system on the windows is not in the absolute dominance. The current 
trend is where the use of B/S architecture application management software, just installed on the Linux server can be, and high security. So the 
server operating system is the choice of many, no matter which kind of operating system can make most people use windows as a desktop 
computer operating system is not affected, which makes the most popular free Linux operating system developed rapidly, in addition to the 
Linux operating system is free, even the database is free of charge, the choice is very popular. Because the B/S architecture management 
software installed in the server (Server), network management personnel only need to manage server on the line, the user interface in the main 
business logic server (Server) terminal through WWW browser, little business logic in front (Browser), all the client only browser, network 
management personnel only need to do hardware maintenance. However, the application server operation data of heavy load, once the server 
"collapse" and other issues, the consequences is unbearable to contemplate. Therefore, many units are equipped with a database storage server, 
just in case. The schematic diagram of B/S architecture is shown in Figure 3. 

 
Figure 3. Schematic diagram of B/S architecture. 

 
2.2 Principle of moving object detection and tracking based on video 
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In the analysis of the existing traffic incident detection algorithm based on the problems, to the modern highway operation management 
demand for traffic incident detection as the goal, relying on the advanced pattern recognition technology, image processing technology, 
optimal control theory, and this paper based on the video traffic incident detection technology and algorithm. Traffic incident detection based 
on Video: refers to the use of computer vision technology and digital image processing technology, the research in the highway scene moving 
vehicle detection, vehicle tracking, motion prediction, automatic traffic incident detection algorithm to automatically detect the traffic 
congestion, parking and reverse traffic incident. Also known as the background modeling background estimation, the main objective is to 
estimate the current according to the background, the moving targets in video frames are detected, and converted into a two classification 
problem, all pixels are divided into two types of motion of foreground and background, and then the classification results post processing, the 
final test results. When no moving objects in the scene, the background image acquisition method is relatively simple, but not easy to achieve, 
and adaptability is not strong, usually only suitable for short time monitoring the scene, unable to meet the demand of the intelligent 
monitoring system for background modeling. Scholars in order to develop the ideal background model, proposed a variety of models, make 
full use of the known information, the use of high-level processing results in some systems, such as moving object tracking, behavior 
understanding, provide feedback to the background estimation, decide which pixel is foreground, determine which pixels should be absorbed 
into a part of the background model. The simplest method is to estimate the background frame difference method, using the feature of strong 
correlation between adjacent frames of image sequence, sequence image of the current scene select the adjacent frame difference, through the 
detection of changes in image sequences, and through post processing methods (such as filtering) to determine the moving target. Frame 
difference method is suitable for real-time applications, its biggest characteristic is fast, and the overall environment less sensitive to 
illumination changes, but this method cannot get the complete information of the target detection in the detection of color (such as uniform 
motion, no internal changes [7], the only difference between frames in the direction of movement of the object on both sides, easy to leak 
inside the object pixels, to detect moving foreground appear empty. The biggest characteristic of this kind of dynamic background model, can 
well adapt to the change of light and slow moving target, can also be handled by the background of back and forth movement which lead to 
the gray distribution of multi peak pixels, such as flags waving in the wind and building the lights flashing, the leaves of the trees swaying. 
The method needs to use a model to express every point, and stores more parameters, the larger algorithm computing, is recognized as 
inconvenient in practical applications. Along with the continuous development of hardware technology, the computational bottleneck has been 
solved, combined with the robustness of the background model of mixed Gauss model, this paper uses the mixed Gauss model as the 
background modeling method. The effect of target tracking: the foreground object is detected in real time until it disappears in the image 
sequence, describes the moving track of the target, and extracts the dynamic characteristics of the position and velocity of the moving object. 
Tracking based on the location, shape, size, color and other parameters in the video adjacent images between the target matching. According to 
different attributes, and divided into 4 categories: regional target tracking algorithm for tracking, tracking, 3D model based on dynamic 
contour tracking based on feature based tracking, target tracking application can be combined to several kinds of methods. Firstly, the 
connected area of each vehicle is identified, and the location, color, length, width and area of each connected area are recorded. Through the 
background subtraction to extract foreground vehicle, find corresponding vehicle pixel gray value greater than the threshold in a difference 
image. This method is not applicable in the case of vehicle occlusion or traffic congestion, because multiple target vehicles are connected with 
each other in the image area, and it is very difficult to separate a single vehicle. The 3D model of the vehicle prototype can be matched with 
the target in the image, which can obtain the accurate model of the vehicle running track. But the disadvantage is that we must rely on the 
detailed geometric model of the object tracking, will occupy a large number of computing resources, and it is difficult to get the exact model of 
all vehicles. With the increasing ability of computer data processing, the performance of this method is better [8]. Record the target object 
boundary contour length, width and area features, contour matching, tracking between adjacent images, and real-time modification of contour 
feature, the contour tracking target area belongs to a part of the connected region of the peripheral area, so the tracking method based on the 
calculation of the amount of data domain is much smaller. Due to this method, the contour is only marked and tracked, which cannot 
accurately describe the target, tracking accuracy, such as region based tracking method, the same is not applicable to vehicle tracking and 
traffic congestion. The schematic diagram of the target detection technology is shown in Figure 4. To give up the idea of tracking the target as 
a whole, tracking the shape, point, line, sub region and other local characteristics of the mark. As a vehicle target may have more than one 
feature, it is necessary to determine the weight and priority according to the actual situation. The characteristic area of the moving object is 
only part of the whole area, and the method is suitable for the vehicle tracking under the condition of object occlusion and traffic congestion in 
a certain degree. If choose the appropriate set of vehicle characteristics this method can obtain good tracking accuracy, and has little 
computation, due to the diversity of the moving target, it is difficult to determine the best feature set, this method also needs to be further 
improved. Based on a variety of vehicle tracking algorithm, a comprehensive analysis of the advantages and disadvantages of a variety of 
tracking algorithms, this paper uses the Calman (Kalman) filter based multi feature matching tracking algorithm. If there exists a set of strong 
and reasonable assumptions, the system is given a historical survey value, and the system state model of the early measurement value is 
established. Calman filter without long time storage measurement history data early, also can make the maximum a posteriori, is repeatedly 
updated state model of the system, so that the system for the next update required model. 

 
Figure 4. Sketch map of target detection algorithm. 

 
2.3 Video transmission protocol RTMP 

 
RTMP, (real time messaging protocol) is a private agreement between Systems Flash for audio, video, and data transfer between Adobe 

players and servers. RTMP is a common streaming media protocol used to transfer audio and video data, combined with flash, widely used in 
broadcast, on demand, chat and other applications, as well as PC, mobile, embedded platform. RTMP protocol is based on the TCP protocol, 
so server RTMP is essentially a TCP server, and its logical structure is basically similar to the general TCP server [9]. Basically a server 
RTMP to achieve the following 6 point interaction protocol, you can support the flash player, the smooth output of H.264 video streaming. 
Byte order: RTMP byte order RTMP and most of the network protocol is the big endian, there are also some fields is little endian, but have 
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special instructions. RTMP head: RTMP head in the form of agreement is chunk head, has said in front of a Message + head can be divided 
into one or more chunk, in order to distinguish between these chunk, certainly need a chunk head, the specific implementation to merge 
Message head chunk information and head information together to form chunk head. Based on the ARM architecture of the client, can meet 
the system in the deployment of video equipment. S3C6410 Samsung Corp introduced the application processor chip, based on the ARM11 
architecture, the maximum frequency of up to 800 MHz. It has the multimedia hardware acceleration function, including SP MPEG4, BP 
H.264/263 and VC1 (WMV9), which is greater than 30fps, and can be used for high performance embedded devices. Embedded system is 
based on the Linux kernel, can be used for video coding FFMpeg. Ffmpeg is open source, and it is very feasible in practical application. In 
addition because it has the industry's leading audio and video codec library libavcodec, audio and video can be fully processed. Ffmpeg can 
decode and encode the audio and video files of almost any format popular in the present stage. Chunk length: chunk start length of 128 Byte, 
this value is also variable, when client and server to establish a connection, client and server can send signaling to notify the other party to 
modify the length of chunk. Theoretically, the length of the chunk can be changed to 65536. The length of the chunk data refers to the length 
of the part, which is the chunk data (payload) in length, when the length of the Message data over the length of the chunk, we must divide 
Message into a chunk, if a video type Message length is 2000 byte, the length of chunk is 1500, then the Message will be split two chunk, 1 
chunk data of length 1500, second chunk data of length 500. Of course, the two chunk head is certainly different, of which second of the chunk 
head is 0 bytes of the chunk. Message stream ID byte order is little endian, this field is to illustrate the reuse and design, RTMP document said 
is quite fuzzy[10], message stream ID can make arbitrary value, different message stream multiplexed into the same chunk stream, they can 
demultiplexing based on ID. The length is 7 bytes chunk head, the type does not contain stream ID, the chunk streamID and chunk stream 
before an ID is the same, variable length messages, such as video streaming format, the use of this type in the first of a new chunk, note the 
time stamp is part of the relative time. When the field is sent, it must be a normal time stamp set to 0xFFFFFF, when the normal time stamp is 
not 0xFFFFFF, the field does not send. When the time stamp is smaller than 0xFFFFFF, the field does not send, and when the time stamp is 
larger than 0xFFFFFF, the field must be sent, and the normal time stamp is set to 0xffffff. Data Chunk: the actual data (Payload), can be 
signaling, but also can be the media data. Chunk basic header: chunk basic head 1~3 length bytes, specific length is mainly dependent on the 
chunk stream ID, flash server used to manage the signaling link client is chunk stream ID interactive, this sign is called the channel ID in the 
red5 document, the streamID protocol supports a maximum of 65597, respectively, from the 3~65599. In streamID 0, 1, 2 to retain the 
agreement, 0 on behalf of ID 64~319 (second byte + 64); 1 64~65599 (ID stream chunk (third byte) * 256 + second + 64 (byte) small end said 
2); said the message is low layer protocol (control signaling in the RTMP protocol of the chunk stream ID is 2). Chunk's stream ID 3~63 is the 
value of the byte. In addition, no additional fields are used to identify the stream streamID chunk. Although the chunk stream ID RTMP in 
theory there are 65599, but the current use of the stream ID chunk few, which 2~7 for the agreed, 8 used to transfer play publish and other 
commands. RTMP flow chart is shown in Figure 5. RTMP is the abbreviation of (routing table maintenance protocol). In the AppleTalk 
protocol group, routing table maintenance protocol (Routing, Table Protocol RTMP) is a transport layer protocol, which establishes and 
maintains the routing table in AppleTalk router. RTMP based routing information protocol (RIP). As with RTMP, RIP uses hop count as a 
routing metric. A packet is sent from the source network to the target network, and the number of routers and other intermediate nodes must be 
calculated. RTMP is the first letter of the Time Messaging Protocol Real (real time messaging protocol). The protocol is based on TCP, which 
is a protocol family, including RTMP basic protocol and RTMPT/RTMPS/RTMPE and other variants. RTMP is a kind of network protocol 
designed for real time data communication, which is mainly used for audio and video and data communication between the Flash/AIR 
platform and the streaming media / interactive server which supports RTMP protocol. Support the agreement of the software including Media 
Server/Ultrant Media Server/red5 Adobe, etc. 

 
Figure 5. RTMP flow chart. 

 
2.4 H.264 standard introduction 

 
H.264, MPEG-4 is also the tenth part is composed of a ITU-T video encoding expert group (VCEG) and ISO/IEC MPEG (MPEG) joint 

video team composed of (JVT, Joint Video Team) proposed a highly compressed digital video codec standard. This standard is often referred 
to as H.264/AVC (or AVC/H.264 or AVC MPEG-4/H.264 or AVC H.264/MPEG-4) and a clear description of its two aspects of the developer. 
The main part of the H264 standard Access Unit delimiter (access unit delimiter), SEI (primary coded, additional information) picture 
(encoding Redundant Coded basic image), Picture (redundant image encoding). There are Instantaneous Decoding Refresh (IDR, Hypothetical, 
instantaneous decoding refresh) Reference (Decoder HRD, Hypothetical Stream, hypothetical reference decoder) Scheduler (HSS, 
hypothetical stream scheduler). H.264 is the International Standardization Organization (ISO) and the International Telecommunications 
Union (ITU) jointly proposed after the new generation of digital video compression format MPEG4. H.264 is one of the standards of video 
coding and decoding technology named ITU-T, which is named after H.26x series. H.264 is a VCEG (video coding expert group) and MPEG 
ISO/IEC (active image coding expert group) video team JVT: joint (joint video group) developed a digital video coding standard. The first 
standard from the ITU-T called H.26L project development. H.26L this name is not very common, but it has been used. H.264 is one of the 
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ITU-T series for the name of the H.26x standard, ISO/IEC is the name of the MPEG AVC party. The development of video codec technology 
organization has two, one is "the International Telecommunication Union (ITU-T), it set the standards H.261, H.263, H.263+, the other is the" 
International Organization for Standardization (ISO) "it set the standards MPEG-1, MPEG-2, MPEG-4 etc.. H.264 is a joint video team jointly 
established by the two organizations (JVT) new digital video encoding standard jointly developed, so it is ITU-T H.264, and MPEG-4 
advanced video encoding ISO/IEC (Advanced Video Coding, AVC) of the tenth part. Therefore, whether it is AVC MPEG-4, Part MPEG-4 
10, or 14496-10 ISO/IEC, are referred to as H.264 [11]. H.264 is the same as the previous standard, but also DPCM plus transforms coding 
mixed coding mode. It uses a "simple design of back to basics", not many options, get much better than H.263++ compression performance; 
strengthen the ability to adapt to various channel, the structure and grammar of network friendly ", is conducive to the treatment of errors and 
losses; application of a wide range of objectives, to meet the different rate different resolution and different transmission (storage) applications. 
Technically, it focuses on the advantages of the previous standards, and has absorbed the accumulated experience in the development of 
standards. Compared with V2 H.263 (H.263+) or MPEG-4 (Profile Simple), H.264 can save up to 50% bit rate in most digital rates when 
compared to the optimal encoder which is similar to the coding method. H.264 can continue to provide high video quality at all rates. H.264 
can work in low delay mode to adapt to the application of real time communication (such as video conferencing); also can work well without 
using delay constraints, such as video storage and server based video streaming application. H.264 provides tools for handling packet loss in 
packet transport networks, as well as a tool for processing bit error in a wireless network with a bit error rate. At the system level, H.264 
proposed a new concept in the video encoding layer (Video Coding Layer, VCL) and network layer (Network Abstraction Layer extraction, 
NAL) between the concept of segmentation, the former is the core content of the compressed video content representation, which is expressed 
through the delivery of certain types of network so, the structure is convenient for information encapsulation and better information on the 
priority control. H.264 frame diagram shown in Figure 6. 

 
Figure 6. H.264 frame diagram. 

 
3. System requirements analysis 
 
3.1 An overview of system requirements analysis 

 
Highway traffic video monitoring system for expressway traffic incident management and the design of the monitoring system, its 

purpose is to help the modernization of technical means, to ensure maximum highway traffic safety "and" road ", so as to realize high speed, 
environmental protection and other targets. Highway traffic has a large amount of the characteristics of high speed, once the traffic incidents 
are usually serious accident, not only will cause serious damage to the vehicle and casualties, but also cause the traffic congestion, the traffic 
delay increases, travel time is unpredictable. The fog weather may cause occasional driving error, multi car rear end collision. Therefore, the 
system will be the biggest driving safety as the main work objectives. From this point of view, the main aim of the highway traffic video 
monitoring system is to assist the traffic management departments timely and accurately find occasional traffic incident occurred on the 
highway, real-time alarm and rapid rescue, to avoid the two accidents, to reduce to a minimum traffic incident caused by the loss of life and 
property as soon as possible. Smooth highway means no blocking phenomenon; the vehicle can continue to run at an ideal speed of the state. 
This is the most basic highway transportation is the most important condition. In the actual environment, there are various interference factors 
affecting the roads open, the basic aim of the highway traffic video monitoring system is by monitoring the flow of traffic to prevent accidents 
and reduce traffic congestion, eliminate traffic congestion, road smooth recovery. Common traffic congestion is divided into episodic 
congestion and frequent congestion. Occasional congestion usually occurs in traffic accidents on the road traffic flow is larger or more serious 
cases, due to unexpected traffic incidents cannot be predicted in advance. Recurrent congestion by traffic demand exceeds the road capacity 
caused by repeated observations that can occur in crowded sections, extremely serious degree, based on the traffic demand timing adjustment 
can maintain a smooth road. Whether it is sporadic or recurrent congestion, in order to ensure smooth traffic recovery as soon as possible, as 
required to complete the whole monitoring process in a short time, or with the increase in long delay caused obstruction of the vehicle number, 
increase the difficulty of eliminating congestion. To this end, the use of advanced detection means and modern counseling techniques, to 
ensure the smooth flow of the highway is very necessary [12]. Therefore, considering the significance of highway roads, traffic video 
monitoring system is to provide real-time, accurate and comprehensive freeway traffic state and cycling operation of the traffic information for 
traffic management departments, so as to achieve real-time tracking and monitoring of road traffic conditions, quickly find and grasp the 
traffic incident occurred on the highway and traffic congestion situation, to take timely measures to effectively ease, ensure the smooth 
operation of the road, so as to improve the highway operation efficiency and scientific management level. 
 
3.2 Feasibility analysis of the system 

 
Analysis of the feasibility of the system contains many analysis modules, this section is mainly three important aspects which are 

analyzed, on behalf of the three aspects are: the cost of technology is feasible, have what problem and the subsequent operation and 
maintenance is feasible. In most cases, these three aspects are important to determine whether a system is feasible or not. 1) economic 
feasibility analysis: this topic proposed the traffic monitoring management system can replace the traditional semi-automatic monitoring 
system, introduce the worker's expenses, save the cost, therefore, the cost is quite cost-effective. 2) technical feasibility study: computer 
technology change rapidly, emerge in an endless stream of new technology, Web technology, after decades of development has been on 
stabilization and improvement in the Web technology, launched by the SUN JSP technology is particularly outstanding, has won the praise of 
developers. This topic proposed traffic monitoring management system and is based on browser and server mode, the development and 
implementation of this model is not a problem in technology, and the author also has some experience in project development. B/S mode C/S 
mode which is different from the traditional structure, and the safety of Java development language, the development module of database 
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access, and the importance of the information system of encryption, to ensure the safety of the data in the system. All users of the system only 
need to use a browser to access and related operations, the system does not need the hardware and software platform is very complex and 
many complex configuration, a PC machine can meet the needs of the ordinary, more convenient to use; the user use the system for data input, 
judgment and detection such as the date format enter the information system of the front and back of the user submitted, the age is in 
accordance with the specification, to ensure compliance with requirements to add data to the database, reduce the system pressure; because of 
the traffic monitoring system management is the architecture design of B/S system, so all data exchange are carried out in the network, and to 
reduce the client task pressure; reduce user manual input, try to let users use the selection box to choose, reduce user input error, data security 
Secondly, this paper mainly uses the JSP technology and database technology to realize all the functions needed[13]. JSP is a dynamic web 
page to achieve the standard. It is the main difference between the traditional HTML pages: in the static page to add some Java code and some 
of the unique JSP tags, you can form a simple JSP page development. Which was added to the Java code in the static web page can have a 
variety of different functions, the basic function can carry out the database crud task can access to other pages including all established all 
functions of dynamic web page need. But the request and task logic related systems are handed over to the server, the server returns the user to 
view in the browser on the result of this model largely reduce the pressure of server, reduce the client due to software installation or 
configuration requirements. Even if the average client does not have any software installed on the machine, the system can access the system 
as long as there is any browser. And JSP technology to facilitate easy to learn, for the development of this system is very effective. Therefore, 
JSP technology to realize the function of this system is more than sufficient. Therefore, the technology is relatively mature; the subject of the 
proposed system can be achieved. 3) operation feasibility analysis: due to the early demand analysis shows that the work has been doing better, 
but also the system processing and captures a lot of exception handling, so the development of the system and the maintenance work is 
relatively difficult. On the one hand, there is a complex business process, system maintenance and operation personnel only daily management 
and monitoring of the system, especially in the current computer technology popularization, the demand is not very high, after a short-term 
training can adapt to. In addition, the main business processes of the system design are more familiar with the traditional staff, the operation is 
handier. Therefore, the operation is not a big problem. 
 
3.3 Functional requirements analysis of the system 

 
The hardware components of the video surveillance system of freeway traffic include three parts, including front camera, system control 

and network transmission. The hardware of each part is relatively independent, even if the device is not changed, it will not affect the normal 
operation of the whole system. The front camera is part of the traffic video monitoring system: "eyes", affect the whole system of video quality 
the main factor is the camera part of the quality and the quality of image signal, its main function is to collect the video image acquisition, 
compression, signal and output control signal, finally will monitor the content variation control network and control center for the image signal 
is transmitted to each. The camera is required to choose the camera point according to the monitoring camera point requirements, can choose 
the camera with long focal length camera remote monitoring; select the camera with intelligent analysis function of intelligent camera point 
analysis; if you need to have the camera point high-definition images can choose the camera supports HD image etc.. Control system: system 
control part is to realize the function of the whole system of the command center, it can be said that the entire video surveillance system in the 
"heart" and "brain", including system management module and video display and recording part. Connected to the front-end monitoring 
sections of each crossing or through the network, real-time display, completed under the jurisdiction of monitoring camera point monitoring 
image control, storage, management etc. The management system is mainly composed of control unit, alarm server, management services, 
system management software platform, system operation terminal (PC or notebook computer) constitute and terminal software, can be realized 
on the front-end equipment configuration, image monitoring, video search, playback, PTZ control, alarm and other functions. The display part 
consists of several or more monitors and monitors (if necessary, also can use large screen splicing wall or screen), it is the function of the field 
acquisition of the camera's image will be displayed in real time[14], and the center managers can intuitively understand each camera to 
monitor the. The second part is mainly composed of record storage servers (such as disk arrays), printing equipment, its main function is to 
complete the storage and backup of the front-end surveillance video, and video playback and query, call. The network transmission part is the 
video and audio signal channel of the video surveillance system. Video surveillance system is also a neural hub. In terms of network 
transmission, the system can be based on the bandwidth requirements of the network, the network conditions surrounding the system, as well 
as economic considerations, configure the appropriate network routing, and to ensure that the system's image effects. For the network port 
equipment should be determined depending on the specific type of network, such as routing and switching equipment for the router or network 
switches, fiber line port equipment for fiber optic transceivers, ADSL equipment for ADSL MODEM. The whole network monitoring system 
is divided into four levels, which are the front end equipment layer, the transmission network layer, the system control layer and the 
application layer, and the standard TCP/IP protocol is adopted to communicate with each layer. The front-end device layer is a fundamental 
part of the video surveillance system, it is mainly responsible for front-end camera image acquisition, transmission network is the whole 
system of network security, system control is the core of the whole system, and the application layer of the system is the system construction 
of the final goals to be achieved. The system has automatic detection function, the user can also define a plurality of detection area, vehicle 
violation phenomenon and can appear in the detection area and related events, such as traffic jam, vehicle speeding, vehicle reverse exercise 
and traffic accidents, automatic detection and analysis, and trigger the alarm. The system has the detection and tracking illegal evidence 
amplification function, when the detected parking and reverse information, automatic tracking ball machine to enlarge until you can see the 
license plate, the main purpose is to provide useful information for vehicle. Provide a period of not less than 10 seconds and less than 10m of 
the video evidence, video overlay section name, time, location and other information, the entire video to see the vehicle color, models, license 
plate and other information. 
 
4. Design and implementation of the system 

 
Highway traffic video monitoring system, video image acquisition using the remote control camera along, select target information from 

the change of image sequences to calculate and analysis of vehicle trajectory generation, event alarm processing through image processing 
algorithm. The system adopts the background automatic update technology to adapt to the change of the rotation of the remote camera and the 
external environment. Once the remote control camera stops rotating, it begins to detect. The system first establishes a constant background 
image, extracting a number of pictures per second camera, take pictures and background images are compared, can detect the presence of 
vehicles, and then use the detection technology of moving object segmentation and tracking based on the measurement results, the system can 
obtain the traffic incident data and trigger the alarm. The following principle of highway traffic video monitoring system: collecting real-time 
video images by camera, by comparing the real time and background image, through the hardware and software algorithms, analysis into the 
horizon vehicles and pedestrians, traffic data to obtain the required information (such as share, vehicle length, vehicle speed, flow rate and 
event information (vehicle) stop and pedestrian congestion, retrograde, etc.), and the use of hard disk recorders in local traffic time occurs a 
few minutes of video recording before and after the accident. Highway traffic video monitoring system is the camera video collection to a 
special image as input, using digital image processing, computer vision and pattern recognition technology[15], analysis of the image sequence 
to extract traffic information of the scene. The main function modules are as follows: analyzer: the analyzer includes computer unit, image 
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processing software, video signal digital system and communication card. Its main functions include: to obtain digital, synchronous analog 
video signal. Each video signal analyzer of this type can input multiple fixed cameras; the special image processing algorithm for image 
analyzer; in hard disk of video circulating storage alarm; measurement result image, traffic parameters, and communicating with the server. 
Data server: the selection of the PC server configuration mainstream, its functions includes data storage and management. Equipped with the 
corresponding computer peripherals, the data refers to the video sequence, event data, video sequence and traffic parameters; equipped with 
second blocks for Ethernet card and communication center monitoring system, realize the dump file, alarm information exchange function[16]. 
In addition, the system can also complete the management work, to achieve the function of the system monitoring, and is equipped with a 
dedicated encryption software collaborative work. Manager: a standard desktop computer as a system manager, the general configuration of a, 
will be placed on the command console, can be achieved on the management of multiple data servers. Method of combining the differential 
input video stream using the background subtraction and frame, multi feature matching algorithm, motion detection and color recognition of 
vehicle centroid distance combined, tracking can detect and identify the vehicle, according to specified traffic rules, determine the specific 
monitoring of vehicles in the region are illegal, if there is illegal the vehicle is triggering the alarm, to capture the current frame, the illegal 
information storage, and real-time management of illegal information. Depending on the software of PC terminal to support traffic detector 
daily work, various traffic parameters need to be set in advance in the configuration of PC software, including the detection area, lane, 
mapping and other information. Equipped with the server, the system will still need to be transmitted to the server and save more of the other 
data[17]. Through the client system, the user can realize the real-time view of the traffic scene which is transmitted by the multi way video 
camera, and the historical traffic information stored in the database has been detected[18].. If the accident traffic accident or a road traffic 
congestion situation saturation, video detector to outdoor traffic guidance device transmits a control signal, using voice or flash guide to 
nearby vehicles and relieve the traffic pressure on the section of the incident, the traffic flow guidance it. 
 
5. Summary and prospect 

 
Video detection technology is the core component of intelligent traffic monitoring system, and it is one of the hot research issues in the 

field of international traffic. Its research is of great theoretical significance and practical value to improve the management level of the 
highway, to ensure the safety of the highway traffic and to improve the efficiency of the highway operation. The research based on the 
technology principle and method of freeway traffic incident detection, the main research results and conclusions are as follows: the intelligent 
traffic monitoring system for traffic incident detection technology based on video monitoring based on. Making full use of the existing full 
monitoring equipment at the same time, greatly shorten the reaction time after the event occurred; effectively improve the highway 
management level. Research on video image processing technology at home and abroad, the development status in the background modeling, 
target detection, detailed analysis and summary of the current background modeling and object tracking algorithm, from the analysis of 
practicability and accuracy, this paper used mixed Gauss model as the background modeling method, using Kalman filter based tracking 
algorithm feature as incident detection target tracking method. 
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Abstract: With the rapid development of information technology and the Internet, the network has become the main basis vector to obtain 
technology and resources in the modern education, some important changes in the modern form of education, the rapid development of 
distance education and network education brings new challenges for China's education. Art education is one of the important measures to 
improve the comprehensive quality of students in modern teaching. Therefore, in the context of information technology, how to use 
information system to realize the interactive learning of art education, has become the modern art education is one of the most critical part. 
The advent of information technology makes the development of modern digital education, digital campus school management rapidly, 
information age has come, the network has become the main basis vector to obtain technology and resources in the modern education, 
modern education form has undergone important changes, the rapid development of distance education and network education puts forward 
new challenges for me China education. Network teaching and research system has become the main carrier to get important resources. The 
rapid development of information technology makes information technology to become a tool mainly depends on education in the present 
teaching, modern teaching must be combined with information technology, make full use of information technology in education and 
teaching effect. Art education is one of the important measures to improve the comprehensive quality of students in modern teaching. 
Therefore, in the context of information technology, how to use information system to realize the interactive learning of art education, has 
become the modern art education is one of the most critical part. The teaching of art education and other subjects, art education has its own 
characteristics, is aesthetic as the core of the education system, comprehensive art education, to an important role in promoting the all-round 
development of students individual play. The main content of this paper is to design and implement a convenient and feasible study of art 
education system the art teaching mutual learning mutual aid system is based on three layer architecture of NET system for the main 
structure. The main function of the presentation layer is to process the user's request data and realize the interaction between users. Data 
layer is mainly the realization of data logic processing, through the database call and operation to achieve interactive database access 
function. The business logic layer is in the middle of a relationship, play a connecting function, realize the logic processing of the database, 
and then realize the system's business objectives. The design and implementation of multilayer mechanism is very important to improve 
system reliability and system compatibility. In the art teaching and mutual design and various functions of the application system are carried 
out in W E B, all users can through the network to realize mutual art teaching and learning system. In this paper, the design and 
implementation process combines NET and SQLSERVER related technologies, the main technology used in data access is ADO.NET 
technology. Through access control design and user role control, fully guarantee the security of the system. Through the design and 
implementation of the system, online learning, BBS forum, online work and online testing are realized. At the end of the art teaching and 
mutual aid system was tested, the system can achieve a good art teaching landing, online learning, exchange forums, online homework and 
online testing function, achieve the goal of the system design 
 
Keywords: art teaching system; interactive system; learning system; MVC design framework; B/S model 
 
1. Introduction 
 

With the rapid development of information technology and the Internet, the network has become the main basis vector to obtain 
technology and resources in the modern education, some important changes in the modern form of education, the rapid development of 
distance education and network education brings new challenges for China's education. Art education is one of the important measures to 
improve the comprehensive quality of students in modern teaching. Therefore, in the context of information technology, how to use 
information system to realize the interactive learning of art education, has become the modern art education is one of the most critical part. 
The advent of information technology makes the development of modern digital education, digital campus school management rapidly, 
information age has come, the network has become the main basis vector to obtain technology and resources in the modern education, modern 
education form has undergone important changes, the rapid development of distance education and network education puts forward new 
challenges for me China education [1]. Network teaching and research system has become the main carrier to get important resources. 
Information system (Information System) is a system composed of human, computer and other peripheral equipment to the information 
collection, transmission, storage, processing, maintenance and use of the system. Its main task is to maximize the use of modern computer and 
network communication technology to strengthen enterprise information management, through the investigation of the enterprise of human, 
material and financial resources, equipment, technology and other resources, to establish the correct data processing and to prepare a variety of 
information to provide timely information to managers in order to correct the decision, constantly improve the management level of 
enterprises and economic benefits. At present, the enterprise's computer network has become an important means for enterprises to carry out 
technological transformation and improve enterprise management level. University information system is one of the main tools of 
management in Colleges and universities in China in recent years. Today, the rapid development of information technology, computer network 
for the majority of people are not strange, people have more and more rely on the network, it can be said that the people and the network has 
been closely linked together. The network has penetrated into people's study, work and life, and has played an important role, causing 
significant changes in the field of education. In recent years, with the rapid development of software engineering technology, information 
communication technology and other related technologies, network education has gradually gained popularity in people's education activities. 
In these related education, network testing has become an indispensable part of network education, is an important part of network education. 
Firstly, this paper analyzes the demand of interactive art learning system, and fully grasps the content of the art teaching system through the 
needs analysis. The interaction between the B / S architecture mode and is not subject to any restrictions, as long as the use of network and 
interactive dialogue can be carried out smoothly, through the use of the system, students can obtain more comprehensive knowledge, but also 
conducive to the consolidation of students' knowledge, is a kind of new learning mode. In this system, students can according to their own 
time to arrange the appropriate learning and research [2], and to complete their learning tasks, teaching to change the traditional art education 
form, which can help students improve the learning interest in a great degree, students can also through learning, online interactive on line, 
timely grasp of learning according to their own circumstances, and not strong, can stimulate students' enthusiasm of learning. The design of 
information system is implemented in order to improve the efficiency of homework, the simple operation procedure, simplified management 
password, it is very important for teachers' work, this paper focuses on the design of simple management procedures, and the purpose is to 
facilitate the management of the operation. In C++ and SQLServe2005 environment, using B/S architecture model of the main function 
modules of the system are realized, involving: landing validation module, system management module, basic information management module, 
interactive development system. The security and test run of the system are analyzed. With the rapid development of information technology 
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and the Internet, the network has become the main basis vector to obtain technology and resources in the modern education, some important 
changes in the modern form of education, the rapid development of distance education and network education brings new challenges for 
China's education. Network interactive teaching and online learning become one of the main carriers to get important resources in my 
education. The author through extensive reading of related literature, a comprehensive analysis of the current situation of domestic and 
international development of the interactive teaching system, found that the development of foreign interactive teaching system has been quite 
mature, foreign interactive teaching system on the development of the education industry is not limited to the University, in basic education 
also began to use interactive teaching system. The rapid development of foreign interactive teaching system for the development of interactive 
teaching system in our country bring enlightenment to the development of information technology has become the main tool of modern 
education, but also the students' learning resources or lack of main way, interactive teaching system can make students and teachers a new 
teaching form in the process of European education. To improve the efficiency of learning and education to a large extent. The foreign school 
education system has made a great contribution to foreign education, and with the progress of education concepts and information technology, 
foreign scholars and the education system is constantly improving the design of online education system, so that it can contribute to a greater 
degree in education. The system art teaching system enables the user through the browser on the Web site operation, so as to achieve a new 
teaching platform and system, the system provides many functions, such as user management, teaching management, information retrieval, 
online testing, automatic evaluation results and other functions[3]. In addition, the system can also be popularized in other subjects. The 
schematic diagram of the interactive teaching and learning system is shown in Figure 1 and 2. 

 
Figure 1. Sketch of teaching interaction system. 

 
First of all, in the construction site, the existence of the page production disorder, style is not uniform and other issues. This building site 

does not form a unified style, giving people a sense of chaos, and it is difficult to form an independent module, seriously affecting the 
expansion of the system, reducing the flexibility of the system. Secondly, the site's content organization cumbersome. Content is the soul of 
the course site, the content determines whether the site is successful. But a lot of course website simply content of conventional stack, 
monotonous and boring, lack of diversity and flexibility, and the actual needs of learners is seldom considered, cannot really attract the 
students and teachers and participate in. Improve the teaching level should be the main purpose of building curriculum website, the main 
construction theme, all the construction is around this theme to carry out. There is a great blindness in the construction of curriculum website. 
First of all, the blindness of technology. Many of the course website relying on the school teaching platform, the platform has to technology 
problems, often platform module design is very good, very much, but not between the teachers and the communication function, design some 
unrealistic results, only the realization of technology, but not to use, which caused between the web and the actual teaching of derailment, 
thereby increasing the difficulty of website promotion, seriously affect the use effect. Secondly, the blind pursuit of surface results. The 
construction of course website is a standard of many school evaluation teaching and achievement, which makes many courses website, is 
unreal. In order to complete the task, or for some needs and out of thin air. This made out of the site is clearly not in line with the actual 
requirements; often do not play the role of resource sharing and demonstration. Third, blind worship of high-tech means, resulting in a waste 
of resources. With the development of computer technology and network technology continues to mature, many schools is the application of 
new technology as an evaluation index, resulting in the construction of websites blindly loaded high technology and new technology, but the 
technology is not sufficient, resulting in a waste of resources, but did not meet the construction requirements, and in use misunderstanding of 
technology. First, the curriculum website should be built such as answering mailbox, teacher-student interaction space, in order to achieve 
interaction between teachers and students. Interactivity is a basic requirement of website construction, so establishing interactive website is a 
goal of course website. In order to make the course website has the interactive function of network teaching, the most common ways of 
website design include online communication, e-mail, electronic bulletin and other ways, which can realize the interaction between teachers 
and students. But the author found that many of the interactive application of curriculum website is not good [4]. Secondly, the course website 
should be interesting, entertaining. In order to improve the initiative and enthusiasm of students, in the course of the construction site, should 
play the role of modern information technology, make full use of mode, means of animation image, to deepen the students' understanding and 
cognition, make students more interested in the course website to learn the knowledge, so as to achieve better results of teaching. But in reality, 
many courses website does not have this function; the realization of the website form is single and boring. This will not attract students to 
participate in the role, leading to the site's utilization and access rate is not high, did not play the role of the curriculum website should play. 
The basic technical route for developing the art website first, in the development of a web site before the visit a large number of sites and web 
art courses related to art and art, collecting a large number of related information, do a lot of preparatory work for the second web development 
system, the overall planning of the Yangtze River experimental primary school art curriculum website will be developed, and the detailed 
requirement analysis system design third, fourth on the website, the implementation of the system function module, complete the function of 
fifth of the overall system, the system testing and maintenance[5]. 
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Figure 2. Schematic diagram of interactive teaching system. 

 
2. Key technologies involved in system design process 
 
2.1 Net framework introduction 

 
The framework of.NET (.NET Framework) is developed by Microsoft, a commitment to agile software development (Agile 

softwaredevelopment), rapid application development (Rapidapplication Development) software development platform, platform independent 
and network transparency. .NET is Microsoft for the next ten years on server and desktop software engineering the first step. .NET contains 
many technologies that contribute to the rapid development of the Internet and Intranet applications. The.NET framework is a multilingual 
component development and execution environment that provides a cross language unified programming environment. The purpose of 
the.NET framework is to make it easier for developers to build Web applications and Web services that allow Web applications to 
communicate across applications on Internet. From the hierarchy view, the.NET framework includes three main components: the common 
language runtime (CLR: Common Language Runtime), service framework (Services Framework) and the upper two class application 
templates - Windows application template (Win Forms) and the traditional network application oriented Web based on ASP.NET template 
(Web Forms Web and Services). Common language runtime (CLR) is a runtime environment that manages the execution of code and makes 
the development process simpler. CLR is a controlled execution environment, its functions through the compiler and other tools to show. 
Above CLR is the service framework that provides a set of base libraries that developers want to have in standard language libraries, including 
collections, input / output, strings, and data classes. So, after Windows DNA (distributed integrated network application architecture), 
Microsoft is the main reason for the new.NET framework (New hosted code programming model)? Problems arise in the integration of 
multiple technologies that have been developed on a single application subsystem. For example, manufacturing enterprises have different 
systems, such as inventory management system, BOM system, financial general ledger system; all can be used to achieve a variety of 
application development of technology. These systems need to be integrated together to form a higher level organization of enterprise 
information systems. To do this, the application developer must use such as Microsoft distributed component object model (DCOM), Common 
Object Request Broker Architecture (CORBA), Java remote method invocation (RMI) technology. However, these distributed techniques are 
tightly coupled together through the developed application programming language. Cross language interoperability is also limited. For 
example, if the Visual C++ class has been created [6], it is impossible to develop new classes in Visual Basic and extend it to Visual C++. 
Therefore, developers will have to rewrite the same logic class with the language used in each project. Functional reusability has been 
supported, but in early technologies, the reusability of real code is not available. Therefore, developers have to learn all the languages used by 
the development organization used by the application. Registered COM components. COM components registered before they can be used on 
the target machine applications. The application must find the COM component found and loaded in the Windows registry. The schematic 
diagram of the.NET framework is shown in Figure 3. 
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Figure 3. Schematic diagram of.NET frame. 

 
2.2 Database technology 

 
Database technology is a core technology of information system. Is a computer-aided management of data, it studies how to organize and 

store data, how to efficiently obtain and process data. Database technology is the basic theory of database structure, storage, design, 
management, application and realization method, and use these theories to realize the processing, analysis and understanding of the data in the 
database technology. Database technology is a software science for researching, managing and applying database. Object oriented database 
technology research and management of the data, so the specific content of the database technology involved mainly includes: through the 
unified organization and management of data, in accordance with the establishment of the corresponding database and data warehouse 
designated structure; mining system design can realize the data in the database for a variety of functions add modify and delete processing, 
analysis, understanding, report and print the data management and data mining application system using the database management system and 
data; and the application management system realizes processing, analysis and understanding of the data. Database technology is a core 
technology of information system. Is a computer-aided management of data [7], it studies how to organize and store data, how to efficiently 
obtain and process data. Through the research on the basic theory of database structure, storage, design, management, application and 
realization method, and use these theories to realize the processing, analysis and understanding of the data in the database technology. 
Database technology is a software science for researching, managing and applying database. Database technology is an important part of 
modern information science and technology is the core of computer data processing and information management system. Research on 
database technology and solves the storage and computer information processing in the process of large amounts of data to effectively 
organize problems in database systems to reduce data redundancy, data sharing, data security data security and efficient data retrieval and 
processing. In the mid-1960s, database technology was used to solve file processing problems. At that time the database processing technology 
is very fragile, often the application cannot submit the situation. The birth of relational model in 1970s provided the database experts with the 
standard methods of constructing and processing database, and promoted the development and application of relational database. In 1979, 
Ashton-Tate company introduced the microcomputer product dBase II, and called it the relational database management system, from the 
database technology transplant to the personal computer. Mid to late 1980s, end users will start independent computer network using a LAN 
technology, database sharing between the terminal and the formation of a new type of multi user data processing, called the structure of client / 
server database. Today, database technology is being used to combine Internet technology in order to publish database data in institutional 
networking, local area network or even WWW. Information technology (Information Technology IT) is one of the most frequently used terms, 
which along with the computer technology in the industry, agriculture and daily life widely used, has been one of the growing number of 
individuals and businesses as their catch up with the trend of the world. Database technology is an important support in information 
technology. No database technology, people feel at a loss in the vast world of information. Database technology is an important branch of 
computer science and technology. From the middle of the 1950s, the computer application expands from the scientific research department to 
the enterprise management and the government administration department, people's request to the data processing is also higher and higher. 
1968, the world was born the first commercialized information management system IMS (Information Management System), since then, 
database technology has been rapid development. In the Internet is increasingly accepted today [8], Internet also makes the database 
technology, knowledge; skills importance has been fully enlarged. Today, database has become one of the main software tools of information 
management, office automation, and computer aided design and so on. Database technology schematic shown in Figure 4. 
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Figure 4. Schematic diagram of database framework. 

 
2.3 Schematic diagram of MVC frame 

 
MVC full name is Model View Controller (model) is the model view controller (view) - (controller) abbreviation, a software design 

model, a business logic and data display interface, tissue isolation method code, business logic will be gathered in a component inside, and 
improvement in interface and customization user interaction at the same time, do not need to write business logic. MVC is uniquely developed 
for mapping traditional input, processing, and output functions in a logical graphical user interface structure. MVC is present in desktop 
applications, M refers to the business model, V refers to the user interface, C controller is used, and the purpose of MVC is to achieve code 
separation of M and V, so that a program can use different forms of expression. For example, a number of statistical data can be used to 
represent histogram, pie chart. The purpose of C is to ensure that M and V synchronization, once the M changes, V should be synchronized 
update. Model view controller (MVC) is a software design pattern invented by Xerox PARC in 1980s for programming language Smalltalk - 
80. Later recommended as Oracle's Sun Java EE platform design patterns, and more and more use of ColdFusion and PHP developers 
welcome. Model view controller mode is a useful toolbox, it has many benefits, but there are some disadvantages. A view is an interface that a 
user sees and interacts with. For the old Web application, the view is composed of a HTML element in the new interface, Web application, 
HTML is still in the view plays an important role, but some new technology including Adobe Flash and they emerge in an endless stream, like 
XHTML, XML/XSL, WML and Web services.MVC and some other markup language is good it can deal with many different views for the 
application. There is no real processing in the view, whether the data is stored online or an employee list, as a view, it is only as a way to 
output data and allow users to manipulate. Enterprise data and business rules. In the three parts of MVC, the model has the most processing 
tasks. For example, it may be used to handle the database such as EJBs and ColdFusion Components component object, model the data 
returned is neutral, that is the model and data format independent, such a model can provide data for multiple views, as applied to the model 
code only write once can be reused multiple views so, to reduce duplication of code. The controller accepts the user's input and invokes model 
and view to accomplish the user's requirement, so when you click the Web page hyperlink and send the HTML form, the controller itself does 
not output anything and do anything. It simply receives the request and decides which model member to invoke to handle the request, and then 
determines which view to display the returned data. Framework, design patterns of these two concepts are always confused, in fact, there is 
still a difference between them. Framework is usually code reuse, and design pattern is design reuse, architecture is between the two, part of 
the code reuse, part of the design reuse, and sometimes analysis can also be reused. There are three levels of reuse in software production: 
internal reuse, i.e. in the same application can use the public abstract block; code reuse, is universal modules into a library or tool set can be 
used for multiple applications and in the field; application framework reuse [9], which provides general or ready-made basis structure for the 
special field, in order to obtain the highest level of reuse. Although the framework and design patterns are similar, they are fundamentally 
different. Design pattern is to appear repeatedly in some environment problems and describe the solution to solve this problem, it is more 
abstract framework; framework can be expressed in code, can be directly executed or on mode multiplexing, only instance to use code 
representation; design pattern is smaller than the frame elements, one or more design patterns often contain a frame, the frame is always for a 
particular application, but the same pattern can be suitable for various applications. It can be said that the framework is software, and design 
patterns are software knowledge. The schematic diagram of the MVC framework is shown in Figure 5. 

 
Figure 5. Schematic diagram of MVC frame. 
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2.4 Introduction of B/S model 
 
B/S structure (Browser/Server, browser / server mode), is a WEB after the rise of a network structure model, WEB browser is the most 

important client application software. This model unifies the client, concentrates the core part of system function realization to the server, and 
simplifies the system development, the maintenance and the use. The client just install a browser (Browser ['bra Z. ['bra Z]] the), such as 
Netscape Navigator or Internet Explorer, SQL Server, Oracle server installation and MYSQL database. Browser through Web Server data 
interaction with the database. Because of the various problems of Client/Server structure, people put forward a kind of application system 
structure browser / server (Browser/Server) structure with three layer mode (3-Tier) on the basis of it. Browser/Server structure is an 
improvement of Client/Server structure with the rise of Internet. In essence, the Browser/Server structure is a Client/Server structure; it can be 
regarded as a special case of application of a model consists of two layers of Client/Server structure and the development of the traditional 
mode of three layers Client/Server structure on Web. Browser/Server structure is mainly used to mature Web browser technology: combining 
multiple browser scripting language and ActiveX technology, using a standard web browser to achieve the original need powerful special 
software to realize the complexity, while saving development costs. B/S biggest advantage is that you can operate anywhere without installing 
any specialized software, as long as there is a computer can access the Internet, the client zero installation, zero maintenance. System 
expansion is very easy. More and more use of B/S structure, especially by the demand to promote the development of AJAX technology, the 
program can also carry on partial processing on the client computer, thus greatly reduce the burden on the server; and to increase the 
interactivity, can carry on the partial refresh. Currently, the improvement and upgrading of software systems become more frequent; B/S 
architecture products clearly reflect the more convenient features. On a slightly larger unit, system managers if needed in the hundreds or even 
thousands of computer running back and forth between efficiency and workload is, as can be imagined, but only need B/S software 
management server on the line, all the client browser only, this need not do any maintenance. Regardless of size, number of branch will not 
increase any maintenance workload, all the operation only for the server; if it is remote, only need to connect server network can realize the 
maintenance, upgrading and remote sharing. So more and more thin client, and servers increasingly fat is the mainstream direction of future 
information development. In the future, software upgrades and maintenance will become easier and easier to use, which will save users' 
manpower, material resources, time and expenses. Therefore, the way to maintain and upgrade the revolution is "thin" client, "fat" server. We 
all know that windows on the desktop computer almost dominate the world, the web browser has become the standard configuration, but the 
server operating system on the windows is not in the absolute dominance. The current trend is where the use of B/S architecture application 
management software, just install on the Linux server can be, and high security. So the server operating system is the choice of many, no 
matter which kind of operating system can make most people use windows as a desktop computer operating system is not affected, which 
makes the most popular free Linux operating system developed rapidly, in addition to the Linux operating system is free, even the database is 
free of charge, the choice is very popular. Because the B/S architecture management software installed in the server (Server), network 
management personnel only need to manage server on the line, the user interface in the main business logic server (Server) terminal through 
WWW browser, little business logic in front (Browser), all the client only browser[10], network management personnel only need to do 
hardware maintenance. However, the application server operation data of heavy load, once the server "collapse" and other issues, the 
consequences is unbearable to contemplate. Therefore, many units have a database storage server, just in case. Schematic diagram of B/S 
mode shown in Figure 6. 

 
Figure 6. Schematic diagram of B/S mode. 

 
3. System analysis and design 
 
3.1 System performance analysis 

 
The advent of information technology makes the development of modern digital education, digital campus school management rapidly, 

information age has come, the network has become the main basis vector to obtain technology and resources in the modern education, modern 
education form has undergone important changes, the rapid development of distance education and network education puts forward new 
challenges for me China education. And after defining the design principle and function of the system, the system finally adopted Web 
technology, the three layer of the B/S based on the design pattern, in the development process, strictly follow the development principle of 
practicability, universality, integrity and openness, the development platform is the VS.NET, the background database is used by SQL Server 
2005, and the connection techniques using ASP.NET Form technology and Web ADO.NET database, the successful development and 
implementation of a new art teaching system[11]. The system has the following functions: Students' basic information management, automatic 
test library management, student online testing, automatic marking test and management of teachers and students and other users. The 
establishment of such a curriculum website, you can achieve low-cost operation, while the site has a better function. Teaching and research 
mutual aid system is to require students to achieve self-education, learning purposes. Through the platform of art teaching and research system, 
the interaction of art teaching and learning can be realized, and the potential of students' self-learning can be stimulated. This system mainly 
includes the students' autonomous learning, online homework, online forum and self-testing function. The system can through the analysis of 
the students' learning and testing is to equip students with their learning effect, and can timely learn the knowledge of the degree is not enough. 
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B/S (Browser / server) system design and development of art teaching mode of learning can be real-time, interactive learning in any time and 
geographical constraints: teachers upload learning materials can be used to other students and users; test information resources can be self-
selected to test. These resources together and can put these resources assigned to students. Students test machine to install IE browser, and then 
enter the user name and password to log in art teaching and research mutual aid system. Teachers, students, administrators are system users. 
The teacher is mainly responsible for learning materials upload, homework layout, BBS know and online test questions to determine. Students 
mainly through the system platform for learning. Administrators are responsible for the management of teachers and students. Art teaching 
system considering the teachers, students and administrators in three kinds of users, through the use of the system can be very convenient for 
the education and teaching activities: candidates login to participate in the study through the test system of identity verification, at the same 
time, students can check all relevant information; the teacher through the authentication test management, and relevant information on student 
information, learning situation management, the relevant information in the information system of teachers can facilitate the release of 
education; and administrators can more suitable for students with management, throughout the whole test management. 
 
3.2 System analysis method 

 
The main process of establishing the information system model from the demand analysis, this process includes the main contents: first 

elaboration is carried out after the system analyst detailed analysis on system requirements established by the function of the system, and in the 
process to implement the system structure, data flow and a series of design decisions. The feasibility of the system is the key content in the 
process of system requirement analysis, and the feasibility analysis is also the basic content and basic part of the whole system analysis. With 
the demand of the system and feasibility analysis of the system, can be the basis to further clarify the system performance and function of the 
system, and can interface elements need clear system interface, and the establishment of software must satisfy the constraints [12]. The 
establishment of priority system established before the software requirement analysis, which is basic part of software design, requirement 
analysis for software system data model and other function model, are analyzed in detail. Before the requirement analysis, we must first go to 
the top category of the demand in the process of system analysis, the processing to be arranged according to different categories. The main 
categories are as follows: (1) functional requirements, functional requirements refers to the establishment of a system to be able to complete 
the corresponding function, that is the design and Realization of the system must meet the basic needs of users, only after the basic needs as 
much as possible to meet the users, the system design and implementation is appropriate the meaning of. (2) the performance demand, system 
can demand also is to have the performance of the system analysis, that is to say the performance needs to meet the timing and capacity 
constraints in the performance analysis, the analysis is generally applied to the main system response speed, information transfer rate, stock 
information and information security etc. many aspects. (3) reliability and availability requirements, system reliability and availability refer to 
the realization of the system to meet the requirements of the degree of user and system of right and wrong degree. (4) error handling needs, 
this kind of demand that how to speed the response of a system to the system in the environment of the error should be, such as the system for 
some instruction system should make what kind of violation and responding to the problems. (5) interface requirements, the interface describe 
the relationship between the software information system and its operating environment. (6) constraints, the operation of the information 
system needs to comply with the relevant conditions, that is, often referred to as the agreement. This kind of demand analysis is only for 
information system design and implementation services, it cannot be replaced, the demand is only reflects the conventions and constraints in 
the system should comply with the operating environment in the information system of the common constraints are: precision tools and 
language constraints, constraints, design constraints, should use the standard, should use the hardware platform etc.. (7) reverse demand, 
reverse demand is mainly from the software should not have the function of the angle of the analysis. For an information system, theory has 
many adverse demand analysis, in the process of the system, we must first have to do is to define the system should have the function, and as 
far as possible to eliminate the corresponding reverse demand. (8) may request in the future, in the system analysis, although the current 
demand, some functions and requirements may not be used, but in the future there will be some new requirements, which must take into 
account the system scalability, that is to say the system must take into account the system class modification and expansion in the design 
process [13]. 
 
3.3 System requirements analysis 

 
Now it is more and more developed information society, network classroom is rising, so many schools in traditional education on the 

basis of building their own curriculum website. In order to fully achieve the goal of building the course website, need to go through a long and 
arduous effort, in the teaching process should continue with the actual teaching, focus on improving the teaching quality of this center, 
continue to take new measures to promote the construction of the course website and improve the quality of teaching. The curriculum website 
has the irreplaceable function to the curriculum network; its appearance is the education method innovation result. In such a big environment 
and the school to improve the quality of teaching, the construction of curriculum website shows its necessity. Needs analysis is the process of 
discovery, refinement, modeling and specification. This process includes detailed refinement initially by a system analyst established and 
identified in the software project planning software in the scope; create the required data flow, control flow and operation behavior model, 
solution selection on the basis of. After the feasibility study, we need to develop software needs analysis. At the same time requirement 
analysis is a kind of software engineering activity, which enables the system analyst to carve out the function and performance of the software, 
specify the interface between the software and other system elements, and establish the constraint that the software must satisfy. Requirement 
analysis is the basis for software designers to decompose the software. The requirement analysis constructs the data model, function model and 
behavior model of software processing. Demand analysis provides can be translated into data, system structure, interface and design process 
model for software designers finally, requirement specification provides quality evaluation software built after the basis for software designers 
and clients. The use of this website, teachers can log in to release the latest information on the science of art on the website, upload, video 
courseware, assignments, student information management students can understand the art of more professional knowledge through the 
website, the latest information. Students can log on job management system upload homework to teachers after completing homework. The 
site managers have both teachers and students permissions, and can manage information, while having a new link, information and other 
permissions. In business process design, the following matters need to be noted. The investigation of network environment and user 
configuration, the architect can make a reasonable and feasible system architecture survey user preferences and skills, which will directly 
affect the design of forecasting project development depth and user interface and performance indexes of the system are formulated to provide 
the basis for testing personnel to write test plans. Many project design more attention to the realization of the function, the test phase seems to 
meet the needs of customers, but once put into use, will find the performance is facing a bottleneck. Customer due to the understanding of 
professional knowledge level is limited, often ignored the requirements, so in order to avoid the day after a dispute, and make the forecast 
performance is very important. The role of data dictionary is used to describe the meaning of each component in the system [14], in order to 
accurately and specifically express the contents of the data flow diagram. It is the smallest unit of data as data elements: basic data, through the 
data elements and data structure of the two to describe the flow of data, attribute data storage, data dictionary is the powerful supplement on 
the data flow diagram shows. The data dictionary is composed of data elements, data structures, data streams, data storage and processing 
logic, and external entities. System overall design schematic shown in Figure 7. 
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Figure 7. General block diagram of the system. 

 
4. Design and implementation of the system 

 
The design and Realization of the art teaching system must be able to meet the needs of teachers and students between the aspects of 

education and teaching, and school educational management personnel must be able to manage the system. The main purpose of the system 
website is to realize the combination of art teaching and research and information system, can provide strong support for teachers and students. 
The use of this website, online answering questions, teachers can upload courseware, assignments; students can understand more information 
and knowledge by logging into the site; the school educational administration management personnel to both teachers and students and 
authority, as manager of the identity of teachers and students information management. The various functions of the system are introduced as 
follows: the art teaching system can provide students, teachers two identity registration, students and teachers must be registered according to 
the number of teachers to learn the student ID or school setting, if you do not comply with the registration fails, students need to fill out the 
basic information of students during registration. After the student management module system landing pages to students of the provinces, the 
system will automatically pop up the students background pages, students can view the teacher, and the teacher assignments, and according to 
the contents of the work completes the related work and work, can also modify the registration information. And can communicate with 
teachers and students through the forum. The teacher to teacher identity login system "will pop up teachers background page, teachers can 
send the courseware, homework, homework or view student works. According to the student's teachers list, check operations at any time, but 
also can publish information on the website, in the assignments, to communicate through the forum. The administrator as administrator after a 
successful login, the system will automatically pop up backstage page; the administrator as administrator permissions is the site information 
and data information management and Wei hua. First, the administrator can view information about the site, and have permission to delete 
information; second, the administrator can publish thevant infor rele mation; third, the administrator can publish related links, links to related 
web pages or system. Administrators can also publish related courseware and learning video [15]. This system includes the function of online 
test. The test occupies an important position in the education teaching, the traditional test paper test is a low efficiency, the traditional test to go 
through the steps more, and students are not able to achieve any test, only through the usual work to examine their own learning status. The 
realization of online testing of information system helps students through the timely test to understand their learning situation, targeted, but 
also comprehensive. The forum management module is the main platform for the exchange of students and teachers; its main function is to 
provide real-time communication platform for teachers and students, students and teachers through the post - reply way to achieve 
communication. According to the three subsystems of the system client, the total subsystem can be divided into administrators, teachers and 
students by the user of the three subsystems. The administrator's main function is to sign on and teaching management; the teacher subsystem 
is mainly teacher login and forum information and management; and student subsystem main function is: the function of login, online learning, 
and view the job exchange forum. Based on the previous analysis, the three roles of the system for students, teachers and administrators, the 
United States have their own teaching different functional requirements. Teachers in the teaching of art to the mutual teaching and learning 
function in learning systems, learning materials through online publishing, assignment, online test and the configuration of the forum to 
achieve the smooth operation of the whole system. The student is the art of teaching learning system mutual lead, use of mutual learning 
systems through the art of teaching, implementation of art learning, students realize the website through the registration of certification, in the 
study, mainly through the release of teachers learning materials, online testing and the forum to achieve art learning. System login interface 
shown in Figure 8. 

 
Figure 8. System login interface. 

 
5. Summary and prospect 

 
At present, we have entered an era of the development of computer technology, computer technology is change rapidly, and the speed of 

its development is a thousand li a day, very quickly. In our daily life and work, should be the latest computer software and hardware 
technology used in our daily life, so you can keep pace with the times, constantly progress and improve, and this is precisely our proposition in 
scientific research work. At present, in the undergraduate course in art teaching, how to use the information technology to become the focus of 
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modern education, but also an important part of education, and this topic is derived from such a practical teaching work requirements. From 
the current perspective of the development of computer network technology has already penetrated into all areas of our social life, the network 
teaching system and mutual compared to traditional test mode, has a huge advantage, so its development prospects are very broad and rapid. In 
the process of system development, the role and the role of teachers in education and teaching has been greatly improved, through this system, 
teachers can upload information about the test and learning information. Management of students; while for students, can participate in the 
study, can participate in the test, but also can query results; and the system administrator is responsible for the function of teachers and 
management system. Because of many advantages of the system, the system can be popularized and applied in other subjects. Through the 
design and implementation of this article, in a low cost environment to achieve the mutual art teaching system design and implementation, for 
the fine arts teaching has the advantages of simple operation and other advantages. 
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Abstract: This study will be conducted on the current situation of foreign language education in China in the analysis, points out the defects 
of China students in communicative problems in the process of foreign language teaching and China; explore the deep reasons that cause our 
students' lack of intercultural communicative competence; history review of foreign language teaching methods in order to obtain the 
foreign language teaching experience and lessons from the modern theory; language teaching and intercultural communication theory to 
correct the tendency of language knowledge and language skills, ignore the cultural factors attention in foreign language teaching; College 
English teaching mode on the basis of constructing a new teaching pattern based on Intercultural communication. This study from the social 
dominant cultural values of the evolution process, the world of higher education reform and development trend of teaching culture, research 
paradigm perspective, criticizing the traditional college English teaching emphasis on instrumental teaching and neglect the humanities, 
advocated the integration of instrumentalism and humanism, from the teaching objectives, contents, implementation and evaluation other 
teaching elements to the construction of College English teaching picture from the perspective of cultural philosophy, to provide theoretical 
support for quality and improve the level of College English teaching. This study uses literature method, survey method, action research 
method, case study method, observation method, comparative study method and cross cultural analysis, instrumental performance on 
College English teaching, humanistic appeal of College English teaching from the perspective of cultural philosophy, problems of College 
English teaching and learning objectives, content, implementation and evaluation of in-depth study. College English teaching is to non-
English majors as the object, through dialogue and communication, understanding and cooperation based on foreign language teaching 
theory as a guide to the English language as the carrier, special activities of the English language knowledge and application skills, 
intercultural communication and learning strategies for the inheritance and creation between the main contents of the teachers and students 
of the language knowledge, skills and culture. Through the different culture between teachers and the spirit of the meeting and the special 
culture docking activities, the students master the basic language knowledge and skills, the formation of the correct emotion, attitude and 
values, enhance humanities and intercultural communication ability. The characteristics of College English teaching are mainly instrumental, 
subjective, developmental and cross-cultural. Then, based on the analysis of the rationality of College English teaching tools, the pure 
instrumental tendency is criticized. This paper analyzes ideology of cultural philosophy, summed up the basic requirements of leading social 
and cultural value of the evolution process, the pursuit of higher education development in the world, to clarify the conversion of research 
paradigms in cultural teaching, so as to the necessity of College English teaching from the perspective of cultural philosophy foundation. 
Then, from the perspective of cultural philosophy, the teaching ideas of College English. Firstly, the meaning of College English teaching 
value is discussed. And then discusses the instrumental value and humanistic value of College English teaching from the perspective of the 
history of College English teaching tool rationality back, pointed out that the acquisition of knowledge and skills, pursuit of efficiency and 
explicit utility is the humanities value of College English Teaching in College English teaching tool rationality is embodied in the aspects of 
subjectivity and development and the understanding of culture and cultural criticism. Based on the analysis of the appeal of teaching value, 
the paper advocates the integration of instrumentality and humanism. 
 
Keywords: college english; teaching reform; cultural philosophy; language teaching approach; language humanity 
 
1. Introduction 
 

With the rapid development of economic globalization and life information, foreign language and foreign language teaching have become 
increasingly important. It has been formed a consensus on a country's level of foreign language especially English level to a large extent and 
absorb the speed and quality of communication to the latest information, related to the development of personnel training speed standards and 
national economy. Under this background, the status and role of College English teaching are paid more and more attention. The research on 
the current situation and future reform of College English Teaching in China will help us to understand the ontological source of College 
English teaching. Over the past 30 years of reform and opening up, College English Teaching in China has been paid more and more attention 
by the government and people of all walks of life. College English has gradually developed into a systematic and relatively independent 
discipline. In the early twenty-first Century, the fourth edition of College English teaching materials was published. The new teaching 
materials reflect new ideas and characteristics in compiling guiding ideology, system and content [1]. The Secretary in the Ministry of 
education and the education departments at all levels of higher education's advocacy and support, use of modern educational technology in 
College English teaching are more and more, including web-based college English learning platform, multimedia language system, College 
English learning courseware, they used to enrich the reading, writing and translation skill training, help to stimulate students' interest in 
learning and improve the quality of College English teaching. With the rapid development of higher education in China, the overall level of 
College English teachers has undergone great changes, many English major graduates and a considerable number of master's and doctoral 
added to the College English teachers, and became the backbone of the teaching force, some colleges and universities also employ foreign 
teachers. Since reform and opening up, the overall level of College English teaching has made remarkable progress, the achievements 
achieved. However, the rapid development of College English teaching at the same time, there are still a number of issues worthy of attention 
first, the concept of teaching teachers obsolete, too much emphasis on the teaching of language knowledge, ignoring the humanistic value of 
College English teaching. In recent years, the theory of foreign language teaching emphasizes the "student centered", trying to find a variety of 
new teaching mode and means, but the "Teacher centered" concept of traditional teaching has not been a fundamental change, although many 
teachers use the new teaching methods but still retains the traditional cramming method of teaching. The text word for word and sentence for 
Sentence Explanation to each word and language points are clear, sometimes also continue to use the grammar translation method, and always. 
The students are still regarded as the container of knowledge infusion, passively accept the teacher taught the language knowledge, practice 
opportunities are not many. In the classroom communication between teachers and students is also a single, mainly for teachers and students 
between the question and answer even if there are classroom discussions, but also a mere formality. This is caused by both the first teachers 
classroom teaching organizational ability is not enough, followed by the lack of language knowledge, poor language ability and dare not speak. 
In this teaching situation, the subjective initiative of students cannot be fully played; language creativity cannot be improved very well. Pay 
attention to the teaching tool value, test oriented teaching tendency, and seriously ignore the cultivation of students' humanistic quality and 
humanistic spirit. Many schools expressly provides that only through the four undergraduate examinations to get a degree certificate or even a 
diploma, so many students in order to pass the exam will be a lot of learning time on the exam study[2]. Secondly, the social employing units 
in the recruitment of college graduates, will be four, six certificates as an important consideration for talent recruitment indicators, therefore, 
the certificate of grade four, grade six became one of the important magic weapon graduates successful candidates. In addition, in recent years, 
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graduates of the university teaching quality evaluation standard of the Ministry of education is the employment rate, and the four, six 
certificates for the graduates' employment rate has a great influence, so many university leadership is "focus on the College English teaching, 
the four and six pass rate as an important standard to measure the quality of College English teaching, the teaching and the introduction of 
incentives to stimulate teachers committed to improving student four, six pass rate. College English teaching activities mainly focus on 
improving students' four and grade six test scores, which makes college English teaching become "over class education" ". Third, the teaching 
content and teaching methods are not reasonable, ignoring the main position of students in the teaching process. After six years of formal 
English training of middle school students have mastered some vocabulary and grammar, vocabulary and grammar, but reading and writing 
are the main content of Leo language teaching, lead the students' interest in learning is not. In addition, the teaching methods used by teachers 
in the classroom is still the old wine in new bottles of traditional translation teaching method, form is the use of modern means of education, 
and the main content or teaching meaning and use of words and phrases in the textbooks, teaching of sentences and paragraphs in the 
understanding and basic reading technique and its application, and the teaching content and the teaching content on these teaching methods are 
mostly based on language knowledge. That is the majority of college students are weak, although most of the week is provided with one to two 
hours of listening and speaking courses, but want to improve the students' listening level by the limited class is very difficult, the need to 
improve students' listening and speaking ability under the guidance of teachers in the class and spend a lot of time, unremittingly diligently in 
order to achieve. But some schools do not have a good teaching environment, the hardware conditions are relatively backward, and the 
students' autonomy, autonomous learning habits and extracurricular training of listening and speaking ability is poor, one cannot be guaranteed. 
While audio-visual classroom teaching is mainly by listening to the tape for watching videos, exercises, main way to explain the answer, this 
way of teaching will be how much fly to enhance students' listening and speaking ability is worth thinking in classroom oral English training is 
mainly a mechanical exercise through dialogue, but because many students are afraid wrong, did not dare open dialogue, so often appear in the 
"Silence" of the situation, resulting in the audio-visual course mainly into listening course. As for writing, reading and writing in about 
teachers are usually on a writing methods and skills, and the exercises are not many, students' writing practice cannot get timely feedback, so 
the students' writing level is very difficult to get exercise and improve. From the above analysis we can see that in the current and past a long 
time, College English teaching mainly focuses on solving the students master the language knowledge and skills, and language knowledge, 
especially the cultivation of students' humanistic quality is ignored. In the practice of College English teaching, often only focus on listening, 
speaking, reading, writing and other basic language skills teaching and training, teaching and testing vocabulary and language points, the 
English teaching with language teaching ways, University English four, six level of test has become the effective English teaching level 
balance lever the amount of the university[3]. Therefore, College English Teaching in China shows excessive concern for language knowledge 
and language skills, focusing on the instrumental nature of language teaching, but not enough emphasis on Teaching Humanities. From the 
perspective of cultural philosophy, it is of great significance to combine college English teaching with instrumental and humanistic 
characteristics for College English teaching theory. In the era of political multipolarization, economic globalization and cultural diversity, 
China College students should strengthen foreign language learning, learn foreign language well, in order to meet the needs of national 
economic construction and foreign exchange. However, until now, the College English Teaching in our country still exists the problem of 
"time-consuming and inefficient". After years of college study, students still cannot communicate effectively in English; College English 
teaching is facing great challenges. In addition, with the development of society, the training of all-round development of talent has become 
the focus of attention of the education sector, which raises new requirements for training talents in Colleges and universities. In addition to 
college students to carry out scientific quality education, but also the humanities quality education, and make the two integration, to promote 
the improvement of the overall quality of College students. So, with international talents should not only have the corresponding professional 
knowledge, but also to understand the western language, history, political, economic and cultural background, so as to better carry out 
international exchanges and cooperation. Therefore, we are eager to call the integration tool of College English teaching and the humanities 
value [4], this is the reform of College English teaching should be on the road, is better and faster to adapt to the inevitable demands of the 
training mode of globalization and internationalization of talents. So far, many domestic and foreign educators in English teaching were 
discussed from different backgrounds and different levels, from the perspective of cultural philosophy, study on College English teaching 
emphasizes the instrumental rationality and humanism combination is less. The cultural philosophy aims to reveal the way of human existence 
and social operation mechanism from the real life and social activities in the field of historical and realistic cultural connotation; it has 
important significance for all our paradigm of philosophical understanding and social cultural and historical theories. Based on this, cultural 
philosophy provides methodological guidance for the study of College English teaching reform. From the perspective of cultural philosophy, 
this paper studies the essence of College English teaching, criticizes the pure instrumental rational orientation of traditional college English 
teaching, and advocates the College English teaching combining instrumental rationality with humanism. 
 
2. An analysis of the disadvantages of current english teaching mode 
 
2.1 Connotation and characteristics of college english teaching 

 
What is the teaching of a domestic academic circles have different understanding, summed up in two major categories, one is unified to 

Wang CE three, Li Bingde as the representative, said that teaching is the teachers and students of a class of unified activities such as Liu Kelan, 
Huang Fuquan and Wang Benlu as the representative of the general and special say, believe that teaching is the experience and capable of 
division activities, or teach people to guide the people to a certain culture as the object of study, the narrow teaching was carried out in all 
kinds of schools in teaching activities. Understanding of the relevant subsidiary teaching based on Leeson put forward to modern teaching 
interpretation, namely "between teachers and students in dialogue, exchanges and cooperation as the basis for the inheritance and innovation of 
the cultural knowledge of the special activities." Foreign scholars have adopted a description of intentional and normative methods to define 
teaching. The definition of the description of teaching is teaching the definition of imparting knowledge or skills intention type is an 
expectation of teaching, teaching can expect lead learners to learn and define the teaching standard type teaching as normative behavior, must 
conform to certain moral standards. Based on the above understanding, and stand in the cultural philosophy standpoint, the author thinks that 
teaching is a special communicative activity between teachers and students through dialogue and communication, understanding and 
cooperation as the basis for knowledge, skills and cultural heritage and creation, the main activities between teachers and students should 
reflect the different cultural and spiritual meet and culture docking. Chinese public foreign language teaching research on College English 
teaching will be renamed after the public English was accordingly renamed the college english. Later, "College English" was gradually 
considered as a kind of English for non-foreign language majors corresponding to "professional English". From here we can see that college 
English is a compound word, the first is not the University, middle school and primary school, decided this course of study students are 
college students, and college students of non-English majors, followed by English, non-English Majors Learning than other language subjects, 
but english. Therefore, the author defines College English as a basic course for non-foreign language majors to improve their language 
knowledge, language skills and humanistic literacy. To more clearly understand English must understand these aspects: language as human 
communication and dissemination of information, plays an important role in the development of human history, people can use the language to 
save and transfer the achievements of human civilization, and also is the national language symbol, generally speaking, the people of all 
nationalities have their own language. Human has abundant language is an important feature of the human from the animal, some animal 
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although it can roar through the exchange of information, but this is just the primary animal instinct, unlike the human language contains rich 
thoughts and feelings, therefore, the origin of human language is a key step towards the development of adult human. English, as a kind of 
human language, has special status in the process of information exchange and cultural communication. Since the reform and opening up, due 
to the needs of foreign exchanges, China's demand for foreign language talents is increasing rapidly [5], the English talent is our most in need 
of talent, and our country foreign exchange is the main English speaking countries, so the cultivation of English talents is an important 
guarantee for our opening. Our education department should pay special attention to English education, the development of a variety of 
measures to promote China's English level, many students begin to learn English from primary school, we learn English is a required course in 
college, the society is full of all kinds of English tutoring organizations, therefore, the number of Chinese Learning English many. In people's 
life, English is very widely used, such as the use of computer every day in our life, it is the program to program with English letters, we use the 
Internet web site is English, English network resources are rich, than any other language resources for this, learn English well is an important 
guarantee for us get a lot of information. English has become the language of the world, and the English speaking countries, the overall 
strength is not divided, in which the United States has played an important role in English has become the language of the world in the process, 
because any a country cannot ignore like a superpower like the United States, could not occur between the United States and therefore, all 
countries attach great importance to the cultivation of English talents. 
 
2.2 Characteristics of college english teaching 

 
Based on the analysis of the connotation of College English teaching, College English teaching is instrumental, subjective and 

developmental. Intercultural communication and other characteristics. The instrument originally refers to the appliance used at work, which is 
later extended to "to achieve, accomplish, or promote something."." Language is the most important tool for human to communicate 
information, carry culture and spread knowledge. As a kind of language, English is also a tool for people to communicate information, carry 
culture and spread knowledge. As a tool, English is not a patent used by English speaking countries, and now many countries are promoting 
English. For example, although it is a developing country, India's software industry is second only to the United States, one of the reasons is 
that English is the country's common English, is also one of the official languages. Similarly, our country is also promoting English, English 
has penetrated into all aspects of our lives, is our work, study and life essential, the use of a wide range of tools. Imparting knowledge of 
English language. The main purpose of teaching is to impart knowledge with English as a language of knowledge, teach the language 
knowledge of English is also one of the aims of College English teaching, College English teaching can impart the knowledge of English 
language, and this knowledge enables us to have an ability to communicate with others, and this ability is our communication tools [6]. There 
are a lot of College English textbooks is a reflection of people's way of life, values, culture and scientific knowledge, in today's world is an 
open world, development cannot do without cultural exchanges and cooperation in various civilizations. China is a country of civilization for 
thousands of years, there are many outstanding cultural heritage, but these cultural heritage has been unable to fully meet the needs of China's 
cultural development, therefore, only retain the excellent cultural heritage of our country, advanced scientific and cultural knowledge and 
constantly learning and absorbing the western, in order to keep pace with the times. Advanced culture in College English teaching can make us 
understand more westerners, something useful in promoting the development of our culture, so college English teaching is to enhance 
understanding of western culture, an important way of culture. College English teaching is not only to impart knowledge and culture, from the 
function, each course of study can promote the development of students' abilities in College English teaching can also promote the 
development of students "study, neurophysiology, psychology of speech phase psycholinguistics has revealed that if people only learn their 
native language is mainly use and development of the left hemisphere of the brain, and if we learn a foreign language, while the right 
hemisphere will start and development." In the modern western philosophy tradition, it is used to emphasize the independence, initiative and 
creativity of people. Mainly for the independence of independent views, their unique behavior patterns, it is as a prerequisite for subject 
initiative consciousness, mainly for the actions of the initiative and enthusiasm of the creative main performance is not conventionalism 
predecessors, do not copy others the way and method to others did not think. Do not do the previous. As a kind of purposeful, planned and 
organized social practice activity, education is the process of the subjectivity of the educator and the cultivation of individual subjectivity. 
Subjectivity distinguishes itself from animal nature. The reason cannot simply from the knowledge increase, skills on the increase of 
knowledge and skills, is a rational way to get a rational process, but also the individual self-assimilation and internalization process, the self of 
the external world "assimilation" process, the ` learning process of learners in the body now, it means learning who take the initiative to 
understand the outside information and construction. The subject is a category of relations, only where the relationship between the subject 
and the object has the main body, people as real, realistic, concrete existence, is originally in the relationship between. Human existence, 
human characteristics and the essence of power, all performance as a relationship, and through the relationship to achieve. Therefore in the 
teaching, although often emphasizes that students should play their own body, but it ignores this, a problem, because the two object 
relationship between teachers and students are the individual subjectivity, therefore, with the interaction between teachers and students of 
educational activities, teachers and students' subjectivity the subjectivity exists at the same time, attached to each other, and in a unity. 
Education is a unity of both teachers and students subjectivity interactive educational activities, its essence is teachers' interaction and students' 
subjectivity, to the efficiency of the education, teachers and students interaction depends on two aspects with the. Because of the special status 
of teachers in teaching, the degree of optimization of this interactive subjectivity depends on the degree of exertion of teachers' subjectivity, 
and the level of students' subjectivity depends on the degree of teachers' subjectivity [7]. Development is a philosophical term, refers to things 
from small to large, from simple to complex, from low to high, from the old material to the movement process of new substances. For example, 
human development is from small to large, from naive to mature, from low-energy to high-energy development process. Development refers 
to the nature of things with development. In education, the development is mainly the development of people, "the individual physical and 
mental development including two aspects in content, the former refers to the body organs and their natural forms and organisms to develop 
and improve, the latter refers to the psychological process and individual psychological development, including the development of cognition, 
emotion and will and all kinds of advanced social." 
 
2.3 The orientation and criticism of instrumental rationality in college english teaching 

 
Since ancient Greece, reason has become one of the core concepts in the whole history of Western thought. The philosophical reflection 

on the application of reason itself and its rational principle is one of the eternal themes that philosophy pays close attention to. Different 
culture and different historical perspective, gives a rational word meaning perplexing. As a category of philosophy, "rationality" refers to the 
ability and process of logical reasoning. Reason is a basic characteristic of human being which is different from other animals. In the long river 
of history, although people have different views and understanding on the origin and meaning of reason, most people are sure that they are 
rational and sure that people are rational beings or rational animals. Human reason is formed and developed in the successive activities of 
human beings to learn how to deal with the relationship between themselves and the outside world. In the role of genetic law, it first exists as 
human potential and natural quality, is belonging to the human body, rational. However, the potential and quality of rational existence in the 
human body, but also the possibility as a "gift" exists, the rational potential and quality by the possibility of rational power into reality, must 
also be acquired through the efforts to cultivate object accumulation and shaping in the acceptance of social rational factors the culture model 
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of human activity. When complex things cannot see clearly, it should be as much as possible into a simple part, until through rational can see 
its authenticity. This is Descartes's standard of truth, namely "rationalism"". Descartes is the founder of rationalism in seventeenth Century [8], 
he does not completely exclude the role of experience in understanding, but that pure experience may be wrong, not as the standard of truth. In 
his view, mathematics is clearly understood by reason, so mathematical methods can be used to obtain truth, and we should find some basic 
truths as the basis of Philosophy in this way. The theoretical reason itself can be divided into three levels: intellectuality, sensibility and 
rationality. Through perceptual knowledge, we can obtain sensation materials and obtain positive knowledge through the construction of 
intellectuality. Reason runs through Kant's whole philosophy system. From the perspective of speculative rationality, Hagel established the 
concept of "absolute rationality". In his opinion, reason is the inner essence of all things, the law of the development of the world and the inner 
motive force to promote the development of the world. After Hagel, reason has repeatedly been questioned and criticized. In Chinese 
philosophy, the understanding of reason is mainly reflected in the understanding of the concept of "Li". Or the nature of the universe or natural 
law or law or human consciousness and cognitive ability or a moral principle and behavior basis. Through the analysis of the Western rational 
concept, we can draw the concept of rational first is a kind of ability, it is through the understanding of human activity, practice and aesthetic 
activities manifested in the form of an idea to understand and grasp the world as well as their relationship, so as to guide human activities, its 
purport is that as much as possible so that their behavior not only conform to the rules and to the purpose. But with the development of 
capitalism, the dynamic role of religion began to lose, material and money has become the ultimate goal pursued by the people, so the tool 
rationality to the extreme and become a means to become set in the people of the iron cage. Instrumental rationality is enlightenment spirit, 
science and technology and rational evolution results, however, with the continuous expansion of instrumental rationality, the pursuit of 
efficiency in the control and implementation of technology, rational tools into the rule of nature and human tools. Due to the development of 
the enlightenment rational advocate rational tools, led to the emergence of instrumental rationality hegemony, so that the tool rationality 
became the dominant power, control. The reason which has been advocated since the Western Enlightenment has gradually transformed into a 
tool to rule and enslave people. Because of the alienation and materialization of human being brought by the rule of instrumental rationality, 
instrumental rationality has always been one of the core problems in the critical theory of Frankfurt school. He believes that the value 
rationality refers to the action itself is concerned with absolute value, pay attention to the rationality of the purpose of reflection, the way is to 
consider whether it is reasonable from the aspect of people's interests, etc.. But this ignores the purpose of rationality means attention to 
comprehensively reveal the essence of value rationality, so easy to produce from the actual, the lack of feasibility of Utopian idealism. Value 
rationality is the conscious consciousness of value and its pursuit which is formed by the main body in the practical activities. It is the 
conscious understanding and grasp of value and value pursuit on the basis of rational cognition. Therefore, it can be said that value rationality 
is the orientation of human nature. Human nature is a complex unity of human nature, social attribute and spiritual attribute. Under certain 
conditions, the spiritual quality of human nature and social attribute has a leading role, resulting in the mind of the ideal self and realistic self-
value rationality through the mobilization of ideal self, imperceptibly reflect the guiding role of the nature of their own. As a kind of cultural 
philosophy has the special logic and way of thinking of the theory, the essence of culture as a human being and its self-declaration activities, 
also the development of culture and human relationship is regarded as the same integration. This methodology emphasizes the continuity 
between past, present and future [9], and attaches importance to the combination of humanistic orientation and instrumental orientation. This 
has challenged the obvious instrumental orientation of College English Teaching in China and opened up a new path for College English 
teaching reform. This chapter based on the cultural philosophy theory, focuses on the research of College English teaching from the 
perspective of cultural philosophy, analysis of the necessity of College English teaching from the perspective of cultural philosophy and 
cultural philosophy, analysis of College English Teaching Reform Based on the connotation and reform ideas. 
 
2.4 Rationality and critique of instrumental rationality in college english teaching 

 
The rationality of tools proposed by Webb refers to a kind of behavior that has the expected purpose and the tools and means to achieve it. 

The author here does not intend to analyze Webb's sociological thought and its tendency, only to analyze the current college English teaching 
with the help of his instrumental rationality and value rationality. Mankind in the long process of self-liberation, not just their desire to meet. 
When human beings pursue their own desires, they always try to make the best choice in the range they know. Instrumental rationality and 
value rationality are two basic principles in the process of human existence and development. The tool rationality requirements of human 
continuously through the development of science and technology, to improve the efficiency, to meet human's progress and the requirements of 
self-service value rationality is on the contrary, it is a kind of ultimate concern relates to the rationality, it is concerned with the human 
progress, and improve the self-liberation and the fundamental direction of human life is more concerned about the true state of harmony with 
nature. In general, the rationality of value is the premise of the development of instrumental rationality. In turn, the progress of instrumental 
rationality provides conditions for the exploration of higher level of value rationality [10]. As an important basic course in College English 
teaching, which is also in such a way that the continuous progress and development. The characteristics of maximum feasibility and operation 
means of the effectiveness, optimization of selectivity and utility of these rational tools to meet the requirements of tool rational development 
and to human social practice as people's rational ability, is a means of human cognition, is composed of scientific knowledge, cognitive 
method, thought medium system the ability of elements, secondly, instrumental rationality is a universal human understanding of the method, 
it can effectively test the results of successful human cultural value standard process. Therefore, if the rational use of these characteristics of 
rational tool can make college English teaching achieve goal optimization, means rationalization, utility maximization. Hagel once said that 
"existence is reasonable, reasonable existence", tool rationality in the current college English Teaching in China also often show. What 
language is, different people have different views. Some people think that language is used to argue that language is a skill people say that 
language is a tool for human communication or some people say that language is a symbol system while others think that language is any way 
expression and exchange of information, such as gestures, symbols or animal sounds. Throughout the various definitions, some definitions 
emphasize the functions of language, such as communication, communication and expression. Some definitions emphasize the structure of 
language, such as symbol, sound, structure, etc. "Curriculum requirements" expounds the nature of College English and points out that college 
English teaching is an organic part of higher education. University English is a foreign language teaching theory as a guide to English 
language knowledge and practical skills of learning strategies and intercultural communication as the main content, and a variety of teaching 
methods and teaching means teaching system". Obviously, the "language is what" this issue, "requirements" does not make clear, this in fact 
fundamentally on College English no definition of property, not unrelated to tendency of instrumental rationality in College English teaching. 
Nowadays, the prevalence of test oriented education, various foreign language test training institutions and training classes emerge in endlessly, 
the reason lies in the guidance of social utilitarian education value. From the educational point of view, the ultimate goal of teaching is to 
pursue the "high pass rate"; "high employment rate" from the education point of view, education is through four, six exam to get a good job 
astepping-stone to success. All these are the pursuit of the external purpose of College English teaching [11], that is, the pursuit of the value of 
educational tools. As a result, College English teaching has become a tool for college students to change their situation and improve their 
personal value. The tool rationality under the influence of College English teaching to deviate from the foreign language teaching of the truth, 
which only focus on students' practical knowledge and skills for survival while ignoring the development of students' personality and 
humanistic literacy value pursuit, is unfavorable to the growth of College students. College English teaching content including language 
knowledge, language skills, communicative language ability development, its goal is to cultivate students' communicative competence in 
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English through language teaching, and ultimately to the creative potential of students to maximize out. In order to test the degree of English 
vocabulary and grammar regulated by the syllabus, the National College English examination committee designed and organized four and six 
examinations. This has made great contribution to improve the English proficiency and ability of college students. But it also brings the 
following effects on the one hand, the four and six grade examination of students English practical ability test is not enough, resulting in four 
and six grade exam oriented college English teaching on the deviation on the other hand, to a certain extent contributed to the examination 
oriented education atmosphere, makes some school teachers focus on the pursuit of the rate and the exam, reduced to the students practical 
English ability request. Teaching evaluation is an important process to study the value of teachers' teaching and students' learning. Teaching 
evaluation includes the evaluation of various factors in the process of teaching teachers, students, teaching contents, teaching methods, 
teaching environment, teaching management, teaching evaluation is not only an important part of the teaching work, the important means of 
scientific management is also in the field of teaching. 
 
3. College english teaching reform from the perspective of cultural philosophy 
 
3.1The necessity of research on college english teaching reform from the perspective of cultural philosophy 

 
Philosophy is the essence of every era spirit. Attention to the development and changes in people's daily life, pay attention to the time is 

the great mission of philosophy; it is the secret of the life and growth in nature. The cultural philosophy of the times, the significance and 
vision of the world more concentrated reflects the philosophy of this characteristic. Therefore, it is our inescapable historical mission to 
consciously regard the philosophical spirit of the present age as the guidance of the social life reform in this era. The new Marx doctrine, 
structuralism and critical rationalism, which arose in the 60s of last century, argued and argued for each other, although they argued each other 
and argued for each other. At the same time in Britain, France and the United States, Germany and other countries appear to set up the "new 
philosophy of ethics" trend, the philosophy of metaphysics to pull back from the vague and the fate of people and behavior directly related to 
ethics. Since the 70s of last century, the great development of hermeneutics, semiotics, anthropology and linguistics has further promoted the 
development of cultural philosophy. The seventeenth World Congress of philosophy declares the focus of contemporary world philosophy 
from philosophy of science to cultural philosophy with the theme of philosophy, culture and civilization. After reviewing the history of 
cultural philosophy, it is found that cultural philosophy emphasizes the existence of human beings and pays attention to the humanistic nature. 
Since nineteenth Century, cultural problems have gradually become one of the central issues in modern philosophical studies. Previously, the 
dominant position in the process of philosophical development is the pursuit of universal knowledge, which endows epistemology with 
privileged speculative consciousness philosophy. This speculative philosophy itself cannot overcome the theoretical dilemma, not enough to 
answer the question of human survival. Cultural philosophy came into being. After the mid nineteenth Century, with anthropology, ethnology, 
sociology and the rapid development of concrete science, people study the specific cultural structure and various cultural phenomenon 
gradually, make the culture philosophy more profoundly as possible, philosophy of culture has been developing rapidly, has appeared in the 
theory of evolution, functionalism and Culture School of philosophy, cultural philosophy by Juan trickle development as an important 
ideological trend of contemporary philosophy. They start from Darwin, Kong De, and the theory of Spencer, gradually get rid of the shackles 
of medieval theology, recognizing that human culture is the result of natural evolution. Taylor on the cultural reflection of the originality is not 
planar description of cultural content, but in the use of Darwin's theory of evolution reveals the longitudinal development law of human culture. 
At the end of nineteenth Century and early twentieth Century, the development of social science and the synchronic existence makes people 
more clearly see the different ethnic cultural phenomenon; especially the outbreak of the First World War and the Russian Revolution in 
October exposed the "decline of the west". All this has greatly shaken the Taylor culture. It can be said that this view reflects the evolution of 
the Western cultural evolution of the school of deepening and precision, cultural studies and various categories of social science research are 
very meaningful. In fact, cultural anthropology has already broken through the limitations of its own discipline and combined with the 
development of human culture. Other Western Marx also has obvious cultural philosophical color. For example, the criticism of capitalist 
society is one of the common characteristics of Western Marx doctrine, and the most thorough criticism belongs to Frankfurt school, 
especially Marcuse. Frankfurt school is more critical of technological rationality and criticism of popular culture. They believe that the 
progress of contemporary western social science and technology, the increase in material wealth, the emergence of mass culture and cultural 
industries, highlights the trend of the overall [12]. 
 
3.2 The basic requirements of leading social cultural value of the evolution process 

 
The social dominant culture from the ethical culture and rational culture through cultural and scientific rationality to multiculturalism, 

triggered a common trend of the world higher education reform the teaching reform of the changing understanding of the value of education, 
to look at the problems faced by the current higher education from the perspective of culture, pay attention to the training of College Students' 
cultural literacy. The change of teaching reform in higher education makes the value orientation of College English teaching research shift 
from "technical interest" to "practical interest" ". The study of teaching culture turns from the paradigm of instrumentalism to the paradigm of 
ontology. In ancient times, the dominant culture of East and West was ethical culture and rational culture respectively. After the Renaissance, 
"man" era opened. In the western world, rational culture quickly embarked on the road of expansion technology and increasingly shows its 
great strength to conquer, collide with a force that is the oriental traditional ethical culture is the result of the continuous retreat of the Oriental 
culture. As a result, the world entered the period of instrumental rational cultural hegemony, at the same time, the development of science and 
technology culture also pushed the world to a dangerous situation. Thus, some scholars on the basis of reflection and critique of instrumental 
rationality advocated the return to the nature of human multiculturalism. The critique of instrumental rationality and the demand for value 
rationality in modern society provide the soil for the integration of instrumental and humanistic studies in College English Teaching in China. 
As the essential feature of human being different from animals, labor is characterized by objectification. Because human labor will produce 
objects, social relations objective existence of these objects. And the relationship between people and labor products and labor process of these 
objects is no single, the same, in the labor process; labor itself and the object of the result will be transformed into man, against the opposite 
things, putting people in a position of alienation. In a certain social historical period and background form this alienation will become very 
serious. Due to the rapid development of modern productive forces and scientific and technological rationality, alienation has manifested itself 
as an unprecedented sharp form, and has become a new major philosophical issue that people are paying close attention to and thinking all 
over the world. The alienation of philosophy and Social Sciences in the category refers to the people as the main creations turn into the facade 
and to control alien force, domination of the subject. Alienation is an important category to reflect the profound contradictions existing in the 
process of human beings and their social historical movements. In view of this situation, many modern and contemporary western scholars of 
Frankfurt school, especially the western Marx doctrine, the alienation of science and technology, people in the contemporary western society 
materialized, analyzed mercilessly exposing and criticizing and innovative. The Frankfurt school has exposed and criticized the developed 
industrial society, whose unilateral theory on behalf of Marcuse can be regarded as an extension of the previous alienation theory. As a special 
term calibration characteristics of the developed industrial society, one dimension in all aspects of modern civilization can be found, such as 
art, science, philosophy, political system, economy and technology as well as all aspects of everyday thinking is unidirectional. In modern 
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industrial society, because of the development of science and technology into high production and high consumption of social welfare, the 
factors of "all opposition" or "assimilation", only to maintain the status quo certainly, lost to the negative aspects of internal. This kind of 
"unilateral" has eliminated all the factors against the current social system from various social fields, and hindered the social reform and 
progress. The Frankfurt school deeply to people in the capitalist society unilateral, human alienation is analyzed and criticized, they are not 
simply to condemn the rationality of science and technology and science and technology, not only in the alienation of science and technology 
led to the appearance of one dimension man, but deep into the social system level problems, analysis the alienation of science and technology 
in the capitalist society in the system of rational. If we leave the social system and other factors, exaggerate the negative effects of science and 
technology, and think that science and technology lead to a one-way, human alienation, which is a serious mistake, it will move toward 
science and technology determinism. Even if it takes a pessimistic attitude to science and technology, and also exaggerated the role of science 
and technology [13], science and technology that can solve all the problems of society of science and technology as optimism, will move 
towards technological determinism. We cannot hope to all of science and technology, it can solve the social problems of all the current or 
future, should not put everything onto the body of science and technology, we should comprehensively and dialectically look at the problem, 
find a comprehensive science and technology, economy, ethics, law, art and religion on the path of social forces, promote the comprehensive 
development and liberation. 
 
3.3 Thoughts on college english teaching reform based on cultural philosophy 

 
With the continuous development of society, social dominant culture formed a single ethical culture and rational culture, through the 

rational culture of science and technology, to the coexistence of multi-cultural situation. The education reform or curriculum reform has been 
carried out in many countries in the world, trying to solve the existing problems of education from the height of culture, and to improve the 
students' knowledge accomplishment in the current social development. At the same time, the research paradigm of teaching culture has 
gradually moved towards Ontology from the tool theory, and tends to study teaching as a cultural entity. Teaching research is no longer in 
order to find some nature, law and for this essence, law to prove, but to face the teaching phenomenon, solve the problems in teaching. From 
the perspective of humanism teaching theory has become a new orientation of contemporary teaching theory research. This study intends to 
elements of teaching objectives, teaching content, teaching based on the cultural philosophy perspective of College English teaching 
implementation and teaching evaluation of College English teaching, rich cultural connotation, tries to build the basic theoretical framework of 
College English teaching based on the cultural philosophy. On the teaching objectives of College English. Previous teaching objectives only 
emphasize the instrumental nature of language teaching and ignore the humanistic goals of language teaching. Now, in terms of the specific 
teaching objectives, cognitive goals emphasize instrumental and humanistic knowledge and skill acquisition target emphasizes the cultivation 
of thinking mode, culture influence students get rid of their mother tongue, turn into English to English thinking, and cultivate students' sense 
of English language. The emotion goal is heavier than that of the spirit of the humanities arts students accept edification, and make the 
students understand English culture, cultivate students' knowledge of logic behind mining and human nature, to cultivate students' learning and 
comprehension of humanistic spirit contained in culture and human nature. On the content of College English teaching. The contents of the 
cultural philosophy of College English listening teaching should reflect the integration of tool and humanity based, in the design of College 
English listening teaching content should be considered when the expression of students' cultural quality and cultivating international cultural 
knowledge in English, the selection of materials should pay extra attention to the humanities, life and moral ideal interest on the teaching 
content of College English reading materials should be involved in many aspects of the new progress of contemporary science and technology, 
social issues, philosophy and modern life. Can let the students about the culture mode of thinking, proper behavior and cultural understanding, 
such as race, religion, insurance, tourism, advertising, finance, ecological and humanistic landscape in writing, the teaching of College English 
writing should be written in the system, involving a wide range, the combination of theory and practice teaching. In addition, should also be 
selected works of foreign literature outstanding and different genres of reading data aided reading translation, translation textbooks should be 
systematically increase the basic theories and methods of skills, increase students' practical material translation exercises. On the 
implementation of College English teaching. In the implementation of the basic conditions, involving teachers, students and teaching 
environment, such as three elements. As language knowledge, skills and cultural heritage and the creation of teachers, to strengthen their own 
cultural practice, update teaching ideas, improve the ability of using modern information technology; master the language and intercultural 
communication ability. As language knowledge, skills and cultural learning, understanding and creation of the students, need a clear learning 
goal, cultivate humanistic literacy, learning strategies, the use of learning methods, expand knowledge and experience. As a necessary physical 
knowledge and learning skills and cultural heritage and the creation of conditions conducive to the teaching environment, to be active and 
harmonious atmosphere of teaching and learning atmosphere of competition and cooperation. In the path of teaching, classroom teaching, we 
should pay attention to excavate the humanistic spirit in the textbooks, cultural background knowledge and combined with teaching materials 
expand students' humanistic spirit of students using the flexible teaching methods through the literature and the film and television works 
appreciation culture, cultivating humanistic character. In addition, we should pay attention to the development of the second classroom and 
construct web-based college English autonomous learning platform [14]. 
 
4. The value appeal of college english teaching based on cultural philosophy 

 
The College English teaching with pure instrumental rationality is a critical one, which is based on the cultural philosophy. To understand 

the rich connotation of College English teaching value, it is necessary to interpret the connotation of value and teaching value. Marx believes 
that the universal concept of value arises from people's relation to the external things that satisfy their needs ". It expresses the three related 
value comes from the need of the subject value of the conditions for the formation of real property is the object is to meet the needs of the 
value subject is formed between the subject and the object needs to generate relationships with satisfaction. The existence of value comes from 
the subjectivity and individuality of human beings. With the help of Marx's concept of value, we think value is a kind of attribute that satisfies 
the needs of subject. The main body can be divided into social subject and individual subject, if there is no need to subject teaching, so even if 
there is a wealth of property, it is only the teaching attribute, a kind of objective existence, no value at all for the subject. If teaching meets the 
needs of the social subject, the teaching value is reflected in the social value, if teaching meets the needs of individual subject, then the 
teaching value is reflected in the individual value. In essence, they are unified and do not exist only as the social value of teaching or the 
individual value of teaching. Subjective needs are the subjective premise of the formation of teaching value. Teaching attribute is the objective 
condition of the formation of teaching value. As a kind of complex existence, teaching activity is not only the existence of culture but also the 
existence of society. It is also the existence of people's spiritual activities. These attributes can bring economic value, political value, and 
cultural value to the society, but also bring individual knowledge value, cultural value, method value, scientific value, aesthetic value and 
character value. Teaching attributes are diversified, due to different historical periods, different countries, and ethnic changes. Because of the 
objective diversification of teaching attributes, we can meet the needs of the value subject. These teaching attributes are the objective 
conditions for the formation of teaching value. Teaching has the property, and cannot produce their own value, but in contact with the social 
subject, personal subject, to meet the needs of the value of the subject, the teaching value will eventually form. The longer term goal of 
English learning strategy training is to enable students to independently choose their strategies without relying on the teacher's cue in order to 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                    221.7 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/221 

 

improve their autonomy and self-directed learning ability. Learners should be able to monitor and evaluate the effectiveness of the strategies 
they use and develop their problem-solving skills more fully. In traditional college English teaching, knowledge of teachers who teach in the 
center position in the whole teaching process, students are the main body of the teaching object is the teaching of teachers, is the object and 
teaching material is the knowledge transmission medium is the intermediary between subject and object. This traditional English teaching 
mode, teaching means and teaching media are very single. Now more and more emphasis on the use of multimedia teaching means to carry 
out college English teaching [15]. 
 
5. Summary and prospect 

 
This study based on the analysis of the current situation of English teaching and social development of our country's University 

requirements for College English Teaching in China, borrowing from the perspective of cultural philosophy to explore the objectives, content, 
implementation and evaluation of College English Teaching in China and other aspects of ideal system construction. This section mainly 
summarizes the main conclusions, and reflects on the problems in the study for the follow-up study. College English teaching is based on 
dialogue, communication, understanding and cooperation based on foreign language teaching theory as a guide to the English language as the 
carrier, the English language knowledge and application skills, intercultural communication and learning strategies as the main content of the 
College English teachers and non-English majors between students of language knowledge, skills and culture the inheritance and creation of 
special communication activities between teachers and reflect different cultural spirit and culture docking meeting. Through these 
communication activities, students grasp the basic knowledge of language skills, to form a correct attitude, ideas, enhance human literacy; 
training based on cross-cultural understanding, communication and critical ability of cross-cultural communication skills. From this definition 
we can see that college English teaching has the characteristics of subjectivity, development tools, and cross-cultural, there are great 
differences with English teaching and professional English Teaching in primary and secondary schools, is not equivalent to language teaching. 
One is the teacher's teaching idea obsolete, too much emphasis on language knowledge, ignoring the humanistic value of College English 
teaching is the emphasis on two language teaching to test the value of the tool, a serious tendency to neglect the cultivation and edification of 
the students humanistic quality and humanistic spirit of the three is the teaching content and teaching method is not reasonable, neglecting the 
students in the teaching process the main body position. From the above three aspects we can see that the current Chinese College English 
teaching tools rational tendency serious. The tool rational College English teaching has its own rational side, not all should criticize, but to 
criticize the pure instrumental tendency of College English teaching situation. 
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Abstract: Through the network data analysis, the user can be informed of network terminal preference and the network service preference and 
the web browser preferences of user behavior characteristics, and then targeted to optimize network traffic, improve the user experience, to 
increase user activity and retention, bring more profit to the enterprise. It can be said that the Internet has become the most influential in the 
field of information dissemination, one of the most potential of the mainstream media, but also gradually become one of the mainstream media 
bearer of public opinion. In this case, the negative, negative network public opinion is very easy to spread among the majority of Internet users, 
the harmonious development of society have a great impact. It is necessary to use the modern Natural Language Processing and data mining 
technology, network data analysis and processing, it is of great significance for the relevant government departments to provide timely and 
accurate information of network public opinion. This system using Hadoop cloud platform advantages in data processing, divided into data 
acquisition, data preprocessing, data clustering, public opinion analysis, results show the five functional modules, to achieve various functions 
of the system analysis of network public opinion. Among them, the data acquisition module to data acquisition technology according to the 
characteristics of different data sources, the news website, use Nutch data collection, the micro-blog website, using the API interface to 
provide their own data acquisition; data preprocessing module using Fu dan NLP in Chinese word processing, and establish a stoplist, no 
actual filter the meaning of adverbs and prepositions, auxiliary words, the establishment of the text using the TF-IDF algorithm based on 
vector space; the data clustering module, according to the Chinese language and its own characteristics, such as synonymy, polysemy, 
clustering algorithm is proposed for Kmeans, Canopy and semantic similarity combination, improving the accuracy of clustering. Which 
provides the ability to find the network public opinion; public opinion analysis module in the topic sensitive topic detection and hot spot 
detection Content analysis and other public opinion indicators; in the results of the module, the use of Web presentation network public 
opinion information. This paper shows the whole process of system development, based on the characteristics of the network public opinion, 
study the implementation method of the system of network public opinion analysis, this paper describes the research background and 
significance of this subject, the research status at home and abroad, the research goal and the structure of the dissertation, introduces the 
advantages of Hadoop platform, in the data processing of data the text collection technology, vector space model, text clustering algorithm and 
the function of public opinion. 

 
Keywords: hadoop platform; network public opinion analysis; semantic similarity; word segmentation processing; kmeans technology 

 
1. Introduction 

 
Public opinion is the subject of decision-making in the decision-making process is necessarily involved in the interests of the people, as 

well as the people in the will, emotion and cognition on the basis of the objective situation, the subjective political attitude of decision-making. 
Network public opinion usually includes the following elements: 1, Internet users; 2, the network public opinion of the space-time elements; 3, 
public affairs (including social, government and national public affairs); 4, will, emotions, opinions and attitudes. We should make full use of 
the characteristics of the various components of the network public opinion, timely and effective disposal of public opinion events. First, the 
source of information processing. The relevant departments should be rational use of a variety of network media technology resources, timely 
and accurately find the current hot issues of society through WEB data mining [1], the current situation of accurate positioning, so as to 
understand the cause of the outbreak of public opinion events. Two is to reflect the dynamics of social public opinion in time. Government can 
use the Internet to publish news, publicity and other means to guide Internet users to establish a correct value orientation. In information 
acquisition and data processing, compared with the developed countries, there is a certain gap between China and the developed countries. In 
terms of information access, it is not yet from the complex of the Internet to quickly and comprehensively access to network data. In the 
network information analysis and processing, due to the limited capacity and technology, it is difficult to find a hot issue from the massive data 
in a timely and accurate forecast and its trend. Therefore, in order to promote social harmony and steady development, the relevant 
departments also need to organize the power to increase the Internet public opinion monitoring, and effectively strengthen the network 
management. Only by manual power to effectively collect and analyze network public opinion information, so we need to use modern Natural 
Language Processing and data mining technology, network data analysis and processing, has a great significance for the relevant government 
departments to provide timely and accurate information of network public opinion [2]. 

 
Abroad in natural language processing research has already begun, experts and scholars put forward the theory and method of effective in 

syntax analysis and syntax of natural language processing, important meetings and forums are: the topic detection and tracking, text retrieval 
conference meeting, information retrieval professional group meeting. The technology based on key words statistical analysis is more mature, 
but its effectiveness needs to be improved. Coppola, a software company called "emotional color" of the software, the Internet can be 
automatic analysis of news reports, access to the views of users, to judge the degree of sensitivity of the news reports. Not only can help 
companies understand the public's perception of them, but also more important for the relevant government agencies to provide advice. The 
report shows that the software can automatically identify the grammatical elements, determine the subject and object of the verb, distinguish 
sentence nouns, adjectives and verbs, pronouns in sentence analysis can even (if he / she / it) said the content. The software analysis of the 
function of the syntax elements can be filtered and the main content of the irrelevant part, has played a noise removal and complexity analysis 
of the function, so you can quickly analyze the results obtained. Makes the relevant departments can be faster and more accurate to get the idea 
of the people. In China, the research on the analysis of network public opinion started late, but it developed very fast and achieved a lot of 
results. Such as people.com.cn public opinion monitoring room of people's daily cooperation with Tsinghua University, Peking University, 
China Academy of Social Sciences, set up, in the joint efforts, initially formed a relatively complete set of public opinion on the network 
monitoring system of theory and application technology. At present, the system also founder wise public opinion warning decision support 
system, science news monitoring system, Goonie analysis of network public opinion monitoring system, TRS management system of Internet 
public opinion analysis network public opinion more mature. Among them, fangzheng public opinion warning decision support system, 
Natural Language Processing technology and Internet search engine technology based on automatic acquisition of network data, data 
clustering, topic detection and other functions, users of the network information monitoring and tracking requirements, analysis results are 
presented to the user by the chart, presentation or report etc. in various forms, for the user to understand all aspects of the Internet public 
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opinion trends, make timely and correct public opinion based on the analysis of the reasonable guidance. This paper mainly studies the 
realization method of public opinion analysis system based on Hadoop platform [3]. This system based on the Hadoop platform in the massive 
data storage and data mining capabilities, by collecting the text information from a large number of network media such as popular news 
website, popular micro-blog, and then the vectorization processing. After text clustering, the network public opinion content identification, 
and events, a sensitive topic within a certain period of time the hot topic of events and content orientation analysis. The network public opinion 
analysis system is constructed in this paper, which makes the government and its related functional organizations to monitor and manage the 
network public opinion effectively. The system has a high level of intelligence and good scalability, and has a good network public opinion 
analysis and monitoring capabilities [4]. 
 
2. Key technologies involved in the system 
 
2.1 Hadoop technology introduction 

 
Hadoop is a distributed Apache foundation open source project, it is reliable and scalable distributed computing system architecture, it 

uses a simple programming model for distributed processing of large data sets across the cluster. The user can easily develop and run the 
application program based on the massive data in the Hadoop platform. Hadoop consists of a number of sub projects, as shown in Figure 1, 
where the Hadoop framework is the core of the design is: HDFS and Reduce Map. HDFS for the massive data storage, the Reduce Map for the 
massive data provided by the calculation. The following will be introduced respectively. HDFS (Hadoop Distributed File System Hadoop) as 
the core of the project, is the foundation of distributed computing in data storage management, and the development of streaming data access 
and processing of large files based on the demand, can run on cheap commercial server. High volume error, high reliability, high scalability, 
high provides secure storage for massive data availability, high throughput etc. it has the characteristics, application for processing large data 
set has brought a lot of convenience. Hadoop integrates a large number of file systems, in which there is an integrated file system abstraction, 
which provides a file system implementation of various types of interfaces, HDFS is just an example of this abstract file system. Hadoop 
provides a number of file system interface, the user can use the URI program to select the appropriate file system to achieve interaction. HDFS 
is a master / slave (Mater/Slave) architecture, from the end user's perspective, it is the traditional file system, can perform CRUD on file in the 
directory entry (Create, Read, Update and Delete) operation. But due to the nature of distributed storage, HDFS clusters have a Node Data and 
some Node Name. Name Node can be viewed as a distributed file system manager, mainly responsible for the management of the file system 
namespace, cluster configuration information and memory block replication, Data Node is the basic unit of file storage, it will be Block stored 
in the local file system, save the Block Meta-data, at the same time will all exist Block information is sent to the Name Node. Is the client 
application needs access to the file distributed file system, the client access the file system through the interaction with Name Node and Data 
Node, Name Node client contact to obtain the file metadata, and the real file I/O operations and Data Node directly interact with the structure 
of HDFS, as shown in figure 2. Map Reduce is a programming model for large data sets, distributed to a master node under the management 
of each node is completed, and then through the integration of the intermediate results of each node, to get the final result. In Hadoop, there are 
two machines used to perform Reduce Map tasks: one is Tracker Job; the other is Tracker Task. Tracker Job is used for scheduling work, 
Tracker Task is used for the implementation of the work. There is only one Tracker Job in a Hadoop cluster. In distributed computing, Map 
Reduce framework handles programming in distributed storage, job scheduling [5], load balancing, fault tolerance, balanced fault-tolerant 
processing and network communication problem in the parallel processing of the complex, highly abstracted into two functions: Map and 
Reduce, Map is responsible for the task into multiple tasks, responsible for the decomposition of Reduce multi task processing results together. 
Note that, to deal with the Map Reduce data set (or tasks) must have such characteristics: to deal with the data set can be decomposed into 
many small data sets, and each small data set can be completely parallel processing. The running model of Reduce Map is shown in Figure 3. 
Map Reduce is a programming model for large data sets, distributed to a master node under the management of each node is completed, and 
then through the integration of the intermediate results of each node, to get the final result. In Hadoop, there are two machines used to perform 
Reduce Map tasks: one is Tracker Job; the other is Tracker Task. Tracker Job is used for scheduling, Tracker Task is used to perform the work. 
There is only one Tracker Job in a Hadoop cluster. In distributed computing, Map Reduce framework handles programming in distributed 
storage, job scheduling, load balancing, fault tolerance, balanced fault-tolerant processing and network communication problem in the parallel 
processing of the complex, highly abstracted into two functions: Map and Reduce, Map is responsible for the task into multiple tasks, 
responsible for the decomposition of Reduce multi task processing results together. Note that, to deal with the Map Reduce data set (or tasks) 
must have such characteristics: to deal with the data set can be decomposed into many small data sets, and each small data set can be 
completely parallel processing [6]. 

 
Figure. 1 Schematic diagram of composition structure of Hadoop 
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Figure. 2 Schematic diagram of the structure of HDFS 

 
Figure. 3 Schematic diagram of the operation model of Reduce Map 

 
2.2 Data word segmentation. 

 
We first artificial to take the above sentence segmentation, using slash segmentation: "you / / / / if no morning to eat ice cream / / I / / / I 

/ / / will not absolute /happy/ /. /". But how to do automatic segmentation? In fact, this Chinese predecessors have done a lot of research 
Chinese word segmentation, word segmentation algorithm are common: 1 dictionary based word segmentation, need to design a dictionary, 
such as the above sentence segmentation out "if morning," these words stored in the dictionary, and then put the sentences into words 
combined into words to the dictionary in the search, matching the selected word. No, the cut into words. 2 word segmentation based on 
statistics, need to get a large number of text corpora (such as news, micro-blog, etc.), and then statistical text adjacent to the number of words 
in the text at the same time, the number of times the more likely to form a word. When it reaches a certain number of times, it forms a word. 
Then the word segmentation of the above sentence, the probability of probability in the corpus library to find words combined, if the 
probability is greater than a certain value is selected to form a word. This is probably a description[7], the actual production environment also 
need to be combined with the context of the sentence to be more accurate word segmentation. 3 semantic based word segmentation, in short, 
is to simulate the human understanding of the sentence to the sentence. Need to sort out the Chinese statement syntax and semantic 
information as knowledge base, and then combined with the sentence context, word segmentation of sentences were combined into words one 
by one into the knowledge base for identification, identification will pick out a word. At present, there is no particularly mature semantic based 
word segmentation system. Big data word segmentation schematic diagram shown in Figure 4. 



 

 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                                 222.4 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/222 

 

 
Figure. 4 Schematic diagram of data segmentation 

 
2.3 Semantic analysis technology 

 
Semantic analysis is a logical stage of the compilation process, and the task of semantic analysis is to examine the context of the structure 

of the right source, and to conduct the type examination. Semantic analysis is to examine whether the source code has semantic errors, for the 
code generation phase to collect type information. For example, a semantic analysis of the work of the type of review, review each operator has 
the language specification allows the operator, when not in line with the language specification, the compiler should report errors. If the 
compiler to the real number used as an array index of the report error. Also, for example, some programs can be enforced, then when the two 
program is applied to an integer and a solid object[8], the compiler should convert the integer into a real type and cannot be regarded as a 
source of error. The status of semantic analysis: the most substantive work of the compiler; the first time to explain the semantics of the source 
program, the source of the source code changes. In a social network, there is often information exchange between nodes. A powerful technique 
for the analysis of such social networks can be used to obtain and understand the text information technology known as semantic web message 
transmission analysis (semantic analysis). As a method of artificial intelligence and computational linguistics, it provides a structure and 
process for knowledge reasoning and language. The process of semantic analysis is illustrated in Figure 5. 

 
Figure. 5 Schematic diagram of semantic analysis process 

 
3. Overall system design 
 
3.1 System requirement analysis 

 
For the massive information data on the Internet, not through human resources to achieve screening, analysis, prediction and processing 

of massive information, should be based on knowledge and computer Natural Language Processing's powerful data processing ability to 
achieve this task, and that information should be timely, effective. This project comes from the technical development project of a certain 
government department, and it is timely and accurate to find the network public opinion information for the specific website. According to its 
needs, this paper with the advantages of Hadoop platform in the massive data processing, based on the Hadoop platform for network public 
opinion analysis system design and implementation. The system consists of five modules: network public opinion data collection, data 
preprocessing, data clustering and public opinion analysis, and the results show that the overall framework of the system is shown in Figure 6. 
The system needs to achieve the collection of massive network data, collecting data to the local system, to preprocess data, convert data into 
computer understandable form, after the data clustering processing, classification data, on the basis of the analysis of public opinion, the 
public opinion information presented [9]. 
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Figure. 6 Network public opinion analysis system 

 
3.2 Functional module design of the system. 

 
The main function modules of the system are divided into four modules: data collection, data preprocessing, data clustering, and public 

opinion analysis. (1) data acquisition module: according to the configuration of the time, frequency, content classification and target site, the 
network data collection. According to the needs of users, this system collects the information mainly from the popular news website and 
micro-blog, including, xinhuanet.com, Phoenix information, sohu.com, chinanews.com, global times, Phoenix Forum, Tianya forum, network 
forum, the forum, the forum, Sina, micro-blog, micro-blog and other Tencent website. (2) data preprocessing module: the computer can not 
directly deal with the collected data, the need for word segmentation, word processing, and the use of TF-IDF algorithm to establish the main 
content of the text feature vector space. (3). Data clustering module: the focus of public opinion detection is a sensitive topic detection, topic 
detection and content analysis, the core problem is text clustering, clustering effect has a direct influence on public opinion analysis results, so 
text clustering is the focus of this paper. Clustering is a kind of automatic analysis of the similarity between texts, and based on the similarity 
of the text will be the same subject to the organization of the text together. Text clustering is generally a vector of text data into a high 
dimensional space, and then the text is clustered by calculating the similarity between vectors. (4). Public opinion analysis subsystem based on 
the cluster, according to the information classification and size, the number of hits and comments to calculate the hot degree, then get the 
current hot topic, the increment of unit time heat degree, public opinion trend analysis[10]. 
 
3.3 Design of system data mining. 

 
Data mining (English: Data mining), also translated as data mining, data mining. It is a database knowledge discovery (English: in 

Databases Knowledge-Discovery, referred to as: KDD) in one of the steps. Data mining generally refers to the process of searching for 
information hiding in the data from a large number of data. Data mining is often associated with computer science, statistics, and through 
online analysis processing, information retrieval, machine learning, expert system (depending on the old rules of thumb) and pattern 
recognition and many other methods to achieve the above objectives. Need is the mother of invention. In recent years, data mining has 
attracted great attention of the information industry, the main reason is the existence of a large number of data, can be widely used, and the 
urgent need to convert these data into useful information and knowledge. Access to information and knowledge can be widely used in a variety 
of applications, including business management, production control, market analysis, engineering design and scientific exploration, etc.. The 
use of data mining from the following areas: (1) from the idea of statistical sampling, estimation and hypothesis test (2), artificial intelligence, 
pattern recognition and machine learning algorithm, modeling technology and learning theory. Data mining has also quickly accepted ideas 
from other fields, including optimization, evolutionary computation, information theory, signal processing, visualization, and information 
retrieval. Some other areas also play an important supporting role. In particular, database systems are required to provide efficient storage, 
indexing, and query processing support [11]. Techniques that are derived from high performance (parallel) computing are often important in 
dealing with massive data sets. Distributed technology can also help to deal with massive data, and it is more important when the data cannot 
be concentrated together. The schematic diagram of data mining is shown in Figure 7. 
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Figure. 7 Sketch map of data mining process 

 
4. System implementation 
 
4.1 Realization of system acquisition module 

 
According to the characteristics of the data source, this paper adopts different methods in collecting data. For news sites, with Nutch data 

acquisition for micro-blog data, such as micro-blog, micro-blog, Sina, with its own API interfaces to provide data collection. News site is the 
use of Nutch data acquisition, Nutch currently has distributed and non distributed two versions, the former work more efficient, therefore, the 
system is the use of distributed Nutch system. Distributed Nutch using Reduce Map programming model to achieve the data collection and 
indexing and other functions. The performance and scalability of Nutch are evaluated in the literature. Nutch mainly consists of two parts, the 
crawler and the retrieval. The function of the crawler is to collect data from the network, and then according to the index program to create the 
index, then the index results are written to the index database. Users through the key words and so on. Nutch to load the default configuration 
of the plug-in in the file nutch-default.xml. If the user according to the needs of custom plug-ins, the configuration information should be 
written to the file nutch-site.xml, after the completion of the property will be covered by the property nutch-default.xml. According to the 
domestic popularity of micro-blog, Sina and micro-blog Tencent micro-blog data capture, the capture is similar in principle, all with its own 
API interface provided by Sina to micro-blog following capture, for example, the implementation process is similar to the Tencent 
micro-blog[12]. Nutch working principle diagram shown in Figure 8. 

 
Figure. 8 Nutch working principle diagram 

 
4.2 Design of data preprocessing module 
 

The computer can not directly process the collected network data, and it needs to be processed by the computer. The word is an 
independent significance of the language component is the least, between words and words English in space distinction, while there is no 
obvious demarcation between Chinese words and words. Therefore, Chinese word segmentation plays an important role in the data processing 
based on Chinese information. This paper chose NLP Fudan, a Chinese natural language platform of Fudan University, which is widely 
acclaimed at present. First, Fudan NLP is based on the Java language, and the system used to write the same language, and for the open source 
project, easy to use and extend the function, realizes the function of word segmentation, syntactic Chinese data analysis, POS tagging etc.. 
NLP Fudan Chinese word segmentation corresponds to the class of edu. fudan. nlp. cn. tag. CWSTagger [13], by calling the class to achieve 
the Chinese text of the word. Text vector space model by feature words and their weights, the idea is that some characteristics of words by 
greater weight to represent the central idea of the text, influence factors of feature weight usually have the title, word frequency, document 
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frequency, part of speech. In this paper, the TF-IDF algorithm is used to calculate the weight of the text feature words. TF-IDF uses statistical 
methods to assess the importance of words in the text. TF indicates the frequency of entries in the text; the main idea of IDF is that if the 
document containing the entry is less, the ability to distinguish the entry in the class is good. NLP Fudan cut word work flow chart as shown 
in Figure 9. 

 
Figure. 9 NLP Fu dan cutting work flow chart 

 
4.3 Data clustering module design. 

 
At present, the text clustering technology is divided into two categories: divided clustering algorithm (Method Partitioning) and 

hierarchical clustering algorithm (Method Hierarchical). Clustering algorithm for mainstream partitioning algorithms: Kmeans clustering 
algorithm and K-Medoids clustering algorithm and Clarans clustering algorithm and Single-Pass clustering algorithm and Canopy algorithm; 
hierarchical clustering algorithm for mainstream algorithms: Cure clustering algorithm and Chameleon clustering algorithm and Birch 
clustering algorithm. What the specific use of the algorithm, consider the main factors: whether can deal with high dimensional data, the 
domain knowledge and input parameter dependence, scalability, whether the input sequence of data, whether the influence can handle the 
noise data. Kmeans algorithm: a cluster analysis process, each data is represented as a vector in n-dimensional space (Vector); when the 
concentration began to randomly select K from K data, as a cluster center, and then calculate the rest point to all the clusters from the heart[14], 
assigned to its closest cluster; followed by iterative re computing the cluster (the average of all the heart through the vector containing the 
value), after the completion of all the clusters are divided again; have been to iterative convergence; that iteration is a limited time. The 
schematic diagram of Kmeans clustering algorithm is shown in Figure 10. 

 
Figure. 10 Schematic diagram of Kmeans clustering algorithm 

 
4.4 Design of public opinion analysis module 
 

In today's society, the Internet has become an important communication and communication channels, all the focus problem concerned 
can in a certain period of time from different aspects reflected by the Internet storage and dissemination of information, especially for some 
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sensitive topics. These sensitive topic information usually has a great influence on the formation and dissemination of public opinion, and 
sometimes can play a decisive role. In this system, after processing structured document segmentation module, and sensitive thesaurus 
matching to achieve sensitive topic detection function. The current social situation, first to summarize the sensitive vocabulary system at 
present, and then establish a contains all the analysis and processing of the sensitive word thesaurus, then matching thesaurus sensitive word 
processing after the results and established, and can be analyzed and filtered by keywords, the final recognition of sensitive topic in Internet in 
the present. Hot topic detection is the focus of network public opinion analysis, hot topic detection is based on the cluster, through the 
classification of the topic, the article reviews the number of clicks, and other parameters to achieve hot topic detection, and this paper mainly 
analyzes the hot topic [15]. 
 
5. Summarize and expectation 

 
Based on Hadoop cloud platform, this paper designs and implements a network public opinion analysis system. The system is composed 

of four modules: data collection, data preprocessing, data clustering and public opinion analysis, which can realize the sensitive topic 
detection, hot topic detection and topic orientation analysis of the network public opinion. The system according to user needs time to grab 
data in real time, a hot topic of interest to the user, for the user to provide the network public opinion and public opinion trends, timely disposal 
of sudden public events of great help. 
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Abstract: With the rapid development of the Internet, "user centric, open architecture concept of user participation" has been popular, Internet 
users gradually from passive reception of network information to take the initiative to create network information transformation. Portals, 
forums, micro-blog and other Internet media has become the people's release, dissemination and access to critical information, express 
emotions, an important platform to express their views. The key to social events is to grab relevant social events and public opinion resources 
through people, to provide relevant departments as a basis for decision-making, is an important direction of the development of public opinion 
monitoring system. In this project, I mainly responsible for the design and implementation of the information collection subsystem of public 
opinion. Based on public opinion information acquisition technology is the Internet search technology, makes it to send and search engines in 
the realization of design ideas and technology, there are many similarities, the search engine technology through research, W can provide 
valuable experience for the public opinion information collection. I am in the beginning of the project, in order to obtain better acquisition 
breadth and accuracy, study the basic principle of search engine, compared to the existing search engine technology research, especially clever 
search engine key technology element, and ultimately determine the technical architecture of the project, and absorb advantages of full text 
search engine index to achieve public opinion information acquisition system. In the search query conversion, acquisition and analysis of non 
directional orientation acquisition site query rules and page structure, to achieve the precise acquisition. In this paper, based on the network 
public opinion monitoring platform, the network public opinion information collection strategy is studied, and the design of collection system. 
Take the system design with theoretical research methods to guide practice, firstly studies the structure and characteristics of the network 
public opinion, the public opinion collection space and the main source of analysis, combining the current situation of the development of 
domestic and international public opinion, according to the current widespread public opinion collection efficiency is not high, the target 
strong limitation problem, put forward a user can set the personalized theme of public opinion collection strategy based on meta search engine. 
By using the key words matching, regular expression filtering and the strategy based on domain name, the topic relevance of the system is 
guaranteed, and the redundant data are filtered to improve the running efficiency of the system. The source of public opinion information is set 
for the public to reflect the views, attitudes and views, the tendency of the major news portal sites, blog forums, online communities, as well as 
emerging media such as micro-blog. The purpose of this paper is to design a set of adaptive public opinion information collection system to 
monitor the network public opinion in Colleges and universities, to achieve real-time mining more efficiently than public university 
information sensitive Internet, clean and structured processing of the acquired data, prepare for public opinion analysis, tendency of data and 
events of hot events that follow. 

 
Keywords: public opinion analysis; meta search technology; vertical search technology; topic drift technology; interest order 

 
1. Introduction 

 
Public opinion (Public Opinion) also known as public opinion, the definition of diversity, the key is to distinguish between public opinion 

or attitude is ontology, generally refers to in a certain social context, eliminate personal opinion difference and reflects social consciousness 
and collective consciousness of the common opinion of the majority. Public opinion contains many elements, including the issue, the public 
and the common views. Public opinion, as a kind of social evaluation, is a reflection of social psychology, it is based on the public interest, and 
it has a lot of unique personality. Specific performance in the open [1], public nature, urgency, GF, evaluation of several aspects. Public 
opinion is the "public opinion", refers to the specific social space, as the development and change of the main people, about social events, to 
produce as the object of social management and organization and continue to have social and political attitudes. Network public opinion is the 
majority of Internet users to express emotion on the expression of news hotspots through various information transmission platform, the carrier 
is the Internet, is the focus of the current hot spots, the center is the Internet users of the dissemination of information, interaction and 
concentration. This kind of emotion has many characteristics, such as independence, conformity, subjectivity, and so on. It is an important 
performance of the freedom of contemporary speech, and it needs special attention and guidance. Free and convenient and fast propagation 
characteristics of the network provides a fast and explosive communication channels to the network of public opinion, the network public 
opinion may have a negative effect is serious, such as frequent network spreading rumors, disclose the privacy of others, and even personal 
attacks and other events. Network public opinion has seriously affected the normal development of social order. The information age how to 
improve the acquisition, selection, analysis and judgment of public opinion information, accurate understanding of the social public opinion 
direction of development, promote the leading public opinion, has become an important issue facing the new era and a major challenge. 
Therefore, many enterprises, organizations and government departments began to research and development of network public opinion 
monitoring system. Network public opinion analysis system includes public opinion collection, data processing and public opinion analysis, 
and so on [2]. 

 
At present, the main way of information acquisition technology, through the links between the pages, automatic access to web content, 

and expanded to the entire Internet, "part of the search engine uses these similar technology to the entire Internet search, access. Public opinion 
monitoring and analysis system needs to be based on the needs of customers, to determine the theme of the target, combined with manual and 
automatic collection method to achieve information collection. This article is in this context, to build a suitable network public opinion 
monitoring system based on the user for topic identification, network public opinion monitoring system to provide effective real-time data 
sources, the research and development of a high efficient automatic acquisition and analysis system of public opinion. With the progress of the 
times, the popularity of the Internet has become the second important way to get information in people's life, and it has achieved the influence 
of the traditional information media. Therefore [3], the network public opinion more and more by the government, the military and enterprises 
and institutions and other institutions of close attention. Because of the openness and the virtual nature of the network, the network public 
opinion has the characteristics of freedom, sudden and so on. Internet public opinion is the public opinion of the community, seriously affect 
the development direction of public opinion, in view of this, the supervision of the network public opinion, intervention, control is very 
necessary. Internet involves a wide range of social, network public opinion cannot be artificial, the use of automated means to achieve 
information collection, accurate, real, and fast to collect information, to learn more about social psychology. Network public opinion 
collection is mainly based on the realization of web crawler, such as the full text of the web crawler, web crawler, etc.. Public opinion 
information research institutions also appeared in large numbers, the people's Daily News Network Center public opinion monitoring room 
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and the network of Public Opinion Research Institute of Communication University of China is more influential. The former has a more 
comprehensive research direction of public opinion, in this area of research has formed a set of more complete theoretical system and 
application technology, research results have a higher authority. The latter with good results, access to a number of public opinion information 
on the national key research project, the "network public opinion index reflects the" national project has achieved outstanding results, build the 
first domestic authoritative network public opinion index system [4]. 
 
2. Key technologies used in system analysis 
 
2.1 System data collection 

 
The factors that influence the public opinion are diverse, the experts put forward the "multi pole model" of the formation of public 

opinion, and the opinion that the public opinion is the result of the multi pole interaction. Japanese scholar Itou You chi has developed and 
refined the "multi pole model", and put forward the "three pole model" theory of public opinion formation in the "the United States and the 
mouth of the mass communication". He took the mass media, the government and the public as the most important pole of the influence of the 
public opinion. Referring to the "three pole model" theory, in the category of network public opinion, the most profound impact on the 
government, the network media and Internet users. This pole is independent of each other and influences each other, instead of one pole or 
decided to dominate other poles. The formation of network public opinion, it is the result of the interaction and influence of the three poles. 
The network public opinion surrounding this event is derived and eventually the formation and propagation of Internet users, network media, 
government and the public opinion to exchange information about three and comments, and the mutual influence and interaction, the result is 
the network of public opinion around the event to be formed. The development and change of the public and the media, the government cited 
any pole between the poles will affect other poles, obviously, this effect is often not perfectly balanced [5]. Web crawler, also known as web 
spider or web crawler, is a kind of rule, automatically grab the World Wide Web information program or script. Web page acquisition 
technology: that is based on the content of the web content and grabs the content from the content analysis of the link address, as the entrance 
to repeat the above steps, until the end of a termination condition. The web crawler working process, 1, seed URL address in the download 
queue, 2, from the queue one by one out of URL and URL to obtain the corresponding theme pages, extract the new URL 3, from the page, the 
page data stored in a database or file, in preparation for the next step. For newly extracted URL, if it is not accessed, it will be put into the 
download queue, otherwise it is ignored, so the cycle until the end of the system to meet the conditions. More attention to the question of the 
crawler to take the user's most concerned about the information, it can to a certain extent, to ensure the accuracy of the climb, to narrow the 
scope of the climb. Because of its great extent, it reduces the number and scope of crawling pages, which saves a lot of network resources and 
hardware resources, and the speed of access to information is also faster, to meet the needs of people for specific information. Unlike the 
general crawler work process, the corresponding page crawler will link analysis before the web data acquisition, to predict the relevance 
between page and the topic, according to the correlation degree of climbing adjusted order and high correlation page will be priority crawling, 
low correlation page according to certain standard abandon or further judgment, and the subject correlation is small or irrelevant pages are 
discarded directly [6].  

 
Through the word strategy, it can achieve the high efficiency of the specific topic pages, and filter out the interference of most of the 

irrelevant web pages. In a certain extent, it saves the network resources and reduces the hardware requirements. The sketch map of web crawler 
is shown in Figure 1. A good strategy is to obtain more and more topics related to the topic in a reasonable time limit, with less consumption 
of network resources, storage resources and computing resources. Therefore the future web crawler strategy should use in improving the 
accuracy of prediction, link value to reduce the computational time complexity and increase the development of network adaptability, 
breakthrough. The crawling strategy of web crawler mainly includes three aspects: Web search strategy, re visit strategy and politeness strategy. 
If the web crawler to crawl the web page start URL address to the root node of the tree, the path of the crawler will extend from the root node 
into a tree, each node of the tree is a URL address. So usually, the tree will be very large, with the width and depth. Since it is a tree traversal 
problem, the natural depth first search strategy, the breadth first search strategy two traversal strategies. When the web crawler, if the most 
relevant content of the web site, the analysis of the results of the fusion into the crawl strategy, then there are third kinds of crawler strategies, 
that is, the best priority strategy [7]. 

 
Figure. 1 Sketch map of web crawler 

 
2.2 Meta search engine technology 

 
In view of the Internet public opinion information has the characteristics of sudden, which needs the support of the engine technology. 

Requires a detailed classification of accurate, comprehensive and in-depth data, updated in a timely manner to the theme of the search engine. 
Like news search, life search and other topics of search engines, as well as more and more popular with the user. Meta search engine is a 
plurality of independent search engines together, to provide a unified search interface, will ask the user to search is provided for a plurality of 
individual search engines, for the two time in processing on the feedback information and user feedback to the query. The meta search engine 
is a kind of global control mechanism for many kinds of searching tools distributed in the network. A meta search engine mainly consists of 
three parts, namely, the retrieval request submission mechanism, the retrieval interface proxy mechanism, the retrieval result display 
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mechanism. Meta search engine technology can be applied to the network public opinion information collection system, as a tool to find the 
target site. Meta search engine module to the user interest vector in the emergence of keywords as the object, call the independent members of 
the search engine, the results of similarity analysis, access to users interested in related sites and pages. "And grab the meta search engine 
module to get the site as the target, and the extraction of the site page information is stored as files, and the page and related information into 
a sort of inverted data structure, in order to search for. The application of clustering algorithm, clustering analysis module, the preferences of 
the same or similar users form a user group, through similarity recommendation of user groups, classification and clustering analysis of 
another module is the Web resource. Subject oriented web crawler is a natural search engine, which is the foundation and core of topic search 
engine. Its dependence on the topic of the web page makes it necessary to consider a reasonable search strategy to guide the web crawler 
topology to find as much as possible in the search topic related web pages. The goal of the design is to improve the precision and recall of 
Internet crawler grab. There are many factors that affect the performance of the crawler, and the key is the selection of the heuristic strategy. 
Web content and the theme of the feature expression and the value of the weight calculation method will also affect the performance of reptiles. 
The sketch map of meta search engine technology is shown in Figure 2. Meta search engine is also known as search engine, through a unified 
user interface to help users to select and use suitable in a plurality of search engines (even using a plurality of search engines at the same time) 
to realize the retrieval operation, is distributed in the network of global search tools control mechanism[8]. The other definition of meta search 
engine: meta search engine (Engine Meta-search), is a call to other independent search engine, also known as "The engines" (mother of 
searching) ". Here, "Yuan" (Meta) for the "total", "beyond" the idea, the meta search engine is the integration of multiple independent search 
engine, call, control and optimizes the use of. The meta search engine, search engine can be used is called "search engine" (source searching 
Engine), or "search resources" (searching resources), integration, call control and optimize the use of search engine technology, called "meta 
search technology" (Meta-searching technique), meta search technology is the core of meta search engine. We can regard the meta search 
engine as a system with a double layer client / server structure. Users submit queries to the meta search engine, meta search engine according 
to the request of actual queries to multiple search engines, search engine will execute the request transmitted in response to the retrieval results 
form of meta search engine meta search engine, meta search engine will be obtained from multiple search results after finishing with the 
response from sent to the actual user. Of course, some meta search engines have a slightly different mechanism. 

 
Figure. 2 Meta search application example 

 
2.3 Personalized search technology 

 
Personalized search technology is a kind of personalized information service provided to help users more quickly and accurately find the 

information they need, it eliminates the interference of irrelevant information in the user search information at the same time, the user can 
quickly get the information they want. To a certain extent, it avoids the interference of irrelevant information, which saves the user's query time 
and improves the query efficiency. Personalized search to identify users by way of tracking user browsing, user interest description, user 
operation log and long-term observation of user behavior information such as preference and background knowledge, and through the analysis 
of user search results evaluation, automatically adjust the search strategy to meet the information needs of users, so that different users the 
personalized search engine get different search results. Personalized search is useful information for the user according to the user needs to 
query information for the decision and, it is based on search engines, while taking into account the needs of different users of different 
information of this feature, combined with the user's habits and knowledge background information, help different users quickly, to accurately 
find the information they need, it is because of the characteristics of the personalized search technology has become a hotspot of search engine 
technology. Personalized search technology schematic diagram shown in figure 3. Personalized search, not to allow users to log in the search 
engine, but based on the user before the search records for its customized search results. Unless the user closes this feature, otherwise the 
relevant information will be retained by Google 180 days. However, users do not know exactly what Google has mastered the data, as well as 
Google will make a commitment to ensure that the data is not compromised. In September 26, 1995, California Berkeley, CS Brewer, Eric 
assistant doctoral student Paul Gauthier founded Inktomi (UC Berkeley Announces Inktomi), May 20, 1996, Inktomi was founded, the 
powerful HotBot appeared in front of the world. Claimed that every day to grab an index of more than 10 million pages, so there is much more 
than other search engines of the new content. HotBot also uses a large amount of cookie to store user's personal search preferences. (Hotbot 
was one of the next few years, the most popular search engine was bought by Lycos) although Hotbot does not exist for a long time, but the 
concept of "personalized search" now is the classic search engine developers [9]. 
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Figure. 3 Personalized search application examples 

 
3. System requirements analysis 
 
3.1 An overview of demand analysis 

 
The main function of the demand analysis is to analyze the problem of the user to tell the system developers or system designers. It is 

mainly to tell you what to do, not to tell you how to do it. It is the first step in a system or software development, as a first step it has an 
important role. The result of demand analysis is the requirement analysis specification. Demand analysis, need to express to prepare reaction 
or on behalf of the user the most fundamental requirement or desire, can not only consider the problem from the angle of the basic needs of 
users, but also need to take into account the user does not take into account the problem. Its direct impact will result in the following outline 
design, logical design, physical design, operation and maintenance of the workload. If you deviate from the user's needs, then the follow-up to 
do the work needs to be re designed and implemented. Needs analysis of main tasks is to analyze the user in the actual process, the user of the 
object and the need to deal with the data and the user's workflow and other information, developers or system designers need to fully 
understand the user in the present work the work habits or workflow, clear user requirements for further communication, or through several 
exchanges in the way to fully understand the fundamental or the needs of users. In the demand analysis stage, the problem is the need to pay 
special attention to the user in the working environment of the data and the data processing flow, obtained the three basic requirements of 
database users: one is the information requirements; two is the processing requirements; three is the data security and integrity requirements. 
 
3.2 Feasibility analysis of the system 

 
Analysis of the feasibility of the system contains many analysis modules, this section is mainly three important aspects which are 

analyzed, on behalf of the three aspects are: the cost of technology is feasible, have what problem and the subsequent operation and 
maintenance is feasible. In most cases, these three aspects are important to determine whether a system is feasible or not. 1) Economic 
feasibility analysis based on the network environment, the English reading system can replace the traditional semi automatic teaching system, 
introduce the worker's expenses and save the cost. 2) technical feasibility study The computer technology change rapidly, emerge in an endless 
stream of new technology, Web technology, after decades of development has been on stabilization and improvement in the Web technology, 
launched by the SUN JSP technology is particularly outstanding, has won the praise of developers. This paper puts forward the high English 
reading system based on network environment is the browser and server mode based on the development and implementation of this model is 
technically no problem, and the author also has some experience in project development. (1) B/S model C/S model which is different from the 
traditional structure, and the safety of Java development language, the development module of database access, and the importance of the 
information system of encryption, to ensure the safety of the data in the system. (2) all users of the system only need to use a browser to access 
and related operations, the system does not need the hardware and software platform is very complex and many complex configuration, a PC 
machine can meet the needs of the ordinary, more convenient to use; (3) the user input data when using the system, judgment and detection 
such as the date format input information system of the foreground and background of the user submitted, the age is in accordance with the 
specification, to ensure compliance with requirements to add data to the database, reduce the system pressure; (4) because the English reading 
system based on the network environment uses the B/S architecture design, all of the data exchange in the system is carried out in the network, 
reducing the client's task and pressure; (5) reduce the user manual input, as far as possible to allow users to use the selection box to select, 
reduce user input errors, ensure the accuracy of the data; Secondly, this topic mainly uses the JSP technology and database technology to 
realize all the functions. JSP is a dynamic web page to achieve the standard. It is the main difference between the traditional HTML pages: in 
the static page to add some Java code and some of the unique JSP tags, you can form a simple JSP page development. Which was added to the 
Java code in the static web page can have a variety of different functions, the basic function can carry out the database crud task can access to 
other pages including all established all functions of dynamic web page need. But the request and task logic related systems are handed over to 
the server, the server returns the user to view in the browser on the result of this model largely reduce the pressure of server, reduce the client 
due to software installation or configuration requirements. Even if the average client does not have any software installed on the machine, the 
system can access the system as long as there is any browser. And JSP technology to facilitate easy to learn, for the development of this system 
is very effective. Therefore, JSP technology to realize the function of this system is more than sufficient. Therefore, the technology is relatively 
mature, the subject of the proposed system can be achieved. 3) Operational feasibility analysis Due to the early demand analysis has done 
better, but also the system to deal with and capture a lot of abnormal processing, so the latter part of the system development and maintenance 
is relatively easy. On the one hand, there is a complex business process, system maintenance and operation personnel only daily management 
and monitoring of the system, especially in the current computer technology popularization, the demand is not very high, after a short-term 
training can adapt to. In addition, the main business processes of the system design are more familiar with the traditional staff, the operation is 
handier. Therefore, the operation is not a big problem [10]. 
 
3.3 Functional requirements analysis of the system 
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Network coverage of a single search engine has become increasingly reduced, so that people in the search for information, had to use 
more than one search engine. So it is natural to think that there is a kind of search engine, each independent search engine to improve the 
coverage of the network, and thus enhance the total recall of search engine. The meta search engine acts as an agent to accept the user's request, 
the request is translated into the corresponding search query engine and were submitted to the corresponding search engine, search results 
finally receive the search engine, the search results can be treated in a unified form is displayed to the user. However, considering the technical 
level, the meta search engine still exist such as the lack of independent search engine called flexible mechanism; real-time call independent 
search engines, not less, is the response is too slow; the lack of classification, with the theme of the search problems. To measure the retrieval 
performance of two basic search engine index: recall and precision of Precision Recall. Expand the web page index number, can enhance the 
recall of a single search engine; meta search engine, can ease due to a single search engine can index all "brought by the cyber source coverage 
declining trend, is helpful to enhance the total recall. But for improving precision, recall, is only possible to accurately find to meet user 
requirements ", did not take this possibility into reality. In order to improve the accuracy of the search engines, we must strengthen the mining 
and indexing of web content, not only focus on the expansion of the index page number. When the page size reaches a certain level, the 
precision will be more important. The theme is a search can effectively improve the precision of search engine search. According to a lot of 
research, the network public opinion collection system will integrate multiple sources of information, daily time period for the University of 
BBS, forum, micro-blog's latest web crawl, the theme of the page source file to capture information collection, but will have to grab the page 
advertising lamp useless label, you need to this will remove the noise and retain only the title and the main text. In addition the system also 
supports the initial public opinion information for custom processing, the user through the platform of public opinion monitoring system 
through the WEB interface, then the user to set the key thesaurus on the collected data according to the theme keywords set selection, 
processing, text information are sensitive to public opinion the return to the user interface, the public opinion information processing after the 
entry from the original page information library to the public information library; then the segmentation of cable Cited in the establishment of 
search engine index data, the system also should collect information for Natural Language Processing to get hot topics and events, the 
operation of the report by the public opinion information database in the hot information to report [11]. Use case analysis is an indispensable 
part of the demand analysis, the use case analysis is the analysis of the reality of the user and the user's behavior. The essence of the use case 
model is to find the relationship between the action of the role, the role and the role. Use case model is a bridge, is a tool that allows developers 
and users to reach a consensus between the needs. System functional requirements use case diagram as shown in Figure 4, the system use case 
model schematic diagram shown in Figure 5 and 6. 

 
Figure. 4 System functional requirements use case diagram 

 
Figure. 5 System data flow diagram 
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Figure. 6 Topic crawler workflow diagram 

 
Based on the analysis and summary of the functional and non functional requirements of public opinion information management system, 

the structure, function, database and other aspects of the system need to be designed. In the process of system design, need to follow the unified 
guiding ideology and guiding principle, in order to guarantee the system to meet the needs of the consistency. In the overall design of the 
system, the following overall design principles should be followed: 

 
1) Selection of mature and stable technical route 
In the process of technical course, should choose the mainstream technology platform, development tools, standards, and has been in 

large system is widely used in all kinds of support, manufacturers more open, technology rich, stable operation, cross platform, easy 
maintenance technology platform. 

 
2) According to the mature standards, norms for design 
In the design and implementation of the system, we should regulate various engineering and design standards related to software 

engineering, software for system description can be standardized and understanding of the software system implementation must be clear and 
readable encoding can be understood, in order to facilitate the sustainable development of the system. 

 
3) follow the principles of stability and reliability 
In the process of system design, the stability and robustness of the system as the main guiding principle, to ensure that the system can be 

normal, stable operation and put into the daily work[12]. 
4) to ensure the scalability of the system 
Establish a standard extensible interface for the system to meet the needs of the system design and implementation of the system design 

and implementation in the future. Because public opinion analysis of information management business processes often change often, often 
need to adjust the existing system according to new needs. 
 
4. Design and implementation of the system 
 
4.1 System architecture design. 

 
This system uses multi-layer architecture design patterns, in order to reduce the load of the server, the system uses two servers, one as a 

dedicated database server, a Web server for deployment. Operating system using a dedicated server operating system. The architecture of the 
system is shown in Figure 7. 

 
Figure. 7 Schematic diagram of the system architecture design 

 
4.2 System scheme design 

 
In this paper, the theme oriented network public opinion information collection system, the way is a B/S based WEB application 

framework. This paper completes the function of the text from the network, the text analysis, text analysis, information processing, 
information storage and so on. Users can use meta search engine for keyword search through the front desk interface. System search results can 
be displayed on the user interface, the user can choose according to the theme of the relevant web pages, after a preliminary screening 
submitted to the web crawler module. Crawler module is responsible for the results of the search to climb down. At the same time, before the 
information crawling, the user can set the parameters of the key words and other parameters, and set up the domain name and other ways to 
climb to take public opinion. Public opinion on the acquisition of information processing and input, the final results will be saved to the system 
database of public opinion inside the library [13]. The design of the system background structure is shown in Figure 8. Its work process is: first 
web crawler to download the target site, the process of crawling to get the link to download the web page to facilitate the next step. And then 
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have to download page elements for analysis, access to the specified elements of the specified document object. Then the index of some of the 
key attributes in the document object, and finally set up the public opinion, from the query keywords, index database, extract the text similarity 
is high, in order to complete the preliminary filtering of public opinion. The information gathered will be used as a source of Natural Language 
Processing's data. To pave the way for the end of the hot topic and cluster event clustering. Background structure is mainly divided into the 
thread pool (including the web crawl thread pool, web page parsing thread pool, word index, the index of the thread pool and query filter thread 
pool), data buffer pool and database. The main function is to be responsible for the source of the data stream, the processing process is divided 
into each thread, and the main function is to download the queue, the queue, the queue and the queue. To the data flow control data cache pool 
thread, thread pool threads run concurrently return the unified management. First determine the ready download queue is empty, it is need to 
wait to have joined the queue elements, ready to download the URL queue from the team, determine whether the URL has been downloaded 5 
times is repeated, then discards the URL, or download the URL to a local file image library, if the download fails to rejoin the ready to be 
downloaded in order to re download queue. After the success of the download, you want to join the URL URL to parse the queue, the same, has 
been full of the need to wait until the elements out of the team. The download thread is managed by the control thread. The birth and death of 
the download thread is controlled by the control thread. The birth and death of the download thread are controlled by the control thread. These 
control threads will be incorporated into the thread pool to coordinate the operation of the thread pool, which provides a high efficiency of the 
system. The first step is to get all you want to grab the domain name of the website, because each queue chain is initialized to domain name as 
a mark, so you can get the corresponding queue chain to the domain name, and then get ready to download queue, if the queue element is not 
empty, then initialize a download to download thread and thread pool deployment operation [14]. 

 
Figure. 8 System function structure diagram 

 
4.3 Reptile experiment 

 
In the subject oriented search, this word is called a guide word, if you give a guide word a weight, you can access the URL related to the 

topic first. Usually, a set of weights orientation words in two ways: first, according to the set manual experience; second, is given to topics 
related to the collection of pages, automatic keyword extraction of high frequency by the program, selected as the guide words. Manually set 
simple, large bias does not appear, but there may be other oriented word gaps, weight value is not accurate enough; automatic extraction has 
the advantages of weight value accurate, but it requires feature extraction must be generalized [15]. Otherwise it may appear large deviation. 
The core code of the crawler experiment is shown in Figure 9. 

 
Figure. 9 Reptile experiment core code 

 
5. Summarize and expectation 

 
This system realizes the analysis of network public opinion collection, the function of the meta search engine based on the subject 

oriented implementation of the code, refer to the front desk display of public opinion, to build the system framework of the background, and 
the core of this system is the design and implementation of topic crawler based on the engine model and meta search engine, because the code 
number below only the two core module code is shown below. The theme crawler is mainly after downloading the web content, the document 
analysis calculates the correlation of "content and theme, if it is related to the topic, do further processing, or simply discarded". Realization of 
the main function of the realization of the user to enter the key words of acceptance, the initial URL of the distinction, as well as reading the 
user settings, call the different meta search engine or meta search engine combination. 
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Abstract: In this study, the dynamics feature, morphological feature, and textural feature were extracted and optimized according to the 
characteristic of haptic force. Subsequently, the coefficient of feature weight is calculated by importance of feature; and the feature 
optimization based on feature weight (FOFW) is proposed to obtain the optimized feature set (with small correlation and little redundancy). 
During the data analysis, the experimental results are taken from the ITCSH Gait II database; and the stability of features is investigated by 
calculating the intraclass correlation coefficient and coefficient of variation. The results indicated that, the accuracy of identity recognition 
of FOFW could be higher while the number of features was reduced significantly. It is envisioned that the optimized feature set with the 
weight threshold at 0.06 is suitable for identity recognition. 
 
Keywords: Feature weight, Haptic force, Morphological feature, Texture feature 
 
1. Introduction 
 

As a branch of biological feature, the haptic force information in biometrics has been gradually applied to movement measurement, 
medical rehabilitation, and disease diagnosis. The haptic force data (e.g., the pressure data and pressure distribution image) could be 
collected when person stands or walks on the platform system [1]. Research efforts indicated that, haptic force is unique and repetitive, and 
can provide effective information for identity recognition and footprint tracking. Thus far, the normal dynamics feature (without employing 
the morphological feature and textural feature) of haptic force is usually used for movement measurement, medical rehabilitation, and 
disease diagnosis, while the normal dynamics feature is easily affected by time, environment, and psychological state of measured object [2-
5]. Recently, the Intelligent Machines Institute at Chinese Academy of Sciences has studied the haptic force feature analysis system which 
adopts maximum pressure, average pressure, pressure center point, and geometry centerline as the haptic force dynamics features [6], and 
further applied this system to movement measurement. 

    In this study, according to the characteristic of haptic force, the dynamics feature, morphological feature, and textural feature were 
extracted and optimized; subsequently, the optimized feature sets were used for identity recognition and footprint tracking. During the test, 
the morphological feature and the texture feature were extracted based on the normal dynamics feature of haptic force; after that, the 
coefficient of feature weight is calculated by importance of feature, and the optimized feature set with small correlation and little 
redundancy was acquired; meanwhile, the stability and the uniqueness for identity recognition were studied by calculating the intraclass 
correlation coefficient and the coefficient of variation. The results indicated that the accuracy of identity recognition of feature optimization 
based feature weight (FOFW) exceeded 95.11%, and the number of features was reduced. 
 
2. Haptic force image feature 
 
2.1. Morphological feature in haptic force 
 

Morphological feature (including the shape feature and the moment feature) is intuitive and important for describing image [7]. FIM 
represents the haptic force morphological feature, while FIM = {FIS, FIHu}, where FIS is shape feature and FIHu is moment feature. 
 

Table 1. The definition of shape features for haptic force Image 
Feature parameter Parameter meaning Symbol or computational formula 

Contact area Pixels in haptic force image area f IA 

Length Length of bounding rectangle of haptic force 
image 

f IL 

Width Width of bounding rectangle of haptic force 
image 

f IW 

Ratio of length to 
width 

Ratio of length to width of bounding rectangle f IR 

Complexity Shape complexity of haptic force image f IC = 4πf IA / f IP
2, while f IP is the 

Perimeter of haptic force image, 
namely pixels in the margin of haptic 

force image 
Dispersion Perimeter of unit area in haptic force image f Ie = f IP

2 / f IA 

Roundness Compactness of haptic force image and 
circumcircle 

f ID = 4πf IA / f IL
2 

Elongation Eccentricity, Slender degree of haptic force 
image area 

f IE = (f IL - f IW) / (f IL + f IW) 
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Rectangularity Filled degree of haptic force image area to its 
bounding rectangle 

f IK = fIA / (f IL × f IW) 

 
Haptic force images of different objects are diverse in the shape, and can be used for distinguish different objects. At present, the 

application of haptic force information relies on the normal dynamics feature, while the normal dynamics feature is easily affected by time, 
environment, and psychological state of measured object. Fortunately, stable morphological features could be achieved by using haptic force 
image, such as the length of the foot, the ratio of length to width [7]. For the haptic force image, the ratio of length to width with the original 
pelma is the same when the plema axis is horizontal or vertical. However, the normal posture cannot always keep horizontal or vertical in 
the process of walking; therefore, in this study, the method of minimum area is adopted to achieve bounding rectangle of haptic force image, 
and the revised shape features are extracted subsequently. The definitions of FIS are shown in Table 1, where FIS = {FIA , FIL, FIW, FIR, FIC, 
F IƐ , FID, FIE , FIK}. 

From the haptic force image f (i,j), seven Hu invariant moments are extracted to constitute moment feature subset FIHu. These seven 

invariant moments have RST invariance, as shown in Eq. (1), where 00
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2.2. Textural feature in haptic force 
 

The textural feature can be achieved by statistically calculating multiple pixel areas and can be emerged by the pixel and the gray level 
distribution in surrounding space. Usually, the textural feature has rotation invariance and can resist noise strongly, therefore the partial 
deviation cannot affect the pattern matching of textural feature [8]. For the texture analysis method of gray-gradient co-occurrence matrix, 
the joint statistical distribution of pixel gray and edge gradient have been considered synthetically, thus the acquired co-occurrence matrix 
includes image texture elements and arrange information, solves the problem of image rotation, and contains the gradient information of 
image as well[9]. Therefore, the texture analysis method of gray-gradient co-occurrence matrix is adopted to extract textural feature of 
haptic force image. 

Assume that the normalized gray image is f(i,j), and the normalized gradient image is G(i,j), (i = 1,2,…,M, j = 1,2,…,N). H(x,y) is 
element of gray-gradient co-occurrence matrix (i.e., the number of pixels having x gray and y gradient), which is the number of elements in 

the collection { }1,,1,0,,),(),(|),( −=== NjiyjiGxjiFji  , where 
]1,0[),(],1,0[),( −∈−∈ gLjiGLjiF

. 
As shown in Eq. (2), after the gray gradient co-occurrence matrix is normalized, the sum of all elements is 1. 
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From gray gradient co-occurrence matrix, fifteen secondary statistical features can be extracted for haptic force image. The six most 

effective typical texture features (i.e., small gradient advantage, gray distribution inhomogeneity, energy, entropy of mixing, inertance, and 
inverse difference moment) were selected to constitute the haptic force textural feature set FIT, FIT = {fT1, fT2, fT3, fT4, fT5, fT6}. The 
definitions of textural features are shown as Eq. (3) - (8). 
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(2) Gray distribution inhomogeneity 
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(3) Energy 
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(4) Entropy of mixing 
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(5) Inertance 
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(6) Inverse difference moment 
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3. Feature optimization 
 

Feature optimization is an important process for choosing features.  It is directly related to the stability and uniqueness of feature set. 
Feature optimization means selecting segmental features from many haptic force features, and the selected feature shall be isolated and 
reliable.  In this study, feature optimization based feature weight (FOFW) is employed and the following is the procedure of FOFW 
algorithm: 

(1) Pre-treating the haptic force data, extracting the frames (i.e., the maximum pressure and two adjacent left and right frame), and 
denoising the haptic force data. 

(2) Extracting dynamics feature Fh, morphological feature FIM, and textural feature FIT. 
2a) Extracting dynamics subset Fh according to the definition of each dynamics feature; 
2b) With centroid as origin of coordinates and principal axis as x-axis, rotating 5 ° per time for total 180 ° to find the bounding 

rectangle with minimum area.  Calculating shape features and obtaining the shape feature subset FIS; 
2c) Obtaining the Hu moment feature set FIHu according to the feature of Hu moment, after that, constituting the morphological feature 

FIM  by FIHu and FIS; 
2d) Calculating the gray gradient co-occurrence matrix of haptic force image.  Obtaining the textural feature FIM  by calculating small 

gradient advantage, gray distribution inhomogeneity, energy, entropy of mixing, inertance, and inverse difference moment. 
(3) Feature optimization. 
3a) Setting the initial feature weight, that is Wt = 0; 
3b) Randomly choosing a sample f t  from the haptic force feature.  Choosing a distance which is the closest one to the same kind of f t , 

and labeling it as Hit.  Meanwhile choosing a distance which is the closest one to different kind of f t, and labeling it as Miss. 
3c) Updating the weight vector W according to Eq. (9). 
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− , while maxt and mint are the respective maximums and minimums of feature t in the sample set, 1r > . 
3d) For the haptic force, setting the weight threshold as 0.06, and then obtaining the optimized feature set F0. 
 
4. Experimental results 
 

The experimental data are taken from the ITCSH Gait II database [6], and haptic force data of 8 objects were selected randomly from 
database. The image with the highest pressure value and two adjacent frame images were chosen, and 480 set of haptic force data were 
collected among 10 cycles, which included 3 left foot images and 3 right foot images per cycle under walking of normal speed. In order to 
discuss the variation trend of shape feature and texture feature, 30 left foot data set of haptic force were selected. 

Fig. 1A is the ratio of length to width versus the different objects (the minimum area is adopted to 
 

 

 
Figure 1. Shape Feature versus the Different Objects 
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Achieve bounding rectangle of haptic force image), and the ratio of length to width varies about 2.95% around the average value. 

Meanwhile, as shown in Fig. 1B, the dispersion varies about 2.07% around the average value.  Furthermore, as shown in Fig. 1C, the contact 
area of foot varies about 1.53% around the average value.  It was observed in Fig 1 that these eight curves can be well distinguished with 
only a few overlaps, and the methods of external the ratio of length to width, the dispersion, and the contact area have decent repeatability 
and uniqueness. 

The variation trend of texture feature for 8 objects is shown in Fig. 2, and six typical texture features (i.e., small gradient advantage, 
gray distribution inhomogeneity, energy, entropy of mixing, inertance, and inverse difference moment) are discussed.  It was observed that, 
the small gradient advantage (Fig. 2A), gray distribution inhomogeneity (Fig. 2B), energy (Fig. 2C), entropy of mixing (Fig. 2D), inertance 
(Fig. 2E), and inverse difference moment (Fig. 2F) vary around the average value about 3.9%, 4.59%, 7.38%, 2.25%, 4.98%, 4.36%, 
respectively. Meanwhile, these eight curves can be well distinguished with only a few overlaps, and these texture features have good 
repeatability and uniqueness. To further discuss the reliability and repeatability of the morphological feature and texture features, intraclass 
Correlation Coefficient (ICC) and Coefficient of Variation (C.V) are employed to measure and evaluate the feature. ICC is one of reliability 
coefficient indexes to measure and evaluate inter-scorers reliability and test-retest reliability of the measured objects [11], and the index 
benchmark of ICC expressed as [0, 0.4] indicates worse inter-scorers reliability and [0.75, 1] indicates well inter-scorers reliability.  The 

computational formula of ICC is shown in Eq. x  is average value, and ICC of eight objects is shown in Table 2. It can be observed that the 
minimum ICC is more than 0.84, indicating the good confidence for every feature. 
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C.V can evaluate the variation of measurement value by eliminating the influence of sample units and the average number for 
variability. The computational formula of C.V is shown in Eq. And the C.V of each feature for eight objects is shown in Table 3. It can be 
observed that the C.Vs of every feature is below 9%, indicating the good stability. 
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Figure 2. Texture feature versus the different objects 

 
Table 2. Intraclass correlation coefficients of eight objects 

The number of 
object 

f IR f IA f Ie fT1 fT2 fT3 fT4 fT5 fT6 

1 0.9967 0.9967 1.0000 0.9993 0.9958 1.0000 0.9913 0.9997 0.9975 

2 0.9462 0.9290 0.8980 0.9990 0.9195 0.9971 0.9452 0.9438 0.9620 

3 0.9969 0.8195 0.7120 1.0000 0.8512 0.9994 0.9542 0.9109 0.9988 

4 0.9962 0.9962 0.9807 0.9965 0.9968 0.9915 0.9726 0.9092 0.9639 

5 0.9480 0.9480 1.0000 0.9413 0.8214 0.9731 0.9657 0.8396 0.9783 

6 0.9527 0.9527 1.0000 0.9986 0.9997 0.9941 0.9985 0.9744 0.9982 

7 0.9904 0.9122 0.9942 0.9997 0.8722 0.9856 0.9718 0.9465 0.9733 

8 0.9925 0.9866 0.9867 0.9870 0.9998 0.9971 0.9811 0.9917 0.9680 

 
Table 3. Coefficient of Variation of Eight Objects 
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The number 
of object f IR fLA f Ie fT1 fT2 fT3 fT4 fT5 fT6 

1 3.06E-16 0.0131 0.0131 0.0101 0.0144 0.0207 0.0099 0.0187 0.0094 

2 0.0158 0.0113 0.0252 0.0307 0.0388 0.0618 0.0096 0.0508 0.0379 

3 0.0126 0.0133 0.0268 0.0110 0.0155 0.0246 0.0092 0.0501 0.0124 

4 0.0000 0.0175 0.0175 0.0098 0.0167 0.0204 0.0122 0.0259 0.0079 

5 0.0000 0.0286 0.0286 0.0349 0.0281 0.0739 0.0251 0.0570 0.0324 

6 4.87E-16 0.0105 0.0116 0.0145 0.0179 0.0296 0.0098 0.0164 0.0163 

7 0.0797 0.0126 0.1510 0.0221 0.0262 0.0431 0.0093 0.0213 0.0203 

8 0.0217 0.0144 0.0357 0.0253 0.0342 0.0520 0.0116 0.0271 0.0213 

 
To further verify the effectiveness of FOFW feature set, the accuracy of identity recognition using different feature sets of haptic force 

was discussed.  Therefore, the one-to-many Support Vector Machine (SVM) classifier and majority voting were adopted to get recognition 
result. 480 set haptic force data (left foot) of 16 objects were randomly selected from the database. The image with the highest pressure 
value and two adjacent frame images were chosen, and 480 set of haptic force data were collected among 10 cycles.  Among them, 192 set 
data were used for the training samples, and the remaining 225 sets were used for the testing samples. During the data analysis, the haptic 
force data were first pre-processed (i.e., extracting effective data and denoising data). In order to obtain optimized subset, the feature 
optimization based on feature weight (FOFW) is then subsequently used for dynamics haptic force feature, the morphological feature, and 
the texture feature. Finally, the identity recognition was achieved by using the one-to-many SVM classifier and majority voting. As shown 
in Fig. 3, the threshold of feature weights is 0.06 (including 6 characteristics features), and the accuracy of identity recognition using 
different feature sets are shown in Table 4.  It was observed that, those dynamics features contain some normal pressure feature such as 
maximum pressure value, regional ratio feature, and contact time; morphological features including 9 shape features and 7 Hu moments; and 
texture features including 15 features from gray gradient co-occurrence matrix. The FOFW feature is the optimized feature set based on 
feature weight.  The result indicated that, the accuracy using one feature set of these three feature sets is low, the accuracy using three 
feature sets at the same time is good (over 90%), and the accuracy using the optimized feature set is best (over 95%). 

 

 
Figure 3. Distribution for weight coefficient 

 
Table 4. The accuracy of algorithms using different feature sets 

Feature choice The 
number of 

feature 

Classification accuracy (%) False identification 
number 

Dynamics feature 20 68.44 64.44 71.56 72 80 64 

Morphological feature 16 77.33 72.00 64.44 51 63 80 

Textural feature 15 71.11 81.78 74.67 65 41 57 

Dynamics feature + 
Morphological feature + textural 

feature 

50 91.56 87.11 90.61 19 29 21 

FOFW feature 6 95.11 94.22 94.67 11 13 12 

 
4. Conclusion 
 

In this study, the dynamics feature, morphological feature, and textural feature were extracted and optimized according to the 
characteristic of haptic force.  Subsequently, the experimental data are taken from the ITCSH Gait II database, and the haptic force data 
were selected randomly from database. The results of ICC and C.V show that these features have well repeatability and uniqueness. 
Moreover, the number of optimized features by FOFW reduces greatly, and the accuracy of identity recognition is improved.  However, the 
experimental data are collected under specific conditions, and it should be necessary to further improve the robustness of feature sets in 
different cases and in more common environment, and to solve the footprint diversity in the footprints track and extract footprint features 
from the measured objects in real time. 
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Abstract: Wireless sensor networks (WSNs) have attracted a lot of research attention. WSNs contain a large number of nodes that are 
capable of sensing, processing and transmitting environmental information. Although there are many applications in WSNs, object detection 
has been studied in this paper. By detecting persistent object and ephemeral object, we investigate in detail the fundamental relationship of 
object detection probability and detection delay with different nodes density, sensing range and duty cycle. For wireless sensor networks are 
composed of power-restrained nodes, energy-efficiency is a key concern in WSNs. Balancing object detection performance and network 
lifetime is a challenge in WSNs. Base on the theoretical analysis, we propose a novel energy-aware wake up schedule that significantly 
prolongs the life of WSNs and maintain the detection performance. Simulation results confirm with the theoretical analysis and demonstrate 
the advantage of EAS over previous proposed methods. 
 
Keywords: wireless sensor networks; energy efficiency; network lifetime; detection latency 
 
1. Introduction 
 

Wireless sensor networks (WSNs) hold great promise for a variety of applications, including data collection and object detection. 
WSNs consisting of a large number of sensors each are capable of sensing, processing and transmitting environmental information,that have 
attracted a lot of research attention [1]. In this paper, we focus on WSNs for object detection which is a major application for WSNs. Each 
sensor obtains an energy reading from the environment, which could be temperature, acoustic signal, vibration, etc. The nodes detect objects 
and report data only when an event is detected. Many appealing applications, such as fire surveillance, pollution detection and radiation 
prevention [2], fall in the class of object detection. 

Much work has been done to study the influence factor to detection performance. CAS protocol was introduced in [3], which makes 
nodes’ wake-ups evenly distributed. Without relying on location information, CAS is easy to implement and scalable to network density. 
Nodes decide their active periods by exchanging wake up time among neighbors. Paper investigated coverage intensity and extensity of 
random sleep schedules and coordinated sleep schedules [4]. Paper studied the coverage and detectability problem in sensor networks [5]. 
Tiny sensor nodes are very power-restrained. So energy efficiency plays an important role to prolong network lifetime and several methods 
are used to ensure efficient use of energy in object detection [6]. As the number of nodes is large enough, collaboration among sensors 
enhances their object detection potential, especially if the individual sensors are only capable of providing binary results [7].  

Zhao [8] presented an information-driven approach to sensor collaboration in ad hoc sensor networks which considered the information 
utility of each node and developed several approximate measures of the information utility. And Xu introduced a distributed computing 
paradigm to carry out collaborative signal processing (CSP) in sensor networks using mobile agents. 

The contributions of this paper are briefly listed as follows. First, we quantify detection performance of persistent object and ephemeral 
object. Second, we proposed a novelty energy-aware wake up scheme (EAS), which significantly prolongs the life of WSNs. The rest of the 
paper is organized as follows: in section II, we introduce some related works. We describe the system fundamentals in section III. We 
presents theoretical analysis of detection latency in section IV. A novel energy-aware wake up scheme was proposed in section V. 
Simulation and the analysis are provided in section VI. Section VII gives some conclusions. 
 
2. RELATED WORKS 
 

An object is detected if it is present within any sensor’s sensing region. To characterize sensing capability of a sensor, some studies use 
a simple disc model to determine whether an object or event is detected. The sensing region of a sensor is modeled as a circle centered at the 
sensor. This model may over simplify the sensing conditions since the inherent stochastic properties of sensing measurements are lost. In 
addition, decisions made by only a single sensor could result in serious false alarms. To characterize the stochastic properties of sensing 
measurements, many studies adopt certain kind of probabilistic models.  

Detection latency in surveillance sensor networks has been addressed. The latency of detecting an object in a sensor network is 
investigated in. Sensors are scheduled to have unsynchronized duty cycles and the latency to detect an object is analyzed. These studies 
employ the disc sensing model and do not explore the possible benefits of sensor collaborations. In, data fusion is exploited in the detection 
operations. Detections are performed periodically and assumed to be independent. A positive detection decision is made once the object is 
detected in a certain period. Detection latency is analyzed when sensors are deployed with Poisson distribution.  

The authors introduce a duty-cycling strategy using magnetic sensors for power efficient and reliable object detection. The 
experimental set-ups considered in constitute practical implementation examples of the sensing modules which will be considered in the 
following. In, the authors present a framework for sensor deployment, data routing, distributed computing, and information fusion, 
considering integrated WSNs and wired computer networks. Following an implementation-oriented approach, in the authors present the 
design and the implementation of a monitoring system, referred to as VigilNet, based on a WSN with the Crossbow MicaZ platform. Their 
goal is to assess the trade-offs between node spatial density and duration of duty cycle. The analytical framework which will be derived in 
the following is an analytical counterpart of the experimental VigilNet approach. In, under the assumptions that a road network map is 
known and the target movement is confined into roads, the authors describe an algorithm, referred to as Virtual Scanning Algorithm (VISA), 
which guarantees that the incoming target will be detected before reaching a given protection point. In MTDC algorithm, the CHs are 
determined first; then, each CH addresses the area coverage problem by activating some border and middle area sensing nodes to conserve 
energy. 
 
3. System fundamentals 
 
3.1 Node Deploying Model 
 

WSNs are usually densely deployed, as shown in Fig. 1. Consider a large number of sensor nodes randomly deployed in the 
surveillance region. As long as that the number of sensor nodes is large, the node distribution can be modeled as a homogeneous Poisson 
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process with the expectation λ . Given an area of the size A in the surveillance region, node density is d , the probability existing k sensors 
in A can be denoted as the following equation, 

( ) , 1, 2,......
!

k

A
eP k k

k

λ λ− ×
= = +∞                                                                               (1) 

Where 
d Aλ = ×                                                                                                     (2) 

Rs

X
YZ

Object
 

Figure. 1. Sensor nodes randomly deployed in the area A 
 

3.2 Sensor Detection Model 
In physical world, the maneuvering target will change of environmental parameters, thus the objective existence can be estimated by 

sensing environmental parameters. In this paper we use acoustic sensors to gather data of target. The intensity of an acoustic signal emitted 
omni-directionally from a target and propagating through ground surface will attenuate at a rate that is inversely proportional to the distance 
from the source. We will further assume that the acoustic intensities of the target will be linearly superimposed without any interaction 
among them [4].  

Then the perceived signal intensity of node i  can be expressed by the following equation 
( )( ) ( )

( )i i i
T i

s tr t v t
L t L

γ= +
−

                                                                                          (4) 

In equation(4), ( )s t represents the emitting signal strength of the target; t  represents the current time; iγ  represents signal amplification; 
( )TL t  represents the target coordinates on time t ; ( )iv t  represents Gauss white additive noise which mean is zero, 

2
iσ  is variance; iL  is the 

coordinates of nodes i . 
But in real environment, some of the assumptions may not be always true. And the interference may affect measuring accuracy. For 

example, some target’s physical size is too large to be adequately modeled as a point source for sensors close to the source. Some 
environment may have strong background noise, such as wind gusts and thunder. In addition, the gain of individual microphones will need 
to be calibrated to yield consistent acoustic energy readings.  

However, we are sure that these kinds of interference will not overwhelm target’s acoustic signal. First, the acoustic energy is measured 
over a rather long period of time compared to the time constants of some of the physical interference. Because the impacts they may cause 
will be diminished by time average. Second, the measurements are made on large number of sensors that spread over the sensor field. Not 
all sensors will suffer from the same type of physical anomaly. 

In order to reduce the noise disturb of the detection results, the mean filter algorithm has been used. Nodes i  samples a set of values: 
( ), ( 1/ ), ( 2 / ),..., ( ( 1) / )i i s i s i sr t r t f r t f r t N f+ + + − . sf  is sampling frequency, and N  is and the number of the set’s elements. Then the 

target signal strength ( )iE t  is the mean value of these elements, which can be expressed as 
1

2

0

1( ) ( )
N

i i
n s

nE t r t
N f

−

=

= +∑                                                                                           (5) 

Assuming that the target is static, or the speed of the moving target is not fast, we can assume that in the ( 1) / sN f−  time slot the target 
position is unchanged. Then by handling Eq. (4) into Eq. (5), we can be obtained, 

2( ) ( ) ( )
( )

i
i s i

T i

E t E t t
L t L

γ ε= +
−

                                                                              (6) 

In Eq. (3), 
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Then the expected target signal strength ( )sE t  at time t  subject to the Gauss random distribution, 
2( ) ( , )s sE t N ES σ～ .  

2
sσ  is variance. 

As 
2 ( / )i sv t n f+  is two order Chi-Square random variables [22], which mean is 

2
iσ and variance is 

42 iσ . When the samples are large enough, 

according to the central limit theorem, ( )i tε  approximately subject to the Gauss random distribution which mean is 
2

iσ  and variance is 
22 /i Nσ . 

2
2 2( ) ( , )i

i it N
N
σε σ～                                                                                            (7) 

In fact, if N >20, ( )i tε  approximately subject to the Gauss random distribution. 
According to the conclusion of literature, when a node receives signal strength is above the threshold ,th iE , the detection error rate is 

less than FAP , ,th iE can be calculated from the following equation  
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N is the number of samples which is predetermined, so the different detection error rate FAP  corresponds to different signal intensity 

threshold ,th iE , when 0FAP = , according to the equation (8), the signal strength threshold is, 
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∫
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So, we can consider that when the received signal strength is larger than , 0FAth i PE = , the possibility of the existence of target is 100%. Node 
perception model reflects the ability to detect target of individual nodes. And the entire network detection capability is dependent on single 
node. 
 
4. Latency of object detection 
 

A principal reason for short lifetime is that data collection requires sensors to be active most of the time, but object detection requires 
reporting only when an event occurs. The most effective way to approach longevity is duty cycling. Duty cycling scheme allows sensor 
nodes to periodically wake up and go back to sleep. Battery power is conserved for the nodes in sleep mode. 

dcT  is the sum of the wake-up time( onT ), and the sleep time( offT ). DC is the ratio of onT  and dcT . The values of onT  and offT  are 
constrained by equation (10) and equation (11), 

dc on offT T T= +                                                                                          (10) 
on

dc

TDC
T

=                                                                                                 (11) 

Nodes in sleep mode cannot sense objects, and its sensing capability is resumed after it wakes up. As shown in Fig. 1, there exists an 
object within the sensing range of X, Y and Z whose sensing range are overlap. These three neighbor nodes can communicate with each 
other. 

In the analysis, we consider a simple time synchronization sensing schedule as shown in Fig. 2, that makes nodes wake up periodically. 
All nodes select their wake-ups over [0, dcT ], once in every cycle, with equivalent intervals. In the rest of the cycle, sensor stays in sleep 
mode.  

 

Xon ZonYon Xon Zon
delay

object

Tdc2Tdc1

Yon

 
Figure 2. Collaborative nodes wake up with equivalent intervals in dcT  

 
As onT  is much shorter than dcT ,to simplify the analytical model, we assume that the length of onT  is negligible. Each sensor has a 

sensing range ( sR ). An event is reliably detected by an active sensor if its distance to the sensor is less than the sensing range. The time 
synchronization mechanism is available, which achieves accuracy on the order of milliseconds. After an object has existed, it remains at the 
location where it happens or removes a short distance which is negligible according to sR . 

The object to be detected by WSNs can be divided into two kinds: persistent object and ephemeral object. Defining existT  as the object 
maintenance, persistent object whose maintenance is exist dcT T≥ , such as events are fire, pollution, and radiation. In contrast, ephemeral 
object whose maintenance is exist dcT T< , such events are explosion and strike. 

 
4.1 Persistent Object Detection performance 

Assuming a node located in A , its sensing area is
2

sRπ . Let P denote the detection probability, which can be describe as equation (12). 
2

sRP
A

π
=                                                                                            (12) 

The probability that a sensor cannot detect the object is1 P− .  
The probability that there exist k sensors in the active area and at least one of them can detect this object is 

( )( )( ) 1 1
!

k
keDP k P

k

λ λ− ×
= − −                                                                          (13) 

As existT of persistent object is longer than dcT , the object can be firmly detected if it is in the sR of a node. When k  gets different 
values, the probability that at least one sensor detects the object can be denote as equation (14). 
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Because 
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Based on equation (2), (12) and (14), we can get equation (17), which is the average detection probability of persistent object. 
2

2

1 1 1
Rsd AP d RsADP e e e

π
λ π− × ×− −= − = − = −                                                          (17) 

Based on equation (17), we can say that the detection probability is relative to nodes density and sensing range. Setting dcT =5s, we 

observe DP change with different d . Detection probability increase with nodes density and sensing range. When sR is 4 meters and d is 

0.02, DP  is about 50%. But when sR is 4 meters and d is 0.12, DP  is nearly 100%, as shown in Fig. 3. 

 
Figure 3. Relationship of detection probability and d  

 
Setting dcT =5s and observe DP  change with different sR . The simulation results are similar to Fig.5. DP  increases with sR . When 

sR increases, nodes can monitor a larger area, as shown in Fig. 4.  
 

 
Figure. 4 Relationship of detection probability and sR  

 

Next, we investigate the time delay TD of the time synchronization sensing schedule, that is much less than dcT . As shown in Fig.2, 

dcT is equally divided into 1k +  time intervals by k sensors. If an object happens, the average detection delay can be denoted as equation 
(18). 

( )
2 ( 1)

dcTTD k
k

=
× +

                                                                                         (18) 

The sensor number follows Poisson distribution, so we can derive equation (19) which is the average time delay brought by all nodes. 
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Setting sR =4m, we observeTD  change with different d . The simulation results show thatTD  decreases with d . A lower d means 
less nodes to monitor the surveillance area, as shown in Fig. 5. 

 
Figure. 5. Relationship of detection delay and d  

 

In Fig. 6, setting sR =4m, we observeTD  change with different dcT . The simulation results show thatTD  increases with dcT . When 
dcT increases, nodes have more sleep time, so TD increase inevitably. 

 

 
Figure. 6. Relationship of detection delay and dcT  

 
4.2. Ephemeral Object Detection performance 
 

In contrast with the detect probability of persistent object, in this subsection we analysis the detect probability of ephemeral object. 
Because of the duty cycle, even the object is in the sensing ranging of a node, the node may not detect it. To detect the ephemeral object, the 

maintenance existT must overlap with the node active time, as is shown in Fig. 7. 
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Figure. 7 The time when ephemeral object can be detected 
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In this situation, the detection probability of ephemeral object can be denote as,  
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On the contrary, when /exist dcT T k＞ , the detection probability is, 
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So, the total detection probability is, 
1 2( ) ( )DPE DPE k DPE k= +                                                                                         (23) 

The detect probability of ephemeral object has a strong relationship with dcT . It is obvious that a longer maintenance means a larger 
detection probability.  
 
5. Design of energy-aware wake up schedule (EAS) 
 

Collaboration object detection plays an important role in WSNs. Since each sensor has limited computing capability, constrained power 
usage, and limited sensing range, collaboration among sensor nodes is important in order to compensate for each other’s limitation. 

Assuming all nodes in the networks are time synchronization, it is possible to make the nodes’ wake-ups collaborate with its neighbors 
to prolong network’s life. It is apparent that when onT is fixed, a longer dcT  implies a poorer detection performance and lower energy 
consumption. In other words, it controls the tradeoff between object detection performance and energy consumption. Based on analysis in 
section IV, aiming at persistent object detection, in this section we propose a novel energy-aware wake-up scheme (EAS).  

We design EAS base on the following guidelines: 1)the object detection quality requirement is satisfied, 2)low sensing duty cycle are 
utilized to save sensing energy, and 3) nodes communicate to their neighbors only when object happens. 
 
5.1. Details of EAS 
 

EAS algorithm is cluster-based mechanism that divides nodes in the surveillance area into clusters. Each cluster has cluster head and 
cluster members. Low-energy adaptive clustering hierarchy (LEACH) is one of the most popular hierarchical algorithms for sensor networks. 
Cluster heads change randomly over time in order to balance the energy dissipation of nodes. In order to select cluster-heads each node i 
determines a random number between 0 and 1. If the number is less than a threshold ( )M n , the node becomes a cluster head for the current 
round. The threshold is set as follows: 

,11 [ mod ]( )

0,

N n G
N rM n

N
n G

 ∈ − ×= 


∉

                                                                               (24) 

N is the cluster head probability, r is the number of the current round and G is the set of nodes that have not been cluster head in the 
last 1/ N rounds. This algorithm ensures that every node becomes a cluster-head exactly once within 1/ N  rounds. 

After all the nodes has been the head for a time, the cluster will begin the next , and all the nodes have the same chance to be selected 
as the head including those nodes that has little energy .as the cluster dose much more job than other nodes, it will exhaust quickly. So M. J. 
Handy proposed a new cluster head selection method based on the remaining energy of nodes.where _i currentE  is the current energy 
and i_maxE the initial energy of the node. Therefore, ( )M n is multiplied with a factor representing the remaining energy level of a node that can 
be denote as, 
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∉

                                                            （25） 

If nodes have different remaining energy, the nodes with more energy should be cluster head more often than the nodes with less 
energy, to ensure that all nodes exhaust at approximately the same time. After the election of cluster heads, new cluster heads send data 
packets, which contain their information. Cluster members can receive the packets. The RSS of the packets indicate the distance between 
their selves and the cluster heads. So cluster members will join the cluster with strong signal strength [6]. 

According to equation (20), the detection delay is proportional to dcT . EAS makes cluster head calculate dcT  in order to fulfill the 
detection request. 

max2
1

dc
TDT

e eλ λ

λ
λ− −=

− −
                                                                                              (26) 

Where maxTD is maximum delay. 
Next, we describe time schedule of cluster members. EAS regards the nodes in one cluster can cooperate and they are equally important 

in detecting the objects. Because they are all close and their sensing coverage highly overlaps. This suggests that an object, occurring within 
their sensing range, can probably be detected by any of them. For each cluster, it is desirable to evenly distribute the wake-ups of its 

members over dcT . Cluster head decides the wake-up times based on the number of nodes contained in the cluster. If there are n nodes in the 
cluster, the cluster head will ensure that the total wake-up times is n . 

The wake-up times iS  is calculated by the head. It’s the ratio of its remaining energy _i currentE  and total energy of the cluster totalE . So we 
have  

_ _

_
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i current i current
i n
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i current

i

E E
S n n

E E
=

= =

∑                                                                         (27) 

EAS arranges the nodes with more residual energy to do more detection work. In this way, it can avoid some nodes with less energy 

exhaust ahead of time. In order to maintain the detection performance, cluster head need to calculate iS  and distribute the wake-ups evenly 
in the dcT . Taking Fig. 8 as an example, X, Y and Z, whose remaining energy is 3J, 1J and 2J, are in the same cluster. According to equation 
(27), 3 / 2XS = , 1/ 2YS = and 1ZS = , the wake-ups of X is three times as Y. In Fig. 8, there are two duty cycles in which X wakes up 3 times, 
Y wakes up once and Z wakes up twice. In this way, the energy of X, and Y can be consumed synchronously. 
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Figure 8. Wake-ups of X, Y and Z in two duty cycles 

 
5.2 Energy Consumption Analysis 
 

Let pP , tP and sP  denote the power consumption rate of processor, transceiver, and sensing device. First we analyze the energy 
consumption rate clusterP of the cluster forming process. When the network is in cluster forming process, transceiver and processor of the 

nodes should be active. Assuming the packed length sent from members to head is M Hl − , the packed length sent from head to members is 
H Ml − and the transmitting bit rate is tR , we can get 

cluster
M H H M

t p
t

l lP P P
R

− −+
= +（ ）                                                                                    (28) 

Next, we compute the energy consumption rate of detection process. Transceiver and processor should be active to accomplish the 
detection task. And in the sleep mode, they consume little energy that can be ignored. The detection energy consumption rate is computed as 
follows 
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                                                                        (29) 

The energy consumption rate of a network with randomly deployed sensors is a function of the maximum delay. This relationship is 
very useful for understanding the intrinsic tradeoff between energy efficiency and detection performance. This helps flexible design 
decisions of different WSNs. 

In this analysis, we do not consider the energy consumption of other components of the sensor nodes. So clusterP and det ectP are a little 
smaller than the real values. 
 
6. Performance evaluation 
 

To evaluate performance of EAS, the performance metrics is detection probability, detection delay and network life. In our simulation, 

all nodes are deployed in square area with the side length L following Poisson distribution. To have different deployment densities of 
sensors, we fix the length of area and vary the number of sensors deployed in the sensing field. The simulation parameters are shown in 
table 1. 

 
Table 1. Simulation parameters 

Parameters Value Parameters Value 

tP  
24mW 

i_maxE  
5J 

sP  
19.4mW 

tR  
250kbps 

pP
 

24mW 
H Ml −  400bit 

M Hl −  
200bit L  300m 

 

 
Figure. 9. Relationship of network life and dcT  

In Fig. 9, setting sR =4m, we observe network life change with different dcT .We define network life as the percentage of exhausted 

nodes is less than 10%. The simulation results show thatTD  increases with dcT . When dcT increases, nodes will have more sleep time, and 

consume less energy. So network life is inverse proportional to dcT . 
Fig. 10 shows the impact of the nodes density on the detection latency. In the simulation, the nodes are uniformly distributed over the 

region. Intuitively, the more the nodes participating in the detection collaboration, the shorter the detection latency. If the number of nodes 
deployed is small, a longer time is needed to detect the object. 
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Figure. 10 .Relationship of d and dcT  

 
Figure 11 shows the standard deviation of residual energy for increasing the work time of WSNs. The graphs depict that the standard 

deviation of the residual energy of nodes increases with the work time of WSNs. Our proposed EAS algorithm gives better performance 
than CAS and MTDC. This happens because CAS and MTDC do not fully consider the residual energy level of nodes when selecting CHs, 
and thus, this increases unbalanced energy consumption.  

 

 
Figure.11. Relationship of work time and standard deviation of residual energy 

 
The comparison of network lifetime of EAS, MTDC and CAS algorithms is shown in Fig. 12. As expected theoretically, the network 

lifetime linearly increases with the number of nodes deployed in the reign. Our EAS algorithm achieves better lifetime compared to the 
MTDC and CAS algorithms, because EAS calculates nodes work time according to their residual energy, which enhance the network 
lifetime. 

 
Figure 12. Network life of EAS, CAS and MTDC 

 
7. Conclusion 
 

Collaboration object detection plays an important role in WSNs. Since each sensor has limited computing capability, constrained power 
usage, and limited sensing range. In order to overcome these shortcomings, we use duty cycling scheme to periodically wake up sensor 
nodes. And we found that detection probability is relative to node density and sensing range and detection delay is relative to node density 
and duty cycle. Based on analytical model, we introduce an energy-aware wake-up scheme (EAS). EAS can adjust duty cycle to achieve 
required detection performance with lower energy consumption. Comprehensive evaluation results demonstrate that EAS significantly 
prolongs networks life without decreasing detection performance. 
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Abstract: In this paper, we concentrate on the problem of competition achievement forecasting based on an ant colony RBF neural network, 
and our work is able to promote the physical training quality. Particularly, we select the radial basis function (RBF) neural network to solve 
the competition achievement forecasting problem, and the RBF neural networks is constructed utilizing the radial basis functions. Moreover, 
the RBF neural networks are developed by three layers, including: 1) input layer, 2) hidden layer, and 3) output layer. Considering the 
performance of the RBF neural networks is highly affected by parameter selection, in this work, best linking weights in the network must be 
optimized. On the other hand, only one network cannot effectively work, because there are some defects in a single RBF neural network. 
Therefore, we integrate several RBF neural networks together by training them with an objective, and then a novel aggregated RBF neural 
networks model is obtained and parameters of this model are optimized by ant colony optimization. In the experiment, we build up an 
aggregated RBF neural network with 26 indexes as the inputting nodes, and then the outputting node represents the competition 
achievement of 100 meters running. Experimental results demonstrate that our proposed algorithm can forecast the competition achievement 
with high accuracy. 

Keywords: Ant colony optimization, RBF neural network, Competition achievement, Parameter optimization 

1. Introduction 

As is well known that sports refers to all kinds of usually competitive physical activities which aim to utilize, maintain or enhance 
physical ability and skills when providing entertainment to participants [1] [2]. Additionally, the contest or game is conducted between two 
sides, in which each side wants to beat the other. Particularly, some sports may have a tie game to let there is a winner and a loser [3]. 
Several such two-sided contests may be arranged in a tournament to obtain a champion. Many sports leagues make an annual champion 
through setting games in a regular sports season, followed in some cases by playoffs, such as NBA [4].  

Among the different kinds of sports, sprinting represents the act of running over a short distance at top speed. It is exploited in many 
sports which are able to incorporate running to a specific target or goal [5] [6]. Human physiology has proposed a theory that a runner's 
near-top speed cannot be maintained longer than 30–35, the reasons li in that the depletion of phosphocreatine stores in muscles, and 
perhaps secondarily to excessive metabolic acidosis as a result of anaerobic glycolysis [7]. 

In athletics and track and field, sprints are always races in a short distance, and they have been paid more and more attentions. The first 
13 editions of the Ancient Olympic Games featured only has one match, that is, the stadion race, which refer to race from one end of the 
stadium to the other end[8]. In recent years, there are three types of sprinting matches which are currently held at the Summer Olympics and 
outdoor World Championships, that is, 100 meters, 200 meters, and 400 meters.  

How to effectively enhance the training quality of human sports is of great importance in modern sport management, hence, in this 
paper, we aim to propose an approach to accurately forecast the competition achievement. The main innovation of this paper lies in that we 
introduce the RBF neural network in competition achievement forecasting and then we utilize the ant colony optimization to optimize the 
parameters in RBF neural network. 

The rest of the paper is organized as follows. Section 2 illustrates related works about applications of RBF neural network and Ant 
Colony Optimization. In section 3, we discuss the RBF neural network. Section 4 proposes a novel competition achievement forecasting. 
Experimental results are given in section 5. Finally, the conclusions are drawn in section 6. 

2. Related works

RBF neural network has been widely utilized in many fields, because it has simple structure and can enhance the training speed. 
Additionally, the choices of centers of hidden layer and the corresponding widths are very important and influence the goodness of fit of 
overall network approximation capabilities. In the following parts, we will introduce the related works about RBF neural network. 

Xiong et al. investigated the possibility of forecasting interval time series through denoting the lower and upper bounds of the interval. 
Afterwards, the authors model the resulted complex-valued interval time series based on a FC-RBF neural network. Thus, the authors 
presented to evolve the FC-RBF neural network via particle swarm optimization.  

Bu et al. proposed a control strategy for duct cleaning robot in the presence of uncertainties and various disturbances, and this research 
integrates the advantages of neural network technology with the advanced adaptive robust theory. Particularly, in this paper, the RBF neural 
network is utilized to identify the unstructured and dynamic uncertainties, because it is able to approximate any nonlinear function to 
arbitrary accuracy.  

Niros et al. proposed a novel approach to integrate the hierarchical fuzzy clustering and particle swarm optimization to elaborate on an 
effective design of radial basis functions neural networks. Moreover, the network's kernel centers are elicited by projecting the centers of the 
resulting fuzzy clusters in the input space. The widths and the connection weights are estimated through the implementation of the particle 
swarm optimization algorithm.  

Wu et al. studied on a hybrid optimization strategy through incorporating the adaptive optimization of particle swarm optimization into 
genetic algorithm, which is utilized to compute the parameters of radial basis function neural networks. Particularly, the authors developed 
hybrid evolutionary algorithms to construct a radial basis function neural networks. Additionally, in this study, individuals in a new 
generation are created via three methods to promote the global optimization performance, which are elitist strategy, particle swarm 
optimization strategy and genetic algorithm. 

Zhao et al. utilized RBF Neural Network to promote enhance the adaptability of the PID algorithm to the high nonlinearities of the 
manipulator, and in this paper PID parameters are tuned online through the RBF Neural Network. Experiments demonstrate the 
effectiveness of RBF Neural Network using the PID controller. 

Chu et al. proposed an adaptive global sliding mode control using RBF neural network, which is used in the system identification and 
tracking control of micro-electro-mechanical system gyroscope. In addition, the output of adaptive neural network control is utilized to 
control the switch gain of sliding mode control dynamically to the upper bound of unknown disturbances. 

Wang et al. developed a multiple-input-single-output RBF neural network soft-sensor model to optimize Rotary Kiln Pellet Quality 
Indices. Particularly, the model is designed based on the radial basis function neural network which is optimized by the biogeography-based 
optimization algorithm. 
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On the other hand, in this paper, we use ant colony optimization to optimize the parameters of RBF neural network. Ant colony 
optimization is developed by M. Dorigo and colleagues as a novel nature- inspired heuristic based on the phenomenon of real ants foraging 
behavior. Dharshini et al. utilized ant colony optimization to learn objects sequencing in e-learning. Gebreslassie et al. presented a new 
computer-aided molecular design approach to design optimal solvents using ant colony optimization. Wei et al. proposed an efficient 
algorithm using a modified ant colony optimization to mine users' dynamic interest. Jose et al. studied on how to use Ant Colony 
Optimization algorithms to choose requirements for multi-objective optimization. Tavares proposed ACO to tackle the parallel machine 
scheduling problem with outsourcing allowed. Mavrovouniotis et al. exploited ant colony optimization algorithm to train feed-forward 
neural networks for pattern classification. 
 
3. Illustration of the RBF neural network 
 

Artificial neural networks are developed based on performance of the biological neural system for processing data and information to 
learn and produce knowledge. This system is made up of several processing elements which are named neurons.  

Using knowledge of computer programming a data structure that acts as a neuron can be designed in order to create a network of 
interconnected artificial neurons. By creating a learning algorithm for network and applying this algorithm to the network, the network can 
be trained. Among all kinds of artificial neural networks, we choose the radial basis function (RBF) neural network to tackle the competition 
achievement forecasting problem. Moreover, the RBF neural networks is developed using the radial basis functions. Furthermore, the RBF 
neural networks are built up by three layers, that is, 1) input layer, 2) hidden layer, and 3) output layer. 
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Figure. 1. Structure of the RBF neural network 

As is shown in Fig.1, the structure of RBF neural network is illustrated. In fig. 1, [ ]1
T

dX x x= 

 denotes the input vector, and 
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Where 
jC  is equal to the vector ( )1 2, ,

T

j j jkc c c

, which refers to the center vector of the thj  neuron. 
jX C−  means the norm of 

jX C− , and it is computed by the following equation. 
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Afterwards, the 
thi  output of the RBF neural networks is defined as follows. 
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Where the symbol 
imW  refers to the thm  hidden neuron to the thi  node of the output layer. 

However, the performance of the RBF neural networks is greatly influenced by parameter selection. 
 

4. Forecasting the competition achievement by rbf neural network optimized by ant colony optimization 
 

While training an individual RBF neural network using a training dataset, best linking weights in the network denote the most 
important parameters which should be optimized, hence, we use the ACO algorithm. Ant colony optimization refers to an independent 
branch of intelligent computation, and in recent years, there more and more researchers paid attentions to it. Particularly, Ant Colony 
Optimization is inspired from real ant colonies and their modes of seeking food. Moreover, artificial ants in a colony cooperate to search 
good solutions to tackle discrete optimization problems. 

Firstly, we initialize the sequence number of a given ant to implement the local search process, and compute the probability to select 

the source { }( )1,2, ,is i n∈   as follows. 
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                                                                              (4) 

Afterwards, selecting a s  via the roulette rules for the 
thj  ant. 

Then, we compute a distance with a specific direction (denoted as ( )1 2, , , KD d d d=  ), and then the 
thj  ant will go to a new source by 

the following. 
n cS S D= +                                                                                            (5) 
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The fitness of nS  can be computed and the value of nF  is saved. Afterwards, based on the above steps, local search can be updated with 
nS , and then select the sources to be managed by the roulette rules. In order to select a source, the probability of iS  is calculated by the 

following equation. 
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i i
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∑

                                                                                (6) 

Then, we use the source bests  with the best fitness bestF  as the final solution of the optimal result for the proposed algorithm.  
But, only one network is not able to effectively work, as there are some defects in a single RBF neural network. Hence, we integrate 

several RBF neural networks together by training them using a specific objective, and then a new aggregated RBF neural networks model is 
developed. To let the aggregated RBF neural networks model more powerful, an adaptive approach of allocating the combinational weight 
to each individual network is utilized to build up an adaptive aggregated RBF neural network. The output of our proposed RBF neural 
network is calculated as follows. 
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i i
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F x w F x
=

= ⋅∑                                                                                         (7) 

where symbol F  refers to the RBF neural network, iF  is the 
thi  individual network, and the parameter iw  is the weight. Then, the 

proposed parameter optimization for RBF neural network can be converted as the following equation. 
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Where N  denotes the number of training samples, function ()d  returns the output of the RBF neural networks, and jx  means the 
thj  

training samples. 

The training objective equation of the 
thk  individual RBF neural network is defined as follows. 
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Subject to: 
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where parameter jw  is equal to 
{ }1 , 1, 2, , 11 j ii ∈ −− 

 
Base on the above design, we construct a RBF neural network by utilizing several indexes as the inputting nodes, and then the 

outputting node is exploited as the competition achievement prediction results. In particular, parameters of our proposed RBF neural 
network is optimized by the Ant colony optimization  
 
5. Experiment 
 

In this section, we test the proposed method with a dataset which is about 100 meters running. To construct the RBF neural network, an 
index system about estimating the achivement of 100 meters running is shown in Table. 1. 

 
Table 1. Index system used in this experiment 

ID Index name ID Index name 
I1 Height I14 30m starting 
I2 Ktole index I15 60m starting 
I3 Thigh length / calf length I16 150m running 

I4 Lower extremity length / height I17 300m running 

I5 Ankle circumference / Achilles 
tendon 

I18 800m running 

I6 High arch I19 Squatting with a burden 

I7 Reaction time I20 Deep squatting with a burden 

I8 Vital capacity / weight I21 Standing long jump 

I9 Hematochrome I22 Three classes standing long jump 

I10 Blood lactic acid I23 Ten classes standing long jump 

I11 Heart rate I24 Vertical jump 
I12 Step index I25 Backward throwing shot put 

I13 Frequency index I26 Spagat 
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Afterwards, we build up a RBF neural network by using the above 26 index (shown in Table.1) as the inputting nodes, and then the 
outputting node ( only one ) is regarded as the competition achievement of 100 meters running. Particularly, we let seven neurons in the 
hidden layer, and the neuron in the hidden layer utilizes the sigmoid transforming function, and the neurons in the output layer use linear 
transformation function. Moreover, we choose MAPE as the performance evaluation criteria. 

MAPE denotes the mean absolute percentage error, and it is defined by the following equation. 

1

1 n
i i

i i

x y
MAPE

N y=

 − 
= ⋅  

 
∑                                                                                        (11) 

where i  is belonged to { }1,2, , N , and ix  and iy  represent true value and the predicting value respectively. Moreover, parameter 
N  means total number of sample exploited in the validation dataset. 

Using the given dataset, the competition achievement forecasting results are shown in Table. 2, in which BPNN, RBFNN and our 
proposed hybrid RBFNN+ACO are compared with the real achievement. 

 
Table 2. Competition achievement forecasting using different methods. 

Sample ID Real achievement BPNN RBFNN RBFNN+ACO 

1 10.415 10.071 10.271 10.392 
2 10.202 10.609 10.630 10.326 
3 10.415 10.018 10.195 10.465 
4 10.236 9.642 10.002 9.743 
5 10.671 10.919 10.349 10.146 
6 10.462 10.641 10.844 10.535 
7 10.238 10.738 10.896 10.724 
8 10.422 10.902 10.148 10.071 
9 10.158 11.286 10.698 10.456 

10 10.311 9.796 10.529 10.466 
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Figure 2. Performance comparison for different methods 

To clearly illustrate the performance comparison, we describe the competition achievement comparison in Fig. 2. 
From Fig. 2, it can be seen that our proposed RBFNN+ACO model can obtain more accurate competition achievement predicting 

results, and the MAPE for different methods is illustrated in Fig. 3. 
 
6. Conclusion 
 

This paper aims to solve the problem of competition achievement forecasting based on an ant colony RBF neural network. The RBF 
neural networks are developed by three layers, 1) input layer, 2) hidden layer, and 3) output layer. Afterwards, we integrate several RBF 
neural networks together by training them with an objective, and then a novel aggregated RBF neural networks model is proposed and 
parameters are optimized by ant colony optimization. Finally, experimental results demonstrate the effectiveness of our proposed approach. 
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Figure 3. The value of MAPE for different methods. 

 
References 
[1] Hwang Hyisung C. Matsumoto David, Dominance threat display for victory and achievement in competition context, Motivation and 

Emotion, 2014, 38(2), pp. 206-214. 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                      226.5 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/226 

 

[2] van de Pol Pepijn K. C. Kavussanu Maria, Ring Christopher, The Effects of Training and Competition on Achievement Goals, 
Motivational Responses, and Performance in a Golf-Putting Task, Journal of Sport & Exercise Psychology, 2012, 34(6), pp. 787-807. 

[3] Heidemeier Heike, Bittner Jenny V., Competition and Achievement Goals in Work Teams, Human Performance, 2012, 25(2), pp. 138-
158. 

[4] Nicolas Michel, Gaudreau Patrick, Franche Veronique, Perception of Coaching Behaviors, Coping, and Achievement in a Sport 
competition, Journal of Sport & Exercise Psychology, 2011, 33(3), pp. 460-468. 

[5] Adie James W. Duda Joan L. Ntoumanis Nikos, Achievement Goals, Competition Appraisals, and the Well- and Ill-Being of Elite 
Youth Soccer Players Over Two Competitive Seasons, Journal of Sport & Exercise Psychology, 2010, 32(4), pp.   555-579. 

[6] Muench Richard. Stratification of the University Landscape: Between achievement competition and the logic of power, ZEITSCHRIFT 
FUR PADAGOGIK, 2009, 55(2), pp. 258-273. 

[7] Adie James W, Duda Joan L. Ntoumanis Nikos, Achievement goals, competition appraisals, and the psychological and emotional 
welfare of sport participants, Journal of Sport & Exercise Psychology, 2008, 30(3), pp. 302-322. 

[8] Gibbons Stephen, Machin Stephen, Silva Ohno, Choice, competition, and pupil achievement, Journal of The European Economic 
Association, 2008, 6(4), pp. 912-947. 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                      227.1 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/227 

 

Research on the relationship between land ecological function changes and social development needs 
 

Yang Wei1, Duan Jian-nan1, Liu Luo2, Liu Yi1,Hu Wenmin1, Wang Haiyan1 

 
1. College of Resource and Environment, Hunan Agriculture University, Changsha, China 

2. State Key Laboratory of Resources and Environmental Information System, Institute of Geographic Sciences and Natural Resources 
Research, CAS, Beijing, China 

 
Abstract: Social development needs (SDN) and of land ecological functions (LEF) have changed, cased by the influence of the rapidly 
increased economic and people's material and cultural needs during the last two decades. In this study, SDN were calculated based on Five 
Year Plans and LEF were counted by LUCC data of 1990, 1995, 2000, 2005 and 2010 by using the Delphi method and Pearson method. 
Then, the relationship between SDN and LEF of the study area which located in central China's Hunan Province were subsequently 
analyzed. Result showed:(1) The needs of the ecological environment of Social Development in Hunan Province was up trend, has increased 
8.13 %, the agriculture product needs and Social life needs were increased 8.13 %and 6.83 %, and in addition the economic development 
needs and cultural and educational needs were reduced by 13.02% and 6.96 % from 1990 to 2010. (2)The LEF of Hunan province had 
decreased 0.26% in the past 20 years. The main reason of the erosion of ecological functions was the farmland and woodlands change into 
construction land. (3) The change of the LEF has significant negative correlation with ecological needs and social life needs of SDN and 
with economic needs showed a significant positive correlation. It showed that when the land ecological function decreased, the requirements 
of the ecological environment and social life have gradually increased; besides the demand for economic development will be declined. 
 
Keywords: Land; Ecological Functions; Social Development Needs 
 
1. Introduction 
 

Development of the society always accompanies with a series of problems such as unreasonable use of land resources, eco-
environmental degradation, which are caused by industrialization, urbanization and rapid population growth, etc. In recent years, these 
problems have gained more attention from scholars who have done much research on them. For example, in tropical regions, Shiferaw (2011) 
found that economic development and population growth contributed to make a large number of grassland and woodland converted to 
farmland and pasture, which raised a series of social and ecological problems. In Central Europe, many scholars such as Slovakia Juraj 
(2013) also noticed problems of a large number of disused vineyard land and changing the use of land caused by the marketing economy. In 
La Plata Basin of South America, Seung (2013) found that whether the precipitation is small or large turned out to be play a positive role in 
all the land cover. And Chinese scholar Dong (2014) pointed out that in addition to natural conditions and population conditions; there are 
other driving forces which can also cause changes in land cover and land use. For example, mining ore can lead to economic improvement, 
urban sprawl and population aggregation. Meanwhile, Jianchao Xi (2014), by studying functional changes of the rural land in village 
Gougezhuang, found that it is the main cause that changes in the industrial structure made land function from villagers living to a variety of 
needs to meet the demands of tourists, which led to the construction land expanded rapidly both horizontally and vertically over the past 25 
years. 

It can be seen from the above that the current studies on land resources only reflect the direct reasons causing these problems. However 
as for the relationship between society development demand and land ecological problems, it needs further research and discussion. This 
study, selecting Hunan Province in central China which has developed rapidly in economy over the past 20 years as the study area, attributes 
ecological problems caused by irrational use of land resources to the decrease or loss of LEF from the perspective of ecological services. It 
chooses the demands of the whole society and changes in LEF as a research object to analyze the spatial-temporal evolution of land 
functions and SDN, and to reveal the relationship between human society development needs and changes in land functions. 
 
2. Overview of the study area 
 

Located in central China hinterland and the middle reaches of the Yangtze River, Hunan Province neighbors Jiangxi in the east, 
Chongqing and Guizhou in the west, Guangdong and Guangxi in the south, and Hubei in the north. It covers a land area of 211,815 square 
kilometers. In east longitude 108°47'~ 114°15', Hunan Province is the transitional zone from Yunnan-Guizhou Plateau to Jiangnan hilly land 
and from Nanling Mountains to Jianghan Plain. It is surrounded by mountains in east, west and south, and gradually slopes down to the 
central and northeast. Its distribution of height more than 2000 meters above the sea level is basically identical with features of the terrain, 
which concentrates in mountains of the east, south and west. 

Hunan, enjoying a subtropical humid monsoon climate bearing obvious features of continental climate, is rich in light, heat and water 
resources, the high value of which are nearly in sic. The weather is changeable in a year. It is cold in winter and hot in summer. The 
temperature is changeable in spring and drops suddenly in autumn. It is rainy in spring and summer, drought in autumn and winter. The 
annual sunshine time in Hunan is 1300-1800 hours. With rich heat, its annual average temperature is between 15-18ºС. In winter, under the 
control of winter monsoon, it is in favor of cold air marching into Hunan with mountains in all directions except the north. Therefore, the 
average temperature in most times of January is between 4-7ºС. And its frost-free period lasts as long as 260-310 days, and 280-300 days in 
most regions. The annual average rainfall is between 1200-1700 mm. Therefore, Hunan enjoys ample rainfall and is one of China provinces 
of much more rain. 
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Figure 1. Diagram map of the research area 

 
3. Research methods and steps 
 
3.1 Research methods 
 

Function means satisfying a demand from an object. From the perspective of the land function, there was a direct relationship between 
function and needs, and the changes in land functions is certainly affected by a demand. Therefore, land function changes in an area are 
definitely affected by its social development demands. As one part of Chinese national socio-economic plans, the “Five-Year Plan” aims to 
plan for a significant proportion for major construction projects, distribution of productivity and the national economy, and to stipulate goals 
and directions for the vision of the national economic development. Therefore, this paper regards the basic tasks and targets set in “Five-
Year Plan” as periodic demands of Chinese regional social and economic development. 

 
3.2 Data collection 
 

In China, the “Five-Year Plan” can reflect the demands of social development. This study, on the basis of the main tasks and 
development indicators of the five “Five-Year Plan” from the eighth to the twelfth of Hunan Province, analyzes different demands of Hunan 
social and economical development in different stages. And the social demanding data of this research takes the “Five-Year Plan” as the 
basis of quantitative social demands. There are eight “Five-Year Plan”, including the eighth to the eleventh, came from Hunan Development 
and Reform Commission. “Five-Year Plan” is a part of China’s national economic plan, aiming to plan for a significant proportion for 
distribution of productivity and the national economy, and to stipulate goals and directions for the vision of the national economic 
development. 

The land cover data in this study includes that of the following five years: 1990, 1995, 2000, 2005 and 2010 and came from the national 
land use database which is in the center of resource and environment database of the Chinese Academy of Sciences (CAS). The national 
land use database is dataset of a multi-temporal 1:100000 scale of the current land use status covering the national land area, which has been 
established through years of accumulation under the support of many important projects in a number of national land areas such as the 
National Science-techn- ology Support Plan Projects and the Innovative Program of the CAS (Liu Jiyuan, 2005, 2003, 2010). This dataset, 
with Landsat TM/ETM remote sensing image as the primary data source, is generated by artificial visional interpretation. The land use types 
include 6 first-level ones: farmland, woodland, grassland, water, residential areas and unused land. Field investigation and validation show 
that the accuracy of comprehensive evaluation of the first-level land use has achieved above 94.3%. This study, from the five periods of land 
use dataset, acquired the land cover changing status of Hunan Province in central China from 1990 to 2010.  

 
3.3 Research steps 
 

This research, on the basis colleted land cover data and quantification of society development demands of Hunan Province in central 
China and its land ecological function changes, figured out the variation of society development demands and LEF during each period of the 
“Five-Year Plan” from 1990 to 2010. It also analyzed the variation of the four periods and pointed out the relationship between society 
development demands and land ecological function changes. (As for the specific steps, see figure 2) 

 

 
Figure 2. Study Steps 

 
3.4 Society development needs 
 

With the rapid development of the society, the objectives of the “Five-Year Plan” keep changing; this can reflect social demanding 
varieties. In order to contrast and analyze the variation trend and features of Hunan society development demands in different ages, this 
research adopted fuzzy statistical to calculate various indicators of social development demands to describe it more accurately, and classified 
social development demands into the following five categories: ecological needs, agricultural needs, economic needs, social life needs and 
science and education infrastructure needs of the social development. 
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To facilitate analysis, the results were Min-Max Normalization. The formula is as follows: 
* i min
i

max min

x -xx =
x -x  

According to the formula, the results are shown in Table 1. 
 

Table 1 .Five-year plan goals of Hunan province in 1990-2010 (requirements or tasks) 
 Total target 

number 
Ecological 

environment 
Agricultural 
production 

Non-farm 
production and 

Economic finance 

Social life and 
Legal system 

Construction  
Education 

and scientific 
TN MN TN MN TN MN TN MN TN MN 

T1 53 3 0.08 1 0.00 27 1.00 11 0.38 11 0.38 
T2 68 5 0.04 4 0.00 32 1.00 16 0.43 11 0.25 
T3 55 7 0.22 3 0.00 21 1.00 15 0.67 9 0.33 
T4 29 4 0.08 2 0.00 11 0.35 8 0.23 4 0.08 

 
T1: The 8th Five-year plan of Hunan Province, T1: The 9th Five-year plan of Hunan Province, T1: The 10th Five-year plan of Hunan 

Province, T1: The 11th Five-year plan of Hunan Province, TN: target number, MN: Min-Max Normalization result. 
 

3.5 Land ecological functions 
 

LEF have many types, therefore this research, referring to research results by Costanza (1999) and Liu Pei (2010), etc., classifies LEF 
of Hunan Province in central China to the following 10 types: climate regulation, water regulation, water supply, soil erosion control, soil 
formation, nutrient cycling, waste treatment, food production, raw materials and genetic resources (see figure 1). Cultural and recreational 
functions are difficult to compute and thus not considered in this research considering the fact that they do not have greater effects on 
ecological environment and are strongly influenced by society economic development and the local culture. And due to data availability, this 
research, consulting research results by Zhao Jinlong (2013) and Wu Shuang (2014), adopted methods of economic opportunity cost and 
market replacement cost. 

 
Table 2. Land Ecological Functions and the Value Calculation Method in Hunan province 

Functions types Method Formula 
climate regulation Opportunity cost approach Sα •∑（ ） 
water regulation Replacement cost method β χ∑  

water supply Market value method δ ε∑  
soil erosion control Replacement cost method φ ϕ∑  

soil formation Opportunity cost approach Sγ •∑（ ） 
nutrient cycling Opportunity cost approach Sη •∑（ ） 
waste treatment Market value method ι κ∑  
food production Opportunity cost approach Sλ •∑（ ） 

raw materials Opportunity cost approach Sµ •∑（ ） 
genetic resources Opportunity cost approach Sν •∑（ ） 

 
S : land area, α : Average value of climate regulation,β : per unit reservoir cost of water storage, χ : Water reservation,δ : water 

price, ε : Water supply quantity, φ : compensation of unit soil, ϕ : Reduce soil erosion, γ : Average Value of soil formation,η : 
Sη •∑（ ）Average Value of nutrient cycling,ι : cost of pollutant treatment,κ : pollutant treatment quantity, λ : Average Value of food 

production,µ : Average Value of raw materials,ν : Average Value of genetic resources. 
 
4. Results and discussion 
 
4.1. Land Cover Status 
 

As Fig 3 shows, land cover change in Hunan province was mainly located in the northeast and south region, such as Dongting Lake 
grain production areas, Changsha City, Chenzhou city and sporadic distribution in other regions. It shows that land change is mainly 
affected by human factors. In order to quantitatively the land cover change, the various types of land has be statist iced, the results were 
showed in Table 3 

As Tab 3 shows, for the land cover status as a whole, farmland, woodland and grassland show a downward trend, while construction 
land and waters show the opposite trend, and unused land show fluctuated changes. The construction land has increased the maximum 
amount of 867 km2, accounting for 32.87%, and then the waters and construction land, 412km2 and 35km2 respectively. The farmland has 
decreased the maximum amount of 1318 km2, accounting for 2.12%, and then the woodland and grassland, 276 km2 and 111 
km2 respectively. The rapid growth of the construction land and the decline of farmland, woodland and grassland have mainly been due to a 
large demand for housing caused by population growth, a large number of industry-driven mining warehouse space caused by economic 
growth, and expansion of the construction land caused by rapid urbanization. And the enlarging of water area is mainly due to the massive 
construction of water conservancy facilities such as reservoirs, or returning farmland to lakes or building ponds for breeding, etc. Due to the 
many types of unused land, the reasons for its changes are more complex and need further analyzing. 
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Figure 3. Change of LUCC in Hunan province from 1990-2010 

 
Table 3. Land covers status in different time table in Hunan province 

 1990 1995 2000 2005 2010 
Agricultural land 61649 61199 61298 60928 60724 

Woodland 132255 132304 132146 132083 131979 
Grassland 7620 7550 7574 7555 7509 

Waters 6906 7238 7151 7317 7318 
Construction land 2638 2787 2899 3217 3505 

Other sites 746 738 748 716 781 
 

4.2 Land Function Status 
 

This research, making use of “Hunan Statistical Yearbook”, “Hunan Water Resources Bulletin”, and the surveying data by the relevant 
departments in 2010, received all statistical indicators and figured out, with calculation methods shown in Tab 2, land ecological service 
value per unit area of different types of land cover in Hunan Province. The results are shown in Tab 4. 

 
Table 4 .The Value of different lands covers types (104 yuan•y-1) 

 Agricultural 
land 

Woodland Grassland Waters Other sites Construction 
land 

climate regulation N 846 6 N 170 N 
water regulation 328 328 328 1323 461 N 

water supply N 82 82 331 99 N 
soil erosion control 6 576 174 N 151 N 

soil formation 60 60 6 N 25 N 
nutrient cycling 1166 1166 1166 N 900 N 
waste treatment N 522 522 1044 509 N 
food production 1324 258 402 246 246 N 

raw materials N 828 6 N 167 N 
genetic resources N 96 3 N 20 N 

Total 2884 4762 2695 2943 2748 0 
 
N indicates the land cover type was not considered to have this feature or that feature pure in dispute, and therefore not be counted. 
Tab 5 showed that the average value of ecological service function in Hunan Province was 849•108 yuan•y-1, which has reduced 

2.98•108 yuan•y-1 from 1990 to 2010, accounting for 0.35% of the overall ecological function value. The main reason for that is due to the 
fact that a large area of arable land had been converted to construction land, and that woodland and grassland had been developed and 
converted to other functions a lot. Their total decrease is about 4.28•108 yuan•y-1. However, the water area has increased 1.21•108 yuan•y-1, 
which is mainly due to the mass construction of reservoirs and returning farmland to lakes. And the unused land has merely increased 
0.09*108yuan•y-1. 

 
Table 5The ecological function value of different types cover in Hunan Province (108 yuan•y-1) 

 Agricultural land Woodland Grassland Waters Other sites Construction 
land 

Total 

1990 177.80 629.84 20.54 20.33 1.83 0.00 850.32 
1995 176.50 630.07 20.35 21.30 1.81 0.00 850.03 
2000 176.78 629.32 20.41 21.05 1.83 0.00 849.39 
2005 175.72 629.02 20.36 21.54 1.75 0.00 848.38 
2010 175.13 628.52 20.24 21.54 1.91 0.00 847.34 

Changes -2.67 -1.31 -0.30 1.21 0.09 0.00 -2.98 
 
4.3 Hunan Social Development Demands 
 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                      227.5 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/227 

 

Assuming the total social demand is jΤ =1，j=1990，1995…2010, the social needs quantified i jΜ ， , the formula is as follows: 
i

i j j
j

x= -Μ Τ
Τ，

 
This research, following the steps of the above, carries on the demand analysis for the four period of “Five-Year Plan” from the ninth to 

the eleventh (1990-2010) and performs calculations on the land ecological function changes, finally reaches an conclusion shown in Figure 
5. Increasing demands in ecological environment ask for its increase of 144%, which is mainly due to the continuous improvement of 
people’s living standards and rapid economic development in recent years. And the trend of fluctuated upward trend on agricultural 
production is mainly due to problems of farmland abandon caused by the enthusiasm of farmers and the increasing attention on national 
food security. Moreover, economic development needs and the needs of science and education infrastructure present a decreasing trend, 
while social life needs the opposite trend. And in each period of five-year plan, decrease in Hunan land ecological function has reduced year 
by year, which is mainly due to the possibility that the ecological land has converted to construction land caused by infrastructure and 
economic development. 

 
Table 6. The needs of social development and changes in the ecological function of land 

 X1 X2 X3 X4 X5 X6(104) 
Y1 0.056 0.018 0.509 0.208 0.208 -295 
Y2 0.073 0.058 0.471 0.235 0.165 -634 
Y3 0.127 0.054 0.382 0.273 0.164 -1008 
Y4 0.137 0.069 0.379 0.276 0.138 -1046 

 
X1: Ec1ological needs of social developmen0.t, X2: Agriculture needs of social development, X3: Economic needs of social 

development, X4: Life needs of social development, X5: Science, Education and Contracture needs of social development, X6: Changes in 
the amount of land and ecological functions. Y1: The 8th Five-Year Plan of Hunan province, Y2: The 9th Five-Year Plan of Hunan province, 
Y3: The 10th Five-Year Plan of Hunan province, Y4: The 11th Five-Year Plan of Hunan province. 

In order to reflect the correlation among the function and needs, calculating the Pearson and correlation of each function and demand. 
Its formula was as follows: 

2 2

- -
r =

- -
XY

X X Y Y

X X Y Y
∑
∑ ∑
（ ）（ ）

（ ） （ ）
 

0<r<1, the greater the correlation of R, the smaller the R and the smaller the correlation. When r>0.95 was significantly correlated, and 
r>0.99 was extremely significantly correlated. 

This Pearson correlation coefficient of demands and ecological function changes, and obtains correlation among the variables which is 
shown in Tab 7.It shows that there is an obvious negative correlation between land ecological function changes and ecological demands of 
social development, while an obvious positive correlation between land ecological function changes and economic development. Based on 
the requirement theory of economics, demands are the unification of desire and purchasing power. The continuous increasing in the decrease 
of land ecological function, say, the continuous decrease in land ecological services, can strengthen people’s desire for ecological 
environment. While the continuous improvement of economic level can lead to the continuous decrease of society in economy and the 
continuous increase in purchasing ecological services, which will inevitably lead to the continuous improvement of social development 
demands on ecological demands. 

There is an obvious negative correlation between land ecological function changes and social life demands, which is mainly due to the 
fact that social life demands include indicators such as population, political environment and living conditions. People will not demand more 
on environment until the social life is stable. And it shows that when land ecological function decreases, demands on ecological 
environment and social life will increase year by year in the process of social development, while demands on society economic 
development will decrease. 

 
Table 7 Relationship between Change in the ecological function of land and the needs of social development 

 X1 X2 X3 X4 X5 X6 
X1 1.000 0.753 -0.993** 0.981* -0.811 -0.972* 
X2  1.000 -0.774 0.839 -0.988* -0.862 
X3   1.000 -0.994* 0.816 0.987* 
X4    1.000 -0.87 -0.992** 
X5     1.000 0.888 
X6      1.000 

 
X1: Ecological needs of social development, X2: Agriculture needs of social development, X3: Economic needs of social development, 

X4: Life needs of social development, X5: Science, Education and Contracture needs of social development, X6: Change in the amount of 
land and ecological functions. **: Highly significant correlation,*: significant correlation. 
 
5. Conclusion 
 

1) The results showed that in Hunan Province within the evaluation years, the construction land increased rapidly, woodland, grassland, 
and arable land continued to decline, which further led to the continuously declining value of the land ecosystem services. This is consistent 
with the fact that for nearly 20 years Hunan Province has made economic development as a center to implement the urbanization strategy, 
which led to the consequence that a large amount of farmland, woodland and grassland has been developed as construction sites to meet the 
needs of economic development and urban expansion. 

2) With the normalization method of mathematics, this research quantifies development goals of Hunan “Five-Year Plan”, finding out 
that there is a continuous decrease in demands on economic development in Hunan Province, and increase in demands on ecological 
environment. This is possibly due to the fact that there has been steady economic growth in Hunan Province in recent years which has 
provided basic security for people’s income and living standards and led to the deterioration of ecological environment. Therefore, people’s 
demands for economic development decrease for ecological environment increase. 

3) Interrelated analysis showed that there was an obvious negative correlation between land ecological function changes and ecological 
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demands of social development, and an extremely negative correlation between the former and social life demands, while an obvious 
positive correlation between land ecological function changes and economic development. This is possibly due to the fact that when land 
ecological services continuously decrease which perform in real as the deterioration of the ecological environment, the economy develops 
rapidly; and with the continuous improvement of socio-economic level and people’s living standards, people’s demands on economy will 
decrease continuously and their purchasing power on ecological services will continuously increase, which will inevitably lead to the 
continuous increase in demands of the social development on ecological demands. 
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Abstract: The producer services serve for the production. Both of them are symbiotically developed and there is a strong coupling degree 
between them. In order to study the coupling coordination relationship, the equipment manufacturing industry has been taken as the example 
to develop the evaluation index system of producer services and equipment manufacturing industry through employing the entropy 
weighting method. The relationship between them has been verified in the whole country. The research results show that there is a symbiotic 
relationship between the producer services and the equipment manufacturing industry. Both of them are mutually promoted and 
symbiotically developed. The unbalanced economic development in all regions of China is dominated by the synergy degree difference of 
producer services and equipment manufacturing industry, which provides the guidance for the regional economic development in our 
country. 
 
Keywords: Logistic Model, Entropy Weighting Method, Synergy Degree Measurement, Index System, Symbiotic Development 
 
1. Introduction 
 

As a service industry, the producer services belong to the third industry that mainly provides the service for the producers of goods and 
service [1]. At present, China is during the economic transition period and the producer services can provide service for all industries. The 
investment share in the second industry is more than 50% and the manufacturing industry is an important part of the second industry, which 
means that there is a close relationship between them [2-4].  

Many scholars have studied the synergic relationship between the producer services and the equipment manufacturing industry and the 
aim is to explore the symbiotic relationship and the matching strategies so as to provide the guidance for the economic macro-control in our 
country. Liu Junyue et al (2012) has employed the coupling degree function in physics to build the coupling coordination degree model of 
producer services and equipment manufacturing industry [5]. Yin Shue (2011) has pointed out that the vigorous development of advanced 
equipment manufacturing industry, high-tech industry and modern producer services in Dalian has promoted the sound and fast economic 
development [6]. Lin Muxi et al (2013) has pointed out that the equipment manufacturing industry is “big but not strong” and the “pulling 
force” for producer services is insufficient; meanwhile, the producer services is “small and scattered” and the “propulsive force” for 
equipment manufacturing industry is not enough[7]. Chu Mingqin (2013) has pointed out that the proportion of China’s equipment 
manufacturing industry and the producer services is still low at present, in which the proportion of producer services has been declined and 
the proportion of equipment manufacturing industry has been increased; however, the rate of increase value has been greatly decreased[8].  

In this paper, based on the uneven matching of producer services and equipment manufacturing industry in our country, the entropy 
weighting method has been employed to process the evaluation index of the development and analyze the symbiotic development 
coordination relationship of them from the perspective of empirical research so as to provide support for China’s macroeconomic regulation 
and control. 
 
2. Symbiotic development model of producer services and manufacturing industry 
 
2.1Population growth equation of producer services and manufacturing industry 
 

The population quantity of producer services and the population quantity of manufacturing industry are obviously dominated by the 
environmental factors such as resources, technology and system. Therefore, the evolution of the population quantity is in density 
dependence and it can be described by Logistic model [9].  

Assuming that: the population density of producer services is 1N , the natural growth rate is 1r and the environmental capacity of 

population is 1K ; the population density of manufacturing industry is 2N , the natural growth rate is 2r  and the environmental capacity of 
population is 2K . The growth equation of producer services and manufacturing industry populations is shown in formula (1): 
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The population growth equation of producer services and manufacturing industry contains the following four hypotheses: 
Hypothesis 1: the population growth of producer services and manufacturing industry is constrained by the resources and the market 

demands. When the population density is increased to a certain degree and enters the decreased stage, there will exist the maximum 

population densities 1K and 2K ; 

Hypothesis 2: the natural growth rates 21, rr of producer services and manufacturing industry in ideal conditions are determined by the 
inherent properties of the two populations; 

Hypothesis 3: the population attributes of producer services and manufacturing industry are not changed in the observation period; the 

evolution of population is ignored and the natural growth rate 21, rr are unchanged; 
Hypothesis 4: with the increase of the population density of producer services and manufacturing industry, the resources are strained 

and the population competition is intensified, which produces the inhibition effects 
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In this paper, the population symbiosis of producer services and manufacturing industry is equivalent to the promotion for population 
growth in Logistic equation due to the increase of environmental capacity. Assuming that the environmental capacities of producer services 
and manufacturing industry are respectively increased by ( )21212 NfK  and ( )12121 NfK . According to the Logistic equation of density 
dependence, the symbiotic development model of producer services and manufacturing industry can be represented as: 

( )








+

−=
21212

0
1

1
11

1 1
NfKK

NNr
dt

dN                                                                                (3) 

( )








+

−=
12121

0
2

2
22

2 1
NfKK

NNr
dt

dN                                                                              (4) 

In the above formula, 0
1K and 0

2K are the environmental capacities to remove the symbiotic effect; 
2112 , KK are respectively the 

symbiotic interaction coefficients of manufacturing industry population for producer services population and the producer services 
population for the manufacturing industry population.  

If it is assumed that the environmental capacity is E∆ and the interaction coefficients of environmental changes for the population 
environmental capacity of producer services and manufacturing industry are respectively

21,ββ , the symbiotic development model of 
producer services and manufacturing industry populations under the influence of environment should be corrected as: 
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According to formula (5) and formula (6), the environmental capacities of the symbiotic populations of producer services and 
manufacturing industry under the influence of environmental changes can be respectively expressed as: 

( )[ ] ( )[ ] ( )tftEftNfKKK SE
11121212

0
11 =++= ∆β                                                           (7) 

( )[ ] ( )[ ] ( )tftEftNfKKK SE
22212121

0
22 =++= ∆β                                                          (8) 

In formula (7) and formula (8), it can be found that the environmental capacities 
1K and 

2K of the symbiotic populations of producer 
services and manufacturing industry are the complex curves with the changes of time due to the constant changes of population density and 
environment. However, if the observation time is divided into a number of smaller time periods, the environmental capacity of producer 
services and manufacturing industry populations can be approximately called the following fixed value in any period of 
time ( ),2,1,0],[ 1 =+ Ttt TT

: 
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Giving that [ ]TT ttt −∈ +1,0∆ , the density growth of symbiotic populations in the period of time [ ]1, +TT tt  is consistent with the Logistic 
equation: 
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Figure 1 Dynamic curve of population symbiotic development under the influence of environmental changes 

 
Therefore, it can be approximately considered that the dynamic curve of the symbiotic populations of producer services and 

manufacturing industry is connected by the Logistic curves of continuous small time sections. However, due to the directions of 
environmental changes and the non-constant speed, the distribution of the environmental capacity in each time period has no regularity so 
that the species curve of producer services and manufacturing industry populations often appears bifurcation, as shown in Figure 1. 
 
3 Synergy degree measurement model based on entropy weighting method 
 
3.1Entropy weighting method 
 

The basis of the synergy degree research of producer services and equipment manufacturing industry is the change process of system 
related factors and the main selection of system order parameters can reflect the index of economic development changes. Assuming that the 

order parameter in the system development process is [ ] [ ] 1,1,,1,,1, ≥≥∈∈ mnmjnixij and ijij µλ , are the upper and lower limited values of 

each order parameter, i.e. ijijij x λµ << . The order degree of order parameter components of economic system can be defined as: 
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( ) ( )1,0∈ijij xy , ( )ijij xy is close to 0, which indicates that the lower the order degree of order parameter component is, the smaller the 
contribution for system will be. On the contrary, the contribution for system will be larger.  

The overall order degree of the corresponding system of the order parameter ijx
in each system can be realized by the integration of 

( )ijij xy
and the formula is as follows: 
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In formula (14), jiω is the weight of each order parameter and ( )ixz is the overall order degree of order parameter for each system. 
( ) ( )1,0∈ixz , the greater ( )ixz is, the higher the order degree of system will be. On the contrary, the order degree will be lower. 

Considering that the index data difference of model is relatively large, the entropy weighting method is employed to determine the 
index. Each index is quantified in the same degree, 
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Calculating the entropy of the components of order parameter, 
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In the above formula, je represents the entropy of the j th evaluation index, 0ln,0 >> ne j .Calculating the difference coefficient, 

jj eg −=1                                                                                                      (17) 

In order to make ijpln meaningful, the difference coefficient jg is introduced and ijω
 is corrected. The greater jg is, the more 

important the index will be. The normalized difference coefficient is: 
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The weight coefficient matrix is obtained: { }nR ωωωω ,,, 21 = . 
 

3.2 Synergy degree measurement model 
 

The coordination coefficient is the index that reflects the quantity degree of the combination and the coordination of economic benefits 
between producer services and equipment manufacturing industry. Assuming that the comprehensive evaluation functions of the economic 

system of producer services and equipment manufacturing industry at the time point t  are respectively ( )trf ,  and ( )tcf , , then 

( ) ( )∑
=

=
m

j
ijijj xycorrf

1
,, ω                                                                                     (19) 

The capacity coupling coefficient model in physics has been employed to calculate the coordination coefficient[13] and it is required to 
define that  

( ) ( )

( ) ( )( )2,,

,,2
tctr

tctr

ff
ff

CI
+

×
=                                                                                          (20) 

In which [ ]1,0∈CI , the value of CI is closer to 1, the producer services and the equipment manufacturing industry will be 
coordinatedly developed; on the contrary, the development will be not coordinated. 

As the important index to describe the mutual coordination of producer services and equipment manufacturing industry at time t , the 
coordination coefficient is of great significance for restricting the system development and promoting the coordinated development of 
system. However, two systems have the dynamic and unbalanced characteristics and the coordination coefficient can not show the overall 
function or the comprehensive economic benefits of the two systems. Therefore, the synergy degree is introduced as the index to measure 
the synergy development degree of the two systems.  

( ) TCItD ×=                                                                                                 (21) 

( ) ( )tctr ffT ,, ⋅+⋅= βα                                                                                         (22) 

In the above formulas, ( )tD represents the synergy degree, CI refers to the coordination coefficient, T represents the comprehensive 
evaluation function of overall benefits or levels and βα , refer to the weights. 

Assuming that the producer services and the equipment manufacturing industry are of the same importance, that is βα , take 0.5, 
CI and T are taken into the formula ( )tD to obtain: 
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( ) ( ) ( )4
,, tctr fftD ×=                                                                                       (23) 

In the above formula, ( ) 10 ≤≤ tD , when ( ) 1→tD , the synergy degree will be larger. If the synergy development between the producer 
services and the equipment manufacturing industry system or among the internal elements is realized, the system will tend to a new order 
structure; on the contrary, the synergy degree is smaller, extraneous state will exist in the two systems or internal elements and the system 
will be disorderly developed. 
 
4. Empirical analysis 
 
4.1Construction of evaluation index system 
 

In this paper, from the perspectives of scale index, structure index, growth index and efficiency index, the evaluation index system for 
producer services and equipment manufacturing industry has been built. The first-order index of equipment manufacturing industry contains 
the scale X1, the structure X2, the growth X3 and the efficiency X4; the first-order index of producer services includes the scale Y1, the 
structure Y2, the growth Y3 and the efficiency Y4.  

 
Figure 2 Hierarchy framework of evaluation index system 

The second-level index of X1 includes the total output value of equipment manufacturing industry X11, the number of equipment 
manufacturing enterprises X12, the average number of equipment manufacturing industry employment X13 and the total amount of profit 
taxation in equipment manufacturing industry X14; the second-level index of X2 contains the total industrial output value X21, the 
proportion of the total industrial output value of equipment manufacturing industry in the total industrial output value X22, the proportion of 
equipment manufacturing employment in the industrial employment X23, the proportion of equipment manufacturing enterprises in the 
industrial enterprises X24 and the proportion of the profit taxation of equipment manufacturing industry in the industrial profit taxation X25; 
the second-level index of X3 includes the growth rate of the total industrial output value of equipment manufacturing industry X31, the 
increase rate of equipment manufacturing enterprises X32, the increase rate of equipment manufacturing employment X33, the increase rate 
of the profit taxation of equipment manufacturing industry X34 and the growth rate of the fixed asset of equipment manufacturing industry 
X35; the second-levle index of X4 contains the employment contribution rate of equipment manufacturing industry X41, the profit taxation 
of the equipment manufacturing production value X42, the increase rate of the equipment manufacturing asset hedge X43 and the coverage 
rate of the equipment manufacturing assets X44; the second-level index of Y1 includes the increase value of producer services Y11, the 
number of producer services enterprises Y12, the average number of producer services employment Y13 and the total amount of producer 
services taxes Y14; the second-level index of Y2 contains the proportion of the third industrial added value in GDP Y21, the proportion of 
producer services added value in the third industrial added value Y22, the proportion of producer services employment in the third industrial 
employment Y23, the proportion of producer services enterprises in the third industrial enterprises Y24 and the proportion of the total taxes 
of producer services in the total taxes of the third industry Y25; the second-level index of Y3 includes the growth rate of producer services 
added value Y31, the increase rate of producer services enterprises Y32, the growth rate of producer services employment Y33, the increase 
rate of producer services taxes Y34 and the growth rate of the fixed assets of producer services Y35; the second-level index of Y4 contains 
the employment contribution rate of producer services Y41, the labor productivity of producer services 42, the proportion of producer 
services taxes in added value Y43 and the investment effect coefficient of the fixed assets of producer services Y44. The hierarchy 
framework of evaluation index system is shown in Figure 2. 

 
4.2 Empirical results and analysis of the symbiotic coordination degree of producer services and equipment manufacturing industry 
 

According to the method of literature review, it is given that 6.0,4.0 == βα in formula (21) and ( ) ( )tctr ffT ,, 6.04.0 ⋅+⋅= . The 
calculation results of the coordination degree of producer services and equipment manufacturing industry based on entropy weighting 
method in major areas of our country are shown as follows: 

 
Table 1 Optimal solution and mean convergence table 

region f  (r, t) f  (c, t) D ( t ) Coordination 
levels 

Symbiotic levels 
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Guangdong 0.7367 0.5699 0.7931 intermediate 
coordination 

intermediate 
symbiosis Jiangsu 0.7078 0.5427 0.7759 

Shanghai 0.5053 0.5945 0.7445 
Beijing 0.3788 0.6514 0.7284 

Zhejiang 0.5479 0.4968 0.7205 
Shandong 0.5129 0.4969 0.7082 

Fujian 0.3323 0.4071 0.6185 primary 
coordination 

primary 
symbiosis Liaoning 0.4132 0.3555 0.6134 

Hubei 0.3813 0.3512 0.6007 
Hebei 0.3369 0.3720 0.5957 barely 

coordination Henan 0.3850 0.3313 0.5919 
Chongqing 0.3658 0.3119 0.5746 

Anhui 0.3869 0.2916 0.5708 
Sichuan 0.3370 0.3263 0.5704 

Neimenggu 0.2491 0.3914 0.5678 
Guangxi 0.3668 0.3011 0.5669 

Jilin 0.3611 0.2919 0.5623 
Hunan 0.3413 0.2885 0.5521 
Tianjin 0.3251 0.3705 0.5512 
Shaanxi 0.2946 0.2874 0.5371 
shanxi 0.2372 0.3426 0.5362 
Jiangxi 0.3179 0.2630 0.5298 

Heilongjiang 0.2441 0.2840 0.5148 
Yunnan 0.2279 0.2860 0.5097 
Guizhou 0.2371 0.2804 0.5086 
Ningxia 0.2540 0.2624 0.5067 
Xinjiang 0.2685 0.2482 0.5039 
Hainan 0.2139 0.2902 0.5031 
Gansu 0.2484 0.2125 0.4744 on the verge of 

disorder 
no symbiosis 

Qinghai 0.2270 0.1929 0.4507 
Xizang 0.1211 0.1853 0.3824 

nationwide 0.3735 0.3840 0.6154 primary 
coordination 

primary 
symbiosis 

 
The data in above table is the average value of the measurement results of coordination degree in 2011-2015. Based on the data, it is 

found that there exist obvious differences in the symbiosis levels of producer services and equipment manufacturing industry in all 
provinces and municipalities and the development is not balanced. The symbiosis level has shown a gradient decrease from east to west. The 
average value of the coupling coordination degree in eastern regions is 0.70 and it is at the intermediate level of symbiosis. The average 
value in some provinces and municipalities in east regions is more than 0.6 and it is in the evolution stage from primary symbiosis to 
intermediate symbiosis; the average value of coupling coordination degree in central regions is 0.60 and it is at the primary level of 
symbiosis; the average value of coupling coordination degree in western regions is only 0.50 and it is also at the primary level of symbiosis. 
However, there also exists no symbiosis between two industries in some regions. This trend is consistent with China’s regional economic 
development and industrialization process. The economic development level in eastern regions is higher and the development of producer 
services and equipment manufacturing industry is good. The higher the coupling coordination degree is, the higher the symbiosis level of the 
two industries will be. The economic development in central and western regions lags behind the one in eastern regions and the development 
of the two industries also falls behind the one in eastern regions, so the symbiosis level is lower; the main reason lies that the symbiosis 
levels are closely linked with the development of producer services and equipment manufacturing industry. 
 
5. Conclusion 
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Abstract: The steel fiber reinforced concrete is a good composite material and there are numerous factors affecting its mechanical 
properties due to the complex characteristics. In this paper, the ANSYS modeling technology has been employed to simulate the process of 
steel fiber being pulled out from the matrix. All units select the Plane units and Plane is used to build 2D entity structure model that can be 
used in plane units as well as axisymmetric units. At the same time, the interface bonding mechanism of flat fiber has been also analyzed. 
The research shows that the pullout load results of numerical simulation agree well at the maximum load, but the changes of curve before 
complete debonding are almost not found. The displacement after partial debonding and before complete debonding is less than the one in 
experiment. 
 
Keywords: ANSYS Modeling, Numerical Simulation, Steel Fiber, Interface Mechanics 
 
1. Introduction 
 

The ordinary cement concrete is a kind of important engineering structure material, the application of which is very extensive and the 
technology is more mature. With the development of the scientific technology and the social demands, new requirements have been put 
forward for the performance of ordinary concrete. Adding a certain number of short fibers in concrete is a common way to improve the 
performance of concrete [1]. The steel fiber reinforced concrete has been considered as the research object and the test method is usually 
employed to analyze the mechanical behavior of the interface.  

However, more materials will be consumed in experiment and the anisotropic mechanical behavior can not be explored. Therefore, the 
scholars in related fields have paid more attention to the numerical simulation method. MM Islam et al have employed the hypersingular 
integral equation and the complex function to build the analysis model of stress, strain and displacement in fiber, interface and matrix [1]. 
Meanwhile, the Galerkin integram method and the Gauss-Seidel iterative method are used to obtain the equivalent parameters of steel fiber 
reinforced concrete with different volume ratio and interfacial layer thickness under plane strain conditions [2]. D. Mehmet Özcan has taken 
the fiber reinforced concrete composite materials as the research object and analyzed the matrix enhancement, the toughening and the crack 
resistance through the micro-level research on the interface mechanical behaviors. Meanwhile, the stress and the strain rules of interface 
attachment have been also studied, which has provided some valuable experimental data for building the interface mechanical model of fiber 
concrete [3]. OM Ramadan et al (2014) have summarized the testing methods and the evaluation indexes of interface mechanical properties 
and the microstructure at home and abroad through starting from the structure and the characteristics of interface [4]. The commonly-used 
fiber reinforced concrete theory and some finite-element simulation analysis method have been elaborated and the development directions of 
steel fiber concrete have been also concluded. XP Xie et al have established the mesoscopic numerical model that includes the aggegage, the 
mortar and the interfacial transition zone (ITZ) in view of the steel fiber reinforced concrete with different steel fiber submission rate [5]. At 
the same time, through the simulation of split Hopkinson pressure bar (SHPB), the process of the initiation, the expansion and the whole 
connection of microcrack of steel fiber reinforced concrete under different steel fiber volume ratio has been also analyzed.  

Based on the previous research, the finite element (ANSYS) modeling technique has been used to simulate the interface mechanical 
behavior of sheared and flat steel fiber being pulled out from the concrete through the axisymmetric method so as to provide the guidance 
for the interface mechanical analysis of steel fiber reinforced concrete. 
 
2. Mechanical basis of ANSYS analysis 
 

According to the three-dimensional orthogonal decomposition, the displacement of any point in the space deformation body has three 
components in x axis direction, y axis direction and z axis direction. There are nine stress components. Due to the shear stress interaction, 
there are six independent stress components. The strain classification is the same as the stress component. The displacement s , the strainε  
and the stress σ of space problem are summarized as follows: 

Component s : wvu  

Componentε : zxyzxyzzyyxx γγγεεε  

Componentσ : zxyzxyzzyyxx τττσσσ  
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The space schematic diagram of the above three variables [6],shown in Figure 1. 

 
Figure 1 Space component diagram of displacement, strain and stress 
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The above three variables can construct[7] the equilibrium equation(EE), the geometric equations (GE), the constitutive equation (CE) 

and the boundary condition (BC),seen formula(2)-(6). 
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BC (u) is in uS : 
wuvvuu === ;;                                                                                              (5) 

BC (p) is in pS : 
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According to the above analysis, for the any problem of space, there are 15 independent variables and 15 independent equations. In 
addition, there are also two kinds of boundary conditions. 

In the analysis of engineering object by ANSYS modeling [8], the establishment of reasonable model is an important factor that affects 
the simulation quality. And the selection of appropriate unit is the important part of modeling. The engineering system with different 
characteristics can choose different types of units. For the mechanical analysis, it can be basically summed up as the line unit, the surface 
unit, the axisymmetric unit, the body unit, the boundary unit and the mass unit. The line unit includes the rod unit, the cable unit, the beam 
unit and the pipe unit. The surface unit contains the plane stress unit, the plane strain unit and the shell unit for bearing bending. The 
axisymmetric unit includes the triangular and quadrilateral axisymmetri units. The body unit includes the tetrahedral unit, the pentahedron 
unit and the hexahedron unit. 
 
3. Interface mechanical model of steel fiber and matrix 
 

The pulling interface mechanics model is one of the important components in the analysis of the composite reinforcement and 
toughening mechanism [9]. For the axial pulling model, it must be assumed that the interfacial bonding strengthτ  is uniformly distributed: 

ff lr
P
π

τ
2

max=                                                                                                  (7) 

In which maxP is the maximum pulling load, fr is the average radius of the fiber and fl is the embedding length of the fiber. 
The mechanical model of the slant pulling of steel fiber from the concrete matrix is shown in Figure 2. 

 
Figure 2. Mechanical model of slant pulling 

After the matrix being cracked, there are two kinds of effects on the open interface along the cracking center: the corresponding pulling 

load dbP of fiber along the axial pulling and the shear force bP caused by fiber bending and deformation. With the extension of crack, the 

pulling displacement of unilateral fiber is 2
u

=δ
and u is the broadband of crack. The fiber bridge effect is: 

θθ sincos bdbf PPP +=                                                                                           (8) 
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The material properties of the sheared and flat steel fiber in this paper are shown as follows:The elastic modulusEX=2.01×05N/mm; the 
Poisson’s ratio PRXY=0.3; the yield strenghYield Stss=260N/mm. After being strengthened, it can be shown in Figure 3. The sheared and 
flat steel wire is represented by J type. 
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Figure 3. Constitutive relation of steel fiber 

The tensile strength employs the formula (9) in which lf is the axial tensile strength of concrete (N/mm2) and cuf is the cube 
compressive strength of concrete (N/mm2).  

3
2

26.0 cul ff =                                                                                                     (9) 

 
4. Interface analysis of ANSYS steel fiber reinforced concrete based on axial symmetry method 
 
4.1 Unit selection and geometric model 
 

The axisymmetric method is employed to simulate the pulling of sheared and flat steel fiber from the concrete. The units to simulate the 
steel fiber and the concrete have selected the Plane units. Plane is used to build 2D entity structure model. This unit can be not only used for 
plane units, but also used for axisymmetric units.  

The nonlinear spring unit Combin39 is selected to simulate the interface bonding-sliding situation of steel fiber being pulled out from 
the concrete. Combin39 is a single unit with nonlinear function and each unit is composed by two nodes I-J. The number of the freedom 
degrees and the directions of each node can be defined and the maximum number is three. They have the axial or torsional functions. This 
unit can be used for one dimension, two dimension and three dimension. The direction of unit load is the line direction and two nodes are 
allowed to be overlapped. Then, the node can only have the freedom degree in one direction and the freedom degrees of two nodes must be 
consistent to determine the direction of load. The generalized force-deformation curve can be input for units and it is the relation curve 
between the relative displacement and the node force F of two nodes. It is composed by a series of custom points (D, F) and these input 
points are called the real constants of this unit. It is required to employ the nonlinear solving for this unit. The unit shape and the location are 
shown in Figure 4. 

 
Figure 4. Unit shape graph and F-D curve of unit 

The finite element model built by axisymmetric method is shown in Figure 5. The upper boundary line of model is the boundary line of 
the central axis of steel fiber. It is required to add the vertical constraint into the boundary line, add the horizontal constraint into the 
boundary line of the left concrete of model and add the pulling stress (or displacement) into the boundary line of right concrete.  

 
Figure 5. Finite element model 

 
4.2 Bonding stress--- sliding constitutive relation 
 

The real constant of Combin39 that is used to simulate the interface in pulling model is the unit force-displacement table and it should 
be calculated through the bonding- sliding constitutive relationship. According to the shape of pulling load- displacement curve, if there is 
an obvious inflection point before the highest point maxF of curve, the bonding stress-sliding relation should be simplified into four linear 

model. The force at the obvious inflection point before maxF is set as 1F , the force at the obvious inflection point after maxF is set as 2F and the 

terminal point is set as 3F . If there is no obvious inflection point before the highest point maxF of curve, the bonding stress-sliding relation 

should be simplified into three linear model. The force at the obvious inflection point after maxF  is set as 2F  and the terminal force is set as 3F . 
The linear interpolation is employed in the middle part to obtain the bonding stress—sliding curve of the sheared and flat steel fiber being 
pulled out from the concrete which is shown in Figure 6. 
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Figure 6. Simplified bonding model of flat fiber 

Assuming that the shear stress on the interface is uniformly distributed, that is the bonding strength employs the average bonding 
strength; assuming that the shear stress on steel fiber is equivalently distributed. τ and u in model can take the following method for 
approximate calculation[10] and this calculation method is suitable for numerical simulation.  

ffffffff lu
F

lu
F

lu
F

lu
F 3

3
2

2
max

max
1

1 ;;; ==== ττττ                                                                 (10) 

fu is the average circumference of steel fiber section (mm); fl is the embedded length of steel fiber (mm); 32max1 ,,, FFFF  (N) are all 
corresponding to the pullout load of steel fiber. If there are many steel fibers, the average value should be taken. 

After the trial calculation, the appropriate u−τ value has been obtained as shown in Table 1. 
 

Type 
Paramet

ers 

u 1 τ 1 u Fmax τ Fmax u 1 τ 2 u 3 τ 3 

J-1 0.000809 2.566 1.250 2.730 3.000 0.701 5.700 0.371 
J-2 0.000842 2.830 0.900 3.230 2.180 1.575 6.000 0.437 

Table 1 Lists of appropriate τ – u values 
 

In this paper, a real constant has been set for the spring in pullout direction and the bonding shear stress in pullout stage after complete 
debonding has employed the average bonding shear stress. This setting results will cause that the shear stress is uniformly distributed along 
the direction of fiber length when entering the dynamic pullout stage, which is different from the actual situation. However, the pullout force 
and the pullout displacement can not be affected. 

 
4.3 Numerical simulation results and analysis 

 
J-type steel fiber is pulled out from matrix 1and 2. As the four steel fibers are simultaneously pulled out in experiment, the comparison 

of the pullout load-displacement curve and the numerical simulation results of each steel fiber is shown in Figure 7. 

 
Figure 7. Comparison of numerical simulation and experimental pullout results 

In Figure 7, it is found that the pullout load results of numerical simulation are in good agreement with the maximum load and the 
changes of the curve before the complete debonding are almost not found. The displacement after the partial debonding and before the 
complete debonding is less than the one in experiment. J-1 and J-2 are in the minimum displacement stage. The load-displacement curve of 
steel fiber being pulled out from the concrete matrix before the complete debonding is divided into two stages, namely the complete elastic 
stage and the partial debonding stage. In the complete elastic stage, the load and the displacement almost show the linear growth. When the 
concrete matrix with different strength reaches the partial debonding stage, the difference of required load is not great and it is also not 
obvious in figure. However, according to the simulation results, it is found that the pullout load from matrix 2 is 1.0784N greater than the 
one from matrix 1; the complete debonding load of them is greatly different with the difference of 20N. Meanwhile, the pullout 
displacement of debonding load will be increased with the increase of debonding load.  

The deformation of J-type fiber being pulled out from the concrete matrix 1 and 2 in axial direction is shown in Figure 8. 

 
Figure 8 Deformation diagram of pullout displacement with 8mm (J-1; J-2) 

In Figure 8, the displacement load is employed and the deformation situation of J-type steel fiber being pulled out from the matrix is 
the same. The steel fiber debonds from the direct crack between the two concretes in middle part and the pullout distances of the steel fiber 
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embedded in load and the steel fiber fixed in the terminal part are almost equal; meanwhile, the changes of the positive stress and the shear 
stress of the embedded parts are basically the same, but the numerical value is different. 
 
5. Conclusion 
 

In this paper, the ANSYS modeling technology is employed to conduct the mechanical analysis for steel fiber concrete interface. The 
simulation method is the axisymmetric method that simulates the interface characteristics of the sheared and flat steel fiber being pulling out 
from the concrete. At the same time, the simulation results are compared with the experimental results and it is obtained that the numerical 
simulation is in good agreement with the experimental results. Therefore, the ANSYS modeling technology is a suitable method for the 
analysis of steel fiber concrete interface. 
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Abstract: The identification of performance-optimizing parameter settings promotes the development and application of the algorithm, 
which is one of the important research directions in the area of computer science. This paper is based on the novel and famous ParamILS 
framework. First it connected the ParamILS framework with three familiar constraint solvers, configured the solvers’ parameters by the 
framework. Then it carried out some experiments by solving some benchmark instances, and obtained some valuable results. Finally it 
analyzed the experimental results and compared the performances in the two situations. The experimental results show that the presented 
work will be useful for the constraint solvers’ optimization. 
 
Keywords: ParamILS, Constraint Solvers, Parameter Configuration, Constraint Satisfaction Problem 
 
1. Introduction 
 

Many high-performance algorithms have parameters whose settings control important aspects of their behavior, especially for the 
heuristic procedures to resolve computationally hard problems. There are many acknowledgements in the literature that finding 
performance-optimizing parameter configurations of heuristic algorithms often requires considerable effort. In most cases, this tedious task 
is performed manually through a specific and time-consuming way. Setting the parameters of a heuristic algorithm is a highly labour-
intensive task, and indeed can consume a large fraction of overall development. Compared to manual configuration, automatic algorithm 
configuration can significantly save time, achieve more desirable results, and optimize. Automatic algorithm configuration can be done from 
the performance optimization of the instance itself. 

A central question in comparing heuristic algorithms is whether one algorithm outperforms another because it is fundamentally superior, 
or because its developers more successfully optimized its parameters (Johnson, 2002). Automatic algorithm configuration methods can 
mitigate this problem of unfair comparisons and thus facilitate more meaningful comparative studies. 

We present clear evidence that ParamILS can find substantially improved parameter configurations of complex and highly optimized 
algorithms. We apply our automatic algorithm configuration procedures to our chosen Solvers (Cplex, Mistral, Choco), use the configured 
Solvers to resolve practical problems and compare their performance. 
 
2. ParamILS 
 

ParamILS is a tool for parameter optimization. It works for any parameterized algorithm whose parameters can be discretized. 
ParamILS searches through the space of possible parameter configurations, evaluating configurations by running the algorithm to be 
optimized on a set of benchmark instances. 

Users provide: 
(1) A parametric algorithm a (executable to be called from the command line); 
(2) All parameters and their possible values (parameters need to be configurable from the command line), and 
(3) A set of benchmark problems, S. 

 
Figure 1: Configuration procedure based ParamILS 

ParamILS executes algorithm A with different combinations of parameters on instances sampled from S, searching for the 
configuration that yields overall best performance across the benchmark problems. Automatic Algorithm Configuration is based on Local 
Search. We determine two dimensions using the same base set of instances and a fixed deadline for the evaluation criteria that are 
configured for each parameter. Therefore, the algorithm stochastic optimization problem can be simplified to a simple optimization problem, 
that is, found the lowest average in a given baseline group operating parameter configuration. 

ParamILS is an ILS approach, which is to search parameters in configuration space. It uses default value and initial of random set of 
combination, a improved Diego first generation as subsidiary local search process, is used on disturbance of a fixed of random mobile 
number, and always accept better parameter configurations. It is based on exchanging near one parameter value setting, that is only change a 
parameter once a time. 

On the basis of ParamILS, we present a general configuration algorithm on the constraint solver as followed. 
 

Algorithm Framework : Cons Param Configure (S, Po, Pf): 
S, the specific constraint solver, Po the initial parameters configuration of S, Pf, , the 

configured parameters of S  
Input : Initial configuration parameters Po 
Output : Best parameter configuration found Pf. 

1. Initialization the S and  
2. Select the instances set I 
3. while Po is not empty do  
4. Select pi in Po 
5. while not Ter Criterion() do // Ter Criterion could be defined by users 
6. solver(S, pi)   
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7. p ←pi;  
8. for i = 1, . . . ,s do  p ← random p in Nbh(pi); // Nbh, neighborhood of pi  
9. solver(S, p) 
10. if better(p, pi) then pi ←p;   
11. Endfor 
12. Endwhile 
13. Add pi to Pf 
14. Endwhile 

 
 
3. Constraint solvers 
 

Constraint satisfaction problems (CSPs) are mathematical problems defined as a set of objects whose state must satisfy a number of 
constraints or limitations. CSPs represent the entities in a problem as a homogeneous collection of finite constraints over variables,which is 
solved by constraint satisfaction methods. CSPs are the subject of intense research in both artificial intelligence and operations research, 
since the regularity in their formulation provides a common basis to analyze and solve problems of many seemingly unrelated families. 
CSPs often exhibit high complexity, requiring a combination of heuristics and combinatorial search methods to be solved in a reasonable 
time. Nowadays, there are many efficient constraint solvers. The most used techniques are variants of backtracking and constraint 
propagation.  

Backtracking is a recursive algorithm. It maintains a partial assignment of the variables. Initially, all variables are unassigned. At each 
step, a variable is chosen, and all possible values are assigned to it in turn. For each value, the consistency of the partial assignment with the 
constraints is checked; in case of consistency, a recursive call is performed. When all values have been tried, the algorithm backtracks. In 
this basic backtracking algorithm, consistency is defined as the satisfaction of all constraints whose variables are all assigned. Several 
variants of backtracking exist, such as Backmarking, Backjumping, and etc. Constraint propagation techniques are methods used to modify a 
constraint satisfaction problem. More precisely, they are methods that enforce a form of local consistency, which are conditions related to 
the consistency of a group of variables and/or constraints. Constraint propagation has various uses. The most known and used form of local 
consistency are arc consistency, hyper-arc consistency, and path consistency. The most popular constraint propagation method is the AC-3 
algorithm, which enforces arc consistency. Moreover, the values and variables ordering heuristics are also the factors impact the efficiency 
of the solvers. They are all took as the parameters of the solver. 

Choco is a Java class library for constraint solving, while allowing the Solver and other (non-CP-based Solver) interact. It can help us 
establish clear separation modeling and solving process. The first part of the solver is devoted to modeling which is involved in the 
management of variable and constraint relationships between variables, and provides API which makes Choco more user-friendly for users. 
The second part focuses on problem solving, whose solution includes memory management and tree search. In the modeling process, Choco 
manages the integer variable, integer collection, a collection of real variables, and operators (such as addition, subtraction, multiplication, 
and so on) linked expression variables. 

Mistral is written about solution of constraint satisfaction and optimization problems in GNU C++ environment. Mistral Solver 
structure can be divided into three layers: the presentation layer, decision-making and communication layer. Mistral provides complete 
modeling languages as the most mature constraint Solver model solution. Meanwhile, Mistral achieves constraints and the most common 
and effective methods of dissemination. It is a C++ library that can be used as a modeling tool (such as: Mini Zinc) is used by the back-end 
solution. 

Cplex is a GAMS (The General Algebraic Modeling System) solution, which enables the users to GAMS (General algebraic modeling 
system) advanced modeling capabilities and combines the advantages of Cplex optimization. Cplex optimization is designed for rapid, 
minimal user intervention which is designed to resolve large, complex problems. Solving linear, quadratic constraints and mixed integer 
programming problem is now available from access (for the appropriate license) on Cplex. It can automatically calculate the optimal values 
for specific issues and set most options. 

 
4. Experiments and analysis 
 
4.1 Solvers linked with ParamILS 
 

The parameters of algorithm need to be defined in a file e. g. called params.txt. This file consists of three parts: basic parameters, 
specification of conditional parameters and forbidden parameter combinations, where each of the the latter two can be empty. (Examples for 
such files can be found in the example directories.) The file matches the input and output format of the solver and ParamILS, otherwise the 
solver cannot be connected with the framework. The algorithm executable must comply with the right special input/output criteria. The most 
important output file is the log file, which has -log and some other information about the run’s parameters in its file name. A lot of 
information is written to the log file to enable reconstruction of the entire trajectory a ParamILS run has taken; the most important 
information for users is contained in lines.  

We can see their relations more clearly in Figure 2. 

 
Figure 2: procedure to link 

4.2 Testing ParamILS with saps and spear 
 

Firstly, we use Saps as the example solver(choose SWGCP as the satisfiable instances). ParamILS modifies the Solver’s parameters 
configuration again and again to ensure that the solver solves instances faster and faster with better performance. The result is listed as 
follows: 

Table 1. Saps before configure 
No Instance Best Sol'n Found Step of Best Total CPU Time 

Elapsed 
Flips Per Second 

1 SWlin2006.2705.cnf 3 15467 0.08 1250000 
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2 SWlin2006.4072.cnf 13 78272 0.08 1250000 
3 SWlin2006.4166.cnf 16 75753 0.1 1000000 
4 SWlin2006.4435.cnf 5 8310 0.06 1666667 
5 SWlin2006.8287.cnf 3 33240 0.08 1250000 
6 SWlin2006.10286.cnf 2 20210 0.08 1250000 
7 SWlin2006.11218.cnf 4 33322 0.11 909091 
8 SWlin2006.12713.cnf 3 31105 0.09 1111111 
9 SWlin2006.18830.cnf 7 18963 0.1 1000000 
 SUM 61 325784 0.86 11936869 
 AVE 6.1 32578.4 0.086 1193686.9 

 
Table 2. Saps after configured 

No
. 

Instance Best Sol'n Found Step of Best TotalCPUTimeElapsed FlipsPerSecond 

1 SWlin2006.2705.cnf 0 79225 0.23 344457 
2 SWlin2006.4072.cnf 1 29496 0.43 232558 
3 SWlin2006.4166.cnf 0 38393 0.1 383930 
4 SWlin2006.4435.cnf 0 12269 0.03 408967 
5 SWlin2006.8287.cnf 0 21982 0.06 366367 
6 SWlin2006.10286.cnf 1 9032 0.23 434783 
7 SWlin2006.11218.cnf 0 97193 0.27 359974 
8 SWlin2006.12713.cnf 1 28709 0.26 384615 
9 SWlin2006.18830.cnf 1 17459 0.42 238095 
 SUM 4 342447 2.03 3153746 
 AVE 0.4 34244.7 0.203 350416.2222 

 
Table 3. Results comparison based on Saps 

No Instance Best Sol'n Found Step of Best TotalCPUTimeElapsed FlipsPerSecond 
1 SWlin2006.2705.cnf -3 63758 0.15 -905543 
2 SWlin2006.4072.cnf -12 -48776 0.35 -1017442 
3 SWlin2006.4166.cnf -16 -37360 0 -616070 
4 SWlin2006.4435.cnf -5 3959 -0.03 -1257700 
5 SWlin2006.8287.cnf -3 -11258 -0.02 -883633 
6 SWlin2006.10286.cnf -1 -11178 0.15 -815217 
7 SWlin2006.11218.cnf -4 63871 0.16 -549117 
8 SWlin2006.12713.cnf -2 -2396 0.17 -726496 
9 SWlin2006.18830.cnf -6 -1504 0.32 -761905 
  -57 16663 1.17  
  -5.7 1666.3 0.117  

 
Compared with the result without ParamILS’s interference (Table 1), we can see that running time is shortened and the performance is 

improved clearly.  
The similar experiment carried on the solver Spear, the compared result is listed as followed. 

Table 4. Results compared with that on ParamILS 
No. Instance Runtime(s) Runtime after Configuring(s) Time difference 

1 SWlin2006.2705.cnf 0.01 0.18 -0.17 

2 SWlin2006.4072.cnf 0.11 0.08 0.03 

3 SWlin2006.4166.cnf 1.78 1.57 0.21 

4 SWlin2006.4435.cnf 0.06 0.06 0 

5 SWlin2006.8287.cnf 0.02 0.04 -0.02 

6 SWlin2006.10286.cnf 0.04 0.04 0 

7 SWlin2006.11218.cnf 0.04 0.03 0.01 

8 SWlin2006.12713.cnf 0.02 0 0.02 

9 SWlin2006.18830.cnf 0.07 0.17 -0.1 

 SUM 2.19 2.25 -0.06 

 AVE 0.219 0.225 -0.006 

 
4.2 Automatic constraint solver’s configuration 
 

With the framework, we got the better parameter configuration of Cplex: 
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Figure 3.Final best parameter configuration of Cplex 

Data which is about Cplex(on default configuration parameters) run the chosen instances(Table 5) has worse performance on total time 
and deterministic time than those with configured configuration parameters(Table 6), which is compared in Figure 4.  

 
Table 5. Results of Cplex before configure 

Instance 
CATS-d_regions-

goods100-bids500_* 

Total 
time(root+bran

ch&cut) 

Soluti
on 

pool 

Objective Sol
utio

n 
time 

Deterministic 
time 

Deterministi
c time 

0000.lp 2.65 9 8.0940193E+03 2.78 2.7755996743 443.18 
0001.lp 1.19 6 6.6501060E+03 1.20 1.1959087928 474.13 
0002.lp 1.20 10 7.1751550E+03 1.20 1.1981993611 371.31 
0003.lp 1.99 8 6.0981853E+03 1.99 1.9906178923 840.2 
0004.lp 2.09 9 6.6814905E+03 2.09 2.0883597884 670.99 
0005.lp 1.20 5 6.8191394E+03 1.20 1.1982721040 302.36 
0006.lp 1.66 6 6.3736396E+03 1.66 1.6598838185 494.33 
0007.lp 0.98 5 6.7450071E+03 0.98 0.9786133416 253.5 
0008.lp 1.18 6 5.8764850E+03 1.18 1.1785124438 413.87 
0009.lp 1.45 13 6.3934665E+03 1.45 1.4523371929 474.13 
0010.lp 0.73 7 6.7165158E+03 0.73 0.7329085915 192.11 
0011.lp 1.46 5 6.5565519E+03 1.46 1.4584388761 374.25 
0012.lp 1.43 7 7.0717350E+03 1.43 1.4329194480 414.3 
0013.lp 1.24 6 6.8059605E+03 1.24 1.2430487896 331.72 
0014.lp 1.21 8 6.5443933E+03 1.21 1.2136680434 376.14 
0015.lp 0.58 4 6.5700571E+03 0.58 0.5847298920 121.77 

 
Table 6. Results of Cplex after configured 

Instance 
CATS-d_regions-

goods100-
bids500_* 

Total 
time(root+bran

ch&cut) 

Soluti
on 

pool 

Objective Sol
utio

n 
time 

Deterministic 
time 

Deterministi
c time 

0000.lp 0.58 8 8.0940193E+03 0.67 0.6742148151 164.65 

0001.lp 1.12 7 6.6501060E+03 1.12 1.1186502271 430.96 

0002.lp 1.38 15 7.1751550E+03 1.38 1.3793971224 504.28 

0003.lp 2.02 5 6.0981853E+03 2.02 2.0188633161 1074.54 

0004.lp 1.00 9 6.6814905E+03 1.00 1.0032399202 362.29 

0005.lp 0.49 7 6.8191394E+03 0.49 0.4918300048 132.74 

0006.lp 0.73 6 6.3736396E+03 0.73 0.7285306882 293.78 

0007.lp 0.53 8 6.7450071E+03 0.53 0.5371905884 175.57 

0008.lp 1.09 7 5.8764850E+03 1.09 1.0943171745 469.09 

0009.lp 1.72 8 6.3934665E+03 1.72 1.7228803216 479.96 

0010.lp 0.38 6 6.7165158E+03 0.38 0.3803892355 122.55 

0011.lp 0.57 5 6.5565519E+03 0.57 0.5738699008 197.79 

0012.lp 0.63 10 7.0717350E+03 0.63 0.6348283776 254.49 

0013.lp 0.62 6 6.8059605E+03 0.62 0.6181570232 190.38 

0014.lp 0.78 7 6.5443933E+03 0.78 0.7762065202 327.14 

0015.lp 0.39 6 6.5700571E+03 0.39 0.3855469657 116.2 
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Figure 4. Experimental results comparison of Cplex 

 
When Mistral is connected with ParamILS, we tested some instances, compare their running time on default configuration parameters 

and on configured configuration parameters and got the following results: 
 

 
Figure 5. Experimental results comparison on Mistral 

 
The best parameter configuration of Mistral on bmc instances is listed as followed： 

 
Figure 6.The best parameter configuration of Mistral on bmc instances 

 
After Choco is connected to ParamILS framework, the compared result about the running time is listed as followed: 
 

Table 7.Experimental results of Choco 
No. Instance Solutions Resolution time(s) 

1 all_interval0.fzn 463 33.562 

2 all_interval1.fzn 1328 35.808 

3 all_interval2.fzn 664 33.309 

4 all_interval3.fzn 109424 271.253 

5 all_interval4.fzn 1328 37.206 

6 all_interval5.fzn 664 21.435 

7 crossfigure.fzn 1 0.519 

8 fractions.fzn 1 0.683 

9 K4xP2Graceful.fzn 1440 30.828 

10 killer_sudoko.fzn 1 0.138 
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11 killer_sudoko2.fzn 1 0.154 

12 langford2.fzn 1 0.074 

13 magic.fzn 8 1.137 

14 magic_hexagon.fzn 1 0.609 

15 magic_sequence.fzn 1 1.151 

16 magic_sequence2.fzn 1 0.224 

17 magic_sequence3.fzn 1 0.094 

18 magic_sequence4.fzn 1 2.839 

19 magic_square.fzn 8 0.334 

20 navie.fzn 4 0.150 

21 queens3.fzn 92 0.614 

22 queens5.fzn 92 0.556 

23 schur_5-3.fzn 162 1.006 

24 schur_7-3.fzn 816 20.318 

25 sonet_problem.fzn 1 0.365 

26 template_design_catfood_2.fzn 1 0.737 

27 template_design_catfood_3.fzn 9 4.873 

 
The experimental results show that the solvers’ parameters that are configured by the ParamILS framework make solvers solve 

instances with better performance, such as shortening the running time and reducing the number of failure. Today is the age of big data, 
when amount of computation is very common. If you can do things faster and better than others, you can seize the chances more than those 
are slower than you. Optimization is of great significance to the development of the computer industry. 
 
4. Conclusion 
 

In this work, we studied the problem of automatically configuring parameters of complex, heuristic algorithms in order to optimize 
performance on a given set of benchmark instances.  

Compared to these algorithm, ParamILS almost always found much better performance, which were previously unseen on tested 
instances. What the default parameter configuration for the solvers is worthy of special mention is the improvement, although we do not 
advocate a uniform than its default, solvers found a new parameter configuration. Conversely, given a bit of uniform set of instances, we 
found that the new configuration for some specific instances is usually better than the default set. However, when you configure the same set 
of instances, the best configuration ParamILS framework may appear different, which is because of the perturbation functions and 
limitations the framework. Overall, the ParamIlS framework’s parameters configuration has good and clear effects on optimizing the 
performance of the algorithm. 

We firmly believe that automated algorithm configuration methods such as ParamILS will play an increasingly prominent role in the 
development of high-performance algorithms and their applications. The study of such methods is a rich and fruitful research area with 
many interesting questions remaining to be explored 
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Abstract: This paper builds an external cavity length tuning system of ECDL laser based on the double light path atom saturated absorption 
spectrum method with a 4He cell whose gas purity is over 99.995%. A double path photoelectric detector is designed to get the absorption 
peak signal by the differential technology. Because of signal’s Lorentz linear features, a detection method combined with first and second 
derivative of signal curve is proposed. A modulation signal is used whose form is dc component with sinusoidal component. It could attain 
the goal of the experiment by the external cavity length tuning control unit includes photoelectric detector which can get the value of voltage 
amplitude, frequency and phase. With the system, ECDL laser give a stable output wavelength around 1083.207nm. 
 
Keywords: ECDL laser, external cavity length tuning, Saturated absorption spectrum, 4He pump magnetometer, Detection method. 
 
1. Introduction 
 

Nowadays, optically pumped magnetometer is one of the most widely used and high precision instruments in the field of magnetic 
measurement 1-4. Particularly, three satellites of SWRAM space exploration program launched by ESA (European space agency) carried a 
helium optically pumped magnetometer with a sensitivity of 1pT/Hz1/2 shows us the broad space for development of 4He pump 
magnetometer 5. Meanwhile, with the progress of optical theory and laser technology, magnetometer has a direction to all optical mode, 
detection principle including magneto optical effect and optical resonance effect. The laser light 4He pump magnetometer is an optical 
resonance effect magnetometer. One of the important conditions to ensure the sensitivity of magnetometer is the stabilized wavelength of 
pump optical 6. 

Design of optical components in the external cavity length tuning system includes the laser light source and optical path of saturated 
absorption spectrum. 4He pump magnetometer needs a laser light wavelength around 1083.207nm 7, as we know, 4He atomic energy level 
transition obtains energy by the absorption of light in the certain wavelengths. One of the 4He absorption lines needs a 1083.207nm light, so 
the saturated absorption spectrum device is based on a 4He cell whose gas purity is over 99.995%. The voltage tuning components use a 
single chip processor as the controller, phase-sensitive detector and controllable integrator as auxiliary to stabilize wavelength which is 
affected by the measurement of voltage amplitude, frequency and phase of the photoelectric signal. 
 
2. Experimental principle 
 

For laser diode, there are lots of external conditions to control the output signal power and wavelength. Three factors including 
temperature, current and the resonance cavity length playing the leading role 8. Due to the short length of laser diode internal cavity, it is 
unable to achieve a larger power single mode signal emission. ECDL laser, is also known as the external cavity semiconductor lasers. We 
used a grating to connect in the PZT (piezoelectric ceramic) outside of the ZOM (laser diode emission head). There is a small piece of space 
between PZT and ZOM, called external cavity. The external cavity can cover the shortage of short internal cavity. In this model, assuming 
constant temperature and current, we can change the withstand voltage of PZT to put up a weak deformation to fine tune the length of 
external cavity, further, to tune the wavelength in the precise control. 

The basic principles of specific tuning operation is shown as follows: the voltage tuning components provide a periodic scanning signal 
that is a triangle wave, whose voltage ranges from 0V to 100V. Under the control of scanning signal, PZT has a periodic deformation with 
time. Also the incremental length of the external cavity has a periodic change with time, ranging from 0μm to 4μm. Length of external 
cavity determines the wavelength of light ranging from around 1083.1nm to around 1083.3nm. As mentioned above, 4He atomic energy 
level transition between the meta-state and excited-state obtains energy through the absorption of light in the certain wavelengths 11. Figure1 
is the 4He atomic energy level transition diagram. Because of optical pumping  

 
Figure1: 4He atomic energy level transition diagram. 

11S0 is ground-state, 23S1 is meta-state, 23P0, 23P1, 23P2 are excited-state, meta-state and excited-state can be divided into Zeeman 
sublevel 

action, there are three transition during wavelength ranging from around 1083.1nm to around 1083.3nm, which are 23S1-23P0,23S1-
23P1 and 23S1-23P2, forming the transition line D0, D1 and D2, respectively 12. So, we can observe three absorbed peak in the signal. 
Figure2 showed that part of the light and electrical signal curve changes with time during the voltage scanning process. 
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Figure 2. Light and electrical signal curve changing with time during the triangle wave voltage scanning process 

 
3. Experimental system 
 

We set up an external cavity length tuning experiment system which include optical components and voltage tuning components 
showed in figure3. Output laser light vertically enter into the 入/2 mirror through the direction adjust by the reflector mirror. 入/2 mirror can 
transform the laser light into the synthesis of vertical and horizontal polarization light 13. 入/2 mirror can be rotated, in order to control the 
strength of the two kinds of polarized light. Later, PBS (Polarizing beam splitter) divides two kinds of polarized light. Vertical polarization 
light used by the 4He pump magnetometer goes through the PBS, which has 90% energy of laser light is showed in figure3 with a blue arrow 
line. Horizontal polarization light (used by the saturated absorption spectrum method) has a direction change of 90o which has 10% energy 
of laser light and is showed in figure3 with a green arrow line. 

 
Figure 3. External cavity length tuning experiment device structure diagram 

  
(a)                                   (b) 

  
(c)                                   (d) 

Figure 4. Absorption signal get by photoelectric detector. Blue curve is the signal. 
(a) Saturated absorption spectrum signal of single light 
(b) Saturated absorption spectrum signal of bidirectional light 
(c) Local amplification of (b) 
(d) Difference output of photoelectric detector 
Optical path of saturated absorption spectrum method is showed in the dotted box of figure3. Horizontal polarization light is divided 

into one transmitted light (red arrow line) and two reflected lights (two green arrow lines) by thick flat mirror. The change is showed in the 
red dotted box of figure3. Since the optical pumping action mentioned above, two reflected lights would cause the phenomenon of 
absorption spectrum in the 4He cell. One transmitted light would enter the 4He cell with the effect of reflector mirror and could also cause 
the phenomenon of absorption spectrum, since it accesses in an opposite direction and registration with one reflected light. We can get an 
opposite absorption signal registration with the normal absorption signal by the photoelectric detector. Absorption signal obtained by the 
photoelectric detector is showed in figure 4. 
 
4. External cavity length tuning method 
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The signal to the voltage tuning components is showed as the blue curve in figure 4(d). We hope to lock the minimum point of curve. A 

voltage tuning method is designed: Drawing the blue curve of figure 4(d) in figure 5, horizontal axis VA is the voltage value of PZT, vertical 
axis V is the voltage value of photo-electric detector. We set the tuning voltage signal as a dc component with sinusoidal component, 
VA=VX+VY*sin (2π ft). Combining with figure5, assuming that the voltage value of minimum point is V0, when the tuning voltage VA<V0, 
the photoelectric detector signal has 180o phase difference to VA. Phase sensitive detector gives a dc load voltage output to control the 
integrator improve tuning voltage, showed as curve (1) in figure5. When tuning voltage VA>V0, the photoelectric detector signal has 
0o phase difference to VA. Phase sensitive detector gives a dc positive voltage output to control the integrator reduce tuning voltage, showed 
as curve (2) in figure5. When tuning voltage VA≈V0, the frequency of photoelectric detector signal is twice as large as tuning voltage signal, 
showed as curve (3) in figure5. So we can lock the area around the minimum point.  
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Figure 5. Principle diagram of voltage tuning method. 

Curve of differential signal obtained by photoelectric detector is Lorentz linear 14. Now, we could have description for locking the 
minimum point of a Lorentz linear signal with a tuning voltage to our job. First, calculate the first and second derivative of Lorentz linear, 
curve of Lorentz linear and its first and second derivative (showed in figure6). We found that when the Lorentz linear has the minimum 
point, its first derivative has a zero point, at the same time, its second derivative has the maximum points. After locking the area around 
minimum point of differential signal, we do precise locking in this way. 

 
Figure 6. curve of Lorentz linear and its first and second derivative. 

Blue curve is Lorentz linear, red curve is first derivative, yellow curve is second derivative 
 
5. Conclusion 
 

The external cavity length tuning experiment system of ECDL laser get a differential signal of saturated absorption spectrum in high 
quality. Optical path of the system includes reflector mirror, mirror, transmission and reflection mirror, 4He cell and so on. With the 
measurement of voltage amplitude, frequency and phase of differential signal, the external cavity length tuning system achieve the target of 
experiment, it provides a stable output laser light whose wavelength around 1083.207nm with an accurate to 10-5 nm in order to meet the 
needs of laser light 4He pump magnetometer. 
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Abstract: collaborative innovation has a significant impact on the efficiency of manufacturing services and manufacturing innovation. In 
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dynamic differential equation of both sides of the game. 
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1. Introduction 
 

The collaborative development of manufacturing services industry and manufacturing industry is a practical problem in economic 
development. As China's demographic dividend disappears and factor costs increase, China's economy is faced with the reduction in the 
growth platform, re-balance of the structure and transformation of growth impetus. As a pillar industry of economic growth, the 
manufacturing industry has not got rid of the issues of low technological content, low added-value products, the low-end quality, so the 
innovation of manufacturing industry is imminent. The disparity of innovative resources, poor coordination and other issues in the new 
situation are particularly prominent, which have become the key obstacles in the implementation of innovation-driven countries, they are 
also the "Darwin gap"to be crossed in the economic transformation and upgrading. The important way to solve this problem is to break the 
industrial boundaries of the original manufacturing and producer services industries, and make use of the role of "incubator" and "propeller" 
of manufacturing services to promote innovation efficiency and transformation and upgrading in manufacturing industry through industrial 
synergy innovation. 

The interaction relationship between manufacturing services industry and manufacturing industry has been the hot spot of western 
scholars (Drechsler W, Natter M., 2012) [1]. With the improvement of economic development, the relationship between manufacturing 
services and manufacturing has been advanced to a higher level (Gu Naihua, 2010) [2], manufacturing upgrading increases the demand for 
external manufacturing services, both of which can achieve bidirectional embedding (Gulati R, Sytch M, 2007) [3], resulting in a cumulative 
causal cycle leading to co-evolutionary co-evolution (Liu Mingyu,2010)[4]. Nowadays, as the evolution research on the single-level 
enterprise has reached the limit, co-evolutionary thinking has gradually become the new focus of evolutionary research. More and more 
scholars have begun to explore the theoretical application system of co-evolution theory in the field of economic management, and gradually 
applied it to different enterprises, industries and national levels. Industrial collaborative innovation is a process, and the process is nonlinear 
and dynamically evolved, and it contains multi-element, cross-level dynamic process (Jiang Manqi, 2014) [5]. But the research field mainly 
concentrates on the level and the dynamic mechanism of co-evolution. There is little research on the dynamic evolution of collaborative 
innovation among industries. In this paper, a collaborative innovation model of manufacturing services and manufacturing is constructed 
based on two-dimensional asymmetric evolutionary game from the perspective of synergy. The stable evolution strategy of the model is to 
be found through the solutions to the replicator dynamic differential equation of both sides of the game. The evolutionary stable strategy of 
the model is found by solving the replicator's dynamic differential equation. 
 
2. Establishment of the game model of evolutionary collaborative innovation in manufacturing service industry and manufacturing 
industry 
 

In the evolutionary process of collaborative innovation in manufacturing service industry and manufacturing industry, in order to 
achieve the same interest demands, therefore, the two parties of the game will not just pursue their own maximal interests, on the contrary, 
they will choose the specific strategies according to the expectation of income in the game process (Maarten Cuigpersa Et.al, 2011)[6]. They 
will continue to learn and always replace the strategies, the low-income strategy will not replace the high-income strategy in the course of 
the game. Therefore, the multi-round game will be played until the game system is finally stabilized. In this paper, a two-dimensional 
asymmetric game model is chosen as the basic model for modeling and analysis. 

 
2.1 Basic Assumptions 
 

1H : Both sides of the game are the manufacturing services industry and manufacturing industry respectively. In the collaborative 
innovation process, the two sides need to play multiple games based on bounded rationality. 

2H : When neither sides choose the collaborative innovation strategy, the normal income can be obtained. Wherein, 1X  is the net 
income obtained by Enterprises i  in the manufacturing industry which did not take the collaborative innovation strategy; 2X  is the net 
income obtained by Enterprises j  in the manufacturing services industry which did not take the collaborative innovation strategy. 

3H : When both sides choose the cooperative innovation strategy, they can get the benefit of collaborative innovation. Wherein, 3X  is 

the net income obtained by Enterprises i  in the manufacturing industry which took the collaborative innovation strategy; 4X  is the net 
income obtained by Enterprises j  in the manufacturing services industry which took the collaborative innovation strategy, assuming 

2413 , XXXX XX . 
4H : Assuming the Government provide the manufacturing services industry and manufacturing industry which conduct co-innovation 

with financial support, and the total government funds is G . The two parties of the game distribute the above funds reasonably according to 

the agreement. Wherein, 1g  is the government funds assigned to Enterprise i  in the manufacturing industry; 2g  is the government funds 

assigned to Enterprise j  in the manufacturing services industry. 5H : assuming financial institutions raise funds for the manufacturing 
services industry and manufacturing industry which have collaborative innovation projects, the total input financial funds is F . The two 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                    232.2 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/232 

 

parties of the game distribute the above funds reasonably according to the agreement. Wherein, 1f  is the financial funds assigned to 

Enterprise i  in the manufacturing industry; 2f  is the financial funds assigned to Enterprise j  in the manufacturing industry. 
6H : In the collaborative innovation process, any party can obtain additional benefits because of the knowledge spillover of the other 

party after it withdraws from the system. wherein, 1e is the additional benefits of Enterprise i in the manufacturing industry because of the 

knowledge spillover of the other party after it withdraws from the co-innovation system; 2e is the additional benefits of Enterprise j in the 
manufacturing services industry because of the knowledge spillover of the other party after it withdraws from the co-innovation system;  

7H : Is fine P paid by any party when it withdraws from the co-innovation system. 
8H : Is the loss brought by any party withdrawing from the system. Wherein, 1l  is the losses suffered by Enterprise i  in the 

manufacturing due to the withdrawal of the member of the other party; 2l  is the losses suffered by Enterprise j  in the manufacturing 
services industry due to the withdrawal of the member of the other party.  

9H : For both sides of the game, the strategy selection space is (collaborative, non-collaborative). At the same time, it is assumed that in 
the initial stage of the evolutionary game, the proportion of enterprises in the manufacturing industry choosing collaboration is p , the 
proportion of enterprises in the manufacturing industry choosing non-collaboration is  p−1 ; the proportion of enterprises in the 
manufacturing services industry choosing collaboration is q , the proportion of enterprises in the manufacturing services industry choosing 
non-collaboration is q . At the same time, it is assumed that all individuals in the same group have the same payoff. 

 
2.2 Payoff matrix and dynamic equation of replicator  
 

Under the above assumptions, the payment matrix of the co-innovation evolutionary game in manufacturing services industry and 
manufacturing is shown in Table 1: 

 
Table 1 the payment matrix of the co-innovation evolutionary game in manufacturing services industry and manufacturing industry 

 
Based on the payoff matrices of the co-innovation evolutionary game model in manufacturing services industry and manufacturing 

industry, the replicator dynamic differential equation of co-innovation strategy in manufacturing industry can be obtained as: 
)]()()[1(/ 1111311 lxfgxPelqppdtdp −−++++−−=                                                      (1) 

In the same way, the replicator dynamic differential equation in manufacturing services industry can be obtained by choosing the 
collaborative innovation strategy as: 

)]()()[1(/ 2222422 xlfgxpelpqqdtdq −−++++−−=                                           (2) 
 
2.3 Evolutionary stabilization strategy of models 
 

The replicator dynamic differential equations of the evolutionary game in manufacturing services industry and manufacturing industry 
are Equations (1) and (2), assuming: 

PelL +−= 11                                                                                                        (3) 

11113 lxfgxM −−++=                                                                                            (4) 

PelN +−= 22                                                                                                     (5) 

22224 xlfgxQ −−++=                                                                                         (6) 
The above-described replicator dynamic differential equations are reduced to the following Equations (7) and (8) 

))(1(/ MqLppdtdp +−=                                                                                          (7) 
))(1(/ QpNqqdtdq +−=                                                                                          (8) 

(1)assuming 0// == dtdqdtdp at the equilibrium point, then the equilibrium points 1E to 5E are obtained: 
)/,/(),1,0(),1,1(),0,1(),0,0( 54321 LMNQEEEEE −−  

（2）Jacobian matrix:  Jacobian matrix can be used to analyze the stability of evolutionary game system. The Jacobian matrix J  can 
be obtained by finding the partial derivative of the replicator dynamic differential equation. It is Formula (9). 
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Then find the partial differential of the replicator dynamic Equations (7) and (8) so as to obtain the Jacobian matrix J of the model as 
Equation (10). 
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3. Solution to co-innovation evolutionary game model in manufacturing services industry and manufacturing industry 
 
3.1 The stable equilibrium point of the model 
 

Based on the dynamical system theorem, the stability of the solution of any linear system can be transformed into the stability of the 

zero solution of the corresponding linear system. As for ）ntmatrixofnAistheconsnRxtAxx ×∈+∞−∞∈= ∧ tan,),,(( , the zero solution is a 
necessary condition for the locally asymptotic stable solution , which is all eigenvalues with negative real parts of A . The stability of 

Equilibrium point jx can be determined according to the symbol of the real part of the eigenvalue iλ  of )( ixDfA = :if all the eigenvalues of 

Matrix A  are negative, the equilibrium point ix is the asymptotic stable point; if Matrix A has at least one positive eigenvalue , the 

equilibrium point ix is the non-equilibrium point; if the trace of Matrix A is 0, the equilibrium point ix is the saddle point of the system. The 
equilibrium points and eigenvalues are shown in Table 2 below. 

Table 2. The equilibrium points and eigenvalues of evolutionary game model 

 
 
3.2 Stable equilibrium analysis of evolutionary model 
 

(1). When 11131 xfgxl −++X ; 22242 xfgxl −++X ; 11131 xfgxPe −++− X ; 22242 xfgxPe −++− X , the final proportion of 
manufacturing enterprises and producer services enterprises choosing collaborative strategy is (0,0). When the losses suffered by any 
member’s withdrawal of the other party from the collaborative innovation system are more than the co-innovation revenue obtained by 
choosing the collaborative innovation strategy, the normal return that can be obtained when the cooperative innovation strategy is not 
selected, the difference of the profit is less than the difference between the extra income obtained by the member and the paid fine is 
deducted from the member's knowledge spillover, the whole collaborative innovation system tends to not choose cooperative 
innovation strategy with the progress of time.   

(2). When 11131 xfgxl −++ ; 22242 xfgxl −++X ; 11131 xfgxPe −++−  ; 22242 xfgxPe −++− X , the final proportion of 
manufacturing enterprises and manufacturing  services enterprises choosing collaborative strategy is (0,0).When the losses suffered by 
any manufacturing enterprises due to withdrawal of the other party from the collaborative innovation system are less than the co-
innovation revenue obtained by choosing the collaborative innovation strategy, the normal return that can be obtained when the 
cooperative innovation strategy is not selected, and the difference of the profit is more than the difference between the extra income 
obtained by the member and the paid fine is deducted from the member's knowledge spillover. At the same time, the losses suffered by 
the manufacturing services due to the withdrawal of the other member is greater than that of the cooperative innovation which can be 
obtained when the cooperative innovation strategy is chosen, the normal return that can be obtained when the cooperative innovation 
strategy is not selected, the difference of the profit is less than the difference between the extra income obtained by the member and the 
paid fine is deducted from the member's knowledge spillover. The manufacturing enterprises tend to choose the strategy of 
collaborative innovation, and the manufacturing services enterprises tend not to choose the co-innovation strategy. 

(3). When 11131 xfgxl −++ ; 22242 xfgxl −++ ; 11131 xfgxPe −++−  ; 22242 xfgxPe −++−  , the final proportion of 
manufacturing enterprises and manufacturing  services enterprises choosing collaborative strategy is (0,0). When the losses suffered by the 
withdrawal of a member of the collaborative innovation system is less than the co-innovation revenue obtained when the cooperative 
innovation strategy is chosen and the normal return obtained when the cooperative innovation strategy is not selected, and the difference of 
income is more than the difference between the extra income and the penalty paid by the withdrawing member due to the knowledge 
spillover of the member of other party. The whole collaborative innovation system tends to not choose cooperative innovation strategy with 
the progress of time.  

(4). When 11131 xfgxl −++X ; 22242 xfgxl −++ ; 11131 xfgxPe −++− X ; 22242 xfgxPe −++− X , the final proportion of 
manufacturing industry and manufacturing  services industry choosing collaborative strategy is(0,1). When the losses suffered by 
manufacturing industry in the collaborative innovation system due to the other members' introduction are more than the income difference 
obtained by not choosing the collaborative innovation strategy and the difference income is less than the difference of the member 
withdrawing from the other party's knowledge spillover and the penalty paid. At the same time, the losses of the manufacturing service 
enterprises due to the withdrawal of the other party’s members are less than the difference between the incomes by choosing cooperative 
innovation and the normal income by not choosing the cooperative innovation strategy. When the above income differences are more than 
the difference between the additional income and the penalty paid by the member withdrawing from the knowledge spillover, the 
manufacturing service enterprises tend to choose the cooperative innovation strategy, and the manufacturing enterprises tend not to choose 
the collaborative innovation strategy. 
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(5). When 11131 xfgxl −++X ; 22242 xfgxl −++X ; 11131 xfgxPe −++−  ; 22242 xfgxPe −++−  , the final proportion of 
manufacturing enterprises and manufacturing  services enterprises choosing collaborative strategy is (0.0), it may also be (1,1). And when 

NQp /− , LMq /− , The proportion of the parties of producing and studying choosing co-innovation is lower than that of Nash 
equilibrium, and the game converges to the equilibrium point )0,0(1E ,indicating both parties of the game will not choose collaborative 
innovation; when NQP /−X , LMq /− , the proportion of the manufacturing choosing co-innovation is greater than that of Nash 
equilibrium, while the proportion of manufacturing services choosing co-innovation is less than that of Nash equilibrium, and the game may 
converge to the equilibrium point )0,0(1E ,it may also converge to the equilibrium point )1,1(3E , indicating  manufacturing services 
enterprises and manufacturing enterprises may choose co-innovation, they may also not choose co-innovation; when NQp /−X , LMq /−X , 
the proportion of the manufacturing services and manufacturing industries choosing co-innovation is greater than that of Nash equilibrium, 
at this time, the game converges to the equilibrium point )1,1(3E , indicating  both parties of the game will choose collaborative innovation; 
when NQp /− , LMq /−X , the proportion of the manufacturing services industry choosing co-innovation is greater than that of Nash 
equilibrium, and the proportion of the manufacturing industry choosing co-innovation is lower than that of Nash equilibrium, at this time, 
the game converges to the equilibrium point )0,0(1E ,it may converge to the equilibrium point )1,1(3E , both parties of the game may choose 
collaborative innovation, they may not choose collaborative innovation. 
 
4. Conclusion 
 

In summary, there are five equilibrium solutions for the evolutionary game model of collaborative innovation in manufacturing services 
industry and manufacturing industry, they are respectively are: )0,0(1E , )/,/(),1,0(),1,1(),0,1( 5432 LMNQEEEE −− . Wherein, )/,/(5 LMNQE −− is the 
saddle point of the system, the other points in different constraints may become a stable equilibrium point of the system. The losses suffered 
by one party due to the withdrawal of the other party's members who choose the collaborative innovation strategy, the normal revenue 
obtained when the member choose the non-cooperative innovation strategy, the difference between the additional income obtained by the 
knowledge spillover and the penalty paid are the basis for strategy making for the manufacturing services industry and manufacturing 
industry. Due to the abstraction of model research, many influencing factors are simplified in the modeling process, which may lead to some 
differences between the research conclusions and the actual collaborative innovation. This problem will be improved in the future research. 
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Abstract: We take the most common two kinds of indoor machines, namely direct blowing type air conditioner and embedded type air 
conditioner among the household central air conditioners as the object, through the experiments we study the distribution characteristics of 
indoor air flow and temperature field under different air supply parameters when direct blowing air conditioner and embedded air 
conditioner have the refrigeration operation in the paper. We take the experiment room as the model, and we apply AirPak software to 
conduct the numerical simulation on the flow field, temperature field, and PMV distribution character of air supply cross section under 
indoor different air supply parameters in direct blowing air conditioner and embedded air conditioner in the process of refrigeration 
operation, and we compare its calculated result with its experimental result in the paper. It shows that the result of numerical simulation can 
correctly reflect the distribution characteristics of indoor flow field and temperature field. In this paper the model which is adopted by us is 
reasonable. As far as two kinds of indoor machines are concerned, as the downward rotation angle of wind deflector increases, PMV value 
span of air supply cross section increases and indoor nonuniformity increases. 
 
Keywords: indoor machine, air supply parameter, temperature field, air flow evaluation, comfort 
 
1. Introduction 
 

With the constant improvement of household conditions, the gradual cognition of air  environment comfort, and the concern 
strengthening of energy crisis in the last two years, people have more and more discoveries that household split type air conditioner and 
window type air conditioner have the following major disadvantages.  

More outdoor machines influence the beautiful image. With the development of real estates in our country we can see that the 
individual consumers’ purchasing powers have increased year by year, the residences with large area and more bedrooms, villas, Western-
style buildings and others become more and more popular, and the construction  proportion of hardcover rooms has the obvious rise 
momentum. Therefore, we install the distributed air conditioning system and it is difficult to hide its interconnected refrigerant tube indoors. 
It not only destroys the unity of the indoor decoration but also seriously influences the beautiful image of building facade.  

They have the low energy consumption. In the last two years, the energy crisis and power supply shortage problems in the summer 
electricity utilization peak become increasingly prominent, so the equipment energy conservation becomes more and more important. The 
traditional decentralized household air conditioner has relatively low refrigeration coefficient, and generally its range is from 2.6 to 3.0. 
Therefore, if we use it for a long time the higher electricity bills will be produced.  

The distribution of room temperature is unevem. Because the decentralized air conditioning system is limited by installation and 
beautiful image, it can not make the room temperature uniformity decrease after it opens. In addition, the air volume of decentralized air 
conditioning system is relatively small. In order to overcome the exterior protected construction, personnel, lighting and other heat loads, its 
supply air temperature will be even lower, it makes the temperature variations in various regions be increased, and makes the island effect 
appear so as to cause people’s discomfort.  

Aiming at these problems, the household central air method was born, it can better solve the problem. Under the air conditioner air 
supply condition, room air flow belongs to the turbulent motion, and at present we can’s use the theoretical analysis to solve. We must use 
the numerical method to solve. Phenex, Fluent and other a group of mature commercial computational fluid dynamics software, it makes the 
researchers not need to start from the mathematical model to do flow field numerical simulation calculation. It provides a powerful tool for 
the calculation of HVAC flow field and temperature field, and it makes our main focus no longer be put on the programming aspect but on 
the validation and application of the model. We will introduce the model of AirPak software calculation and the model validation in the 
paper. 
 
2. 1. Establishment of mathematic model 
 

In order to simplify the calculation, we first do the following assumptions for the mathematical model which needs to be established in 
the paper. 

1. Indoor air is the compressible fluid with the unsteady flow, and it meets Boussinesq hypothesis; 
2. Indoor pollutants are massless and they are passive for the air, and they have no influence on the air flow.  
We adopt the standard k-ε two-equation turbulent model in the paper, and its control equation is shown as follows. 
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Among them, iu  is represented respectively by xu , yu
, zu , ix  represents the selected coordinate. 

Energy equation:
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The coefficient values in each formula are shown in Table 1.  
 

Table 1 Coefficient Values in the Differential Equation 
Coefficients 

1c  2c  kσ
 εσ  µC

 

Values 1.44 1.92 1.00 1.30 0.09 

 
 
3. Numerical simulation result and analysis of direct blowing air conditioner 
 

We select respectively flow field and temperature field characteristics of representative several kinds of working conditions (A, B, C, E) 
to analyze in direct blowing air conditioner in the paper.  

 
3.1 Characteristics analysis of indoor flow field and temperature field under working condition a 
 

From Figure 1, we can obtain the distribution law of indoor flow field and temperature field of direct blowing air conditioner in the 
process of refrigeration operation under working condition A (The air supply angle is 90° and the air volume is 1020m3/h).  

 
(a). Working Condition A X=2.50m Temperature Field 

 
(b). Working Condition A X=2.50m Velocity Field 

 
(c). Working Condition A X=2.50m Velocity Vector Diagram 

Figure 1 Distribution Diagram of Flow Field and Temperature Field in the Process of Refrigeration Operation under Working Condition 
A( The Air Supply Angle is 90° and the Air Volume is 1020m3/h). 

 
Flow field distribution characteristics: 
1. The velocity component of out wind wind speed is zero in the vertical direction, and large air flow is circulating at high speed. It 

causes the attached phenomenon in the ceiling. After it meets the vertical wall, it will change the direction and flow downward. Because of 
the influence of negative pressure at return air inlet, it switches back the direction of return air inlet. A part of air flow is send out by return 
air inlet, and the other part of air volume which can’t enter return air inlet changes the direction after arrives at the room ground, and forms a 
big vortex at the bottom of the room near the wall.  

2. With the increase of the range, the supply air jet axial velocity decreases gradually, and jet cross section increases gradually.  
3. In the area of the supply air jet and attached jet area, air velocity is higher, and is larger than 0.25m/s. It can’t meet the regulation that 

the summer comfortable air conditioning indoor velocity should not be more than 0.25m/s. 
Temperature field distribution characteristics: 
1. Within the jet area we can see the obvious lower temperature boundary layer, and the upper boundary layer is limited by the ceiling. 

Within the jet area, with the increase of the range, the air flow temperature rises gradually. Because of heat forced convection within the jet 
area, the temperature within the jet area is obviously lower than outside jet area.  

2. Outside the jet area, the temperature is relatively uniform. 
 

3.2 Characteristics analysis of indoor flow field and temperature field under working condition b 
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From Figure 2, we can obtain the distribution law of indoor flow field and temperature field of direct blowing air conditioner in the 

process of refrigeration operation under working condition B (The air supply angle is 90° and the air volume is 830m3/h）.  

 
(a). Working Condition A X=2.50m Temperature Field 

  
(b). Working Condition A X=2.50m Velocity Field 

 
(c) Working Condition A X=2.50m Velocity Vector Diagram 

Figure 2 Distribution Diagram of Flow Field and Temperature Field in the Process of Refrigeration Operation under Working Condition 
B( The Air Supply Angle is 90° and the Air Volume is 830m3/h） 

 
Flow field distribution characteristics: 
1. The situation is the same with the working condition A. The out wind causes the attached phenomenon in the ceiling. After it meets 

the vertical wall, it will change the direction and flow downward. Because of the influence of negative pressure at return air inlet, it changes 
the direction after arrives at the room ground, and forms a big maelstrom at the bottom of the room near the wall. The velocity boundary 
layer significantly enlarges compared with working condition A.  

2. With the increase of the range, the supply air jet axial velocity decreases gradually, and jet cross section increases gradually. What’s 
more, the increase amplitude is greater than working condition A, and the air flow with small air volume more easily sinks. 

3. In the area of the supply air jet and attached jet area, air velocity is higher, and is larger than 0.25m/s. It can’t meet the regulation that 
the summer comfortable air conditioning indoor velocity should not be more than 0.25m/s. 

Temperature field distribution characteristics: 
1. Within the jet area we can see the obvious lower temperature boundary layer, and the upper boundary layer is limited by the ceiling. 

The thickness of lower boundary layer is greater than working condition A. Within the jet area, with the increase of the range, the 
attenuation occurs, and the air flow temperature rises gradually. Its attenuation is faster than working condition A. Because of heat forced 
convection within the jet area, the temperature within the jet area is obviously lower than outside jet area. 

2. Outside the jet area, the temperature is relatively uniform. 
 

3.3 Characteristics analysis of indoor flow field and temperature field under working condition c 
 
From Figure 3, we can obtain the distribution law of indoor flow field and temperature field of direct blowing air conditioner in the process 

of refrigeration operation under working condition C( The air supply angle is 105° and the air volume is 1020m3/h). 

 
(a)Working Condition C X=2.50m Temperature Field 
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(b)Working Condition C X=2.50m Velocity Field 

 
(c) Working Condition C X=2.50m Velocity Vector Diagram 

Figure 3 Distribution Diagram of Flow Field and Temperature Field in the Process of Refrigeration Operation under Working Condition C 
(The air supply angle is 105° and the air volume is 1020m3/h) 

Flow field distribution characteristics: 
1. Air supply angle slightly inclines downward, and velocity component of air flow in vertical direction increases, and the jet sink 

appears. Under the jet-induced effect, it continuously drives and entrains the air nearby so as to make the axial velocity rapidly be decreased. 
The vortex generated at the bottom of the room becomes smaller.  

2. With the increase of the range, the supply air jet axial velocity decreases gradually, and jet cross section increases gradually.  
3. In the area of the supply air jet and attached jet area, air velocity is higher, and is larger than 0.25m/s. It can’t meet the regulation that 

the summer comfortable air conditioning indoor velocity should not be more than 0.25m/s. 
    Temperature field distribution characteristics: 
1. The sinking of temperature streamline occurs, and upper and lower temperature boundary layers are relatively complete. In the area 

near the south wall, the temperature stratification is more obvious. 
2. With the increase of the range, the supply air jet axial temperature decreases gradually, and upper and lower boundary layers are 

inducing continuously to entrain the surrounding air. The diffusivity of jet cross section is good.  
3. The temperature within the jet area is lower, and the attenuation of axial temperature is fast. The temperature outside the jet area is 

higher, and the temperature nonuniformity increases.  
 

4. Numerical Simulation Result and Analysis of the Embedded Air Conditioner  
 

We select respectively flow field and temperature field characteristics of representative several kinds of working conditions (G, H, I, K) 
to analyze in embedded air conditioner in the paper. 

 
4.1 Characteristics Analysis of Indoor Flow Field and Temperature Field under Working Condition G 
 

From Figure 4, we can obtain the distribution law of indoor flow field and temperature field of embedded air conditioner in the process 
of refrigeration operation under working condition G( The air supply angle is 120° and the air volume is 1020m3/h). 

 
(a). Working Condition G X=2.50m Temperature Field            (b). Working Condition G X=2.5m Velocity Field 

 

 
(c). Working Condition G X=2.50m Velocity Vector Diagram      (d). Working Condition G Z=2.0m Temperature Field 
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(e)Working Condition G Z=2.0m Velocity Field 

 
(f)Working Condition G Z=2.0m Velocity Vector Diagram 

Figure 4 Distribution Diagram of Flow Field and Temperature Field in the Process of Refrigeration Operation under Working Condition G 
(The air supply angle is 120° and the air volume is 1020m3/h) 

Flow field distribution characteristics: 
1. Because the velocity component in horizontal direction is bigger, the velocity component in vertical direction decreases when it gets 

the pumping action of return air inlet with very close distance and it makes the large air flow of four air outlets be circulating along the 
ceiling at high speed so as to cause the attached phenomenon. Because the air flow is affected by wall surface, and a vortex is formed near 
wall.  

2. With the increase of the range, the supply air jet axial velocity decreases gradually, and jet cross section increases gradually.  
3. In the area of the supply air jet and attached jet area, air velocity is higher, and is larger than 0.25m/s. It can’t meet the regulation that 

the summer comfortable air conditioning indoor velocity should not be more than 0.25m/s. Outside the jet area, the velocity is relatively 
uniform. 

Temperature field distribution characteristics: 
The air flow temperature distribution of four air outlets is comparatively consistent. Within the jet area we can see the obvious lower 

temperature boundary layer, and the upper boundary layer is limited by the ceiling. Because of heat forced convection within the jet area, the 
temperature within the jet area is obviously lower than outside jet area. Outside the jet area, the temperature is relatively uniform. 

 
4.2 Characteristics analysis of indoor flow field and temperature field under working condition h 
 

From Figure 5, we can obtain the distribution law of indoor flow field and temperature field of embedded air conditioner in the process 
of refrigeration operation under working condition H (The air supply angle is 120° and the air volume is 830m3/h). 

 
(a). Working Condition H X=2.50m Temperature Field 

 
(b). Working Condition H X=2.5m Velocity Field 

 
 

(c). Working Condition H X=2.50m Velocity Vector Diagram   (d). Working Condition H Z=2.0m Temperature Field 
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(e). Working Condition H Z=2.0m Velocity Field                             (f). Working Condition H Z=2.0m Velocity Vector Diagram 

Figure 5 Distribution Diagram of Flow Field and Temperature Field in the Process of Refrigeration Operation under Working Condition H 
(The air supply angle is 120° and the air volume is 830m3/h) 

 
Flow field distribution characteristics: 
1. Although air volume decreases, the air flow of four air outlets still causes the attached phenomenon. Compared with the working 

condition G, the velocity boundary layer is almost the same. Similarly, because the air flow is affected by wall surface, and a vortex is 
formed near wall.  

2. With the increase of the range, the supply air jet axial velocity decreases gradually. Then the attenuation occurs, and its attenuation 
amplitude is slightly larger than the working condition G. Jet cross section increases gradually.  

3. In the area of the supply air jet and attached jet area, air velocity is higher, and is larger than 0.25m/s. It can’t meet the regulation that 
the summer comfortable air conditioning indoor velocity should not be more than 0.25m/s. Outside the jet area, the velocity is relatively 
uniform. 

Temperature field distribution characteristics: 
The air flow temperature distribution of four air outlets is comparatively consistent. Within the jet area we can see the obvious lower 

temperature boundary layer, and the upper boundary layer is limited by the ceiling. Because of heat forced convection within the jet area, the 
temperature within the jet area is obviously lower than outside jet area. Outside the jet area, the temperature is relatively uniform. 

 
5. Analysis of influence of thermal environment factors on human thermal comfort 
 

The thermal comfort refers to the human subjective thermal reaction for the thermal environment. In 1992, it is clearly defined in the 
American Society of Heating, Refrigerating and Air-Conditioning Engineers Standard (ASHRAE Standard55-1992), “Thermal comfort 
refers to the conscious state of being satisfied with the thermal environment.” That is to say, the human thermal comfort refers to a kind of 
human subjective feeling of being satisfied with the surrounding thermal environment. It is the result of various factors synthetical effect, 
and it is a spiritual and subjective psychological reflection.  

There are many factors that can affect the human thermal comfort. However, research achievements of indoor microclimatology and 
human engineering have pointed out that under the steady state, only six main factors for most of the hot and cold feelings play the main 
influencing role. They are four environmental influencing factors, namely air temperature, air velocity, relative humidity and average radiant 
temperature, and two personal factors, namely human active amount and clothing. We usually use the metabolism rate and mechanical work 
to represent human active amount. For human clothing heat preservation degree, we use the ratio of superficial areas of the clothing thermal 
resistance value, and naked person and person with clothes as the measurable indicator.  

Thermal comfort is an important indicator of residents’ satisfaction degree on the indoor thermal environment. As early as the 
beginning of the 20th century, people started to do the research on the thermal comfort, successively put forward a lot of thermal comfort 
evaluation indicators, such as operating temperature, carter cooling capacity, effective temperature, new effective temperature, PMV 
indicator, etc. We use the internationally accepted PMV indicator to quantitatively discuss the influence of thermal environment factors on 
the human thermal comfort. 

 
5.1 Thermal Comfort Equation  
 

PMV (Predicted Mean Vote, short for PMV) indicator is a comprehensive comfort indicator put forward by Danish Professor 
P.O.Fanger. That is to say, the physical parameters that can determine the human thermal comfort are related with the human body rather 
than are related with the environment. First of all, Fanger has put forward three conditions that human body feels comfortable. First, the 
human body must be in thermal equilibrium state so as to make the heat release amount of human body for the environment be equal to the 
heat generated by the human body; Second, the average temperature of the skin should have the level that adapts to the comfort; Third, 
human body should have the best perspiration rate, and the perspiration rate is also the metabolic function. Based on this, the functional 
form of comfort equation given by Fanger is  

0),,,,,( =cloara IptvtMf  
We can see that a set of variables which meet the comfort equation must meet the three conditions of comfort mentioned above, 

therefore, this equation is the necessary condition of comfort , but it isn’t the sufficient condition.  
 

5.2 PMV Indicator 
 

When a set of environment variables (air temperature, air velocity, relative humidity and average radiant temperature) meet comfort 
equation, the best comfort will be produced. If the equation doesn’t be met, the environment won’t be the best, but the comfortable equation 
won’t give any methods to explain how uncomfortable the environment is. Fanger has further developed the comfort equation, and put 
forward PMV indicator which makes the human thermal feeling be divided into seven grades. The representative significance of each grade 
is shown in Table 2. 

Table 2 Seven Grades of PMV Value 
thermal 
feeling 

hot warm warm 
slightly 

neither hot nor 
cold 

cool cold 

PMV value +3 +2 +1 0 -2 -3 
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In order to expand the application scope of the idea, Fanger has put forward that the thermal feeling under a certain activity amount is 
the hypothesis of human body heat load function( So called human body heat load refers to the difference between the two, namely the 
internal heat production amount and human heat release amount for the actual environment. Assume that the average human body skin 
temperature and sweat secretion amount which adapts to the actual activity amount both maintain the comfortable value), and through the 
experiment PMV equation is established.  

 
5.3 PMV Equation 
 

In 1970, Fanger took the thermal comfort equation and ASHRAE 7 point scale as the basis, based on the experimental results of Kansas 
State University Fanger put forward PMV equation. Its calculation formula is 
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5.4 PMV distribution and analysis of supply air cross section under various working conditions 
 

We select respectively PMV distribution of air supply cross section of representative several kinds of working conditions(A, B, C, E, G, 
H, I, K) to analyze in direct blowing air conditioner and embedded air conditioner in the paper.  

1. In the area near the outside window, because it is affected by the solar radiation, PMV value is higher, and the human body feels 
hotter. Therefore, it is not suitable for personnel arrangement in the area near the window.  

2. PMV value in the lower part of recirculation region is lower than the rest of regions in recirculation region. Because the cold air has 
big density itself and it sinks, upper and lower temperature difference occurs.  

3. The region with high PMV value in working condition B is significantly greater than the region in working condition A. The region 
with high PMV value in working condition H is significantly greater than the region in working condition G. It shows that the air volume is 
small, indoor average temperature is slightly higher, and the heterogeneity increases.  

4. With the increase of wind deflector angle, the region span of PMV becomes bigger. This means that the greater the air supply angle 
is, the worse the comfort becomes, and the nonuniformity increases. Under the status of attached jet, the comfort of air flow is optimal, and 
it increases uniformly.  

We can see in the embedded air conditioner that at X=2.50m air supply cross section because the load in south outside window is 
greater than the load in north outside window, the nonuniformity of south outlet air flow is higher than north outlet, and at Z=2.0m air 
supply cross section because the outer boundary conditions are consistent, PMV distributions are consistent, and the nonuniformity of 
eastward and westward outlet is greater than southward and northward outlet. 
 
6. Conclusion 
 

We establish the mathematical model of experimental room and we do the solution calculation on it in the paper. We analyze the 
influence of different air supply parameters on indoor air flow in direct blowing air conditioning room and embedded air conditioning room 
in the paper. What’s more, compared with typical working conditions, in the experiments we verify the correctness of numerical simulation 
results. We simply introduce the human thermal comfort basis, and we can see PMV distribution situation of air supply cross section under 
various working conditions more intuitively through simulation in the paper. The following conclusions are summarized.   

1. The result of numerical simulation can correctly reflect the distribution characteristics of indoor flow field and temperature field. It 
shows that the established mathematical model of flow field and temperature field numerical simulation in direct blowing in air conditioning 
room and embedded air conditioning room is reasonable and feasible.  

2. Under the same air supply volume, the change of supply air angle has great influence on the flow field of air flow. The bigger the air 
supply angle is, the faster the air flow sinks. The bigger the temperature gradient in the height direction is, the inhomogeneity of temperature 
and speed becomes bigger.  

3. Under the air supply angle, the smaller the air supply volume is, the diffusivity of temperature and velocity boundary layer increases, 
and the attenuation of axial temperature and velocity becomes faster.  

4. When the air supply angle of direct blowing air conditioner is 90°and the air supply angle of embedded air conditioner is 120°, PMV 
value distribution of air supply cross section is most uniform. With the increase of angle, PMV value span increases. It shows that the 
nonuniformity of indoor air flow increases.  
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Abstract: We first list the two factors of influencing the satellite data file transmission efficiency in the paper, namely the number of files 
and the number of threads respectively. Application control variable method designs the satellite data file transmission test scheme. By 
changing the variable value a large number of repeated tests have been done so as to obtain the average transmission time. We compare and 
analyze the file transmission efficiency under the condition of combination for three different variable values to get better transmission 
efficiency by using the variable combinations of single file and multiple threads. Thus, we do the deep research on the choice for the number 
of threads. In 50 ms network delay test environment, using three or four threads to transmit the files needs relatively short time. It proves 
that the number of threads of transmitting the files needs to be tested and be confirmed according to the specific network environment. 
 
Keywords: satellite data; transmission; the number of files; the number of threads; transmission time; transmission efficiency 
 
1. Introduction 
 

In recent years, remote sensing satellite field has the rapid development. It gradually expands from a purely military scientific research 
field to civil field. The remote sensing satellite can provide a large number of high-precision images about the earth’s surface. It has great 
reference values in scientific research, navigation, and other aspects. But remote sensing satellite has a huge data amount. For both satellite-
to-ground transmission phase and ground transmission phase, it has very high performance requirements. With the increasing civil remote 
sensing satellite number in our country, the ground transmission performance requirements of remote sensing data quantity satellite data are 
also increasing. Because of the location limitation of satellite data receiving station, after the receiving station receives the satellite data, 
generally it needs to do the summary analysis by using the wide area network to transmit to the ground station center. Based on this paper 
the project contains three satellite data receiving stations, and they are distributed in China’s south, west, and north. In addition, a ground 
station center is located in Beijing. After the three satellite data receiving stations receive the data they need to transmit the data to Beijing 
ground station center.  

At present, by considering from the hardware, the approach adopted frequently at home and abroad is to add the network accelerating 
device. Its essence is to deploy hardware network accelerator at satellite data receiving station and use the data compression function of 
network accelerator to do the compression processing of data files which need to be transmitted, then transmit the data file again. To a 
certain extent, it improves the transmission rate of satellite data files, but it is still unable to meet the increasing requirements of satellite data 
transmission amount. What’s more, different network accelerators don’t have completely the same functions in increasing the transmission 
rate of satellite data files. It depends on the compression algorithms adopted by network accelerators and the costs which are put in them. 
Taking this aspect of business software into consideration, the research fields at home and abroad are mainly the optimization of TCP 
protocol, the selection of RTT (round trip delay) value [1], flow control and other technologies, and people have gotten some 
level of success. However, few researches are related to the transmission performance of the large amount of data. And we need to study 
whether the selection of transmission scheme (the number of threads, the number of transmission data) can affect transmission performance 
or not. Therefore, we focus on the research on the selection of transmission scheme with the large amount of satellite data and do a detailed 
analysis on it, and give the final research results in the paper.  

 
2. Research purpose 
 

TCP protocol runs well in the traditional Ethernet, and the optimized TCP protocol can meet the higher performance requirements to 
some extent. However, it still needs us to consider whether there are other methods of improving the performance from other aspects [2]. On 
the one hand, the characteristics of the satellite link is that the larger round trip delay RTT [3] (> 50msis), the smaller the link capacity 
is( the larger the link capacity is, the higher the rental fee is). On the other hand, TCP protocol itself is relatively mature, the optimization on 
it doesn’t improve transmission performance [4].  

From the perspective of the application layer research we put forward two factors which are likely to influence the ground transmission 
efficiency of satellite data in the transmission scheme, namely the number of threads and the number of files in the paper. And with the 
control variate method we do the comparative analysis on different values transmission method of two factors in the paper[5]. The final 
purpose is to do a comprehensive comparative analysis combined with the experimental data so as to find out the scheme with the highest 
transmission efficiency.  

 
3. Research Method 
 

We design three different transmission schemes to do the research in the paper. They are respectively  
a) Single file single-thread transmission; 
b) Single file multi-thread transmission; 
c) Multiple files multi-thread transmission. 
The transmission of single-thread data files has and only uses one thread to transmit data. The transmission of multi-thread files refers 

to the parallel transmission of a data file or many data files at the same time. During the experiment, by simulating the test program 
the ground transmission for satellite data files is conducted. The network used in the data fields transmission is the wide area network with a 
certain delay. The transmission protocol is TCP, but the protocol itself isn’t be given any optimization[6]. And two real servers are chosen as 
the server and the client of transmission files respectively.  

In order to ensure the research results are accurate and reliable, the premise conditions are shown as follows. 
(1) The premise of comparing the transmission ways of above three kinds of data files is to transmit the same amount of data files. 

Then the time used for data files transmission in each kind of scheme will be compared. Among them, in the third scheme it can transmit 
multiple data files, but the sum for the total data amount of transmission files is exactly the same with the transmission files data amount of 
the former two kinds of ways.  

(2) Test environment are relatively independent, and there is no interference from other transmission data.  
(3) The read and write rate of server hard disk is greater than the maximum transmission rate of network bandwidth. 
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(4) Without losing the generality, single file multi-thread transmission scheme will adopt two threads to conduct, and multiple files 
multi-thread transmission will adopt two files to transmit at the same and each file will be transmitted by single thread.   

(5) The transmission files data amount can’t be too small in the process of choosing, otherwise due to the early termination of 
transmission, it will have great influence on the result. It is 2G in the paper.  

(6) In each scheme the satellite data files transmission has been conducted for many times. At last, by comparing the average 
transmission time of satellite data files transmission in different schemes, the scheme with the shortest time used for data files transmission 
is found. 
4. Influence Factors Analysis of Files Transmission Efficiency  
 
4.1 Experiment Environment 
 

In order to ensure test data can accurately reflect the transmission efficiency of actual files in each scheme, the experiment is conducted 
in the real Wide Area Network environment. The specified data files are transmitted from the data receiving station server located in the 
south to the ground station center server located in Beijing. And in the process of experiment, no other application programs occupy the 
network bandwidth resources in the network. In order to elaborate conveniently, now the main contents used in the experiment are 
illustrated as follows.  

Server: There are two servers used for transmitting data files. And they are defined as Server A and Server respectively. Two servers 
are both equipped with Gigabit Ethernet Card. Gigabit Switch is connected between two servers. The RHEL5.5 operating system is installed.  

ServerSS: It is the name of executable program, and files transmission server-side (the sending side) program. It is deployed in server A, 
and it uses the single thread to send a file. 

ClientSS: It is the name of executable program, and files transmission client-side (the receiving end) program. It is deployed in server B, 
and it uses the single thread to receive a file. 

ServerSM: It is the name of executable program, and files transmission server-side (the sending side) program. It is deployed in server 
A, and it uses multiple threads to send a file. And each thread sends a part of the data.  

ClientSM: It is the name of executable program, and files transmission client-side (the receiving end) program. It is deployed in server 
B, and it uses multiple threads to send a file. And each thread receives a part of the data. 

ServerMM: It is the name of executable program, and files transmission server-side (the sending side) program. It is deployed in server 
A, and it can use multiple threads to send many files at the same time. 

ClientMM: It is the name of executable program, and files transmission client-side (the receiving end) program. It is deployed in server 
B, and it can use multiple threads to receive many files at the same time. 

2GFile: It is the data file. Its size is 2G. It is deployed on server A. 
1GFile1 and 1GFile2: Is the data file. Its size is 1G. It is deployed on server A. 
 

4.2 Experiment Procedure  
 

By simulating the process of sending specified number of data files by the test program from server A, the total size of data files is the 
same in each test, and each transmission time is recorded and the average transmission time of each scheme is found so as to find the 
scheme with the shortest time used for data files transmission. Because the experiment procedure of each scheme is basically the same, each 
scheme can conduct the experiment according to experiment procedure. Only in the application program and the choice of data files there 
will be slightly different. Therefore, the experiment procedure can be summarized as 

1. Start the sending side program on server A. The terminal prompts you to type in the name of files which need to be sent. Type in the 
name of one file or the names of multiple files to the system terminal. The names of multiple files can be separated by spaces; 

2. Start the receiving end program on server B and establish a connection, and start automatically receive data files.  
3. Sending is over, and sent time is displayed on server A and it is recorded.  
4. Repeat the experiment for 15 times and get the average value after many times of repeated experiments. 
5. The experiment is over, and calculate the average time of transmitting data files in this scheme.  
6.  

4.3 Experiment Scheme 
 

With the control variable method we do a lot of experiments on three different kinds of variable combinations respectively, then 
compare and analyze the data obtained in the experiment, and finally find the optimal variable combinations ways in the paper. Therefore, 
we will give the detailed instructions and do the experiments about each way next.  

Aiming at the different selection variables, these selection variables can be divided the following three small sections which we will 
describe respectively. Each section represents a kind of variable combination way. 

 
4.3.1 Selection Variable: Single File and Single Tread 
 

Single file single-thread file transmission represents that the simulation test program can only create a thread to transmit a data file, and 
the size of transmitted file is 2G. Simulation test program sends the data files from server A to server B. After the sending is over, server A 
records the time used for sending the data, and calculate the bandwidth utilization and the experiment results are shown in Table 1. 

The simulation test program and data files used in the experiments can be explained as follows.  
The simulation test program: The sending side program is ServerSS and it is deployed in server A. The receiving end program is 

ClientSS. It is deployed in server B. The SS located in the middle and back end of ServerSS and ClientSS represents single file and single 
thread respectively.  

Data file:2GFile.  
 

Table 1 Single File Single-Thread Transmission Experiment Time List 
experiment number send files time/s 

1 2GFile 29.04 
2 2GFile 27.80 
3 2GFile 26.01 
4 2GFile 26.77 
5 2GFile 26.57 
6 2GFile 27.50 
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7 2GFile 28.41 
8 2GFile 28.39 
9 2GFile 28.91 

10 2GFile 26.70 
11 2GFile 26.09 
12 2GFile 28.40 
13 2GFile 27.85 
14 2GFile 27.38 
15 2GFile 27.55 

average value  27.56 

 
Seen from the experiment results in Table 1, the average time of choosing single file single-thread transmission data files is 27.56 

seconds, and the bandwidth utilization is 59.45%.  
 

4.3.2 Selection Variable: Single File and Multiple Treads 
 

Single file multi-thread file transmission represents that the simulation test program can create multiple threads to transmit single data 
files and the size of transmitted file is 2G. In this experiment scheme, because two threads are adopted, each tread read the different part of 
file. So each thread transmits the first half part of data and the latter part of data about the file respectively.  

Simulation test program sends the data files from server A to server B. After the sending is over, server A records the time used for 
sending the data, and calculate the bandwidth utilization and the experiment results are shown in Table 2. 

The simulation test program and data files used in the experiments can be explained as follows.  
The simulation test program: The sending side program is ServerSM and it is deployed in server A. The receiving end program is 

ClientSM. It is deployed in server B. The SM located in the middle and back end of ServerSM and ClientSM represents single file and 
multiple threads respectively.  

Data file:2GFile.  
 

Table 2 Single File Muti-Thread Transmission Experiment Time List 
experiment number send files time/s 

1 2GFile 20.01 
2 2GFile 22.26 
3 2GFile 20.02 
4 2GFile 20.47 
5 2GFile 21.17 
6 2GFile 21.21 
7 2GFile 20.30 
8 2GFile 19.79 
9 2GFile 20.80 

10 2GFile 20.18 
11 2GFile 19.76 
12 2GFile 20.42 
13 2GFile 19.95 
14 2GFile 20.55 
15 2GFile 20.32 

average value  20.48 
 
Seen from the experiment results in Table 2, the average time of choosing single file multi-thread transmission data files is 20.48 

seconds, and the bandwidth utilization is 80%.  
 

4.3.3 Selection Variable: Multiple Files and Multiple Treads 
 

Multiple files multi-thread transmission represents that the simulation test program can create multiple threads to transmit multiple data 
files. In this scheme we first transmit two data files and the sizes of them are both 1G, and total amount of data is 2G. Each thread is 
responsible for the transmission of a data file. Simulation test program sends the data files from server A to server B. When the two data 
files both finished sending, server A records the time used for sending the data, and calculate the bandwidth utilization and the experiment 
results are shown in Table 3. 

The simulation test program and data files used in the experiments can be explained as follows.  
The simulation test program: The sending side program is ServerMM and it is deployed in server A. The receiving end program is 

ClientMM. It is deployed in server B. The MM located in the middle and back end of ServerMM and ClientMM represents multiple files 
and multiple threads respectively.  

Data file:1GFile1, 1GFile2  
Table 3 Multiple Files Muti-Thread Transmission Experiment Time List 

experiment number send files time/s 

1 1GFile1、1GFile2 23.51 
2 1GFile1、1GFile2 23.47 
3 1GFile1、1GFile2 22.48 
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4 1GFile1、1GFile2 23.39 
5 1GFile1、1GFile2 23.34 
6 1GFile1、1GFile2 23.43 
7 1GFile1、1GFile2 23.51 
8 1GFile1、1GFile2 23.14 
9 1GFile1、1GFile2 23.37 

10 1GFile1、1GFile2 24.17 
11 1GFile1、1GFile2 23.39 
12 1GFile1、1GFile2 23.08 
13 1GFile1、1GFile2 22.89 
14 1GFile1、1GFile2 23.71 
15 1GFile1、1GFile2 22.73 

average value  23.31 
 
Seen from the experiment results in Table 3, the average time of choosing multiple files multi-thread transmission data files is 23.31 

seconds, and the bandwidth utilization is 70.23%.  
 

4.4 Analysis of Experiment Data 
 

We analyze the transmission results obtained through three kinds of file transmission ways mentioned above, and under the premise of 
transmitting the data files with the same total amount of data compare the advantages and disadvantages of time used for files transmission 
among the three kinds of files transmission way in the paper. It is shown as Figure 1.  

 
Figure 1 Comparison of Transmission Time in Each Scheme 

Figure 1 refers to the average transmission time obtained by transmitting the data files way with three kinds of different variable 
combinations through a large number of repeated experiments. From figure 1, you can very clearly see that choosing single file multi-
thread files transmission can complete the transmission task in the shortest time. That is to say, the efficiency of data files transmission is the 
highest. The possible reason for the slower transmission speed of Multiple files multi-thread transmission method is that the reading 
strategies of operating system on single file and multiple files are different so that it leads to the differences on performance. With the 
average transmission time obtained from the experiments we can calculate that the average network bandwidth utilization of single file 
multi-thread file transmission way has achieved 80.07% of theoretical value. Therefore, compared with the common file transmission, single 
file multi-thread file transmission way can improve the network bandwidth utilization.   

Therefore, we draw a conclusion from the experiment results that the time used for adopting multiple threads to transmit the same data 
file at the same time is the shortest so as to obtain the optimum transmission efficiency in the paper.  

According to this experiment result, before the satellite data file is transmitted,  some of the smaller data files are spliced as a larger 
data file and the corresponding tagging work should be done. Then the transmission should be done by using single file multi-thread 
transmission data files way. After the transmission is over, the data file is splitted into original smaller data files at the receiving end 
according to the tags. Thus, it can save a certain transmission time, and under the condition of a very large satellite data amount, it has 
greater application value. 

 
4.5 Selection of Threads Number 
 

Since adopting single file multi-thread data transmission way can reduce the files transmission time, then whether we can find out the 
optimal transmission files threads number or not needs us to do a further study. Therefore, we continue to do the experiments and keep 
increasing the transmission files threads number to verify this problem. The range of threads number adopted in the experiment is from to 
ten. We have nine kinds of schemes to compare. The data amounts of every kind of scheme that can be transmitted are all 2G. In order to 
simulate the actual environment of transmitting from the south receiving station to Beijing data center, we need to set up the network delay 
of experiment environment. The average delay from the south receiving station to Beijing data center is about 50ms. Therefore, we make the 
network delay of this experiment be set as 50ms. The aim of doing so is to accord with the actual transmission environment more.   

In order to guarantee the reliability of test data, we repeat the experiments on each experiment scheme for 15 times and record the 
transmission time obtained in each experiment, and finally calculate the average transmission time of each scheme. After many experiments, 
we can get the following experiment results data. They are shown in Table 4.  

Table 4 Single File Different Threads Number Transmission Experiment Data List 
threads 
number 

2 3 4 5 6 7 8 9 10 

experimen
t number 

time(s) time(s) time(s) time(s) time(s) time(s) time(s) time(s) time(s) 

1 33.04 29.48 28.18 28.33 32.17 35.18 34.54 38.35 31.01 
2 33.23 30.96 28.73 32.90 33.06 39.80 37.20 28.91 42.49 
3 42.72 30.77 31.22 33.67 28.75 37.29 31.09 31.04 29.12 
4 39.88 26.29 27.98 27.36 31.62 35.05 31.59 43.43 35.57 
5 38.93 31.20 31.57 27.01 31.24 35.17 32.22 37.62 34.51 
6 32.73 31.01 29.80 29.44 37.11 32.64 51.20 35.72 39.52 
7 29.21 29.35 27.29 30.59 28.91 39.77 44.88 32.18 40.67 
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8 33.55 32.52 37.22 33.61 32.39 38.48 32.5 40.73 53.68 
9 36.30 29.22 28.72 33.73 30.48 31.79 37.86 34.27 40.68 

10 35.15 28.10 29.87 27.80 36.47 35.65 33.49 400 48.05 
11 31.09 30.33 26.81 34.81 41.74 38.31 32.29 36.81 34.48 
12 30.76 29.98 29.83 31.72 28.46 32.15 33.25 40.83 49.30 
13 37.06 29.19 32.46 36.89 32.56 33.06 34.97 38.64 43.59 
14 33.03 29.50 29.05 28.07 35.02 39.11 33.06 37.14 33.17 
15 30.25 29.55 27.83 30.29 31.58 33.21 42.12 36.53 29.37 

average 
value 

34.46 29.83 29.77 31.08 32.77 35.78 36.15 36.81 39.01 

 
We compare the average transmission time obtained from each transmission scheme in Table 4 to draw the transmission time 

comparison diagram. It is shown in Figure 2.  

 
Figure 2 Comparison of Single File Different Threads Number Transmission Time 

We can draw a clear conclusion from Figure 2 that the average time of using three threads and the average time of using four threads to 
transmit data files are both shorter, and they are both below 30 seconds. And there is almost no difference between them. When the treads 
number of transmission data files continues to increase, the transmission time constantly increases, that is to say, the transmission efficiency 
gradually declines. We can conclude from Figure 2 that in a certain network environment, it is not the fact that the more the treads number 
of transmission data files is , and the shorter the transmission time used in the experiment is, and it is the fact that the treads number which is 
more suitable for transmission environment exists. This needs us to determine by doing the experiments in the specific environment. 
 
5. Conclusion 
 

First we analyze and compare the data file transmission efficiency from two angles, files number and treads number and do a large 
number of experiments in the paper. The experiments data show that the efficiency of single file multi-thread data files transmission way is 
higher than other forms of transmission efficiency. We do the further analysis of threads number adopted in the process of transmitting 
single data file and we adopt 2-10 threads to transmit the special files respectively. Eventually it proves that in particular network 
environment, we need to a large number of experiments to determine the optimal treads number. It is not the fact that the more threads 
number is, the better the transmission efficiency becomes.  

Because the space is limited, in addition, we need to do a large number of experiments to prove the relationship between the actual 
network environment and the selection of transmission data files treads number further, the in-depth study of this problem will be done in 
the subsequent wok. 
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Abstract: Traditional real estate enterprises play an important role of Chinese economic development. With the further development of 
Chinese economic development, real estate enterprise faced with the problem of transformation. Based on the present situation of the real 
estate industry, this paper gives an analysis of transformation mechanism, and constructs two stage fuzzy DEA evaluation model, choosing 7 
Chinese listed real estate enterprises for evaluating and comparing transformation efficiency. It is concluded that the efficiency of China's 
real estate enterprises is overall low, transformation of business mode and operating mode are likely to be the successful transformation 
paths. 
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1. Introduction 
 

Beginning in 2013, the GDP of Chinese service industry had catch up with manufacturing, which showed a trend of structural 
transformation of the Chinese economy. The real estate market is for characteristics of investment and production, its downturn herald that 
real estate enterprise faced with opportunity of innovative development. In the past memory, China's real estate enterprises have been 
gradually out of the pattern of economic growth, which huge expansion driving inventory optimization. Under the background of economic 
restructuring and structure imbalance between supply and demand, management mode of real estate enterprises and its operation mechanism 
will fundamental shift, the transformation is imminent. 

Servicizing business model will be highly competitive in the future, real estate enterprise with long service value chain will become the 
market mainstream [1]. Value chain segment created such as health care, leisure, sports, culture community, those diversified products are to 
drive the market’s strength increased substantially. Traditional business model will irrevocably transforming to a "product + services" 
pattern, seeking a quick and efficient transformation path is current priority. 
 
2. Iiterature review 
 

At present, the research of enterprise transformation is mainly divided into 2 categories: construction of the relevant strategic 
transformation theory, and path exploration based on cases. While chinese scholars prefer to provide transformation strategy or path 
suggestion for practical operation, the other scholars pay more attention to the improvement of the theoretical system. In the past literature, 
enterprise transformation and enterprise strategic transformation could be regarded as the same concept in some ways, as most of the 
existing literature is discussing based on the perspective of different strategic theories, these studies[2-25] are in Table 1. 

Tab.1 Enterprise transformation under the perspective of different theories 
Perspective of theory Connotation of 

transformation 
Ways / paths of transformation 

 
Perspective of industrial 

organization 

Enhancing the competitive 
ability of enterprises by diversified 
transformation strategies 

Correlative/ low-correlative  
industry transformation. 
Upgrading of technology, talent, brand, 

organizational structure, management system, 
etc. 

Global value chain upgrading OEM  ODM  OBM Cross-industry 
upgrading of process, product, function. 

Perspective of resource 
& capability 

(Progressive and 
learning perspective) 

Reorganization of resources, 
recognition and investment of 
value resources 

Dynamic upgrading of resources, 
maximization of resource utility, elimination of 
waste, etc. 

Correction, integration, 
updating of corecompetences 

Developing enterprises’ ability of learning, 
absorbing, adapting and reformation. 
Constructing learning organization. 

Perspective of 
entrepreneurs &  

senior teams  

The personal ability of 
leadership guides enterprise 
transformation 

Five disciplines of leadership, 
improving the cognitive basis and values of 

managers 
Under the back ground of economic globalization, identifying and upgrading the corevalue activities of enterprises is an important way 

to realize the transformation of enterprises[25]. Chinese manufacturing industry needs to be updated from manufacturing to links of R&D and 
sales, and to improve added value of products; The dynamic capability is the main factor affecting strategic transformation[26], making it 
through the transformation process and rationally resource allocation is the foundation of successful transformation; The entrepreneur's 
cognition has a prospective influence on the transformation, and there are interaction effects among managers' choice of transformation 
strategy, composition of organization knowledge and improvement of performance[27]. There are 2 kinds of implementation paths for 
transformation, which are from bottom to top and from top to bottom[28], the 4 models of transformation are radical type, progressive form, 
erosion mode and structural type transformation. 

The existing literature has used fuzzy concept for enterprise transformation. Most of studies are based on different theories[29-32], 
therefore, the literature for connotation and operation mechanism of transformation is miscellaneous but not fine, the study is not deep and 
there is no systematic research framework; Although many scholars have explored the transformation path based on value chain or dynamic 
capability theory[33], those focused on theoretical level. Although transformation performance of enterprises in some typical industries has 
been summarized, the transformation path has not broken down and evaluated; Despite placeable path of strategic transformation, the 
scientific method has not been used for verifying the path yet. Some studies have evaluated operating efficiency or technological innovation 
efficiency of real estate by using models such as B2C DEA, SFA DEA[34-40], but have not yet involved the model for evaluating the 
efficiency of transformation. The research level stays in a single stage evaluation, the decomposition and efficiency measurement of 
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enterprise transformation process is still in the blank state; Case anlaysis for enterprise transformation are mainly limited in the 
manufacturing industry, researches on real estate are very lacking.  

In summary, the analysis and evaluation of enterprise transformation mechanism is the first step to break through the bottleneck. On the 
basis of the traditional strategic management theory, by combining issues of the status and transformation of Chinese real estate enterprises, 
this paper constructs a model of mechanism for real estate enterprises’ transformation process. Innovatively divides the transformation 
process into two stages: preparation and Implementation, and puts forward fuzzy two stage DEA model, as well as makes the efficiency 
evaluation for 7 listed real estate enterprises in China, which are representative. The model breaks through the ‘black box’ of traditional 
DEA method, considers the interaction and distribution structure among indicators in the process of transformation, implements the fitting 
and efficiency evaluation of transformation of real estate enterprises. Instead of the original data, the fuzzy set improves the adverse effects 
from resource variability, the evaluation results are objective and provide the references for transformation deployment. 
 
3. Results and discussion 
 
3.1 Influence of fiber type on pore pressure development 
 

Figure 4 presents the pore pressure development measurements of plain SCC and mono-fiber reinforced SCC at different depths. It can 
be observed that the maximum pore pressures measured in plain SCC at all depths are much higher than those of fiber reinforced SCC. The 
times at maximum pore pressure of fiber reinforced SCC at all depths are longer than that of plain SCC. Micro PP fiber plays a more 
significant role in reducing pore pressure than macro PP fiber and steel fiber. For all series, the pore pressure in 30 mm depth is the highest. 
Comparing Figure 4c and other figures, it clearly shows that the addition of steel fiber plays some roles in pore pressure reduction in deeper 
regions of SCC exposed to fire. This observation is also confirmed by M. R. Bangi in his latest research paper. Macro PP fiber is used more 
and more widely in concrete construction, therefore, its fire resistance is concerned gradually. From Figure 4d, it can be seen that macro PP 
fiber plays a more efficient role in pore pressure reduction than steel fiber. Comparing macro PP fiber with steel fiber and micro PP fiber, it 
seems that the addition of macro PP fiber has a better effect in shallow regions than in deep regions during fire exposure. This is likely a 
result of the geometric size of macro PP fiber. 
 
3.2 Influence of fiber hybridization on pore pressure development 
 

Figure 5 shows the pore pressure development of hybrid fiber reinforced SCC. Compared Figure 4b, 4c and Figure 5a, it can be 
observed that the hybridization of steel and micro PP fiber further reduces the maximum pore pressure at all depths, which presents an 
obvious positive hybrid effect in pore pressure reduction. The inclusion of steel and macro PP fiber results in a slightly lower pore pressure 
of 0.75 MPa compared to 0.9 MPa measured in mono-macro PP fiber reinforced SCC at the depth of 30 mm. The positive hybrid effect in 
pore pressure reduction of steel and micro PP fiber is better than that of steel fiber hybrid macro PP fiber reinforced SCC. From Figure 5c, it 
can be observed that the addition of steel fiber, micro PP fiber and macro PP fiber don’t present a further pore pressure reduction compared 
to steel fiber hybrid micro PP fiber reinforced SCC. This likely indicates that micro PP fiber plays more important role in reducing pore 
pressure of SCC during fire exposure.  
 
3.3 Temperature at maximum pore pressure 
 

Figure 6-8 present the results of time and temperature at maximum pore pressure in different depths. From Figure 6, it can be observed 
that the maximum pore pressure occurs during 13 to 19 min in the depth of 10 mm during exposed to ISO 834 fire curve, while the range of 
temperature at maximum pore pressure is about 200 to 280 oC. The addition of fibers prolongs the time of observing the maximum pore 
pressure in all depths. For all series, the pore pressure at the depth of 30 mm is the highest. As shown in Figure 8, it is further importantly 
observed that the maximum pore pressure occurred in the temperature ranges of 200-230 oC. It seems that the pore pressure relief occurs 
after melting of PP fibers, since the melting temperature of PP fiber is around 170 oC. This observation is somehow different with M. R. 
Bangi’s results. The difference of heating pattern (electric radiant heater and fire) and heating rate may lead to this distinction. 

  
Figure. 2 Time and temperature at maximum pore pressure in 10 mm depth. 

 
3.4 Comparison between electric heating and fire exposure 
 

The main difference between electric heating and fire exposure is the heating rate. Mindeguia et al found that concrete spalling mostly 
because of the internal cracking during fast heating, i.e. fire [8]. This viewpoint was also confirmed by Jansson et al. They found that the 
residual permeability of concrete exposed to fire was twice that of the concrete exposed to slow heating [9]. These results indicate that fast 
heating will lead to larger internal destruction in the concrete. This is likely the reason that all the test results of pore pressure in SCC 
exposed to fire are obviously lower than that of other concrete exposed to electric heating. However, it doesn’t mean that SCC exposed to 
fire will not spalling. It seems that there is no simple correlation between the magnitude of pore pressure and spalling in SCC exposed to fire. 
The spalling mechanism of SCC during fire exposure is more complex and further research should be carried out in the future. 
 
4. Conclusion 
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This paper presented an experimental study on pore pressure development in fiber reinforced self-consolidating concrete during fire 
exposure. Steel fiber, micro polypropylene fiber, macro polypropylene fiber and their hybridizations reinforced self-consolidating concrete 
were investigated. The following conclusions can be drawn from this study. 

Micro polypropylene fiber is more effective in reducing pore pressure than macro polypropylene fiber or steel fiber. Steel fiber plays 
some roles in pore pressure reduction in deeper regions, while the macro polypropylene fiber has a better effect in shallow regions than in 
deep regions during fire exposure. The positive hybrid effect in pore pressure reduction of steel and micro polypropylene fiber is better than 
that of steel fiber hybrid macro polypropylene fiber reinforced SCC. The pore pressure in SCC exposed to fire is obviously lower than that 
of other concrete exposed to electric heating. Larger internal destruction in SCC during fire exposure maybe explains this phenomenon. 
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Abstract: At present more and more enterprises realize that enterprises have to rely on the whole supply chain management to strengthen 
the competitiveness of enterprises, and after all only relying on one enterprise to compete alone is weak. Garment industry also has ushered 
in the new opportunities and challenges. With the rapid increase in customers’ consumption level, the competitive enhancement of 
international market, lag of information flow, these all require the enterprises to continuously improve their own management levels. 
However, the supply chain management is just a kind of advanced management mode which adapts to this kind of requirement. It makes the 
textile, garment and market be integrated together. Looking at the problem from a unitary perspective have greatly optimized the whole 
economic benefits of enterprises in the chain. We analyze the existing bullwhip effect in the supply chain, put forward the optimization 
method of garment industry supply chain, and establish the supply chain optimization model based on customer relationship in the paper. 
The goal is to optimize the garment industry supply chain and make the garment industry be able to respond to the customer requirement 
timely so as to better adapt to the rapid development of the society. 
 
Keywords: supply chain management, supply chain optimization, customer satisfaction, customer relationship management, supplier 
evaluation 
 
1. Introduction 
 

Garment industry starts relatively late in our country, and the starting of modern garment industry is about one hundred years later than 
the developed countries. The traditional garment processing mode still occupy a lot of proportion. The design ability, brand operation ability, 
marketing ability and rapid response ability of the market about the garment enterprises of doing domestic brand need to be improved badly. 
The backward new product design and development capability, and post processing ability of the domestic fabric enterprises lead to that 
there is a big gap in fabrics in the aspects of quality, variety, grade, dyeing and others compared with developed countries. It becomes the 
bottleneck which restricts the garment industry development and it is hard to support the development of downstream garment industry. At 
present the research emphasis on supply chain has also gradually turned to the partnership relation between the companies. China’s textile 
industry should develop toward the external intensive economy mode of regional industry advantage accumulation and industrial connection, 
enhance the overall level of the industry and perfect the enterprise microscopic marketing and industry macroscopic marketing system.  

    Therefore, whether the relationship between supply chain members is reasonable or not and how kind of cooperation way should be 
established are the directional issues about the enterprise long-term development. The garment enterprises should in what kind of way seize 
the current opportunity of “entering into WTO” and break the original, traditional and backward operation mode, and take the customer as 
the center, and establish the supply chain optimization model based on customer relationship in so as to achieve the goal of enhancing the 
rapid reaction ability on the market, coordinating the relationship between upstream and downstream, and enhancing the comprehensive 
competitiveness of the whole supply chain. Obviously, these things mentioned above have profound research significance. 
 
2. Influential factor model of customer satisfaction degree 
 
2.1 Influential Factor of Customer Satisfaction 
 

According to Maslow’s theory of “hierarchy of needs”, we construct influential factor model of customer satisfaction degree in the 
paper. Maslow assumes that human can gradually produce more needs on a higher level, and start from the basic physiological needs, go 
through the safety, social intercourse, self-esteem and self-actualization, on these stages the individuals achieve the completely satisfactory 
of their own lives. Influential factor model of customer satisfaction degree makes the things provided by an enterprise be divided into five 
hierarchies. It is shown as Figure 1.  

 
Figure 1 Influential Factor Model of Customer Satisfaction Degree 

The First Hierarchy: Core Product or Service 
The Second Hierarchy: Supportive Service 
The Third Hierarchy: Performance of Promised Service 
The Fourth Hierarchy: Customer Interaction Factor 
The Fifth Hierarchy: Emotion Factor---Perceptual Aspect of Service 
 

2.2 Influential Factor Model of Customer Satisfaction Degree 
 
2.2.1 Establishment of Influential Factor Model of Customer Satisfaction Degree 
 

In the viewpoint of the model of customer need satisfaction degree, customer satisfaction degree is a kind of joyous psychological state 
produced when the customer’s consumption has gone through the process of satisfying the customer’s needs. If the actual performance of 
products and services satisfy the customer’s needs more, the customer will be more satisfied with products and services. If the actual 
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performance of products and services can’t satisfy the customer’s needs more, the customer won’t be more satisfied with products and 
services. It explains the internal connection among the actual performance of products and services, the satisfaction degree of customer’s 
needs, and the customer satisfaction degree better.  

There are five key factors that affect customer satisfaction degree in supply chain. They are respectively described as the core products 
or services(Product Satisfaction, PSAT), the service and system support(Service Satisfaction, SSAT), the technical performance(Technology 
Satisfaction, TSAT), the customer interaction factor(Customer Satisfaction, OSAT), and the emotion factor(Feeling Satisfaction, FSAT) .  

We make use of the 7 point calibration method put forward by Zeithaml and others to calibrate the customer satisfaction degree in the 
paper. They are respectively very satisfied(very satisfied,7), satisfied(satisfied,6), somewhat satisfied(somewhat satisfied,5), mid-level(mid-
level,4) and somewhat dissatisfied(somewhat dissatisfied,3), dissatisfied(dissatisfied,2) and very dissatisfied(very dissatisfied,1). We need to 
pay attention to that in the 7 point calibration method even though 7 point is bigger than 6 point, and 6 point is bigger than 5 point, in turn, 
they are like these, the difference degree between 5 point and 6 point is not necessarily the same with the difference degree between 6 point 
and 7 point.  

We use the customer relationship management system in the supply chain and do an investigation on different customers of one kind of 
product to let the customers give the scores on the products about the customer satisfaction degree and the five influence factors of 
satisfaction degree with 7 point calibration method respectively. We use the variable γ i the variable Χ

~
 to  represent respectively, and take 

the value of 1.7. We use the Bayes statistical theory to analyze the obtained investigation results.  
First, because the customer satisfaction degree variable is discrete and discontinuous, the traditional regression model is not applicable. 

Therefore, we can define a fuzzy continuous variable to calibrate the customer satisfaction degree. As far as the seventh customer is 
concerned, the fuzzy variable Zi has the following equation. 

Zi =Χ
~

i *
β~  +ε i                                                                                                       (1) 

In the formula, Χ
~

i represents the variable (PSAT, SSTA, TSAT, CSAT, FSAT). 

   β
~

 = ( β 1, β 2, β 3, β 4,  β 5) is each influence factor on the various influence factors’ degree of influencing the customer 
satisfaction degree. And it is the parameter vector which remains to be estimated. ε i is the random distribution error variable, and follows the 
standard normal distribution.  

As far as each customer is concerned, the mapping relationship between the fuzzy variable Zi and customer satisfaction degree variable 
γ i is shown as follows.  

P (γ i=j) = P (ζ j-1< Zi<=ζ j)                                                                                      (2) 

In the formula, P(γi=j) refers to the probability when the customer i ’s overall satisfaction degree is j, among them j=1，…, J, and ζ  

is a parameter which remains to be estimated, among them j=1,…, J+1, ζ 0<ζ 1<…<ζ J<ζ J+1 . 

Combined with the information in customer investigation data we use Bayesian inference and know that the parameterθ
~

= { β
~

,ζ
~

} 

obeys the posterior distribution Π (θ
~
∣γ~ ). For the investigation value formulaγ

~
， 

Π (θ
~
∣γ~ ) ∝  l (γ

~
∣θ~ ) Π (θ

~
)                                                                                 (3) 

In the formula, Π  represents the probability of density function, Π (θ
~

) is the posterior distribution of the parameterθ
~

, and l (γ
~
∣θ~ ) 

is the probability of investigation value γ
~

 when it represents the given parameterθ
~

. 
 

3. Garment Industry Supply Chain Optimization Model based on Customer Relationship 
 
3.1 Data Processing of Customer Random Demand 
 

The bullwhip effect in supply chain has affected the customer response capacity and reduced the customer satisfaction degree. In order 
to weaken the bullwhip effect in supply chain, we adopt the customer random demand processing function and we establish the supply chain 
optimization model based on the customer relationship in this section.  

Demand management is a difficult problem in supply chain modeling. In the custom-oriented supply chain, if we need to implement the 
individual demand of customers and improve customer satisfaction degree, it is necessary to improve the ability of transferring goods, 
reducing the inventory, and improve customer service capacity. All the things focus on the improvement of supply chain customer response 
capability so as to meet the random demand of customers with the fastest speed and the best service. If the response ability can’t reach a 
certain level, even though the enterprise pays lower cost and loses more benefits, it will lead to the insufficient response. If the response 
ability exceeds a certain level, the enterprise’s earnings may be further increased, but the cost increase is too high, it will lead to the 
excessive response. Chen Mingxin (2002) gives the best response ability quantitatively, and puts forward the discriminant conditions of the 
best response ability.  

There are two influence factors about the best response ability, namely demand prediction and lead time. Lead time is the length of 
time of this project which needs to be prepared in advance by the upstream when the midstream and downstream in the supply and demand 
link of supply chain need some kind of project. Lead time includes preparation time, processing time, queuing time, transportation time, 
waiting time, etc. From the previous section we can know that the better demand prediction can weaken the bullwhip effect. The demand 
prediction considers the accuracy and rapidity of the information transmission from the perspective of information flow. However, the 
shortening of lead time considers from the angle of logistics to improve the transferring speed.  

For the random demand of customer, we adopt the data processing procedure in Figure 4. Because the uncertain factors of customer 
demand history data in the actual process aren’t feasible completely, we make use of the methods used when we analyze the influence factor 
model of customer satisfaction degree in the previous chapter. That is to say, we use the Bayesian method to analyze the original statistical 
data first. After we draw the effective data, we use the indicator balance prediction method to predict the customer demand at the next stage. 

 
Figure 4 Data Processing Procedure of Customer Random Demand 

 
3.2 Customer Random Demand Functi 
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We set the customer demand as Dt at t stage. The customer demand uses a recursive function to represent, shown in the formula (5-1). 

This function has been used for many times in the literature involved in random demand, and it can describe the customer demand process 
better.  

Dt  = d+φ Dt -1+ 
α

t                                                                                                    (4) 

In the formula, d>0，-1<φ <1 is the correlation coefficient. α t  is random error variable, and it obeys the symmetrical distribution of 0 
and σ 2 . We suppose σ 2<d, thus, the probability of customer negative demand can be neglected. 

From the formula, we can see that when -1<φ <0, the demand is negative correlation, and when 0<φ <1, the demand is positive 

correlation, and when φ =0, the demand is overflow. That is to say, customer demand is greater than the supply capacity of supply chain.   

Obviously, expected value of demand function E (Dt)=d/（1-φ）, and the variance Var(Dt)= σ 2 /(1-φ 2).  
In the formula, d,α , σ are all known. However, in the process of practical use, these parameters need to calibrate. Parameters 

calibration can make use of starting piece of data of the data taken by the model as the basis, in turn, it is OK.  
 

3.3 Establishment of Garment Industry Supply Chain Optimization Model based on Customer Relationship 
 
The customer-oriented supply chain optimization model is based on the situation of meeting the customer random demand, 

implementing the best customer response capability, and ultimately achieving the maximum goal of supply chain overall profit. Here, the 
established model is based on the basis of finishing the selection by the optimized members. That is to say, each member enterprise has 
already met the optimized conditions. The establishment of the model is based on the core enterprise, namely (k, m). In Figure 5, it gives the 
related variable definitions in the model. 

 
Figure 5 Schematic Diagram of Model Variable Definitions 

Among them:  
P: Consumption amount of raw materials in a certain period;  
I1: Replenishment quantity and semi-finished products inventory of enterprises raw materials; 
I2: Finished goods inventory; 
L: Products shortage quantity; 
B: Delayed delivery quantity; 
S: Highway transportation amount;  
O: Order quantity;  
T: Corresponding action occurrence time interval; 
Od: Order delay time; 
Pd: Production delay time; 
Sd: Transportation delay time. 
In order to simplify the formula, od, pd and sd with the addition of asterisk“*” represents that starting point and finishing point of its 

flow is the same with the starting point and finishing point of variable itself. 
According to the things described above, we can obtain the expressions of I1, I2, and they are shown as follows.  
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∀ k =1 ... K, m=1 ... M, t=1 ... T                                                                                  (6) 

From the formulas (5-2) and (5-3), we know that if the enterprise starts the production at t moment, the supplier should transport the 
goods sd ahead of time. Similarly, for the processing of finished products, the supplier should lag the pd time.  

The shortages of products are mainly caused by the loss and delayed delivery. The expressions of shortage quantity and delayed 
delivery quantity can be seen in Formula (7) and Formula (8).  
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∀ k =1 ... K, m=1 ... M, t=1 ... T                                                                                      (8) 

Similarly, the order quantity sent from (k+1, n) to (k, m) should be transported od ahead of time, because there is a order delay time. 
Here, in order to simplify the model and do not lose the generality, in the process of establishing basic model we omit the shortage quantity 
and the delayed delivery quantity when the core enterprise orders from the supplier. We mainly discuss the shortage quantity and the 
delayed delivery quantity occurred between the core enterprise and the distributor in the paper. Variable L and Variable B are different with 
the difference of core enterprise customized strategy.  
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In addition, at t moment, in this period from the production starting to the production end, the total output of (k, m) is restricted by its 
production capacity Kap and it has the constraint.  

,k m
tP  + 

,

1

k m
t

t
O

θ

θ−
=
∑ ≤  Kap k,m 

The goods amount with transportation is restricted by vehicle loading capacity. We use j (j = 1,2,...J) to represent the transportation 
vehicle of (k, m). For the transportation capability of each vehicle at t moment, we use Cj,t  to represent. About whether the vehicle is 

selected to transport the goods or not we use Xj,t  to represent Xj,t∈{ }0,1 , and it has the constraint. 
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∀ k =1 ... K, m=1 ... M, t=1 ... T, j=1… J                                                                            (10) 

Formula (9) ensures that the total number of transportation goods isn’t greater than the sum of vehicle transportation capacity. Formula 
(10) ensures that the vehicle j t can only reach a destination in the same period t.  

For the starting point of the supply chain, namely the stage k=0, ordering the goods or receiving the goods won’t occur. Similarly, for 
the finishing point of the supply chain k=K+1, receiving the orders or sending the goods won’t occur. Therefore, it has the constraint. 

(0, )(1, )m n
tS  = 

(1, )(0, )
*

n m
t odO −    ∀ n =1 ... M, m=1 ... M, t=1 ... T                                                    (11) 

The order quantity of finishing point enterprises must meet the customer’s random demand   quantity. We use the following formula to 
represent.  

( 1, )( , )
*

k n k m
t odO +
−  = 

( 1, )( , )k n k m
tD +

   ∀m=1 ... M, t=1 ... T                                                            (12) 
Formula (11) and (12) contain the boundary of the supply chain.  
Considering the economic benefit, we take the supply chain profit maximization as the objective function. rvk,m  represents the income 

obtained when (k, m) transforms a certain unit product to (k+ l, n). vck.m represents the procurement cost obtained when (k, m) transforms a 
certain unit product to (k-1,I).  

Correspondingly, ick,m and bck,m represents the inventory cost and delivery delaying cost of a certain unit product. 
( , )( 1, )k m k n
jtc +

 represents the transportation cost when vehicle j transforms from (k, m) to (k-1, I) whether it is fully loaded or not.  
Combined with the above contents, we can get the customer-oriented supply chain optimization model. It is shown from Formula (13) 

to Formula (19).  
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Constraints： 

I1, I2, P, L, B, O, S≥ 0                                                                                             (14) 
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4. Research on Garment Industry Supplier Evaluation Method  
 
4.1 Brief Introduction of Analytic Hierarchy Process 
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Quantitative analysis method plays an important role in promoting the development of social science. It has long been concerned by 
people. Especially the optimization model, it once got the very extensive application in decision making. However, in practical application 
process, there are also some problems. It mainly reflects in the following respects.  

(1) The complexity of social problems determines that it is difficult to construct the suitable model. Even though the mathematical 
model is constructed, and sometimes it is also difficult to explain the problem accurately or it is difficult to execute.  

(2) The decision-making problems have a considerable amount of subjectivity, but this is difficult to reflect in the quantitative analysis 
model.  

(3) The huge model cost is too big, and it is difficult to understand.  
Due to the above problems, people rethink the role of quantitative method in social science, especially for the decision-making 

problems. How can we both consider the accuracy of mathematical analysis and consider human decision-making thinking process and 
thinking law? That is to say, it is quantitative analysis of qualitative problem. It is in this context, the analytic hierarchy process is produced.  

Under this kind of background, the analytic hierarchy process (AHP) is a kind of practical decision-making analysis method with the 
combination of qualitative analysis and quantitative analysis, and the quantization of qualitative problem which was put forward by the 
famous American operational research expert and the professor at the University of Pittsburgh, T.L.Saaty, in the medium term of 70s[46]. Its 
basic idea is to decompose a complicated problem into multiple component factors and make these factors be divided into groups according 
to the dominant relationship. Thus, an orderly hierarchical structure is formed. By the way of comparison between any two means, we 
determine the relative importance of many factors in the hierarchy, and then we synthesize people’s judgments to determine the total order 
of relative importance of all factors. The emergence of the analytic hierarchy process has brought great convenience for the policymakers to 
solve those decision-making problems which is difficult to give the quantitative description so as to make its application be involved in a 
wide range of scientific and practical fields.  

 
4.2 Calculation Steps of Analytic Hierarchy Process  
 

Calculation steps of analytic hierarchy process is shown as follows. 
(l) We establish the hierarchical structure  
We need to establish a hierarchical structure model with the intercorrelation among various factors, including the predetermined 

destination layer, criterion layer, sub-criteria layer, etc.  
(2) We construct the comparative judgment matrix between quantities and quantities 
Here, first we assume that the criterion layer (first grade indicator) of a certain indicator system has a cost factor A. The sub-criteria 

layer associated with it (second grade indicator) includes three specific indicators, namely product price Al, transportation cost A2 and 
communication cost A3.  

By giving the scores by the expert members we can determine that under the principle of cost factor A, we can compare the advantages 
and disadvantages of element Ai and Aj (1 3i≤ ≤ ,1 3j≤ ≤ ) to construct a judgment matrix. Its form is shown in Table 1.  

 
Table 1 Judgment Matrix of Comparable Elements 

 A1 A2 A3 
A1 A11 A12 A13 
A2 A21 A22 A23 
A3 A31 A32 A33 

Among them, Aij is the embodiment of Ai’s relative importance to Aj.  
 

Table 2 Scale Definition 
Scale Meanings 

1, 2, 3, 4, 
5, 6, 7, 8 

It represents that when we compare the two factors, they have the 
equal importance. 

It represents that when we compare the two factors, the first 
factor is slightly important than the second factor. 

It represents that when we compare the two factors, the first 
factor is apparently important than the second factor. 

It represents that when we compare the two factors, the first 
factor is strongly important than the second factor. 

It represents that when we compare the two factors, the first 
factor is extremely important than the second factor. 

It is the median which lies between the adjacent judgment 
mentioned above. 

 
(3) Calculation of Relative Importance of Elements under the Single Criterion  
By solving the judgment matrix A, (namely, AW= maxλ W) we solve its corresponding feature vector W= [w1 w2 w3], and after we 

make its feature vector be normalized we make it as the ranking weight of A1, A2 and A3 elements on this layer.  
(4) Consistency Check of Judgment Matrix 
After we obtain the biggest characteristic vector I of judgment matrix A and the characteristic value maxλ , we need to test the consistency 

of judgment matrix. And its steps are shown as follows.  
1. We calculate the consistency indicator CI 

max

1
nCI

n
λ −

=
−

                                                                                           (20) 

Among them, n is the order number of Matrix A.  
2. We calculate the random consistency indicator RI 
RI is obtained by taking the arithmetic average number after we have obtained the calculation result of random judgment matrix 

characteristic value for many times repeatedly, and RI value which is commonly used is shown in Table 3.  
Table 3 Commonly Used RI Value 
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n 1 2 3 4 5 6 7 8 9 

RI 0 0 0.58 0.90 1.12 1.24 1.32 1.41 1.45 

3. We calculate the consistency ratio   
CICR
RI

=                                                                                                       (21) 

When CR<0.1, we can think that the consistency of judgment matrix can be tested, or else we should modify it to make it conform to 
the requirements.  

(5) We calculate the combination weight of elements on each layer with the methods mentioned above ( total ranking of layers ).  
(6) We test the calculation result consistency of evaluation total ranking of layers.  
We set CI as the consistency indicator of total ranking of layers, and set RI as the random consistency indicator of total ranking of 

layers. Its computational process is shown as follows.  

1

n

i i
i

CI a CI
=

=∑                                                                                              (22) 

The coefficient interpretation： 1 2, ,..., na a a   is the weight of the cost factor with A ranking and first grade indicator, and CI is the 
consistency indicator of judgment matrix in second grade indicators associated with the first grade indicator i.  

1

n

i i
i

RI a RI
=

=∑                                                                                             (23) 

The coefficient interpretation: RI is the random consistency indicator of judgment matrix in second grade indicators associated with the 
first grade indicator i.  

When 
CICR
RI

=
<0.1, it shows that the result of total ranking of layers has better consistency, or else the matrix should be adjusted again. 

 
4. Conclusion 
 

Supply chain optimization is an important direction of supply chain research and application, and it has been widely applied in many 
fields. As far as the garment industry is concerned, because after China has joined in WTO and textiles quota has been canceled, the garment 
industry has won a stable trade environment, this has enlarged the export of Chinese clothes, and the competition in garment industry 
becomes more and more fierce. Due to the emergence of the global financial crisis in 2008, the garment industry has also suffered a large 
blow, especially the export trade loss is very large. At the same time, it has also brought a lot of thoughts for the large and medium-sized 
garment industry in our country. The garment industry should spend more minds to expand domestic demand rather than expand the 
exportation as ever. How to better develop the domestic garment business and better optimize each link of industry chain become the 
problems which the enterprises need to consider. What’s more, the supply chain optimization theory has provided a good solution for these 
enterprises. 
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Abstract: We take the artificial rib driver as the research object and adopt the fuzzy self-adaptive PID control strategy respectively to build 
the nonlinear system model of mobile robot pneumatic-position servo control. Combined with the nonlinear compensation ability of fuzzy 
inference and the advantages of PID controller, we adopt the fuzzy self-adaptive PID control strategy to do the position servo control of the 
artificial rib driver and apply Matlab to carry out the simulation experimental research. 
 
Keywords: pneumatic; robot; fuzzy control; PID 
 
1. Introduction 
 

Pneumatic artificial rib driver and clamp air bag are the control objects of the pneumatic actuators and the system. The control of 
robot’s mobile position depends on the control of artificial rib driver and clamp air bag. A certain displacement of artificial rib driver 
corresponds to a certain amount of control stress. Due to the nonlinearity of pneumatic artificial rib and the flexibility of itself, in addition it 
is difficult to build the accurate mathematical model of pneumatic artificial rib, therefore, using the classical control strategy is very difficult 
to get the good control performance. With the development of intelligent control, the intelligent control technology also has been widely 
applied in the pneumatic servo system. It has the features without depending on the accurate mathematical model of controlled object, and it 
also has the features of simple design, flexible application, strong robustness and others. In order to be able to achieve the high-accuracy 
closed-loop position of the pneumatic artificial rib or the output force control, we use the fuzzy control to achieve the control of pneumatic 
artificial rib in the paper so as to make the pneumatic robot achieve the high-accuracy control. 
 
2. Digital PID control 
 
2.1 PID control principle 
 

PID control is used to make the proportion (P), integral (I) and differential (D) of deviation form the controlled quantity through the 
linear combination so as to control the controlled object. It is also called PID controller. The system principle of conventional PID controller 
is shown in Figure 1.  

 
Figure 1 The Block Diagram of Conventional PID control system principle 

PID controller is a kind of linear controller. According to the given value ( )r t  and the actual output value ( )c t it forms the control 
deviation ( )e t .    

( ) ( ) ( )e t r t c t= −                                                                                           (1) 
The control law in Figure 1 is as follows. 

0

( )
( )( ) [ ( ) ]

t

D
P

I

e d
T de tu t K e t

T dt

t t
= + +

∫                                                                     （2） 

In formula (2) PK  is the proportionality coefficient, IT  is the integration time constant, and DT  is the differential time constant.  
The formula (2) is transformed into the transfer function and its form is as follows.  

( )( )
( )

I
P D

KU SG S K K S
E S S

= = + +                                                                     （3） 

In formula (3) IK =
P

I

K
T , IK is the integral coefficient; DK is the differential coefficient, DK = P DK T× . 

PID controller combines the advantages of the three cycles, namely proportionality, integral and differential controller to control the 
system jointly. The control output consists of three components.  

The proportionality component: According to the deviation value it can adjust the controlled quantity of system proportionally so as to 
cause the control action and reduce the deviation. The role of the proportionality coefficient is to accelerate the response speed of system. 
The greater the proportionality coefficient, the faster the system response speed and the higher the adjustment accuracy of the system. 
However, it is likely to make the system have an overshoot even unstable. If the proportionality coefficient is too small, it can reduce the 
adjustment accuracy of system, make the response speed become slow and the adjustment time become long, and make system dynamic and 
static features become bad.  

The integral component: It is used to eliminate the static error and improve the indifference degree of system. The strength of the 
integral action depends on the size of the integral time constant IT . The smaller IT , the stronger the integral action. It needs to pay attention 
to that too strong integral action may cause the instability of system.  

The differential component: According to the change trend of the deviation value, it can adjust the control quantity of system. Before 
the deviation signal has the larger change, an early correction signal is introduced in advance so as to speed up the action speed of system, 
and reduce the adjusting time. It needs to pay attention to that too strong integral action may cause the oscillation of system. 
 
2.2 Digital PID control algorithm 
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Digital PID control is used to achieve PID regulating law mentioned in the section above by using the computer. According to the 

output of the digital controller the digital PID control algorithm can be generally divided into the positional PID control algorithm and the 
incremental PID control algorithm. 

 
2.2.1 Positional PID control algorithm  

 
According to the equation (2) of simulating PID control algorithm, it uses a series of sampling time point to represent the continuous 

time t, and uses the difference and summation methods to replace the differential and the integral respectively so as to obtain the discrete 
PID expression.  

0

0

[ ( ) ( 1)]( ) { ( ) ( ) }

( ) ( ) [ ( ) ( 1)]

k
D

P
jI

k

P I D
j

T e k e kTu k K e k e j
T T

K e k K e j K e k e k

=

=

− −
= + +

= + + − −

∑

∑
                                                                 （4） 

In the equation (4), T refers to sampling period, k refers to the sampling sequence number ( k =0, 1, 2 , IK ) refers to the integral 
coefficient, I P IK K T T= , and DK  refers to the differential coefficient, D P DK K T T= . 

The output calculation result in the equation (4) is the controlled quantity ( )u k which can be used to control the actuator (such as the 
valve) directly. Here there is one-to-one correspondence between the value of ( )u k and the position of actuator (such as the valve opening). 
Therefore, the equation (4) is usually called the positional PID control algorithm.  

Disadvantages of this algorithm are as follows. Due to the output of all quantities, each output is related to the past status. 
Accumulating ( )e k is necessary in the process of calculation. The computing workload of computer is big. What’s more, because the 
corresponding thing of computer output ( )u k  is the actual position of actuator, if the computer has something wrong the substantial change 
of ( )u k will cause the substantial change of actuator position. This kind of false action can often lead to the danger. In order to avoid the 
occurrence of this kind of situation the incremental PID control algorithm is always adopted.  

 
2.2.2 Incremental PID control algorithm 

So-called incremental PID refers to the output of the digital controller is only the increment ( )u k∆ of controlled quantity. By the 
recursive principle the following equation can be obtained.  

1

0
( 1) ( 1) ( ) [ ( 1) ( 2)]

k

P I D
j

u k K e k K e j K e k e k
−

=

− = − + + − − −∑                                                                 (5) 

When the equation (4) is subtracted from the equation (4), the equation (6) can be obtained.  
( ) [ ( ) ( 1)] ( ) [ ( ) 2 ( 1) ( 2)]

( ) ( ) [ ( ) ( 1)]
P I D

P I D

u k K e k e k K e k K e k e k e k
K e k K e k K e k e k

∆ = − − + + − − + −
= ∆ + + ∆ −∆ −

                                          (6) 

 The equation (6) is the incremental PID control algorithm expression. Although as far as the whole system is concerned, there is no 
essential difference between positional PID control algorithm and incremental PID control algorithm, the improvement of incremental 
control algorithm on the algorithm has got a lot of advantages in practice.   

Because the computer outputs the increment, when the false action occurs it has small influence. If it is necessary, the logical judgment 
method can be used to remove the false action.  

1. When the manual/automatic switch is operated, the impact is small so as to facilitate to achieve the undisturbed switch. In addition, 
when the computer fails to work, because the output channel or the actuator has the latched function of the signal, it can still maintain the 
original value; 

2. The accumulation is not necessary in the equation. The determination of the control increment ( )u k∆ is only related with the recent 
k  sampling value, so it is likely to get the better control effect by the weighting processing. 

Of course, there are some disadvantages in the incremental control algorithm. Its integral truncation effect is large, so the control 
accuracy gets a certain influence.  

In the process of designing PID controller, the adjustment of the three parameters is critical. For a long time the setting of parameters 
depends on the operator’s experience on the spot to a great extent. In the occasion without the prior experience usually some empirical 

formulas can be used first to determine the three parameters temporarily. First IK = DK =0 is set, then the proportionality coefficient is kept 
increasing till the system begins to oscillate. Then the three parameters can be obtained by calculating according to the following equations.  

0.6P CK K=                                                                                                                  (7) 
0.5I CT T=                                                                                                                    (8) 

0.125D CT T=                                                                                                                 (9) 
3. Fuzzy control 
 

Classical control theory and modern control theory are collectively called the traditional control. Their main characteristics are the 
controls based on the models. Or they can be called “the model theory”. In order to control, the traditional control must be modeled. In 
addition, it uses the imprecise model and adopts a fixed control algorithm so as to make the whole control system under the model 
framework. Lack of the flexibility and the strain capacity, so it is difficult to competent for the control of complex system. However, 
compared with the “model theory”, the intelligent control mode can be called the “control theory”. This kind of control theory actually 
adopts some form of intelligent decision, and it uses the flexible decision-making way to force the control towards the desired goal. 
Intelligent control system depends on simulating human intelligence in the embodiment of the “intelligence”. Therefore, there are the fuzzy 
control with the simulation of the human fuzzy logic thinking, the neural network control with the simulation of the human brain nervous 
system structure and function, and the expert control based on human knowledge, etc. 

 
3.1 Fuzzy control principle 
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Fuzzy control is the computer intelligent control based on the fuzzy set theory, the fuzzy language variable and the fuzzy logic 
reasoning. Its basic concept is first put forward by the famous professor, L.A.Z soon, in the University of California. However, in practice, 
the concept of fuzzy has already existed, and the human mind is extremely rough. The expression of the human language is also ambiguous 
and human logic is qualitative rather than quantitative. Therefore, the concept of “fuzzy” is more suitable for human to observe, think, 
understand and make decision. While it is more adapted to the objective physical phenomena of the real world and the fuzziness of things. 
So in intelligent control theory, the neural network control is often regarded as the “thinking-type” control, and the fuzzy control is regarded 
as the “languages-type” control. After more than 20 years of development, the fuzzy control has achieved a great success both in theory and 
application research. The block diagram of the basic principle of fuzzy control is shown in Figure 2. 

 
Figure 2. The Basic Principle of Fuzzy Control 

The core part of fuzzy control is the fuzzy controller, and it is shown in the part of dot and dash line box in Figure 2. The control rules 
of fuzzy controller are achieved by the computer procedures. With the interrupting and sampling the microcomputer obtains the accurate 
value of the controlled variable. Then compared with this quantity and the set value, the error signal is obtained and it is regarded as the 
input quantity of the fuzzy controller. The accurate quantity of error signal is fuzzily processed so as to become the fuzzy quantity. The 
fuzzy quantity of error signal can be expressed with the corresponding fuzzy language. Thus, a subset e ( e  is a fuzzy  vector) of the fuzzy 
language set of the error E is obtained, then according to the combination rules of reasoning, e  and fuzzy control rule R ( fuzzy operator) 
make the fuzzy decision so as to obtain the fuzzy control quantity.    

u e R= •  

                                                                                                              (10) 

In order to make the fuzzy control quantity u  be converted into the accurate quantity for the output, the back fuzzy treatment of the 
fuzzy control quantity u  is also necessary. Only the accurate quantity obtained after the back fuzzy treatment can operate the actuator to 
control the controlled object. Although the fuzzy control is named “fuzzy”, this only means that the theory of fuzzy mathematics is applied 
in the control method adopted by it. However, it performs the deterministic work completely. The control input quantity and the control 
output quantity are both accurate, so it can be completely qualified for the servo control task. 

 
3.2 Structure of fuzzy controller 
 

In the deterministic control system, according to the number of input variable and output variable, it can be divided into the single 
variable control system and the multivariable control system. In the fuzzy control system, similarly it can also be divided into the single 
variable control and the multivariable control. The fuzzy control research of this topic belongs to the category of single variable fuzzy 
control. 

1. The input variable of one-dimensional fuzzy controller is always chose as the controlled quantity and the input given deviation 
quantity E. Adopting the deviation value only is difficult to reflect the dynamic feature quality of the controlled process, so the obtained 
system dynamic performance is not satisfactory, and this kind of one-dimension fuzzy controller is always used in first-order controlled 
object. 

2. Generally speaking, the two input quantities of two-dimensional fuzzy controller both select the controlled variable and input given 
deviation quantity E and the deviation change EC. Because they can reflect the dynamic feature of output variable in the controlled process 
strictly, about the control effect it is much better than one-dimensional fuzzy controller. Therefore, the two-dimensional fuzzy controller is 
also a type of fuzzy controller which is widely used at present.  

3. The three input variables of three-dimension fuzzy controller are the system deviation quantity E, the deviation change quantity EC 
and the change rate of deviation change ECC. Because the structure of this type of fuzzy controller is complex comparatively, and the 
inference operation time is long, except for the occasions with particularly high requirement of dynamic feature, the three-dimensional fuzzy 
controller is generally chose by few people. 

As a result, about the selection of the fuzzy control system in the topic, adopting the two-dimensional fuzzy controller is more 
appropriate.  

 
3.3 Fuzzy, Back Fuzzy and Fuzzy Control Rules 
 

In fuzzy control system, the evaluation of input quantity is the language value, namely the fuzzy set. The input of fuzzy controller must 
go through the fuzzy process so as to be used to solve the problems about the fuzzy inference of fuzzy control input. In the actual system, it 
is very difficult to measure the input accurately. It is usually influenced by all kinds of interferences. Using the fuzzy quantity to express is 
more exactly than using the accurate quantity. It can show the greater amount of information. What’s more, with the increasing fuzzy level 
and the exact description of membership function, the fuzzy quantity can also reflect the corresponding accurate quantity and its features. 
But in actual control, the fuzzy level is not easy to be divided too densely and fine, otherwise it not only will lose some information without 
reflecting the advantages of fuzzy quantity but also will greatly increase the workload of arithmetic and inference process. Thus, it will have 
higher demand on the computer.    

The essence of fuzzy control rule is to summarize the practical experience of operators in the process of control so as to get a set of 
some fuzzy conditional statements, for example,  

Rule 1: if PositiongError is NB and Speed is NB then PWM is PB 
Rule 2: if PositiongError is NB and Speed is NM then PWM is PB 
Rule 3: if PositiongError is NB and Speed is NS then PWM is PB 
The rest may be deduced by analogy. All rules can be abbreviated to a table, and the table is called the fuzzy control rule table. The 

principle of determining the fuzzy control rule is to select the control quantity and take the action of eliminating the error as soon as possible 
as the major when the error is big or comparatively big, and to select the control quantity, need to pay attention to prevent overshoot, and 
take the system stability as the main starting point. The goal is to make the dynamic and static performances of system output response both 
achieve the best condition. After the fuzzy control rule table is set up, only the fuzzy inference is done can a fuzzy subset of the control 
variable make the decision out. It is a fuzzy quantity and it can not directly control the controlled object. Taking the reasonable method is 
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necessary to convert the fuzzy quantity into the accurate quantity so as to make the best decision effect of fuzzy inference result be shown. 
There are many fuzzy inference methods and back fuzzy methods. We mainly study the most commonly used MIN - MAX - gravity method.  

From the premise“ 0 0x andy ” and each fuzzy rule ( 1, 2, , )i i iA andB C i n⇒ =   we can get the inference result 
/
iC as follows.  

/ 0 0( ) ( ) ( )
ii ii BA CCu u x u y u z= Λ Λ                                                                             (11) 

Among them,∧  represents MIN.  
Final conclusion C′ is obtained by the synthesis inference result 1C′ 2C′ 3C′…, that is to say,  

1 2
( ) ( ) ( ) ( )

i nC C c Cz z z zµ µ µ µ′ ′ ′ ′= ∨ ∨ ∨                                                                   (12) 
Among them, ∨  represents MAX.  
The back fuzzy process of the fuzzy quantity is calculated according to the following equation, and the essence of the process is the 

weighted average. 
Fuzzy control system responses rapidly. What’s more, this feature won’t be reduced because of the given. Thus, it shows the good 

adaptive capacity. When the input of changes within a large range is given, the system all can track the given value with the maximum 
increasing ability so as to achieve the fastest physically feasible response speed. However, the feature of the fuzzy controller itself 
determines that the system will have obvious oscillation and static error at the equilibrium. The simple fuzzy control does not have the 
integral component, so the output of control quantity depends on the input quantity completely. When the system enters the steady state, the 
input quantities, namely position deviation and deviation change rate, gradually enter their respective “ZO” scope and then the output of 
control quantity also enters the “ZO” scope. The output gradually approaches the constant value set at the beginning of the design which 
corresponds to “ZO”. However, obviously it is not realistic to wish that the constant value could keep the system be steady in the different 
steady working points. Therefore, it inevitably causes the system to break away from the steady-state value until the track for the correction 
deviation of control quantity appear again after it gradually leaves the “ZO” scope. The phenomenon in cycles will cause the oscillation. 
Solving the oscillation can take the measure to increase the resolution ratio of “ZO” fuzzy subset from the input quantity and the output 
quantity. That is to say, choosing the appropriate parameter to make the membership function curve of “ZO” fuzzy subset become tapered 
can weaken the oscillation phenomenon near the equilibrium point in this way. However, the static error must exist in theory and it is 
difficult to be eliminated. 

 
4. Fuzzy self-adaptive PID control strategy 
 

Known form the linear control theory, the integral control action can eliminate the steady-state error, but the dynamic response is slow. 
Proportional control action has rapid dynamic response, but the indifference control can’t be achieved with the proportional action alone. 
While the proportional integral control action combines the advantage of the two to some extent. So it not only can obtain higher steady-
state accuracy but also have higher dynamic response. However, facing the complex nonlinear controlled object, the setting of optimal PID 
parameter is comparatively difficult. What’s more, the single optimal parameter can’t guarantee the optimal dynamic performance over a 
large area too. In fuzzy control system usually used two-dimensional fuzzy controller takes the system error E and the error change EC as 
the input language variable, and takes the output as their nonlinear combination. Because the fuzzy controller can compensate a part of 
influences from the system nonlinear factors, the system which adopts the type of fuzzy controller can obtain the good dynamic feature. 
What’s more, it has the ability which adapts to the input changes within a wide range. The disadvantage is that static performance is 
unsatisfactory. Therefore, making the PID control strategy be introduced into the Fuzzy controller to form a Fuzzy PID compound control is 
an effective way to improve the control feature.  

 
4.1 Fuzzy self-adaptive PID control principle 

 
In this topic, we combine the nonlinear compensation ability of fuzzy inference with the advantages of PID controller and adopt the 

fuzzy self-adaptive PID controller to do the position servo control of the artificial rib driver.    
The principle block diagram of fuzzy self-adaptive PID controller is shown in Figure 3. Fuzzy inference machine and PID controller 

jointly form the fuzzy self-adaptive PID controller. Among them, PID is the conventional PID controller. PK , IK , DK  are set by adopting the 
conventional setting method in advance.  

The fuzzy self-adaptive PID controller is adopted to do the pneumatic servo control of robot system. By controlling the pressure inside 
the air bag of the artificial rib driver and the pressure inside the clamp air bag the purpose of the servo control for the artificial rib position 
and the clamping state can be achieved. In a limited range the pressure and the position are considered to be linearly varying. Therefore, the 
position control in this system is still essentially the open-loop control. In the process of servo control, if the system structural parameters 
change or have inference, the transient response of the system can be reflected through the system error and error change rate. After each 
sampling time gets the output of system,  according to the size of the target value which system response deviates from and its change trend 
at this moment, with our existing knowledge of system control, the fuzzy control method is applied to increase or decrease the strength of 
control appropriately, increase the damping in advance, and control the output direction of system to deviate from the development direction 
of target value so as to make the output of system trend to the target value as soon as possible. For example, the output of driver position has 
already exceeded the target value and the speed is positive, the strength of reverse control should be increased rapidly and the gain of PID 
controller should be increased so as not to make the position output be moving in the development direction which deviates from the current 
given position further. Thus, it can effectively reduce the overshoot. When position deviation is positive and comparatively smaller, and the 
speed is comparatively faster, the strength of control should be decreased appropriately (That is to say, the controller gain should be 
reduced.) or the error polarity should be changed (It is equivalent to increase the damping) so as to avoid deviating from the target value 
after the output reaches the target value and shorten the adjusting time of system. 

 
Figure 3. Fuzzy Self-adaptive PID Controller 

The input quantities of fuzzy control system in this topic are respectively the pressure (position) error inside the air bag of rubber 
driver ( ) ( ) ( )e k r k y k= − and the change rate of pressure error ( ) ( ) ( 1)e k e k e k= − − .Through the quantitative factors the two quantities 
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obtained by actual measurement can be mapped to their respective domains of fuzzy sets from their basic domains so as to achieve their 
fuzzification. The pressure error inside the driver and the clamp air bag∈{negative and big, negative and middle, negative and small, zero, 
positive and small, positive and middle, positive and big}; The change rate of pressure error∈{negative and big, negative and middle, 
negative and small, zero, positive and small, positive and middle, positive and big};The duty ratio of output PWM signal∈{negative and 
big, negative and middle,  negative and small, zero, positive and small, positive and middle, positive and big}.   

Pressure error on its domain has the evaluation of seven language variables, namely NB, NM, NS, ZO, PS, PM and PB. And its 

corresponding language value ( [ 6, 4, 2,0,2,4,6])iA i I= ∈ = − − − . 
The change rate of pressure error on its domain also has the evaluation of seven language variables, namely NB, NM, NS, ZO, PS, PM 

and PB. And its language value ( [ 6, 4, 2,0,2,4,6])iB i I= ∈ = − − − .  
    The domain of the output of fuzzy control inference machine ( , )f e e  is [-3，3]. It has the evaluation of eight language variables on its 

domain, namely NB, NM, NS, NZ, PZ, PS, PM and PB. And its language value ( [ 3, 2, 1, 0, 0,1,2,3])iF i I= ∈ = − − − − + . 

The output of fuzzy self-adaptive controller is ( , )f e e e .That is to say, it is the input of PID controller. The output of the whole fuzzy 
self-adaptive PID controller is as follows.  

0
( ) [ ( ( ), ( )) ( ) ( ( ), ( )) ( )

( ( ( ), ( )) ( ) ( ( 1), ( 1)) ( 1) )]

k

P
ji

D

Tu k K f e k e k e k f e k e j e k
T

T f e k e k e k f e k e k e k
T

=

= +

+ − − − −

∑ 

 

                                               （14） 

In this pneumatic servo control system, we consider the features that the mass loading of pneumatic system is comparatively bigger and 
the damping is comparatively smaller. Combined with Mamdani fuzzy control rule, the control rule of two-dimensional input - output fuzzy 
inference machine is put forward to be shown in Table 1. The two membership functions of input quantity and output quantity are shown in 
Figure 4 (a) and Figure 4(b) respectively. 

Table 1. The Fuzzy Control Rule 

-6 -4 -2 0 2 4 6

   

1

0
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0.8

NB NM NS ZE PS PM PB

                                       
-3 -2 -1 0 1 2 3

   

1

0
0.2
0.4
0.6
0.8

NB NM NS ZE PS PM PB

 
(a) The Membership Function of Input Quantity                (b) The Membership Function of Output Quantity 

Figure 4. The Membership Functions of Input Quantity and Output Quantity 
 

4.2 Simulation Analysis of Fuzzy Self-adaptive PID Control 
 

According to the PID control feature, at the response stage with bigger error, in order to make the system have good rapid tracking 

performance we should take the comparatively bigger PK , the comparatively smaller DK , and IK can take zero. At the following stage with 
smaller error, in order to make the overshoot be reduced and guarantee a certain response speed, we should take the comparatively smaller 

IK and PK , and we should keep the size of DK be moderate. At the adjusting stage with smaller error, in order to make the system have good 

steady-state performance we should take the comparatively bigger PK  and IK , and we should keep the size of DK be moderate. In fuzzy 
self-adaptive PID controller, the function of the fuzzy inference machine is to determine the control strength of system and the polarity of 
error based on the system error and the error change rate. According to the zero order response method we set PID parameters according to 

the two cases when the given input is 1mm and the bending angle is 0.25 radian so that we can obtain respectively 2PK = , 0.02IT = , 
0.01DT = , 0.008T = and 2PK = , 0.02IT = , 0.012DT = . 
The simulation results are shown in Figure 5 (a) and Figure 5(b). Figure 5 (a) simulates the response feature curves respectively when 

the axial deformation of driver is 2 mm, 3mm, 4mm, 5mm and 6mm. Figure 5(b) simulates the response feature curves respectively when 
the bending angle ( radian) of driver is 0.8, 1, 1.2, 1.4 and 1.6, the air supply pressure is 0.6MPa and the driving load is 10g. The 
experimental results show that the robot system based on the fuzzy self-adaptive PID control has rapid response, and small overshoot so as 
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to achieve comparatively good control effect. The test results under different air supply pressures and different external loads show that the 
higher air supply pressure, the bigger the overshoot of system. But the respond is comparatively more rapid. The bigger the driving load of 
system, the longer the adjusting time. The structure of fuzzy self-adaptive PID controller is simple. It is very easy to achieve the goal 
through it. It also has less calculated amount. It is very suitable to apply in real-time control occasions.  

 
(a) Axial Deformation                 (b) Bending Angle 

Figure 5. The Simulation Curve of Fuzzy Self-adaptive PID Control 
 
5. Conclusion 
 

Combined with the advantages of nonlinear compensation ability and PID controller about the fuzzy reasoning, we adopt the Fuzzy-
PID compound control algorithm to do the position servo control on the pneumatic artificial rib driver in the paper. With the Fuzzy Logic 
toolbox in Matlab and Simulink simulation it shows that response speed of robot system based on the fuzzy self-adaptive PID control is 
accelerated, the adjusting accuracy is improved, and the steady-state performance becomes better. What’s more, without the overshoot and 
the oscillation, it has very strong robustness. 
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Abstract: CAD technique will tremendously fuel the efficiency of research and development as well as enhance the entrepreneurial 
competitiveness in mechanical industry. This Article focuses on the mechanisms and structure of canned pump, and proposes a hydraulic 
design model of canned pump and how to establish a canned motor; we also take an in-depth research into the parameterized design of the 
product, finally establishing the parameterized canned pump. During the parameterization, VB program language is employed to 
demonstrate the canned pump design in the form of programs, and calculate the size of every part of the canned pump. The parameters will 
be applied through SolidWorks API function to realize the 3-D parameterized design of canned pump. 
 
Keywords: canned pump; SolidWorks; API; parameterization 
 
1. Introduction 
 

With chemical industry development at home and abroad and mechanization runs deep, the demands for canned pump are increasing, 
boasting in its non-leaking, the pumps are becoming more popular in chemical and nuclear industries and other industries. But serious 
design problems, mainly in design and innovative design, are needed to be improved by novel design methods and techniques. The 
traditional canned pump design is based on AutoCAD 2-D design. 80% of design time is consumed on design calculation and is searching 
for corresponding data. Repetitive design calculation is massive which pushes the design costs to a new high, but low in efficiency. 

As the design technique becomes more sophisticated, the scientists at home and abroad are carrying out parameterization research 
based on 3-D design environment. To survive the competitive market and develop, we must take advantage of cutting-edge design 
techniques and methods to enhance our innovative ability. We are using parameterized design language to design the products, combining 
with the databases which store the design parameters, also coupling with 3-D design software, to accelerate the design and R＆D of the 
canned pump. 

The article are taking in-depth research into the mechanisms and structure of canned pump, with reference to motors and centrifugal 
pump design, to propose a hydraulic design model of canned pump and how to establish a canned motor; it also introduces the concept and 
methods of redevelopment, meanwhile, the key technologies of which includes development tools and models; we also takes an in-depth 
research into parameterized design of the products, finally establishing the parameterized canned pump. During parameterization, VB 
program language is employed to demonstrate the canned pump design in the form of programs, and calculate the size of every part of 
canned pump. The parameters will be applied through SolidWorks API function to realize the 3-D parameterized design of canned pump 
parts and 2-D engineering plot, and product design specifications. The article is providing the design parameters in the form of sheets. For 
the standards and serial data, we can directly convert the design data into these standards; for the data in chart, we store the data of key 
points in form of sheets, and calculate its value between two nearby points. We are using this method to solve the low efficiency of design 
data searching for users, and greatly enhance the design efficiency.  

 
2. Key part design of canned pump 
 
2.1 main size design of canned pump motor 
 
2.1.2 Motor air gap determination of canned pump 
 

The air gap size between stators and rotors of the general asynchronous motor are determinant of the electrical and mechanical 
performance of the motor. Because of the shielding, the air gap size of canned motor includes three parts, the air gap between shielding and 

stator 0δ , the thickness of stator and rotor shielding 1δ  and 2δ , so the air gap 021 δδδ ++=∆ . The general motor air gap δ should choose 

the lower value to decrease the no-load current. For the motor performance, 1δ  and 2δ  should be as small as possible, because the power 
factor ϕcos  of motor is determined by no-load current. The air gap cannot be too small, and it will decrease the starting torque and 
maximum torque, and increase the temperature and making noises. Besides, the inside round of stator core and outer round of rotor will 
bring the uneven air gap which will influence the canned motor performance. So the air gap ∆ should be reasonable. Considering the 
mechanical strength and anti-corrosion of the stator shielding and rotor shielding, size and precision of parts, form tolerance and working 

gap and wearing of graphite bearings, and other factors, 1δ  usually is 0.3-1mm, 2δ usually is 0.3-0.5mm, the air gap is 0.5-1.5mm. 
2.1.3 Main size design of canned pump motor 
The canned pump designed in this article is a low-power pump featuring low flow and head. The motor in canned pump is single-phase 

capacitor running asynchronous motor. The main design steps of it are as follows.  
The shaft power P can be obtained by calculating the design parameters, flow Q, head H, and the density of the delivery liquid ρ as the 

rated power of the motor, then design the motor main size. We should calculate 
,

1P  of canned pump. 
,

1P can be obtained by formula (1). 

ϕη cos
,

1
PP =                                                                                                          (1) 

ϕη cos  used in formula(1)--obtain from motor efficiency curve by experience. 
The inside diameter of stator in single-phase canned pump is obtained by formula (2), 

3

0

'
1

1
2

n
PCD A

i λπ
=                                                                                                         (2) 

In formula (2), 0n  is the synchronous speed of the motor which is obtained from the speed of canned pump. Generally speaking, the 
0n  is related to power frequency and the number of the pole pairs in the motor, the relation is shown in formula (3): 
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p
fn 60

0 =                                                                                                         (3) 

The frequency f supplied by power plant is 50Hz, and the motor pole pairs p is 1 or 2. So when the p =1, then 0n =3000r/min; when the 

p=2, then 0n =1500r/min. By this relation can we confirm 0n  and p. 
Λ used in formula (2)--slenderness ratio, when p=1, then λ=0.45~1.0; when p=2, then λ=0.8~1.4. 

τ
λ efl
=                                                                                                            (4) 

p
Di

2
1π

τ =                                                                                                            (5) 

D

i

K
D

D 1
1 =                                                                                                            (6) 

In formula (6),  
1) 1D --motor stator outer diameter, considering the reasonable choosing of materials, when confirming the outer diameter of the stator 

core, the diameter is rounded to national rated stator stamped steel outer diameter. During the parameterization design of canned pump, the 
national rated stator stamped steel outer diameters are stored in the database. 

2) DK --motor stator inside and outer diameter ratio, when p=1, then DK =0.5~0.54, usually 0.5; when p=2, then DK =0.58~0.62, 

usually 0.6. Stator core length efl  can be obtained by formula (4). 
When the inside and outer diameters of motor stator are confirmed, the outer diameter of motor rotor will be calculated by thickness of 

stator and rotor shielding and air gap. In design, we choose 1mm as stator shielding thickness, 0.5mm as rotor shielding thickness, and 0δ  

are 0.5mm. In small motor, the core is set around the shaft. So usually 2iD  is not calculated precisely according to the rotor yoke permitted 
magnetic density and mechanic strength of rotor stamped steel. The rotor and pump shaft in this article is interference fit, and 2iD  is 
diameter of pump shaft. 

 
3. Hydraulic design of canned pump 
 
3.1 inlet and outlet diameter of canned pump 
 

Pump inlet diameter also called pump suction diameter, means the inside diameter of the pump suction flange pipe. The size of it is 
determined by inflow velocity. Usually the inflow is around 3m/s. on the other hand, to enhance pump‘s resistance to cavitations, the inlet 
diameter is usually bigger to reduce the velocity. If high resistance to cavitations is required for the pump, the pump suction diameter is no 

more than 250mm, and the inflow velocity sv =1.0~1.8m/s. After determining the inflow velocity, we can calculate the pump inlet diameter 
sD  by formula (5). 

 

s
s v

QD
π
4

=                                                                                                      (5) 

Pump outlet diameter is also called pump discharge diameter, means the inside diameter of pump discharge flange pipe. Usually it can 
be calculated by formula (6). 

sd DD )7.0~1(=                                                                                                 (6) 
dD used in formula (6)--pump outlet diameter. 

 
3.2 canned pump hydraulic efficiency  
 

The parameter pump efficiency is needed in pump design. The pump efficiency is referred to similar products or resorting to empirical 
expressions, roughly determining the total and partial efficiency of pump, and managing to attain the determined efficiency in our design. 

During pump operation, the energy losses are mainly from :hydraulic loss, volume loss and mechanical loss, the corresponding 

efficiency to which are hydraulic efficiency hη , volume efficiency vη  ,and mechanical efficiency mη , which can be roughly calculated by 
formula (8) and(9).  

n
Q

h lg0835.01+=η                                                                                          (7) 

3/268.01
1

−+
=

s
v n

η                                                                                               (8) 

6/7)
100

(07.01 −−= s
m

n
η                                                                                         (9) 

4/3

65.3
H

Qn
ns =                                                                                                (10) 

mvh ηηηη =                                                                                                       (11) 

sn  is specific speed, which is introduced as a comprehensive parameter from relevant theories. It tells the interaction among flow, head 
and revolution, calculated by formula (10). One pump will have different specific speeds in different working conditions. The total 
efficiency of pump η is calculated by formula (11). 
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3.3 pump shaft power and diameter calculation 
 

Pump shaft power P (kW): 

η
ρ

1000
gQHKP =                                                                                                          (12) 

In formula (12), K—allowance coefficient, K=1.1~1.2. Because the pump shaft and motor rotor share a same shaft, employing the 
sliding bearing, so the energy losses during power transmission are less. Therefore the rated power of the pump motor can be counted as P.  

Pump shaft diameter d (m) is calculated on the basis of torque by formula (13): 

3
][2.0 τ

nM
d =                                                                                                           (13) 

nM used in formula (13)—torque (Nm) can be calculated by formula (14): 

min)/(
)(9550

rn
kWPM n =                                                                                              (14) 

][τ  used in formula (13)—allowable shear stress of pump material (Pa), obtained from mechanical design handbooks. 
 

3.4 impeller design 
 

The main structure parameters of impeller include: impeller inlet diameter jD , blade inlet diameter 1D , impeller hub diameter hd , 

impeller outlet diameter 2D , impeller outlet breadth 2b , blade outlet angle 2β , blade number z, blade contact angle ϕ  and so on. The 
parameters involving in impeller inlet and outlet will take an importance role in pump’s resistance to cavitations. These parameters are 
influencing pump efficiency. The shapes and main size parameters of axial and cantilever impellers are shown in Fig.1.  
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Figure. 1 axial and cantilever impellers 

(1) Impeller main structure parameters are determined by velocity coefficient method 
The velocity coefficient method is based on available high-performance pumps to summarize the velocity curve of centrifugal pump, 

and we apply it according to the specific speed sn  to design the impeller size. 
Based on similarity principle, the deduced velocity coefficient can be used to determine general formula of main size. For the pumps 

with similar structures and motions, the examples are as follows:  

,
3

1 n
QkD =

 because nDv ∝ ,
3 2

2 Qnkv =  

, n
HkD 3=

 or n
gHkD 2

4=
,because nDv ∝ , gHkv 25=  

 
The factor K is called velocity coefficient or size coefficient. For similar pumps, these factors are the same and the functions to specific 

speed sn  as to )( snfk = .  The relations between sn  and k can be shown in formulas, curves and data. After obtaining k, we can obtain the 
parameters of all parts by the formulas above.  

     (2) The calculation steps of velocity coefficient design to determine the main structure parameters of impeller 

1) Determine impeller inlet diameter jD  

First calculate the effective diameter of impeller inlet 0D  by formula (15): 

3
00 n

QKD =                                                                                                      (15) 

In formula (15), considering efficiency and cavitations, 0K =4.0~5.0. 
Impeller inlet diameter formula (16): 

22
0 hj dDD +=                                                                                                 (16) 

hd  used in formula (16) ---impeller hub diameter can be calculated by formula (17). 
ddh 4.1=                                                                                                      (17) 

2) Impeller outlet diameter 2D  
Impeller outlet diameter is calculated by velocity coefficient method, and main size parameters of other impellers are also calculated by 

this method, shown in formula (18), (19).  

3
22 n

QKD D=                                                                                                       (18) 
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3) Impeller outlet breadth 2b  
Outlet breadth can be calculated preliminarily by formula (20) and (21). 

3
22 n

QKb b=                                                                                                                 (20) 

6/5

2 100
64.0 






= s

b
n

k                                                                                                          (21) 

4) Blade number Z 

Generally blade number is selected based on pump specific speed sn , shown in table 1, z=5~7. 
 

Table 1 blade number table 
ns 30-45 45-60 60-120 120-300 

Z blade 8-10 7-8 6-7 4-6 

5) Blade outlet placed angle 2β  
Generally blade outlet placed angle is selected among 15~40 degree which will influence the outflow speed of impeller. 
6) Actuarial impeller outer diameter 2D  
a. theoretical head tH  

h
t

HH
η

=                                                                                                                    (22) 

b. infinite blades theoretical head ∝tH  
tt HPH )1( +=∝                                                                                                        (23) 

P used in formula (23) is the correction factor for finite blades theoretical head, within 0.3~0.45. 
c. blade outlet excretion coefficient 2ψ  

2

2

2

2

2
2 )

sin
(11

λ
β

π
δ

ψ
ctg

D
Z

+−=                                                                                         (24) 

2λ  used in formula (24) is the angle between transversal and streamline of impeller outlet axode, within 70º~90º. 
2δ --real thickness of blade outlet, within 2~4mm. 

d. outlet axode velocity 2mv   

v
m bD

Qv
ηψπ 222

2 =                                                                                                      (25) 

e. outlet peripheral speed 2u  

∞++= t
mm gH

tg
v

tg
v

u 2

2

2

2

2
2 )

2
(

2 ββ
                                                                                     (26) 

f. outlet diameter 2D  

n
uD
π

2
2

60
=                                                                                                      (27) 

Comparing 2D  from formula (27) with assumptive outer diameter, if the error exceeds 2%, we need to take a second calculation. That 
means using the result as parameter to recalculate blade outlet excretion coefficient, outlet axode velocity, outlet peripheral speed to get 
impeller diameter, if the error still exceeds, then a third calculation is to be taken until the error falls in error range and we finally obtain the 
precise impeller outer diameter. 2D  is usually even number which makes it easy to chart. 

 
3.5 Pump case design 
 

(1) Tapered tube suction chamber design 
The structure of tapered tube suction chamber is simple and it is easy to be manufactured. Liquids entering the inlet of impeller do not 

have big acceleration and the flow is relatively steady. So the hydraulic loss for the liquid in the tapered tube suction chamber is relatively 
small. This chamber usually is applied in cantilever structure, suitable for canned pump described in this article. 

The design and draft of tapered tube suction chamber are relatively easy. The shape of its tail need to transit to the inlet diameter jD  
smoothly, and taper usually is selected among 7°~18°. 

(2) Spiral pressurized chamber design 
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Figure.2 spiral vortex chamber 

Spiral pressurized chamber is also called spiral vortex chamber. In Fig.2, liquids are flowing from impeller into the vortex chamber 
steadily. The chamber is to collect liquids and diffuser tube is to convert partial kinetic energy of liquids into pressurized energy. The 
section shape of it is mainly ladder-shaped, round and rectangular. We choose rectangular in our article. The rectangular vortex chamber is 

simple in shape, high in hydraulic performance and suits many sn . It is also easy to manufacture and process. 
The design steps for rectangular spiral pressurized chamber are as follows: 
(1) Basic circle diameter 3D  

3D  can be calculated by formula (28). 
23 )10.1~03.1( DD =                                                                                                (28) 

In formula (28), we choose small values for big pumps, and big values for small pumps.  

    (2) Vortex chamber inlet breadth 3b  

Vortex chamber inlet breadth 3b  is the total thickness of impeller outlet breadth 2b  and the thickness of front and back covers of 
impeller, adding gaps if necessary. 

CSbb ++= 223                                                                                                      (29) 

2b  used in formula (29)—impeller outlet breadth (mm); S—impeller cover thickness (mm); C—constant, usually within 5~20. C is 
related to specific speed, blade size, liquid viscosity and whether containing solid particles or not. If low in specific speed, blade size, liquid 
viscosity, we should choose small value for C; otherwise, we choose big value. 

(3) Tongue angle 3α  

Tongue angle 3α  is at 0 point (the starting point of vortex chamber spiral line) of the section Ⅷ of vortex chamber, the angle between 
tangents of spiral line and basic circle.  

(4) Pump tongue placed angle θ 
In theory, pump tongue is on the basic circle of the section Ⅷ. If so, it will shorten the gap between pump tongue and impeller which is 

easy to cause vibration. Meanwhile the pump tongue is too thin to manufacture. Generally the pump tongue is moved by angle θ alongside 
the spiral line of vortex chamber, the θ is pump tongue placed angle. The θ is selected in table 2.  

 
Table 2 pump tongue placed angle 

ns 40 60 80 130 180 220 280 360 

θ (º) 
10º 15º 20º 25º 30º 38º 45º 45º 

 
Structural rationality is also considered when deciding a θ. Usually rounding angle 2-2.5mm is needed at pump tongue. Increase the θ 

when it is for a small pump. 
(5) Determination of vortex chamber sectional area 
The section sizes of vortex chamber are determined by inner flow velocity. The average flow velocity sV (m/s) of vortex chamber is 

calculated by formula below. 
ghKV Vs 23=                                                                                                (30) 

In formula (30), 3VK ---velocity coefficient in spiral vortex chamber 

The biggest section area (the 4 section ) of vortex chamber ⅧF   

hbF 3
s

Ⅷ V
Q

==                                                                                              (31) 

In formula (31), h--the height at the largest area of the vortex chamber sections 
Because liquid is flowing from impeller steadily, the section areas in vortex chamber is changing steadily, calculated by formula (32): 
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                                                                       (32) 

(6) Diffuser tube 
When medium leaves vortex chamber for diffuser tube, partial motion energy of the medium will be converted into pressure energy. To 

reduce the medium hydraulic loss in diffuser tube, the diffuser angle is usually selected among 6º ~10º. 
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4. Overall structural design of canned pump 
 

Considering the enterprises producing canned pumps at home and abroad, we summarize the design ideas and structural features of 
these products to benefit the structure designs in our subject. 

The canned pump flow and head are small in our research, assuming the delivery medium is clean and even. The design is based on the 
structure of overhang single-suction centrifugal pump. The pump shaft and motor shaft are integrated that the motor shaft diameter is 
rounded to pump shaft diameter. We also set a step on the shaft for positioning which is in favor of pump shaft processing and slashes down 
the costs. The reason is that the rotor of canned pump is immersed into the delivery medium, while the canned pump is required no leakage 
and the medium is corrosive and lubricating, so we choose graphite sliding bearing in our final design for pump shaft. The bearing has a 
small coefficient of friction, enough carrying capacity and fatigue strength. It not only has good wear resistance but also better corrosion-
resistance. The stator shielding and stationary ring of the canned pump are close fit, and it has good concentricity. There are seal rings 
between the stator shielding and stationary ring, while the outer diameter of rotor shielding is larger than that of the stationary ring. 

The diameter of seal rings and rotor shielding is well-matched. There are seal rings between stator shielding and pump case to prevent 
medium leaking. The end of stator shielding and stationary ring are installed respectively a graphite sliding bearing to support the axis. The 
end of rotor shielding has a nut which is larger than the axis in diameter. That is mainly because , during the long period of rotating, the 
graphite sliding bearing will suffer a quite wearing, even cause the rotor to rub against the stator shielding.  The through-hole at the end of 
stator shielding is for replacing the bearing, compared with replacing the rotor shielding, it is more economical and convenient to replace the 
bearing. The thread static seal is employed at the end of stator shielding to prevent medium leaking from the end. The locating ring on the 
pump axis is to hold the canned motor rotor and stator, because in canned pump, the pump shaft and graphite sliding bearing is fit through 
gap. There is no axial positioning on the pump axis. The fit between rotor and stator is to ensure the effective edge length of rotor in the 
rotating magnetic field. So we must make axial positioning on the pump shaft and a shaft shoulder is placed on the shaft. The positioning 
shoulder, impellers and stationary rings will make it. Based on the idea above, the outside view and interior structure chart of canned pump 
are shown in Fig.3 and Fig.4.  

 
              Figure.3 outside view of canned pump                 Figure.4 structure chart of canned pump 

 
4.2 key technologies for 3-D parameterized design of canned pump 

 
4.2.1 Database design 
 

During canned pump parameterization, to save design data and manipulate the data, we can use the access provided by office software. 
Microsoft Access database is one of components in Microsoft office, a relational database, which consists of a series of sheets that is made 
up by a series of rows and columns. Every row is a piece of record and every column is a field, on top of which is the field name. Every field 
name cannot be the same. Access database is saved as file with MDB extension. During designing canned pump, the performance name and 
size parameters name of canned pump parts can be stored in access database as field name, which make it convenient to use these 
parameters for calculating or 3-D design, and good for parameterization design.  

During canned pump parameterization, the data used can be stored in different sheets, for example, building a sheet for design 
parameters in access database. The database also has other types of sheets, such as about pump tongue placed angle, motor constant table, 
and stator standard outer diameter table, velocity coefficient table in volute chamber, graphite bearing, and bearing diameter standard table. 
These tables are not concrete parameters of canned pump, but indispensible for pump design. So it is necessary to store these tables. In the 
sheets, we use the design parameters as field names to design parameters tables of canned pump. 

 
4.2.2 Generation technology of canned pump models 
 

The canned pump models are produced by SolidworksAPI functions. Based on size parameters of canned pump parts obtained from 
parameter design, we use Solidworks API functions to grant the size of the model with size variables, driving the model generation. Solid 
works formula can be used to generate a model which will make the model generation more easily.  

(I)Solidworks formula application 
Solidworks provides a convenient size generating method-formula, which is based on the driving size to generate slave size, the form is 

like this: the slave size is a value generated from a function of the driving size. When using this formula to design, we must figure out which 
is driving size and slave size, and their relations, then establish the formula relations between them, through which can we confirm the slave 
size by the driving size.  

When entering formula design interface, you can add, delete, and edit the formula. 
(II) Solidworks API functions application 
Solidworks provides massive API functions for users, size drive languages are like this: 
SwModel.Parameter (“size name”). SystemValue=size value 
swModel is the defined Object. 
Design application examples: 
''''''''''''the following is stator inside 
Part.Parameter ("D2@draft1@stator.Part"). SystemValue=Di1/1000 
'''''''''''blade outlet placed angle 
Part.Parameter ("D2@draft2@ impeller.Part"). SystemValue=β 2/180*PI 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                    238.7 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/238 

 

 
4.2.3 Line cart data programmed processing technology  
 

During parameterization design, some functions of parameters are shown by line charts, mostly curves, so in dealing with these line 
charts, we store these functions in database. We store the values of the key points in the database. 

Interpolation method is used in calculation, including linear interpolation, parabolic interpolation, and Lagrange interpolation and so on. 
Here, we use linear interpolation. 

In linear interpolation, we usually searches for x value between two points( 1x , 1y ) and ( 2x , 2y ). Line interpolation formula33: 
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4.3 3-D parameterized systematic design of canned pump 
 

3-D parameterized systematic design of canned pump can be mainly divided into two parts, so as to canned pump design calculation 
and canned pump 3-D parameterization design , finally giving rise to 3D plot and 2-D engineering plot of parts of canned pump and 
assembly, and the product design specifications. The established database will be always in use during this process. Based on structure and 
mechanisms of the canned pump, we use Visual Basic to make canned pump parameterization design program, and calculate the size of the 
key parts of canned pump. Based on the calculated parameters and SolidWorks API functions, we redevelop the SolidWorks to realize the 
parameterization design of canned pump. During the parameterization design, two parts of contents are included, one is hydraulic design of 
canned pump, and the other is the basic size design of canned pump. The parameters from design will drive the canned pump model to 
produce the 3-D and 2-D engineering plot of the needed product. Finally, we use Excel to make product specifications harboring the design 
parameters. 
 
5. Conclusion 
 

In mechanical industry, CAD technique is becoming more popular. In this Article, we take a comprehensive and systematic analysis 
and research on the redevelopment and parameterization of SolidWorks. The 3-D parameterized design will assist canned pump design, and 
shorten the development cycle and improve design efficiency; the 3-D parameterized design of the canned pump will provide engineers with 
rapid and accurate design outcomes, finally accelerate the new product development.  

In summary, our research is mainly in: highlight the mechanisms and structure of the canned pump, and discuss the design and method 
of canned pump, and redesign the structure of the canned pump. We also propose a design method of product parameterization based on 
SolidWorks, and formulate the parameterization theory thoroughly. VB program language is employed to make a 3-D parameterized design 
system of canned pump, successfully take the theory into practice, and provide experience for other product’s parameterization design. 
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Abstract: In high-speed applications, FinFET Current Mode Logic (FinFET CML) circuits  are  potential alternative one. However, the 
FinFET CML circuits have large static power consumptions due to their constant operation currents, which badly limits their application in 
portable devices. This paper presents a power-gating (PG) scheme for the super-threshold FinFET CML circuits to reduce the standby power 
dissipations. The high-threshold P-type transistors as linear lode resistors of FinFET CML circuits are used for power-gating switches. The 
structure and operation of the proposed power-gating scheme are addressed in detail. Several PG basic cells and a full-adder are designed 
and simulated with HSPICE at a PTM (Predictive Technology Model) 32nm FinFET technology. The results show that the power 
dissipations of super-threshold FinFET CML circuits can be greatly reduced by shutting down their idle logic blocks without performance 
degrading. 
 
Keywords: FinFET current mode logic; super-threshold computing; power-gating scheme; high-threshold 
 
1. Introduction 
 

Compared with conventional CMOS logic, MOS Current Mode Logic (MCML) techniques, the output swing of the circuits is much 
little, and thus the circuits realized with the MCML techniques can operate in a higher frequency [1-5]. Its high-speed applications such as 
high-speed processors and Gbps multiplexers for optical transceivers have been widely addressed [4, 5]. Currently, MCML has obtained 
some attentions in cryptographic circuits’ design, since it’s robust of the power analysis attacks [6]. 

However, the large static power consumption of MCML, due to its constant operation current, limits the range of applications. Hence, 
the low power MCML logic design has regained quite much attention [7-10]. P. Heydari and G. Caruso presented the methodologies for the 
low-power design of MCML-based ring oscillators and buffer chain, respectively. Mohab H. Anis et al. proposed the multi-threshold 
MCML (MTMCML) technology that allows the reduction of the minimum supply voltage of the two-level MCML circuits, hence lower the 
power dissipation of the MCML circuits [9-10]. 

Several power-gating techniques for MCML circuits are proposed to reduce the static power [11, 12]. The proposed methods use a 
sleep-transistor inserted in series with the supply voltage or current source to reduce the standby power. While, for super-threshold MCML 
which using the minimum supply voltage, the inserted sleep-transistor will impact the operation voltage of the MCML circuits, and then 
alter the condition of the transistors. Moreover, in conventional CMOS circuits, power-gating circuit uses usually high-threshold devices as 
sleep transistors to reduce their leakage power dissipation [13]. Similarly, idle MCML logic blocks can be also shut down by using power-
gating switches to reduce their standby power dissipations. Therefore, a new low static power design method should be investigated for 
super-threshold MCML circuits. 

In CMOS processes, the increasing leakage caused by short-channel effects and gate-dielectric leakage have become a main barrier 
against further scaling [14]. FinFET (Fin-type Feld-Effect Transistors) shows low leakage characteristic with excellent performance, which 
has been proven as a proper alternative for CMOS devices to realize further scaling [14,15]. It can be expected that FinFET current mode 
logic (FinFET CML) circuits have more favourable performance than MCML ones. 

In this paper, we present a power-gating scheme for super-threshold FinFET CML circuits which use a transistor to pull down the bias 
voltage of the current source transistor to ground during the sleep mode, and the N-type transistor in FinFET CML circuits are set as high-
threshold devices to reduce the sleep  power dissipation.  This paper is organized as follows. In section 2, the FinFET device is reviewed. It 
can offer remarkable advantages compared with the standard bulk MOSFETs. In section 3, the conventional FinFET CML circuits are 
described, and the minimum operating voltage of the MCML is analyzed. In section 4, the super-threshold computing is analyzed. In section 
5, the power-gating technique of super-threshold FinFET CML is introduced. The structure and operation of the proposed power-gating 
scheme are described also in section 5. We compared the power dissipations of several basic cells and full-adders based on the conventional 
FinFET CML without power-gating and the proposed power-gating FinFET CML by HSPICE at a PTM (Predictive Technology Model) 
32nm FinFET technology in section 6. Finally, our work of this paper is summarized in the last section. 

 
2. Reviews of FinFET device 

 
IC technology scales down aggressively to reduce the power consumption, and also to increase the transistors density per chip. But it 

causes major bottleneck for further technology scaling with increasing static leakage power consumption and increasing performance 
instability because of process variation. The architecture of a double-gate FinFET with symmetric gates is shown in Fig. 1. Researches have 
been shown that FinFETs [16-19] can offer remarkable advantages in terms of different design metrics. It provides the stronger driving 
current with the less sub-threshold and gate tunneling leakage currents compared with the standard bulk MOSFETs. The multiple 
electrically coupled gates with the thin body restrain the short-channel effects (SCE), and thus reducing its sub-threshold leakage current. 
The previous research indicates that multi-gate devices show better performance parameters than conventional bulk MOSFET device [18]. 

 

 

Figure. 1 Symmetric FinFET architecture: Lgate is gate length, Tfin is fin thickness, Hfin is fin height 
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3. FinFET CML circuits 
 
The basic FinFET CML buffer/inverter with its biasing circuit is shown in Fig. 2, which is composed of three main parts: The P-type 

transistors P1 and P2 operating at linear region are used as load resistors, the evaluation tree with full differential pull down switch network 
consisting of N1 and N2, and the biasing current source transistor Ns. The load transistors are controlled by the voltage Vrfp [4]. The biasing 
current IB  is provided by the N-type transistor Ns, which is mirrored from the bias circuit. 
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Figure. 2 FinFET CML inverter/buffer and its biasing circuit 
 
In the FinFET CML, the two signals Vrfp and Vrfn are generated from the bias circuit to ensure the proper operating for output voltage 

swings and to provide the constant bias current. 
The operation of FinFET CML circuits is performed in the current domain. The pull-down network switches the constant current 

between the two branches. The two P-type load transistors convert the constant biasing current to output voltage swings. The high and low 
voltages of the outputs (Out and Outb) are 

 
 DDOH VV =  (1) 

 
 DBDDOL RIVV −=      (2) 

 
where VDD is source voltage, and IB is bias current of the FinFET CML circuit, and RD is the linear resistance of the P-type transistors, 

respectively. The logic swing of the output voltage can be written as 
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The proper logic swing ΔV is got by setting the negative-terminal voltage of the operational amplifier in the biasing circuits as VL = 

VDD - ΔV, as shown in Fig. 2. From (1-3), for given ΔV and IB , the linear resistance of the P-type transistors is determined. The negative 
feedback in the bias circuits ensures to generate the proper signal Vrfp that makes linear resistance RD meet (3). 

FinFET CML is a type of differential logic with differential input logic tree. So, the design of the FinFET CML PDN is similar to other 
differential logic such as DCVSL. The complex logic functions can be realized by replacing N1 and N2 with N-type transistors logic trees. 
Some basic gates based on FinFET CML such as AND2/NAND2, OR2/NOR2, XOR2/XOR2 and AND3/NAND3 is shown in Fig. 3. 

The power consumption of FinFET CML circuits can be expressed as 
 

 BDD IVP ⋅=          (4) 
 

The delay td of FinFET CML circuits can be given by 
 

 )/(69.069.0 Bd IVCRCt ∆==      (5) 

 
where C is load capacitance of the output node in the CML circuits. The power-delay product of FinFET CML circuits can be written 

as 
 

 VCVtPPDP DDd ∆××=⋅= 69.0   (6) 

 
From (4), a direct solution for reducing power consumption is to lower the supply voltage, since the total power dissipation is reduced 

linearly as supply voltage scales down. From (5), for given C and ΔV, if IB keeps constant, the delay td of FinFET CML circuits also keeps 
constant. Therefore, from (6), scaling supply voltage to super-threshold region without performance degrading may be an attractive 
approach. On the other hand, to ensure the performance of circuits, standard source voltage must be provided when the cells are in active 
mode. However, not every cell works all the time. This behavior leads to needless waste of energy. 
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Figure. 3 Basic gates based on FinFET CML 
 

4. Super-Threshold computing 
 
In section 3, we have learned that a direct solution for reducing power consumption of the FinFET CML circuits is to lower the supply 

voltage. However, the supply voltage of the FinFET CML circuits has a minimum limit. In the FinFET CML circuits, the current source 
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transistor should operate at velocity saturation region, and the pull-down network (PDN) N-type transistors should be turn on. Different 
from the traditional FinFET CML circuits, the output swing of the proposed FinFET CML scheme is larger than the threshold voltage of N-
type transistors, and the evaluation logic blocks of the FinFET CML circuits operate on linear region, so that their source voltages can be 
effectively reduced. For a two-level FinFET CML circuit, as shown in Fig. 2, in order that the N-type FinFET transistor N1 operates at 
linear regions, the logic swing should be taken as (7). 

 
 THVV >∆   (7) 

 
where VTH is the threshold voltage of N-type transistors. Therefore, as shown in Fig. 4, the minimum operating supply voltage of 

FinFET CML circuits can been written as 
 

 VVVVV satSdsgsDD ∆+++= ,,2,1min,   (8) 
 
where V1,gs is gate-source voltages of N1 and V2,ds are drain-source voltages of N2 when they operate in linear state, respectively, and 

VS,sat is the drain-source voltage of Ns when it operates at saturation state. 
The simulations show that the typical value of V1,gs and V2,ds can be ignored for a typical biasing current. The drain-source saturation 

voltage VS,sat  can be expressed as 
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where COX , ν sat , and Esat  are unit oxide capacitance, saturation velocity, and saturation electric field, respectively, and W and L are 

effective width and length of transistors, respectively. 
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Figure. 4  Minimum operating supply voltage of FinFET CML circuits, where pull-down N-type transistors operates in linear region 
 
According to (5), (8) and (9), the minimum supply voltage of FinFET SRCML circuits can be estimated, and it can be reduced by 

lowering its biasing current. From (5), if FinFET CML circuits operate at a low speed application, only a small bias current is required. 
Therefore, for low-speed applications, a small biasing current can be used, and thus the supply voltage can be reduced, so that more power 
saving can be obtained. When FinFET CML circuits operate at a high speed application, a large bias current must be used, so that the 
minimum supply voltage must be increased, where FinFET devices operate in super-threshold regions. 

In addition, the FinFET devices operating on medium strong inversion regions provide stronger drive current than MOS ones. From (5), 
(8) and (9), for a given minimum supply voltage, FinFET CML can use a larger biasing current, and thus have more favorable performance 
than MCML ones. 

 
5. Power-gating super-threshold FinFET CML circuits 

 
Power gating is a circuit design technique which reduces the static power dissipation of a digital circuit, by inserting power switches in 

the supply path. In conventional CMOS circuits, incapacitating the power supply for the in the circuits is an effective method for power 
dissipation reduction [13]. Similarly, the blocks can be also shut down by using power-gating. Since the structure, operation, and signal 
waveforms of the FinFET CML circuits are different from the conventional COMS circuits, the power-gating scheme and switches are also 
different. There are kinds of ways to realize power-gating FinFET CML circuits depicted in Fig. 5. The all power-gating switches are 
realized with high-threshold transistors to reduce their leakage power in sleep mode. 
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Figure. 5 Different power gating techniques for FinFET CML circuits 
 
The structure (a) and (d) use a P-type and N-type transistor to control the bias voltage Vrfp and Vrfn . The solution (b) consists of an 

additional sleep transistor in series with the power source VDD. Options (c) and (e) consist of an additional sleep transistor in series with the 
bias current source. 

Options (b), (c) and (e) are not suite the super-threshold circuits because the additional sleep transistors will further decease the 
operation voltage. The structure (a) is more complicated than the structure (d). For the above reasons, we selected solution (d) to implement 
the power-gating super-threshold FinFET CML circuits. The proposed scheme of power-gating super-threshold FinFET CML circuits is 
shown in Fig. 6. 
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Figure. 6 The proposed scheme of power-gating FinFET circuits 
 
In the power-gating FinFET CML gates, an extra input signal Sleep is added to control Vrfn .The high threshold N-type transistors Ns 

used for the bias current of FinFET CML circuits is used for power-gating switch. A power-gating control circuit consisting of N-type 
transistor (N1) and P-type transistor (P1) is added for switching power-gating switches under the control of the signal Sleep. When Sleep is 
low, the circuit works in active mode .The P1 is turn on, and the N1 is off, and thus Vn = Vrfn ,  so that the power-gating switches Ns acts as 
normal the bias current source. Therefore, the FinFET CML circuits operate in active mode. In sleep mode, the Sleep is high, the P1 is off, 
and the N1 is turn on. Therefore, the current source is turn off, which reduces the power consumption by the standby current in the sleep 
mode. 

 
6. Simulations of power-gating super-threshold FinFET CML circuits 

 
In the section, several power-gating super-threshold FinFET CML based circuits and 1-bit full adder are designed to demonstrate the 

low power feature of the proposed technology. The logic functions of the 1-bit full adder can be expressed as 
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 )( ABCABCo i ++=        (10) 
 

 CiBACiBACiBAABCS i +++=     (11) 
 
where A, B, Ci are input signal of the 1-bit full adder, Co is its carry output, and S is its sum. According to (10) and (11), the 1-bit adder 

can be realized by using FinFET CML, as shown in Fig. 7, where Fig. 7 (a) and Fig. 7 (b) are sum and carry outputs, respectively. 
Comparatively, the static conventional complementary logic FinFET full adder is shown in Fig. 8 [20]. 

HSPICE simulations have been carried out. All circuits are simulated at a PTM (Predictive Technology Model) 32nm FinFET 
technology. Simulation waveforms of the OR2/NOR2 and 1-bit full adder based on power-gating super-threshold FinFET CML are shown 
in Fig. 9(a) and Fig. 9(b), respectively. 
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Figure. 7 1-bit full adder based on FinFET CML 
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Figure. 8 1-bit full adder based on static conventional complementary logic 
 
As shown in Fig. 9(a) and Fig. 9(b), the power-gating FinFET CML circuits have proper logic functions, when sleep is low. In addition, 

when sleep is high, the circuit is in sleep mode without conduction loop, since Ns are shut down. 
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Figure. 9 Simulation waveforms OR/NOR2 and 1-bit full adder based on power-gating FinFET CML 
 
Power dissipation of the basic gates and 1-bit full adder between the power-gating FinFET CML and convention FinFET CML without 

power-gating have been compared in Fig. 10 for a 50% activity and the supply voltage 0.9V.  The result shows that the power-gating 
FinFET CML basic gates can save about 19.71% energy, and power-gating FinFET CML 1-bit full adder can save about 32.47% compared 
with the conventional ones without power-gating. 
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Figure. 10 Power dissipation comparisons of the basic gates and 1-bit full adder between the power-gating FinFET CML and conventional 
ones without power-gating 

 

0

10

20

30

40

50

60

70

80
90

100

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2

Power-gating FinFET CML

Basic FinFET CML without power-gating

Static without power-gating
 

Frequency(GHz
)

P
ow

er
 D

is
si

pa
tio

n(
uw

)

110

 

Figure. 11 Power dissipation comparisons of 1-bit full adder based on the power-gating FinFET CML ,conventional static logic, and basic 
FinFET CML without power-gating in different operation frequencies 
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The power dissipation of 1-bit full adder based on the power-gating FinFET CML has also been compared with the ones based on 
conventional static logic, and basic FinFET CML without power-gating in different operation frequencies, as shown in Fig. 11. The working 
activity is 50%, and the supply voltage 0.9 V. The dissipation of FinFET CML circuits is independent of operating frequency. Moreover, 
when the power-gating FinFET CML full adder operates at higher frequencies than 0.6GHz, their power dissipation is lower than the 
traditional FinFET one. 

As the active ratio α is lowered, more energy savings can be achieved. The power dissipation of the power-gated AND2/NAND2 and 
1-bit full adder with various active ratios α is shown in Fig. 12. The rusult shows that the circuits’ power dissipation is almost proportional 
to power-gating activity, and decreases linearly with the reduced activity. 
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Figure. 12 Power dissipation of 1-bit full adder and AND2/NAND2 based on the power-gating FinFET CML with various active ratios 
 

7. Conclusions 
 
The standby power of the FinFET CML circuits is the main drawback for its widely using for many portables applications. The super-

threshold computing technology can reduce the active power consumption of FinFET CML circuits, while the standby power is still large. In 
order to get both high-speed and energy-efficient designs, we present a power-gating technology to reduce the standby power of the FinFET 
CML circuits. The proposed technology using a sleeping control cell to control the gate bias voltage of the current source to implement the 
two operative modes: sleep mode and active mode. The high-threshold N-type transistor Ns used for the bias current of FinFET CML 
circuits is used for power-gating switch. The structure and operation of the proposed power-gating scheme are designed and simulated to 
verify the validation and effectiveness. The HSPICE simulation result shows that larger standby power consumption saving can be achieved 
and the performance is almost not affected. 
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Design of a Fully Automatic Atomic Absorption Spectrophotometer System based on Extreme 
Programming 

Zhang Fan 

Wuhan Donghu University, School of Computer Science, Wuhan, Hubei, China 

Abstract: Atomic absorption spectrophotometer system has been one of the most widely used analysis instruments in element analysis field 
so far. It is the analysis instrument system which can do qualitative and quantitative analysis on the materials according to the law of light 
absorption. With the development of modern high and new technology, intellectualized, and modularized development has become the main 
direction of analysis instruments development. We take double-beam atomic absorption spectrophotometer as the research object, and 
conduct the data acquisition, the absorbance calculation, the curve fitting, the solution of concentration and data storage with computer-
controlled spectrophotometer so as to implement numeralization and intelligence of system in the paper. We build the overall architecture of 
atomic absorption spectrophotometer system by analyzing principle and process of atomic absorption spectrophotometer and expound the 
design method of host software in the paper. 

Keywords: spectrophotometer system, extreme programming, spectral signal processing, abnormity diagnosis 

1. Introduction 

With the development of science and technology, especially the development of material science, life science and space technology, we
have done more and more analysises about opaque materials, and Atomic absorption spectrophotometer (Atomic Absorption Spectro -
photometer, AAS) system has been one of the most widely used analysis instruments in element analysis field so far. Many heavy metal 
trace elements in food, medicine and natural environment can cause cancer and they have bigger and bigger threat to human life, survival 
and development. However, we also rely on AAS system to analyze these heavy metal trace elements mainly. Therefore, people pay more 
attention to the development of AAS system and its application [1].  

However, no matter from the performance, the appearance design and the technical content, the semi-automatic AAS system of 
domestic companies have a great gap from the foreign products. However, because the system has high technical content and complex 
system, and very high requirements on reliability and accuracy, in addition, we still haven’t had the successful research and development in 
our country, the fully automatic AAS system markets in our country all are occupied by foreign countries.  

Recently, with the development of material science, life science and space technology, the requirement of fully automatic atomic 
absorption spectrophotometer system has become more and more urgent. Therefore, we must accelerate the research and development on 
the study of domestic new type applicable automatic analysis instrument system. What’s more, the research and development of intelligent 
fully automatic atomic absorption spectrophotometer system involves optics, precision machinery, automatic control, application software, 
electronics and other many disciplines, and it needs high precision and high reliability. By doing research and development on fully 
automatic atomic absorption spectrophotometer system it can promote the development of other related disciplines and enhance the 
instrument manufacturing technology level. Therefore, the research and development of fully automatic atomic absorption 
spectrophotometer system will produce considerable economic and social benefits. 

2. Working principle of atomic absorption spectrophotometer 

The spectrophotometer is a photoelectric analytical instrument by using the phenomenon of selective light absorption of material to
conduct the material qualitative and quantitative analysis, and it is a kind of optical spectrum instrument. Through the analysis of absorption 
spectrum we can conveniently judge the chemical composition of material.  

Integral absorption is directly proportional to the concentration of ground state atom. This is a basic quantitative relation in the atomic 
absorption analysis. Integral absorption makes the absorption coefficient contained in atomic absorption line profile be integrated. What’s 
more, we use the method of measuring peak absorption coefficient (K0) to replace the method of absorption coefficient integral value vK dλ∫  
so as to successfully solve the problem of the difficult absorption measurement.  

2.1 Absorption line profile 

Figure1 Light Absorption of Ground State Atom 
If we make a beam of parallel light with different frequencies and light intensity of I0 go through the atomic vapor whose thickness is 1 

cm, a part of the light is absorbed.  

0
vK l

vI I e−=    (1) 
Transmission light intensity I still obey the Beer-Lambert law [12]: 

0lg 0.434 v
v

IA K l
I

= =        (2) 

In the formula, vK - The light absorption coefficient of ground state atom with the frequency of l, and it is the function of light radiation 
frequency.  
2.2 Absorption value measurement-peak absorption coefficient k0 and integral absorption 
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The integral absorption makes the the absorption coefficient contained in atomic absorption line profile be integrated (namely, the total 

area under absorption curve). According to the classic Einstein’s theory, the relationship between integral absorption and the number of 
ground state atoms is shown as follows.  

2

0v
eK dv fN

mc
π

=∫                                                                                                  (3) 

In the formula, e-electronic charge; m-electronic mass; c-the speed of light; N0-the number of ground state atoms which can absorb the 
radiation light with the  wavelength range of    +∆  in unit volume atomic vapor; f  -oscillator strength(The average number of electrons 

which can absorb or emit the light of a specific frequency in each atom, f  is related to the transition probability among energy levels, and it 
reflects the intensity of absorption spectrum line) 

0vK dv kN=∫                                                                                                      (4) 

Under a certain condition, 
2e f

mc
π

 is the constant. Then, Integral absorption is directly proportional to the number of ground state atoms 
which can absorb the radiation in unit volume atomic vapor, and this is the theory basis of atomic absorption spectrum analysis.  

The sharp line source refers to a kind of light source, and the half width of emission line is quite narrower than the half width of 
absorption line. What’s more, when its center frequency or wavelength of transmission line is consistent with the center frequency or 
wavelength of absorption line, we can think that in the range of half width of transmission line K  is the constant and it equals to the 
absorption coefficient K0 at the center frequency (The peak absorption K0 can be measured accurately.).  

Under the determined experimental condition, when we use hollow cathode lamp to measure peak absorption K0 ,  we can also obey the 
Beer-Lambert law.  

0
0lg 0.434

v

IA K l
I

= =                                                                                                   (5) 

The peak absorption coefficient K0 is related to the breadth of spectral line. If we only consider Doppler width ∆ D,   
2

0 0
2 lg 2

D

eK N f
v mc

π
π

= ⋅ ⋅
D

                                                                                     (6) 

The peak absorption coefficient, K0 is directly proportional to the number of ground state atoms of the elements to be measured in unit 
volume atomic vapor, N0. 

2

0
2 lg 2[0.434 ]

D

eA fl N
v mc

π
π

= ⋅ ⋅ ⋅
D

                                                                                         (7) 

Under a certain condition, the parameters in bracket of the formula above are fixed values, then 
0A K N= ⋅                                                                                                                                                                        (8) 

The formula shows that under a certain condition, when we use the sharp line light source, absorbance A is directly proportional to the 
number of ground state atoms of the elements to be measured in unit volume atomic vapor, N0. 

 
2.3 The relationship between the number of ground state atoms (N0) and the total number of atoms of the elements to be measured 
(N) 
 

When we conduct the atomic absorption determination, the test solution should evaporate under the high temperature and be 
dissociated into atomic vapor, namely the atomization process. Among them, some of ground state atoms are further stimulated into excited 
state atoms. Under a certain temperature, when they are in thermodynamic equilibrium, the ratio of excited state atoms number Nj and 
ground state atoms number N0 obey Boltzmann distribution law  

   
0

0

G jE
j KT

j

N e
N G

−
= ⋅                                                                                                    (9) 

In formula(9), Gj ,G0 respectively represents the statistical weights of excited state atoms and ground state atoms (They represent the 
merger degrees between  energy levels, namely the number of states with the same energy level); Ej is excited state energy; K-Boltzmann 
constant(1.83  10-23J/K); T-thermodynamic temperature. 

In atomic spectrum, Gj /G0 and Ej with a certain wavelength spectral line are all known, and Nj /N0 with different T can be obtained 
with the formula above. When T<3000K, they are all small, and they are less than 1%. That is to say, the number of ground state atoms N0  
is larger than Nj , and it accounts for more than 99% of the total number of atoms. Usually it can be negligible. Then,  

0N N≈                                                                                                     (10) 
If the control condition is the sample of entering the flame and maintains a constant ratio, then A is directly proportional to the 

concentration of the elements to be measured. Therefore, in a certain concentration range,  
A K c= ⋅                                                                                                 (11) 

The formula shows that under a certain experimental condition we can obtain the concentration of the elements to be measured in the 
test sample(c) by measuring the absorbance (A) of excited state atoms ( N0 ). This is the quantitative basis of atomic absorption 
spectrophotometric method.  

 
3. Data smoothing technology  
 

The spectrum signal data inevitably accompany the random errors and noises so that we always get an unsmooth curve because they are 
affected by many factors. In order to reduce and disperse the random high frequency noise in the spectrum, we can adopt data smoothing 
technique. The methods of data smoothing technique include moving average method, Fourier transform, wavelet transform, etc.  

 
3.1 Moving average method 

 
Basic principle of moving average method is to determine a certain interval in advance and add up all the data points in the interval, 

and then divide by the number of data points in this interval, and take the average value. It can be represented as  
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n m

y C y +
=−

= ⋅∑                                                                                                   (12) 

Cn is the filter coefficient. This method can have obvious suppression effect on signal jitter, especially pulse type noise.  
 

3.2 Fourier transform 
 

Fourier transform is an important tool of time-frequency analysis, and it is the theoretical basis of modern signal analysis and signal 

processing. We can understand the Fourier transform that we unfold the arbitrary function f (t) in trigonometric function set{ 
i te ω

, ω ∈R} . 
The expression of continuous Fourier transform is shown as  

ˆ( ) ( ) ( ) i tF f t f t e dtωω
+∞

−

−∞

= = ∫                                                                                              (13) 

Accordingly, its inverse transformation is shown as 

ˆ( ) ( ) ( ) i tf t F t F e dωω ω
+∞

−

−∞

= = ∫                                                                                           (14) 

If we make the discrete sampling data conduct Fourier transform, we must adopt the discrete Fourier transform way. In order to 
improve the computing speed, we generally use the fast Fourier transform (FFT) method in fact.  

Combined with the appropriate filtering methods (such as high pass, low pass or band pass methods), Fourier transform can implement 
the selective trade-offs on the data so as to reach the purpose of extracting useful signals. 

 
3.3 Wavelet transform 
 

The wavelet transform is to obtain the projection value of function in each wavelet function. Wavelet transform is expressed in 
mathematics as  

,
1( , ) , ( )
| |f a b

t bW a b f f t dt
aa

+∞

−∞

− =< Ψ >= Ψ 
 ∫                                                                       (15) 

In formula (15), Ψ a, b (t) is the basic wavelet function with vibration attenuation and compact support set. 

,
1( )
| |a b

t bt
aa
− Ψ = Ψ 

 
                                                                                  (16) 

A is the scale expansion factor, and b is the time shift factor and a , b ∈R ，a ≠0. Because each wavelet function is obtained by a 
mother wavelet with scale expansion a and time shift b, we multiply each coefficient obtained after the wavelet transform with the 
corresponding wavelet function after translation and expansion and sum them, then we can restore the original signal. This is wavelet 
inverse transform. If we properly treat the coefficients under different scales, and reconstruct them again, we can implement to use the 
wavelet to transform the filtering.  

Multipoint smooth has the quick and easy characteristics under the condition of low noise. FFT method and wavelet transform method 
have similar treatment effect. For high noise signal, the wavelet analysis can decompose the signals with different scales, in addition, it also 
can be used for the smoothness degree analysis of processing result. 

 
4. Absorbance analysis and processing 

 
4.1 Calculation of double-beam absorbance  
 

The smoothed beam energy obtains the corresponding absorbance value of data points after the calculation, and then according to the 
test method we calculate the absorbance value of each sample. 

The basic calculation formula of absorbance is: 

0log( / )A I I=                                                                                            (17) 
 In double beam, I0 is reference beam energy, and it is the benchmark of correction. I is measuring beam energy.  
 

4.1.1 Digital zero setting  
 

We adopt the single circuit time-shared amplification in the system, so we must conduct the zero setting of I0 and I. The principle of 
digital zero setting is shown as follows.  

The zero setting of a single set of data  
We calculate the proportional coefficient K1 according to the ratio of reference beam energy I0 and measuring beam energy I  

1 0 /K I I=                                                                                                (18) 
From the formula (19), we can obtain 

0 1log( /( * ))A I I K=                                                                                            (19) 

Because 0 1*I I K= , A should equal to zero. At this time it shows the energy bar of measuring light, and it is as big as the reference 
beam. This is the zero setting. After the zero setting, we should multiply all I received afterwards with K1. In this way, we can correctly 
calculate the absorbance A in the process of change. When we make it have zero setting again, we must calculate K1 again to replay the 
original K1.  

 

3.1.2 Absorbance Calculation 
 

The modulating board used for the control of signal generation by the system is composed of two reflex sectors and two gap sectors. 
That is to say, if the modulating board rotates for a week, it will generate two sets of I0 and I. I0 generated by two reflex sectors will not be 
fully equal. We set them as I0A and I0B respectively.  

If we take I0A as the benchmark, we can obtain the following formula from Formula (18).   
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K1=I0A/IA                                                                                               (20) 
We set the ratio of two sectors reflex as K2, then 

K2=I0A/I0B                                                                                                     (21) 
Therefore, in order to prevent the noise caused by the unequal I0A and I0B, we calculate the absorbance of two sets of data. That is to 

say, 
For I0A 

AA=㏒ (I0A/(IA*K1))                                                                                           (22) 
For I0B 

AB=㏒ (I0B*K2/(IB*K1))                                                                                       (23) 
IA and IB are both direct beams, and they are equal in theory. Thus, when we make the zero setting, the absorbances of two sets of data 

are both zero.  
 

3.1.3 Absorbance calculation in the process of deducting background  
 

The above process is the calculation of the hollow cathode lamp. If we measure it under the condition of deducting background, we 
must also calculate the deuterium lamp energy. The deuterium lamp data all add the subscript D. We should not change the calculation 
method of hollow cathode lamp deducting background. Only we set the beam energy correspondingly as I0DA, I0DB, K1D, K2D, ADA, ADB. 

The sequence of reading data commands by the system is shown as follows, namely a data point.  
I0A, I0DA, IA, IDA, I0B, I0DB, IB,  IDB. 
Because the noise exists in the energy, if we only take a data point to make the zero setting and it is just on the noise point, it will 

baseline shift, and make the measurement create the deviation. Therefore, when we make the zero setting we should take a batch of data (15 
data points) and we all take the average value of each related energy. Then, 

From Formula (20) we can get  
K1=ΣI0A/ΣIA                                                                                                       (24) 

From Formula (21) we can get 
K2=I0A/I0B                                                                                                    (25) 

From Formula (22) we can get 
 AA=㏒ (I0A/ (IA* K1))                                                                                            (26) 

From Formula (23) we can get  
 AB=㏒ (I0B*K2/ (IB*K1))                                                                                      (27) 

In the same way, we can get 
K1D=I0DA/IDA                                                                                              (28) 
K2D=I0DA/I0DB                                                                                             (29) 

  ADA=㏒ (I0DA/ (IDA*K1D))                                                                                  (30) 
ADB=㏒ (I0DB* K2D/ (IDB*K1D))                                                                           (31) 

In the actual calculation of absorbance, we must first judge whether the measuring light energy (the denominator) is zero or not (Some 
objects block the measuring optical path). If it is 0, we should give it 60. In this way, the absorbance calculated by us is about 3 or so. It can 
avoid having the abnormal phenomena because it divides by Zero overflow.  

Energy display: 
When energy and energy bar are displayed, I0, I0D, I, ID are displayed respectively. In order to represent that the deuterium lamp energy 

is equal to HCL energy ( In fact, they won’t be equal completely, and the single-chip microcomputer control error is 2%), we can introduce 
K3 into it.  

K3= I0A/I0DA                                                                                                (32) 
In the process of displaying, we multiple all deuterium lamp energies with K3, and the displayed energy is equal to I0A. We only use a 

set of energy display. We calculate K3 after we finish “the peak and balance”. It is only used for the energy display of deuterium lamp. 
 

4.2 Curve fitting 
 

After we calculate the absorbance, we can fit an absorbance-concentration curve with the closest approximation according to known 
concentration of the standard sample. And we can use the absorbance of this curve and the solution to be measured to obtain the 
concentration value.    

We adopt the polynomial least square fitting method to fit the measured data points in the system. The least square method is a kind of 
mathematical optimization techniques. By minimizing the sum of the squares of the errors it finds the best function fitting of a set of data. 
And it uses the easiest way to obtain some absolutely unknowable truth values.  

We set the experimental data at 2n+1 isometric points X-n,  X-n+1,……, X－1, X0, X1, ……, Xn-1, Xn as Y-n , Y-n+1, ……, Y-1, Y0, 
Y1,……, Yn-1, Yn. If h is the spacing of given points, it is transformed as t= (X-Xn) /h. Then various points above are changed into t -n=-n, t-

n+1=-n+1, …… t-1=-1, t0=0, t1=1, ……, tn-1＝n-1, tn=n. 
Now we consider to use the polynomial of degree m 

1ˆ ( ' ) 'X X X Yα −=                                                                                                    (33) 
to fit the obtained experimental data.  
Apparently, s-order derivative of this polynomial can be shown as Formula (34).  

1 2
1 2

( ) ( 1)! ( 2)! ( ( ))!!
1! 2! ( )

s
m s

s s s ms

d y t s s s m ss a a t a t a t
dt m s

−
+ +

+ + + −
= + + +

−
                                        (34) 

We can see from it when t=0 

0

( ) !
s

ss
t

d y t s a
dt

=

 
= 

 
                                                                                            (35) 

Specially: 

0 0|ty a= =      
0 1|t

dy a
dt = =

    

2

0 22 | 2t
d y a
dt = =

                                                                          (36) 
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For (2n+1)sets of data ( , )i it y , we can determine the best value of coefficient 0 1, , ma a a , and we make the minimum of residual sum 
of squares as the goal.  

2

0 1
0

( , , ) [ ]
n m

i
m i j j

j n i
Q a a a a t y

=− =

= −∑ ∑                                                                                          (37) 

Such 0 1, , ma a a  should meet the equation set of Formula (3-32) 

0
2 [ ] 0

n m
i k

i j j j
j n ik

Q a t y t
a =− =

∂
= − =

∂ ∑ ∑   0,1, 2,k = m                                                                (38) 

Or meet another equation set 

0

kn m n
k i

j i j
j n i j nj

y t a t +

=− = =−

=∑ ∑ ∑    0,1, 2,k = m                                                                           (39) 

This equation set is called as“normal equation set”. 
    For Formula (24)we can use matrix, such as Formula(41)to represent.  

' 'X X X Yα =                                                                                                           (40) 
In Formula (40),  
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Because 'X X is positive definite matrix, its inverse matrix exists. Therefore, from Formula (40) we can get  
1ˆ ( ' ) 'X X X Yα −=                                                                                                      (42) 

From Formula (18) we can know, Ŷ Xα= , then according to Formula (3-31), 
1ˆ ( ' ) 'Y X X X X Y−=                                                                                                   (43) 

From Formula (43), the obtained smooth coefficient is 
1( ' ) 'X X X X−

. From this we can know that for any curve we all can implement 
its smooth with arbitrary times at arbitrary points.  

 
5. System testing experiment  
 
5.1 Tests of wavelength accuracy degree and repeatability error  
 

Requirement: The wavelength accuracy degree is no greater than ±0.2nm; The wavelength repeatability error is no greater than 0.1nm.  
Experiment configuration: hollow cathode lamp: arsenic, copper, and cesium lamp.  
Experimental method: When the instrument spectral bandwidth is 0.2nm, we conduct the one-way measurements for three times on 

spectral lines with 193.7nm arsenic, 324.7nm copper and 852.1nm cesium to read the wavelength value of maximum energy. The difference 
of the average value of measurements for three times and theoretical wavelength is wavelength indication error. The difference of maximal 
value and minimal value in three measurements is wavelength repeatability error. 

 
Table 5. Wavelength Inspection Result Table for Three Times 

accurate wavelength 193.696 nm 324.754 nm 852.11nm 

the first actual 
measurement 

193.613 324.736 852.211 

the second actual 
measurement 

193.663 324.698 852.199 

the third actual 
measurement 

193.663 324.698 852.205 

average value 193.646 324.711 852.205 
indication error -0.050 -0.043 0.095 

repeatability error 0.050 0.038 0.012 
conclusion qualified qualified qualified 

 
Conclusion: The maximum error of wavelength is 0.095nm, and the maximum repeatability of wavelength is 0.05nm.  

 
5.2 Edge energy and noise tests of cesium and arsenic 
 

Requirement: We can measure the wavelengths of 852.1nm cesium and 193.7nm arsenic. Its temporal noise is less than 0.01Abs.  
Experiment configuration: hollow cathode lamp: cesium lamp.  
Experimental method: When the instrument spectral bandwidth is 0.2nm, and the time constant is not greater than 1.5s, we preheat the 

cesium lamp for 10min, at the position of 852.1nm, we set the reading mode in the absorbance gear to measure for 5min, and its 
instantaneous noise (peak -peak value) should comply with the requirements. We switch the reading mode to the transmission ratio gear, and 
adjust the indicating value of transmission ratio as 100%. Then, after we adjust ±2nm wavelength, the transmission ratio should decrease 
from 100% to less than 2%.  
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Figure 1 Edge Energy of Cesium in 5min 

 
Table 6 Edge Energy Test of Cesium 

baseline drift instantaneous 
noise 

+2nm energy -2nm energy conclusion 

0.0008 0.0025 0% 0% qualified 
 
Conclusion: The instantaneous noise of edge energy of cesium is 0.0025Abs.  

 
Figure 2 Edge Energy of Arsenic in 5min 

Experiment configuration: hollow cathode lamp: Arsenic lamp ( We can high-performance arsenic lamp).  
Experimental method: When the instrument spectral bandwidth is 0.2nm, and the time constant is not greater than 1.5s, we preheat the 

arsenic lamp for 10min, at the position of 193.7nm, we set the reading mode in the absorbance gear to measure for 5min, and its 
instantaneous noise (peak -peak value) should comply with the requirements. We switch the reading mode to the transmission ratio gear, and 
adjust the indicating value of transmission ratio as 100%. Then, after we adjust ±2nm wavelength, the transmission ratio should decrease 
from 100% to less than 2%.  

Table 7 Edge Energy Test of Arsenic 
baseline drift instantaneous 

noise 
+2nm energy -2nm energy conclusion 

0.003 0.005 1.31% 0.69% qualified 

 
Conclusion: The instantaneous noise of edge energy of arsenic is 0.005Abs. 

 
6. Conclusion 
 

Based on analysis and summary of a large number of technical data, we do the experimental tests and complete this paper in the actual 
debugging. Because the fully automatic atomic absorption spectrophotometer system has the characteristics of high progress requirement, 
big demand change and strict quality requirement in the development process, we adopt the software engineering method of combining the 
extreme programming and unified process and take test-driven development, simple design, reconstitution and iteration and others as the 
core technology to complete the system design. In order to implement the fully automatic multielement concentration test, and aiming at the 
complex parameters and a large amount of data brought by measuring method, we design the multistage nested real-time data structure and 
the reading and writing scheme of files do as to satisfy the real-time and intelligent system requirements. We adopt the multilevel system 
fault self-diagnosis technology for the abnormal phenomena of the system. Aiming at different system faults, we adopt different exception 
handling strategies and we can reselect the fault diagnosis scheme of the whole process flexibly. 
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Abstract: Lending books is one of the ways to provide service to readers by the library. Its lending books amount directly reflects that 
readers’ demand for books. It is only only an important indicator of measuring books utilization benefits but also the important reference 
factor of book procurement work. We construct single mode weighted network of library lending network, namely book network, and study 
the  static statistical properties of weighted network, including node degree distribution, average path length, matching coefficient of similar 
contents, clustering coefficient,  correlation and structure measure in the paper. The study found that book network has the obvious small-
world property. That is to say, it has higher clustering coefficient and shorter shortest path. At the same time, by introducing a new kind of 
weighted projection algorithm, we put forward a kind of personal recommendation system in the library in the paper. According to the 
readers’ history record of borrowing books, this kind of recommendation system recommends the books that the readers have never 
borrowed before to the readers, and tests the accuracy level of algorithm. 
 
Keywords: library, lending network, single mode, weighted network 
 
1. Introduction 
 

Humans live in a world which is full of all kinds of networks. Many relationships in real world can be described by using the network. 
For example, books lending network represents the lending relationship between readers and books.  Transportation network describes the 
relationship between paths and sites. Food web represents the predator-prey relations between species. Semantic web represents semantic 
relations between words. Social relationship network describes the social relations between people. World Wide Web represents the hyper 
chaining relations between web pages. The network also can be used as the background of nature and human society to discuss and study all 
kinds of phenomena. 

In recent years, aiming at the complex network, this young discipline, scholars at home and abroad have done the extensive research on 
it and have made considerable achievements from theory, empirical study, dynamics and other aspects. Among them, in empirical aspect, 
scholars at home and abroad have made a lot of research work on complex network, such as the Internet, power network and air line 
network in technology networks, World Wide Web, Language Web, scientific research reference network in information networks, protein 
network, metabolic network in biological networks, scientific collaboration network, company directors network and others in social 
networks, etc. These studies give out the qualitative description about whether the links between nodes exist or not. However, when the 
strength of the association between nodes or the information brought by the nodes play the important role, this kind of network can’t give 
out the information contained in edges or nodes precisely. Therefore, in order to describe the network characteristics more detailed, some 
researchers have proposed weighted network——have given the corresponding weights on edges or nodes. At present, the research work 
about weighted network has developed rapidly, so we need more empirical researches to enrich and develop it.  

From the angle of system, the library is a typical complex system. The library lending network is also a typical complex network, and it 
is also a typical network cooperative competition network. By such a kind of process of books lending, it establishes some relationship 
between library and readers so as to constitute the library lending network. Library of University of Shanghai for Science and Technology 
has the characteristics of huge quantity, complex types, extensive content, and varied document types. What’s more, there are a large 
number of teachers and students in the university, and the amount of the borrowed books is large every day. The lending books amount 
directly reflects that readers’ demand status for literatures. It is one of the important indicators of measuring books utilization benefits. 
Therefore, we construct the network from book lending situation in the library of our university, and do the empirical analysis on the library 
network from the angle of complex network, and make the statistics on book circulation rate, know the popularity of books and others. In 
this way, we can avoid subjectivity and blindness of books procurement so as to purchase the books targetedly and make the library 
literature information produce the greatest benefit. Through the study on the library at the level of complex network, it brings us the new 
information and research perspective about the library.  

 
2. Weighted statistical properties of books -books network 
 
2.1 Vertex degree distribution 
 

We make the library dual network be projected as the element network (books -books network) by taking the readers as the project. The 
nodes number in book network is 51084, and the total number of edges for fully connected network is 3386405. The total number of edges 
includes the duplicate edge. Here we take the number of duplicate edge as the edge weight. That is to say, edge weight represents the 
number of times of borrowing the two books by the same reader. The vertex degree of book network represents the number of books which 
have been borrowed by a certain reader like a certain book. The larger the node degree is, it shows the more number of times of borrowing 
other books by the reader who borrow this book becomes. In the network, the largest node degree is 2071, and the smallest node degree is 0. 
There are 133 nodes. It shows that 133 readers only borrow a book.  

 
Table 1 Node Table of Top Ten Degree Values 

number 1 2 3 4 5 6 7 8 9 10 
reader 7766 46840 24708 22947 30265 25243 22480 22069 28631 24709 
degree 
number 

724 1708 1606 1484 1310 1246 1226 1127 1109 1049 

 
Note: Here k value range is larger than the degree values of readers and books in bipartite graph. The reason is that even though a 

certain book has been borrowed only once, how many books and this book are borrowed by the same reader, then what the degree value will 
be after the projection in book network. In Figure 1 it shows the distribution of vertex degree of book network obtained through statistics 
under semilog coordinate. In Figure 2 it shows the cumulative distribution of vertex degree of book network obtained through statistics 
under semilog coordinate. With curve fitting we analyze the data, and the cumulative degree distribution is approximately exponential 
distribution so as to obtain the fitting distribution curve formula of vertex degree distribution through the fitting. 
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xey 008.05221.0 −=                                                                                     (1) 
 

 
Figure 1 Distribution of Vertex Degree      Figure 2 Cumulative Distribution of 
of Book Network                                           Vertex Degree of Book Network 

 
2.2 Average path length and distance distribution 
 

The shortest path length refers to the shortest distance between nodes in a network. Because the book network in the library is formed 
by the projection according to the bipartite graph. The nodes are connected completely within each project. Therefore, the shortest path 
length of the entire reader network is 1. The average path length of library book network obtained by calculation is <l>=5.2676. That is to 
say, as long as any two nodes in the network go through five edges on average they can contact with each other.  
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Figure 3 Distance Distribution Graph of Book Network 

In Figure 3 it shows distance distribution graph of book network. Seen from the figure, the shortest distance between the readers in the 
entire network is 1, and the maximum distance is 18. The size of distance is mainly concentrated around 4, 5 and 6, and similarly it is also 
approximate to poisson distribution. 

 
2.3 Degree Coordination and Similar Matching Coefficient 
 

Degree coordination concerns about the correlation of the average degree number of adjacent nodes around the node and the degree 
number of this node. If the network is degree coordination, it represents the nodes among them tend to establish the connection with the 
nodes whose degrees are close to them. For book network, the meaning of degree coordination is that the borrowed books tend to establish 
the connection with the books with the same borrowed number as themselves. Next, we do the statistics of degree coordination and similar 
matching coefficient r on book network respectively.  

We have a more intuitive impression on network degree coordination. In Figure 4, it shows the average number <k> of neighboring 
nodes around the nodes with the degree number k after each node in the network through statistics. In order to be able to see the degree 
correlation of network more clearly, we solve the average for the   average degree number of neighboring nodes around the nodes with the 
same degree number k again to obtain the degree correlation graph of reader network. It is shown in Figure 5.  

 

 
 

Figure 4. Average Number <k> of       Figure 5. Average Number <k> of 
Neighboring Nodes of the Nodes with     Neighboring Nodes of All the Nodes 

the Degree Number k                  with the Degree Number k 

In the degree correlation graph of book network, the relationship between nnk< >  and k  is comparatively clear. Seen from Figure 5, 

with the increase of k , nnk< >  generally presents the obvious growth trend. We can say that book network has degree coordination. In 
order to verify this, we calculate plus or minus of similar matching coefficient r of library book network to conclude the network degree 
coordination. Through the calculation we obtain that r=0.1584. It shows that the library book network is the similar matching. That is to say, 
the nodes with high degrees tend to be connected to other nodes with high degrees.  
 
2.4 Clustering Coefficient and Its Correlation 
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In social complex network, there is negative correlation between the local clustering degree of network in which the node is located and 
the degree of this node. Concretely speaking, there is negative correlation between the average clustering coefficient of neighboring nodes of 
the node and the degree of this node. For the library book network, the meaning of the negative correlation is that the greater the number of 
borrowing other books by the reader who borrows a book is, the less possibility of being borrowed by another reader will also exit between 
the other books borrowed by the reader. If a certain reader has relatively broad interests, he not only has borrowed professional books 
learned by self, but also has borrowed books about literature, history, spaceflight and other various aspects, thus, as far as the two books 
among these book are concerned, the possibility of being borrowed by the same reader again is very small. Because most readers may only 
borrow the books related with their own specialties or their own interests range is relatively narrow, at the same this also reflect the things 
mentioned in last section that all kinds of groups, such as teachers and students circle, professional circle, interest circle and others, always 
exist in the library lending process.  

 By the average clustering coefficient C (k) of neighboring nodes of all the nodes in Matlab programming computing network, we draw 
C (k) and the correlation with k, as shown in Figure 6. Seen from the figure, the negative correlation between the average clustering 
coefficient C (k) of neighboring nodes of the nodes and k is reflected relatively obvious. Then we solve the average for the clustering 
coefficient value with the same degree in the relational graph of C (k and k. It also can reflect more obvious negative correlation. What’s 
more, the average clustering coefficient of neighboring nodes of the notes with relatively small degree mainly concentrates in the place near 
1. It also illustrates that the degree of collectivization for book network is higher, and the cross of books between different groups is fewer.  

 
Figure 6. Average Clustering Coefficient         Figure 7. Average Clustering Coefficient 
C (k) of Neighboring Nodes of the Nodes            C (k) of Neighboring Nodes of All the 

with the Degree Number k                               Nodes with the Degree Number k 
According to the average clustering coefficient of library book network, the meaning of the average clustering coefficient in book 

network is that the two books borrowed by the same reader in the network have the tendency of being borrowed by another reader again. It 
can be also said that whether the complementarity of this two books has produced bigger effect on readers or not. By the existing VC 
program operation, we can get the reader network clustering coefficient C = 0.69. The network clustering coefficient is very large, and it 
shows that the two books borrowed by the same reader in the network have the tendency of both being borrowed by another reader. It also 
shows that all kinds of groups, such as teachers and students circle, professional circle, interest circle and others, existed in the library 
lending process, influence the tendency of borrowing books by the readers. It reflects the collectivization level of library lending is relatively 
high.  
 
2.5 Structural measurement  
 

We calculate the structural measurement of library book network to obtain s (g) = 136161582312 and Smax=152919190442. We solve 
the structural measurement of library book network and (S (g) is 0.8904. Through the value of S (g), we know that the library reader network 
is represented as the scale-free network structural property. However, the network degree distribution is characterized by exponential decay 
distribution. Therefore, network structure topological property of library lending relationship remains to be further paid attention and studied. 

 
3. Recommendation Algorithm 
 
3.1 Introduction 
 

The rapid development of Internet technology has brought us into the era of information explosion. It makes a lot of information appear 
in front of us at the same time. For example, there are tens of thousands of films on Netflix, and there are millions of books on Amazon. For 
so much information, not to mention that we find the parts which we are interested in, it is impossible even though we review all of the 
contents. Now, we have already had some search algorithms which can help us filter the information. However, traditional search algorithm 
can only represent the same ranking results with all the products, and can’t provide the corresponding services according to different uses’ 
interests and hobbies. Information explosion makes the utilization rate of information be reduced on the contrary. This phenomenon is called 
“information overload”. The personalized recommendation, including personalized search, is considered as one of the most effective tools 
which can solve the overload problem at present. Fundamentally speaking, the recommendation problem substitutes the users to evaluate the 
products which they have never seen. Next, we will give a complete understanding of recommendation system architecture on the whole.  

Complete recommendation system includes three parts, namely behavior record module of collecting the information from users, model 
analysis module of analyzing the users’ preferences and the recommendation algorithm module. Behavior record module is responsible for 
recording users’ preferences behaviors, and then model analysis module analyzes the users’ potential preference products and likability so as 
to establish the proper model to describe the users’ preference information. For the recommendation algorithm module, we make use of 
backstage recommendation algorithm to select the products which the users are interested in from the products collection to recommend in 
real time. Recommendation algorithm module is the most core part in the recommendation system. Here, through the analysis of history 
record of borrowing books by the readers, we find readers’ habits and interests, and in the process of future borrowing books we recommend 
the books for the readers by considering them. At the same time, combined with the library detailed data we do the numerical analysis to 
show the accuracy of this recommendation algorithm.  

 
3.2 Recommendation System about Library 
 

Know from the books collection storehouse, the library of University of Shanghai for Science and Technology has collected 51084 
kinds of books with different names. Facing so many different books, the readers are always difficult to find the books which are really 
suitable for their own needs. For example, hundreds kinds of books are related to the Matlab, and the contents of these books have different 
emphasis points, such as numerical calculation, image processing, neural network, etc. However, these books with different emphasis points 
maybe also have a more detailed classification, and they are classified into several kinds of books. Facing such large amount of information, 
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if the readers want to find the books needed by themselves we need to spend a lot of time and energy. Therefore, in the effective time 
providing the books which the readers need most becomes a problem that we must resolve as fast as possible. Basic principle of 
recommendation system is to do the statistical analysis on the readers’ historical activities record and mine the readers’ preferences, then 
automatically find the books which match with them from the huge amounts of information and recommend them to the readers according to 
these preferences.  

In order to give more effective recommendation system, here we adopt a kind of new projection method. Please see Figure 2.3. For this 
kind of weighted way, the weight value doesn’t take the number of repeated edges simply any longer, but it depends on the resource 
reallocation. Suppose that all the objects selected by i all have a certain ability to recommend other objects to i. This abstract ability can be 
regarded as a certain kind of resource which can be divided and is located on the related objects, that is to say, the objects with resources 
will give even more resources to the objects which even more favored by self. We use a simple resource allocation process to simulate how 
the objects with resources allocate their resources among other objects. Suppose that the initial resources on three nodes above bipartite 
graph are x, y and z respectively. In the first step, these nodes make their own resources be assigned to all their users which have a direct 
connection with them on average. In the second step, these users nodes make their own resources be assigned again to all the objects which 
have been selected by themselves. If we use x′ , y′ and z′  represent the resources obtained finally by the three nodes, this distribution 
process can also be expressed as a matrix form: 

 
Among them, the element of the ith row and jth column represents node j would like to make how much share for the part of the initial 

resources be assigned to node i, and it can be regarded as i importance in j mind. 
Different from the traditional weighted model, it has three advantages.  

(1). The weight matrix w  is asymmetric, and with the same corporation relationship the books which have been borrowed by a large 
number of readers give relatively low weight.   
(2) .Allow self-joins. That is to say, w diagonal element is greater than zero, and in fact, it is the biggest element in each column. This 
feature can be used to depict the dependency between the two books, and the independence of the books themselves. 
(3). List the normalization. 

By using this kind of new weighted projection method, we construct a binary readers - books network, and we call it as G . And we 

use { },,, 21 nbbbB =  to represent books class nodes, and we use { }mrrrR ,,, 21 = to represent readers class nodes. For any reader i , 

suppose that all the books selected by i  all have the ability to recommend other books. Among them, if the book the reader i has selected 

the book j , we connect an edge ( )njmiaij ,,2,1;,,2,11  === between i and j ,, or else 0=ija .. For all readers and books, { }ija  is a 

adjacent matrix with mn × (Namely it is a n  dimensional 0/1 vector). At this time, for any reader ir , we define jij abf =)(  as its initial 
resource. The initial resource can be understood as that we all give an initial unit value for each book which is borrowed by the reader. And 

we record the initial vector as f .. Here, we use . ijw to represent the resource quota which the book j would like to allocate to the reader i .. 

We can obtain the general expression of ijw . 

∑
=

=
m

l l

jlil

j
ij k

aa
k

w
1

1
                                                                                 (2) 

(1). The edge weight ijw of the edge of the reader i  and the book j represents the importance of jb in the eyes of ir .. Among them, 
jk represents the degree of the book j ( The book is borrowed by how many readers). lk represents the degree of the reader i (The 

reader has selected how many books). Here, by calculating the original data, we obtain the get the degree distribution of readers, as 
shown in Figure 8,  the degree distribution of books have been worked out above. Please see Figure 1.  

 
Figure 8. The Degree Distribution of Readers 

    Through the above process we obtain the ultimate resource allocation vector, and we can make it be represented as fWf =′ , among 
them   
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For any reader, we range all the books 
)0,1( =≤≤ jij anjb

which he has never borrowed according to the descending order 
)( jbf ′ and the book with the maximum resource obtained by the final distribution is recommended to be borrowed by the reader. Please pay 

attention to that because every reader’s initial structure is different, )( jbf ′ needs to calculate m times repeatedly.  
 

3.3 Precision Measurement 
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In order to quantify the accuracy of the algorithm, we make the real data randomly be divided into two parts. We regard a part of them 
as the training set, and we make the other part be hidden to be used as the test set for detecting the accuracy degree of algorithm. When we 
construct the bipartite graph and W matrix, we can only use the training set. Under the premise of no other known conditions, we only 
suppose that the products which have been selected by the users are his favorite. Therefore, a good algorithm should rank the known 
products which are liked by the users in training set in the front. For any reader ir , we suppose that he has iL  products which have never 
been selected by him, then the algorithm will give a rank of these iL products according to the degree of preferences( Finally the products 
with the same resource number are assigned a random number). 

If in test set ir has selected the book jb (This means that jb  won’t appear in training set, therefore, it is one of iL products without 

selection in the algorithm. ), and jb  is ranked ijR by the algorithm. Then we think the relative position of ( )ji,  is as follows.  

i

ij
ij L

R
r =                                                                                                  (4) 

The more accurate algorithm can give relative position with the fronter rank ( ijr  will be smaller). We use the library data to test the 
accuracy of this algorithm. The data contain 12610 readers and 51084 kinds of books. If the reader borrow a book, and we suppose that the 
reader like this book, we can establish the bipartite graph based on this. The graph contains 356165 edges in total. These edges are randomly 
divided into two parts, among them, 80% of these edges belong to the training set and 20% of these edges belong to the test set. After the 
recommendation algorithm is conducted, we solve the average of the relative position of ( )ji,  for each set of readers-books in test set, and 

we can obtain the average value r , as shown in Figure 9. This value can quantify the accuracy of evaluation algorithm, that is to say, the 
smaller r value is, the more accurate the value is. By the calculation we can obtain 437.0=r based on the algorithm of readers-books 
bipartite graph network structure. It shows that the accuracy level is relatively high.  

 
Figure 9 .Accuracy Distribution Based on the Network Recommendation Algorithm. Among them, r refers to the rank. The ranked content 

is 35565 readers - books relations in test set. 
 
4. Conclusion 
 

In the paper, we make the reader as the project be projected to single mode weighted network (books - books network) from the 
bipartite graph. That is to say, books act as the only node in the network. The relationship between books is established according to whether 
the books are borrowed by the same reader. We do the statistics respectively on the statistical features of library network on the unit network 
level after the projection so as to get the following conclusion. 

The cumulative distribution for the degree of library books network distributed under the semi-logarithm coordinate form 
approximately obey exponential decay distribution, the index is 0.008. 

The average shortest path of books - books network is 5.26, and the average clustering coefficient is 0.69. Therefore, we can think that 
books - books network is a small world network. At the same time, if the network clustering coefficient is larger, seen from the correlation 
diagram of local aggregation level and node degree, the negative correlation relationship between local aggregation level and node degree in 
the network is reflected more apparently. It shows that all kinds of groups, such as teachers and students circle, professional circle, interest 
circle and others, have existed in the library lending process. It reflects the collectivization level of library lending is relatively high. 

    Known from the correlation coefficient of degree, r is 0.1584. r in books - books network is positive, and it shows that books 
network is degree coordination.  

    The special attention which deserves to be given is that from the fact that network structure measurement S (g) is 0.8904 we can 
conclude that the network has the scale-free feature. However, the network degree distribution isn’t approximate to power-law distribution 
but is approximate to exponential distribution. Therefore, the topological property of network structure in library lending relationship 
remains to be further studied thoroughly.  

At the same time, by analyzing the history record of borrowing the books by the readers, we can find the readers’ key learning points, 
interests and hobbies. And we can recommend the books by considering them in the future lending process. Thus, when the readers are 
selecting the books we can recommend the books to the readers by this kind of personal recommendation system so as to save a lot of time 
and energy for the readers. At the same time, combined with the specific data of the library we can do the numerical analysis on this kind of 
algorithm and show the accuracy of this recommendation algorithm. 
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Abstract: At present, the library has transited from pure manual way to digital management mode which takes bar code, namely magnetic 
stripe, as recognition criteria, and relies on computer network and software. However, although the library has adopted the digital 
management mode mentioned above, there are still many problems which remain to be properly solved. In this paper, a books management 
system based on RFID technology is designed and implemented. The existing electronic tags and reading modules are adopted in the 
hardware of this system. It can be connected and transmitted by the Internet, and can be deployed in larger libraries. At the same time, it has 
the characteristics of centralized management and scalability, and it can conveniently and efficiently implement the wireless and automated 
management of the library so as to help to improve the information level of library management, and have a certain practical value. 
 
Keywords: RFID technology, library, system management, Internet of things 
 
1. Introduction 
 

RFID is the English abbreviated form of Radio Frequency Identification. It can be translated into “Radio frequency technology” in 
Chinese. The main characteristic of library established by using RFID technology is to make the wireless identification technology be 
applied in library management. The remote identification method is adopted to make the original bar code be transferred into automatic 
identification technology so as to achieve the goal of improving library management efficiency, and optimizing the management procedure.  

At abroad, RFID technology was applied in National Library of Singapore in 2002. It becomes the first library with RFID technology. 
People can bring their own identification cards or driving licenses to go to the library to borrow books. The radio frequency tags are posted 
on the books, so the readers can put the books in front of the self-help borrowing machine conveniently, then the borrowing machine can 
sense books information and certificates information automatically so as to complete the the self-borrowing process. The readers also can 
print the names of books borrowed by them and other informations by the automatic printer at the book borrow reception. As far as the 
domestic libraries are concerned, the radio frequency technology has kept being adopted gradually in both national and provincial libraries, 
especially in university libraries the RFID technology basically has been adopted to conduct the transformation. The libraries in prefecture-
level cities and the libraries in a part of the scientific research institutes also have kept being promoted gradually. Seen from the data known 
by Domestic several RFID integrators, the number of domestic libraries with RFID technology has reached more than 250. The RFID 
technology has also been introduced in the archives in a part of units and this has obtained the success.  

With the vigorous development of the libraries based on RFID, at the same time, it has also exposed that the RFID standard hasn’t been 
unified, that is to say, it is such problem that the related devices purchased don’t match with the library management system software. 
Therefore, it is necessary to redesign and optimize the books management system. Combined with the classic RFID design scheme, the 
RFID management of library can be implemented. In this way, RFID technology can be really be used to promote the development of 
library management. 

 
2. Requirements analysis of books management system 
 
2.1 Analysis of system function module 
 
2.1.1 Analysis of borrowing and returning process  
 

Library management system process is shown in Figure 1.  

 
 

2.1.2 Requirements analysis of system functions  
 

Using RFID technology and making use of computer system to manage the books will improve the library management level further 
and save the human, material and financial resources of the library, and fully improve the level of library services. In this way, it can form a 
good reputation among the readers, and lay a foundation for the subsequent development of the library. Through the author’s researches and 
analysises on the large and small libraries, for the books management system based on RFID, it mainly requires the following functions.  

The interface design is beautiful, the functions are comprehensive and the operations are simple and convenient. It can meet the 
personalized needs of user custom interface.  

It can conduct the basic book information management. 
It can implement the basic  
It can readers management, including radio frequency identification numbers of readers. It can set and connect.  
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It can make the books be ranked so as to implement the function of books recommendation. 
The classification of the books information is clear, so it can conduct the book inquiry according to the category. 
It is convenient to check out the books.   
It can make use of RFID to implement the borrowing and returning of books, and implement the function of books renewal through 

self-help.   
It can have the function of books inquiry with various conditions.  
It can have the function of operating log records. 
It can have the function of books expiry return-alert, and it can remind the readers of the number of days for books expiry return.  
The system has good scalability.  
 

2.1.3 Special requirements of function modules 
 
2.1.3.1 Function analysis of system setting 
 

 
Figure 2 Function Structure Graph of System Setting 

Library Information Setting: It sets up library name, introduction, pictures and other basic informations. And they are displayed in the 
system home page. 

Librarians Setting: It sets up the librarians of management system and sets up the levels of librarians to be used to distinguish different 
levels.  

Parameters Setting: It sets up the operation parameters and the basic operation mode of system. 
Bookshelves Setting: It sets up bookshelves information and adopts the visual way obtained by just what see to implement the 

bookshelves setting.  
RFID Emitter Setting: It sets up the related parameters information of RFID emitter.  
RFID Receiver Setting: It sets up the receiver and cancels the invalid RFID client information, etc.  
 

2.1.3.2 Function analysis of readers management 
 

 
Figure 3 Structure Graph of Readers Management Function 

 
Management of Readers’ Types: It can manage the readers’ basic types by adding, modifying and deleting. 
Management of Readers’ Archives Information: It can manage the readers’ basic information, the librarians’ permission rights, the 

users’ passwords changes, etc. 
 

2.1.3.3 Function analysis of books archives management 
 

 
Figure 4 Books Archives Management 

 
Add of Books Information: It can add the books information. 
Modification of Books Information: It can modify the related book information, and provide individual information modification and 

batch modifications functions. 
Deletion of Books: It can delete the books information, and have one deletion or batch deletions about multiple messages.  
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2.1.3.4 Function analysis of books borrowing and returning 
 

 
Figure 5 Structure Graph of Books Borrowing and Returning Function 

Books Borrowing: It can register books borrowing information, and implement three kinds of entry ways of books borrowing 
information, such as scan code entry, RFID entry, and manual entry. 

Books Renewal: It can offer the function of books renewal.  
Books Returning: It has the registration function of books returning, and it has three kinds of books returning ways with the same 

situation as books borrowing.  
 

2.1.3.5 Function analysis of books inquiry 
 

 
Figure 6 Structure Graph of Books Inquiry Function 

 
Books Inquiry: It adopts the simple and combined way to inquire books information. 
Inquiry of Books Borrowing: It can inquire books borrowing information and give out the readers’ books borrowing situation. 
Books Expiry Return-alert: According to the set cycle of books borrowing, it reminds the readers to return which books.  
 

2.1.3.6 Function analysis of users management 
 

 
Figure 7 Users Management 

 
Inquiry of Users Information: Librarians can inquire the users information. 
Adding of Users Information: Librarians can add the users information. 
Modification of Users Information: Librarians can modify the users information. 
Users Authorization Management: According to different users, librarians can give different strategies of books borrowing and 

returning.  
 

2.2 Analysis of system non-functional requirements 
 

Combined with various requirements, the system non-functional requirements  mainly include the following several aspects. 
1. For website design page, it requires the elegant appearance, comprehensive functions and easy operations.   
2. Website overall structure and operation process are reasonable and smooth so as to implement the humanized design. 
3. It has normative and perfect basic information setting.  
4. The system runs stably, safely and reliably. 
 

3. Detailed design of books management system  
 
3.1 Systematic architecture design 
 
3.1.1 System hardware structure  
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Figure 8 System Hardware Structure 

 
The system hardware core is composed of tags reader and RFID tags, and RS232 is adopted to carry out communications among the 

softwares. 
For the system design, SR-2000 reader-writer with Ruichi series used on the hardware is SR - 2414 type stationary ultra-high frequency 

separation type( The reader-writer is separated from the antenna.) reader-writer product which is researched and developed independently by 
Shanghai Shijia Intelligent Systems Co., Ltd. It has functions of over-distance read range, ultra-strong anti-collision performance, super fast 
tags read speed, intensive reading model, energy saving mode with the function of detecting tags, logic input and output, and the 
characteristics of  flexible product configuration and convenient use. Its main technical indicators are as follows. 

1. Air Interface Protocol: EPC Global Class1 Gen2/ISO 18000-6C  
2. Tags Data Rate: 40~640kbps 
3. Modulation Mode: ASK/PR-ASK  
4. Frequency Hopping Frequency Points: Under the condition of meeting the national standard or American standard, 10 maximum 

frequency hopping frequency points can be selected.  
5. Frequency Range: national standard: 920.625 MHz~924.375 MHz, channel spacing is 250 kHz. American standard: 902. 75 

MHz~927.25 MHz, channel spacing is 500 kHz.  
6. Wireless Radio Regulations: CHN/FCC  
7. Frequency Mode: Fixed frequency/frequency hopping is optional. 10 maximum frequency hopping frequency points can be selected. 

The minimum frequency hopping spacing is 250 kHz.   
8. Output Power (e. r. p): 16~31dBm. The maximum stepped size is 31dBm, the minimum stepped size is 1dB.  
9. Distance of Tags Reading and Writing: The maximum distance of tags reading is more than 10 meters (configured with 9dBilinear 

polarization antenna).  
10. Distance of Tags Writing: About 50% of distance of tags reading. 
11. Antenna Terminals: 4  
12. Communication Interface: RS232  
13. Working Mode:outside trigger/ spacing T circulation/continuous working  
14. Input/Output IO: 4 photoelectricity insulation input/2 relay output (standard configuration, can deselect)  
15. LED Indicator Light: 6 
 

3.1.2 System software structure  
 

The system software design adopts the design model of typical three-layer architecture and three logical layers. They are software layer, 
hardware layer and data layer respectively. This model makes the system structure be more clearly, and the division of labor be more 
definitely so as to help the late maintenance and upgrade. Three- layer structure is shown in Figure 9.  

 
Figure 9 Three-layer Architecture Schematic Diagram 

 
Software Layer: It is the library management software and it can do the books management operation based on PC. 
RFID Device Layer: It is composed of tags, tags reader and software interface. It can complete the data operation of RFID reading and 

identification. 
Data Layer: It can store the related books and users data and realize the permanent storage of data.  

 
3.2 System function design 
 
3.2.1 System setting 
 

Library information setting is the unit of setting the library basic information. By setting it can complete the library individuality 
display function very well.  

 
3.2.1.1 Library information setting 

 
Input: It inputs the library information basic data, including library name, website, date, etc. Extended information includes library 

images information, and the extended information content set up by the system mode.  
Output: It reminds the users whether the setting is successful or not, and whether the main information is complete or not, and then 

gives out the message completion percent.  
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System operation state diagram is shown in Figure 10 

 
Figure 10. State Diagram of Basic Information Setting 

Main Process: If we set up the library information, first we click on the “library information settings” from the left menu to make the 
main interface display the information settings page, then we click on “modification” button to enter modification status. After we set up the 
information well, we click on “save” button to complete the data storage function.  

 
3.2.1.2 Librarians setting 
 

For librarians' management, they mainly has the work of adding the users, modifying the permission and deleting things.   
Input: It inputs the related information and initial passwords of managerial personnel.  
Output: It successfully inputs users-alert and management personnel list.  
Main Process: We first enter managerial personnel’s management interface, then add or browse the users information, finally select the 

modification and deletion function.  

 
Figure 11. State Diagram of Adding Managerial Personnel 

 
3.2.1.3 Parameters setting 
 

Books related parameters setting mainly manages the books parameters information. It mainly includes books classification parameters, 
press parameters and others. Its state diagram is shown in Figure12.  

System Input: It sets up the basic parameters list. 
Output: It saves the related setting data and prompts.  
Main Process: We select the relevant parameters, read the corresponding list content, double-click on the content to delete, click the 

contents to make them modified, add the contents to make them be above the system page, and fill in the data and click on the adding button 
so as to conduct the complete parameter setting.  

 
Figure 12 State Diagram of Parameters Setting 

 

 
Figure 13 State Diagram of Shelves Setting 

 
3.2.1.4 Bookshelves setting 
 

Bookshelves setting mainly manages bookshelves parameters information. It mainly includes bookshelves location, number of layers, 
number and others. Its state diagram is shown in Figure 13.  

System Input: It adds the bookshelves and fills in the contents.  
Output: It saves the bookshelves setting data and prompts.  
Main Process: We enter the bookshelves browsing state, add the bookshelves content to make them be above the system page, and click 

on “add” button. After we finish filling in the data, click on “save” button, we can conduct the complete data adding. We click on 
“modification” button under the browsing mode, then the modification window pops up. After we finish modifying data, we save 
the related data or select to delete the link in the pop-up window and select to determine, and in this way, it can implement data deletion.   
 
3.2.1.5 RFID emitter setting 
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We set up RFID relative parameters, mainly including radio frequency, emission range, conversion program path, etc. Its state diagram 
is shown in Figure 14.  

Input: RFID configures the files.  
Output: It reminds us to successfully set up the relative parameters.  
Main Process: The users select the configuration files, click on “import” button and implement the configuration functions or the users 

directly set up the corresponding parameters on the interface.  

 
Figure 14 RFID Emitter Configuration State Diagram 

 
3.2.1.6 RFID receiver setting 
 

RFID tags setting is similar with the emitter setting. It is the initialization setting unit for the books information. We can read the initial 
information of books and write it in the tag. Its state diagram is shown in Figure 15.  

Input: It configures the files and books information.  
Output: It reminds us that the setting is successful.  
Main Process: The users select three kinds of ways to set up the tags, namely the way of importing the files, the way of filling in the 

configuration information, and the way of setting batches. In this way, we can implement the tags setting function.  

 
Figure 15 RFID Tags Configuration State Diagram 

 
3.2.2 Readers management  
 
3.2.2.1 Readers type management 
 

We manage the readers type, and conduct the distribution management on type permissions. Its state diagram is shown in Figure 16.  
Input: It inputs readers type names and relevant permissions parameters. 
Output: It outputs type list.   
Main Process: The users select “Add the Readers Type” and click on “save” button after they input the corresponding type parameters 

so as to enter the readers type list.  

 
Figure 16 Readers Type Management State Diagram 

 
3.2.2.2 Readers archives information management 
 

The users conduct the entry, modification, import, inquiry, screening, sequencing and other operations of archives information in 
“Archives Information Management”. Its state diagram is shown in Figure 17.  

 

 
Figure 17 Readers Archives Information Management State Diagram 

 
3.2.3 Books archives management  
 
3.1.3.1 Books information adding 
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The books management has three kinds of states, namely adding, deletion, inquiry. For the adding function, its state diagram is shown 
in Figure 18. Its input, output, and primarily use process are shown as follows. 

Input: It inputs books names, presses, classifications, lending status and other parameters information. 
Output: It outputs the books list.  
Main Process: We fill in the corresponding books information and conduct the books information adding. 

 
Figure 18 Books Information Adding State Diagram 

 
3.2.3.2 Books information modification 
 

The modification of books information is similar with the adding of books information. Its state diagram is shown in Figure 19. Its 
input, output, and primarily use process are shown as follows. 

Input: It inputs books names, presses, classifications, lending status, etc. 
Output: It modifies the prompt successfully, and returns to the books list.  
Main Process: The users select the books names which the users want to modify, click on “modification” button, and enter the 

modification state. After the users fill in the related data and click on “save” button, they return to books information list.  

 
Figure 19 Books Information Modification State Diagram 

 
3.2.3.3 Books deletion 
 

Its state diagram is shown in Figure 20. Its input, output, and primarily use process are shown as follows. 
Input: It selects the deleted books list. 
Output: It deletes the prompt successfully, and returns to the books list.  
Main Process: After the users select the books, they click on the deletion button, and after success or failure of deletion is prompted, 

they return to books information list.  

 
Figure 20 Books Information Deletion State Diagram 

 
3.2.5 Books inquiry 
 

We inquire the books information situation. Its state diagram is shown in Figure 4.18. Its input, output, and primarily use process are 
shown as follows. 

Input: It selects the related field information of books inquiry and a part of content information of the related field, such as the books 
names field and the data of “case analysis” contained in books names. 

Output: It outputs the books information list.  
Main Process: After the librarians log in, they select the “books inquiry” to enter the books list, and input the inquiry condition above 

the list so as to implement the books inquiry. Then the librarians select the books names, and look up the books detailed information.  
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Figure 21 Books Information Inquiry State Diagram 

 
4. Implementation of Core Modules in Books Management System 
 
4.1 Data Acquisition Interface and Its Implementation 
 
4.1.1 Definition of RFID Interface 
 

Software system and RFID reader connected by RS232 communication protocol, and implement the data communication between 
device and computer system. Electronic tag length is 8 bytes, and its data format is shown in Figure 22.  

 
Figure 22 Definition Format of Electronic Tag 

Its meaning is shown in Table 5.1. 
 

Table 5.1 Electronic Tag Format Specification 
sequence block area (hex) Name Function 

0 0 RESERVE
D 

Reserve access passwords and kill passwords 

1 1 UII It is the tag identification number, the users can 
modify it. 

2 2 TID The users can’t modify it. 
3 3 USER It is users operation data area. 

 
Kill passwords are stored in reserved memory with 32-bit numerical value from 00h to 1Fh, and MSB first. The default value should be 

zero. Interrogator should use the kill passwords with disposable tag to destroy the tags to make it keep silent. If the kill passwords of tag is 
zero, the tag should not perform the destruction operation. The tag which doesn’t perform the kill passwords can still work, even though its 
zero value kill passwords are permanently read lock and write lock. Access passwords are stored in reserved memory with 32-bit numerical 
value from 20h to 3Fh, and MSB first. The default value should be zero. Nonzero tags of access passwords should require the interrogator to 
send the password before it is turned into the protection state. The tag which doesn’t perform the kill passwords can still work, even though 
its zero value kill passwords are permanently read lock and write lock. 

The data content designed and implemented in this paper is mainly in Bank03 area, USER storage area. The users store their own data 
content. The users take 00h-01h 1-bit address to conduct the identification of books materials and users’ identities. If it is 0, it represents the 
books. If it is 1, it represents the common users. 02h-03h represents the books lending status. 0 represents that the books don’t be borrowed 
by the readers, and 1 represents that the books are borrowed by the readers.  

 
4.1.2 Implementation of tags read 
 

Based on the definition structure of tags, we adopt C language to write the bottom interface, its implementation structure is shown as 
follows.  

//Tag Information  
struct RFSBTAG { 
 ushort  SBID;    //Device Number 
 uchar  SBANTENNA;   //Antenna Number 
 uchar  DTTYPE;    //Effective Data Content 0-Nonuse 1-EPC 2-TID 3-User 4-

RFU 5-Destruction Passwords 6-Access Passwords  
  TAGDTQ  EPC;    //Tag EPC 
 TAGDTQ  USER;    //Tag Users Area 
 TAGDTQ  TID;    //Tag TID Area 
 TAGDTQ  RFU;    //Tag RFU Area 
 uchar  sKILPASWOD[4];  //Destruction Passwords 
 uchar  sACSPASWOD[4];  //Access Passwords  
}; 
//Tag Data Area Structure 
struct TAGDTQ 
{ 
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 uchar dt[256]; //Data Content 
 uchar firads; //Starting Address  
 uchar dtlen; //Data Length 
}; 
Therefore, definition tags read class class diagram is shown in Figure 23.  

+WriteTag() : int
+ReadTag() : int
+LockTag() : int
+KillTag() : int
+SetTagPsd() : int
+GetTagPsd() : int

标签类

 
Figure 23 Tags Class Diagram 

 
Among them, the write tag data function WriteTag mainly includes two parameters, namely wTAG write tag information, which points 

at the pointer of tag structure RFSBTAG, and TAGBT screening tag information, which points at the pointer of tag structure RFSBTAG. 
GetTagPsd is the function of obtaining the tags passwords. LockTag is the function of locking tags. KillTag is the function of destroying 
tags. SetTagPsd is the function of setting up tags passwords.  

The main code of tags data reading module implemented in the PC client programming is shown as follows. 
GetTagEPC(sbtag, epcnu);   //Obtain the tags read by the device.  
 for (i = 0; i < epcnu; i++)//Loop read till the completion of tags read.   
 { 
  nISEPC = 0; 
  epcno = 0; 
  sid.Format(_T("%d"), sbtag[i].SBID); 
  switch (sbtag[i].SBANTENNA) 
  { 
   case 0x01: 
    stx.Format(_T("%d"), 1); 
    break; 
   case 0x02: 
    stx.Format(_T("%d"), 2); 
    break; 
   case 0x04: 
    stx.Format(_T("%d"), 3); 
    break; 
   case 0x08: 
    stx.Format(_T("%d"), 4); 
    break; 
   default: 
    break; 
  } 
  sepc = ""; 
  for (k = 0; k < sbtag[i].DTTYPE*2; k++) 
  { 
   sls.Format(_T("%02X"), sbtag[i].EPC.dt[k]); 
   sepc += sls; 
  } 
  for (j = 0; j < m_epccount; j++) 
  { 
   if (sid  == m_contagepclist.GetItemText(j, 1) && 
    stx  == m_contagepclist.GetItemText(j, 2) && 
    sepc == m_contagepclist.GetItemText(j, 3) ) 
   { 
    epcno = j; 
    j = m_epccount; 
    nISEPC = 1; 
   } 
  } 
  if (nISEPC) 
  { 
   sls = ""; 
   sls = m_contagepclist.GetItemText(epcno, 4); 
   memset(ssz, 0x00, 10); 
   for (j = 0; j < sls.GetLength(); j++) 
   { 
    ssz[j] = (char)sls.GetAt(j); 
   } 
   epcjs = atol(ssz) +1; 
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   sls.Format(_T("%d"), epcjs); 
   m_contagepclist.SetItemText(epcno, 4, sls); 
  } 
  else 
  { 
   m_epccount++; 
   sxh.Format(_T("%d"), m_epccount); 
   m_contagepclist.InsertItem(0, sxh); 
   m_contagepclist.SetItemText(0, 1, sid); 
   m_contagepclist.SetItemText(0, 2, stx); 
   m_contagepclist.SetItemText(0, 3, sepc); 
   sls.Format(_T("%d"), 1); 
   m_contagepclist.SetItemText(0, 4, sls); 
  } 
 } 
 

 
5. Conclusion 
 

Through a large number of literature data inquiry, and based on skilled grasping and application of related technologies, we analyze 
and study the system application background, purpose and significance to determine the main development tools of system, and the 
functional requirements of system in the paper. What’s more, based on the development requirements and design principle of system we 
determine the main work flow of system implementation and discuss these things in details in the paper.  

The main achievements obtained in this paper include integrated RFID platform, and the implementation of borrowing and returning 
integrated process of books management. By using the system integration platform built by RFID middle-ware technology, we solve the 
data interface problems between different systems to guarantee the data have unobstructed interaction between each system in the paper. At 
the same time, we can also control the read and write operations of each terminal device. We design the hierarchical architecture, and 
implement the loose and seamless joint of hardware and software. Data interface versatility is its main feature. From the implementation 
level, the coupling degree between levels is weak, and the extensibility and reusability of system are high. 
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Abstract: By collecting the books lending information in HeBei North University within one year, we build the database of books and their 
borrowers and the bipartite graph of describing the relationship between the two things in the paper. According to the two kinds of situation, 
whether the lending relationship exists between books and readers or not, and whether the number of days of borrowing books by the 
readers exists between books and readers or not, we build unweighted network and weighted network to get the relevant statistical properties 
respectively. The study found that these statistical properties both obey exponential distribution and the corresponding statistical properties 
are related in unweighted network and weighted network. It shows that compared with unweighted network, the weighted network not only 
can describe the cooperative relationship and structure but also can accurately describe the competition result. What’s more, combined with 
the practice, we discuss the cooperative and competitive relationship within readers and books and between readers and books, and the 
practical significance owned by various statistical indicators in bipartite graph.  Finally combined with the practice, we provide some 
suggestions for library purchase work. 
 
Keywords: complex network; cooperative competition network, bipartite graph 
 
1. Introduction 
 

Books lending is one of the ways of offering services by the library. Its books lending amount can directly reflect the readers’ demand 
condition for books. And it is an important indicator of measuring books use efficiency. It is also the important reference factor of books 
procurement work. Seen from the system perspective, the library is a typical complex system. Books lending network is also a typical 
complex system. It is also a typical cooperative competition network. By such a kind of process for books lending, we build some kind of 
connection between books and readers so as to constitute the bipartite graph of library books lending network. Therefore, through the 
statistic analysis on the bipartite graph constituted by books lending situation, on the one hand, it provides more empirical basises for 
studying the weighted network, on the other hand it can help the procurement personnel to know the readers’ demands situation better, and 
grasp the satisfaction degree of readers’ demands from the existing books collected in the library so as to avoid the subjectivity and 
blindness of books lending. However, previous empirical studies on library books lending network are mostly unweighted network, and lack 
a certain rationality because the books don’t be classified. Compared with the previous studies on the library network, we have the following 
improvements in the paper.   

(1). In previous studies, we use books bar code to represent books. For the books with the same version, its number of books collected 
in the library is more than one. If the readers borrow the books with the same version, because each book can use different bar codes to 
distinguish, the books with the same version may be replaced by different bar codes, then they can be processed into different books. In this 
paper, we do analysis and process on library bibliotheca database and books repositories to get the call numbers which books bar codes 
correspond to. Then we get the statistics of borrowing the books with the same version by the readers (the same call numbers), rather than 
the statistics of borrowing the same books (the same books bar codes). These make up for this shortcoming in the previous studies to a 
certain extent.  

(2). Assume that the time of borrowing a book by the reader is one day or twenty days, then the books with different reading time have 
obvious different significances on this reader. Therefore, we only do statistics on how many times of books with the same version by the 
same reader to make it as the weight, so the significance isn’t too big. We do the statistical processing on the time record of books 
borrowing and returning in library computer system to get the days of borrowing books with the same version by each reader, and take this 
as the weight of borrowing this book by this reader. If the readers have borrowed the books with the same version for several times, then we 
add the reading time for each time as its weight.  

Therefore, by a reasonable classification on books, we study the unweighted network and the weighted network of bipartite graph about 
library borrowing relationship so as to get some more accurate results. We put forward and analyze the cooperative competition relationship 
between books and readers in the paper. We hope that we can provide some new empirical basises for the researches in this aspect and we 
can provide some references for the development of the library. 

 
2. Statistics amount on the weighted network  
 

The weighted network can be described with the set ),( WNG =  and it includes N  nodes and a set of edges with the weights W . 

Usually we can use the weighted adjacent matrix W  to represent the weighted network. Among them, the matrix element ijw ( ijw
>0) 

represents the edge weight between the two adjacent points. Under normal circumstances, the similarity weight ],0[ ∞∈ijw , if ijw
=0, then 

it represents that there is no connection between two points. However, the different weight ],0[ ∞∈ijw , when ijw
=∞ , it represents that 

there is no connection between two points. When the values of each edge are the same, we can make them be normalized as 1. The weighted 
network is degraded into the unweighted network. That is to say, the unweighted network is the special case of the weighted network.  

(1)Node Strength  

In the weighted network, the natural generalization which corresponds to the node degree ik , is the node strength. It is defined as  

∑
∈

=
iNj

iji ws                                                                                           (2.6) 

Among them, Ni is neighboring set. Node strength both considers the neighboring number of the nodes, and the weight between nodes 
and neighboring nodes. It is the integrated embodiment of the node local information. When the edge weight has nothing to do with the 
topology of the network, function relationship between node strength and node degree is kwks >≅<)( . Among them, >< w  is the 
average value of edge weight. When the edge is associated with topological structure, the relationship of node strength and node degree is 

generally 
βAkks ≅)( , or 1=β but >≠< wA , or 1≠β . 
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Node strength distribution )(sp is similar to the role of degree distribution )(kp , and it mainly investigates the probability of having 
node strength S by the node.  

(2). Weighted Clustering Coefficient 
The clustering coefficient reflects the group properties of this vertex between Level 1 neighbors. The closer contact between neighbors 

becomes, the higher of clustering coefficient of the node is. Based on the clustering coefficient of unweighted network, we develop the 
definition of clustering coefficient of weighted network in the paper. For example, the clustering coefficient of weighted network defined by 
Barrat and others is 

kijkij
kj

ikij

ii

w
B aaa

ww
ks

ic ∑
+

−
=

, 2
)(

)1(
1)(                                                                  (2.7) 

Onnela and others have considered the geometric average value of the weight on three edges of triangles, and have defined the 
corresponding clustering coefficient of weighted network. 

3/1

,
)(

)1(
1)( ∑−

=
kj

kijkij
ii

w
o www

kk
ic                                                                      (2.8) 

Among them, ijw  is the standardized numerical value of the maximum weight Max ijw through the network, but there are this or that 
kind of problems in the above definitions.   

Petter Holme and others have analyzed the clustering coefficient of weighted network in details, and they have rewritten the form of 
clustering coefficient defined by Watts-Strogatz.  

∑
∑

=
jk kiij

jk kijkij

aa

aaa
ic )(                                                                                     (2.9) 

According the above expression way, we consider the any edge’s contribution to the clustering coefficient in the triangle, we can write 
down the clustering coefficient of weighted network. 

∑
∑

=
jk kiijijij

jk kijkijw
H www

www
ic

max
)(                                                                         (2.10) 

The clustering coefficient describes the group properties between the neighboring nodes.  From the above requirements in article (3), 
we can find that the weight at this time must be similar weight. The greater the edge weight is, it represents that the closer the connection of 

the two nodes becomes. From the above definition, we can calculate that we can get the average clustering coefficient )(kc w
 of the nodes of 

taking all the degree values as k and the average clustering coefficient of the network 
wc . Under normal circumstances, the application of 

similar weight in the formula (2.10) needs to use the normalization of maximum similar weight. However, when we can make use of 
network property to make the similar weight be normalized to the [0, 1] interval in advance, we can directly use the weight calculation to 
omit the second normalization step. This consideration can compare the weighted clustering coefficients of different networks.  

    In addition to the above basic network statistics amount, people also promote its other network properties on the weighted network. 
For example, Onnela and others has put forward a systematic way recently. They make the analysis of die body be generalized to the 
weighted network. Because the edge weight increases the number of dimensions of describing system properties, the corresponding concepts 
are built. The researches on the special statistical properties on the weighted network is still an important research content in weighted 
network. Weighted network has introduced the strength of interaction between vertices and has described the diversity of connection, and 
has increased the abstract describing ability of the network. At the same time, the introduction of edge weight also has greatly enriched the 
statistical properties of the network. Besides the connection decided by the edge weight, for the weighted network we must also focus on the 
statistical properties related to the weight, especially the correlation of weight and topology, and this provides a new perspective for us to 
understand the organizational structure of corresponding system. Many empirical studies show that the weighted network has showed rich 
statistical properties and power law behaviors. We will introduce some typical practical systems and the corresponding empirical analysis 
results in the following content. 

 
3. Construction of cooperative competition network with library books lending relationship 
 

In this paper, data are from the situation of borrowing books by the readers in the library of HeBei North University within one year. 
During this period, the total number of books which are borrowed by the readers is 83959 (namely, different book bar codes), and the 
number of kind for the books with different contents (namely, different call numbers) is 51084, and the total number of readers is 12610. 
These data have laid the substantial evidence foundation for the library books lending network research. First we have introduced the 
statistics situation of library raw data. Each reader corresponds to a reader bar code and each book corresponds to a book bar code. If a 
reader borrows a book, it corresponds for that a reader bar code connects a book bar code. In data format of books repositories, a call 
number corresponds to a number of different books bar codes. Because the library will provide more than one books with the same version 
(Specifically it means that the book name, author, press, publishing time are all the same.) for the readers to borrow, but we will use the 
same call number to identity these books with the same version (It is convenient for the readers to find.). We adopt different bar codes to 
distinguish each book (It is convenient for the librarians to conduct the books statistics.). In actual  situation of borrowing books by the 
readers, assume that the reader has borrowed two books, books bar codes are different, but the content of the two books are exactly the same 
(the same call number). Therefore, we should consider them as the same book. Because of this, in order to show the situation of borrowing 
the same book by the readers more reasonably, we use the call number to replace books bar code so as to establish the library books lending 
network through SQL program in the paper. It contains two types of nodes in the bipartite graph of the library. For one kind, it represents the 
call numbers of books, and we call them as the projects. For another kind, it represents the readers who borrow the books, and we call them 
as the nodes. If the books lending relationship exists between projects and nodes, we connect the two with a line to constitute an edge. In the 
researches on the weighted network, we take the days of borrowing books by the readers as the edge weight value of this edge. In Figure 1, 
we use Netdraw to draw the weighted bipartite graph which contains four projects. In the entire bipartite graph, a kind of cooperative 
competition relationship is shown between the projects. That is to say, the lending amount of all books shows the service level of providing 
the books lending by the library, and the books quality level and the popularity degree form the competitive relationship between books. On 
the other hand, the cooperative competition relationship between the books borrowed by the same reader has formed. That is to say, these 
books jointly constitute the knowledge system of the reader. However, because of the reader’s limited energy, it makes the competition of 
scrambling for the services for readers among these books be formed. In each project, a relationship with both cooperation and competition 
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is also shown between the nodes. If several readers borrow the same book, it will constitutes the borrowing value of this book. At the same 
time, because there are more readers and relatively few readers, the process that the readers borrow the same book jointly also forms the 
competition of books borrowing among the readers. 
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Figure 1 Bipartite Graph(In the figure, square represents the project, namely book, and dot represents node, namely reader, and the weight 

value on ligature represents the reading time of borrowing the book by the reader. represents.) 
 
4. Bipartite graph property of library books lending network 
 
4.1 Project size and node project degree 
 

Project size refers to how many nodes are contained by a project. That is to say, the same book is borrowed and read by how many 
readers within one year. It roughly shows the competition strength size of the book. In Figure 2 it shows that the cumulative probability 
distribution of project size obtained through the statistics under the single logarithmic coordinate. From this we know that the project size 

obeys the exponential decay distribution, and its fitting curve equation is
xey 258.09519.0 −= . 

 
Figure 2 Cumulative Probability                             Figure 3 Cumulative Probability Distribution 

Distribution Graph of Project Size                                       Graph of Project Degree 
 
Combined with Figure 2 we can see that under the form of single logarithmic coordinate except for the tail end whose impact factor is 

very small, the cumulative probability distributions of project size are all approximate to a straight line. Table 1 is the distribution for the 
number of times of books borrowed by the readers. Among them, at most two books have been borrowed more than 70 times, 54.62% of 
books have been borrowed with the number of times range of two and nine, and 36.70% of books have been borrowed once.  

According to the calculation, we get that the average project size < T > = 9.44. That is to say, the same book has been borrowed 9.44 
times on average within one year. By statistics the categories of top hundred books with the maximum number of times of books borrowing 
are Chinese literature, English language literature and computer. What’s more, in the category of computer, there are respectively seven and 
four books about Matlab and C++. And they account for most of books about the computer category books borrowed by the readers. 
Similarly, among the four books about mathematics category, there are three books about arobability theory and mathematical statistics. 
Therefore, the library should increase the corresponding books procurement, and try to meet the needs of readers. 

 
Table 1 Distribution Table for the Number of Times of Books Borrowed by the Readers 

number of 
times of 
books 

borrowed by 
the readers 

79,71 50-59 40-49 30-39 20-29 10-19 2-9 1 

number of 
books 

2 5 13 42 268 3115 27903 18750 

percentage 0.00 0.01 0.03 0.08 0.53 6.10 54.62 36.70 

 
Table 2 Distribution Table for the Categories of Top Hundred Books 

books categories novels of Chinese 
literature 

English language computer British and 
American 
literature 

mathemat
ics 

physics 

number of 
books 

29 20 16 11 4 4 

 
Node project degree refers to how many books are borrowed from the library by one read within one year in total. It shows the reader’s 

competition strength size of borrowing books. Distribution of reader project degree describes the distribution situation of readers about 
library books borrowing. Figure 3 is the cumulative probability distribution of node project degree. Except for the tail end whose impact 

factor is very small, the distribution curve of project degree cumulative probability is approximate to 
xey 0662.09555.0 −= . Combined with 
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Table 3 we can know that 43.24% of readers have the number range of books borrowing with two and nine within one year. From statistical 
data, we can get that the average project degree of each reader is 14.16. That is to say, each reader has borrowed 14.16 books on average 
within one year. By doing statistics on the top hundred readers with the maximum number of times of books borrowing, we can know that 
among them there are four teachers, 71 postgraduates, 24 other students. From a practical standpoint we can explain such phenomenon that 
the teachers have rich knowledge, and more of them are engaged in the specific areas, therefore, they borrow books relatively specializedly, 
and their economic strengths allow them to buy more books. However, postgraduates’ knowledge is relatively thin and they have relatively 
strong thirst for knowledge. About the studies and researches they all need to look up a lot of related literatures. And at the same time, 
postgraduates have large limits of authority (ten books) than other students (ten books), therefore, their limits of authority are relatively 
higher than other students.  

Table 3 Distribution Table of the Number of Times of Books Borrowing by the Readers 
number of 
times of 
books 

borrowing 
by the 
readers 

1 2-9 10- 
19 

20- 
29 

30- 
39 

40- 
49 

50- 
59 

60- 
69 

70- 
79 

79- 
165 

number of 
readers 

1040 5452 3010 1491 750 434 202 111 57 62 

percentage 8.25 43.24 23.87 11.82 5.95 3.44 1.60 0.88 0.45 0.49 
 

4.2 Point strength distribution 
 
By the observation we know that the library has the detailed records of borrowing and returning about each book borrowed by each 

reader. We can use SQL and ACCESS to do the statistics processing on data to get the reading time. If the reader borrows a book, we 
establish an edge between the two and at the same time we take the reader’s reading time of borrowing the book through the statistics as the 
edge weight of this edge. In this way we establish the weighted bipartite graph of library borrowing relationship. In the weighted network, 

the natural promotion which corresponds to node degree is the node strength. Node strength distribution )(sp  is similar to the role of the 

degree distribution )(kp . It mainly investigates the probability of having node strength S by the node. It is defined as 

∑
∈

=
iNj

iji ws
 

Among them, Ni  is the neighboring set of the node i. Node strength both considers the neighboring number of the nodes, and the 
weight between nodes and neighboring nodes. It is the integrated embodiment of the node local information.  

 
Figure 4 Cumulative Probability Distribution Graph of Project Point Strength 

Book point strength is represented as the total number of days of books borrowed by the readers. Accurately it shows that the 
competition strength size of books. In Figure 4 it shows the accumulative distribution of books node strength, and we can use the 
exponential function to fit very well. Through the statistical analysis, the book average node strength in the library books lending network is 
106.74. That is to say, each book is borrowed 106.74 days on average within one year. In Table 4 it lists the specific situation of number of 
days of books borrowed by the readers. The reading time of 92.29% of books is within 300 days which is less than one year’s time. This 
shows that the books in the library can meet the needs of readers basically. Because the book with the larger point strength represents that 
the book with longer time of being borrowed, its competition strength is relatively larger in the lending process, and it shows the readers’ 
borrowing interests and trends, we will emphatically analyze it. From Table 5 we can know that English, computer and other learning books 
are still ranked top among the books. Literature books have significantly decreased accordingly. It shows the readers’ concept of taking the 
learning as the majority and taking the entertainment as the supplementary. At the same time, we take English and computer as the key of 
learning. And it shows that they have become the indispensable tools in learning. What’s more, the number of power engineering, 
mechanics, physics, wireless and telecom technology is relatively uniform. It shows that the readers with various professional categories will 
all borrow the relevant professional books. It further illustrates the accuracy of the empirical work. 

 
Table 4 Distribution Table of Book Point Strength 

point 
strength 

0-30 31-60 61- 
100 

101- 
200 

201- 
300 

301- 
400 

401- 
500 

501- 
600 

601- 
2176 

number 
of books 

14431 9740 8635 10204 4139 1955 960 425 415 

percentag
e 

28.25 19.07 16.90 19.97 8.10 3.82 1.88 0.83 0.81 

 
Table 5 Top Hundred Books with Maximum Point Strength (The books have the longest time of being reading.) 

categor
y 

English 
language 

computer mathe
matics 

power 
engineering 

mechan
ics 

physics British and 
American 
literature 

telecom 
technology 

number 29 25 9 8 6 5 5 4 
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In Figure 5 it shows the cumulative probability distribution graph of reader point strength. We can see that the main part of the 
distribution obeys the exponential distribution. Reader point strength is represented as the total number of days of borrowing books by the 
readers. More accurately it shows that the competition strength size of borrowing books by the readers. Through the statistics we get that the 
average node strength of the readers is 423.44 days. The reader with the maximum node strength is a teacher from College of Power 
Engineering. By analyzing the top hundred readers with maximum point strength, we find that among these readers there are 29 teachers, 70 
postgraduates, and one student. And compared with the unweighted network, the difference exists partly in that the limits of authority for the 
time of teachers’ borrowing books(90 days) is longer than the postgraduates (The time of doctors’ borrowing books is 90 days and the time 
of masters’ borrowing books is 30 days) and other students (The time of borrowing books is 30 days) . Therefore, the total time of 
borrowing books can be increased accordingly. 

 
4.3 Comparison of Unweighted Network and Weighted Network 
 

In the bipartite graph, the project size in unweighted network corresponds to the number of times of books borrowed by the readers, 
and the book point strength in weighted network corresponds to the number of days of books borrowed by the readers. They all show the 
competition strength of books. Similarly, the project degree in unweighted network corresponds to the number of times of borrowing books 
by the readers, and the book point strength in weighted network corresponds to the total number of days of borrowing books by the readers. 
They also show the competition strength of borrowing books by the readers. Then whether there is a certain correlation between the two 
pairs of distributions in unweighted and weighted form? First of all, known from the above text we can know that the distributions which 
they obey are similar. This conclusion is the same with previous studies. The reason of producing this kind of mechanism is that it has 
further explanation in network evolution model. Second, as shown in Figure 6 and 7, they are both positive correlation, and they both obey 
the power-law distribution. It shows that if there are more number of times of books borrowed by the readers, the number of days of books 
borrowed by the readers also increases accordingly. Similarly, if there are more number of times of borrowing books by the readers, the 
number of days of borrowing books by the readers also increases accordingly. By studying the statistical relationship between degree and 
point strength we can know that when the node is involved in multiple projects, then this node has even larger competition strength. 
Combined with the practical example, because the library has limited the number and time of borrowing books by the readers, in order to 
borrow the books which are needed more by the readers, they usually return the books which are not much useful for themselves. Then even 
though a reader borrows a book, but it doesn’t represent that it has the reading value for the readers. What’s more, the length of number of 
days for the reading also reflects that books have different reading values for the readers, therefore, the weighted network can reflect the real 
situation more carefully than the unweighted network. These all show that in bipartite graph the unweighted network and the weighted 
network both can describe the relationship of  this kind of cooperative competition relationship and its structure in the network, but only the 
weighted network can describe this kind of competition result more accurately.  

 
Figure 6 Relational Graph of the number                   Figure 7 Relational Graph of the number 

of times and the number of days for the                    of times and the number of days for 
books borrowed by the readers                            borrowing books by the readers 

 
5. Conclusion 
 

By doing the statistics on the specific information of library books lending in HeBei North University within one year, we get the 
related characteristics of library books lending bipartite graph, including the project size distribution, the node project degree distribution 
and point strength distribution. They all obey the exponential distribution. Known from the nature of exponential distribution, its connection 
number of most nodes is roughly the same. The nodes whose connection number is much higher than the average number or much lower 
than the average number are rare. In this paper it shows that the library books lending in the library is relatively uniform, and the books 
lending is more perfect, and on the whole it can better meet the needs of readers’ books borrowing. Someone once questioned in the paper 
why the library distribution doesn’t conform to the power-law distribution. If it conforms to the power-law distribution it will show that the 
library has more disadvantages. For example, many people borrow the same book or a lot of books are borrowed by few people. At the same 
time, compared with the original number of readers or the number of library books, the increase of the number of readers or the increase of 
the number of books borrowed the readers are relatively few, therefore, it doesn’t meet the characteristics of the power-law distribution. 
That is to say, at the beginning of the network, there are only a few nodes and a large number of nodes will be added in it after that.  

In addition, in bipartite graph the project size distribution and node project degree all have the positive correlation with corresponding 
book point strength distribution and reader point strength distribution, and on the double logarithmic coordinate axis it is approximate to a 
straight line. This illustrates that it conforms to the power-law distribution very well. What’s more, known from the above text, the weighted 
network is the same with the unweighted network, and it can describe the cooperative relationship and structure, but it can more accurately 
describe the network competition result.  

Know from the analysis of relevant statistics amount, in the process of borrowing books, the readers insist on the concept of relying 
mainly on learning, and apart from learning they still read Chinese and foreign literature books to enrich the life. Among them, English and 
computer books are most favored by the readers ( The competition strength is the biggest.), especially English learning, matlab, C++ and 
other  computer programming category and mathematical statistics category books, therefore, the library should increase the relevant type 
books. In readers group, we find that the strength of borrowing books by the teachers is far greater than the students. It also fully implies the 
teachers always stand at the forefront of discipline, and they actively improve their own academic levels. At the same time, the 
postgraduates have a strong thirst for knowledge, and become the dominant force of the readers group. 
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Abstract: With regard to a typical DC motor servo system without actual angular speed sensor, a extended state observer (ESO) based 
compound control scheme is put forward in this paper. A nonlinear ESO (NESO) is designed to estimate the current uncertain dynamics and 
the actual angular speed of DC motor servo system, which improves the robust property of control system and lays the foundation for the 
design of outer-loop controller. Based on the as-built NESO in inner loop, an outer-loop compound controller by means of state-space 
design method is proposed in order to realize high-precision position tracking ability of DC motor servo system. Computer simulation 
results present that, compared with traditional control schemes, the proposed control scheme can guarantee the higher tracking precision of 
DC motor servo system. Moreover, it possesses stronger robustness against system uncertainties including modeling errors, parameter 
perturbations and friction moment disturbance, and also produces smooth control outputs, which is beneficial for the further implementation 
in engineering application. 
 
Keywords: Active disturbance rejection control (ADRC), compound control, extended state observer (ESO), motor servo system, 
robustness. 
 
1. Introduction 
 

As a new magnetic material developed in recent years, the rare earth alloy has been successfully introduced to the production of 
modern brushless DC motor. Then, the response speed, the torque and the power/mass ratio of DC motor are all greatly enhanced [1]. As a 
result, the modern DC motors are widely applied in many high-precision position servo systems, such as the optic-electronic tracking system 
[2], the electro-mechanical actuator [3], the electronic flight simulator [4], and so on. At the same time, higher and higher performance 
requirements on DC motor servo control system are raised by the complicated and various working environment. However, because of the 
existence of system uncertainties in DC motor servo system, which usually involves modeling errors, parameters variations and disturbance 
torques, the performance development will be greatly restricted [5-6]. Therefore, it is necessary to explore the novel and useful control 
technologies for DC motor servo system, in order to further improve the robust property and tracking performance. 

Active disturbance rejection control (ADRC) [7] is such a robust control technology that the current uncertain dynamics can be real-
timely estimated and then the same amount of control quantity will be compensated in control system. This control technology does not 
depend on the accurate model information, and abandons the assumption that the system uncertainties are bounded or with parameter 
linearization, therefore it can deal with a wide range of uncertain control systems [8-12]. In fact, the robustness of ADRC mainly stems from 
the introduction of extended state observer (ESO), which can accurately estimate the current system uncertainties. After introducing the 
same amount of control compensation, the inner-loop control system possesses simple structure and is beneficial for the further design. 
Therefore, this paper will construct a nonlinear ESO (NESO) as the inner-loop controller of DC motor servo system, in order to effectively 
improve the system robustness. 

With regard to the general closed-loop feedback control system, it can be transformed into a compound control system by introducing 
one or more feedforward networks [13-15]. Through appropriately selecting control coefficients, the compound control system possesses 
high tracking accuracy and reliable stability. Subsequently, the compound control technology can solve the contradiction between reducing 
errors and maintaining stability in general feedback control system. Therefore, when it is applied to the servo system, the high speed and 
high accuracy of position tracking will be achieved [1]. As a result, the servo control scheme, which is constructed by the inner-loop ESO 
and the outer-loop compound controller, can not only suppress the bad impacts resulted from the uncertain dynamics in control system, but 
also improve the tracking performance of DC motor system. This is the main starting point of this paper. In addition, the feedback control 
needs the information of current angular speed, which can not be directly measured because of the lack of actual angular speed sensor, and 
then some estimation methods need to be employed to obtain the current angular speed. Note that, by using the measurable output signal, the 
above-mentioned NESO also has the ability to estimate the state variables of control plant accurately and real-timely. Therefore, the 
introduction of inner-loop NESO can effectively deal with this problem. It means that the estimation of actual angular speed must be also 
realized in the construction of inner-loop NESO in this paper. 

The remainder of this paper is organized as follows. Section 2 provides the mathematical modeling of DC motor servo system. In 
Section 3, the inner-loop NESO and the outer-loop compound controller are designed respectively, and then the whole servo controller is 
constructed. In Section 4, compared with traditional control schemes, the performance advantages of the proposed control scheme are 
verified through computer simulation. In addition, the conclusions and future works will be given in Section 5. 
 
2. Mathematical modeling 
 

A typical DC motor servo system is mainly composed by servo controller, amplifier, DC motor, loads and measurement unit, and its 
structure is shown in Figure 1. 

 

Servo 
Controller Amplifier DC Motor

Measurement Unit

r u y+
-

Loads

Servo Plant  
Figure 1. Structural diagram of DC motor servo system. 

 
Where, r , u and y respectively denote the position angle command, the controller output and the current angle output of DC motor 

servo system. Note that, the part in dashed box is namely servo plant or control plant. Moreover, the measurement unit in Figure 1 is 
installed to merely measure the angle position signal, other than the angular speed signal. 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                    244.2 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/244 

 

Next, taking the external disturbances into consideration, and assuming that the mechanical connection between motor and loads is 
strictly rigid, the DC motor servo system can be described by the following differential equation [1]: 

( ) ( ) ( ) ( )J t B t u t d tθ θ+ = +                                                                               (1) 
where, parameters 0J >  and 0B >  respectively denote the equivalent moment of inertia and the equivalent damping ratio of the 

whole DC motor servo system. Moreover, d denotes the equivalent disturbances transformed to the system input. 
Because both the inner-loop NESO and the outer-loop compound controller proposed in this paper are established by means of state-

space design methods, the further transformation about (1) will be carried out in next sequel. 
Let state variables 

1 ( )x tθ=  and 
2 ( )x tθ=   respectively denote the actual angle and the actual angular speed of DC motor servo 

system. As a result, Eq. (1) will be transformed into the following state-space expression: 

1 2

2 2
1 1( ) ( )

x x
Bx x u t d t
J J J

=



= − + +





                                                                        (2) 

Until now, the mathematical model of DC motor servo system has been established, and it provides the theoretical basis for the further 
design, analysis and verification. 

 
3. Servo controller design 
 
3.1 Inner-loop NESO design 
 

If the current equivalent disturbances d in system (2) can be effectively estimated by means of some useful observing strategies, the 
same amount of compensation will be introduced into the control input, which can realize the strong suppression against the bad impacts 
resulted from equivalent disturbances. Based on above-mentioned control thought, a type of NESO will be constructed for DC motor servo 
system (2), and it works as an inner-loop controller.  

In actual engineering applications, the plant parameters J and B in (2) are unknown previously. We usually employ some measurement 

and identification methods to approximately obtain their values. As a result, the corresponding nominal parameters nJ  and nB  are 
acquired and then used in the design of servo controller. Based on this statement, Eq. (2) will be transformed into the following expression:  

1 2

2 2 1
1 ( ) ( )n

n n

x x
Bx x u t d t
J J

=

 = − + +





                                                                              (3) 

where, 1d  denotes a new uncertainty term, which involves modeling errors, parameter perturbations and external disturbances, and it is 
expressed by:  

1 2
1( ) ( ) ( )n n n

n n

J J JB J Bd t u t x d t
JJ JJ J
− −

= + +                                                                  (4) 

Subsequently, 1d  is regarded as a extended state variable of system (3). Moreover, Eq. (4) provides the theoretical reference for the 
accuracy verification on uncertain dynamics estimation. 

With regard to uncertain system (3), a NESO is proposed by using the measurable position output, and it is constructed as follows: 

( )

( )

1 1

1 2 0

2 3 2 1

3 2

=
1 ( ) fal , 0.5 ,

fal , 0.25 ,

n

n n

e z x
z z e

Bz z z u t e a
J J

z e a

β

β δ

β δ

= −
 −
 = − + −


= −







                                                                  (5) 

where, the first two state variables ( 1z  and 2z ) of NESO are the estimation variables with respect to the angle ( 1x ) and the angular 

speed ( 2x ) respectively, meanwhile the last state variable ( 3z ) is the estimation variable with respect to extended variable ( 1d ). 

Moreover, the parameters 
0 0β > , 

1 0β > , 3 0β > , 0a >  and 0δ > , the nonlinear function is defined as: 

( )
sgn( )

fal , ,
e e e

e e e

a δ
a δ

δ
δ

 >
= 

≤

                                                                                       (6) 

Therefore, the state variable z3 will be regarded as the design reference of the compensation term in servo control system. Furthermore, 
the compensation term is designed as: 

3in nu J z=                                                                                                    (7) 
Then, the NESO-based inner loop control system is illustrated in Figure 2. 
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Figure 2. Structural diagram of NESO-based inner loop control system. 
 

Where, uout  respectively denotes the output of outer-loop controller. Because the as-built NESO can only realize the robust 
performance of inner-loop control system, but cannot guarantee the position tracking function of DC motor servo system, therefore it is 
necessary to design another outer-loop controller based on position error adjustment, which will be introduced in the next subsection. 
 
3.2 NESO-based compound controller 
 

Considering the two-order dynamic characteristic of motor servo plant, we can design an outer-loop controller with compound structure, 
which is shown in Figure 3. 

 

Servo Plant-

3k 4kss

+ +++ yr
1k

s

-
outu

2k+

Compound Controller  
Figure 3. Structural diagram of compound controller for DC motor servo system. 

 
Where, the part in dashed box is namely compound controller, which combines PD feedback controller with feedforward controller. 

Moreover, k1 and k2 are feedback controller coefficients, meanwhile k3 and k4 are feedforword controller coefficients. Note that, in order to 
realize the high-accuracy position tracking of servo control system, the above four coefficients must obey some principles, which will be 
introduced in the following Theorem 1. 

Notice 1  Because of the accurate estimation on system uncertainties, when the inner-loop NESO is introduced into the control system, 
the NESO-based motor servo plant can be approximately described by the following state-space expression: 

n n outu= +x A x b                                                                                                     (8) 

where, the state vector is defined as T
1 2=[ ]x xx , and the matrices are: 

0 1

0n n

n

B
J

 
 =  −
  

A , 
0
1n

nJ

 
 =  
  

b  

Theorem 1 With regard to the NESO-based motor servo plant, the outer-loop compound control law can be designed as: 

 ( )1 2 2 3 4 2 3outu k k r y k y k k r k k r= − − + +                                                                      (9) 

where, r  and r respectively denote the angular speed command and angular acceleration command, y  denotes the current angular 
speed. 

If the following two conditions are both established, 
(1) k1 and k2 are designed in order that all the eigenvalues of matrix n n−A b k  possess negative real parts, where [ ]1 2 2= k k kk . 

(2) k3 and k4 are designed according to the following relationship: 

3
2

2
4

2

1n

n

n

Bk
k
k Jk

B k

 = +

 =
 +

                                                                                        (10) 

the position tracking ability of DC motor servo system will be realized, i.e., r y→ . 
Proof. Substituting the control law (9) into the system (8) gets: 

( )
( )
( ) ( ) ( )

1 2 2 3 4 2 3

1 2 2 3 4 2 3

1 2 2 3 4 2 3 1

n n

n n n n n

n n n n n

k k r y k y k k r k k r

k k r y k y k k r k k r

k k r y k r y k k r k k r

= + − − + +  
= + − − + +

= + − + − + + −

x A x b

A x b b b b

A x b b b b

   

  

   

                                          (11) 

Define the state error vector ex : 
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[ ]Te d r y r y= − = − −x x x                                                                                        (12) 

Then, Eq. (11) will be transformed into: 

( )3 4 2 3 1n n e n nk k r k k r= + + + −x A x b kx b b                                                                 (13) 

If the condition (2) is satisfied, Eq. (13) will be further rewritten by: 

( ) ( )n n e n n n d e n n e n n nJ r B r J r B r= + + + ⇒ − = + + +x A x b kx b x x A x b kx b      
             (14) 

The following equation can be easily obtained: 

( )d n n n n dJ r B r− + =x b A x  
                                                                     (15) 

Substituting (15) into (14) gets: 

( )e n n e n d n n e= − − + = −x A x b kx A x A b k x                                                      (16) 

Based on the poles assignment theory, because system (8) is totally controllable, we can design the feedback gain vector k to arbitrarily 
assign the eigenvalues of matrix 

n n−A b k . That is, condition (1) can be easily met. As a result, the position tracking ability of DC motor 
servo system will be realized, i.e., Theorem 1 has been verified. 

However, because of the absence of actual angular speed sensor, the current angular speed y  cannot be directly obtained. In this paper, 
the as-built NESO is employed to finish another task of observing the current angular speed. Therefore, the NESO-based compound control 
system is illustrated in Figure 4. 
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1k -
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2k+

Compound Controller

Servo Plant
+u

d
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-
inu

y

nJ 3z
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Figure 4. Structural diagram of NESO-based compound control system. 

 
In conclusion, the total servo control law can be divided into two parts, and then expressed by: 

( )1 2 2 2 3 4 2 3 3( ) out in nu t u u k k r y k z k k r k k r J z= − = − − + + −                                                      (17) 

Until now, the servo controller of DC motor system has been completed, and its effectiveness will be verified through computer 
simulation in next section. 

 
4. Simulation verification 
 

In this section, in order to clearly present the performance advantages of the proposed control scheme in this paper, it is compared with 
the other two control schemes, which involve traditional PID control scheme and PD+NESO control scheme (i.e., removing the feedforward 
part from the proposed control scheme). 

The actual parameters of servo plant are set as 20.0052N s degJ = ⋅  and 0.065N s degB = ⋅ . In order to conform with the actual 
condition in engineering application, some modeling errors should be taken into consideration in the design period. Therefore, the nominal 
model parameters of servo plant are chosen as 20.005N s degnJ = ⋅  and 0.06 N s degnB = ⋅ . Moreover, we artificially add the 
Column friction torque and parameter perturbations into control system, and the equivalent disturbances resulted from the above two factors 
are respectively 4.0sign( )θ−   (V) and 1.2sin(4π π 2)t +  (V). The initial angle and angular speed of DC motor servo system are 
respectively 0.2deg and 0deg/s. In addition, the outputs of servo controller are limited between ±10V. 

In traditional PID control scheme, the three coefficients are chosen as: 
5pk = , 2ik = , 0.2dk =  

The coefficients of the inner-loop NESO are chosen as: 

0 1000β = , 1 10000β = , 3 600000β = , 1a = , 0.01δ =  

The coefficients of the outer-loop compound controller are chosen as: 

1=250k , 2 =0.02k , 3 4k = , 4 =0.0013k  

In simulation, the angle command of DC motor servo system is chosen as a compound signal, which is shown in Figure 5. 
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Figure 5. The curve of angle command of DC motor servo system. 

 
With regard to the above command signal, the position tracking errors of DC motor servo systems under the three control schemes are 

shown in Figure 6. 
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Figure 6. The curves of position tracking errors under the three control schemes. 

 
From Figure 6, compared the conventional PID control scheme with PD+NESO control scheme, we can get that the tracking errors of 

DC motor servo system become smaller after introducing the inner-loop NESO, which reflects that the designed NESO effectively 
strengthens the robust property against uncertain dynamics. Then, compared PD+NESO control scheme with the proposed control scheme, 
we can find that the tracking errors of DC motor servo system become further smaller, which verifies the expected ability of outer-loop 
compound controller in improving the tracking accuracy of servo system. 

In this paper, the inner-loop NESO is employed to estimate the current angular speed of DC motor and the uncertain dynamics in 
control system, therefore the accurate estimation is the basic guarantee for the effectiveness of NESO. In order to verify the estimation 
accuracy of the proposed NESO, the estimation curves with respect to angular speed and uncertain dynamics are shown in Figures 7-8. 
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(b) The estimation error 

Figure 7. The corresponding estimation curves with respect to current angular speed. 
 

0 0.5 1 1.5 2 2.5 3
-1500

-1000

-500

0

500

1000

1500

Time(s)

 

 
d

1

z
3

 
Figure 8. The estimation curves with respect to current uncertain dynamics. 

 
From Figures. 7-8, we can see that the state variables (z2 and z3) of the proposed NESO can accurately reflect the current values of 

angular speed and uncertain dynamics. Specially, the accurate estimation on the angular speed can improve the tracking properties 
(including tracking errors and regulation speed), when the outer-loop compound controller is used. Meanwhile, the accurate estimation on 
the uncertain dynamics can effectively strengthen the robustness of control system.  

In addition, the control input of DC motor servo system is illustrated in Figure 9. 
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Figure 9. The curve of control input of DC motor servo system. 

 
From Figure 9, we can see the control input of DC motor servo system is more smooth. This effectively avoids some bad impacts 

resulted from the high-chattering at control input, including system instability and damage to the mechanical structure of DC motor, and 
subsequently enhances the application value of the proposed control scheme. 

 
5. Conclusion 
 

With regard to the DC motor servo system without actual angular speed sensor, this paper puts forward a NESO-based compound 
control scheme, which can guarantee the better tracking performance of DC motor servo system. Specially, the inner-loop NESO can not 
only accurately estimate the unknown uncertain dynamics, i.e., the robust property of servo control system based on NESO compensation 
can be strengthened, but also accurately obtain the unknown angular speed, which guarantees the feasibility and the effectiveness of the 
outer-loop compound controller. Simulation results present that, compared with some traditional control schemes, the proposed one 
possesses more satisfactory tracking performance. Moreover, it is easy to be realized in engineering application. In addition, the 
experimental verification will be carried out in future works. 
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Abstract: This paper investigates optimal strategies of a fuzzy closed-loop supply chain (CLSC) with dual recycling channel, within which 
the manufacturer sells products via the retailer in the forward supply chain, while the retailer and the third party competitively collect used 
products in the reverse supply chain. By using game theory and fuzzy theory, the optimal decision on wholesale price, retail prices and 
remanufacturing rate are explored respectively under the centralized and the decentralized decision scenarios, and the expressions for them 
are also established. Some insights into the economic behavior of firms are given, which can serve as the basis for further study in the future. 
 
Keywords: Closed-loop supply chain, Dual recycling channel, Game theory, recycling competition, Fuzzy theory 
 
1. Introduction 
 

Based on the theory of ecological manufacturing and technology of supply chain management, Closed-loop supply chain is a 
distribution system combined manufacturing with remanufacturing, aiming to improve the environmental impact and resource efficiency so 
as to realize the sustainable development of society and enterprises. 

To achieve sustainable development, the major challenge faced by closed-loop supply chain is to recycle used products from the end-
consumer. The coexistence of multiple channels of recycling has become a universal phenomenon. On the one hand, it not only improves 
the recovery rate, on the other hand, it also increases the complexity of the closed loop supply chain. Li [1] has analyzed the effect of the 
competition of the two third parties on the supply chain, and has proved that the closed-loop supply chain recycling and remanufacturing can 
achieve the perfect coordination under the control of the risk sharing and cost sharing portfolio contract. Devika [2] found that when the 
recycling process is very high profits, manufacturers tend to be more willing to recycle their own. Klassen [3] believes that other members 
of the supply chain (such as retailers) do not participate in the management of reverse logistics, or because they do not have the appropriate 
logistics system, or because the surplus value of recycling products is too low. Especially, Min Huang [4] has proved the following 
conclusions: 1. For single recycling channel, recycling of retailers is better than that of the third party when taking manufacturer's profit into 
account; for dual recycling channel, the cost of manufacturer has been reduced; 3. The choice of either a single or dual channel recovery 
depends on the competitive intensity of those involved, and when the competitive intensity is too high, it will lead to a reduction in the 
profits of the manufacturer. 

In the management of supply chain, uncertainty is the essence of things and decision is usually made under the conditions of 
uncertainty. Closed-loop supply chain is also in uncertain conditions, which is directly related to the product supply, customer demand, and 
the recycling of used products in the operation of whole closed-loop supply chain. Vildan [8] discuss the terminal consumers complete 
recovery, and consider the supply chain sales price and demand uncertainty factors, through the fuzzy multi-objective optimization to 
determine the optimal number of recycling facilities and location. Yuanjie [12] Studys on random recovery case constitute a closed-loop 
supply chain pricing decision of manufacturer and retailer, the results show that the dispersion of recovery time, recovery price is always 
lower than the optimal centralized recovery of optimal recycling price, cause a corresponding number of a number of recycling and 
regeneration products decreased, similar to the double marginal effect; coordination scheme and part of the total compensation 
compensation also put forward. When the dual recycling channel that has shared a competitive relationship in closed-loop supply chain 
considering a variety of uncertainties, it increases the complexity of decision making, which makes a contribution to putting forward a new 
topic for scientific research. This thesis will discuss pricing strategies on the competitive dual channel recycling under the environment with 
uncertainties.  

 
2. Model description 
 

In this paper, we construct a two order game model consisting of manufacturer, retailer, and third party recycler. The manufacturer 
produces green products and determines their wholesale prices; the retailer and the third party are recycling companies with a competitive 
relationship, which can be described as Cournot duopoly model. Thus the process of product production, which forms a closed loop supply 
chain, forms the sustainable development of economy. Closed loop supply chain production and operation process as shown in fig. 1. 
 

 
Figure 1. Closed loop supply chain production and operation process 

 
According to the operational structure diagram, we can get the research framework, as shown in fig.2 
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Figure 2. Research frame 

 
 

Definition of symbols: 
W unit wholesale price 
P unit retail price 
B unit transfer price 

 unit cost of producing end products from original material 
 unit cost of producing end products from returns 
 Market demand quantity 

 competing coefficient between the third party and the retailer 

 collection rate 
I investment in used product collection 

 scalar parameter, the exchanging coefficient between the collection rate and the investment 

 saving unit cost by recycling, namely,  
Π profit 
Considering the uncertainty of product market demand in the forward supply chain,  are non-negative fuzzy variables, namely,  

, represents the basic market demand for products,  represents the corresponding measures of the product market demand 
to its retail price; considering the uncertainty of product recycling in reverse supply chain: due to the uncertainty of the quality of recycled 
products in the recycling process, the cost of remanufacturing shows uncertainty, namely,  . Thus, the cost of production which is saved 

by recycling unit product , , also shows uncertainty, namely, . Uncertainty of recycling leads to the uncertainty of 
cost of recycling, namely,  is the fuzzy variable. Similarly, the manufacturer sells products to retailers at wholesale prices w, and the 
retailer sells the products to consumers at retail price P to make profits. For the retailer, P is the decision variable. In the reverse supply 

chain, both recycling companies recycle EOL products, the collection rate can be shown as , the relationship of collection rate of the third 

party, the inverstement on recycling  and the cost of recycling  can be shown as:  ,  ,the collection rate is formulated as: 
0 .  

The parameters , , , ,  are independent nonnegative fuzzy variables. Using expected value maximization of the closed-loop 
supply chain members as the objective function, the expected value of objective function is: 

                                                                 (1) 
                                                                     (2) 

                                                                       (3) 

                                                                       (4) 

 
2.1 Centralized decision 
 

There is one entity that aims to optimize the whole system performance, so both the retailer and the third party’s decisions are fully 
coordinated under the centralized decision case. In the centralized decision case, the manufacturer’s wholesale price is seen as inner transfer 
price, which influences the profits of each participant, but not affects the total system profit. The total system profit is determined by 
production/remanufacturing cost, collecting cost and retail prices. The expected value of the supply chain is: 

                                           (5) 
Based on assumptions, the expected value can be shown as: 

                                (6) 

We can get (The calculation process is shown in Appendix A): 

                                               (7) 

                                               (8) 

2.2 Decentralized decision 
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In this decentralized decision case, the manufacturer first announces his wholesale price of the new product and the retailer announces 
his retail price according to the wholesale price. We can implement the game theory and reverse induction to gain the two order closed-loop 
supply chain mode. 

At first, we need to determine the manufacturer’s decision under the fuzzy condition. Both recycling companies decide the investment 
on recycling products according to the quality and quantity of recycled EOL products: 

 

 
According to the profit model of the recycling company, we can get the expected profit of the two parties. 

                                                       (11) 
According to the assumption, the retailer's expected profit can be shown as: 

 
                                                                    (13) 

According to the assumption, the third party’s expected profit can be shown as: 

 
We can get an equilibrium solution (The calculation process is shown in Appendix B):  

 

 

 
 
3. Numerical study 
 

In this part, based on numerical methods, we examine the results obtained from the two kinds of decision schemes above, and study the 
behavior of enterprises in an ever-changing environment. Based on the results obtained by previous studies, it can be easily inferred the 
representation of the optimal decision making and optimal expected profit of key supply chain members. Remanufacturing costs, recycling 
costs, the basic price of the market and price elasticity tend to depend on the experience of experts, shown by triangular fuzzy variable, as 
Table 1: 

 
Parameter Recycling cost  Basic market demand for 

products  
The relationship between 

product market demand and 
price  

Default (800,1000,1200) (50,100,150) (0.1,0.3,0.5) 
Parameter Unit cost  from original 

material  
Saving unit cost by 

recycling  

Average recycling price A 

Default 20 (10,15,20) 5 
 
We can get: 

, , , ; And based on definition 2.7, 
the definition of optimism and pessimism . 

Using MATLAB mapping, as shown in fig. 3, observation and comparison of the two kinds of recovery methods: 
 

  
Figure 3. Recovery and retail price comparison 

 
Corollary 1: For decentralized recycling and centralized recovery, these two recycling methods, the optimal collection rate of the 

retailer  and that of the third party is the monotonically decreasing function of competitive coefficient ; while the optimal retail price 
 is monotonically increasing function of competitive coefficient α. 

Corollary 2: In centralized recycling, the optimal collection rate of each product is higher than that of each recycling company; for the 
optimal retail price, the retail prices of centralized recycling is higher than that of decentralized recycling with a low competitive coefficient; 
while with a high competitive coefficient, the situation is the reverse. 

Corollary 3: Under the impact of uncertainties of sale and recycling, the retail price and collection rate vary greatly with the 
competitive coefficient. 
 
4. Conclusion 
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In this paper, we explore the roles of the two competitive recycling channel by examining the closed-loop supply chain in a fuzzy 
environment over two different decision scenarios. By using the fuzzy theory and game theory, some insights into the economic behavior of 
firms are found, which could serve as the basis for further study in the future. The expressions for optimal retail prices, wholesale price, 
collecting rate are derived with fuzzy expected value model. We then analyze the results by numerical example and give some managerial 
analysis. 

We shall extend our result in two ways. One is government financial coordinating intervention on the competition under uncertain 
environment. Second, the models are considered with single period in this paper. We could further study the case with multiple periods. 
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MIMO Array InISAR 3-D Imaging with GPU Acceleration 
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Abstract: In InISAR 3-D imaging, the separation of scatters which have same Range-Doppler location is a key problem. In this paper, a 
MIMO radar array, which is located along the z-axis, is used measure the positions of scatterters of a synthesis scatterters. The x-and y-
coordinates of scatters are obtained from ISAR image directly. The z-coordinates are reconstructed by the spatial frequencies of scatterters 
in each synthesis scatterters based on the MIMO radar array. To accelerate the algorithm, a parallel programming model based on GPU is 
applied. The simulation results show that the proposed method is effective and precisionist for 3-D image reconstruction. 
 
Keywords: 3-D Imaging; InISAR; MIMO Radar Array; GPU 
 
1. Introduction 
 

Inverse synthetic aperture radar (ISAR) is a technique to generate a two-dimensional high resolution image of a maneuver target1,2. The 
high resolution of a two-dimensional (2-D) image in the range direction is obtained by transmitting a wide band signal and the cross range 
resolution is achieved by the relative motion between the radar and targets. Three-dimensional (3-D) images are capable of providing a more 
reliable description of target features, which is advantageous to target recognition. Therefore, high-resolution InISAR (Interferometric ISAR) 
3-D imaging has come into focus of the radar signal processing community [3-8].  

Interferometric inverse synthetic aperture radar (InISAR) imaging technique is developed to form a 3-D vision of the target. Xu 
proposed a 3-D target altitude image formation technique by using the interferometric phase of two 2-D ISAR images7. Wang applied three 
receivers to get interferometric information8. Real and emulated multi-antenna were also used for 3-D ISAR imaging.  

In 3-D ISAR imaging, the separation of scatterers which have same Range-Doppler location is a key problem. In this paper, a MIMO 
radar array, which is located in the z-axis direction, is applied to measure the positions of scatterers of a synthesis scatterer. The x- and y-
coordinates of scatter are obtained from ISAR image directly. The z-coordinates are reconstructed by the spatial frequencies of scatterers in 
each synthesis scatterer based on the MIMO radar array.  

With the development of Compute Unified Device Architecture (CUDA), many people try to improve radar imaging algorithms by 
GPU. But programming in CUDA is not convenient for the developers who don’t understand the details of GPU. By packing the M 
language into a GPU compatible form, Matlab enables users to write and run code on the GPU in the native M language through Parallel 
Computing Toolbox. Using MATLAB for GPU computing lets we accelerate us applications with GPUs more easily than by using C or 
Fortran. With the familiar MATLAB language we can take advantage of the CUDA GPU computing technology without having to learn the 
intricacies of GPU architectures or low-level GPU computing libraries. Based on Parallel Computing Toolbox, a parallel programming 
model is applied to speed up the InISAR 3-D imaging algorithm in this paper.  

This paper is organized as follows. In the next section, the configuration of the MIMO radar array-based ISAR imaging system is 
described. Then, 3D ISAR interferometric imaging based on MIMO radar array is discussed. In section 4, the implement detail of the 
algorithm on GPU is described. The simulation and analysis is performed in section 5, followed by a short conclusion. 

 
2. Received signals from a mimo array-based isar system 
 

A MIMO antenna array configuration is shown in Fig. 1. In this configuration, receivers Rj (0≤j≤NR) and transmitters Ti (0≤i≤NT) are 
aligned along Z-axis, with R0 and T0 are located at the origin of the 3-D coordinate system. The distance between receivers is d and the 
distance between transmitters is D, where D≥NRd. Transmitter Ti and receiver Rj form a bistatic ISAR imaging system. Based on the 
MIMO radar theory, the equivalent virtual array of this configuration can be shown as Fig. 2. Virtual monostatic antenna TRij denotes the 
bistatic ISAR Ti/Rj, and RAij= (RATi+ RARj)/2. 

 

 
Figure 1. The geometry of the MIMO antenna array ISAR imaging system 
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Figure 2. The virtual array of the MIMO antenna array ISAR imaging system. 

 
Let the transmitted wideband linear-frequency modulated signal from Ti be 

2( ) exp{ 2 ( )}
2

r
t

Ks rect j f
T
tt p t t= × + 

 
                                                                     (1) 

where f is the carrier frequency, Kr  is the chirp rate, and T is the chirp pulse duration. 
The received signal at the receiver Rj from a point scatterer A located at (xA,yA,zA) is 

2
, ( , ) exp 2 ( ) ( )

2
ij

ij ij ij

A r
r A A A A

t Ks t rect j f t t
T

t
t r p t t

−    = × × − + −       
                                              (2) 

where τ is the fast time at the range dimension, t is the slow time at the cross-range dimension, ijAt  is the fast time delay at the slow 
time instant, and  

( ) ( )
ij

ATi ARj
A

R t R t
t

c
+

=
 

where RATi (t) is the distance from transmitter T i  to target A and RARj(t) is the distance from receiver R j  to target A at time t. These 
distances are 

2 2 2 1 2( ) {[ ( )] [ ( )] [ ( ) ] }ATi A A A A A AR t x x t y y t z z t iD= + + + + + −                                       (3) 
2 2 2 1 2( ) {[ ( )] [ ( )] [ ( ) ] }ARj A A A A A AR t x x t y y t z z t jd= + + + + + −                                         (4) 

Where xA (t), yA (t), zA (t) is the target A shifts from the time instant 0 to the time instant t in the X, Y and Z directions. 
After demodulation and pulse compression, the received signal in (2) becomes  

( , ) exp( 2 ) ( | |) sinc( ( | |)( ))
( )exp( 2 )

Aij A Aij Aij r Aij Aij

A Aij Aij

s t j ft T t K T t t
a t j ft

t r p t t t

t p

= × − × − − × − − −

= − −
                              (5) 

where a (t)=ρ×(T−|t|)×sinc(Kr(T−|t|)t) describes the envelope after the pulse compression. We can find from (5) that, at different slow 
time t, the received signal sAij(t,τ) has different time delay in the fast time τ. 

 
3. InISAR 3-D imaging based on MIMO array 
 

For simplicity, suppose consider only two scatterers in the following discussion. Let the coordinates of scatterers A and B at time zero 
be (xA, yA, zA) and (xB, yB, zB), respectively. After uniform motion compensation at virtual monostatic antennas, scatterers on the target 
remain the same position relative to the antennas during the imaging time, and have a same auto-focus center A as shown in Fig 1. The 
backscattered array signal from A and B can be expressed in the form as  
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where  
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Assume A is the only scatterer in the range cell, and chooses the phase of A at virtual monostatic antenna TR00 as the reference phase. 
Then can get 
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( ) ( ) ( )

( , ) exp 2
ij

ATi ARj Aij
A A

R t R t R t
p t a jt t p

λ λ
+ ∆   

= − −   
     

and  
( ) ( ) ( )

( , ) exp 2
ij

BTi BRj Bij
B B

R t R t R t
p t a jt t p

λ λ
+ ∆   

= − −   
     

00
( ) 2 ( ) 2 ( )

ij ijA A AR t R t R t∆ = −                                                                                  (8) 
Submitting (3) and (4) in (8), thus 
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similarly, 
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To eliminate i2D2 and j2d2, subtract the phase of A in each antenna TRij, then 
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    . 
For rigid-target and small-angle imaging conditions, suppose xA(t)≈xB(t), yA(t)≈yB(t), and zA(t)≈zB(t). And in far-field imaging 

condition, the distance between radar and target is much longer than the length of baseline, R=RATi(t)≈RBTi(t)≈RARi(t)≈RARj(t). With these 
approximation,  

( )( )( ) ( )
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z z iD jdR t R t
R

− +
∆ − ∆ =

                                                                        (9) 
There have been many imaging algorithms to preserves the phase information which may be used to solve for the scatterer locations. 

Thus the array signal of B can be imaged as 
, ,00 00
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Where IB00 is the ISAR image of B at antenna zero. If D=NRd, the spatial frequency is  
( )B A

Bz
z z df

Rλ
−

=
 

Having obtained the spatial frequency, it is easy to get the cross-range location zB  

B Bz A
Rz f z

d
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= +
                                                                                        (11) 
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After obtaining the z-coordinates of a scatterer and together with the range and cross-range information from ISAR image, the 3-D 
coordinates can be recovered. 

 
4. Processing Details with GPU 

 
GPUs are especially well-suited to solve problems that can be expressed as data-parallel computations with high arithmetic intensity. 

Under the help of Parallel Computing Toolbox, a data-parallel programming model is applied to speed up the InISAR 3D imaging algorithm 
which discussed above.  

The multi-baseline echo data obtained by InISAR is in range-frequency domain, azimuth-space domain and elevation-space domain. 
The diagram of the InISAR 3D imaging algorithm used to process InISAR multi-baseline echo data, which was introduced detailedly in 
reference 3, is shown in Figure 3. Note that, most approach of this imaging algorithm can be processed in parallel in GPU. 

 
 

Range 
Compression 

Range 
Alignment  

Phase 
Compensation  

Azimuth FFT 

Elevation FFT 

3D InISAR 
Multi-Baseline 

Echo Data 

3D InISAR 
Image 

CPU GPU 

 
Figure 3. Block Diagram of InISAR 3D Imaging Algorithm. 

 
In the procedure of InISAR 3-D imaging algorithm, it includes multiple operations of FFT/IFFT. Thus, the efficiency of FFT/IFFT 

affects processing time of the whole algorithm obviously. In this paper, GPU-enabled MATLAB functions such as fft is adapted to perform 
1-D FFT/IFFT along the range, the azimuth and the elevation direction separately, which also supplies the functions to perform batch 
processing for 1-D FFT/IFFT. 

In the traditional process of range alignment, similar operation, such as range shift estimation and correction, are applied on each range 
data. The range alignment algorithm was relied heavily on nested FOR-loops. In Parallel Computing Toolbox, the pfor loop construction 
may be used to simultaneously launch all of the iterations of a FOR-loop on the GPU, as long as the iterations are independent. So a 
parallelism process is designed as shown in Fig. 4. In this process, the whole range data is divided into several parts along azimuth direction, 
and each part data is assigned to a GPU thread.  

 
 GFOR 

New Range Data 

Estimate Range Shift 

Range shift correct 

Launch P GPU-threads 

Thread 1 Thread P … 

GEND 

New Range Data 

Estimate Range Shift 

Range Shift Correct 

No more 
range data 

Yes No more 
range data 

Yes 

No No 

 
Figure 4. Parallelism of Range Alignment. 

 
There are two phase compensation should applied on every range bin, and also relied heavily on nested FOR-loops. Based on Parallel 

Computing Toolbox, the data is arranged in 3D matrix, which can take advantage of the parallel mechanism in the vector multiplication. 
 

5. Simulation and discussion 
 

In this section, the proposed method is tested by using echo data of a target which contains isolated scatterers. The target consists of 
seven scatterers located at the local coordinates as show in Figure 5. The target is located 10 km away from the origin on the Y-axis, the 
wavelength of transmitted signal is λ = 0.03 m, the signal bandwidth is 300 MHz (range resolution is therefore 0.5 m). The target rotates 
around Z-axis with speed 0.015 rad/s. The imaging time is 2 s, and during this time interval, the rotated angle is 0.03 rad, so the resulting 
cross-range resolution at Y-axis is 0.5 m. There are three receivers and three transmitters are aligned along Z-axis, as shown in Figure 1. 
Antenna zero is located at the origin. The distance between receivers is 75 m and the distance between transmitters is 225 m. Thus the 
resolution on Z-axis is 0.5 m.  

The test is done on the notebook computer which equips with 4-core Intel i5 310M@2.5GHz CPU, Nvidia GeForce GT 
610M@900MHz and 4GB CPU memory. The software of the computer includes MATLAB 2016b, and version 8.0 CUDA.  

The reconstructed 3-D image of all scatters reconstructed by the proposed method is also showed in Figure 5, which plots the real 
positions and the reconstructed positions of all scatters together as for comparison. The small reconstruction error of scatterer 5’s z-
coordinate occurred due to the approximation in the imaging algorithm. 
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Figure 5. 3-D model and imaging result of the target. 

 
Table 1 Processing precision of GPU accelerated method 
 SNR(dB) RMS(dB) 

Range Compression 130.0041 138.9708 

Motion Compensation 123.3243 132.2908 

Phase Compensation 123.1645 132.1310 

Azimuth FFT 123.0612 102.0274 

Elevation FFT 124.8383 94.3002 

 
Table 2 Operation Elapsed Time on CPU and GPU 

 CPU Elapsed time (/s) GPU Elapsed time (/s) Speedup 
Data Transmission / 1.712 / 

Range Compression 3.3068 2.0133 1.6425 
Motion Compensation 59.8278 22.4203 2.6685 
Phase Compensation 0.5013 0.0260 19.2808 

Azimuth FFT 1.5251 0.0562 27.1370 
Elevation FFT 10.7283 2.4180 4.4368 

Total 75.8893 28.6458 2.6492 
 
In Table 1, the precision of GPU accelerated method of each imaging step is listed. In the table, SNR and RMS as criterion:  

( )20lg CPU CPU GPUSNR I I I= −                                                                          (12) 

( )20lg CPU GPURMS I I N= − −                                                                           (13) 

Where ICPU is the processing result of CPU based method, IGPU is the processing result of GPU based method, and N is total elements 
number of the processing result. 

From Table 1, one can conclude that the GPU accelerated method has no notable effect on the processing precision. For convenience to 
see the acceleration effect, we define the speedup factor as: 

( ) ( )elapsed time / elapsed timeSpeedup CPU GPU=                                             (14) 
From Table 2, one can find that the GPU has accelerated the processing speed in each step of the algorithm. 

 
6. Conclusion 
 

This paper discussed InISAR 3-D imaging algorithm based on MIMO radar array and the detailed implementation GPU acceleration in 
Parallel Computing Toolbox for Matlab. By exploiting the performance of GPU, the potential of using GPU for real-time InISAR processor 
design is shown. 
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Abstract: In order to improve the performance of anti-interception and information update rate for continuous active sonar (CAS), 
frequency hopping linear frequency-modulated (FH-LFM) waveforms were proposed. The expressions of transmitting waveforms and base 
band signals were presented, and the echo model of underwater moving targets was established. The method of multi-channel quadrature 
demodulation and matched filtering was proposed to detect sub-pulses of the FH-LFM waveforms. In order to improve sonar detection 
performance, the output results of matched filters were delayed and processed by non-coherent integration. The proposed algorithm can 
shorten the update time of target information, and provided enough information for target tracking. To verify detection performance of FH-
LFM, the receiver operating characteristic (ROC) curves were obtained by simulation. The performance and feasibility of the proposed 
waveform and signal processing algorithm were verified by sea trial. 
 
Keywords: underwater detection; continuous active sonar; low probability of intercept; frequency hopping; non-coherent integration 
 
1. Introduction 
 

In order to detect underwater targets, conventional pulsed active sonar (PAS) will receive and process the echoes, after transmitting a 
short pulse waveform. Then PAS judges the existence of targets and estimate the parameters of azimuth, distance and velocity, and finally 
achieves the tracking and recognition of targets in some cases. PAS has several obvious shortcomings which are difficult to solve. Firstly, it 
is necessary to increase transmitting power for a better detection performance, which is a challenge for power amplifier design. Secondly, 
the transmitted pulse waveforms are usually very short, which means the processing gain is limited and PAS is helpless for burst 
interference. Besides, to avoid the ambiguity of target distance, the pulse repetition interval (PRI) of PAS is generally tens of seconds. Long 
PRI leads to low time utilization and slow target information update, which means PAS can not provide much effective information for 
target recognition and tracking. 

Due to the development of underwater targets acoustic stealth technology, it is more and more difficult for PAS to detect targets such as 
submarines. However, continuous active sonar (CAS), which can make up defects of PAS, has attracted researchers’ interest, and may be 
applied in antisubmarine warfare.  

In fact, CAS is not a new technology, and continuous transmission frequency-modulated (CTFM) signal was applied in ultrasonic 
detection for target detection, classification, recognition and medical inspection in 1980s [1-7]. 

In recent years, the research on CAS has been gradually increasing, and many remarkable results were obtained. Hickman et al. 
designed Costas-coded Slow-time (SLO-CO) waveforms, which can improve update rate of target information and provide distance and 
Doppler parameters simultaneousl. Grimmett et al applied continuous sinusoidal signals in multi-static sonar, and proposed a continuous 
tracking algorithm. DeFerrari et al. analyzed the characteristics which the ideal CAS waveforms should have, and designed a continuous 
waveform composed of M sequences. Hines et al. completed an experiment to research the correlations of CAS and PAS signals in shallow 
water, and compared the results. Liang et al. studied transmitting and receiving problems for multi-static CAS, and designed a low 
correlation sidelobe waveform and a method for target parameters estimation. Hague et al. proposed a continuous waveform composed of 
multiple sinusoidal frequency-modulated signals, which are approximately orthogonal and occupies the same bandwidth. Murphy et al. 
Compared he performance of PAS and CAS in shallow water, by transmitting a series of LFM signals with different length. Hines et al. 
obtained the conclusion that large time-bandwidth product of high duty cycle signals not only does not decrease the correlation performance, 
but also can reduce the randomness of the detection and false alarms. Scheklman et al. worked on waveguide invariant of CAS to improve 
performance of target tracking, by processing experiment data in deep and shallow water and extracting target information from echoes.  

At present, most of the research focused on waveforms design and echoes detection for CAS, and most of the proposed waveforms 
were composed by sinusoidal or chirp signals, such as CTFM. In fact, due to continuous transmission, performance of low probability of 
interception is much more important for CAS than that of PAS. What is more, one of advantages of CAS is to improve the update rate of 
target information, which is convenient for the target tracking and identification. Therefore, simple waveform pattern is not suitable for CAS. 

Considering requirements of low probability of intercept and high target information update rate, the paper proposed a kind of 
frequency hopping linear frequency-modulated (FH-LFM) waveforms for CAS. In order to improve detection performance and provide 
enough effective information for target tracking, signal processing algorithm was proposed, which consists of multi-channel quadrature 
demodulation, matched filtering and non-coherent integration. 

 
2. The models of FH-LFM waveforms and echoes 
 
2.1 Design of transmitting waveforms 
 

The frequency hopping (FH) waveform is a signal composed of M sub-pulses, and each sub-pulse has the same wave pattern except the 

central frequency values, which change randomly or following certain rules within a given group{ }0 1 1, , , Nf f f − . FH waveforms can be 
represented by a -N M× dimensional time-frequency matrix, where the N  rows denote the N  frequency values and M columns denote 
M  time slots (sub-pulses). Fig.1 shows a time-frequency matrix with 10 frequency values and 10 sub-pulses. 
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Figure 1. Time-frequency matrix representation of FH waveforms 

 
The proposed FH-LFM waveform is a FH waveform with the same numbers of frequency values and sub-pulses. In fact, a FH-LFM 

waveform is a long rearranged LFM signal, which means a LFM signal is divided into several sub-pulses equally and all sub-pulses are 
rearranged following a designed frequency hopping sequence.  

A FH-LFM waveform with initial frequency 0f , bandwidth B  and lengthT , can be written as: 

( ) ( ) ( )2
1

2

0
rect e 0i c c

M
j f t iT j t iTc

ci

t iT
s t t T

T
π πµ

−
− + −

=

 −
= ≤ < 

 
∑                                                  (1) 

Where M denotes the number of frequency values or sub-pulses; cT denotes the length of each sub-pulse, cT T M= ; µ denotes chirp 

rate, B Tµ = ; if  is the initial frequency of the -thi sub-pulse, 0i i cf f c B= + ; cB  is the bandwidth of each sub-pulse, cB B M= ; ic is 

the frequency hopping sequence. Function ( )rect t  is defined as follows:  

( )
1 0 1

rect
0 others

t
t

≤ <
= 


                                                                                       (2) 

{ }ic is a group of hopping sequence, 0 1ic M≤ ≤ − . If i j≠ , { }ic  will be a permutation of data 0 ~ 1M − . Particularly, Costas array 
is a special hopping sequence, which is widely used in radar and sonar systems [8].  

Fig.2 shows time-frequency distribution of a FH-LFM waveform, where the horizontal axis and vertical axis denote the normalized 
time and frequency respectively.  
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Figure 2. Time-frequency distribution of a FH-LFM waveform (M=10) 

 
FH-LFM waveform ( )s t can be considered as a series of LFM sub-pulses, and each sub-pulse can be written as: 

( )
2 22 2 ( / 2)e e e 0i c i cj f t j t j B t j t j f B t

i cs t t Tπ πµ π πµ π+ − + += = ≤ <                                                    (3) 

Where 0i i cf f c B= + . Eq. (3) shows that all sub-pulses are different in frequency, but have the same base band signal. The base band 
signal of each sub-pulse is written as: 

( )
2

e 0cj B t j t
cb t t Tπ πµ− += ≤ ≤                                                                                   (4) 

Base band signal ( )b t  can be used as the coefficients of matched filters when detecting echoes of each sub-pulse.  
 

2.1 The model of underwater echoes 
 

When there is a target with distance R and radial velocity v in water, the reflected echo can be expressed as: 

( ) ( ) ( )r rs t K s t n tη t= − +                                                                                  (5) 

Where, rK denotes the amplitude of the target echo, which is related to propagation loss and target reflection intensity; η denotes time 

scaling factor, which is related to Doppler shift caused by the moving target, and ( ) ( )c v c vη = − + , where c  denotes the velocity of 
sound in water; t denotes time delay between the echo and the transmitted signal, and 2R ct = ; ( )n t denotes additive Gaussian white noise. 

Considering Eq.(4) and (5), the base band signals of each sub-pulse in the target echo can be expressed as: 
( ) ( ) ( )ri r ib t K b t n tη t ′ = − +                                                                               (6) 

Where it denotes the time delay of the -thi sub-pulse, and i ciTt t= + . Ignoring the time delay, the base band signal of echoes can be 
expressed as 

( ) ( )( )r rb t K b t n tη ′= +                                                                                  (7) 

Ignoring different amplitude and existence of noise, ( )rb t is only the stretching or contracting of the base band signal ( )b t of the 
transmitted waveform.  
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3. The proposed algorithm for echoes detection 
 
3.1Multi-channels matched filter design  
 

The target echoes received by the hydrophone array are firstly processed by beam forming, and the received signal ( )rs t  is obtained. 
Considering that signal ( )rs t is composed of M sub-pulses and the central frequency values of all sub-pulses are different, the quadrature 
demodulation of ( )rs t must expand into multiple channels with different carrier frequency. The carrier frequency and bandwidth of 

the -thi demodulator are 0 / 2i c cf c B B+ + and cB  respectively. M base band signals ( )rib t will be obtained after demodulation, which have 

the same wave pattern and different time delay cTη between adjacent ones. 
M base band signals should be processed by matched filters. Due to moving targets, the frequency of echoes is changed by Doppler 

shift, which means the coefficients of matched filter should be modified. Assuming the target radial velocity range is ~m mv v− , and the 

velocity value corresponding to Doppler tolerance of each sub-pulse is dv , the interval should be set as v∆ ( dv v∆ < ), and iterative number is 
2ceil( / ) 1mN v v= ∆ + , when searching for the target velocity. According to current velocity value

(0 )jv j N≤ <
, modified coefficients 

( )jb tη
can be obtained from the transmitted base band signal ( )b t , where ( ) /( )j j jc v c vη = − + . 

M base band signals ( )rib t are processed by N matched filters with different modified coefficients, and the output result of each matched 
filter is written as: 

*( ) ( ) ( )ij ri jx t b t b tη= ⊗ −                                                                                  (8) 

Where operator ‘⊗ ’ denotes convolution operation, and
*( )jb tη− is conjugation of time-flipped ( )jb tη . 

The number of output signals will be MN , after M base band signals ( )rib t are processed by N matched filters. In order to obtain target 

velocity, the output signal ( )ijx t with the maximum value should be the final output ( )iy t for each sub-pulse, after comparing the results 
of N matched filters, which can be written as: 

2

0 1
( ) max {| ( ) | }i ijj N

y t x t
≤ ≤ −

=                                                                                   (9) 

When the maximum value of ( )iy t  exceeded the designed detection threshold, which means the existence of target, the 

corresponding jv
is radial velocity of the target. Each sub-pulse of FH-LFM waveform is delayed cT  sequentially when transmitted, 

so M signals ( )iy t will also be delayed sequentially and the update rate will be improved M times, which will be described in detail 
in the following section.   

 
3.1. Multi-channels non-coherent integration  
 

In order to improve detection performance, M output signals of each matched filter with the same coefficients (the same Doppler shift) 
were delayed sequentially and processed by non-coherent integration, which can be written as: 

1
2

0
0

( ) | ( ) |
M

j ij j c
i

z t x t i Tη
−

=

= +∑                                                                              (10) 

Comparing the peak values of N − channels non-coherent integration results, the result with the maximum values is the final result, and 
the corresponding velocity is the target velocity, which is similar with Eq.(9) 

In order to improve the update rate of target information and provide abundant data for target tracking, all 
( )ijx t

will be delayed 
sequentially and processed by non-coherent integration again and again according to the channel order 1→ M-1→ 0, 2→ M-1→ 0→ 1, 
and so on. The results of non-coherent integration with order k→ M-1→ 0→ k-1 can be written as: 

1
2

0
( ) | ( ) |

M

kj lj j c
i

z t x t i Tη
−

=

= +∑                                                                              (11) 

Where ( ) modl i k M= + denotes the cycle of M signals
( )ijx t

. Considering M non-coherent integration results for each matched filter 
with the same coefficients, the total number of results is MN for N different matched filters. For each one of M sub-pulses, 

Comparing N results of different matched filters, the target velocity can be obtained according to the method mentioned above.  
Fig.3 shows the principle of delay and non-coherent integration, taking a target with zero velocity as an example. 

Signal 0 1( ) ~ ( )Mx t x t− in Fig.3 are results, after M sub-pulses are processed by the same matched filter with zero Doppler shift. The first 

peaks of M results, which means the existence of target, are found at the time of 0t , 1t ,  ,  and 1Mt − respectively, and the second peaks are 

found at the time of Mt , 1Mt + ,  , and 2 1Mt − . Due to the length T of transmitted FH-LFM waveform, the peak interval of each sub-pulse 

is T, M j j cT t t MT+= − =
. Due to the length cT of each sub-pulse, the peak interval of adjacent sub-pulses is cT , 1c j jT t t+= −

. 

Signals 0 ( )x t , 1( )x t ,  , and 1( )Mx t−  are delayed ( 1) cM T− , ( 2) cM T− ,  , and 0 respectively, and processed by non-

coherent integration, and then the first final peak will appear at the time of 1Mt − . Similarly, the second final peak of signals 1( )x t , 2 ( )x t , 
 , 1( )Mx t− , and 0 ( )x t  will appear at the time Mt , which is cT  later than the first final peak. If the operation continuous again and again 

as Eq.(11), the -thi final peak will appear at the time of 1M it − + , and the interval of each one is cT , which means the target information 
update rate is improved M  times. 
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Figure 3. Non-coherent integration diagram for multiple channels 

 
4. Simulations and experiments 
 
4.1. The simulation for detect performance 
 

After processed by multi-channels delay and non-coherent integration, the distribution of noise has changed. The Gaussian noise 
processed by matched filter, will obey chi-square distribution with M degrees, after processed by non-coherent integration. Therefore, the 
change of SNR is not suitable for measure the performance of the proposed algorithm. However, Fig.4 shows the comparison of 
conventional matched filtering (‘MF’ in Fig.4) and the proposed algorithm (‘NcI’ in Fig.4) intuitively. The variance of noise processed by 
the proposed algorithm is much smaller than that of matched filtering, which is better for target decision. 
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Figure 4. Noises comparison between matched filtering and proposed algorithm 

 
The detection performance of FH-LFM waveforms and the proposed algorithm was analyzed, using Monte Carlo method. The receiver 

operating characteristic (ROC) curve was obtained, which is shown in Fig.5, after statistical analysis of false alarm probability and detection 
probability. In the simulation, the FH-LFM waveform with central frequency 1kHz, bandwidth 300Hz and length 20 seconds, was 
Composed of 20 sub-pulses. As a contrast, the bandwidth of LFM waveform processed by a matched filter was also 300Hz, and the length 
was 1 second. Fig.5 shows that the performance of FH-LFM waveform with SNR -20 dB is much better than that of LFM waveform with 
SNR -10 dB. When detection probability is 98%, the false alarm probability is less than 10-7. Besides, the detection probability of FH-LFM 
waveforms with SNR -22 dB is even better than that of LFM with SNR -10 dB, when the false alarm rate is less than 10-6. The ROC curves 
prove that the proposed FH-LFM waveforms and algorithm can significantly improve the detection performance for active sonar. 
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Figure 5. The ROC curves of the FH-LFM waveform 

 
 

4.2. The experiment results 
 

In order to verify the performance of the proposed waveform and algorithm, an experiment was completed in the South China Sea in 
October 2015. The parameters of transmitted FH-LFM and LFM waveforms were as the same as the simulation above. The distance 
between transmitter and receiver was 5 km, and the direct arrival signals were processed as the target echoes. 

Assuming target velocity was -15~15m/s, the velocity interval was set as 1m/s, and the number of modified matched filters was 31. 
Fig.6 shows 31 peak values extracted from matched filter results and Doppler shift resolution of transmitted FH-LFM waveform. Though 
the resolution is not high enough, FH-LFM waveforms has some ability to distinguish different target velocity. 

 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                  247.5 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/247 

 

- 15 - 10 - 5 0 5 10 15
0

0. 2

0. 4

0. 6

0. 8

1

vel oci t y( m/ s)

No
rm

al
iz

ed
 m

ag
ni

tu
de

 
Figure 6. The target velocity resolution of FH-LFM waveform 

 
The output signals of matched filters were processed as the proposed algorithm, and the results of a few sub-pulses are shown in Fig.7, 

and (a), (b), (c) and (d) shows results of sub-pulses numbered as 0#, 5#, 10# and 15# respectively. The peak interval of each sub-pulse is 20 
seconds, but the peaks appear at different time for different sub-pulses. For example, the first peaks of 0#, 5#, 10# and 15# sub-pulses 
appear when t=1s, t=6s, t=11s, and t=16s respectively, and the second peaks appear when t=21s, t=26s, t=31s, and t=36s respectively, which 
means peaks will appear once per second. 
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(a) Sub-pulse No.: 0#                           (b) Sub-pulse No.: 5# 

(c) Sub-pulse No.:10#                           (d) Sub-pulse No.:15# 
Figure 7. The results of non-coherent integration processing 

 
The results of all matched filters were plotted simultaneously in Fig.8, which shows that target information will update every second 

after target decision. Information update time is decreased from 20 seconds to 1 second, which can provide enough data for target tracking. 
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Figure 8. Non-coherent integration results of 20 sub-pluses 

 
5. Conclusion 
 

In order to improve the performance of data update rate and low probability of intercept for CAS, FH-LFM waveforms were proposed. 
After underwater echo model was established, detection algorithm containing multi-channels matched filtering and non-coherent integration 
was designed. The simulation and experiment proved that the detection performance and information update rate were improved greatly, 
compared with LFM signals. 

There are still some shortcomings for FH-LFM waveforms. For example, the estimation of target velocity is not accurate enough, 
considering that LFM signal is not very sensitive to Doppler shift. The bandwidth of sub-pulses is a little narrow, which results in a low 
distance resolution. 
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Abstract: Cloud computing has a great deal of computational resources, which enable customers with limited computational resources to 
outsource their mass computing to the cloud. However, in order to utilize this computing paradigm, outsourcing computation presents 
various challenges that need to be addressed, especially security. Matrix calculation plays an important role in both scientific computation 
and cryptography. As LU-decomposition (LUD) of a matrix is widely applied in engineering tasks, we are motivated to design secure, 
correct and efficient protocols for outsourcing the LUD of a matrix to a malicious cloud in this paper. In order to achieve security, we 
employ efficient privacy-preserving transformations to protect the privacy of the input and output. In order to check the correctness of the 
result returned from the cloud, an efficient verification algorithm is employed. Computational complexity analysis shows that our protocol is 
highly efficient. 
 
Keywords: outsourcing computation; secure outsourcing; LU-decomposition; verification 
 
1. Introduction 
 

In recent years, practical protocols for computation outsourcing were presented for different problems. (Fiore et al., 2012). Many 
scientific computations and numerical computations are based on matrix calculation. However, it is difficult to finish matrix calculation 
independently for the customer whose computation abilities are limited (Seitkulov et al., 2013; Hu et al., 2013). Computation outsourcing is 
one of the main services of the cloud paradigm, where the customer can outsource their intensive computational tasks to cloud with massive 
computational resources (Lei et al., 2013; Singh Lei et al., 2013). In spite of the tremendous benefits, outsourcing computation to a cloud 
also deprives customers’ direct control on the computation process, which inevitably brings verifiability, efficiency and security challenges 
(Chen, 2014; Shahzad et al., 2014; Chen, 2014). Thus, it is necessary to design a protocol to ensure the outsourced computation secure, 
verifiable and efficient. 

Matrix calculation plays an important role in both scientific computation and cryptography. Atallah et al. (2002) first presented a 
framework for secure outsourcing of scientific computations such as matrix multiplications. Atallah et al. (2005) investigated the problem of 
computing the edit distance between two sequences and presented an efficient protocol to securely outsource sequence comparisons to two 
servers. Atallah et al. (2008) addressed the problem of secure outsourcing for widely applicable linear algebra computations. Atallah et al. 
(2010) given improved protocols for the secure and private outsourcing of linear algebra computations that enable a client to securely 
outsource algebraic computations to a remote server. Mohassel et al. (2011) designed non-interactive and secure protocols for delegating 
matrix multiplication, based on a number of encryption schemes with limited homomorphic properties where the client only needs to 
perform O (n2) work. Wang et al. (2011) investigated secure outsourcing of widely applicable linear programming (LP) computations. Xu et 
al. (2013) introduced Outsourcing protocols for convex optimization. Lei et al. (2014) designed a protocol for outsourcing of matrix 
multiplication computation to a malicious cloud. Zhou et al. (2015) designed outsourcing protocol for quadratic programming problem. 
Zhou et al. (2016) designed two protocols for outsourcing eigen-decomposition and singular value decomposition of large-scale matrix to a 
malicious cloud. 

LUD of matrix is an essential computation in linear algebra which has broad applications in engineering fields (Saad, Y., 2003; Lang, 
S., 2004). However, running this kind of matrix decomposition algorithm costs a lot of computational resources when the size of matrix is 
large. Thus, it is attractive for the customer with limited computational ability to outsource LUD of large size matrix to the cloud. Motivated 
by this, we develop a secure outsourcing protocol for LUD of matrix in this paper. We regard our main goals as follows:  
 
1.1 Correctness 
 

The cloud server can return a correct calculation result to the client, if the client and the cloud run according to the LUD protocol. 
Input-output privacy  

The protocols can protect the privacy of the input and the output. Cloud server can’t get the original calculation matrix A from 
Encrypted matrix B. And cloud server can’t get the LUD result of matrix A from the calculation result of matrix B. 
 
1.2 Verifiability 
 

During performing the LUD computation, the customer can verify the correctness of the output of the cloud server with the maximum 
probability and also can verify the incorrect output of the cloud server with the maximum probability. 
 
1.3 Efficiency 
 

In the outsourcing computation, the local computation done by the customer should be substantially less than solving the original LUD 
on his own. Here the computation burden is measured in terms of both time cost and memory requirements.  

The rest of the paper is organized as follows. In section 2, we present some mathematical background. In section 3, we introduce the 
system model and provide the detailed techniques of our outsourcing protocol for LUD of matrix. In section 4, we give the related analysis 
on outsourcing protocol for LUD of matrix. In section 5, some existing problems according to the research status and suggestions for the 
future research direction are proposed. Finally, some concluding remarks are given in section 6. 
 
2. Theoretical basis 
 
2.1 Mathematical background 
 

The process of Gauss elimination method shows that the matrix A  left multiplicative a unit lower triangular matrix M , which can be 
transformed into an upper triangular matrix U , that is, UMA =  

http://dict.youdao.com/w/correctness/#keyfrom=E2Ctranslation
http://dict.youdao.com/w/output/#keyfrom=E2Ctranslation
http://dict.youdao.com/w/privacy/#keyfrom=E2Ctranslation
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Because the inverse of a unit lower triangular matrix is still a unit lower triangular matrix, which is noted as LM =−1
, then 

 
LUA =                                                                                            (1) 

 
The matrix A  is decomposed into a unit lower triangular matrix L and an upper triangular matrix U  of the product, which is called 

LUD of the matrix.  
Definition 1 Determinant of rr× order matrix rA  is the left upper triangular matrix of nm×  order matrix A , which is called the r 

leading principle minor of matrix A  (Ren, Y., 2007). 
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det =                                                                              (2) 

 
Theorem 1 The necessary and sufficient condition for the n order matrix A , which has the only LUD,  is each leading principle 

minor rAdet ),,2,1( nr =  of the matrix A  is not zero  (Liao, P. 2013). 

Let each leading principle minor rAdet  of A be not zero, then matrix A  has the only LUD. By matrix multiplication, 

get jj ua 11 = ),2,1( nj = . When 1>i , there are 
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Definition 2 Lower triangular matrix is a square matrix in which the elements below the diagonal are zero. That is jiij >= ,0L  (Liao, 
P. 2013). 

Definition 3 Upper triangular matrix is a square matrix in which the elements below the diagonal are zero. That is jiij <= ,0U  (Liao, 
P. 2013). 

2.2 System model 
Cloud server typically runs in semi-trusted or malicious model (Zhou et al., 2015). However, Outsourcing computing task often 

contains sensitive information that should not be exposed to the cloud server. Thus, it is required to outsource the matrix in its encrypted 
form. Due to the lack of incentives in economic returns, the cloud server may return an error result to the client in the outsourcing 
computation, while hoping not to be detected by the client. So it is also required that the outsourcing protocol for a malicious cloud model 
should be able to handle result verification. In this paper, we assume that the cloud is malicious, and the communication between the cloud 
and the customer is reliable. 

 

 
Figure 1. System model for secure outsourcing of LUD of a matrix. 

 
We consider the system model for secure outsourcing of LUD of a matrix involving two different entities, as illustrated in Fig.1. One 

entity is the customer, who lacks of computational resources to calculate LU-decomposition (LUD) of a matrix. The other entity is the cloud, 
which has enhanced computing power. The customer expects to maintain the privacy of the data because the cloud is potentially malicious 
to the customer. To preserve the privacy, the original matrix A  is encrypted into an encrypted matrix B with secret key K. And then the 
customer sends the encrypted matrix B to the cloud. The cloud receives the encryption matrix B and takes it as the input to perform the 
calculation task, and then returns the result to the customer. After receiving the result of encrypted matrix B, the customer verifies whether 
the result returned is correct or not. If the computed result is correct, the customer decrypts the output into the desired answer of the original 
matrix A . Otherwise, the customer returns “wrong” to the cloud and requires it to compute it again. 

 
3 Outsourcing protocol for LU- decomposition of a matrix 
 

There are five modules in the system model for secure outsourcing of LUD of a matrix: encryption, key generation, computing LUD of 
a matrix, verification and decryption. In this section, we introduce a secure verifiable outsourcing protocol for LUD of a matrix. 
 
3.1 Secret key generation 
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Consider a matrix nnRA ×∈ , where necessarily each leading principle minor rAdet ),,2,1( nr =  of the matrix A is not zero. In this 
module, resource-constrained client wants to securely outsource the LUD of a matrix A to the cloud. The protocol starts by invoking 
procedure secret-key-generation to set up a secret key K . We summarize the steps of algorithm for key K as follows: 

 
Algorithm 1. Procedure secret-key-generation 

Step1. Structuring random permutation function: 
},2 1{1 n，，∈π , },2 1{2 n，，∈π . 

Step2. Structuring random permutation numbers: 
}c,c {c n21 ，， , }d,d {d n21 ，， . 

Step3. Generating a lower triangular matrix C and an 
upper triangular matrix D . 

Step4. Computing the inverse matrix of the unit lower triangular 
matrixC and the upper triangular matrix D , then getting the lower 

triangular matrix 1−C and the upper triangular matrix 1−D . 
 
In Algorithm 1, we name the steps from 1 to 3 as triangular matrix random structuring. Here, due to definition 2 and definition 3, step 3 

is used to generate lower triangular matrix and upper triangular matrix. Step 4 is based on the property theorem that the inverse of an upper 
triangular matrix is still an upper triangular matrix and the inverse of a lower triangular matrix is still a lower triangular matrix.  
 
3.2 Encryption 
 

In outsourcing LUD of matrix, the customer expects that neither original matrix of A  which may contain sensitive information nor its 
lower triangular matrix L  and upper triangular matrix U are exposed to the cloud. In this module, the customer uses matrix multiplication to 
transform the original matrix A  into an encrypted one B  as follows: 

 
Algorithm 2. Encryption 

Step1. Using the lower triangular matrix C and the upper triangular 
matrix D to encrypt matrix A into matrix B  as CADB = . 

Step2. Sending the matrix B to the cloud. 

 
Since the cloud does not have the exact value of the lower triangular matrix C  and the upper triangular matrix D , the customer sends 

matrix B  to the cloud for LUD, the privacy of matrix A  is preserved. 
 
3.3 Outsourcing calculation 
 

In this module, the cloud computes the LUD of matrix B  to get the lower triangular matrix L′  and the upper triangular matrix U ′  as 
follows: 

 
Algorithm 3. Outsourcing calculation 

Step1. The cloud computes LU-decomposition of matrix 
B as ULB ′′= . 

Step2. The cloud sends the lower triangular matrix L′ and the upper 
triangular matrix U ′  to the customer. 

 

Since cloud does not have the value of the lower triangular matrix 
1−C and the upper triangular matrix 1−D . If the cloud sends the lower 

triangular matrix L′ and the upper triangular matrix U ′ to the customer, the privacy of output is preserved. 
 
3.4 Verification 
 

After receiving the result returned from the cloud, the customer verifies whether the result is correct or not. In this module, to resist the 
cheating behaviour of the cloud, we summarize the steps of algorithm for the LUD verification as follows: 

 
Algorithm 4. Verification 
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Step1. Randomly choosing two number i and j , where 
nji ≤≤ ,1 . 

Step2. Selecting the row ),,( 21 inii lll ′′′
  of the lower 

triangular matrix L′ . 

Step3. Selecting the column
T

njjj uuu ),,( 21 ′′′


 of the 
upper triangular matrix U ′ . 

Step4. Calculating the verification value of the LUD as 

Below: mj
n

m imulz ′′=∑ =1 . 
Step5. Verifying the result returned from the cloud. 

If mj
n

m imulzjib ′′== ∑ =1
),(

 
Output “accept the correct result”. 

End if 
End for 

“Reject the wrong result”. 

 
Here, the customer accepts the result if it passes through the verification. Otherwise the customer declares that the result is wrong and 

requires the cloud to compute again. 
 

3.5 Decryption 
As the relationship between matrix A  and matrix B  are showed by equation CADB = , the customer can easily get the LUD of matrix A  

as follows: 
Algorithm 5. Decryption 

Step1. Using the lower triangular matrix 1−C and the 
upper triangular matrix 1−D  to decrypt LUD of matrix B  into LUD of matrix A  

as below: 
11 −− ′′= DULCLU . 

Step2. Let LCL ′= −1  and 
1−′= DUU , then get LUA = . 

Here, algorithm 5 is due to the theorem (Liao, P. 2013) that if each leading principle minor det rA ),,2,1( nr =  of the matrix A is not 
zero, the matrix has the only LUD.  

As to the transformation of LUD, the customer can use the inverses of the lower triangular matrix C  and the upper triangular matrix L  
to decrypt the lower triangular matrix L  and the upper triangular matrix A . And the matrix A  can be decomposed as LUA =  

Now, the customer gets the result of LUD of the original matrix A . 
 

4 Analysis of outsourcing protocol for LUD of the matrix 
 

In this section, we show that our proposed outsourcing protocol for LUD of matrix is correct, secure, verifiable and efficient. 
 
4.1 Correctness analysis 
 

Theorem 2 The proposed protocol for LUD of the matrix is correct. 
Poof. According to theorem 1, if both the client and the cloud follow the protocol honestly the correctness of the protocol is obvious. It 

suffices to show that the result ULB ′′= returned by the honest cloud server will be decrypted successfully and the corresponding result 
LUA =  is always correct. Observe that B is given by CADB = . Note that an honest cloud server computes ULB ′′= , then by 

11 −− ′′= DULCA , we have LUA = . This implies the proposed protocol is correct. 
 
4.2 Security analysis 
 
4.2.1. Input privacy 
 

The proposed protocol can protect input privacy if the original matrix A  is encrypted into matrix CADB = . As we can see from 
algorithm 1, the original matrix A  is encrypted by the following two phases: 

Phase 1: The client generates matrices C , D , where 

),(1
),( jiicjiC πδ=

, ),(2
),( jiidjiD πδ=

. 
Phase 2: The transformation of reordering elements CADB = . 
In phase 1, the client generated the lower triangular matrix C  and the upper triangular matrix D . Further consider that the key space 

consists of all random permutations of 1π , 2π , meaning that there are !! nn ×  cases of permutations. In phase 2, the outsourcing protocol did 
not leak original matrix A .The attacker wants to restore matrix A  from matrix B , it must be correct guess out of the two replacement in 

2)!(n  kinds of random permutations and to find the use of n2  random numbers. Thus, even the cloud has the matrix B , the expecting 

times of brute-force attack to recover the matrix A  is 
2)!(n , which is definitely a non-polynomially bounded quantity. Accordingly, the 

proposed protocol is believed to reach an applicable secure level in practice. Hence input privacy is protected. 
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4.2.2. Output privacy 
The proposed protocol can protect output privacy if given the returned result ULB ′′=  , the cloud cannot recover the correct result 
LUA =  to the original MDC problem. The relationship between the LUD of matrix A  and the LUD of matrix B  is showed by 

equation 11 −− ′′= DULCLU . Without knowing the lower triangular matrix 1−C and the upper triangular matrix 1−D , the cloud can not get the 
LUD of matrix A . 

Based on the above analyses, we draw a conclusion that our proposed protocol protects both the input privacy and the output privacy. 
 
4.3 Verification analysis 
 

Theorem 3 The proposed protocol satisfies robust cheating resistance. 
Proof. The correctness of the decrypted result is checked from step 1 to step 5 in algorithm 4. There are two types of dishonest 

behaviour from the cloud server. First, the cloud server changes the value of an element in LUD. In this case, the cloud server successfully 

guesses the probability of the two matrix 1−C and 1−D  is 
22 )

1
()

!

1
(

nqn . Secondly, the cloud server selects a number k , then returns ),( UkLk ′′  
the client. But owing to the verification value C is secret, that no false result from a cheating cloud server can pass the verification with a 
negligible probability. This completes the proof. 

 
4.4 Efficiency analysis 
 

Theorem 4 The proposed protocol for LUD of the matrix is efficient. 
Poof. In the system model of LUD of a matrix, there are four operations performed by the customer, including key generation, 

encryption, verification and decryption. For nn ×  order matrix A , the time complexity of directly calculating LUD is )(O 3n . To better 
prove the efficiency of our proposed protocol, we analyse the computational complexity of these four operations individually. 

First of all, we focus on the key generation operation which is introduced in algorithm 1. The overall task is to generate the key matrix 

C whose computational complexity is )(O n . 
Secondly, we analyse the computational complexity of the encryption operation which transforms the original matrix A  into matrix B . 

It is obvious that the most time-consuming operation is multiplication between key matrix and original matrix. It costs )(O 2n time to 
compute matrix B . 

Thirdly, we perform the analysis on verification operation. For a large size matrix A , l  is always greatly less than n , thus the overall 

computational complexity of verification is )(O 2n . 
Lastly, the computational complexity of decryption can be analysed in the same way with that of encryption. Therefore, the o 

computational complexity of decryption is )(O 2n . 

In summary, it always costs more than )(O 3n time to compute LUD of matrix directly. There exists a great gap between )(O 2n  and 
)(O 3n  for a sufficiently large n . Thus, the customer can enjoy a great save of computational resources to outsource the LUD task. 

 
5. Future work 
 

In recent years, outsourcing computation to the cloud has become a popular application in the age of cloud. According to the analysis 
and conclusion of the aforementioned researches, there are some existing problems of matrix decomposition worthy of deeper study. 

In retrospect, we have designed a protocol for outsourcing of matrix decomposition computation to a malicious cloud. In this paper, we 
restricted the LU-Decomposition matrix is matrix which has the only LU decomposition. This constraint makes each leading principle minor 

rAdet ),,2,1( nr =  of the decomposition matrix is not zero. So a deeper study on relaxing this restriction and designing a more extensive 
protocol for outsourcing large matrix LUD computation to a malicious cloud is necessary. 

Most of the existing researches for outsourcing computation of large-scale matrix to a malicious cloud are focuses on the matrix 
multiplication, but researches on the matrix decomposition type are few. In addition, matrix decomposition calculation also plays an 
important role in scientific computation. Matrix decomposition computation (MDC) is an ubiquitous scientific and engineering 
computational task, we are motivated to design a protocol to enable secure, robust cheating resistant and efficient outsourcing of MDC to a 
malicious cloud. 
 
6. Conclusion 
 

Cloud computing is capable of providing massive computing resources to clients as services while hiding implementation details from 
clients. In retrospect, we have designed a protocol for outsourcing LUD of matrix to a malicious cloud. We have shown that the proposed 
protocol simultaneously fulfilled the goals of correctness, privacy (input/output privacy), verifiability and efficiency. Since LUD of matrix is 
widely applied in scientific and engineering fields, the proposed protocol can not only be used individually, but also be used as building 
blocks to some more sophisticated problems. 
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Abstract: In recent years, many urban traffic congestion has become increasingly serious in our country, the optimization of transportation 
network is causing more and more attention. And beijing-tianjin-hebei traffic pattern of integration has not yet formed, three traffic 
cooperation faces real obstacles. Therefore, this paper proposed construction and research of the multi objective optimization model of 
traffic integration in Beijing, Tianjin and Hebei. Firstly, Traffic network optimization model is established, from the traditional network 
planning model in network planning multi-objective optimization model is deduced, The improved model can reflect the reality better than 
traditional models. For transportation network reconstruction of beijing-tianjin-hebei region investment decision to provide the reference. 
Secondly, the improved hybrid parallel genetic algorithm is used to solve multi-objective network optimization model, namely the stability 
in multi-objective optimization is put forward under the framework of public transport network optimization model and its solution of multi-
objective algorithm. Finally, the feasibility of the improved genetic algorithm is verified by numerical simulation. 
 
Keywords: multi objective optimization model, Genetic Algorithm, Genetic operations, traffic integration 
 
1. Introduction 
 

In recent years, with the development of economy and urban population, many urban traffic congestion has become increasingly 
serious in our country, the priority to the development of public traffic system become inevitable choice for the sustainable development of 
cities. As a hot problem in the field of study on urban traffic, the traffic network optimization is being more and more attention. Traffic to 
the prominent contradiction between supply and demand in the car on the imbalance of the development of the road. In the long history of 
large and medium-sized cities, can network renovation room is not big, urban area can provide traffic supply is very limited. Along with the 
increasing of motor vehicle traffic, road alone can not effectively change a vicious cycle of tension between supply and demand, thus solve 
the contradiction between supply and demand of traffic way out lies in the scientific and rational planning of road and optimization of urban 
traffic network. 

Political bureau of the CPC central committee held a meeting on April 30, 2015, review by the united front work of the communist 
party of China (try out) "regulation, the program for the coordinated development of the beijing-tianjin-hebei region". An outline of the 
pointed out that "to insist on the coordinated development, the key breakthrough, deepening reform and pushing. Stock to rein increment, 
organization, snookering regulation of Beijing population size. 

In fact, the cities and counties of the beijing-tianjin-hebei region, although some cities on the thick line for the connection of the high-
speed rail, but some of the subtleties of cohesion, make traffic convenience degree sell at a discount greatly. At present, Beijing-tianjin-
hebei traffic pattern of integration has not yet formed three traffic cooperation faces real obstacles. From the positioning on the coordinated 
development of beijing-tianjin-hebei traffic first, in order to promote regional traffic as the breakthrough point, in comprehensive 
transportation system planning for the gripper of the beijing-tianjin-hebei region, support the coordinated development of beijing-tianjin-
hebei. 
 
2. The multi objective optimization model 
 
The traffic network is mainly divided into two types, one is continuous, namely the road traffic capacity is improved, the road for the 
continuous and gradual increase of type second is discrete, which increase the new road, the road capacity to jump. The actual traffic 
network is often the combination of the two. Therefore, in this paper, we do not consider the basic traffic network optimization time-varying, 
regional and multi track traffic situation. According to the different modeling methods have the following four kinds of optimization model, 
(1) the simple equilibrium network design model based on equilibrium (2) network design model based on random distribution network 
design model (3) elasticity of demand (4) based on multi-objective optimization model.  
Because the first three kinds of network optimization model can be derived from a two layer planning problem. 
 
2.1 Symbol description 
 

traffic flow on the road A ),,(  Ax  
Investment index variables on the road A 





=
Aroadinvest

Aroadinvest
yA on toFailure,0

on,1

 
Unit of time on the road A 

At  
The function of travel time on the road A 

At = ),( AAA yxt  
The traffic flow on path k (the total number of path is 

n) 
n

kf  

investment on the road A 
AI  

The traffic flow from a to b 
abq  

Relevant variables of path k and road A 





=
kpaththeonnotAroadif

kpaththeonAroadif
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1
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，
d

 
 
2.2 Double decision-making mathematical programming model 
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If there is a budget constraint, the upper model is as follows: 
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If there is no budget constraint, In the upper model is derived when the traffic impedance and construction cost should be considered 
together, so the upper model is as follows: 

∑∑
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1
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AAAAAA yIyyxtyxyZ λ

                                                        (4) 
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2.3 The random distribution model 
 

Due to the upper management basically consider that there is no need to change, so there is still a upper model is as follows 

)),(()()(min AAAA yyxtyxyZ ∑=                                                                         (5) 

SyI AA
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≤∑
=

m

1
s.t.

 
For the lower level model, because the needs of users with the model, we usually use the expectations of users impedance, have the 

following model: 

dwywtyxtxxCEqxZ AA
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AAAA

n
kkn ),(),()](}/c{min[)(min

0
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3. The multi objective optimization model 
 
3.1 Uncertain network optimization model 
 

User demand for network is random variable ξ . The simple expression for the objective function of the stability network 

is ( )),,,(),,,,(min 2121 ss TSTTDTSTTE ξξξξξξ   

Where TSTT is total system travel time, ),,,( 21 sTSTTE ξξξ  is the Mathematical expectation, ),,,( 21 sTSTTD ξξξ  is variance. 
Because of the introduction of the random variable ξ . the new symbol description is as follows: 
 

Under the user requirements of traffic flow on the road 
A  

),,( 

ξ
Ax  

Unit of time on the road A ）（ AAA yxt ,ξξ
  

The traffic flow on path k (the total number of path is 
n) 

n
kf ,ξ

 
Uncertainty demand scenarios for the emergence of 
ξ  probability 

ξP  

The traffic flow from a to b ξ
abq  

Then, the mathematical expectation is  
],[),,( ）（ AAAAAA yxtxPyxPE ξξ

ξ

ξ
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ξ
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The upper model is as follows: 

( )),,(),,,(min AAAA yxPDyxPE ξ
ξ

ξ
ξ                                                                        (8) 
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The lower model is 
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4. Solve the model based on the improved genetic algorithm 
 
4.1 Select the initial parameters 
 

Genetic algorithm can be very effective to achieve the global optimal in the absence of any initial value information, An obvious defect 
is, however, this method includes many variable parameters, different parameter values have different effects on the results. On the 
traditional genetic algorithm, the determination of the value of parameters is based on experience of the programmer which is obtained by 
experiment and experience of failure. Obviously, this need more time, but it can guarantee the best. In this paper, orthogonal experiment is 
adopt to choose the initial parameters of genetic algorithm. The five main parameters have the largest impact the results of the selected as 
the main object and make it optimization. Considering the accuracy and speed at the same time, each factor is in five different levels, 
therefore, possible values of main parameters of GA are in certain range. 

 
4.2Fitness function 
 

In the genetic algorithm to optimize the process, according to the fitness value of the size of the genetic manipulations of the 
chromosome, the objective function is usually the largest value. In this paper, the intersection of the average vehicle delay as a measure of 
performance evaluation of the control effect, so the intersection average delay of vehicles is the inverse of E as fitness function.  

,1)(
constE

iF
i +

=                                                                                           (10) 

∑∑ −= 2
,, )( opopi YTE                                                                                     (11) 

Where, 
opT ,
,

opY ,
represent the expect output and actual output. 

 
4.3 Genetic operations 
 

Three basic genetic operators for genetic operations are selection, crossover and mutation  
(1) Selection, Implementation of the elite reserve strategy  
(2) Crossover, Arithmetic crossover with one point crossover operator, the crossover operation specific process is: of two random 

pairing of population of individuals, after a random selection of loci position as intersection, according to the intersection position, an 
exchange of two individuals in each pair of part of the chromosome, produce two new individual. 

(3) mutation--- Uniform mutation. Using single point mutation, specific operation as follows: the first random variation points, 
according to the location of the change point, change the genes on value of the corresponding. Gene values only take 1 or 0, so the result of 
mutation is 1 to 0, or 0 to 1. 

(4) choose of crossover and mutation probability. In the genetic operation, if the setting probability of crossover and mutation 
probability of cp and 

mp  is too large, which will destroy the outstanding individuals; if the setting of 
cp  and 

mp  is too small, it can make 
the loss of population diversity. 
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Where  
2C : The critical value of biodiversity to judge; 

1k : The maximum of crossover probability 

2k : The maximum of mutation  probability 
 
4.4 Penalty function 
 

Basic genetic algorithm adopted roulette operation, the probability of each individual is selected and its fitness is proportional to the 
size, the obvious flaw is that the choice of error is larger. When population size is small, or even high fitness individuals can not be chosen 
out. The displacement type remainder of random selection method based on the basic idea is to a certain way to select the operation, and 
then select the probability, can guarantee fitness is greater than the average fitness of the individual must be able to be genetically to the next 
generation, the choice of the corresponding error is small. 
 
4.5 The optimization process 
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Membership function parameters corresponding to the chromosome use real number coding. On the one hand, in order to avoid search 

space is too big to improve the efficiency of search, the population size is not too big. On the other hand, the size of the population selection 
is also associated with the difficult level of solving the nonlinear problem. For strong nonlinear degree of traffic system, We select the 
parameters as follows: 

 

 
 

Figure 1. Genetic algorithm calculation flow 
 

Maximum number of the evolutionary generation is200; Number of population is 50; 
Mutation probability 01.0=mp ; crossover probability 7.0=cp  
Using Sheffield genetic algorithm toolbox to realize the genetic algorithm, in which individual coding using binary coding, the 

crossover operator uses the simplest single-point crossover operator, mutation selected using the method of random mutation. The adaptive 
adjustment method of crossover probability and mutation probability is adopted. In classical genetic algorithm, the probability of crossover 
and mutation operations with fixed, according to different optimization problem, requires repeated experiments to determine 

cP and
mP , it is 

hard to find a suitable for the optimal values of each problem. To avoid the "premature" phenomenon, in this paper, we use the improved 
adaptive crossover and mutation probability adjust algorithm. The calculation flow chart is shown in Fig 1. 

 
5. Simulation analysis 
 

We selected latitude and longitude data of the 13major cities in the beijing-tianjin-hebei region for simulation analysis, the data is 
shown in table 1 as follows: 

Table1. The longitude and the latitudeof 13 position 
position X(longitude) Y(latitude) 

A 116.41667 39.91667 

B 117.2 39.13333 

C 114.3 38.02 

D 115.3 38.51 

E 116.52 38.18 

F 117.57 40.59 

G 114.28 36.36 

H 115.42 37.44 

I 116.42 39.31 

J 119.35 39.55 

K 118.11 39.36 

L 114.3 37.04 

M 114.53 40.48 

The calculation steps 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                    249.5 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/249 

 

 
Figure 2. Simulation network of the table1 

 
Step 1. Manipulation data (Transforming longitude and latitude data into plane coordinate data) 
Step 2 Build traffic network optimization model 
Step 3 Using improved algorithm to solve the model 
Step 4 Simulation result analysis, (According to the data in Table 1, select the 1-3 point for the priority points, the other points to 

consider the distance and traffic flow, the results of the optimization as shown in Figure 2)  
 

6. Conclusion 
 

In this paper, we establish traffic network optimization model firstly, then we improve the genetic algorithm from the operator theory. 
The simulation experimental results illustrate the improved genetic algorithm can solve the transportation network optimization model. 
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Abstract: Data stream mining requires fast processing of data and adaptive concept drift in the context of occupying a small amount of 
memory space. But if the flow rate of the data needs to be processed, the processing power of the integrated classifier is exceeded. 
Integrated classifiers can't train all the date which have arrived recently. According to this, presents an improved reservoir sampling 
algorithm. The algorithm and C4.5 decision tree classification algorithm for coupling, design the integrated classifier algorithm improved 
high speed data stream based on the reservoir sampling, the algorithm for the goal of the algorithm, is a sub linear space algorithm, can 
effectively shorten the training time in updating the integrated classifier at the same time, the classification performance of classifier remains 
high. In addition, the use of weighted random sampling algorithm and C4.5 decision tree classification algorithm for coupling, the design of 
the control algorithm, compared with the target hyper-plane algorithm in the artificial data set, to verify the superiority of the algorithm. 
 
Keywords: Reservoir Sampling; Sub Linear Space Algorithm; High Speed Data Stream; Integrated Classifier 
 
1. Introduction 
 

Data stream classification algorithm can be successfully applied in reality, but the algorithm is limited by many objective factors. For 
example, computer storage capacity and computing power are based on sufficient storage space for the premise, so that the computer can 
save the continuous inflow of data stream data and the fast calculation speed can process each data of high speed reach. However, the 
existing computer hardware technology cannot meet the demand of big data times, so the computing power of the processor is unable to deal 
with every new arrival data training individual classifier, resulting integrated classifier model could not be updated. However, using the 
sampling techniques can effectively reduce the size of training data, thus speeding up the training update speed of integrated classifier, 
however, the classification performance of the integrated classifiers obtained from data training for different sampling strategies is quite 
different. 

Aiming at the problem that the high-speed backbone network of massive data dynamic changes and abnormal traffic are difficult to be 
identified, Wei meilin, etc [1] (2015) proposed an adaptive sampling algorithm based on coarse grained detection of a flow; Aiming at the 
shortcomings of the current network flow measurement algorithm, such as low accuracy of small flow estimation and poor ability of 
abnormal flow screening, Yi peng, etc [2] (2015) proposed a adaptive flow sampling algorithm based on the sampled length of the traffic 
flow and the compete sampling threshold S; In order to estimate the model parameters of data with a high percentage of outliers quickly and 
accurately, Xiao Chunbao, etc [3](2016) proposed a resampling optimized fast RANSAC algorithm, and using a loss function based on 
spline curve to evaluate the quality of the model; For the density based clustering algorithm, the large scale data set has the problem of low 
efficiency and high storage overhead, Ji Chengheng, etc [4] (2016) proposed a spatially uniform sampling algorithm for slice based on K 
neighbor relation, it is used as the data pretreatment process of cluster application, data sets will be divided, according to the density in 
descending order, remove the K neighbor of data set part sample, the remaining samples as the sample; Hou Wei[5](2010) proposed a data 
generation algorithm for multiple related data streams based on periodic sampling, to some extent, the algorithm can prevent multiple 
connection operation among multiple data flow, improve the sampling efficiency. 

The scholars apply the sampling algorithm to the preprocessing of large data to improve the speed of data processing and ensure the 
main features of the samples, however, with the increase the data, the sampling algorithm is not linear and the complexity of algorithm is 
increased. This research, according to the characteristic of the generation rate of the data flow element is not controlled by the system, this 
paper proposed a sampling algorithm which adaptively changes the size of the “reservoir”, it is a sub linear space algorithm, which can not 
only guarantee the extraction of data main feature and improve the data processing capability, but also can achieve the goal of load 
balancing. 

 
2. Design of sub linear space algorithm for reservoir sampling 
 
2.1 Problem description 
 

Input: A set of data, size unknown. 
Output: K uniform sampling of the set of data. 
Requirement: scan once. 

Time complexity: )(kO  
When scanning the first n digits, saving the uniform sampling of the current data, and the element in the array ans[] is replaced with a 

probability of i
k

 when the i th element is received. Formula (1) 
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2.2 Algorithm description 
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The realization of the reservoir sampling algorithm is divided into two cases, which are all about record, one is very big, the other is 

sufficiently small. For the former, getting nm ≥ original record “reservoir” and a table contains n index, which recorded the n data being 
drawn, it comes from the m data, and then sequentially scan the reservoir with m records that is n  samples. When input the 1+t th record 
and nt ≥ , the table with n index records the records from the t records in the reservoir for sampling, corresponding to the elements in the 

reservoir. Since it is not known when the input ends, it is necessary to include the new record in the new sample with a probability of 1+t
n

, 
and a random element in the previous sample should be moved.  

First, given 0>n , the exact value is unknown, but a file greater than or equal to n  selected n records randomly. A file, called 
“reservoir”, holds m records for all candidates for the final sample. A table with n indexes, [ ] njjI ≤≤1, ,each index corresponds to a record 
in the reservoir. 

STEP1. [Initialization] Input n record, and copy it into the reservoir, [ ] njjI ≤≤1, , and set nmt == ; 
STEP2. [End of File No?] If there no record can be entered, then go to STEP6, or to continue; 
STEP3. [Generate and Check] t increased by 1, then generate a random integer M between [1,t]. If nM > , then go to STEP5, 

otherwise continue; 
STEP4. [Add to Reservoir] copy the next record to the reservoir, M increased by 1, and then go to STEP2; 
STEP5. [Skip] Skip the next record, then go to STEP2; 
STEP6. [Secondary Scan Reservoir] Sort the table I so that [ ] [ ] [ ]nIII <<< 21 , then scan the reservoir and copies the records with 

those indexes into the final output file. 
Can also be expressed as follows: 
Conventional reservoir samplingInputs: r {reservoir size} 
1: k = 0 
2: for each tuple arriving from the input steam do 
3: k = k + 1 
4: if k =< r then 
5: add the tuple to the resevoir 
6: else 
7: sample the tuple with the probobility r / k and replace a randomly selected tuple in the reservoir with the sampled tuple 
8: end if 
9: end for 

 
If the record is sufficiently small, the n records of current sampling can be placed in memory, of course, it is not necessary to establish 

“reservoir”, delete STEP6, variable m and reservoir, with a record table pool instead of table I , initialize it as the fist n records in the STEP1, 

and set [ ]MI as the new record. Firstly, put the fist n data in the file to table pool, and then replace each element in table pool by the i th 

element which after the n data with the probability of i
n

. The pseudo code of the algorithm is as follows: 
1: for i in [n+1, N] 
2: M = rand(1,i); 
3: if (M <= n) 
4: swap the ith and Mth data 
1.3 Algorithm proof 
Two cases of the reservoir sampling algorithm are proved by induction. 
Proof of the first case: 
[Initial Condition] When the initial situation not been selected, the probability of the element which appear in pool is the same, both are 1. 

It is proved that the probability of the first n element in the pool when the 1+n th element is selected with the probability 1+n
n

is 1+n
n

, that is , 
the old and the new elements are selected with the same probability: 

The probability of any element being replaced is: 1
11

1 +
=×

+ nnn
n

. 

Therefore, the probability of the first n selected element is: 11
11

+
=

+
−

n
n

n  
And the probability of the first n element in the pool before choose is 1, so the two probability multiplication, in accordance with the 

conclusion, proposition evidence. 
Proof of the second case: 

[Assumption] When the i th element is selected with probability i
n

, the probability that the first 1−i elements are selected is also i
n

. 

[Prove] The case of the 1+i element: The probability that the first i elements are selected is composed of two parts: 
a. Before the 1+i th selection, the i th element in the pool: 

From the assumption that the probability of the first i elements were selected is i
n

, that is, the probability in the pool. 
b. The 1+i th selection does not replace the elements in the current pool: 
First calculate the probability that any element is replaced: 

1
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The probability of not being replaced is: 
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By a and b multiplied, you can get the previous i element was selected probability: 

11 +
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In accordance with the assumption, proposition evidence. 
 

3. Improvement of the reservoir sampling algorithm 
 

In practical applications, due to the speed of data flow elements are not controlled by the system [6-9], or it’s quantity generated in a 
certain period is large, or there is no any data is generated within a certain period, in order to achieve the purpose of load balancing, need to 
consider the problem of changing the size of the “reservoir" in the process of data processing. In the first chapter, the reservoir known as 
Fixed-Size Reservoir, in this chapter, the reservoir in the algorithm studied is called Adaptive-Size Reservoir. In Adaptive-Size Reservoir, 
there are two types of problems that can be confronted, one is the data is too large in a certain period of time, to increase the capacity of the 
reservoir, the other is data is too small in this event, to reduce capacity of the reservoir. As shown in Figure 1. 

 
Figure 1. (Left-increase; Right-reduce) Reservoir Size 
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Then use the formula (3) to calculate the current reservoir should be left in the number of element x . Randomly remove r-x tuples 
from the current reservoir, and then use the traditional algorithm select xr −+δ tuples from the subsequent arrival of m tuples. 
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The algorithm takes into account the increase and decrease of the reservoir, which is widely used in practical applications. 
The improved algorithm is shown below. Algorithm initialization data, reservoir size r , the number of data tuples received at the 

present and the unified confidence threshold [6]. In the following table: 
2 ~ 3 rows: If the size of the reservoir in the data processing stage has not changed, the implementation of the traditional reservoir 

sampling algorithm; 
5 ~ 6 rows: If the reservoir capacity is reduced, then remove a plurality of tuple from the original reservoir; 
7 ~ 13 rows: If the reservoir capacity increases, then through formula (2) to calculate the minimum m to meet greater than the 

confidence threshold, formula (2) with uc said. 
Uniformity confidence. Adaptive reservoir sampling Inputs: r {reservoir size} 
k {number of tuples seen so far} 
ζ {number of tuples seen so far} 
1: while true do 
2: while reservoir size does not change do 
3: conventional reservoir sampling (Conventional reservoir sampling) 
4: end while 
5: if reservoir size is decreased by δ then  
6: randomly evicts δ tuples from the reservoir. 
7: else 
8: {i.e., reservoir size is increased by δ} 
9: Find the minimum value of m (using Equation 2 with the current values of k, r, δ) that causes the UC to exceed ζ. 
10: flip a biased coin to decide on the number, x, of tuples to retain among r tuples already in the reservoir (Equation 3). 
11: randomly evict r - x tuples from the reservoir. 
12: select r + δ - x tuples from the incoming m tuples using conventional reservoir sampling (Conventional reservoir sampling). 
13: end if 
 

4. Empirical and comparative analysis of algorithm 
 

In this paper, high speed data flow classifier algorithm based on reservoir sampling (target algorithm) and high speed data flow 
classifier algorithm based on weighted random sampling[7] (control algorithm) in literature[10] were made contrast experiment to verify the 
classification accuracy and time efficiency of the algorithm. The experimental data are hyper-plane artificial data sets. The experiment 
environment is Windows 7operating system, CPU Intel(R) Core(TM) i3-2330M 2.20 Ghz, memory 4.00GB, the algorithm is written in 
Matlab, individual classifier using the algorithm of C4.5 decision tree. 

The experimental parameters of the hyper-plane data set as follows: 
(1) Data segment size 1000=D ; 
(2) Reserved the number of individual classifiers 15=n ; 
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(3) The attribute dimension5; 
(4) Sampling proportion 9.0,5.0 max== pp . 
The comparison figure of target algorithm and control algorithm accuracy when the concept smooth, from Figure 2, when the training 

data concept stabilized, target classification accuracy is higher than the control algorithm, but the classification accuracy rate is relatively 
low the first five data , the reason is that the small number of individual classifiers included in integrated classifier and the classification 
accuracy of the integrated classifier is lower at the beginning of training, so the algorithm based on reservoir sampling can not accurately 
calculate the sampling probability of the data, so that the new individual classifiers created by the sampling data can not pay more attention 
to the data which great contribution to the expectation error. At the same time, the classification accuracy of the individual classifier is 
decreased because of the reservoir sampling, which makes the number of contain the individual classifier and the classification accuracy of 
the integrated classifier increase gradually, although the classification accuracy of new training individual classifier will decrease due to 
reservoir sampling, the classification accuracy of the integrated classifier will also be improved because it is more “concerned” with the data 
which contribute much to the expectation error.  

 

 
 

Figure 2. Accuracy Rate Comparison of Two Algorithm in Stationary 
 

 
Figure 3. Accuracy Rate Comparison of Two Algorithm in Concept Drift 

 
Figure 3 shows the comparison of the two algorithms' classification accuracy when concept drift. In order to simulate concept drift, the 

data generator generates 20 data segments to change the sorted hyperplane slope of the generated data at a time. In the figure, all data are the 
average of 30 repetitions. It can be seen from Figure 3 that when the concept of data flow drift, the two algorithms still use the integrated 
classifier with old concept training to classify the data generated under the new concept, which inevitably lead to a significant decline in 
classification accuracy. However, both algorithms can remove the individual classifier trained under the old concept in the in the integrated 
classifiers in time, so both the control algorithm and the target algorithm can get better accuracy after the concept drift. 
 
5. Conclusion 

 
Sampling technique can effectively reduce the size of the training data set, thus speeding up the training update rate of the integrated 

classifier. However, the performance of the integrated classifier is different greatly when the data set training is generated by different 
sampling methods. Inappropriate sampling method can improve the training update rate of the integrated classifier, but it will decrease 
obviously the accuracy of the classifier and reduce the value of the classifier. In this paper, the traditional reservoir sampling algorithm is 
improved to make it adapt to the size of the reservoir, not only guarantee the sub linearity spatial characteristic of sampling algorithm, but 
also improve the classification accuracy and processing speed of the high-speed data stream classifier, to a great extent, which better than 
RWECE in the literature [10]. 
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Abstract: Olefin infrared spectrum is a comprehensive presentation of its feature data. If the structures are different, it will certainly lead to 
feature differences between the spectrums. In this paper, with olefin cis/trans IR spectrums in OMNIC IR database as research objects, we 
have designed four types of classifiers based on SVM and PNN upon Fisher Ratios and GA-PLS respectively, so as to select the optimal 
classifiers to apply into other databases. The results show that: all the optimal classifiers based on SVM and PNN are designed with GA-
PLS algorithm; and when the corresponding feature sets include the 70 features and 50 features respectively selected by GA-PLS, the 
classifiers are optimal. Upon case verification, it is found that: SVM-GA-PLS classifier is more suitable for the prediction to olefin cis-
structure and PNN-GA-PLS is more suitable for the prediction to olefin trans-structure. 
 
Keywords: Fisher Ratios; GA-PLS; SVM; PNN; cis/trans structures 
 
1. Introduction 
 

Up to now, the chemical compounds that have been registered in Chemical Abstract have exceeded 35 million types [1]. Among these 
compounds, at least 90% of them belong to organic compounds and the data obtained through synthesizing and measuring these compounds 
could be called as “mass data”. Correspondingly, many institutions have established many databases related to chemistry. And for mass 
spectrum database, it includes multiple databases, such as NIR (near infrared spectrum), mass spectrum, NMR (nuclear magnetic resonance) 
spectrum and IR (infrared) spectrum [2]. Relevant scholars keep focusing on how to extract features of different types of compounds from 
these databases. This research is made to explore the features of olefin IR spectrum in OMNIC database, so as to provide support for the 
prediction to olefin cis/trans-structures.  

For the research on the features of infrared spectrum, many people have made effort to it. Hereinto, Li Bing-Ning et al.[3] (2015) have 
applied FTIR and combined with PLS to have established a quantitative analysis model for crude soybean oil and palm oil binary 
adulteration system, which has realized the adulteration quantitative analysis on crude soybean oil. AN Sheng-Mei et al. [4] (2015) have 
preprocessed the infrared spectrum information of myrobalan upon stoichiometry and established principal component analysis and cluster 
analysis models to have realized rapid identification of the myrobalans from different places of origin. BAI Yue-Kui et al.[5] (2015) have 
applied Fourier transform to process infrared spectrum and provided guidance for stomach cancer and lymphatic metastasis diagnosis 
through analyzing its spectrum features. ZHENG Jie et al. [6] (2014) have used FTIR to establish IR fingerprint and second derivative 
spectrum to identify and analyze 30 batches of rhizoma smilacis glabrae samples and its common mixed products, which has provided 
references for source trace of the rhizoma smilacis glabrae from both Guangxi Province and Guangdong Province. ZHANG Qi-Lin et al. [7] 
(2013) have applied similar system theory to calculate the similarity between the questioned spectrum and the standard spectrum in database, 
so as to provide a theoretical method for distinguishing the structure and nature of unknown matters. The researches for infrared spectrum 
made by the above scholars are basically divided into the following two types: first, process spectrums and observe spectrum data to analyze 
spectrum information directly; second, make further mathematical treatments on the processed spectrum data and analyze the spectrums 
upon modeling, but the reliability and accuracy of such models worth considering. In this paper, it has researched the IR features of olefins 
along the above two research directions and focused on analyzing spectrum feature classification method and classifier design, so as to 
provide theoretical bases for the prediction to olefin cis/trans-structures. 
 
2. Research Method  

 
In this paper, we adopt infrared spectrums to predict the olefin cis/trans results. As spectrum generation is supported by data, scientific 

and reasonable data processing method needs to be selected. We plan to adopt Fisher Ratios and GA-PLS as feature selecting methods and 
then adopt PNN and SVM as classification methods, so as to predict the infrared spectrums in other databases, while researching the olefin 
cis/trans infrared spectrums in OMNIC IR database at the same time.  

 
2.1 Method to select features  

 
Fishier Ratios refers to a single-variable selecting method, which depends on the resolving ability of single variable. Calculation for 

two types of classification problems are shown as Equation (1). In the equation, jN1  and jN1  represent mean values of the j  variable in 

the two types respectively; jσ1  and jσ1  represent variations of the j  variable in the two types respectively. But, this method suffers from 
a disadvantage as it doesn’t consider the relationship between variables in the sample. 

( )
jj

jj
j

NN
F

σσ 21

2
21

−

−
=                                                                                                              (1) 

GA-PLS refers to an algorithm that integrates GA (genetic algorithm) and PLS (partial least squares) regression. Its advantages include 
GA could get optimal solution upon global search and PLS could be used in approximate multicollinearity.  

Suppose two data matrixes ( )1,, ×× ∈∈ nmn RR YXYX,  could be expressed by the PLS[8] showed in Equation (2). Hereinto β̂ , estimated 

value of β  could be obtained upon least square method, i.e. ( ) YXXX TT 1ˆ −
=β .  

εβ += XY                                                                                                    (2) 
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But in actual applications, the condition that data matrix X  is an ill-conditioned matrix often happens. It could avoid the inversion to 
ill-conditioned matrix through applying PLS and its fundamental principle refers to resolving the relation between X  and Y  in Equation (2) 
into the two internal relations and one external relation shown in the following Equation (3).  
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In Equation (3), matrixes [ ]attt ,,, 21 =T  and [ ]auuu ,,, 21 =U  represent the score matrixes of X  and Y  respectively; ht  and hu  
represent the h  pivot element of matrixes X  and Y  respectively; QP,  is called loading matrix; and all of RF,E,  represent residual matrix.  

GA algorithm [9] could be realized in the following four steps: chromosome coding, initialization operation, chromosome fitness 
calculation and genetic manipulation. Hereinto, initialization operation and genetic manipulation are universal; while chromosome coding 
and fitness calculation should be decided according to specific conditions. In this paper, we apply PLS and GA and then adopt binary coding 
while searching optimal variable set. Hereinto, “0” means a certain variable isn’t selected; “1” represents it is selected; and the length of 
chromosome represents number of the variables to be selected. In this paper, square prediction correlation coefficient [8] is used as 
chromosome fitness and its calculation is shown in the following Equation (4):  
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In Equation (4), iy  represents actual value; ( ) prediy ,−  represents the predicted value of iy  obtained upon the model established 

through abandoning the data of the i  sample; y  represents the mean value of iy ; and h  represents number of the pivot elements when 
Equation (4) acquires the maximum.  

There is another model predictive ability index 
2
cumQ  shown in Equation (5) and if this index is closer to “1”, its predictive ability is 

stronger. In this equation, jPRESS  represents predictive error sum of squares of the PLS model that retain j  pivot elements; P  represents 

the number of output variables; N  represents total number of samples; ( )ijky −ˆ
 represents the prediction to iky  upon the model established 

through abandoning the data of the i  sample when number of pivot elements is j ; 1−jRRS  refers to the residual sum of squares that 
corresponds to the PLS model established with ( )1−j  pivot elements.  
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In this paper, crossover validity check[10] is adopted to confirm the number of pivot elements. In Equation (5), the optimal number of 

pivot elements is confirmed as: if 

2

1

95.0≤
−j

j

RSS
PRESS

, it is beneficial to add a pivot element.  
 

2.2 Classification method  
 
PNN method refers to Probabilistic Neural Network [11]. PNN architecture is a network model of four-layer neuronal structure and it is 

a forward neural network architecture. The most important feature of PNN architecture lies in the timeliness of network training, so that 
PNN is suitable for real-time system. In design, the idea about Bayes Classifier is introduced into the model of neural network. For 
probability density function, PNN has three restrictive assumptions, namely: (1) probability density functions of different classifications 
share the same type; (2) normal distribution; (3) variation matrixes of Gaussian distribution probability density functions of different 
classifications are diagonal matrixes and the values of all the diagonal elements are the same, which is 2σ . 

As it is shown in Figure 1, feature cell in neural network system architecture is used to get the product of input vector X  and individual 

weight vector W , then consider the product as nonlinear conversion and adopt function 



 −

2

1exp
σ
iz

 into PNN architecture. If both X  and iw  
have been regularized into unit length, the function could be simplified into the following Equation (6):  

( ) ( )







 −−
− 22

exp
σ

XwXw i
t

i                                                                                                (6) 

Sum cells refer to summing all the values obtained from feature cells up. And output cell is two-input neuron, in which iC  in the result 
output decision diagram is used to adjust the problem that the original training number of different classifications in adjustment and training 
materials is uneven. 
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Figure 1. Neural Network System Architecture 

 
SVM algorithm [12, 13] refers to support vector machine and it is a convex quadratic optimization problem. Its application principle is 

structural risk minimization principle, owning the function that ensures extremal solution to be globally optimal solution. It could effectively 
avoid the problems that the network structures like neural network are hard to be determined, overfitting, under-fitting and local minimum. 
It has shown to be superior to the performance that owns statistical method to a large extent and it also has been applied in solving the actual 
problems of spectroscopy [14].  

Suppose training sample set to be ( ){ }liyx ii ,,2,1,, = . Hereinto, 
N

i Rx ∈  represents input value; Ryi ∈  represents corresponding 
target value; l  represents sample size. For two types of nonlinear problems, SVM maps input variable to a high-dimensional feature space 
through introducing kernel function first and then builds optimal separating hyperplane (MMH) in high-dimensional space, and this 
hyperplane could be got through solving the quadratic programming problem shown in Equation (6). The constraint condition is shown as 
Equation (7). In the equation, C  represents regularization parameter, which controls the punishment degree to wrongly classified sample; 
( )ji xxK ,  represents kernel function and the kernel function used in this research is the RBF (radial basis function) shown as Equation (8); 

and σ  represents the width of kernel function. Solving Equation (6), optimal classification function will be got as it is shown in Equation 
(9). In Equation (9), ( )xf  represents classification function, which could recognize IR value of the samples to be recognized. When 
classifier ( ) 0>xf , it is specified; or else, it is non-specified.  
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3. Experimental design 
 
3.1 Research objects 

 
Research objects include spectrum and data. Hereinto, infrared spectrum is extracted from the spectral database called HR Aldrich FT-

IR collection Edition I in OMNIC FT-IR Software 6.0 from Thermo Nicolet. This database contains 10,505 compound standard spectrums 
and 98 spectrums among them have been marked with cis/trans clearly in the database and these spectrums are selected as experimental 
samples. For these experimental samples, there are 43 cis-structures and 55 trans-structures; and wavenumber range of these spectrums is 
499-4000cm-1. In order to raise prediction accuracy and reduce operation time, the wavenumber range is further cut down to 1,843 points 
isometrically and each point could be considered as a spectral feature.  

After putting the two types of spectrums together, select 49 spectrums randomly to form model training set and consider the residual 49 
spectrums as model prediction set. Functions of the training set are shown as follows:  

1) It could be used to complete spectrum feature selection, namely adopting Fisher Ratios and GA-PLS to select 1,843 spectrum 
features, so as to extract the spectrum features that take decisive effect in classification.  

2) Classifier training and building.  
Apply the overall prediction accuracy P  shown in Equation (10) as the parameter to measure model prediction effect. In the equation, 

21, PP  represent prediction accuracies of cis-spectrum and trans-spectrum in prediction set respectively; 21, NN  represent number of cis-
spectrum and trans-spectrum in prediction set respectively. 

21

2211

NN
NPNPP

+
×+×

=                                                                                              (10) 

3.2 Analyze experimental design with spectral features 
 
While selecting spectral features, it mainly applies Fisher Ratios and GA-PLS in this research. At the same time, in order to observe the 

similarities and differences of olefin cis/trans-structures at IR spectrum more directly, two average spectrums formed by 43 cis-spectrums 
and 55 trans-spectrums have been drawn. Comparative results of the two average spectrums are shown in Figure 2. 
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Figure 2. Average IR Spectrums Correspond to Olefin Cis/Trans-Structures 

 
From Figure 2, it could be concluded that olefin cis/trans-structures have obvious differences mainly in three spectral ranges, which 

could be expressed as S1, S2 and S3, corresponding to [620-850cm-1], [920-1065cm-1] and [1624-1744cm-1] respectively. The spectral 
features that correspond to the three spectral ranges could be used as input data set for model training. 

For the specific operations of Fisher Ratios of feature selection, first, bring the variables (1,843 spectral features) that correspond to 
each sample in training set and dependent variables (cis-structure +1; trans-structure -1) into Equation (1), and we could get Fisher Ratios 
F ; then put the F  that correspond to each variable from large to small, take the top 10, 20, 200 variables, whose F  is relatively large from 
large to small respectively and these variables form feature set after Fisher selection; finally, use these sets as data input sets to build SVM 
and PNN classifiers respectively. Upon proper conversion, GA-PLS could be effectively applied in selecting spectral features. First, use 
Fisher Ratios to primarily select 1,843 original spectral features to get 200 features; then make GA-PLS selection for the 200 features 
according to 10, 20, …, 190 feature variables; and the obtained feature sets are used to build SVM and PNN classifiers as data input sets. 
Hereinto, the program of GA-PLS comes from the toolkit designed by R. Leardi for MATLAB [15].  

 
3.3 Classification method design 

 
In order to build accurate classifiers, it has applied SVM and PNN classification methods in this research. Hereinto, SVM analysis 

method adopts the modified toolkit Libsvm developed by Chih-Jen Lin for SVM to predict spectral features. With this toolkit, it is 
convenient to confirm RBF kernel function and acquire the most important two parameters C  and γ  for SVM model building. For PNN 
analysis method, as variation matrixes of Gaussian distribution probability density functions of different classifications are diagonal 

matrixes and the values of all the diagonal elements are the same, which is 
2σ , this value decides the shape of Gaussian function. While 

using PNN toolkit taken by MATLAB on its own for modeling calculation, select different σ  values could get different classification 
effects. In order to confirm σ  value, it has obtained the best PNN classification effect and then introduced an absolute error function AE  

as it is shown in Equation (11) in this experiment. In the equation, id  represents the prediction result that prediction set passes by PNN 

classifier; io  represents the real result of prediction set. And it uses AE  to represent advantages and disadvantages of the prediction effects 
while selecting different σ  values. With the 50 features selected by GA-PLS as PNN data input set to make modeling and prediction, 
conversion between different σ  values and AE  value are shown in Figure 3.  

 

 
Figure 3. PNN Model (σ VS. AE ) Built with the 50 Features Selected by GA-PLS 

 

From Figure 3, it could be concluded that when AE  is minimum, it corresponds to ]10515.1,10463.1[ 55 ××∈σ . In this month, the 
middle value 

510489.1 ×  in this select range is used as the optimal σ  value of this model to get corresponding optimal PNN model. 
 

4. Result Analysis and Discussion 
 
4.1 Determine optimal classifier 

 
The classifier built with SVM classification method owns the characteristic that it gets different prediction results with feature set 

changes. Then we build classifiers respectively with the 20 feature sets confirmed by Fisher Ratios and the 20 feature sets selected by GA-
PLS, and adopt the same processing method to PNN. Prediction results are shown in Figure 4.  
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Figure 4. Prediction Results of Fisher Ratios and GA-PLS Feature Selection Methods Based on SVM and PNN Respectively 

 
From Figure 4, it could be concluded that: while using the 20 feature sets selected by Fisher Ratios based on SVM to select 50 variable 

features, it could get the best prediction result; while using the 20 feature sets selected by GA-PLS based on SVM to select 70 variable 
features, it could get the best prediction result. In a similar way, when the Fisher Ratios and GA-PLS based on PNN contain 80 features and 
50 features respectively to constitute sets, it could get the best prediction result. 

 
Table 1. List on the Prediction Accuracies for Different Feature Sets Selected on the Basis of SVM and PNN 

Prediction 
accuracy 

Whole 
spectrum 

S1 S2 S3 Fisher 
ratios 

GA-PLS 

SV
M 

PN
N 

SV
M 

PN
N 

SV
M 

PN
N 

SV
M 

PN
N 

SV
M 

PN
N 

SV
M 

PNN 

p=5
0 

p=8
0 

p=7
0 

p=50 

P1 85.
0 

75.
0 

60.
0 

70.
0 

80.
0 

85.
0 

60.
0 

80.
0 

85.
0 

85.
0 

80.
0 

85.0 

P2 86.
2 

79.
3 

89.
7 

93.
1 

62.
1 

58.
6 

72.
4 

58.
6 

86.
2 

89.
7 

93.
1 

93.1 

P 85.
7 

77.
6 

77.
6 

81.
6 

69.
4 

69.
3 

67.
4 

69.
3 

85.
7 

87.
8 

87.
8 

89.8 

Notes: S1-S3 represent the three spectral ranges with obvious distinctions in Figure 2; p represents number 
of the features contained in the optimal feature sets selected by Fisher Ratios and GA-PLS; P1 represents 

the prediction accuracy of olefin cis-structure; P2 represents the prediction accuracy of olefin trans-
structure; P represents overall prediction accuracy. 

 
In this research, compare the classifier built by optimal feature set with the classifiers built for the three intervals S1, S2 and S3 divided 

by average spectrum as well as the classifier built by whole spectrum respectively to confirm if feature selection could improve prediction 
result effectively. As it is shown in Table 1, it offers the prediction accuracies that correspond to different feature sets selected on the basis 
of SVM and PNN. From Table 1, it could be concluded that the two feature selection methods, Fisher Ratios and GA-PLS could effectively 
improve the prediction accuracies of SVM classifier and PNN classifier, but GA-PLS feature selection method improves prediction accuracy 
of the two types of classifiers the most. Hereinto, the feature set that corresponds to GA-PLS optimal classifier based on SVM refers to the 
70 features selected by GA-PLS; the feature set that corresponds to GA-PLS optimal classifier based on PNN refers to the 50 features 
selected by GA-PLS.  

 
4.2 Verify optimal classifier  

 
Table 2. Prediction Results Made by Two Optimal Classifiers to 30 Compound Spectrums in Other Database 

Structure type No. Compound SVM- 
GA-PLS 

PNN- 
GA-PLS 

Cis-structure 1 cis-4-cyclohexene-1,2-dicarboxylic anhydride × √ 
2 3-hexen-1-ol (cis) √ √ 
3 2-pentene (cis) √ √ 
4 2-hexene (cis) √ √ 
5 cis-2-methyl-7-octadecene √ × 
6 dimethyl cis-ethylenedicarboxylate √ × 
7 cis-3-methyl-3-Hexene √ √ 
8 cis-5,5-dimethyl-2-Hexene √ √ 
9 Oleyl alcohol (cis) √ √ 

10 cis-6-dodecene √ × 
11 Permethrin (cis) √ × 
12 cis-2-chloro-2-butene × × 
13 cis-cyclooctene √ √ 

Trans-structure 14 trans-1,4-hexadiene √ √ 
15 trans-2,3-dichloro-1,1,1,4,4,4-hexafluoro-2-butene √ √ 
16 trans-2-butenal acid √ √ 
17 trans-2-butenoic acid √ √ 
18 trans-4-phenyl-3-butene-2-one √ √ 
19 trans-2-chloro-2-butene √ √ 
20 trans-1-cyano-1,3-butadiene √ √ 
21 trans-2-methyl-2-butenal √ √ 
22 trans ocimene √ √ 
23 trans-cyclododecene × √ 
24 methyl tiglate (trans) √ √ 
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25 trans-2-methyl-4-hexen-3-ol √ √ 
26 trans-2-undecenoic acid √ √ 
27 trans-1,2-bis(4-fluorobenzoyl)ethylene √ √ 
28 3,7-dimethyl 2-octene (trans) √ √ 
29 all-trans-1,6-diphenylhexatriene × √ 
30 trans-cyclododecene × × 

 
In order to verify the above two optimal classifiers, 30 spectrums that contain olefin cis/trans-structures have been extracted from other 

spectral databases in this research. Hereinto, 4 spectrums are from FDM Reference Spectra Databases1 and 26 spectrums are from NIST 
chemistry web book2. As it is shown in Table 2, it offers prediction results of the compounds that correspond to the above 30 spectrums 
under the two optimal classifiers. From Table 3, it could be concluded that PNN-GA-PLS classifier makes a better prediction result to trans-
structure, but SVM-GA-PLS classifier makes a better prediction result to cis-structure. 
 
4. Conclusion 
 

In this paper, we have researched the olefin cis/trans infrared spectrums in OMNIC IR database; then adopting two feature selection 
methods, Fisher Ratios and GA-PLS, we have designed the classifier based on SVM and the classifier based on PNN respectively; and we 
have also analyzed the prediction results of four classifiers, including SVM-Fisher Ratios, SVM-GA-PLS, PNN-Fisher Ratios and PNN-
GA-PLS under different conditions. Then we get the following conclusions:  

(1) The feature set that corresponds to GA-PLS optimal classifier based on SVM contains the 70 features selected by GA-PLS.  
(2) The feature set that corresponds to GA-PLS optimal classifier based on PNN contains the 50 features selected by GA-PLS.  
(3) PNN-GA-PLS classifier makes the best prediction result for trans-structure.  
(4) SVM-GA-PLS classifier makes the best prediction result for cis-structure. 
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Multifractal Theory Sintered ore Performance Study of Sintered Ore Based on Multifractal Theory 
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Abstract: To explore the sintered ore’s internal relations between micro structure characteristic parameters and macro performance, basing 
on the fractal theory, the work analyzed internal relations between fractal characteristic parameters of sintered ore with different MgO 
content and reduction as well as compressive strength. The research has illustrated that sintered ore s fractal characteristic parameters and 
macro performance have mapping relations. The greater value of f(α)max, the smaller value of multifractal spectrum width Δα, and the more 
number of extracted probability measures .The more of the number and the more uniform of the sintered ore’s probability measure ,the 
better of the reduction and compressive strength. 

Keywords: Fractal theory; Sintered ore; MgO content; Reduction; Compressive strength. 

1. Introduction 

Fractal theory is an advanced science to research self - similarity and non - linear. It is widely used in natural and social sciences and so 
on. With continuous development of fractal theory in varied fields, it’s mathematical foundation is also faced with the same development. 
Only through combining fractal theory with other applications, it can gradually grow to a systematic theoretical science. 

Fractal theory has been widely used in many fields such as, material area, chemistry, biology, sound. Some researchers found the 
adoption of fractal theory for complex problem is necessary [1 2].Mandelbrot [3] adopt fractal theory to describe the fracture characteristics 
of the material in 1984.At the same time ,he found with the increase of section fractal dimension of martensite material ,the impact of power 
will be a linear decline .Fractal theory has started gradually using in material surface rupture, material strength, material surface abrasion 
and materials concrete process[4-5] and etc. With the continuous improvement of fractal theory, many researches have introduced it, like 
microstructure of ceramic materials, crystal growth kinetics, ceramic powder and the prediction of ceramic materials’s physical properties. 
British scientist Brady. R.M and Wade Ball R. C found: copper ions will obtain three - dimensional space aggregates during the electrolysis 
experiment. Its complex structures can be described by their fractal dimensions. What’s more, the theory fits with the experimental results. 
Mathot Vincent found in homogeneous ethylene copolymer, the crystallization process is a fractal growth process, at the time of copolymer 
reaches a maximum, when he was studying the stability and ordered structure, branching and linearity of copolymerized polyethylene. Shan 
synthesized polypyrrole with fractal characteristics through electric electrical chemistry method .And he analyzed the relationships between 
fractal characteristic parameters and growing conditions. Kim and so on used acoustic emission signal detection method. And they analyzed 
the fractal characteristics of the damage process of polymer tree. 

The application of fractal theory in materials, chemistry and biology and music is inseparable from the self-similarity of it-self .The 
mineral composition and microstructure of the sintered ore are very complex, its sizes nested within each other, its distribution uneven. 
However when something has a statistically significant self-similarity, it could be studied by fractal theory. 

Fractal theory provides a new way to study microstructure of sintered ore. The microstructure of sintered ore is extremely complex. 
The single-fractal study can only give an overall and average description of its complex structure. Multifractal theory can just solve this 
problem. Based on the multifractal theory, calculating the multifractal spectrum characteristic parameters of microstructure of sintered ore, 
the work establishes internal relations between micro structure characteristic parameters and macro performance. 

2. Multifractal model 

As two methods of fractal, Simple fractal and multifractal have been widely used in various fields of Natural Science, especially simple
fractal. But the characteristic parameter of simple fractal only has the fractal dimension D, and only can carry on the characterization and the 
description of integrity and average to the complex structure, and cannot completely describe the complexity of things. As for the 
complicated structure of non-uniformity, it’s necessary to use the fractal dimension to compare and analyze the structure. Multifractal is 
proposed to study the nature of specific anisotropic and inhomogeneous phenomenon, which can quantitatively characterize the distribution 
of fractal measure, is defined in the infinite set of multiple singular measure fractals scaling exponent form. At present, multi fractal, as a 
frontier science of fractal, has been applied in many scientific fields. 

1) Multi fractal model
Multi fractal calculation is the most commonly used method for the box counting method. To calculate the multifractal spectrum, the

probability distribution of the measured object on the corresponding fractal structure is firstly calculated. It is assumed that using the scale of 
the R to cover the square to be measured, and subdividing each square into a × a small square. If there are fractal images in each small box, 
the small square is defined as black, or is white. Counting the grid number Nij of small black box in a × a small square in each r scale, and 

dividing by the total grid number 
ij

ij
N∑

 of small black box in whole fractal image, and the probability measure is : 

( ) ij
ij

ij
ij

N
p r

N
=
∑     (1) 

A probability measure ( )ijP r  distribution of the physical quantities in the fractal structure is obtained. 

In the non-scale region, the probability measure ( )ijP r  has the following form of scaling relation. 

( ) ija
ijP r r    (2) 

Index a is singularity scale index. aij is limited in fractal image, which is aij∈[ ]min max,a a .
If the number of boxes with the same aij  identification is ( )

ijaN r , then there is a scaling relation in the ( )
ijaN r  scale free area. 

( ) ( )ij

ij

f a
aN r r−

 (3) 
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( )ijf a  is the dimension of a fractal subset identified by aij . Because of aij∈[ ]min max,a a , ( )ijf a  is usually the single peak function, called the 
multi fractal spectrum. 

( )ijf a  gives more abundant structure information than simple fractal dimension. For example, the big aij reflects the nature of the small 
probability measure area; small aij reflects the nature of probability measure region; multifractal spectrum width Δα = αmax - αmin reflects the 
size of the fractal structure on the uneven distribution of the degree of probability measure. Therefore, the physical meaning of ( )ijf a  is a 
measure of the complexity, the irregular degree and the degree of inhomogeneity of fractal structure. 

In order to calculate the multi fractal spectrum function, we first define the partition function ( )q rχ , on the ( )ijP r  using q times for the 
sum of the weighted sum, the specific mathematical expression is: 

( ) ( ) qq
q ij

ij
r P r rτχ = =∑                                                                     (4) 

If 
( ) qq

ij
ij

P r rτ=∑
is established, then there is a power relation between the r and the partition function ( )q rχ , ( )qτ  is generally called 

mass index, and the formula (3) can be obtained. The logarithmic of formula (3) is: 

( ) ( )
( ) ( )

ln
0

ln
qx r

q r
r

τ = →                                                                            (5) 

Then according to (τq), generalized fractal dimension Dq can be obtained: 

( ) ( )
( )
ln

1 1 ln
q

q

x rq
D

q q r
τ

= =
− −

                                                                              (6) 

The relationship among singular index Δα and multifractal spectrum of f(α) and τ(q) can realize through Lengder transform: 

( )d q
dq
τ

α =                                                                                            (7) 

( ) ( )f q qα α τ= −
                                                                             (8) 

Taking formula (9) into (10) and getting: 

( ) ( ) ( )
ln

0
ln

q
ip r

q r
r

τ = →∑                                                                         (9) 

Taking formula (14) into (12), (13), and taking the derivative of q: 

( ) ( ) ( ) ( ) ( )( )2
2ln ln lnq q q

i i i i ip r p r p r p r p r rα′ = ⋅ ⋅ − ⋅∑ ∑ ∑                                          (10) 

q qf q α′ ′= ⋅                                                                                                        (11) 

Taking formula (14), (15) into (12), (13), Δα, f(α)can be got: 

( ) ( )
( )

ln
ln

q
i i

q
i

p r p r
a r

p r

 ⋅
 =
 
 

∑
∑

                                                                          (12) 

( ) ( ) ( )
( )

( )ln
ln ln

q
qi i

iq
i

p r p r q
f p r r

p r
α

 ⋅ ⋅
 = −
 
 

∑ ∑∑
                                                       (13) 

Ordering: 

ln ( ) ( )
( )

q
i i

q q
i

p r p r
a

p r
⋅

= ∑
∑

                                                                                     (140 

( ) ( )
( )

( )
ln

ln
q

qi i
iq

i

p r p r q
fq p r

p r

⋅ ⋅
= −∑ ∑∑

                                                           (15) 

Then the mathematical expressions of Δα, f(α)can be expressed as follows: 

lna aq r=                                                                                               (16) 

( ) lnf fq rα =                                                                                               (17) 

2) Determining the values’ range of weight factor q 
Multifractal is by value of q will be divided into different forms with different levels of the region to study the range of q theory, the 

bigger the better, so can be more precise, comprehensive portray the multifractal spectrum, but in the actual calculation, with the increase of 
(q) workload will increase exponentially and, when q increases to a certain extent, the change of Δα, f(α) is very small; however, when the q 
range is too small, (q) increased 1, f(α) change is still large, then the f(α) can reflect the probability distribution of the research object, it just 
a part of the multi fractal. 

By the formula (9), formula (10), when the change of Δα, f(α) is very small, thenα, fq will be close to 0, q value can be determined 
down. 

 
2 Experimental method and scheme 
 

According to the fractal theory and the metallurgical properties of sinter, analyze the effect of MgO content on the metallurgical 
properties of sinter with high temperature, laser confocal microscope, micro sintering experiments of sintering atmosphere and temperature, 
and the use of polarized light microscopy, field emission scanning electron microscopy of the fired samples were apparent morphology; 
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based on multifractal spectrum theory determination of dimensional structure of multi fractal, establish the intrinsic relationship between the 
fractal parameters and metallurgical properties. 

The experimental parameters are T Fe content is 55.5%, the alkalinity is 2, the content of silica is 4.8%, and the content of MgO is five 
gradients: 2.2%, 2.4%, 2.6%, 2.8% and 3%. 
 
3 Experimental results 
 
The 3 groups of samples were sintered by micro sintering method, and the compressive strength and reduction test were carried out, and the 
results were shown in Table 1. 

Table 1 Test results of compressive strength and reduction of sinter 

Sample Alkalinity MgO /% SiO2 /% Compressive 
strength(N) 

Reduction degree 
RI 

1# 2.0 2.2 4.8 314 71.76 
2# 2.0 2.4 4.8 482 78.13 
3# 2.0 2.6 4.8 412 71.86 
4# 2.0 2.8 4.8 314 69.03 
5# 2.0 3.0 4.8 260 66.55 

 
4 Multi fractal spectrum determination of sinter 
 
4.1 Multi fractal feature parameter extraction method 
 

Polarizing optical microscopy, field emission scanning electron microscopy images were taken as analog signal to computer processing, 
we must first complete the digitization process, then the low pixel or pixel non-uniformity of interference information removed, then the 
image binarization processing (black and white) to extract the fractal graphics, and finally calculate the spectrum function the multifractal 
program compiled by fractal. The process mainly includes the original image digitization, the two value processing, the fractal feature 
extraction, the multifractal spectrum calculation and so on to obtain the multifractal spectrum chart, the specific process is shown in figure 1. 

 

 
Figure 1. Sketch Map of fractal process 

 
4.2 The relationship between the weight factor and the multi fractal parameters 
 

According to the model and calculation method of material multifractal spectrum determination of image, the number of pixels or other 
physical variables, the normalized probability distribution of a set of standardized, it through the special structure behavior and characteristic 
spectrum function to describe different conditions caused by using the method of statistical physics, the characteristics of non-uniform 
probability distribution parameters the discussion. Multi fractal can be studied from the local part of the system to study the overall 
characteristics of the system. 

Because of the influence range of complexity of authorized degree and weight factor calculation of multifractal spectrum of the 
benchmark, the range of value q of weight factor is very important. In theory, the range of value q is (-∞,∞), and the larger the range of the 
Q, the better, so that the multi fractal spectrum can be described more carefully and comprehensively. But in the actual calculation process, 
with the increase of q, the calculation of the workload has increased exponentially, and q increased to a certain extent, it will cause the 
computer to happen overflow error; However, if the range of q is too small, the f (a) change is still larger when the q is increased by 1, the f 
(a) is only part of the multifractal spectrum, which cannot fully reflect the probability distribution of the research object. When the q 
increases to a certain degree, f (a), a basically are no longer with the increase of Q, the scope of the Q can be cut off. The extraction process 
of multi fractal feature spectrum is shown in Figure 2. 

 

 
a Raw bitmap                                                                             b Critical value selection of binarization 

Original image 

Multifractal spectrum calculation 

Fractal feature extraction 

Multi fractal spectrum 
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c Result of  binarization                        d Feature extraction                          e Multifractal calculation 

Figure.2 Multi fractal feature spectrum extraction process 
 

Multi fractal calculation results shown in Figure 3, a and f (a) are changed with q, when the change is large, it is the range of value q. 
From Figure 3-a, 3-4, the range of value q can be determined in (20, 20), and then the trend chart of f (a) and a also can be got. 
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Figure 3. Multi fractal characteristic parameter relation graph 
 
4.3 The physical meaning of multifractal spectrum 
 

The single fractal dimension is the overall characterization on the form of probability measure, and the multifractal spectrum can reflect 
the distribution of the overall form of probability measure, gives structural information is more abundant than the simple fractal dimension. 
The fractal dimension of a small area of a fractal is characterized by Δα, which is called partial dimension (also known as singularity index). 
The size of the value reflects the size of the probability of physical quantity in the small area. Δα = αmax - αmin is called multifractal spectrum 
width, and the size of the value Δα reflects the concentration and uniformity of probability measure distribution on the whole fractal 
structure. That means the smaller Δα is, the better the concentration and uniformity of probability measure on fractal structure is. In order to 
facilitate the calculation, the fractal body is divided into a number of small regions; each of the fractal dimensions of a small area is 
expressed by Δα. Because of the large number of small domains, the infinite sequence of different a is expressed by the fractal structure. 
The mathematical expression for f (a), f (a) curve range is narrow, Δα is less concentrated on the fractal structure, probability measure and 
uniformity is better, and vice versa. F (a)max is maximum height of multifractal spectrum. The size of value describes the change speed of 
unit number with the same probability by ε, can reflect the number of probability measures on the fractal structure. The bigger value of f 
(a)max is, the more the number of probability measures on fractal structure is. Thus, the multifractal spectrum of Δα, f (a)max can reflect the 
sinter structure morphology distribution quantity and distribution uniformity, therefore the results of next analysis is mainly Δα,f (a)max. 
 
5 Determination results and discussion 
 

1) Determination of probability measure 
In order to determine the probability measure of sintering ore is the main ore phase; X - ray diffraction analysis was conducted to 

determine the mineral composition of sintered samples with different MgO content, as shown in figure 4. 
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Figure 4. XRD map of sinter under different influence factors 

 
As can be seen from Figure 4, the main mineral components of the sinter with different MgO content are Fe2O3 and Fe3O4, the bond 

phase is mainly calcium ferrite. When the MgO content is 2.4%, which is 7 samples, the characteristic peak of calcium ferrite is the most 
obvious. So the probability measure of sinter with different MgO content is Fe2O3 and Fe3O4. 
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2) Sintering properties and fractal characteristic parameters 
By the above method, the sinter 2-D morphology of different contents of MgO conditions of map extraction, the fractal parameters of 

spectrum the results show that the two-dimensional morphology of sinter has good fractal characteristics, and establish the relationship 
between the spectral width of Δα and metallurgical properties of sinter between multifractal spectrum. The specific relationship diagram is 
shown in Figure 5 
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Figure. 7 Relation map of MgO and RI, compressive strength, Δα and f (a)max 

 
From Figure 7, it can be concluded: with the increase of MgO content, the multifractal spectrum width of alpha delta decreased firstly 

and then increased, the content of MgO is 2.4%, Δα reaches the minimum value, and at this time, the complexity of the two-dimensional 
structure surface of the sintered ore becomes smaller, and the uniformity is better. When MgO=2.6%, f (a)max reaches the maximum value, 
which indicates that the probability measure (magnetite) is the largest, that is, not only the magnetite in the sinter distribution is more 
uniform and larger production. The reduction of Fe3O4 and compressive strength are good, it will just explain the Δα value is small, the 
reason of reduction of sinter and compressive strength were different degrees of change, the smaller the value of Δα is, the better distribution 
of Fe3O4 is, and when MgO=2.4%, f (a)max  reached the maximum value. This shows that the probability measure (magnetite) reaches the 
maximum number, which means when the content of MgO is 2.4%, Δα is the minimum value. Although the f (a)max  maximum appears in 
the MgO=2.6%, but the number of Fe3O4 and the probability measure of the distribution of the degree of uniformity is not a limiting factor. 
Therefore, with the increase of MgO content, the reduction and compressive strength of the sinter first gradually become better after the 
gradual change of the trend, the best value is MgO=2.4% 
 
6. Conclusions 
 

(1) There is an internal relation between the two-dimensional structure of sintered ore and fractal parameters. The smaller the value of 
the multifractal spectrum width Δα, the more uniform the distribution of the extracted probability measure. And the greater the value of 
f(a)max, the more number of extracted probability measures. The more number, and the uniform of the probability measure, the better of the 
metallurgical properties. Which indicates that the fractal theory is highly applicable to the analysis of sintered ore. 

(2) With the increase of MgO content, the value of multifractal spectrum width Δα decreases first and then increases and the value of 
f(a)max first increase and then decrease. When the extreme value is 2.4% MgO, the probability measure is not only the largest but also the 
most uniform. With the increase of MgO content, the reducing index and compressive strength of the sintered ore increase first and then 
decrease. And the maximum values appear when the MgO content is 2.4%. 
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Reach on Sinter Properties based on Multiple Fractal Theory 
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Abstract: In order to explore the relationship between micro-structure characteristic parameters and macroscopic properties, based on the 
fractal theory, analysis of intrinsic relationship between fractal characteristic Parameters of sinter and reductibility and compressive strength 
with different SiO2 content. The results show that there is a mapping relationship between fractal parameters and macroscopic properties of 
sinter microstructure: the larger the value of f(α)max, the smaller the value of the multifractal spectrum width Δα, the more the number of 
probability measures to be extracted, the more uniform the sintered probability measure, the more the number, the better. 
 
Keywords: Fractal theory; sinter; SiO2 content; reduction; compressive strength 
 
1. Introduction 
 

Fractal theory is a frontier science that studies self-similarity and nonlinearity, which is widely used in natural and social sciences in 
various fields of study. With the continuous development of fractal theory in various fields, the mathematical foundation of fractal theory 
itself is also faced with the continuous development of the problem. Only by combining the fractal theory and its application, a theoretical 
system of science can gradually be formed. 

Fractal theory has been widely used in materials, chemistry, biology, music and other disciplines in various fields. Some scholars have 
found that the use of fractal theory to study some of the complex characteristics of the material is very necessary. Mandelbrot [3] in 1984 
used fractal theory to describe fracture characteristics, and found that with the increase of the fractal dimension of the martensite material, its 
impact will be a linear decline in power. Fractal theory has been widely used in material surface fracture, material strength, material surface 
wear and material sintering process and so on [4-6].With the continuous improvement of fractal theory, the microscopic structure of ceramic 
materials, crystal growth kinetics, ceramic powder and prediction of the physical properties of ceramic materials are also introduced into 
fractal theory. British scientists Brady. R. M and Ball. R. C found: copper electrolysis experiments in the three-dimensional space of the 
condensate in the complex structure can be described by its fractal dimension, and consistent with the experimental results. In studying the 
metastability and ordered structure, branching, and linearity of copolymerized polyethylene, Mathot Vincent found that in the homogeneous 
ethylene copolymer the crystallization process is a fractal growth when the comonomer reaches its maximum process. Shan synthesized 
polypyrrole by electrochemical polymerization with fractal characteristics, and analyzed the relationship between fractal characteristic 
parameters and growth conditions. Kim used acoustic emission signal detection method, and by fractal dimension quantitatively depict the 
shape of polymer trees, and analyze the damage of polymer tree growth process fractal characteristics. 

Fractal theory, whether in the material, chemical or biological, music the application of the object itself can not be separated from the 
self-similarity. The mineral composition and microscopic structure of the sintered ore are complex, the size is nested and the distribution is 
very heterogeneous, but it has the statistical self-similarity, which can be studied by the fractal theory. 

Fractal theory, in order to study the sinter microstructure provides a new research ideas. The microstructure of sintered ore is extremely 
complex. The single and study can only describe the whole structure and its uniformity, and can not describe the local variability and 
inhomogeneity. The multifractal can solve this problem. Based on the multifractal theory, the characteristic parameters of multifractal 
spectrum of microstructure of sinter are calculated, and the intrinsic relationship between fractal characteristic parameters and macroscopic 
properties is established. 
 
2. Multifractal model 
 

Simple fractal and multifractal as the two methods of fractal, has been widely used in various fields of natural science research 
especially simple fractals.But the fractal dimension of the simple fractal has only the fractal dimension D, which can only represent and 
describe the integrity and average of the complex structure, and can not describe the complexity of its complexity completely. However, 
characteristic parameters of the simple fractal has only the fractal dimension D, which can only represent and describe the integrity and the 
average of the complex structure, and can not describe the complexity of its complexity completely. For the heterogeneous structure, we 
need to use a number of fractal dimensions for comparative analysis. Multifractal is proposed to study the phenomena of anisotropy and 
inhomogeneity in nature, and can describe the distribution of fractal measure quantitatively. It is an infinite set of singular measures defined 
by multiple scale exponents on fractal. At present, multifractal is a frontier science in fractal, and it is applied in various fields of science. 
 
2.1 Multifractal model 
 

Most commonly used method for the calculation of multifractals is box counting. To compute the multifractal spectrum, we first 
compute the probability distribution of the measured object on the corresponding fractal structure. Assuming a grid of scale r to cover the 
measured fractal, each cell is subdivided into a × a small square. If there is a fractal image in each of the small squares, the box is defined as 
black, otherwise white. The number of squares of black squares in a × a squares under each r scale is calculated and divided by the total 
number of black squares in the whole fractal image. The probability measure is: 

( ) ij
ij

ij
ij

N
p r

N
=
∑                                                                                                      (1) 

Thus the distribution of a probability measure of the physical quantity over the fractal structure in question can be obtained. 
In the scale-free region, the probability measure has the following scale relation. 

( ) ija
ijP r r                                                                                               (2) 

The exponent a is the singularity scale index. In the fractal image aij is finite, ie aij∈[ ]min max,a a . 

If the number of boxes with the same aij identity is ( )
ijaN r , there is also a scaling relationship in the scale-free region: 
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( ) ( )ij

ij

f a
aN r r−

                                                                                           (3) 

Here ( )ijf a  is the dimension of the fractal subset identified by aij. Due to aij∈[ ]min max,a a , it is usually a smooth single peak function, 
called the multifractal spectrum. 

F(aij)Gives a richer structural information than the simple fractal dimension. For example, the large aij reflects the nature of the small 
probability measure region; the small aij reflects the nature of the large probability measure region. he width of the multifractal spectrum Δα 
= αmax - αmin reflects the degree of the heterogeneity of the probability distribution on the whole fractal structure. The physical meaning of 
f(aij) is therefore a measure of the degree of complexity, irregularity, and non-uniformity of the fractal structure. 

In order to calculate the multifractal spectral function, we first define the partition function ( )q rχ  to ( )ijP r  weighted by the q-th power 
sum, the specific mathematical expression is 

( ) ( ) qq
q ij

ij
r P r rτχ = =∑                                                                  (4) 

If 
( ) qq

ij
ij

P r rτ=∑
 is established, then r and the partition function ( )q rχ  exists power-level relationship, ( )qτ  generally known as the 

mass index, the logarithm of (3) can be obtained: 

( ) ( )
( ) ( )

ln
0

ln
qx r

q r
r

τ = →                                                                                          (5) 

Then the generalized fractal dimension Dq can be obtained from τ (q): 
( ) ( )

( )
ln

1 1 ln
q

q

x rq
D

q q r
τ

= =
− −

                                                                                               (6) 

The relationship between the singular exponent a and the multifractal spectra f (a) and τ (q) can be achieved by the Legendre transform: 
( )d q

dq
τ

α =                                                                                                       (7) 

( ) ( )f q qα α τ= −                                                                                              (8) 

(9) into the formula (10) available; 
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(14) into (12), (13), and the derivative of q: 
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(14), (15) into (12), (13) can be obtained  a, f (a); 
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The mathematical expression of α, f (a) can be expressed as follows: 

lna aq r=                                                                                                       (16) 

( ) lnf fq rα =                                                                                                      (17) 

 
2.2 The range of weighting factor q is determined 
 

Multifractal is divided into different levels by the different values of | q |. Theoretically, the bigger the range of q is, the better it will be. 
Therefore, the multifractal spectrum can be described in a more detailed and comprehensive way. In the calculation process, the workload 
will increase exponentially with the increase of | q |, and the change of α, f (α) is small when q increases to a certain extent; However, when 
the range of q is too small, the change of f (α) is still large for every 1 increment of | q |. The f (α) can not fully reflect the probability 
distribution of the study object, it is only part of the multifractal.(9) and (10), when α, f (α) change is very small, then α ', fq' will approach 0, 
q value can be determined. 
 
3. Experimental methods and programs 
 

The effect of SiO2 content on the metallurgical properties of sintered ore was analyzed by the fractal theory and the metallurgical 
properties of the sintered ore.Micro-sintering experiments were carried out by high-temperature laser confocal microscopy, simulated 
sintering atmosphere and temperature. The morphologies of the fired samples were investigated by polarized light microscopy and field 
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emission scanning electron microscopy. 
The experimental parameters were TFe content 55.5%, basicity 2.0; MgO = 2.6%, and the percentage of SiO2 was 4.4%, 4.6%, 4.8%, 

5.0%, 5.2%. 
 

4. Experimental results 
 

The micro-sintering method was used to sinter test the above-mentioned three groups of samples, and the sintered finished ore was 
tested for compressive strength and reducibility. The concrete results are shown in Table 1. 

 
Table 1. Compressive Strength and Reduction of Sinter 

Sample Alkalinity MgO /% SiO2 /% Compressive 
strength(N) 

Degree of reductionRI 

10# 2.0 2.6 4.4 285 74.45 
11# 2.0 2.6 4.6 316 73.12 
3# 2.0 2.6 4.8 412 71.86 
12# 2.0 2.6 5.0 549 70.07 

13# 2.0 2.6 5.2 613 67.83 
 

 
5. Multifractal Spectrum Determination of Sinter 
 
5.1 Multifractal Feature Extraction 
 

Polarized light microscopy, field emission scanning electron microscopy images are taken for the analog signal.To deal with the 
computer, we must first complete the digital process, and then the low pixel pixel or pixel non-uniform and other interference information 
removed, and then binary image processing (black and white processing) to extract the fractal graphics, and finally the use of compiled 
fractal program calculated the multifractal spectral functions. 

 

 
Figure 1. Fractal flow diagram 

  
 
5.2 Relation between weighting factor and multi-fractal parameters 
 

According to the model of image multifractal spectrum and the calculation method, the number of pixels or other physical quantities 
are different. After normalization, we get a set of normalized probability distribution. It describes the behavior and characteristics of special 
structures caused by different conditions quantitatively by spectral function, and discusses the characteristics of non-uniform probability 
distribution parameters by means of statistical physics. Multifractals study the characteristics of the whole system from the local part of the 
system, and can give more structural information than the simple fractal dimension. 

The range of the weighting factor q is of great importance because the basis degree and the complexity of the multifractal spectrum are 
affected by the range of the weighting factor. In theory, the range of q is (-∞, ∞), and q The larger the better, the more detailed and more 
comprehensive description of the multifractal spectrum, but in the actual calculation process, with the increase of q, the calculated workload 
exponentially increased, and when q increased to a certain level, it will cause the computer to overflow error. However, if the range of q is 
too small, the change of f (a) is still large for every 1 increase. The f (a) is only a part of the multifractal spectrum and can not fully reflect 
the probability distribution of the object. When q increases to a certain extent, f (a), a are basically no longer with the increase of q change, 
this time q range can be cut off. Specific analysis process shown in Figure 2. 
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a the original bitmap                                                  b The selection of threshold binarization 
 

 
       c Binarization results                         d Feature extraction        e Multifractal calculation 

Figure 2. Multifractal Feature Extraction Process 
Figure 3-a, Figure 3-b can determine the value of the range of q (-), (a) and (b) are the same as the value of q, 20, 20), to determine the f 

(a) and a trend chart. 
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Figure 3. Multifractal characteristic parameter relation diagram 
 

 
5.3 The physical meaning of multifractal spectrum 
 

The single fractal dimension is the overall characterization of the probability measure of the fractal, and the multifractal spectrum can 
fully reflect the distribution of the global probability measure of the fractal, and give the richer structural information than the simple fractal 
dimension.α denotes the fractal dimension of a small region of a fractal, called the local fractal dimension (also called singularity index), and 
its value reflects the size of the probability of the physical quantity in the small region. Because of the large number of small regions, the 
multifractal dimension of the fractal structure is represented by infinite sequences composed of different a, which we call multifractal 
spectrum. The mathematical expression is f (a).The narrower the range of f (a) is, the smaller the Δα is, the better the concentration and 
uniformity of the probability measure on the fractal structure, and vice versa. f (a) max is the maximum height of the multifractal spectrum, 
and the magnitude of the value describes the rate of change of the number of elements with the same probability with ε, which can reflect 
the number of probability measures on the fractal structure. , And the number of probability measures on the fractal structure Δα, f (a)max is 
also larger. and the uniformity of distribution of the apparent morphology on the whole sinter structure. 

 
5.4 Results and discussion 

 
In order to determine the probabilistic measure of the sinter, ie the main ore facies, the sintered ore samples with different SiO2 

contents were analyzed by X-ray diffraction to determine the mineral composition. The results are shown in Fig4. 
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Figure 4. XRD patterns of sintered ore with different SiO2 contents 

 
It can be seen from Fig. 4 that the sinter minerals with different SiO2 contents are mainly Fe3O4, Fe2O3 and MgFe2O4 (MgFe2O4), 

and the bond phase is mainly calcium ferrite. Therefore, the probability of SiO2 content of sinter is Fe3O4 and CaO Fe2O3 measurements. 
According to the above method, the fractal characteristic parameters of sintered ore with different SiO2 contents were extracted. The 

results show that the two-dimensional morphology of the sinter has good multifractal characteristics, and the multifractal spectrum width Δα 
and the relationship between metallurgical properties of sinter. Specific relationship diagram shown in Figure 5. 
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Figure 5. SiO2 and RI, the compressive strength, delta alpha and f (a) max diagram 

 
From Fig.5, it can be seen that with the increase of SiO2 content, the multi-fractal spectrum width Δα first decreases and then increases, 

and when the SiO2 content is 4.8%, Δα reaches the minimum value, and the complex surface of the two- Smaller, better uniformity. f(a) 
max reached maximum when SiO2=4.8%, which indicated that the probability measure (calcium ferrite) reached the maximum at this time, 
that is, the distribution of calcium ferrite in the sinter was more uniform and the amount Larger. 

With the increasing of SiO2 content, the amount of Fe3O4 in the sinter decreases but the amount of CaO·Fe2O3 gradually increases, 
and the eutectic structure of Fe3O4 and CaO·Fe2O3 first increases and then decreases. With the increase of SiO2 content, the liquid phase 
of the sinter increases, the solidification is better, the permeability is worse, and the reduction performance is worse. With the increasing of 
SiO2 content, the amount of Fe3O4 in the sintered ore is decreased, but the quantity of Fe3O4 in the sinter can not be restricted because of 
its smaller quantity. And the compressive strength of calcium ferrite is better, so the compressive strength of sintered ore increases with the 
increase of SiO2 content. When SiO2 = 4.8%, the Δ α value is the smallest and the value of f (a) max is the largest, which indicates that not 
only the distribution of calcium ferrite in the sinter is more uniform but also the maximum amount is generated. Therefore, although the 
SiO2 content of the sinter increases, its reducing gradually deteriorated, the compressive strength gradually improved, but this article take 
SiO2 = 4.8% for the experimental basis. 
 
6. Conclusion 
 

There is an internal relation between the two-dimensional structure of sinter and fractal parameters. The smaller the value of the 
multifractal spectrumΔα, the more uniform the distribution of the extracted probability measure. The greater the value of f (a) max, the 
greater the number of extracted probabilistic measures. The more uniform the probability measure of sinter, the better the metallurgical 
performance, indicating that the fractal theory is highly applicable to sinter analysis. 

With the increase of SiO2 content, the value of width Δα of multifractal spectrum decreases first and then increases, f (a) max first 
increases and then decreases, and the extreme value of SiO2 is 4.8%, then the probability measure is not only the largest number but also the 
most uniform distribution. 

With the increase of SiO2 content, the reducibility of the sinter gradually deteriorates and the compressive strength of the sintered ore 
shows a trend of getting better. 
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Abstract: Support Vector Machine (SVM) is a method of supervised learning using the optimization theory in the field of data mining. This 
method is very useful for forecasting applications. We compare Support Vector Machine (SVM) algorithm with linear regression and BP 
neural network and design the solving steps of three algorithms. The data in pellet production are taken as samples, and a software program 
running the corresponding algorithm performs regression prediction on the data. Predictive results are shown: The results of SVM are the 
most accurate among the three algorithms. The results show that the support vector machine has more practicability in data regression 
prediction, and has higher application value. 
 
Keywords: SVM; BP neural network; linear regression; regression forecasting 
 
1. Introduction 
 

Prediction is a problem often encountered in the real life, its purpose is to seek the development of natural things in different conditions 
of interaction, revealing the direction and trend of things. In real production can be summarized as based on past data and information to 
predict the next step of production, so as to predict and control the production as soon as possible. 

Data prediction in pellet production is a typical example, that is known production of raw materials in silicon, magnesium and other 
elements content and temperature, alkalinity of the production environment value, forecast pellet production data [1].Now there are many 
methods to solve the problem of prediction, which can be grouped into two categories: one is the classical statistical theory, such as linear 
regression [2];the second is the new intelligent algorithms, such as neural networks, support vector machines, etc. [3-4].The traditional 
statistical theory linear regression model is easy to operate, it can solve the prediction function [5],and can also carry out residual test of the 
results, verify the accuracy of the model [6],The assumptions of the regression equation are rigorous and require knowledge of all the factors 
that cause the change of the variable, the random perturbation term, etc [7] ,so that the application is limited in some cases. BP neural 
network  realize the mapping function from input to output[8],it is suitable for solving complex problems of internal mechanism, and has 
self-learning and self-adaptability [9];at the same time, it also has some shortcomings and deficiencies, firstly, its convergence speed is slow, 
and then the possibility of failure of grid training is a little big[10].Support vector machine is suitable for solving small sample data, it can 
be used to solve high-dimensional problem, and it is a small sample learning method with complete theoretical foundation [11-12].These 
three methods above are all suitable for solving the problem of prediction. 

In this paper, through an example, the three methods above were used to predict the small sample data, and the accuracy of the three 
methods was compared and analyzed. 
 
2. Theoretical basis 

 
Support Vector Machine (SVM) is a new technology in data mining. It is a new tool for solving machine learning problems by means 

of optimization. [13].Support vector machine regression including linear regression and nonlinear regression [14], for linear regression, 
consider using linear regression function: 

( ) +bf x w x= 
                                                                                             (1) 

( ) ( ) ( ) ( )1 1 2 2x , , x , , x , x , , x ,i i t t i iy y y y y R∈                                                                (2)
 

Assuming that the existence function f can estimate all the data at the precisionε the problem of finding the minimumω can be 
expressed as a convex optimization problem. 

2
min1/ 2 ω                                                                                                     (3)
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In order to deal with the problem that the fuction f in precisionε can not estimate all the data,the relaxation variables 
*

i , iξ ξ are 
introduced, so the equation above can be written as follow: 
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The Lagrange function and the dual variable are introduced 

http://dict.cnki.net/javascript:showjdsw('showjd_0','j_0')
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Under the constraint of formula )14( , the parameters
*

i , iα α obtained by means of maximizing formula (17) are substitued into 
formula )15( and then the regression function is given by formula )6( . 
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Multivariate linear regression analysis model: 
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In the formula:
2

10 ,,,, σβββ m  are unknown parameters independent of mxxx ,,2,1   There are n independent 

observations [ ]iimi baa ,,,1  ,where ib is the value of y , imi aa ,1 are the value of mxxx 21, ,respectively. mnni >= ,,1 . Express 
The formula )1( is expressed as  
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In the formula: nE is an n-order identity matrix. 
Parameter estimation: Using the least square method to solve the parameters, the result is 

YXXX TT 1)( −
∧

=β                                                                                                        (16) 

BP neural network is a neural network with three or more layers, each layer consists of several neurons. The learning rule of BP neural 
network is steepest descent method. Through the backward propagation to constantly adjust the weights and thresholds of network, so that 
the sum of squared of error of network is minimum. BP neural network model topology include input layer, hidden layer and output layer. 
The neurons in the input layer are responsible for receiving input information from the outside world and passing it to the neurons of hidden 
layer; Hidden layer is the internal information processing layer, responsible for information transformation, the information that the last 
hidden layer pass to the neurons of output layer through further processing means complete a learning of the forward propagation process, 
and then the output layer outputs the result to the outside. When the output does not match the expectation, put the error into the backward 
propagation phase. Error through the output layer, amend the weights of each layer according to the way that error gradient descending, 
back propagate to the hidden layer and input layer by each layer. The process of the forward and backward propagation of the information is 
the process of adjusting the weight of each layer, and also the process of learning and training of neural network. This process continues 
until the output error reaches the specified value or reaches the preset number of times of learning [15].The topology is shown in the 
following figure1: 

 

 
Figure 1. Topological structure of BP neural network model 

 
3. Algorithm design 
 

The process of algorithm is shown as follow: 

http://dict.cnki.net/javascript:showjdsw('showjd_0','j_0')
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Figure 2. The process of the algorithm 

 
In the figure above, the meaning of each step of algorithm is as follows, 
linear regression: 
STEP1. Delete the abnormal data, normalize the available data. 
STEP2. Set regression equation model according to the number of variables of model and characteristics of data. 
STEP3. The unknown parameters are estimated by least squares method. 
STEP4. The regression results were analyzed by coefficient of determination, F − test,T − test and so on. 
BP neural network: 
STEP1. Initialize the network and learning parameters, Set the initial weight matrix of   network and learning factor. 
STEP2. A training pattern is provided to train the network until the requirements are satisfied. 
STEP3. Input the data into the existed training mode, calculate the output mode of the network and compare with the expected mode. If 

there is error, proceed to the next step. Otherwise, return to STEP2. 
STEP4. Calculate the error of the neurons from same layer, correct the full value and the threshold value, return to STEP2. 
Support Vector Machine: 
STEP1. 1min

2
T TH cα α α+

where the constraint condition changes to 

i0 0, 1, ,TY i lα α= ≥ = ，  
STEP2. The algorithm of quadratic programming optimization such as interior point method can be used to realize the support vector 

machine algorithm 
STEP4. Use the method in STEP2. can realize the regression of support vector machines. 

 
3.1 Algorithm demonstration 
 

In this paper, the problem of pellet burst in actual production is studied. The input of raw data collected are the production conditions of 
pellet production, such as content of silicon and magnesium, alkalinity, temperature, etc. The output is the number of pellet bursts. The data 
in the table are all normalized, the experimental data are shown in the following table: 

 
Table 1 the experimental data are shown in the following tablet raw data 

No. Input output 

Si_standard Mg_standard R2_standard T_standard t_standard Y_standard Burst 

1 0.00 0.00 0.00 0.00 0.00 0.00 603 

2 0.00 0.25 0.25 0.25 0.25 0.25 602 

3 0.00 0.50 0.50 0.50 0.50 0.50 602 

4 0.00 0.75 0.75 0.75 0.75 0.75 427 

 
Table 2 the experimental data are shown in the following tablet raw data (Cont) 

No. Input output 

Si standard Mg standard R2 standard T standard T standard Y standard Burst 

5 0.00 1.00 1.00 1.00 1.00 1.00 400 

6 0.25 0.00 0.25 0.50 0.75 1.00 610 

7 0.25 0.25 0.50 0.75 1.00 0.00 510 

8 0.25 0.50 0.75 1.00 0.00 0.25 481 

9 0.25 0.75 1.00 0.00 0.25 0.50 481 

10 0.25 1.00 0.00 0.25 0.50 0.75 535 

http://dict.youdao.com/w/linear%20regression/#keyfrom=E2Ctranslation
http://dict.youdao.com/w/coefficient%20of%20determination/#keyfrom=E2Ctranslation
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11 0.50 0.00 0.50 1.00 0.25 0.75 508 

12 0.50 0.25 0.75 0.00 0.50 1.00 529 

13 0.50 0.50 1.00 0.25 0.75 0.00 520 

14 0.50 0.75 0.00 0.50 1.00 0.25 543 

15 0.50 1.00 0.25 0.75 0.00 0.50 459 

16 0.75 0.00 0.75 0.25 1.00 0.50 371 

17 0.75 0.25 1.00 0.50 0.00 0.75 379 

18 0.75 0.50 0.00 0.75 0.25 1.00 486 

19 0.75 0.75 0.25 1.00 0.50 0.00 501 

20 0.75 1.00 0.50 0.00 0.75 0.25 441 

21 1.00 0.00 1.00 0.75 0.50 0.25 441 

22 1.00 0.25 0.00 1.00 0.75 0.50 508 

23 1.00 0.50 0.25 0.00 1.00 0.75 466 

24 1.00 0.75 0.50 0.25 0.00 1.00 449 

25 1.00 1.00 0.75 0.50 0.25 0.00 447 

 
The data in the first six columns of table are input as independent variable, the last column of data are put into the regression model to 

do least squares estimation as output, then the regression equation is  

1 2 3 4 5 6658.38 114.08 52.59 109.75 37.68 7.21 25.17Y X X X X X X= − − − − − −                               (18)
 

The prediction results of burst number of pellets by BP neural network, multiple linear regression and support vector machine are 
shown in Table 2: 

 
Table 3 relative error between predictive results and expectation table 

Test sample 
number 

Expected 
value of 

burst 

Prediction 
results of 
BP_NN 

Err_BP Prediction 
results of 

MLR 

Err_Regres
s 

Prediction 
results of 

SVM 

Err_SVM 

21 441 346 21.54% 397 09.98% 440 00.23% 

22 508 550 08.27% 476 06.30% 520 02.36% 

23 466 439 05.79% 465 00.21% 472 01.29% 

24 449 422 06.01% 416 07.35% 444 01.11% 

25 447 372 16.78% 389 12.98% 399 10.74% 
 
The errors in Table 2 are relative errors,the calculated formula is given as follow: 

%100Err ×
−

=
tar

tarpre

x
xx

                                                                                     (19)

 

In the formula (19), prex indicates the prediction result of the number of bursts. tarx indicates the expected number of bursts. 
The error distribution of the three prediction algorithms is shown in Fig.3.what can be seen in the Fig.3 is that the error of BP neural 

network algorithm is largest, the reason for this phenomenon is that the capacity of training sample is small, the relationship between input 
and output in the test sample is not all studied; The error of the multiple linear regression model is the second, the average relative error is 
7.36%,the reason for this phenomenon is that the relationship between input and output of sample is not a simple linear relationship, the 
relationship between input and output can not be revealed scientifically by linear combination of indicator variable; the error of Support 
Vector Machine is smallest, the average relative error is only 3.15%,it is a kind of prediction algorithm which is suitable for exploring the 
nonlinear relationship of small sample data. It can be applied to the prediction of burst number of pellet production very well, and it is 
worthy of promotion. 
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Figure 3. Relative error of three prediction methods 

 
4. Conclusion 
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The number of pellet bursts is a key indicator to evaluate quality of pellet, which is affected by factors such as parameters of raw 

material .The mechanism model between the number of bursts and the parameters of raw materials is extremely complex, and there are a lot 
of uncertainties, while the application of statistical methods or intelligent algorithms in prediction can reduce the workload effectively. 
Through the result of prediction by these three methods, the accuracy of Support Vector Machine (SVM) algorithm is best, and it is worth to 
be applied in various fields. 
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Abstract: On the basis of the analysis of the classical one dimensional single lane cellular automaton model, the improved TPNS model of 
NS model is proposed. Based on the NS model, this model considers the characteristics of driver's driving psychology. From three aspects of 
the running speed, lane changing condition and safety distance, the rule of cell renewal is redefined. Constructing the TPNS model for 
driver's psychology, Using MATLAB, to build the TPNS model and the common NS model simulation analysis. Results show that the 
change of driving speed caused by the driver's psychology has a significant impact on the traffic flow. 
 
Keywords: Cellular Automata, TPNS model, traffic flow, Spatial and temporal simulation 
 
1. Introduction 
 

At present, there are mainly three methods used in traffic flow research: follow-up model, hydrodynamic model and cellular automaton 
model [1]. Based on the traffic flow problem, in order to understand the interaction mechanism between vehicles, this paper introduces the 
CA model, which not only can effectively simulate the micro-motion state of the vehicle in traffic flow, but also make the traffic flow model 
widely used in the future study of traffic flow and development. 

The initial cellular automaton traffic flow model is the 184 rule model proposed by Wolffram in 1986 [2], German scientists Nagel and 
Schreckenberg improved this model, and proposed the NaSch model [3], This model only considered the 4 processes of vehicle acceleration, 
deceleration, random delay and location update, which can reproduce the basic traffic phenomena that are often encountered in the actual 
traffic. On the basis of the NaSch model, the Chinese scholar Lei Li [4] proposed a sensitive driving model (SDNaSch) to optimize the 
stochastic delay process, based on this, Peng Lijuan [5], considering the driver characteristics, proposed the Driver-SDNaSch model. Hua 
Xuedong [6] et al. analyzed the influence of the traffic flow characteristics of urban road, and drew the lane changing probability and safety 
parameters which reflected the driving psychology into cellular automata traffic flow model.   

Based on the consideration of the driver's psychology, in this paper, the NaSch model is used as the basis of traffic flow model, and the 
operation speed, lane changing condition and safety distance are redefined, on the basis of updating the cellular rules of the NS model, the 
TPNS model considering the driver's psychology is constructed. Based on the design of the algorithm, the MATLAB simulation of the data 
is carried out to simulate the driver's influence on the traffic flow. The research results show that considering the TPNS traffic flow model of 
the driver's psychology, without considering the simulation results of typical NaSch traffic flow model of driver's psychology, driver's 
psychology has an impact on the traffic flow. 
 
2. Theoretical basis 
 

As a generalization of the cellular automaton rule 184, the basic idea of the Nasch model is to pave the road grid [7], each cell is 
considered as a small cell with independent thinking, a number of small cells correspond to one or a few cars, the motion of the vehicle on 
the road is seen as 

The evolution of the lattice field, cells can be like a car by observing the changes in the surrounding environment to determine the next 
step in the state of motion. The traffic rules that a vehicle obeys can be expressed as a rule of cell evolution. The acceleration, deceleration, 
inertia, and car running of the vehicle can be characterized by the speed change rules of the cell, so that the change law of traffic flow can be 
transformed into the evolution of the cell. The time, space and velocity in the model are discretized by integers. A one-dimensional grid 

represents a road, and each cell represents a cell. At a given instant of 1t t→ + , each cell is either empty or occupied by a car. At discrete 
time steps, the state of the system is determined by the changing rules of the cell. The discrete cellular automata model efficiently combines 
the advantages of the car following model and the coupled mesh mapping model. In the model, the speed of each vehicle can be 

max，，2,1,0 v , where maxv  is the maximum speed, In 1t t→ + , each car is updated as follows: 
(1)Vehicle acceleration phase: 

max( 1) min( ( ) 1, )n nv t v t v+ = +                                                                                             (1) 
The maximum speed of the driver's expectation. 
(2) Vehicle deceleration phase: 

( +1) min( ( )-1, ( ))n n nv t v t gap t=                                                                                          (2) 
Because the overtaking cannot happen, in order to avoid collision with the formercar the driver to take measures to slow down. 
(3) Stochastic slowing phase: By probability p: 

n nmax( ( ) 1 0)v v t→ − ，                                                                                                (3) 
Vehicle deceleration caused by various uncertain factors (Such as: pavement condition is not good, the driver's different mentality and 

so on). 
 (4) Vehicle location update: 

nx ( 1) ( ) ( 1)n nt x t v t+ = + +                                                                                       (4) 

The vehicle is moving at the speed of adjustment. 

Among them, ( )nv t  expresses the speed of the thn vehicle, ( )nx t expresses the position of the thn vehicle at the time t , ngap  expresses 
the number of empty cells between the n th vehicle and its adjacent 1n + th vehicle. 

NaSch model is a simplified CA model. Extending it to a two lane structure whose sketch map is shown in Figure 1. When the time 
step is from 1t t→ + , the model is updated according to the predefined rules. 
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Figure 1. NaSch model typical structure (the upper right corner of the grid digital speed) 

 
The road is regarded as one dimensional discrete lattice chain [11] with length L. Each grid point at each moment is empty or occupied 

by 1 vehicles, the length of the urban road cell is set to 7.5m. 
( )iv t  is the speed of normal running vehicle i at the time t , ( )ix t is the position of the thi vehicle at the time t , ( )id t expresses the 

distance between the thi
vehicle and its adjacent vehicle at the time t . 

1( ) ( ) ( ) 1i i id t x t x t+= − −                                                                                    (5) 

p  expresses random deceleration probability in driving process; sp expresses safety deceleration probability of rear vehicle,  when the 

speed of front vehicle is 0; sd  is the driving safety distance between front vehicle and rear vehicle. In order to ensure safety, there should be: 

( )i sd t d>                                                                                                               (6) 

Maximum speed of normal running of a vehicle is maxv , and then  

max( ) [0, ]iv t v∈                                                                                                     (7) 
When the psychology of driver is in excited state, the driver shows more aggressive driving behavior, and is easy to drive at high speed. 

When modeling, the maximum speed 
'
maxv  can be considered to set to vehicle. At the same time, the deceleration probability will be 

reduced when the driver is driving. It is supposed that the deceleration probability is 
'p , and then 

'
max( ) [0, ]iv t v∈                                                                                                  (8) 

In the two lane model, the principle of lane change is: The current vehicle lane only meet the following 3 conditions before allowing 

lane change at the same time: (1) the distance between the front vehicle and the target lane is greater than the driving safety distance sd ; (2) 

the distance between the rear vehicle and the target lane is greater than the driving safety distance sd ; (3) at this time there is no vehicle in 
the corresponding position of the target lane. 

Driver's psychology is taken into account. For example: when the driver’s mood is in anger, it often is close to the car to drive, and 
more frequently changes the lane, which often makes the driver not meet the above conditions for the mandatory lane change. Specifically, 

the change in the above 3 conditions is: (1) the distance between the front vehicle and the target lane is greater than 
'
sd (

'
s sd d< ). (2) the 

distance from the rear vehicle in the target lane is greater than the driving safety distance 
'
sd . (3) at this time there is no vehicle in the 

corresponding position of the target lane. 
 
3. Simulation 
 
3.1 Simulation 
 

In the initial parameter setting, two lanes are represented as a two-dimensional array of 2 rows. Total length of road is 200 (cell number 
representation). The initial vehicle on the road is 3(cell number representation). Each array element represents a cell and it has 2 states, the 
cell is occupied by a car when the array element value is 2 and display in white; the cell is not occupied by a car when the array element 
value is 1 and display in blue. The state of the cell in the 1t + state is influenced by its nearest neighbor cell state and the cellular t time itself, 
cellular   neighbor radius 1r = . After the simulation starts, the vehicle updates its attribute values according to the new update rules, 
boundary condition is a periodic boundary condition, that is the vehicles run to the right end of the road and then back to the left at the 
entrance, the vehicle does not need to be generated in the left. A simulation experiment is set to 500 time step, starting from the initial 
time 0t = , plus 1 in order to advance the simulation time, until the end of simulation. Specific time, location time is defined, which is used 
to analyze the traffic flow and draw the corresponding space-time map, the simulation algorithm is shown in Fig. 2. 
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Figure 2. Cellular automata traffic flow model MATLAB simulation algorithm flow 

 
3.2 simulation results and data analysis 
 

First, the influence of driver's behavior on the running speed [13] is simulated.  Take the most cart speed 14m/s corresponds to the 

actual speed 
'
max 2v =  time step, and stochastic slowing rate 0.3p = , the iteration number is 500, the length of the road is 500, other 

conditions set to remain normal. After running the MATLAB simulation program, as shown in Fig.3, a screenshot of the simulation is 
obtained. Figure in the blue box on behalf of the vehicle, white box on behalf of the road, the upper side of the road for the left lane, the 
bottom of the road for the right lane. 

 

 
Figure 3. Simulation process a moment screenshot 

 

 
Figure 4. Two lane space time map with maximum speed increase 

 
When the time step number T reaches 500 the end of the simulation, showing the left lane of traffic flow diagram. Interval 3s and then 

show the traffic flow diagram in Fig.4 when increasing the maximum speed to the right, and the number of vehicles for 426 which through 
the right  

side in the simulation time is returned. 
 

 
Figure 5. The lane space time map of the lane changing condition 
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Figure 6. The time and space diagram of the vehicle with the distance between the following 

 
Simulation of the impact of a driving behavior on the lane change. Restore maximum speed to max 5v = (cell number representation), 

random probability 0.3p = ,The lane change condition is the distance between the target lane and the normal driving condition sd≥ (value 5), 

and the distance from the target lane sd≥ , and the goal of the car without a car to adjust the distance between the target car 3≥ , target lane 
vehicle distance 3≥ ,car free of target lane. Space time diagram is returned and shown in Fig. 5, at the end of the simulation, the number of 
vehicles passing through the right side section of the vehicle is 158. The effect of driving anger on the safety distance is simulated when the 
other conditions remain unchanged, the 5sd =  changed into 

' 3sd = in the update principle. Space time diagram is returned and shown in 
Fig.6,at the end of the simulation, the number of vehicles passing through the right side section of the vehicle is 202. Finally considering the 
performance of driving anger in three aspects, Simulation is re run when the driver's psychological update rules is set. Simulation results of 
typical NS traffic flow model without considering driving anger is comparative analyzed. Space time diagram is returned and shown in 
Fig.7—8, at the end of the simulation, the number of vehicles passing through the right end of the lane is 414 and 256 respectively. 

 

 
Figure 7. Comprehensive consideration of drivers' comprehensive consideration of drivers' behavior influence lane space time diagram 

 

 
Figure 8. The normal lane space time map  

 
4. Conclusion 
 

Comprehensive analysis, considering the driver's psychological and do not take into account the driver's psychological situation, the 
results of traffic flow showed obvious difference, in order to describe the traffic flow on the actual road more accurately, considering the 
driver's psychology is very necessary when the traffic flow simulation of cellular automaton is carried out, for example, traffic flow is large 
When the driver is angry, but the vehicle congestion situation is also serious, the main reasons is that speed of cars influenced by the 
psychological excitement. Therefore, to reduce the threat of safe and efficient transportation caused by driver’s emotion, measures should be 
taken to control the driver's emotion, especially in the control of driving speed. 
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Abstract: The pellet properties obtained by the Sphere test in industry are evaluated in many aspects. A pellet property is often indicated by 
a number of indicators to make a comprehensive evaluation. Forming Comprehensive Classification of pellet property overall has great 
significance to consider the comprehensive quality of pellets from all aspects. In this paper, there are 41 samples of spheroids obtained by 
specific experiments. First, the sample is assigned to the initial tag according to the performance index by dynamic clustering. With SVM 
algorithm, train model according to initial label on the basis of the physical and chemical indexes and get the new classification under SVM. 
Fisher discriminant analysis was performed for samples with inconsistent results. And samples are grouped into base categories by 
discriminant analysis. Thereby improve the classification of the whole sample. With the new data labels, the SVM classification is repeated 
and the Fisher discrimination is repeated until one of the most taxonomic categories is reached. For an excellent classification, first, analyze 
the performance level of the class. Then it is possible to roughly determine the approximate input amount of several raw materials for 
forming a high-level pellet property. Secondly, give a research range for the ratio of specific quantity in order to study matching relationship 
from a smaller range. Finally, the classification results are used as the basis of discriminant analysis to classify samples and estimate 
performance. 
 
Keywords: Sphere test, dynamic clustering, SVM classification, Fisher discriminant 
 
1. Introduction 
 

The pellet properties obtained by the ball test in industry are evaluated in many aspects. Professional indicators on the individual can be 
professional level. But more indicators are not divided by quality standards. In addition, the man-made criteria according to the standard for 
a single indicator is with 100% reliability. But a pellet property is often indicated by a number of indicators to make a comprehensive 
evaluation. After the expansion of the sample dimension, it can not be classified. And if adding multiple variables into the classification 
parameters through algorithm, the goal of forming comprehensive evaluation for pellet property overall can be reached. It has great 
significance to consider the comprehensive quality of pellets from all aspects. And this is unable to rely on human experience to make 
judgments. 

In addition, for the physical and chemical ratio of the sphere experiment, currently there is no recognized optimal strategy. And a large 
number of repeated exploratory trials inevitably lead to be blindness and meaningless. Therefore, by a certain amount of sample test, make 
test sample has a more uniform distribution in terms of performance. The classification results of these samples can be used as reference for 
subsequent feeding, which has a certain degree of guiding significance for optimizing feeding. In addiction, give a research range for the 
ratio of specific quantity in order to study matching relationship from a smaller range. 

After a successful classification, for a ratio of the sphere test, through the discriminant analysis, the sphere-forming performance under 
this ratio can be estimated in advance. 

In summary, the work done in this paper mainly focused on the following three aspects: 
From the industrial or professional experience artificially classification can be done. But a comprehensive classification considering 

multiple indicators can not be completed by a human brain experience. Analyzing the performance level of the class, it is possible to roughly 
determine the approximate input amount of several raw materials for forming a high-level pellet property. 

Give a research range for the ratio of specific quantity in order to study matching relationship from a smaller range. For example, if the 
ratio of Mg and Si is 1: 2, there are a number of specific inputs. If it is known in advance that the amount of Mg is in the range of 2 to 4, it is 
obvious that the choice is made in the cases of 3Mg and 6Si and 5Mg and 10Si. 

The classification results are used as the basis of discriminant analysis to classify samples and estimate performance. 
 
2. Model 
 

Before doing this work, the first problem to be solved is that the SVM algorithm does not label the cluster. The solution of this problem 
can be solved by cluster analysis. However, clustering-generated categories as SVM primitive tags have a significant impact on the final 
classification quality. In addition, SVM model itself has an important impact on the results. Specific process as shown below: 
 

 
Figure 1. Schematic design diagram 

 
3. Dynamic clustering of performance index 
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Dynamic clustering is a clustering method that can be adjusted at any time during clustering. Firstly, an initial classification is given for 
41 samples, and then modified by some principles. Finally, an optimal classification is obtained by iteration. The process is shown in Figure 
2 below: 

Here, K-means clustering is adopted: 
Step1: Select the initial condensation point and initial classification. 
Step2: Calculate the center of gravity of the initial class, and then test the distance of each sample to the center of gravity. Classify 

according to distance. In general use European distance. Two distance of high dimensional vectors )( 11211 nxxxa 
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Step3: Verify all samples one by one, iteratively modifying, until no samples need to be moved. 
In this way, by using dynamic clustering, according to ‘bursting pressure’, ‘bursting’, ‘bonding rate’, ‘into the ball rate’, ‘compression’ 

and ‘fall’ six performance indicators, the label of the sample set can be given preliminary. And then through the analysis of the six indicators, 
we can get comprehensive performance level about initial classification. Of course, the initial clustering results may not be optimal, so next 
tags need to be improved. 

 

 
Figure 2. Dynamic clustering flow chart 

 
3.1 Support Vector Machine Classification 
 

Support vector machine is to find an optimal hyperplane to divide the sample.There are two problems, one is SVM hyperplane and the 
other is optimality. 

For a problem on the plane, as shown in Figure 3 below: 
 

C1

C2

 
Figure 3. Linear separable schematic diagram 

 

a b

 
Figure 4. Linearly indivisible schematic 

 
C1 and C2 two categories can be divided by a straight line which here is a classifier. 
But as shown in Figure 4 above: The red and blue lines can not be separated by a straight line. But the curve shown in the figure can 

completely divide it. The parabola here acts as a classifier. 
In the case of higher dimensions, there will be more complex and dimensionally higher functions acting as categorical roles. They will 

be unified called the hyperplane. 
Often the samples that need to be classified have multiple attributes, so the linear separability is less. Support vector machine is to 

transform a linearly indivisible problem into a linear separable problem through the corresponding kernel function to high-dimensional 
space conversion. This mapping is: 

( ) ( ) ( )( )xaxaxaxx nnφφφφ ,,)( 2211=→ RRa nn ∈∈ φ  
The realization of this mapping is through the kernel function: 

( ) ( ) ( )jiji xxxxK φφ •=,  

In general, the kernel function satisfies the Mercer condition, where the Mercer condition is: 
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The classification structure of SVM is very dependent on the state of kernel function. Optimizing the classification structure from the 
kernel function is an important aspect of support vector machine. 

Figure 5 as an example, there are more than one line that can separate C1 and C2.As shown in the following figure, the support vector 
machine chooses the optimal hyperplane by the classification interval. 

 

margin=2/w

H2

H

H1

 
Figure 5 .The Optimal Hyperplane 

 
There are two types of samples that can be separated linearly. That is ( ) ( ) ( ) }1,1{,,,,,, 2211 +−∈∈ yRxyxyxyx n

ll

.They can be 

separated by hyperplane 0=+• bxw .The so-called optimal classification line is not only able to separate the two categories, but also the 
largest classification interval. In the figure, H  is the optimal classification line. 1H  and 2H  are the lines that through the samples closest 
classification line and are parallel to the classification line. The distance between them is: 
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The training sample points on 1H and 2H  are called support vectors. 
By Fermat's theorem, the problem of solving the optimal plane can be transformed into the problem of solving a system of equations. And 
then obtain a dual problem. Thus solve the optimal classification function: 

( ) ( )}sgn{ bxwxf +•=  
( ) ( )[ ]11

2
1

−•+•−= xwxwb , ( )1x  denotes a support vector of the first class, and ( )2x  denotes a certain support vector of the second class. 

After applying the kernel function under Mercer condition, the optimal classification function becomes: 

( ) ( ) }sgn{
1
∑
=

+•=
l

i
iii bxxkyxf α  

For linearly indivisible cases, introducing slack variables can be solved. 
With the sample tag, svm classification can be done. At this point, when building the svm training set and test set, do not reuse 

performance indicators, and use physical and chemical indicators. Mainly for the following two reasons: 
1 The performance index is selected for initial clustering, and the clustering process has applied the performance index information. 

While the physical and chemical indicators and performance indicators on the one hand, is clearly an intrinsic correlation, on the other hand 
reflect the sample from different aspects. So the use of physical and chemical indicators svm classification can further  supplement classified 
information, on the other hand can also reflect the relevance between the physical and chemical indicators and the performance indicators. 

2 In this paper, we mainly consider the physical and chemical ratio as the model input. In this investment, the performance will reach 
what level. So the final model needs physical and chemical indicators to be the element. Therefore, compared to performance indicators, the 
training should be more dependent on physical and chemical indicators. 
 
3.2 Fisher discriminant method 
 

There are K populations. The number of samples taken was knn ,,1  respectively. Make knnn ++= 1 ,
( )i
ax is the observed value of 

the i  sample of the a  population. 
The data results are shown in Table 1.According to the experimental data, a total of 41 samples were divided into three categories, 

namely k = 43.Considering twice clustering results, restructure samples that are consistent in two classification results. And then determine 
the distribution of each type of sample, as the basic categories of Fisher discriminant analysis. 

Fisher discriminant gives the linear discriminant function by constructing the discriminant function in the statistical sense to divide the 
unknown sample. That is: 

( ) pp xcxcxy ++= 11  

The purpose of Fisher discriminant is to solve the unknown coefficient vector pcc ,,1   by a certain standard. 
Before deriving the vector of coefficients, first clear several statistics. The sample mean and sample variance of the discriminant 

function on the jth population are: 
 

Table 1 Fisher discriminant data structure table 
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The purpose of Fisher discriminant is to solve the unknown coefficient vector pcc ,,1   by a certain standard. 
Before deriving the vector of coefficients, first clear several statistics. The sample mean and sample variance of the discriminant 

function on the jth population are: 
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The total mean vector of discriminant function is: 
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In addition,

i
X iV is the overall sample mean and sample covariance matrix. 

The purpose of discriminant analysis is to make the state of the unknown sample as clear as possible into each category. This naturally 
requires that the features of the base class as discriminant analysis should be concentrated as far as possible. From a statistical point of view, 

the following formula should be maximized, taking into account the two sums of squared deviations, where iq  is the weighting factor. 
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Obviously this formula has a strong practical significance, and is very appropriate from the discriminant point of view. 
Determining a set of independent variables maximizes the dependent variable, which is the problem of a sphere extreme.By using the 

Fermat theorem, the problem can be transformed into the eigenvalue and eigenvector problem of the AE 1−
 by using the matrix derivative 

and the vector derivation formula, in which: 
( )( ) ( )( )Ti
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i
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j

i
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= =1 1  

( )( )Tik

i

i
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=1  
From the algebraic knowledge, AE 1−  has ( )pk ,1min −  eigenvalues. Thus, ( )pk ,1min − discriminant function can be constructed. The 

principal component analysis shows that the size of the eigenvalue reflects the contribution of the discriminant function to the discrimination, 
that is, the greater the eigenvalue, the stronger the discriminative ability. There are different measures of the ability to discriminate. Under 
normal circumstances, use cumulative discrimination ability. 

When the cumulative discriminant ability is 85%,the later discriminant function is no longer as a discriminant analysis tool. 
For a specific decision rule, there are different decision rules depending on the number of discriminant functions and whether the 

process requires weighting. From the results, we can see that this article involves only one discriminant function. Here we also take a simple 
unweighted discriminant rule, so the rules are as follows: 

( ) ( ) ( ) ( )j

kj

i
yxyyxy ===

≤≤1
min

, iGx∈  
Considering twice clustering results, restructure samples that are consistent in two classification results and treat them as the basis for 

Fisher discriminant analysis. For the samples with inconsistent classification results, classify the samples into the basic categories one by 
one by discriminant analysis, so as to improve the classification of the whole samples. With the new data label, repeat the SVM 
classification and the Fisher discriminant until an optimal classification is reached. 
 
4. Results and discussion 
 

Through dynamic clustering, three categories are obtained. The three categories contain 12 samples, 11 samples, and 18 samples, 
respectively.16 iterations has achieved the optimal classification. Classification speed is fast. Classification method is ideal. Specific 
classification results is shown in Figure 6 below. It was found that the proportion of each part of clustering results was roughly equal. 
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Figure 6 .Dynamic clustering 

 

 
Figure 7. SVM classify 

 
Using two functions, svmtrain and svmpredict, through the clustering label, Train out the model and classify. 
Model = svmtrain (“Training Set Label”, Training Set, 'Parameter status(-c 2 -g 0.02 -t 2)')[predict label, accuracy, dec_ values] = 

svmpredict (“Test Set Label”, Test Set, model) 
Among them, the state of the parameter involves the kernel function and some main influencing factors in the SVM training process. It 

is an important aspect to study the svm classification model. In this paper, we focus on the combination of SVM and Fisher discriminant 
analysis from discriminant analysis. So as long as involving SVM classification, making part of the state parameters consistent meets the 
requirements. All assumed state parameters are: 

-c 2 -g 0.02 -t 2 
The SVM classification results are shown in Fig7. 
Among them, the proportion of the three types of clustering is roughly the same, but the final classification ratio by SVM is a serious 

imbalance. The first category is only one sample, which has already shown that SVM did not achieve a good training effect. The imbalance 
in the proportion, on the one hand shows that it is extremely necessary to modify the original label. On the other hand, among the 41 
samples, 26 matches, while the other 15 has different results. The accuracy rate is only 63.414%. 

Specific inconsistent samples are shown in Table 2: 
 

Table 2 Samples with inconsistent classification results 
 Ca Si (%) Mg (%) Si/Mg R2 R3 

2 2 2.80  3.50  2.10  1.6667  0.80  

6 6 3.20  4.00  1.80  2.2222  0.80  

7 7 4.00  4.00  2.10  1.9048  1.00  

13 13 2.70  4.50  2.70  1.6667  0.60  

18 18 4.00  5.00  2.70  1.8519  0.80  

21 21 3.30  5.50  2.10  2.6190  0.60  

25 25 2.70  4.50  1.80  2.5000  0.60  

35 35 3.50  3.50  1.80  1.9444  1.00  

36 36 4.00  4.00  1.80  2.2222  1.00  

38 38 5.00  5.00  2.00  2.5000  1.00  
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39 39 5.00  5.00  2.20  2.2727  1.00  

5 5 4.90  3.50  3.00  1.1667  1.40  

11 11 5.40  4.50  2.10  2.1429  1.20  

23 23 5.50  5.50  2.70  2.0370  1.00  

33 33 6.00  5.00  1.80  2.7778  1.20  

Note: Data such as Si, Mg R3 and so on are rounded off 
 
The classification accuracy under the initial label of clustering is only 63.4146%.The accuracy rate does not reach a high level. On the 

one hand, it is necessary to improve from the model itself, and on the other hand, we hope to further optimize the classification labels, 
aiming to make the characteristics of the category concentrate as much as possible, in order to reduce the probability of misleading training. 

In the following, first, select the samples with consistent results. In these results, regard each class as the base class of discriminant 
analysis. 

The coefficients of the Fisher discriminant function are calculated as follows:-2.759  0.372 
4.153 4.285 4.481 -1.182 
The discriminant function is: 

3182.12481.4/285.4153.4372.0*759.2 RRMgSiMgSiCay −++++−=  
 

The discriminant function value of each sample is obtained in turn, and the discriminant mean value of each class is obtained as follows: 
Category The first category(1) The second category(2) The third category(3) 

Mean 12.68695873 6.665456864 11.11475326 
 
Calculate the difference between the discriminant function value of the sample to be judged and the class mean value one by one to go 

on discriminated classification according to the following principle. 

if ( ) ( ) ( ) ( )j

kj

i
yxyyxy ===

≤≤1
min , 

iGx∈  

The differences between the individual samples and the mean values are shown in Table 3: 
 

Table 3 Difference table 
Function Value 12.68695873 (1) 6.665456864 (2) 11.11475326 (3) 

11.36977  -1.31719  4.70431  0.25501  

11.76412  -0.92284  5.09867  0.64937  

10.01365  -2.67330  3.34820  -1.10110  

13.84967  1.16271  7.18421  2.73491  

11.97321  -0.71375  5.30775  0.85845  

14.41331  1.72635  7.74785  3.29856  

13.91920  1.23224  7.25374  2.80445  

10.14396  -2.54300  3.47850  -0.97079  

10.21672  -2.47024  3.55127  -0.89803  

9.90970  -2.77726  3.24424  -1.20505  

9.71916  -2.96780  3.05370  -1.39560  

8.84652  -3.84043  2.18107  -2.26823  

8.08604  -4.60092  1.42059  -3.02871  

9.53205  -3.15491  2.86659  -1.58270  
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8.21746  -4.46950  1.55200  -2.89730  

 
According to the principle of discrimination, the categories of samples to be judged are determined in turn, and the adjusted categories 

are obtained, as shown in Table 4 below. 
Again through the svm classification, the accuracy rate is 75.6098%.The accuracy of the same parameters have been greatly improved. 

Back and forth until the accuracy rate reaches a preset threshold. 
 

Table 4 the final category 
Serial number Ca Si (%) Mg (%) Si/Mg R2 R3 Ct 

1 2.10  3.5  1.8  1.94444  0.6  1.1143  1 
2 2.70  4.5  2.7  1.66666  0.6  1.2000  1 
3 4.00  5.0  2.7  1.85185  0.8  1.3400  1 
4 3.30  5.5  2.1  2.61904  0.6  0.9818  1 
5 2.70  4.5  1.8  2.50000  0.6  1.0000  1 
6 5.60  4.0  2.7  1.48148  1.4  2.0750  2 
7 6.30  4.5  2.4  1.87500  1.4  1.9333  2 
8 6.00  5.0  1.8  2.77777  1.2  1.5600  2 
9 7.00  5.0  2.1  2.38095  1.4  1.8200  2 

10 7.70  5.5  1.8  3.05555  1.4  1.7273  2 
11 6.60  5.5  3.0  1.83333  1.2  1.7455  2 
12 6.30  4.5  1.8  2.50000  1.4  1.8000  2 
13 7.00  5.0  1.8  2.77777  1.4  1.7600  2 
14 4.90  3.5  3.0  1.16666  1.4  2.2571  2 
15 5.40  4.5  2.1  2.14285  1.2  1.6667  2 
16 6.00  5.0  1.8  2.77777  1.2  1.5600  2 
17 3.50  3.5  2.4  1.45833  1.0  1.6857  3 
18 4.20  3.5  2.7  1.29629  1.2  1.9714  3 
19 4.80  4.0  2.4  1.66666  1.2  1.8000  3 
20 2.40  4.0  3.0  1.33333  0.6  1.3500  3 
21 3.60  4.5  3.0  1.50000  0.8  1.4667  3 
22 3.00  5.0  2.4  2.08333  0.6  1.0800  3 
23 5.00  5.0  3.0  1.66666  1.0  1.6000  3 
24 4.40  5.5  2.4  2.29166  0.8  1.2364  3 
25 3.60  4.5  1.8  2.50000  0.8  1.2000  3 
26 4.50  4.5  1.8  2.50000  1.0  1.4000  3 
27 5.40  4.5  1.8  2.50000  1.2  1.6000  3 
28 3.00  5.0  1.8  2.77777  0.6  0.9600  3 
29 4.00  5.0  1.8  2.77777  0.8  1.1600  3 
30 5.00  5.0  1.8  2.77777  1.0  1.3600  3 
31 5.50  5.5  1.8  3.05555  1.0  1.3273  3 
32 5.00  5.0  2.4  2.08333  1.0  1.4800  3 
33 5.00  5.0  2.6  1.92307  1.0  1.5200  3 
34 2.80  3.5  2.1  1.66666  0.8  1.4000  3 
35 3.20  4.0  1.8  2.22222  0.8  1.2500  3 
36 4.00 4.0 2.1 1.90476 1.0 1.5250 3 
37 3.50 3.5 1.8 1.94444 1.0 1.5143 3 
38 4.00 4.0 1.8 2.22220 1.0 1.4500 3 
39 5.00 5.0 2.0 2.50000 1.0 1.4000 3 
40 5.00 5.0 2.2 2.27272 1.0 1.4400 3 
41 5.50 5.5 2.7 2.03703 1.0 1.4909 3 
42 2.10 3.5 1.8 1.94444 0.6 1.1143 1 

 

Ideally, there will be no significant changes in two sums of squared deviations. If two sums of squared deviations actually stabilize, but 
the accuracy is still not ideal, it should improve the parameter state of the model itself. In other words, the problem has been transformed 
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into improving internal model structure. There is a special paper discussing this aspect. Finally, the distribution of the mean value of each 
category is given 

 
5. Conclusion 
 

In this paper, aiming at test data about sphere test, considering about multiple indicators synthetically, regarding classifying as basic 
content, new ideas and research methods are given for the study of the ratio of the materials and the estimation of the unknown sample 
properties. 

Specific to the project, the main conclusions are as follows: 
(1) The initial accuracy rate is only 63.414%.After a Fisher improvement the accuracy rate increases to 75.6098%.The change is very 

significant and the classification results have been greatly optimized. The combination of SVM classification and Fisher discriminant has 
good applicability in this field. The application prospect is good. 

(2) The first category in the ‘maturing ball compression’ and ‘burst’ has an absolute advantage. While the second category is very 
prominent in the ‘bond rate’, but in the ‘cooked ball compression’ and ‘burst’ relatively backward. Three classes remain balanced on the 
‘ball rate’, ‘compression’ and ‘falling’. Overall, the first category is more high quality. The reason for the blurred category boundaries is 
caused by the narrow information that the sample provide. 

(3) After the initial tab is optimized once, on the basis of the optimized label, the SVM model with the parameter "-c 2 -g 0.02 -t 2" has 
higher classification precision. Other samples in the field are considered to be classifiable in principle. And for a certain number of global 
sample sets, this model can be used to classify directly. 
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Abstract: The desulfurization technology of circulating fluidized bed (CFB) is a common flue gas desulfurization technology, whose 
desulfurization efficiency is decided by multiple correlated variables mainly including Ca/S ratio, circulating rate, approaching the adiabatic 
saturation temperature and SO2 inlet concentration. At present, the comprehensive forecasting model of desulfurization efficiency is not 
mature yet. In this article, the several important factors affecting the desulfurization efficiency were analyzed one by one, then according to 
the experimental data, the accurate forecasting to the desulfurization efficiency of circulating fluidized bed was made based on the 
multivariable grey theory MGM (1, n) while taking into consideration Ca/S ratio, circulating rate, approaching the adiabatic saturation 
temperature and SO2 inlet concentration. 
 
Keywords: Multivariable Grey Theory Desulfurization Efficiency Calcium Sulfur Ratio Circulating Rate Circulating Rate 
 
1. Introduction 
 

China is a major consumer of coal, with an annual coal consumption of billions of tons. The combustion of large amount of coal 
produces excessive SO2 emission, aggravating the air pollution, so it is necessary to conduct desulfurization treatment to the flue gas after 
the coal is burned. Desulfurization technology with circulating fluidized bed is a common desulfurization technology nowadays, however, 
the desulfurization efficiency is affected by several factors; therefore, it is especially important to improve the desulfurization efficiency to 
the flue gas. 

A lot of exploration and experimental studies had ever been made. Song [Yuanming1] et al. studied the influence of different Ca/S ratio 
conditions to the desulfurization efficiency of circulating fluidized bed, and the result indicated when other parameters remained unchanged, 
the improvement of Ca/S ratio had no obvious influence to the desulfurization efficiency in the short period. Zhou Yuegui [2] et al. studied 
the influence of material circulation to the desulfurization efficiency during the flue gas desulfurization process with the circulating fluidized 
bed, proposed the simulation computation method and verified the feasibility and efficiency of this method. M. de las Obras-Loscertales [3] 
et al. carried out industrial test to the desulfurization efficiency with the circulating fluidized bed, and studied its desulfurization mechanism. 
The test showed that the factors such as Ca/S ratio, limestone particle size and bed temperature etc. all had different influence to the 
desulfurization efficiency. 

However these studies were all made based on the influence of single factor to the desulfurization efficiency. The influence law of 
single factor to the desulfurized efficiency was not so obvious, and it was difficult to forecast the desulfurization efficiency. In this article, 
on basis of the multivariable grey theory knowledge and taking into account the comprehensive influence of four factors to the 
desulfurization efficiency, the forecasting model of desulfurized efficiency of circulating fluidized bed was established, and implemented 
with MATLAB, then the accurate forecasting model of desulfurization efficiency of circulating fluidized bed was obtained and its suitability 
was verified. 
 
2. Influencing Factors of Desulfurization Efficiency 
 

The factors that affect the desulfurization efficiency of circulating fluidized bed include Ca/S ratio, circulating rate, approaching the 
adiabatic saturation temperature, SO2 inlet concentration, initial size of lime slurry droplet, flue gas inlet temperature, flue gas outlet 
temperature and flue gas flow rate, among which, the influence caused by Ca/S ratio, circulating rate, approaching the adiabatic saturation 
temperature and SO2 inlet concentration is greater [4]. The influence of these four factors was analyzed one by one as below: 
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Figure 1. Relation diagram of Ca/S and desulfurization efficiency 

 
The Ca/S mol ratio refers to the ratio between the required Ca-base mol value and sulfur dioxide mol value during the desulfurization 

reaction process, which is an important factor that affects the desulfurization efficiency. From Fig. 2, it is known that when Ca/S ratio was 
less than 1.5, the desulfurization efficiency increased along with the increase of Ca/S ratio, showing nearly a line relationship. When Ca/S 
ratio was more than 1.5 but less than 2.3, the increase rate of desulfurization efficiency along with the increase of Ca/S ratio became slow; 
when Ca/S ratio was more than 2.3, the desulfurization efficiency no longer changed along with Ca/S ratio. 
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Figure 2. Relation diagram of circulating rate and desulfurization efficiency 

 
The circulating rate refers to the rate between recycling material quantity and new material quantity. In the circulating fluidized bed, it 

has two definitions, i.e. the rate between solid material quantity and coal quantity fed by the system, and the rate between solid material 
quantity recycling in the furnace and solid material which is raised with the coal fed into the hearth and then enters directly into the 
separator. The increase of circulating rate can improve the utilization of desulfurizer and increase desulfurization efficiency. From Fig. 3, it 
is known that in the two segments with circulating rate below 30 and over 30, the circulating rate was nearly proportional to the 
desulfurization efficiency; furthermore, the increase rate in the first segment was bigger than the latter one. 

 

6 9 12 15 18 21
0

20

40

60

80

100

de
su

lfu
riz

at
io

n 
ra

te
(%

)
 

approaching the adiabatic 
saturation temperature（℃）  

Figure 3. Relation diagram of approaching the adiabatic saturation temperature and desulfurization efficiency 
 

In the semi-dry flue gas desulfurization process, the unsaturated flue gas of certain humidity and temperature enters the 
desulphurization tower, and contacts with the lime slurry sprayed from the nozzle. As the flue gas is not saturated, the water gets evaporated 
continuously in the gas flue. Assuming that the desulfurization tower has good heat preservation property, no heat loss occurs, and heat is 
not recovered from outside, the latent heat for water evaporation comes only from the sensible heat of flue gas. So the temperature of flue 
gas drops gradually along with the advancement of procedure and the humidity increases continuously. But after water evaporation, the heat 
in same quantity is brought back to the flue gas in the form of latent heat. The enthalpy in flue gas remains unchanged, so this is a process 
where the enthalpy humidity is increased and the temperature is decreased. When the gas reaches saturated, the procedure is stopped and the 
flue gas temperature won’t drop any longer. From Fig. 4, it is known that the desulfurization efficiency reduced along with the increase of 
approaching the adiabatic saturation temperature; in addition, it indicated an approximate straight line. 
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Figure 4. Relation diagram of SO2 inlet temperature and desulfurization efficiency 
 

From Fig. 5, it is learned that if other parameters remained unchanged, when SO2 inlet temperature was below 1200ppm, the 
desulfurization efficiency was basically kept the same. When it was over 1200ppm, the desulfurization efficiency showed a slight decrease 
trend. This is because when the other parameters are kept the same, the increase of SO2 inlet temperature results the increase of desulfurizer 
that enters into the tower in the unit time, the slurry concentration is increased. When the slurry droplet size remains unchanged, the solid 
content of every slurry droplet is increased, and water content is decreased, such that not only the drying time of slurry droplets gets shorter, 
but also the desulfurization reaction rate is decreased, as a result, the desulfurization efficiency is reduced. 

The influence on desulfurization efficiency produced by Ca/S ratio, circulating rate, approaching the adiabatic saturation temperature 
and SO2 inlet concentration were analyzed as above, it can be concluded that the influence law of single factor on desulfurization efficiency 
is not obvious, and it is difficult to forecast the desulfurization efficiency. In this article multivariable grey forecasting model was adopted to 
combine multiple factors, and the desulfurization efficiency law under their joint influence was found out so as to improve the forecasting 
accuracy. 
 
3. Multivariable Grey Forecasting Model and MATLAB Implementation 
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3.1 Multivariable grey theory [5, 6] 
 

(1)Normalization processing of data 
Since the unit of various variables is not the same, the values may have great difference in order of magnitude; therefore, the data 

sequence usually needs to be processed before use, to make it non-dimensionalized. The commonly used method is normalization process.    
The original data sequence is set as: 

),,2,1()),(),2(),1(( minXXXX iiii ⋅⋅⋅=⋅⋅⋅=                                                                (1) 

    Normalization process is conducted to formula(1) to obtain the new data sequence { })()0( kX i  

),,2,1;,,2,1(,
(min)(max)

(min))()()0( nkmi
XX

XkXkX
ii

ii
i ⋅⋅⋅=⋅⋅⋅=

−
−

=                                                  (2) 

(2) Accumulated generation operation (AGO) and inverse accumulated generation operation (IAGO)  
1. AGO 
 

x(0
)

k  
Figure 5a. Original series trend chart 

 

x(
1)

k  
Figure 5b. AGO series trend chart 

 
Figure 5. Comparison of original series and AGO series 

Since the original data are always random quantity, and there is no regularity (as shown in Fig. 5a). After AGO processing, the original 
data were made become data with regularity (as shown in Fig. 5b), then the regularity was found out and the dynamic model was established. 

The accumulated series are denoted as below: 

),,2,1()),(,),2()1(( 1111 minXXXX i ⋅⋅⋅=⋅⋅⋅= ）（）（）（）（ ，                                                       (3) 

Then, the AGO { })()1( kX i  series satisfy: 
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2. IAGO 
IAGO is the inverse operation of AGO and is used to restore data. 

AGO series { })()0( kX i  satisfy: 
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(3) Model building 
In the practice, several variables are involved, and they are correlated mutually, that’s to say, the variables are influencing each other, 

therefore, multivariable grey forecasting model MGM (1, n) was established, at same time, analysis was made to several variables, so as to 
obtain the more accurate forecasting result. 

Multivariable grey forecasting model MGM (1, n) is to establish a first order n element ordinary differential equation for AGO series. 
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(4)Solving model 
Let: 
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In which, BA,  are identification parameters. 
So, formula (6) can be written as below: 
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In the range ],0[ t , there are integrals: 

∫ −− =
t AttAt BdteXe
00

)1(                                                                                  (13) 

BABeAe
A
BXXe At

t
At

t
At 11

0

)1(
)0(

)1(
)(

−−−−− +−=−=−                                                                 (14) 

Through arrangement, the following is obtained: 
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For the integral at both sides of formula(9): 
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As: 
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Let: 
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Then, the identification value iâ  is obtained for ia  by means of least square method. 
In details, let: 
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(A)R  is A ’s range, ˆi iLa Y−( ) is perpendicular to any vector of A , i.e.: 
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The distinguishing degree Â and B̂ of A and B are obtained. 
The formula of MGM(1,n): 
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After IAGO, then 
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Finally with normalized inverse operation, the final forecasting formula is obtained.  

(min))(min)(max))(1(ˆ)1(ˆ )0(
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3.2 MATLAB implementing steps 
 

According to the multivariable grey forecasting model theory, the implementing steps with MATLAB are as follows: 
1. Input the original series )0(X and obtain AGO series )1(X ; 
2. Calculate the data matrix L  and Y ; 
3. Calculate the estimated value of simulation parameters; 
4. Calculate the fitted value and forecast value of the model. 
 

 
4. Forecasting of Desulfurization Efficiency 
 
4.1 Data collection 
 

Through test, the data at different time such as Ca/S ratio, circulating rate, approaching the adiabatic saturation temperature and SO2 
inlet concentration and as well as the corresponding desulfurization efficiency under such conditions are obtained. See Table 1. 

 
Table 1 Parameters and Desulfurization Efficiency at Different Time 

Time Ca/S ratio 
(mol/mol) 

Circulating rate Approaching the 
adiabatic 
saturation 

temperature (ºС) 

SO2 inlet 
concentration 

(ppm) 

Desulfurization 
efficiency (%) 

1 1.2 32 23 1500 90.3 
2 1.3 30 20 1430 91.2 
3 1.5 29 17 1400 90.6 
4 1.7 29 13 1350 89.0 
5 2.0 28 11 1310 87.9 
6 1.7 26 13 1260 86.5 
7 1.5 23 14 1270 85.6 
8 1.6 24 16 1330 84.4 
9 1.5 22 17 1400 83.5 

10 1.4 23 14 1380 84.7 
11 1.4 25 14 1370 85.1 
12 1.5 27 12 1310 86.4 
13 1.6 28 13 1200 88.7 
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14 1.8 30 11 1190 90.7 
15 2.0 32 10 1140 92.2 
16 1.8 33 13 1200 92.1 
17 1.7 31 16 1220 91.8 
18 1.4 34 20 1310 92.5 
19 1.2 35 21 1400 93.4 
20 1.0 35 22 1420 94.9 

 
4.2 MATLAB implementation 

 
The first 10 groups of data were used to establish the multivariable grey forecasting model for desulfurization efficiency, and then 

forecasting was made via MATLAB software. The forecasting data of these first 10 groups were compared with that of the latter 10 groups, 
see details in Table 2 and Fig. 6. 

Table 2 Forecasting Error 
Time 11 12 13 14 15 16 17 18 19 20 

Actual value (%) 85.1 86.4 88.7 90.7 92.2 92.1 91.8 92.5 93.4 94.9 

Forecast value 
(%) 

86.0 87.1 88.5 90.0 91.2 92.4 93.0 93.5 94.0 94.5 

Error 1.06% 0.81% 0.23% 0.77% 1.08% 0.33% 1.31% 1.08% 0.64% 0.42% 
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Figure 6. Comparison Diagram of Actual Value and Forecasting Value 

 
Table 2 and Fig. 6 show that the error between the forecasting value and actual value of multivariable grey forecasting model is little 

and the accuracy is high, it can be considered that this model is applicable to the desulfurization efficiency forecasting of circulating 
fluidized bed. 
 
5. Conclusion 
 

In this article, the four factors that affect the desulfurization efficiency of circulating fuidized bed were analyzed, and it is concluded 
that the influence regularity of these four factors to desulfurzation efficiency is not obvious, the desulfurization efficiency can’t be forecast 
accurately. Then on basis of the multivariable grey theory knowledge, the comprehensive influence of these four factors to desulfurization 
efficiency was considered, the forecasting model of desulfurization efficiency of circulating fluidized bed was established, and then 
implemented with MATLAB. According to analysis, the multivarial grey forecasting model can basically forecast the desulfurization 
efficiency trend correctly, with high forecasting accuracy, so the applicability of the model is proven. 
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Abstract: In order to improve the quality of magnesium acid pellets, the pelleting and roasting experiments was carried out, Tangshan Iron 
and steel iron ores serving as the main material in the experiment. The effect of MgO content on the quality of magnesium acid pellets was 
analyzed by qualitative and quantitative method, combining with the analysis of the change rules of ore phase structure. The results show 
that with the increase of MgO content, the pellet intensity did not change significantly, and the burst temperature, compressive strength and 
reduction performance of the pellets had a decreasing trend; low temperature break-down and softening property had improved. When MgO 
content increased by 0.1%, low temperature break-down would increase about 0.41%; while the compressive strength and reduction 
property decreased 71.9N/ balls, 1.26%. Overall, when the MgO content was 1.8%, pellet performance was better. 
 
Keywords: Magnesium acid pellets; Strength of the green pellets; Compressive strength; Metallurgical properties 
 
1. Introduction 
 

In recent years, with the continuous exploitation of the earth's resources, the shortage of resources and optimization of burden structure 
have become important means to reduce the cost of smelting iron and steel enterprises. And the pellets are uniform in particle size, good 
reducibility, high strength, excellent mechanical strength and metallurgical properties compared with the sinter. By adjusting the proportion 
of blast furnace pellets into the furnace, the structure of the charge can be optimized to improve the blast furnace ironmaking product quality 
indicators and reduce energy consumption [1, 2]. 

Zhou Guofan [3] and others research on the effect of MgO content on the pellet quality, using magnetite as raw material, with light 
burning magnesium oxide to regulate MgO content. The results that: improving the MgO content can improve the pellet quality, but the 
compressive strength of pellets will decrease with the increase of MgO content. Xu Bin [4] and others research on the influence of MgO 
content on the strength of the pellets, the iron ore is fluorine containing magnetite concentrate, using dolomite as flux containing magnesium. 
The content of MgO has no significant influence on the pellet quality, with the increase of MgO content, the compressive strength of pellets 
will decrease and the compressive strength of pellets is improved. Li Jie [5] and others research on the basicity, MgO content, the influence 
quantity of liquid phase on the properties of magnesia fluxed pellet, and the phase structure of the mine are analyzed. Cooke [6] and others 
found that in the process of creating the pellet, when add 10% of the lime and magnesium oxide, the slag phase formed by these additives 
can improve the wear resistance of the pellets. Srinivas Dwarapudi [7, 8] and others explored the effects of basicity and MgO content on the 
quality and microstructure of magnetite pellets, results show that the metallurgical properties of pellets was improved by the increase of 
MgO content. 

For a long time, the domestic and foreign scholars have done a lot of research on the influence of MgO content on the performance of 
the pellet, however, the quantitative analysis of MgO content in pellets is less. In this paper, based on the qualitative analysis, quantitative 
analysis of the effect of MgO content on the properties of pellets was carried out combining with the mineral phase which explained the 
effects of MgO content, and provided theoretical guidance and reference for the production of high quality magnesium acid pellet. 
 
2. Experimental raw materials 
 

The chemical composition of the raw material is shown in Table 1. 
 

Table 1 Chemical composition of raw material test results/% 
Raw material Burning TFe FeO SiO2 CaO MgO Al2O3 

PMC -1.80 66.70 28.57 0.76 0.63 2.56 0.094 

Nickel 
minerals 

12.93 52.34 1.02 2.16 0.29 0.54 8.31 

Miao gou 
minerals 

-2.78 65.64 26.86 6.94 0.65 0.65 1.76 

High 
magnesium 

powder 

6.71 - - 5.81 1.56 86.04 0.84 

High calcium 
powder 

7.50 - - 5.02 51.36 0.46 1.22 

Bentonite  - - 55.96 4.16 2.01 11.73 

 
Table 1 (Continued) 

Raw material K2O Na2O Zn S P Cr Ni 

PMC 0.018 0.098 0.042     
Nickel 

minerals 
0.0081 0.0056 0.026 0.17 0.0061 2.29 0.71 

Miao gou 
minerals 

0.033 0.074 0.0038 0.022 0.012 0.017 0.0013 
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3. Experimental schemes and methods 
 
3.1 Experimental schemes 
 

In order to analyze the influence of MgO content on the properties of pellets, when the fixed nickel minerals is 3%, bentonite is 0.7%. 
According to the PMC, when the content of Miao gou minerals adjusted SiO2 is 5.5%, the MgO content of high magnesium powder will 
change to 1.4%-2.2%. The experimental scheme is as following: 

 
Table 2 Experimental schemes/% 

Raw material Si5.5Mg1.4 Si5.5Mg1.6 Si5.5Mg1.8 Si5.5Mg2.0 Si5.5Mg2.2 
PMC 24.69 24.67 24.64 24.62 24.59 

Nickel minerals 3.00 3.00 3.00 3.00 3.00 
Miao gou minerals 71.26 71.04 70.83 70.61 70.40 
High magnesium 

powder 
0.35 0.59 0.83 1.07 1.31 

Bentonite 0.70 0.70 0.70 0.70 0.70 
 
3.2 Experimental methods 
 

Combining with the experimental program ingredients, the pelletization experiment was carried out, the Φ500×150mm disc balling 
machine was used for the pelletizing experiment. When the linear velocity is 0.98m/s, the angle of inclination is 48°. When pelletizing each 
batch of material quantity is 6kg, the pelletizing raw material mixes after the artificial pelletizing on the disc pelletizer. After pelletizing, the 
parameters such as water content, falling strength, compressive strength and bursting temperature of pellets were determined by taking the 
green pellets with diameter of 10~12.5mm, and the finished pellets were calcined, then the pellet strength and metallurgical properties were 
measured according to “Iron ore pellets-determination of crushing strength”(GB/T14201-1993), “Iron ores-Low-temperature disintegration 
test-Method using cold tumbling after static reduction”(GB/T13242-91), and “Iron ores-determination of reducibility”(GB/T13241-1991). 
 
4. Pellet performance measurement results and analysis 
 
4.1 Determination and analysis of the quality of green pellets 
 

Table 3 Determination of the quality of green pellets (%) 
Experiment 

number 
Size distribution of green 

pellets 
Granulat
ion rate 

Appropriat
e moisture 

Compressiv
e 

strength(N/a
) 

Shatter 
strength(t

ime/a) 

Decrepi
tation 

tempera
ture/ºС 

>16m
m 

12.5-
16mm 

10-
12.5mm 

Si5.5Mg1.4 17.4 24.2 45.3 86.9 8.8 8.6 4.1 643 

Si5.5Mg1.6 11.9 26.4 54.2 92.4 8.2 9.8 4.7 620 

Si5.5Mg1.8 18.5 31.7 44.2 94.3 8.7 8.4 3.8 600 
Si5.5Mg2.0 12.7 27.6 48.5 88.8 8.9 9.6 3.9 590 
Si5.5Mg2.2 17.6 22.1 50.2 90.0 8.7 8.0 3.4 594 

 
(1) Effect of MgO content on granulation rate and appropriate moisture 
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Figure 1. Effect of MgO content on granulation rate 

 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                     258.3 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/258 

 

1.4 1.6 1.8 2.0 2.2
7.0

7.5

8.0

8.5

9.0

9.5

10.0

10.5

11.0

 

 

水
分

/
%

MgO含量/%

 Si5.5

 
Figure 2. Appropriate moisture 

 
The figure shows, when MgO content is in the range of 1.4% -2.2% and SiO2 content is 5.5%, which have little effect on the 

granulation rate of the iron ore powder. While the granulation rate is about 90%, pelletizing ability is better. With the increase of MgO 
content, the appropriate moisture of the iron ore powder changes little. 

(2) Effect of MgO content on the quality of green pellets 
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Figure 3. Effect of MgO content on the quality of green pellets 

 

1.4 1.6 1.8 2.0 2.2
400

450

500

550

600

650

700

750
 ω(SiO2)=5.5%

 Curve fitting

 

 

De
cr

ep
ita

tio
n 

tem
pe

ra
tu

re
/℃

MgO content/%  
Figure 4. Effect of MgO content on the decrepitation temperature of green pellets 

 
The figure shows, SiO2 content is 5.5%, with the increase of MgO content, the compressive strength and shatter strength of green 

pellets decrease gradually. However, the compressive strength of green pellets is 8.0 ~ 9.8N /a and the shatter strength is 3.4 ~ 4.7 time /a, 
the strength of green pellets will have little effect and the strength of green pellets can meet the needs of production; decrepitation 
temperature changes more gently, when MgO content is in the range of 1.4% and 2.0%, the decrepitation temperature will decrease. When 
the MgO content is 2%, the decrepitation temperature reaches a minimum of 590 ºС. In order to determine the quantitative relationship 
between the content of MgO and the decrepitation temperature of green pellets, the linear regression method was used, the mathematical 
model of the content of MgO and the decrepitation temperature of green pellets was established: y=-89.5x+765.4, R2=0.9729. When MgO 
content increased by 0.1%, the decrepitation temperature would decrease 8.95 ºС. 

The main reason for the above-mentioned results is that with the increase of MgO content, the proportion of high magnesium powder 
increases, while the high surface area of high magnesium powder is high, which makes the particles contact closely. The internal steam 
pressure increases, thereby reducing the burst temperature.  
 
4.2 Determination and analysis of pellet performance 
 

Table 4 Determination of compressive strength 
Experiment 

number 
Low temperature break-down/% Reductibility Refractoriness under 

load/ºС 
Compress

ive 
strength(
N/balls) 

RDI+6.3 RDI+3.15 RDI -0.5 RVI/%·min-1 RI/% T10% T40% ΔT 

Si5.5Mg1.4 82.3 90.0 4.9 0.47 76.1 1199 1233 34 2940 

Si5.5Mg1.6 86.9 90.3 4.6 0.46 75.7 1207 1234 27 2765 

Si5.5Mg1.8 88.2 91.6 4.3 0.42 72.3 1196 1238 42 2596 

Si5.5Mg2.0 88.9 92.1 4.1 0.39 69.4 1200 1233 33 2523 
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Si5.5Mg2.2 89.6 92.7 3.9 0.39 69.1 1207 1247 40 2342 

Note: Firing temperature curve is 1300ºС 
 
(1) Effect of MgO content on compressive strength 
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Figure 5. Effect of MgO content on compressive strength 

 
The figure shows, when firing temperature curve is 1300ºС, the content of SiO2 is 5.5%. With the increase of MgO content, the 

compressive strength decrease. In order to determine the quantitative relationship between the MgO content and the compressive strength of 
the pellets, the linear regression equation was used to determine the relationship between the MgO content and the compressive strength of 
the pellets. The linear relationship between the MgO content and the compressive strength was analyzed. The mathematical model of MgO 
content and compressive strength was established: y=3927.4-719x, R2=0.9855, when MgO content increased by 0.1%, the compressive 
strength would decrease 71.9N/balls. The site requirements of pellets compressive strength more than 2000N/balls, the above analysis shows 
that in order to meet the production requirements, MgO content needs to be kept below 2.7%. 

Combining with analysis, with the increase of MgO content, the grains tend to be refined and the porosity tends to increase, and the 
MgO enters the slag phase, which promotes the formation of high melting point slag phase. And the pellet strength is deteriorated. The 
consolidation of the pellets is mainly due to the consolidation and diffusion of hematite, which contains a large amount of MgO and Mg2+ 
into the Fe3O4 lattice to form a solid solution, which not only reduces the recrystallization ability of Fe3O4, but also makes the magnetite 
oxidize to hematite reaction blocked. While the presence of Fe3O4 also hinders the continuous crystallization of Fe2O3 between the 
performance, resulting in reduced pellet compressive strength. 

(2) Effect of MgO content on metallurgical properties of maturing pellets 
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Figure 6. Effect of MgO content on RDI+3.15 
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Figure 7. Effect of MgO content on RI 

 
The figures show that when the content of SiO2 is 5.5%, with the increase of MgO content, the MgO content was linearly related to the 

RDI+3.15 of the pelletized mullite pellets, and the linear regression method was used to calculate the MgO content in the MgO pellets. The 
results show that the MgO content increases with increasing MgO content, The mathematical model of MgO content and RDI+3.15 of 
magnesia pellets was established: y = 3.6x + 84.86, R2 = 0.9533, RDI+3.15 increased by 0.41% for each 0.1% increase of MgO content. It can 
be seen that improving the content of MgO in pellets is beneficial to improving the low temperature reduction and pulverization of pellets. 

The main reasons for the low temperature pulverization of pellets are the volume expansion and lattice distortion caused by the lattice 
structure transformation from hematite to magnetite. The results show that MgO can make magnetite lattice structure stable. This structure 
makes the pellet produce less stress in the reduction process, and improves the low temperature reduction and pulverization of the pellet. 
Meanwhile, the magnesium pellet is guaranteed by adding the flux in the low temperature reduction and pulverization process. Stable binder 
phase, thus improving the low-temperature pulverization of pellets. 
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The figures show that when the content of SiO2 is 5.5%, with the increase of MgO content, the reduction performance of magnesia 
pellets becomes worse. In order to determine the relationship between the MgO content and the reduction performance of the magnesium 
pellets, the mathematical model between the MgO content and the reduction performance of the magnesium pellets was established by linear 
regression method. The mathematical model was: y= -10.15x+ 90.79, R2 = 0.9040, reduction performance reduced by 1.26% for each 0.1% 
increase of MgO content. From the above analysis, it can be seen that with the increase of MgO content, the pellet reductive performance 
deteriorates. 
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Figure 9. Effect of MgO content on ΔT 

 
The figures show that when the content of SiO2 is 5.5%, with the increase of MgO content, The softening start temperature of 

magnesium pellets is gradually increasing, and the softening temperature of magnesium pellets is 30~40ºСhigher than that of acid pellets, 
and the overall softening performance is improved. 

The softening properties of pellets are mainly related to the low melting point of liquid phase, such as the FexO and slag phase. On the 
one hand, by adding MgO, MgO forms a high melting point solid solution with FexO during the reduction process, which inhibits the 
formation of low-melting silicic acid iron, thus improving the pellet high-temperature reflow property. On the other hand, in the process of 
heating and reduction, MgO and FeO are infinitely solid-solution to form a high-melting magnesium-containing FexO, and the droplet 
temperature increases. 
 
4.3 Mineralization regularity of pellets 
 

Table 5 Composition and Content of Pellet Minerals (%) 
Experiment 

number 
Hematite Magnetite Sulfide Calcium 

ferrite 
Quartz Vitreous 

Si5.5Mg1.4 85-90 5-7 0 a little 1-3 3-5 
Si5.5Mg1.6 85-90 5-10 0 a little 1-3 1-3 
Si5.5Mg1.8 85-90 5-10 0 a little 1-3 1-3 
Si5.5Mg2.0 75-85 10-12 0 3-5 1-3 1-3 
Si5.5Mg2.2 75-85 10-12 0 3-5 1-3 1-3 

 

 
 Si5.5Mg1.4                                                        Si5.5Mg1.8                                                          Si5.5Mg1.6 
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Si5.5Mg2.0                                                            Si5.5Mg2.2 

Figure 10. Crystalline solidification (1300ºС) Reflected light (×200) 
With the increase of MgO content, the volume fraction of hematite decreased, and the volume fraction of magnetite increased. When 

the vitreous volume fraction decreased, the volume fraction of quartz increased. With the increase of volume fraction of calcium ferrate, the 
porosity increased. Intergranular consolidation of hematite grains is mainly in eutectic bonding process, and a small amount of hematite 
grains forms slag phase consolidation. Hematite as the main metal phase, evenly distributed; most of them are re-crystallized xenotopic, and 
only a small amount of the hematite in the magnetite was grid-like. Through the above analysis, the change of MgO content not only had an 
impact on mineral composition, but also on the microstructure of pellets, thus affecting the metallurgical properties of pellets. 
 
5. Conclusion 
 

(1) With the increase of MgO content, the granulation rate of the iron ore powder and the pellet intensity did not change significantly. 
The granulation rate and the strength of green pellets can meet the needs of production, and the bursting temperature of the pellets decreases. 

(2) With the increase of MgO content, compressive strength had a decreasing trend, low temperature break-down and softening 
property had improved, and reduction property had deteriorated. When MgO content increased by 0.1%, RDI+3.15 would increase about 
0.41%; while the compressive strength and reduction property decreased 71.9N/ balls, 1.26%. 

(3) With the increase of MgO content, the grains were refined, porosity increased and Mg2+ diffused into Fe3O4 lattice to form solid 
solution. Which made the magnetite oxidation of hematite reaction blocked, leading to compressive strength reducing. 

In conclusion, when the MgO content was 1.8%, pellet performance was better. 
 
Acknowledgements 
 

This work was supported by National Key Research and Development Program (no. 2016YFB0601403), Science and technology 
project of Hebei province (no. 15214104D) and the National Natural Science Foundation of Hebei Education Department (no. QN2016088). 
 
References 
[1] Li Huimin. Study on the process and mechanism of improving the pelletization of Brazilian hematite by adding boron bearing. Central 

South University, 2009, pp. 1-10. 
[2] Wang Tianxiong. Production test of fluxed pellet. Sintering and Pelletizing, 2012, 37(2), pp. 45-47. 
[3] Zhou Guofan, Yang Fu. Effects of adding MgO on pelletizing ability and strength of pellet. Research on Iron& Steel, 2009, 37(2), pp. 

10-12. 
[4] Xu Bin,Xiong Lin,Yang Yongbin, et al. Study on Fluorine-bearing iron concentrate pellets added with dolomite. Iron and Steel, 2008, 

43(11), pp. 9-15. 
[5] Li Jie, Tian Tielei, Xing Hongwei. Study on influence of flux on compressive strength of high magnesium alkaline pellet. Sintering and 

Pelletizing, 2014, 39(6), pp. 36-37+40. 
[6] S.R.B. Cooke, R. E. Brandt. The Effect of Heat Treatment and Certain Additives on the Strength of Fired Magnetite Pellets. AZME 

Trans, 1952, 193, pp. 1223-1230. 
[7] Srinivas Dwarapudi, Tamal K. Ghosh, Vilas Tathavadkar, et al. Effect of MgO in the form of magnetite on the quality and 

microstructure of hematite pellets. International Journal of Mineral Processing, 2012, 19(12), pp. 55-62.  
[8] Srinivas Dwarapudi, Tamal K. Ghosh, Amitabh Shankar, et al. Effect of pellet basicity and MgO content on the quality and 

microstructure of hematite pellets. International Journal of Mineral Processing, 2011, 99(11), pp. 43-53. 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                   259.1 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/259 

 

Application and Prospect of intelligent feedback order based on cloud technology 
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Abstract: With the continuous improvement of the social living standard, more and more people begin to pay attention to the health of the 
diet. In the Internet plus era today, along with the extensive application and increasingly mature of big data technology and cloud technology, 
we can fuse the existing single chip type order and health knowledge existing in the form of cloud data to provide nutrition guidance for 
consumers. Combined with big data technology, cloud data can be updated and expanded continuously. Considering the efficiency of 
feedback, we use SAN, FC, the RAID technology to build a link to the host server and cloud, high performance and fast query using non-
relational database, parallel search feedback information, which greatly enhances the network data read rate. 
 
Keywords: Key-Value database, NoSQL, cloud compute, Nutrition, feedback 
 
1. Introduction 
 

With the development of society and the continuous improvement of the level of consumption, China's catering industry has 
maintained a strong momentum of development. According to data released by the National Bureau of statistics, the total turnover of the 
catering industry remains high in 2016 from 1 to July, catering revenue reached 19567 yuan, an increase of 11.2% year on year. However, 
with the development of food and beverage industry, Irrational diet led to frequent health problems. So, all restaurants are like hunger and 
thirst to the chef who knows how to cook a reasonable meal. Domestic famous dietitian is very few, and their levels are very uneven. At 
present, most of the catering enterprises are using the most simple, button type, single chip order machine with slow response and complex 
operation which can not be accepted by most consumers. Here, we fuse the existing single chip type order and health knowledge to provide 
nutrition guidance for consumers. It can bring instant feedback to the dining customers, and guides them to choose the correct, reasonable, 
delicious, green food, and so to build a private nutrition consultant for the people. 

In the Internet plus era today, along with the extensive application and increasingly mature of big data technology and cloud technology, 
the knowledge data can be stored in the cloud, and be updated in a timely manner. From the current situation, cloud computing will become 
a revolutionary technology to change the IT architecture, and its applications are more and more widely. Followed by the petabytes of data 
processing requirements continue to expand, the user performance requirements of the server are also getting higher and higher. Server 
market competition intensified with Inspur, IBM and HP long-standing the three overload in China high-end server. IDC's report shows that 
in the next four years, the global cloud services market will grow to 44.2 billion US dollars, with cloud storage market share from the 
current 9% to 14%, whose size will be close to 6.2 billion US dollars. Cloud service is the fastest growing storage market. 

In the internet is so hot environment, the relational database appears to be so weak for the PB-level data traversal. Transaction 
management, integrity constraints, etc. in relational database technology are not necessary for real needs, and the guarantee of such 
constraints will inevitably affect the data processing performance. So, we need a new database storage technology to improve the 
performance of data search query, therefore, non-relational database technology NoSQL turned out to lead a new generation of cloud data 
storage trend. 
 
2. System overall design 
 
2.1 Design ideas 
 

The overall design of the system is divided into three modules, namely: login module and the main interface, customer management 
module and the background management module. We mainly expand the function of the customer management module, when customers 
use this system ordering meals, the system can automatically prompts the intergrowth grams information of the food and at the same time, 
can also give recommendations with meals. One can also query the information about food and so avoid taboo, to provide customers with 
more comprehensive, more nutritious catering services, thereby enhancing the catering industry's comprehensive service level. (The specific 
module design is shown in Figure 1). 
 

 
Figure 1. Module design 

 
We use the c # language to compile, send the main ingredient information of "want to choose food" and "has been chosen food" to the 

data on the cloud for search matching, and there are three cases of the feedback information. If the food is not suitable to eat at the same 
time, the system will give a reminder or warning to the customer to decide whether or not to order this one. If the food is fit to eat together 
or no record for the collocation, system will add this food directly to the menu and go to the next order. If the customers have no idea to 
choose the next, the system can give a recommendation according to the data of nutrition knowledge. This process need to establish a 
connection between the restaurant and the data cloud. The client can access the cloud data, but can not modify the data which must be 
maintained by professionals. But one can set up an account and build his own unique database. 
 
2.2 The Design of Restaurant Relational Database 
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The existing ordering system can only replace the waiter for mechanical ordering, and complex, difficult to operate, not accepted by the 
people. And the new system according to the characteristics of the main ingredient between the food can be intelligent with a reasonable 
point of order, and make recommendations, so that make the daily diet of customers more healthy. Specific process is shown in Figure 2: 

 

 
Figure 2. Selection process 

 
When the customer chooses the first course, the order is successful directly, and when the second course is selected, the main 

ingredient of the new order will be inquired with all the chosen orders in database. The selected dishes are stored in a view of the database 
for subsequent consumption inquiries and closing. The content of the view after the checkout is automatically released to save memory 
space and improve the computer performance. 

Each dish has its own unique ID number, do comparison one by one according to the order. 
 

Table 1 Information on cloud data 
Key Field Name Description Type  Leng

th 
Allow None 

Yes Ingredients1 Material 1 varchar 30 N 

No Ingredients2 Material 2 varchar 30 N 

No Information information varchar 60 N 

 
Table 2 order information in client database 

Key Field Name Description Type  Lengt
h 

Allow 
None 

Yes Changed 
ID 

Ordered ID int 4 N 

No Changed  
Name 

Ordered Name varchar 30 N 

No Changed 
Ingredients 

Ordered 
meterial 

varchar 30 N 

No Wanted 
ID 

ID to order int 4 Y 

No Wanted 
name 

Name to order varchar 30 Y 

No Wanted 
Ingredients 

Material to 
order 

varchar 30 Y 

 
Table 1 is stored in the cloud ]3[

. Table 2 is stored in this restaurant's database. The new system will choose the main ingredients and all 
the main menu to make a one to one link and do quick search in the data cloud. And then it feeds back the nutritional information (Access 
mode shown in Figure 3). 

 

 
Figure 3. Access pattern 

 
3. Cloud storage 
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3.1 Storage of cloud data - the sqlql database 
 
3.1.1 Introduction to NoSQL 
 

NoSQL that is Only SQL Not, refers to the non relational database. The rise of the Internet Web2.0 website makes the traditional 
relational database is difficult to compress, which makes an unprecedented development opportunity for NoSQL cloud database. The query 
efficiency doubled several times based on the original relational database. The non-relational database does not have the design pattern of 
ACID, and it has a greater advantage to the concurrent large-scale access. 

 
3.1.2 Characteristics of NoSQL 
 

Extensible: 
For existing non-relational databases, they use different technologies to achieve scalability, but they are based on a basic goal: In the 

case of uninterrupted applications, add or delete data nodes to achieve horizontal expansion; Using distributed computing technology, 
through the communication between nodes to achieve data distributed processing to meet the massive data reading and writing performance 
requirements. 

Final consistency: 
Consistency is a key feature of relational databases. Relational databases need to use integrity constraints to achieve consistency, thus 

slowing down the data read and write speed. Non-relational database only need to ensure the final consistency of the data, no constraints, the 
basic idea is: In the process of reading and writing data, do not require consistency, only need the result after the completion of all 
operations remain the same. The final consistency in the application scenario of not high requirements of can greatly improve data access 
efficiency, shorten the data search time. 

 
3.1.3 NoSQL database classification 
 

NoSQL database is mainly divided into four categories: Key-Value storage database, column storage database, document database, 
Graph database. 

The following four types of databases are briefly introduced 
 

 
Figure 4. Data connection diagram 

 
The Key-Value storage database is applied to the hash table, which can speed up the lookup by mapping the key value to a location in 

the table to access the record. 
Column storage database for large amounts of data to find very quickly, scalability is very strong, more easily distributed expansion. 
Document type database in the Key-Value storage database also allows nested key values and document type database queries more 

efficient. It does not require rigorous data structure, but its query performance is not high, and is lack of uniform query syntax, so it can not 
be more clearly used by others. 

Graphic database mainly uses graph structure related algorithm, this structure can be extended to multiple servers. Such as the shortest 
path addressing is one of the methods. But it needs to do the calculation of the entire map to get the required information, cumbersome, and 
this structure is not very good to do a distributed cluster program. 

 
3.1.4 Database used in this project 
 

This project mainly uses NoSQL in the Key-Value database: Key-Value storage is a key-value-based data model storage , can provide 
persistent distributed storage system and is a way of storage which is able to query in the mass data still be fast. It is very suitable for the 
primary key through the query mechanism and data synchronization and other functions. 

Key-Value storage needs to meet the following conditions: 
1) High availability: provide uninterrupted service in the Key-Value storage mode; 
2) Scalability: Massive data processing requires the storage model to be scalable; 
3) Fault recovery: requires the storage mode to automatically detect the fault, and can automatically restore; 
3.2 The server is linked to the cloud database 
The overall link and call is based on technology of storage network-level virtualization, storage virtual network (SAN), FC interface 

and disk array (RAID) technology. 
 

3.2.1 Storage network-level virtualization technology 
 

Virtualization technology of networking-level storage is host systems and storage based on virtualized storage networking. It is 
heterogeneous and supports center-level data storage management. This can achieve many-to-many access mode and multiple servers access 
multiple heterogeneous storage devices so to improve resource utilization. 

 
3.2.2 Storage virtual network (on) technology (SAN) 
 

SAN is actually a private network that is created specifically for storage and that is independent of the TCP / IP network. General SAN 
provides transfer rate around 3Gb/S, while the SAN network exists independent of the data network, so access speed is quickly. This 
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technology does not take up network bandwidth, and improves the efficiency of user access to data at the same time. It connects to a group 
of computers through a Fiber Channel network protocol, which determines the ability to connect to multiple hosts, allowing any server to 
connect to any storage array. 

 
3.2.3 FC interface technology 
 

The FC interface is a standard form of fiber-to-the-dock interface, and Fiber Channel is a high-performance connectivity protocol for 
the connection between the server and the mass storage sub-network and peripherals. It provides bi-directional, serial data communication 
through fiber-optic integrators, fabric switches, and point-to-point connections. 

 
3.2.4 Disk array (RAID) technology 
 

The basic idea of RAID is to connect multiple small capacities and inexpensive drive in an orderly manner, so to double its 
performance, and increase the storage capacity exponentially. The high transfer rate of RAID is a substantial increase in the data throughput 
of a storage system by parallel processing on multiple disks. Its fault tolerance is provided by data validation. In most RAID modes, there is 
a more complete mutual verification / recovery measures, or even direct mutual mirror backup, which greatly improves the RAID system 
fault tolerance, and so improve the stability of the system redundancy. 

 
3.3 Cloud data upload, download and security 
 
3.3.1 Data upload 
 

Users send an upload request to the server with FC card by accessing the cloud storage IP address. The server responds by transmitting 
the information between the foodstuffs to the storage center (disk array) through the fabric switch and the virtualization engine, updating and 
supplementing the data. New knowledge related to food nutrition got by using data mining technology from network files can be uploaded 
to the storage center waiting for professional maintenance. 

 
3.3.2 Data download 
 

Restaurant servers have to finish the registration on cloud platform to sign an agreement to obtain access. When the restaurant has a 
customer ordering, the system will access the cloud data in the background, and downloads the required files using distributed data storage 
technology automatically to the server and import into the local database. 

 
3.3.3 Safety 
 

Administrators must finish registration before upload or update data. The system logs each action of the administrator. The 
administrator's authority is strictly hierarchical. Each change to the data is confirmed by at least three independent administrators. We use 
two means to ensure the correctness of the data: First we use data mining and big data technology to compare the knowledge with public 
information from network to verify the correctness of the new knowledge. Second, for the situation that cannot determined in the first step, 
we turned to professional nutritionists for help to confirm. 
 
4. Conclusion 
 

The system mainly uses cloud storage technology plus a simple terminal, to make up for people's lack of knowledge in health nutrition. 
The system can be used not only in restaurants, but also can be embedded mobile phone to provide daily services for everyone. One can 
apply for their own personal accounts, to establish their own health files. Using the system, everyone is equivalent to have their own 
"personal nutrition consultant". The system later can be introduced with medical health data and knowledge of Chinese medicine to be a 
health expert. Individual accounts can bind with the information of medical case of themselves and their families. So, the system will be able 
to not only keep people stay away from unreasonable eating habits, but also help chronic disease patients to adjust diet and activities 
according to factors such as season and weather, so to reduce the risk of disease. It also can help a patient to keep reasonable diet and to 
restore health faster. The system will can help a new mother feeding her baby. Intelligent equipment will be gradually be promoted and 
applied, internet+ technology will be more responsive to the development trend of the times. With the development of big data technology 
on health and cloud technology, this system will be further developed and contribute to people's health. 
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Abstract: It is known that the installation of edge rate lines can help reduce driving speed. Theoretically, higher edge rate density leads to 
higher perception speed, so as the effect of speed reduction. However, there hasn’t been a successful evaluation of appropriate design cycle 
length requirements. A series of experiments were taken on the straight sections on Hangrui highway in China. The cycle length was 
separately set in different values of 16, 8, 4, 2 and 1m. The results showed that cycle length had significantly influence on the speed 
reduction effect. When λ equaled to the value of 16, 8, 4, 2m, the effect of speed reduction was significantly enhanced as λ decreased. 
Percent of average speed reduction was 0.8%, 3.0%, 5.8% and 7.4% respectively. But when λ=1m, speed reduction effect was weaker than 
λ=2m, reduction percent of average speed was 5.2%.Then, relations between acceleration and average edge rate was analysed. When 
temporal frequency was in the area of (10-19] Hz, the braking deceleration of drivers increased as the temporal frequency increased, which 
conformed to the relation between temporal frequency and perception speed; when temporal frequency was lower than 10Hz, some drivers 
will speed up. It may be related to the threshold of perception speed difference; when temporal frequency was higher than 19Hz, some 
drivers will speed up. It may be related to flicker fusion phenomenon. 
According to the experiments results, edge rate lines cycle length for future implementations should be determined by the speed distribution 
of the target road. 
 
Keywords: Edge rate; Cycle length; Driver’s speed perception; Speed reduction; Road experiment; Temporal frequency 
 
1. Introduction 
 

It is reported that about 30% of the fatal vehicle crashes resulted from speeding in the United States (1). Researchers in Australia found 
when the driving speed was over 60 km/h, the crash rate doubled every 5 km/h increase in the speed (2, 3, 4). Thus, how to control speed 
and the speed-variance is the key to reduce the crashes in both severity and quantity. Road edge rate line is a special marking line designed 
based on the edge rate theory and laid on the both sides of road along the driving direction or across the lanes with certain specified interval, 
which can induce the behavior of drivers and helps drivers to slow down. Edge rate is defined as the number of edges or intervals through 
the vision field of observer in unit time and its unit is HZ or cycles/second (5). To Drivers, edge rate is an important source for drivers to 
perceive speed. If the texture elements’ interval of edge rate line is known, the observer will be able to get the information of speed, and 
with edge rate increasing, the speed perceived by observers is higher. In computer vision theory, speed was the ratio of temporal frequency 
to spatial frequency, temporal frequency refers to the presenting periodicity of stimuli per second and the unit of temporal frequency is HZ 
or cycles/second, spatial frequency was the intermittent number of stimuli in unit length(6). It is the reciprocal of periodicity length of 
intermittent in essence, edge rate is temporal frequency, higher speed can be perceived with the increase in edge rate. Some researchers 
studied the influence of temporal frequency on speed perceiving and found that the increment of temporal frequency will cause the increase 
of perceptual speed (7-8). Recart’s research (9) showed that the actual speed of vehicle will decreased as the perceptual speed increased, the 
increment of perceptual speed to the reduction of actual speed was about 2:1, on the contrary, the decrease of the perceptual speed will also 
cause the increase of actual speed. Therefore, it is a feasible measure to reduce the actual speed of vehicles by increasing the perceptual 
speed of drivers. 

The application of edge rate theory has been widely used to reduce speed at hazardous site. It is usually applied in the installation of 
transverse or edge line markings. Denton (10) utilized the edge rate firstly to reduce vehicles’ speed in 1980, by laying edge rate marking 
lines with a certain interval on the upper lanes of a traffic circle, which reduced both the vehicles’ speed and the accident rate. In the U.S., 
the “chevron” markings with decreasing gaps were paved on the streets in a community. After a week, 85% speed decreased 15% and the 
highest speed decreased 20.9 km/h. Two years later, 85% speed decreased 5% (11). Richard (12) (2000) found out the speed perception has 
effect on speed reduction, especially for personal vehicles and trucks. Another study by Godley (13) evaluated transverse lines as well as 
peripheral transverse lines versus a control section of roadway in a driving simulator. Transverse lines are stripes that are placed across the 
entire travel lane whereas the peripheral transverse lines are placed only on the edges of the travel lane. The study showed that driving 
speeds were only slower for the transverse lines (as compared to the peripheral transverse lines) for the initial section of treatment but that 
overall, the peripheral lines performed the same and in some cases better than the regular transverse lines at the beginning of the treatment 
area where the mean speed of transverse lines was 92 km/h or 57 mi/h and the mean speed of the peripheral transverse lines was 98 km/h or 
61 mi/h at the beginning of the treatment. A study on forced deceleration facilities in University of Massachusetts (14) showed that 
transverse lines with gradually decreasing intervals paved on the whole lanes could dramatically reduce the speed. A study by Katz (15) 
evaluated peripheral transverse lines spaced at a frequency of 4 lines per second in New York, Mississippi, and Texas. The markings were 
applied on approaches to curves in both rural and urban environments on both multi-lane and two-lane roadways. The authors concluded 
that overall, the pavement markings reduced the adjusted speeds up to 9.5 mi/h (15.3 km/h) on overall vehicle speeds when comparing total 
vehicles, two axle vehicles, vehicles with more than two axles, and particularly with vehicles following further than four seconds behind the 
previous vehicle. 

In summary, although evaluations have been performed to determine their effectiveness, there hasn’t been a successful evaluation of 
appropriate design cycle length requirements. Higher temporal frequency would increase the speed perception according to the definition of 
edge rate, shorter cycle length of edge rate lines should reduce speed much better. Therefore, the goals of this study are to: 

Determine edge rate lines cycle length for evaluation, 
Evaluate the effectiveness of the markings, and Provide recommendations for edge rate lines cycle length design for future 

implementations. 
 
2. Road experiment 
 
2.1 Site selection 
 

The markings were tested on HangRui highway in China. It is two-way-four-lane highway. The design speed is 100 km/h, the speed 
limit is 100km/h and the lane-width is 3.75m. This experimental site is a long straight section without any tunnel and overpass in a 300m 
area. There is no surveillance system (i.e. CCTV) for driving violation. This highway was put into use 3 month before this study. Therefore 
traffic volume was small and it was assumed to be free flow. 
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2.2 Edge line marking installation 
 

The total length of experimental marking was 300m for two road experiments and they were adhesive and retroflective. The optical 
properties were conformed to the guidelines in China. The color for each row was the same to remove the influence raised by the colors.  

Here λ represents the length of spatial edge rate line in each cycle(including a piece of marking line and an interval). In this experiment, 
λ had 3 kinds of values, 8m, 4m and 2m. The length of single edge rate line and the interval between lines is λ/2. The width and lateral 
interval to the established lane markings are all 15cm. The cycle length λ of the lane boundary between the running lane and the overtaking 
lane is 15m. 

 

 

 
Figure 1. Edge line marking designed. 

 
2.3 Data collection 
 

The observations were taken in the daytime and in the clear weather conditions. 
NC200 Nu Metrics Portable Traffic Analyzer was used in this study to collect data about traffic characteristics such as space speed, 

headway, and vehicle type (classified by the length of vehicle). There were two data collection periods reported in this study. The first was 
prior to the installation of the markings. The second data collection period took place after the installation. There were 7 data collection sites. 
Data collected from site 1-6 were used to rule out non-free traffic flows. Data collected from site 2 also were used to analyze the edge rate 
when vehicle passed the experimental segment. Data collected from site 6 also were used to evaluate the reduction of speed. (See Figure 2) 
The working performance of devices was compared to the results from radar gun periodically for accuracy. A DV camera was used to record 
video documents for possible data validity. In summary, the following equipment was used: 

NC200 Nu Metrics Portable Traffic Analyzer 
Laser Speed Gun 
DV Camera 
 

 
Figure 2. Layout of the NC-200 (red square represents NC-200). 

 
2.4 Data analysis 
 

The statistical analysis for the experiment was directed at determining relative effectiveness between edge rate treatments on speed. 
Parametric statistical techniques were employed with an alpha significance level of p = 0.05. 
 
2.4.1 Rejection of the Non-free traffic flows 
 

The speed of unstable free flow vehicles was influenced by the front car besides edge line markings. Thus, researchers had to rule out 
non-free traffic flows to keep data accuracy. The stop time (t) could be calculated according to the speed collected at each site and common 
deceleration 2.5m/s^2 (see. AASHTO.) (16). Then the headway was compared to the stopping time. A vehicle was regarded as a non-free 
vehicle if t < headway. The value range for t is from 7.79s to 14.81s. 
 
2.4.2 Rejection of the lane changing vehicles 
 

The lane change happened during the driving. To avoid the negative effect of lane changing vehicles, researchers adopted manual 
interpretation to rule out the vehicles for accuracy. 

 
2.5 Result 

 
Inspection of minimum sample size 
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After eliminating the improper data is to calculate of minimum sample size. According to the statistical characteristics of data in each 
scheme and at each observation section, researchers have calculated the minimum sample size of each scheme. In each single scheme, it has 
difference of average and variance of data between different sections. So the minimum sample size of each section may be different, too. 
The minimum sample size of this section is taken as the minimum sample size of the scheme (observation error of vehicle speed can be ± 
0.25m/s). 

Table 1 the minimum sample size and actual sample size 
 Pre-installment λ=16m λ=8m λ=4m λ=2m λ=1m 

Minimum sample size 248 252 208 191 167 224 

Actual sample size 362 371 388 349 380 380 

 
Effects on Speed for All Vehicles at Section6 
The average speed (AVG), 85th speed and standard deviations at section6 were counted. (See Figure 3). In order to determine the 

appropriate statistical tests, it was necessary to determine if the data could be approximated with a normal distribution. Figure 3 shows the 
speed distribution of the section6 speed data before and after installation of the markings. the Shapiro-Wilk(sample size<2000) goodness-of-
fit test indicated that the data was normally distributed at the 0.05 level. 

 

 
(a)                                                     (b) 

 
(c)                                                             (d) 

 
(e)                                                                    (f) 

Figure 3. Effects on Speed of All Vehicles at section 6 
 

The results of experiments indicated the following three features: 
(1) In the five laying schemes of edge rate lines, the average value and standard deviation of speed is significantly reduced, comparing 

with the speed before laying (the observed results in different schemes and un-laid condition were respectively calculated in one-way 
analysis of variance, which all get P<0.05). Before laying, when λ=16, 8, 4, 2, 1m, the average value of speed successively were 28.52, 
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28.28, 27.68, 26.88, 26.41, 27.05m/s and the standard deviation of speed were 2.19, 2.01, 1.89, 1.81, 1.56, 1.89m/s. When testing for 
statistical significance between the pre-installment and after speeds of the section6, the mean difference was significant at the 0.05 level 
using ANOVA. 

(2) When λ equaled to the value of 16, 8, 4, 2m, the effect of speed reduction was significantly enhanced as λ decreased. The 
proportions of average speed reduction successively were 0.8%, 3.0%, 5.8% and 7.4% (the mean difference was statistically significant at 
the 0.05 level using ANOVA). The proportions of standard deviation reduction were 8.7%, 14.7%, 18.7% and 29.8% (the mean difference 
was statistically significant at the 0.05 level using ANOVA). 

(3) When λ=1m, the AVG speed, 85th speed and standard deviation of speed reduced 7.51km/h, 0.52km/h and 8.75 km/h respectively. 
And the reduction calculated as percentage was 5.2%, 14% and 3.0%, the speed reduction effect was weaker than λ=2m. When testing for 
statistical significance between the pre-installment and after speeds of the section6, the difference was significant at the 0.05 level using 
ANOVA. 

Effects on Speed by Vehicle Classification at Section6 
As the small vehicle (length<7m) and oversize vehicle (length>=7m) took over 98% of valid data, the following analysis are based on 

vehicle classifications. The average speed (AVG), 85th speed and standard deviations at section6 were counted. The general trends of the 
speed reduction effects were consistent with what were seen in the analysis of all vehicles. 

 
Table 2 Speed index by Vehicle Classification. 

Small vehicles Pre-installment λ=16m λ=8m λ=4m λ=2m λ=1m 
Average speed(m/s) 29.38  29.13  28.51  27.68  27.21  27.86  
Standard deviation(m/s) 2.25  2.03  1.92  1.83  1.58  1.92  
85th speed(m/s) 33.44  33.27  32.83  32.15  30.86  32.43  
Oversize vehicles Pre-installment λ=16m λ=8m λ=4m λ=2m λ=1m 
Average speed(m/s) 25.38  24.06  24.08  23.92  23.70  24.08  
Standard deviation(m/s) 1.95  1.58  1.65  1.61  1.38  1.68  
85th speed(m/s) 28.90  27.36  26.98  27.22  26.67  28.30  

 

 
Figure 4. Effects on Speed of Vehicles by Vehicle Classification. 

 
Effects on Speed change between Section2 and 6 
Speed change between section 2 and 6 were calculated, as shown in Figure 5. In general, a lowering of the average driving speed, 

which corresponds with an effect size of less than zero, is regarded as an improvement of road safety. Both decreases and increases of the 
average speed were found. When λ equaled to the value of 16, 8, 4, 2m, the curve was shifted to the left, suggesting the speed reduction 
effect was enhanced as λ decreased. 

On basis of the above analysis, a further statistical analysis was taken about the percent of vehicles slowing between section 2 and 
6(See Table 2). After installment of edge rate lines, the percent of vehicles slowing between section 2 and 6 is significantly more than 50% 
by all the vehicles (according to one-way analysis of variance analysis, P<0.05). When λ equaled to the value of 16, 8, 4, 2m, the percent 
was significantly increased as λ decreased the difference was significant at the 0.05 level using ANOVA. 

 

 
Figure 5. Speed change accumulation distribution curve. 

 
Table 2 Speed change between section2 and 6 

 Pre-installment λ=16m λ=8m λ=4m λ=2m λ=1m 

Min -6.95 -12.86 -9.15 -7.93 -8.86 -9.55 
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Max 9.81 6.72 8.41 6.26 6.03 8.38 
Speed 

reduction(m/
s) 

15th -2.70 -3.62 -3.55 -3.93 -4.13 -3.14 
50th 0.43 -0.69 -0.41 -0.89 -1.44 -0.44 
85th 3.73 2.41 2.53 2.12 1.22 2.39 

The percent of vehicles slowing 
between section 2 and 6 

44.48% 58.76% 54.64% 63.04% 71.32% 56.84% 

 
Effects of temporary frequency on acceleration 
Since the speed of vehicles is dynamic, the average acceleration and temporary frequency of a single vehicle running between site 2 

and site 6 was chosen to simplify the analysis. Formula (1) and (2) is the calculated method of average acceleration speed and temporary 
frequency respectively.  

6 2

6 2

i i
i

i i

v va
t t
−

=
−

                                                                                             (1) 

6 2

240
i

i i

ER
t t

λ=
−

                                                                                            (2) 

In formula (1), ia  is the average acceleration speed between site 2 and site 6 in experiment i, whose unit is m/s2; 2it  and 6it  separately 

represents the arrival time that vehicle arrives at site 2 and site 6, whose unit is s; 2iv  and 6iv  separately represents the site speed that vehicle 
arrives at site 2 and site 6, whose unit is m/s. 

In formula (2), iER  is the average edge rate while vehicle i crossing through site 2 and site 6, whose unit is HZ; λ  is the length of edge 
rate line in each cycle, whose unit is m; the distance between site 2 and site 6 is 240m; the other variables have identical meaning with that 
in formula (1). 

Summarizing the data collected in different schemes, we can get the acceleration of single vehicle corresponding to different edge rates 
(note: The cycle length λ of boundary between running lane and overtaking lane is 15m). Figure 6 showed the relation between acceleration 
speed and average edge rate. 

 

 
Figure 6. Relations between acceleration speed and average edge rate. 

 
When 10HZ<ER<=19HZ, as the edge rate increased, the reduction increased progressively. The relation between temporal frequency 

and acceleration speed is a negative linear relationship (shown in formula (5), with an association coefficient of 2R 0.921= . 
a -0.0868 average temporary frenqucy+0.6825= ×                                                       (3) 

 
3. Discussion 
 

Influence of λ on speed reduction 
As the λ decreased, the temporal frequency that edge rate line moving relative to human eyes increased, the temporal frequency 

intervals under different λ were calculated,as shown in Table 3. According to the relation between temporal frequency and perception speed, 
as the temporal frequency increased, the perception speed should increase, and then the speed reduction effect should be enhanced. When λ 
equaled to the value of 16, 8, 4, 2m, the phenomenon conformed to above assumption, but when λ=1m, speed reduction effect weaker than 
λ=2m. In view of this phenomenon, a further discussion was conducted. 

 
Table3. The temporal frequency intervals 

 λ=16m λ=8m λ=4m λ=2m λ=1m 

ER(HZ) [0.94,2.28] [1.47,5.09] [3.50,9.68] [8.28,21.49] [18.54,32.71] 

 

Influence of temporal frequency on speed reduction 
According to Figure6 and formula (3), when temporal frequency was in the area of (10-19] Hz, the braking deceleration of drivers 

increases as the increasement of temporal edge rate. That was to say that the intensity of speed reduction was increasing as the temporal 
frequency increased. As a result, the effect of speed reduction was enhanced. It can be explained by the relation between temporal frequency 
and the perception speed. As temporal frequency increased, drivers’ perception speed will also increase and they will overestimate the actual 
speed. Then drivers will reduce their vehicle’s speed actively to avoid driving dangers. 

When temporal frequency was lower than 10Hz, some drivers will speed up. It may be related to the threshold of perception speed 
difference. In addition, the threshold of the perception speed difference may also have influence on drivers’ speed choice behavior. The 

http://dict.baidu.com/s?wd=phenomenon
http://dict.baidu.com/s?wd=phenomenon
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perception threshold of difference represents the minimum intensity difference ( S∆ ) between stimuli that cause difference feelings. It is 
related to the proportional constant (K) and the original stimuli (S). S K S∆ = × . For the same kind of stimuli, the proportional constant is in 
a given area, but the diversity exists between individuals. For this experiment, the proportional constant K is different between different 
drivers and the starting speed (S) of each experiment is also different. So the threshold of perception speed difference ( S∆ ) has diversity, 
too. As the temporal edge rate is lower than 10Hz, the increment of perception speed caused by it may be very limited. So for part of the 
experiments, the increments of perception speed will smaller than S∆ , which can’t be felt by drivers. However, the other part of the drivers 
will speed up under the influence of other factors like emotions or fatigue at this time. 

When temporal frequency was higher than 19Hz, some drivers will speed up. It may be related to flicker fusion phenomenon. Flicker 
fusion phenomenon results from persistence of vision, which is the phenomenon of the eye by which an afterimage is thought to persist for 
approximately one twenty-fifth of a second on the retina. When the temporal frequency increased to some extent, the afterimage may 
overlap the actual image, and then edge line marking stimulus appears to be completely steady to the observer, as shown in Figure7. Edge 
rate lines produced afterimages along the driving direction. The afterimages and the actual images get together in a single-row line when the 
line density reaches a certain value. The temporal frequency of driver’s perception (the edge rate of driver’s perception was called 
perception edge rate in this paper) was 0. Then the driver should underestimate speed. Whenλ=1m, the corresponding temporal frequency 
interval was [18.54, 32.71], flicker fusion phenomenon may be occurred, then, speed reduction effect was weaker than λ=2m. 

 

 
Figure 7. Schematic of persistence of vision. 

 
3.1 Recommended cycle length of edge rate lines for speed control 
 

According to the results of experiments, the best cycle length of edge rate lines was 2m. But according to the influence of temporal 
frequency on speed reduction, when temporal frequency is in the area of Hz, the braking deceleration of drivers increases as the increment 
of temporal frequency, temporal frequency was a key factor which affected the speed reduction effect. Then, edge rate lines cycle length for 
future implementations should be determined by the speed distribution of the target road. 

 
4. Conclusion 
 

In general, the spatial arrangement and its own characteristics (i.e. size) of the stimuli will have influence on the fixation behavior of 
drivers. Research found that the size of the object could influence the speed perception, size of single edge rate marking may influence the 
speed perception, during road experiment, there the edge rate marking length were difference asλ changed, this difference may be influence 
the driver’s speed perception and speed choice behavior. It still needs a further explore. 
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Abstract: The pore structure of reservoir rock has fractal characteristics, and the fractal dimension of pore structure can quantitatively 
describe the complexity and variation of pore structure. Many researchers have established the relationship between pore structure 
parameters and permeability. At present, most fractal permeability models are derived by Hagen-Poiseuille equation and Kozeny-Carman 
Equation, and the model contains the maximum pore radius rmax. For the rock samples with strong heterogeneity, rmax is not enough to 
represent the properties of rock samples, and it will result in large errors. In this paper, fractal theory is used to deduce the fractal model of 
pore structure parameters, and a new absolute permeability prediction model is derived based on the pore structure parameter model, Hagen-
Poiseuille equation and Kozeny-Carman Equation. The effects of fractal dimension and pore structure parameters on the permeability of 
fractal porous media are quantitatively analyzed. There is a good consistency between the theoretical results and experimental results show 
that the model is effective. 
 
1. Introduction 
 

Fractal form is a kind of body with similarity between the local and the whole. The fractal body has self-similarity and scale invariance, 
and it is a mathematical set with complex high-dimensional geometry. Fractal theory has a good applicability to non-smooth and irregular 
geometric shapes in nature and nonlinear systems, and can simulate many natural phenomena. There are a lot of fractal phenomena in nature, 
especially in topography and porous media. Many researchers have introduced fractal theory to oil and gas field, and found that it has good 
applicability in the research of oil field production scale, reservoir heterogeneity, fracture evaluation, permeability and pore structure. The 
fractal geometry can be used to qualitatively and quantitatively characterize the gas shale with extremely complex pore structure, which 
provides a new way for the study. 

Katz et al. (1985) applied fractal theory to analyze the pore structure of porous media. It was found that the pore space and pore 
interface of porous media all had fractal characteristics, and that fractal dimension could be used to predict the porosity of porous medium 
[1]. J. R. Garrison et al. applied fractal theory to the study of geological features such as lithology deposits, fractures, folds, sediments, 
structures and pore networks, and found that all have fractal characteristics. Poon found that reservoir natural fractures, permeability data, 
porosity data and viscous fingering have fractal characteristics. Hildgen et al. (1997) applied the fractal theory to analyze the porosity of 
porous media and established the relationship between fractal dimension and porosity [4]. Dathe (2001) suggests that fractal dimensions can 
be used to quantify the complexity and heterogeneity of soil pore structures [5]. Xu et al. (2008) combined the fractal characteristics of 
porous media with the capillary bundles model to obtain an analytical form of permeability and determine the KC constant by using the 
fractal theory [6]. Yao et al. (2008) used fractal theory to analyze the fractal dimension of gas adsorption and the influence factors of fractal 
dimension [7]. Wang et al. (2012) used the box-counting method to study the pore structure characteristics of porous media and improved 
box-counting method [8]. Yang et al. (2014) studied the fractal characteristics of gas shale nitrogen adsorption experiments, and analyzed 
the influence factors of fractal dimension [9]. Shi, Yu and Xu et al. not only studied the fractal characteristics of pore structure, but also 
established the relationship between fractal dimension and permeability and relative permeability, and deduced the fractal permeability 
model. 

At present, most fractal permeability models are derived by Hagen-Poiseuille equation and Kozeny-Carman Equation, and the model 
contains the maximum pore radius rmax. For the rock samples with strong heterogeneity, rmax is not enough to represent the properties of 
rock samples, and it will result in large errors. In this paper, fractal geometry is used to deduce the fractal model of pore structure parameters, 
and a new fractal permeability model containing the average pore radius is deduced based on the Hagen-Poiseuille equation and the Kozeny-
Carman Equation. 
 
2. Geometric fractal model 
 
2.1 Fractal model of Pore Structure 
 

The fractal dimension can not only qualitatively analyze the pore structure, but also quantitatively characterize the pore structure. 
According to the fractal geometry principles, there is a relation between pore radius r and the number of pores with pore radius larger than r, 
N(r)+=cr-D is used to represent this relationship. Mandelbrot found that the pore radius r and the number of pores N(r) follow the following 
relation [14]: 

( ) max
DrN r

r+

 =  
 

                                                                                             (1) 

Where rmax  is maximum pore radius and D is fractal dimension. 
Since the number of pores in the porous medium is very large, it can be considered that the relationship between the pore radius and the 

number of pores is continuously differentiable, so the above equation can be written as: 
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Assuming that the porous medium is a capillary bundle model, the pore volume(VP) is: 
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Since rmin is much smaller than rmax , Equation (3) can be simplified as: 
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Where τ is capillary tortuosity, and L is length of capillary bundle model. 
Based on Sierpinski carpets, Yu and Li (2001) derived the fractal model of porous media porosity[15]: 
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                                                                                            (5) 

Where De  is the European dimension, the two-dimensional space is 2, and the three-dimensional space is 3. The basic condition for 
using this equation is that rmax  is much larger than rmin (i.e. rmin/rmax≈0). 

Assuming that the cross-sectional area is A, the model apparent volume is L × A, and when rmin is not neglected, the porosity is given 
by Equation (3): 
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Substituting Equation (5) into the above equation, we can obtain: 
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Equation can be written as: 
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If rmin is neglected, the porosity is given by Equation (4): 
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Integral to each capillary surface area, the total pore surface area is: 
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The apparent volume of the core is V, and the specific surface area can be obtained from Equation (10): 
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                                               (11)(5-49) 

Since D-1 is not within the European dimension, Equation (5) is not applicable. Since rmin is much smaller than rmax , rmin can be 
neglected, so Equation (11) can be simplified as: 
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Calculating the weighted average of pore radius, we can obtain: 
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Substituting Equation (5) into the above equation, we can obtain: 
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                                                            (14) 

Substituting Equation (4) into the above equation, we can obtain: 
( ) ( )max 2
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r D
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−
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−
                                                                                      (15) 

In the porous media, the channels connecting the pores are irregularly curved capillary bundles, so the fluid flows through a series of 
curved paths. The parameter describing the complexity of these paths is the tortuosity. Yu and Cheng (2002) proposed that the fractal 
dimension Dτ of the tortuosity τ has the following relation [16]: 
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                                                                                    (16) 

Yun et al. obtained the following formula for the tortuosity and porosity calculated from the three-dimensional model [17]: 
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By solving the above two equations, we can get the fractal expression of tortuosity. 
 

2.2 Fractal permeability model 
 
2.2.1 Fractal permeability model based on Hagen-Poiseuille Equation 
 

Hagen-Poiseuille Equation gives the formula for the flow of a single capillary [18]: 

( )
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Therefore, the total flow is: 
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Since rmin is much smaller than rmax , Equation (19) can be simplified as: 
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Darcy law gives the expression of the porous medium permeability: 
Q LK
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                                                                                                                      (21) 

Substituting Equation (20) into Equation (21), the permeability is described as: 
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According to Equation (7), we can obtain the expression of cross-sectional area: 
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Substituting Equation (23) into Equation (22), the permeability is described as: 
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According to the fractal expression of the average pore radius (Equation 17), the maximum pore radius is described as: 
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Substituting Equation (25) into Equation (24), we can obtain the fractal permeability model: 
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2.2.2 Fractal permeability model based on Kozeny-Carman Equation 
 

Based on the Poiseuille equation, Kozeny and Carman proposed a permeability equation called Kozeny-Carman Equation. KC 
Equation is widely used, one of the commonly used forms is [19, 20]: 
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                                                                                            (27) 

Where C is the model parameter, S0 is the specific surface area of rock. Substituting the fractal expression of the specific surface area 
into Kozeny-Carman Equation, the K-C Equation is described as: 
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Substituting the fractal expression of the cross-sectional area A into the above equation, we can obtain: 
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Order rmin/rmax=λ, substituting the fractal expression of the maximum pore radius rmax  into the above equation, equation can be written 
as: 
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Xu et al. (2011) proposed the constant C fractal expression of Kozeny-Carman equation is:  
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Substituting the above equation into Equation (30), the Kozeny-Carman Equation is described as: 
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3. Analysis 
 

We simulate the fractal permeability equation and analyze the influence factors of fractal permeability model.  
Figure 1 shows the relationship between the average pore radius and fractal permeability. It can be found from the Figure that the 

permeability calculated by the two equations have the same tendency, both of the curves increase with the increase of the average pore 
radius. Especially in the region with small average pore radius, the permeability increases rapidly, and the permeability increases slowly 
with the increase of the average pore radius to a certain extent. 

The average pore radius reflects the distribution of pore size. The smaller the average pore radius is, the more the number of 
micropores is. This situation makes the flow of the fluid more difficult in the pores, so the average pore radius has a great influence on the 
permeability. 

 

 
Figure 1. The relationship between the average pore radius and the fractal permeability 

 
Figure 2 shows the relationship between porosity and fractal permeability. It can be found from the Figure that the permeability 

calculated by the two equations increases with increasing porosity. The fractal permeability model based on the Hagen-Poiseulle equation is 
more sensitive to the porosity change, and with the increase of the porosity, the permeability increases rapidly. Reduced porosity results in a 
reduced flow space of fluid, so that the permeability decreases. 

 

 
Figure 2. The relationship between the porosity and the fractal permeability 

 
The relationship between tortuosity and fractal permeability is shown in Figure 3. It can be found from the Figure that the permeability 

calculated by the two equations decreases with the increase of the tortuosity. The tortuosity reflects the degree of curvature of the capillary. 
The larger the tortuosity value indicates that the flow channels are more complex. Therefore, as the tortuosity increases, the permeability 
decreases. 

 

 
Figure 3. The relationship between the tortuosity and the fractal permeability 

 
Figure 4 shows the relationship between the radius ratio λ (rmin/rmax) and the permeability. It can be seen from the Figure, with the 

increase of λ, the permeability increases rapidly in the initial period, with the increase of λ to a certain extent, the permeability increases 
slowly. 

The increase of λ indicates that the minimum radius is close to the maximum radius, the pore size distribution region is narrowed, and 
the heterogeneity is weakened. Therefore, as λ increases, the permeability increases. 
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Figure 4. The relationship between λ and the fractal permeability 

 
Figure 5 shows the relationship between the fractal dimension and the fractal permeability. The figure indicates that the permeability 

calculated by the two equations decreases with the increase of fractal dimension. The fractal permeability model based on the Kozeny-
Carman equation is more sensitive to the fractal dimension change. With the increase of the fractal dimension, the permeability increases 
rapidly. The permeability model based on Hagen-Poiseulle equation decreases slowly with increasing fractal dimension. When the fractal 
dimension increases to 1.8, the permeability decreases faster. Fractal dimension reflects the complexity of the pore structure, the more 
complex the pore structure, the more difficult the fluid flow. Therefore, as the fractal dimension increases, the permeability decreases. 

 

 
Figure 5. The relationship between the fractal dimension and the fractal permeability 

 
From the above results, it can be found that the average pore radius, pore radius ratio (λ) and fractal dimension have the greatest 

influence on permeability, especially in the regions with smaller average pore radius and pore radius ratio (λ) and the regions with larger 
fractal dimension, the permeability changes very fast. This indicates that the permeability of rock whose pore structure is complex and the 
heterogeneity is strong, such as gas shale, is mainly controlled by the pore structure. 
 
4. Results and disscuss 
 

In this paper, the rock samples are gas shale from Sichuan Basin, we chose four core samples SEM images with an image resolution of 
24 nm / pixel. First, the SEM images need to be binarized, and then we calculate the pore structure parameters based on the binary image 
(Fig.6). The fractal dimension of the sample is calculated by box dimension method. After obtaining the above parameters, the absolute 
permeability of the gas shale is calculated by the Hagen-Poiseulle fractal permeability equation and the Kozeny-Carman fractal permeability 
equation, respectively. 

 

 
Figure 6. SEM images and binarization images of gas shale samples in Sichuan Basin 

 
Table 1 shows the results of fractal permeability model based on Hagen-Poiseulle equation. The fractal permeability range from 

8.24×10-5mD to 1.09×10-3mD, and the average is 2.63×10-4mD. The results show that the fractal permeability is consistent with gas 
permeability, the error distribution is -2.13% ~ 21.89%. 

 
Table 1. Calculation results of Hagen-Poiseuille fractal permeability model 

Sample 
No. 

Average pore 
radius (μ m) D Porosity 

(decimal) τ 
Fractal 

permeability (m 
D) 

Gas 
permeability(m 

D) 

Error 
(%) 

X-1 0.00731 1.379 0.04538 1.233 3.70E-04 4.26E-04 1.82 
X-2 0.01146 1.3899 0.05242 1.23 1.09E-03 9.38E-04 -2.13 
X-3 0.00293 1.4331 0.05755 1.228 8.24E-05 4.46E-04 21.89 
X-4 0.00437 1.4854 0.04496 1.233 1.44E-04 3.72E-04 12.04 

 
Table 2 shows the results of the fractal permeability model based on the Kozeny-Carman equation. The fractal permeability range from 

1.08×10-4mD to 1.48×10-3mD, and the average is 4.09×10-4mD. The results show that there is a good agreement between fractal 
permeability and gas permeability. The error distribution is -4.07% ~ 18.4%. The prediction results are slightly better than the Hagen-
Poiseulle fractal permeability equation. 
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Table 2. Calculation results of Kozeny-Carman fractal permeability model 

Sample No. 
Average 

pore radius 
(μm) 

D 

Porosit
y 

(decima
l) 

τ λ 
Fractal 

permeability 
(mD) 

Gas 
permeability(m

D) 

Error 
(%) 

X-1 0.00731 1.379 0.04538 1.233 0.059 5.84E-04 4.26E-04 -4.07 

X-2 0.01146 1.389
9 0.05242 1.23 0.0584 1.48E-03 9.38E-04 -6.54 

X-3 0.00293 1.433
1 0.05755 1.228 0.06 1.08E-04 4.46E-04 18.40 

X-4 0.00437 1.485
4 0.04496 1.233 0.0716 3.00E-04 3.72E-04 2.73 

 
5. Conclusion 
 

In this paper, fractal theory is used to deduce the fractal model of pore structure parameters and the fractal permeability model. We 
obtain two fractal permeability models with the average pore radius based on the Hagen-Poiseulle equation and the Kozeny-Carman 
equation. The results show that permeability is a function of pore structure fractal dimension, macroscopic property parameter and 
microscopic pore structure parameter of porous medium. After analyzing the models, it is found that the average pore radius, pore diameter 
ratio and fractal dimension have the greatest influence on the permeability. The fractal permeability models are used to calculate the gas 
shale permeability of the Sichuan basin. The results show that the two models have good agreement with gas permeability. 
 
Acknowledgements 
 

This work was supported by National Science Fund for Distinguished Young Scholars of China (Grant No. 51125019), National 
Natural Science Foundation of China (Grant No. 51374181). 
 
References 
[1] Katz A J, Thompson A H. Fractal sandstone pores, pp. implications for conductivity and pore formation. Physical Review Letters, 1985, 

54(12), pp. 1325. 
[2] Hildgen P, Nekka F, Hildgen F, et al. Macroporosity measurement by fractal analysis. Physica A, pp.  Statistical Mechanics and its 

Applications, 1997, 234(3), pp. 593-603. 
[3] Dathe A, Eins S, Niemeyer J, et al. The surface fractal dimension of the soil–pore interface as measured by image analysis. Geoderma, 

2001, 103(1), pp. 203-229. 
[4] Xu P, Yu B. Developing a new form of permeability and Kozeny–Carman constant for homogeneous porous media by means of fractal 

geometry. Advances in water resources, 2008, 31(1), pp. 74-81. 
[5] Yao Y, Liu D, Tang D, et al. Fractal characterization of adsorption-pores of coals from North China, pp. an investigation on CH 4 

adsorption capacity of coals. International Journal of Coal Geology, 2008, 73(1), pp. 27-42. 
[6] Wang H, Liu Y, Song Y, et al. Fractal analysis and its impact factors on pore structure of artificial cores based on the images obtained 

using magnetic resonance imaging. Journal of Applied Geophysics, 2012, 86, pp. 70-81. 
[7] Yang F, Ning Z, Liu H. Fractal characteristics of shales from a shale gas reservoir in the Sichuan Basin, China. Fuel, 2014, 115, pp. 

378-384. 
[8] Yu B. Analysis of flow in fractal porous media. Applied Mechanics Reviews, 2008, 61(5), pp. 050801. 
[9] Yu B, Zou M, Feng Y. Permeability of fractal porous media by Monte Carlo simulations. International journal of heat and mass transfer, 

2005, 48(13), pp. 2787-2794. 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                     262.1 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/262 

 

Research on Anti-fatigue Nutritional Supplements of Gymnastic Athletes 
 

Wei xubo1, Wei zi2, Chen Hong3, Hu Lei4, Wang yuntao5 

 
1, 3, 4, 5. Wuhan Sports University, Wuhan, China 

2. UT Arlington, Texas, USA 
 
Abstract: In this paper, the author researches on anti-fatigue nutritional supplements of gymnastic athletes. To study the influence of canine 
anti-fatigue functional food additive on the anti-mobility fatigue in gymnastic athletes, different canine anti-fatigue functional and 
nutritional food additive formulas were tested. It revealed that canine anti-fatigue functional and nutritional food additive played a 
prominent role in improving gymnastic athletes’ exercising and working ability and in promoting the restoring of gymnastic athletes’ fatigue. 
 
Keywords: Modeling; Anti-fatigue nutritional supplements; Agent-oriented; Gymnastic athletes 
 
1. Introduction 
 

Fatigue is the result of the combined effects by multiple factors. The status of fatigue, drowsiness, weakness, headache, insomnia, etc. 
which resulted from long time exercise motional labor usually belongs to physiological fatigue, and is thought to be protective signals issued 
by the body. These phenomena don’t hurt the body and can be restored through rest and recuperation. However, over-fatigue caused of the 
accumulation of fatigue can affect the function of the body and cause organ lesions that have serious harm to human health. Fatigue crowd is 
expanding with compact social rhythm, busy work and life. Moreover, for special populations such as athletes with frequent high intensity 
training, workers under hypoxia, high temperature, and high humidity environment as well as closed environment for long time, officers 
accepting long-term military training and so on, fatigue continue to produce but can’t recover in time resulting in accumulation, which 
caused great damage. Therefore, to find effective drugs to delay the occurrence of fatigue or quickly eliminate fatigue are of great 
significance for social medicine, sports medicine, and military medicine. At present, the clinical medicine for fatigue is mostly chemical 
drug with the function of being excited central. These drugs have a significant effect, but also have large side effects especially for the 
central nervous system, and most have addiction and dependence. 
 
2. Review of literature study 
 

Lijun You [You et al., 2010] studies the eucommia ulmoides which is used as a herb in China for a long history, and it has the function 
of antihypertensive, notifying kidney, reinforcing liver, sine wing bone, anti-abortion, etc. Although the part of Eucommia ulmoides plant 
used as a Chinese herb is the barks, modern research shows that Eucommia ulmoides bark and leaves have the similar components, and even 
the contents of some components in leaves are higher than these in bark. Therefore, the Eucommia ulmoides leaves can also be used as an 
herb instead of bark, and this provide a very good chance to resolve the lack of the resources of Eucommia ulmoides bark and to take the 
comprehensive utilization of Eucommia ulmoides resources. Researches have shown that Eucommia ulmoides leaves have anti-fatigue 
effect, but the study objects of relative researches are usually the crude extracts of Eucommia ulmoides leaves, so the functional components 
of anti-fatigue effect are not clear, and also the mechanism of anti-fatigue effect is not known. Therefore, the functional foods which are 
developed from raw material of Eucommia ulmoides leaves are still the 2nd generation of functional foods, which have the problem of 
unclear mechanism and unclear functional components. In order to solve this problem, in Jin-Feng Ding’s [Ding et al., 2010] research, 
Eucommia ulmoides leaves were studied as the subject, and the functional components were separated and purified step by step. The 
purified products from every step were evaluated on the anti-fatigue effect by animal experiments in order to screen out more specific anti-
fatigue components from Eucommia ulmoides leaves. Meanwhile, the separated and purified products were taken in the in vivo and in vitro 
antioxidant tests in order to study the relationship between the anti-fatigue effect of Eucommia ulmoides leaves and anti-oxidation function 
of Eucommia ulmoides leaves, and furthermore to explore the mechanism of anti-fatigue effect of Eucommia ulmoides leaves. Finally, the 
last separated and purified anti-fatigue product of Eucommia ulmoides leaves were separated and purified more detailed, and monomers 
were gotten. And then IR and UV spectroscopy were used to analyze the monomers structure. The molecular structure of each monomer was 
identified primarily, and the mechanism of anti-fatigue of Eucommia ulmoides leaves could be interpreted on the molecular level. The tests 
on crude extract of Eucommia ulmoides leaves. The result of anti-fatigue evaluation test showed that the water extract of Eucommia 
ulmoides leaves (EUH) and ethanol extract of Eucommia ulmoids leaves (EUE) could both prolong the weight-loaded swimming time, 
reduce the content of blood lactic acid (LA) and serum urea nitrogen (SUN), and increase the content of hepatic glycogen. However, EUE 
showed more obvious influence on these anti-fatigue evaluation parameters than EUH, which meant that EUE had more significant anti-
fatigue effect than EUH. The result of hypoxia tolerance test showed that EUH and EUE did not have the obvious effect of enhancing the 
mics’ hypoxia tolerance ability; therefore, the function that EUH and EUE exhibited the anti-fatigue effect by improving hypoxia tolerance 
ability was not significant. The result of in vitro anti-oxidation test showed that EUH and EUE had the function of scavenging OH, O2-·and 
DPPH in different degree. However, the scavenging effect on each free radicals of EUE was better than EUH, which was identical to the 
fact that the anti-fatigue of EUE was better than EUH, and this proved that the in vitro anti-oxidation and anti-fatigue effect of Eucommia 
ulmoids leaves crude extract had the positive correlation. The result of test also showed that flavonoids and polyphenols might be the 
functional components of exhibiting capacity of anti-fatigue and in vitro anti-oxidation in crude extract of Eucommia ulmoids leaves. 

Li [Li et al., 2013] researched the anti-fatigue effects of salidroside and its dose —the effect relation on the swimming performance of 
the mice was investigated, and an optimum dosage of salidroside for anti-fatigue effect was determined. Then we studied the anti-fatigue 
mechanism of salidroside from several aspects and investigated the molecular biology mechanism. The results showed that Salidrosid had a 
significant anti-fatigue effect on mice and had its optimum dose. Several aspects involve in the anti-fatigue effection of salidroside. 
Salidroside can induce anti-oxidase activity and reduce the damage of cardiac muscle and skeletal muscle after long time endurance exercise; 
salidroside have an effect on the amino acid metabolism of brain and can prevent the decline of NO by improving NOS activity after long 
time endurance exercise; Salidroside has a significant effect on glucose,fat and amino acid metabolism and can improve the aerobic capacity. 
Salidroside may improve oxidize metabolic capability and anti-fatigue capability of the skeletal muscle by improving the expression of 
PGC-1α, PPARα and mt TFA protein in skeletal muscle. 

Being the active components of ginseng, Qi [Qi et al., 2014] researches ginseng polysaccharides which have effective anti-fatigue and 
antidepressant effects, but little research on the effects has ever been reported. Ginseng polysaccharides were prepared following the 
methods built in our lab before, ginseng total polysaccharide WGP was prepared by hot water extraction, ethanol precipitation and detach 
from the root of Pan Ax ginseng C. A. Meyer. WGP was loaded on DEAE-cellulose column. The column was eluted first with distilled 
water to elute the unbound fraction WGPN and then with 0.5 M NaCl to elute the bound fraction WGPA. The polysaccharide components of 
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WGPA-A have been confirmed as RG-I, HG and AG-rich pectin. WGPA was reloaded on DEAE-cellulose column, and it was isolated into 
the neural AG polysaccharide WGPA-N and the acid RG-I and HG-rich pectin WGPA-A. The anti-fatigue and antidepressant effects of the 
fractions of ginseng polysaccharide and their possible mechanisms were studied by orally administrated way in mice. The anti-fatigue 
effects of WGP, WGPN and WGPA and their dose-effect relations were investigated through the results of the forced swimming test and the 
serum biochemical tests in mice. It was confirmed that 200 mg/kg is the most optimum dosage of the anti-fatigue effects of WGP and 
WGPA. The anti-faitgue effects of WGPA-A and WGPA-N were compared and the results showed the effects of WGPA-A whose structure 
is RG-I and HG pectin was more significant than that of WGPA-N. Kim’s [KIM et al., 2001] research results were evaluated by the forced 
swimming test, the serum biochemical tests and the morphological changes of mitochondria in striated skeletal muscle. The anti-fatigue 
mechanisms were mainly focused on: a) directly antioxidative effects or increasing the activities of antioxidant enzymes, reducing the 
myocardial damage of membrane structure of mitochondria or cells, alleviating the fatigue mediated by oxidative stress; b)significantly 
promoting fat utilization of mice during exercising, sparing the consumption of blood glucose and therefore delaying fatigue mediated by 
energy exhaustion; c) significantly decreasing the accumulation of lactic acid the metabolic products of fatigue, and decreasing its inhibition 
to central nervous system. Based on the close connection and part of similar mechanisms between depression and fatigue, the antidepressant 
effects of ginseng pectin WGPA and its possible mechanisms were also studied in the present paper. WGPA was orally administrated to 
mice and some behavioral tests including the spontaneous activity test, the elevated plus-maze test, the social interaction test and the forced 
swimming test were performed, the results showed that WGPA has the significant antidepressant effects. To elucidate the antidepressant 
mechanisms of ginseng pectin, the neuronal signaling pathways of ERK and GSK-3βwere studied in the present paper. BDNF andβ-Catenin 
as the important targets of the pathways were tested with the Western Blotting analysis, the results showed that the antidepressant 
mechanisms of WGPA were mainly through up-regulating the expression of target protein BDNF and β-Catenin in the ERK and GSK-
3βsignaling pathway. 
 
3. The physical distribution in gymnastic athletes 
 

Since 1979, gymnastic slowly began to become popular. In the past thirty years. With the development of gymnastic and combat sports 
exchanges all over the world, now gymnastic has become not only official event of the World Wuhu Championships, Asian Games, Asian 
Championships, Games and National Championships, but also of female gymnastic Competition, Wuhu gymnastic World Cup and a variety 
of commercial competitions. gymnastic now has a good impact across the world with the worldwide spread. gymnastic is a form of Wuhu, 
which is an ancient Chinese sport. Technologically speaking only, Chinese gymnastic worthy of the profound praise, contains all the 
technical content of wash combat action all over the world. However, according to various different rules of current international games, 
Chinese athletes are supposed to get more technical skills from other countries, such as the bold and vicious force, which needs a lot of 
exercise training to improve the players’ ability to fight. 

“Physical” is originally translated from “physical fitness”. Broadly speaking, it refers to the athletes’ necessary integrated embodiment 
of all kinds of sports abilities, in order to improve the level of gymnastic sports skill, tactics and create excellent performance in the game. In 
a narrow sense, gymnastic physical means that gymnastic athletes’ maximum mobilization of organism function ability for its ability to fight 
the body fatigue in training and competition. To some extent, this ability is Sandi’s special endurance, or physical strength. Physical strength 
is an important part of the fight against ability and also the basis of technical and tactical training. As a direct antagonism project with great 
strength, high density continuous attack and defines, gymnastic puts forward very high requirements on the athletes’ physical. According to 
gymnastic Competition Rules, domestic and abroad gymnastic competition (except commercial and team competitions) are adopted two out 
of three sets. Win the first two rounds (dominant victory except) win the game, with net for two minutes, rest a minute. 

In this competitive project of high strength and density tonal adversarial attack and defines, athletes should be properly analyses the 
opponent’s physical condition, and carry out a reasonable allocation to achieve lasting anti-war purposes, and ultimately win the game. In 
recent years, many athletes at the start of the game ferocious attack just like a lively dragon and an active tiger in national gymnastic 
competitions. However, after two, especially in the third round, physical strength drops obviously, some athletes even lose defensive 
strength. In 1985, gymnastic competition held in Taiyuan, Shanxi. In the final game, the athlete is from Shandong and Tianjin. At the 
beginning, the athlete from Shandong overwhelmingly prevails against Li Bangui by attacking continuous with superb skills. However, 
thanks to the reasonable physical distribution, Li Baogui seized the opportunity in the third game to strongly fight back and finally defeated 
the defending champion, winning the laurel. 

There are so many examples which illustrate how important that athletes’ physical distribution is. Some athletes’ distribution of is Cop-
out. They simply take attack without analyzing their opponent’s tactics or physical strength, and also neglect their own physical condition. 
So, that they are likely to lose. To solve this problem, we have to combine technical characteristics and project requirements of gymnastic, 
and attach importance to the physical quality training so as to improve the athlete’s physical strength. Only in this way can we enhance the 
overall competitiveness and compete at a high level in a leading position. 

Subjects were recruited by advertisements at Beijing Sport University. They underwent a screening procedure including medical 
history taking, measurement of bodyweight and height. Eight male Sandal athletes were selected on the basis of being in good health, non-
diabetic, non-smoker, no vegetarian, using oral contraceptives, not using other medication, not spending more than 3h sport activities a week 
and at most moderate alcohol users (<10 alcoholic consumptions per week). Only male Sandal athletes were included, because in previous 
studies it was found that men responded more consistently and with a greater increase in GH after ingestion of certain amino acids (AAs) 
than women. Their mean age was 21±1.5 years, and their body mass index was 28±1.8 kg/m2. All tests were performed in the early 
follicular phase of each male Sandal athlete’s menstrual cycle, to eliminate the confounding variable of changing serum estrogenic 
concentrations. The Medical Ethics Committee of Maastricht University approved the study protocol and all subjects gave their written 
informed consent before participating in the study. 

 
Table 1. Amino Acid Composition of Donkey-Hide Gelatin Mucilage (Amount in G per 100 G of Intake.) 

Composition Amount(g) 

Arginine 8.4 

Cysteine 0.5 

Histidine 1.9 

Isoleucine 1.5 

Leucine 3.0 

Lysine 3.9 
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A randomized crossover study design was applied. Subjects reported to the laboratory for consumption of five different test drinks (soy, 
gelatine, -lactalbumin, milk and placebo), at separate test days. Each time, subjects arrived in the morning at the laboratory in a fasted state. 
They were instructed to fast from 2200 hours the night before the test day. A permanent cannula was placed into a dorsal hand vein of the 
contralateral arm, and this hand was kept in a thermo regulated (60 degrees) box to sample arterialized venous blood. Blood sampling began 
60 min after placement of the cannula. Blood was sampled every 20 min for the next 5h. During blood sampling, subjects remained awake 
and were allowed to drink water ad libitum. Immediately after obtaining the first blood sample, subjects received a test drink. The test drink 
was based on 0.6 g protein per kg bodyweight (reflecting a high-protein meal) dissolved in 400 ml water. The placebo test drink contained 
400 ml water. All test drinks, including the placebo, contained 20 ml sugar-free syrup (Darian, Cereal). The syrup was added for the taste 
and contained no protein and fat and a negligible amount of carbohydrates (artificial sweeteners). The AA composition of the proteins is 
shown in Tab. 1. 

Data are presented as mean changes from baseline standard error to the mean (seem.). Baseline ratings for GH, insulin, glucose and 
AAs were not statistically significantly different among treatments; therefore, delta concentrations were used for statistical analysis. GH, 
insulin, glucose and AA responses were calculated as incremental area under the curve (IAUC), peak values and time to peak values. 
Statistical analyses of the data were performed using repeated measures analysis of variance, correcting for multiple analyses. Post hoc 
comparisons were made with the Fisher’s PLSD test. A P-value o0.05 was regarded as statistically significant. All statistical tests were 
performed by using Stat View SE Graphics software (version 4.5; Abacus Concepts Inc., Berkeley, CA, USA). 
 
3.2 Experiment results and discussion 
 

GH responses as determined by IAUC and peak values were increased after gelatine ingestion when compared with ingestion of soy, -
lactalbumin, milk and placebo (P<0.05). After ingestion of soy, -lactalbumin and milk, GH responses (IAUC and peak) were increased 
compared with placebo (P<0.05). GH responses after ingestion of milk were delayed compared with GH concentrations after ingestion of 
the other proteins (Fig. 1, Table. 2). 

 

 
Figure 1. Growth Hormone Concentrations after Ingestion of a Test Drink Containing Soy Protein (■), Gelatine protein (□), -lactalbumin 

Protein (▲), Milk Protein (Δ) and Placebo (●) (n=8) 
 

The insulin responses, determined as IAUC and peak values, were higher after ingestion of the proteins, compared with ingestion of the 
placebo drink (P<0.05). There were no differences between the insulin concentrations after ingestion of the different proteins. There was no 
time to peak difference between the insulin responses after ingestion of the different test drinks. The glucose concentrations, determined as 
IAUC and peak values, were not differently affected by ingestion of the test drinks. There was no time to peak difference between the 
glucose responses after ingestion of the different test drinks (Table. 2). 

AA responses to protein ingestion as determined by IAUC and peak values are shown in Tab. 2. ARG concentrations were significantly 
higher (IAUC and peak) after ingestion of gelatine, compared with the other proteins (P<0.05). Furthermore, ARG concentrations were 
higher after ingestion of soy compared with a-lactalbumin and milk (P<0.05) (Fig. 2, Tab. 2). Ornithine (ORN) concentrations were 
significantly higher (IAUC and peak) after ingestion of gelatine, compared with the other proteins (P<0.05). Furthermore, ORN 
concentrations were higher after ingestion of soy compared with a-lactalbumin and milk (P<0.05). Histamine (HIS) concentrations, 
expressed as IAUC and peak value were higher after ingestion of soy or -lactalbumin compared with gelatine (P<0.05). LYS concentrations 
were higher (IAUC and peak value) after ingestion of -lactalbumin compared with the other proteins (P<0.05). Methionine (MET) 
concentrations (IAUC, peak value) were higher after ingestion of milk compared with the other proteins (P<0.05). Peak values of 
phenylalanine (PHE) were higher after ingestion of soy or a-lactalbumin compared with gelatine or milk (P<0.05). Peak values of glutamic 
acid (GLU) were higher after ingestion of gelatine compared with milk (P<0.05) (Table. 2). 

 
Table 2. Changes in GH, Insulin, Glucose and As After Ingestion of A Test Drink With Soy Protein, Donkey-Hide Gelatine Mucilage-

Lactalbumin Protein, Milk Protein and Placebo (N=8), Expressed As IAUC, Peak Values and TTP 
 Placebo Soy Gelatin α -lactalbumin Milk 

IAUC GH 
(min mg/l) 

184.0±52.1 374.0±49.6 641.4±74.6 421.4±44.2 477.2±53.4 

Peak GH (min 
mg/l) 

2.2±0.8 5.0±0.8 8.2±1.1 4.5±0.6 6.4±1.0 

TTP GH (min 
mg/l) 

180±30 122±12 122±6 122±10 190±22 

 

 
Figure 2. Changes in Arginine Concentrations after Ingestion of a Test Drink Containing Soy Protein (■), Gelatin protein (□),  -lactalbumin 

Protein (▲), Milk Protein (Δ) and Placebo (●) (n=8) 
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4. Experiment results and discussion 
 

12 healthy people (6 male 6 female) were chosen for the study. In the process of the test, the tester ran 1200M in the standard sporting 
runway at the average speed of 4-6 km/h. The canine blood biochemistry indexes (red blood cell, white blood cell, hemoglobin, total plasma 
protein, albumin, blood lactic acid, carbohydrate, urea nitrogen, blood create time, etc.) were examined under the peaceful condition and in 
10rain, 1h, 2h and 4h after the movement, and the pulse, the body temperature, the breath rate and the 3 vain salivating quantity were 
determined simultaneously. According to the basic project defined in Functional Assessment Procedure and Test Methods of Health Food, 
which was issued by Chinese Sanitary Department, the rat loaded swimming was used to assess the anti-fatigue effect in this study. The L-
Carnation, the Gamine, the create time, Fructose-1, 6-Diphosphate, ginseng, taurine as well as trace elements and vitamins were chosen as 
the raw material. The orthogonal test design method was employed in this study. The results demonstrated that the Ghtamine, Fructose-1, 6-
Diphosphate and ginseng could greatly influenced on the swimming endurance, and the L-Carnitine, the create time, taurine had a little 
influence on the swimming endurance. Therefore, the formula A1B2C2D2E2F2 was designed and applied to the test. The results revealed 
that the ability of mouse anti-fatigue, the anti-oxygen deficit, heat and cold resistant in the experiment group surpassed that of the 
comparison group. After tester’s exercising, the mainly physiological indexes had changed. The change of the breath rate and the salivating 
quantity was prominent (P<0.05), and the body temperature change was not remarkable. The blood biochemistry indexes also varied with 
the moving process. The quantity of red blood cell, white blood cell and hemoglobin elevated a little, the change of blood lactic acid and 
carbohydrate ion was remarkable, the concentration of blood lactic acid increased and that of carbohydrate ion decreased correspondingly. 
The blood glucose and lactic dehydrogenase also changed in the process of movement and the fatigue restoration. Therefore, the breath rate, 
the salivating quantity, the blood lactic, the carbohydrate ion, the blood glucose and the lactic dchydrogcnasc could be used as the indexes to 
evaluate the degree of tester’s movement and fatigue restoration. Canine anti-fatigue functional food additive capsules were manufactured 
according to the formula A1B2C2D2E2F2. 10 healthy German shepherd testers (4 male 6 female) were divided into two groups. Each group 
contained 2 male testers and 3 female testers. Every day only the experimental group was feed with 4 capsules, the test duration was 30 days. 
The body weight (limos is on the morning), the blood convention indexes (red blood cell, white blood cell, hemoglobin) and the 
biochemistry indexes (total protein, globulin) were tested before and after the experiment. After feeding with canine anti-fatigue functional 
food additive, the tester’s body weight, the red blood cell and the hemoglobin had the tendency to increase. The motility ability and the work 
performance had been enhanced remarkably. The duration of testers’ playing and searching, the fatigue coming time and distance of 8km/h 
obliged motion remarkably surpasses the comparison group tester (P<0.05).With the respect to the mobility fatigue restoration, after the 
8km/h obliged motion in jogging machine, the restoring time of tester’s breath rate was shorter than that of the comparison group. 2h after 
the movement, the blood biochemistry indexes demonstrated that the restoring time of the blood glucose, the blood lactic acid, the 
carbohydrate ion and the lactic was better than that of the comparison group. But the variation of the urea nitrogen and the alkalinity 
phosphatase varied was not obvious. The application of this additive in 80 training testers indicated that this additive had the remarkable 
effect in prolonging the high intensity training time under the high temperature environment and delaying the emerging of the mobility 
fatigue and physical stress reaction and so on because of the long distance transportation. 

(1)First stage: basic preparation (1st week). Giving priority to with strength training, the key are the breakthrough of strength and the 
coordination of the body. 

(2)Second stage: improving ability (2-4th weeks, 3 weeks). Training is given priority to with special endurance training, mainly solving 
the problem of game after the process of physical deficiency, and the lack of ability. 

(3)Third stage: periodic adjustment (5th week). With a relatively large intensity, the smaller amount of exercise training is given 
priority to, intermittent training, to maintain the special ability to decline. 

(4)Fourth stage: consolidating and rise ability period (6th to 8th week, 3 weeks). Personalized training, the combination of interval 
training and speed training improve special ability. 

(5)Fifth stage: pre-match preparations (9th weeks) 
We according to the situation of recently training to carry on positive adjustments, the load and exercise should be less, avoid the 

fatigue caused by training, and ensure sufficient physical strength to ensure the needs of the game. 
Different sports supplements compatibility taking effect on morning pulse change walker. 
 

 
Figure 3. Mean Values of Male and Female Athletes’ Morning Pulse in Different Training Phrases. 

 
From Figure 1 we can see that the morning pulse of male and female intensity change of the fluctuations along with the amount of 

exercise in the whole training period, and two peaks appeared in the 4th and 8th week, but at the same time three troughs appeared in 1st, 
5th, 9th weeks, and that of 9th week to reach the lowest point in the whole training period. 
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Figure 4. Mean Values of Male and Female Athletes’ Diastolic Pressure in Different Training Weeks. 

 
From Figure 4 it can be seen that the walker average diastolic blood pressure of male and female in the early morning in the whole 

training period, intensity change of the volatility along with the amount of exercise, and two peaks appeared in the 4th and 8th week, but at 
the same time three troughs appeared in 1st, 5th, 9th weeks, and that of 9th week to reach the lowest point in the whole training period. 
 
4. Conclusion 
 

In this paper, the author researches on anti-fatigue nutritional supplements of gymnastic athletes. However, over-fatigue caused of the 
accumulation of fatigue can affect the function of the body and cause organ lesions that have serious harm to human health. Fatigue crowd is 
expanding with compact social rhythm, busy work and life. Moreover, for special populations such as athletes with frequent high intensity 
training, workers under hypoxia, high temperature, and high humidity environment as well as closed environment for long time, officers 
accepting long-term military training and so on, fatigue continue to produce but can’t recover in time resulting in accumulation, which 
caused great damage. Therefore, to find effective drugs to delay the occurrence of fatigue or quickly eliminate fatigue are of great 
significance for social medicine, sports medicine, and military medicine. At present, the clinical medicine for fatigue is mostly chemical 
drug with the function of being excited central. As the conclusion, we see the morning pulse of male and female intensity change of the 
fluctuations along with the amount of exercise in the whole training period, and two peaks appeared in the 4th and 8th week, but at the same 
time three troughs appeared in 1st, 5th, 9th weeks, and that of 9th week to reach the lowest point in the whole training period. 
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Abstract: With the development of Wi-Fi Direct technology, Wi-Fi Direct technology will gradually applied to all kinds of handheld 
terminals. This paper researches Wi-Fi Direct three-dimensional spatial positioning algorithm on 3D, combined with a reference node to 
estimate the distance of unknown nodes, the nodes of the unknown relative positioning. This paper researches and simulates distance 
correction of both log-distance path loss model and wall attenuation factor model. By RSSI distance measurement model analysis and 
consequential amendments. The RSSI obtained by at least three known Wi-Fi Direct device from the same unknown Wi-Fi Direct device of 
a non-visible area are estimated the distance, to achieve three-dimensional spatial positioning of the device combined with the geometry. 
Distance measurement model and its amendments are simulated in Wi-Fi Direct architecture based on RSSI and which used to achieve 
spatial positioning of an unknown device of the non-visible area.. 
 
Keywords: spatial orientation; Received Signal Strength Indicator (RSSI); distance measurement model; amending 
 
1. Introduction 
 

With the development of wireless communications and wireless sensor network technology, it is increasing demand for positioning. 
And Global Positioning System has been successfully resolved localization problem in the outdoor environment. According to the GPS 
receiver receiving signals from 5 ~ 24 satellites arrived in time we can get position and orientation, we can locate altitude, latitude and 
longitude information of any outdoor objects all over the world. We cannot directly receive GPS information indoors, we cannot achieve the 
position of the indoor objects by the GPS system, because the GPS receiver cannot receive satellite signals. Due to increasing demand for 
indoors positioning, the research on indoor positioning technology has grown up to be a major research focus. 

With rapid advancements in mobile computing and communication technologies, the design and development of high-performance 
mobile and location-dependent applications have been a hot research topic in recent years. An essential function required for many location-
dependent applications is to have localization devices to capture the current locations of mobile users. 

The design of high accuracy localization methods for tracking mobile users is a hot research topic due to the popularity of various 
mobile computing applications and the advances in mobile and sensor devices [1, 2, 3, 4, 5, 6,]. The basic principle is to use a set of sensor 
nodes with fixed locations to collect the received radio signal strengths from mobile devices carried by users to determine the current 
locations of the mobile users [8].Localization techniques are essential for location-based services in pervasive computing. Currently, the 
localization method by itself in the wireless sensor network is divided into two categories based on distance and without Ranging. 

In the range-based methods, they explore the measured values in wireless communication to estimate the location of a mobile user. 
Some of the commonly used physical measures are the time-of-arrival (TOA), angle-of-arrival (AOA), time-difference-of-arrival (TDOA) 
and received signal strength indicator (RSSI) [3, 5,]. Among these measures, the RSSI-based localization technique provides a class of low-
cost and easy-implemented range-based localization schemes [2, 4, 5, 6]. Some popular techniques based on RSSI are the fingerprinting, 
aggregated signal layout and center of gravity. In this paper, we also adopt RSSI as the basic measure for localization. However, the 
accuracy of RSSI is easily affected by various environmental factors such as reflection, refraction, and multi-path propagation. Based on the 
center of gravity technique, propose enhancements to improve the accuracy in location estimation using RSSI. 

With an increasing number of mobile computing devices inside buildings, new opportunities for location based applications have 
attracted a number of researchers to pursue technologies that could provide indoor location information. For instance, researchers in [10] had 
suggested a novel idea to utilize a wireless local area network’s (WLAN) signal for indoor location determination. 

This study focuses on a technique of indoor location determination called location fingerprinting that exploits the presumably unique 
relationship between the received signal strength indication (RSSI) of a WLAN and an indoor location. 

This technique can provide a location-aware capability for mobile devices equipped with today’s prevalent WLAN interfaces [10]. The 
advantages of this technique are lower complexity due to the built-in RSSI measurement capability in virtually all WLAN interfaces and 
lower cost due to widespread deployment of WLAN infrastructure inside buildings. 

The main advantage of Wi-Fi localization systems, based on the use of 802.11b/g network infrastructure, is that they are able to 
estimate a device position without using additional special hardware. The received signal level (SL), also known as received signal strength 
indicator (RSSI), from each access point (AP) depends on the distance but also on the obstacles placed between the emitter and the receiver. 
A system designer needs to understand the underlying mechanism of RSSI to efficiently model, analyze and design an indoor positioning 
system. 

People often forgot things in daily life, result in urgent need of this item but no matter how to also can not find, let the person pain. In 
fact, this item is quietly lying somewhere around the sight. In science and technology developed today, how expect that the goods have been 
positioning function, we can be very easily pinpoint its relative position and find it. 

As a new kind of technology for short rang wireless communication, Wi-Fi Direct uses a technology of point to point, meaning that 
Wi-Fi devices without going through a wireless network base station. Wi-Fi Direct does not require access points, so you can connect 
anywhere. Wi-Fi Direct positioning is based on received signal strength indication to achieve spatial positioning technology, compared with 
GPS positioning technology, although the positioning accuracy is generally, but Wi-Fi Direct positioning with low cost, ease of use, 
etc. ,which can be applied in many practical applications. 

This paper researches Wi-Fi Direct three-dimensional spatial positioning algorithm on 3D, combined with a reference node to estimate 
the distance of unknown nodes, the nodes of the unknown relative positioning. By RSSI distance measurement model analysis and 
consequential amendments. The RSSI obtained by at least three known Wi-Fi Direct device from the same unknown Wi-Fi Direct device of 
a non-visible area are estimated the distance, to achieve three-dimensional spatial positioning of the device combined with the geometry. 

The remaining parts of the paper are organized as follows. In Section 2, we review more commonly used indoor radio propagation 
models, for example the logarithmic distance path loss model, the wall attenuation factor model. In Section 3, we discuss the details of 
mending for distance measurement based on RSSI and three-dimensional spatial orientation. In Section 4, we make simulations, such as 
simulation of the logarithmic distance path loss model, simulation of the wall attenuation factor model, simulation of Mending for distance 
measurement based on RSSI, simulation of three-dimensional spatial orientation, etc. Finally, we conclude the paper with a brief discussion 
on the future work in Section 5. 
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2. Description of the problem 
 

Here design an experimental environment. This is a student hostel (at least 4 students). The heavy pressure of study often causes 
students forgot many things, at any time who may not find goods in hands just now. The hostel is a place for the students rest, so we just try 
not to noise affects others, and we often put the mobile phone set to mute, even turn off the phone vibrate. Of course, more students to buy 
intelligent equipment such as hand ring to perceive whether there is a call. So, individual forgetful students often forgot mobile phones 
outside the scope of sight at the moment, silent and non-vibration phone being dialed are quietly anyway. No matter how edgy it is no avail, 
the student is only slowly to find, although his phone might quietly hide in a place where your fingertips. 

For short-distance data transmission, we often turn on Bluetooth or Wi-Fi Direct function. We just try not to noise affects others, and 
we often put the mobile phone set to mute, even turn off the phone vibrate. It is assumed that student D phone open Wi-Fi Direct function 
and debug into silent mode and close shock. When student D opens the closet, thrust the phone in his closet, when the student D flip clothes, 
making the phone to hide them. At this time, there is his classmates A, B, C n the dormitory and so on. The three students can receive Wi-Fi 
Direct signals of students D’s smart-phone. And according to the logarithmic distance path loss model and wall attenuation factor model, 
and their amendments, smart-phones of the three students make received signal strength indicator into the distance. 

The accuracy RSSI-based distance measurement depends on the accuracy of the radio wave propagation model. Thus, the actual 
situation is difficult to describe by a determinate mathematical model, which is the root cause of limited accuracy based on the RSSI 
location. Currently, more commonly used indoor radio propagation models are: the logarithmic distance path loss model, the wall 
attenuation factor model and so on. 

 
2.1 Ranging principle based on RSSI 
 

The relation of transmitted power (expressed by PT) and the received power (expressed by PR) of a radio signal can be represented by 
the formula (1), in the formula d is the distance between transmitter and receiver, n is the propagation factor, also is called attenuation factor, 
or is called the path loss exponent, it’s size depends on the wireless signal propagation environment. Such as formula (1): 

n
TR dPP /=                                                                                                            (1) 

In order to apply the description of power gain (dB), we take the logarithm on both sides in the formula (1), and multiply a constant 10 
at the same time, then obtain the formula (2): 

dnPP TR lg10lg10lg10 −=                                                                                        (2) 
Transmit power PT unchanged, when the n’s value is smaller, the signal attenuation in the communication process is smaller too, the 

signal can be transmitted over greater distances. Propagation factor primary depends on interference such as the attenuation, reflection, 
multi-path effects of the radio signal in the air. 

 
2.2 The logarithmic distance path loss model 
 

Many studies have shown that indoor path loss comply with the logarithmic distance path loss model, such as the formula (3): 

σXddndd ++= )/lg(10)(P)dB)((P 00LL                                                                              (3) 
In formula (3), PL (d) expresses the path loss when the distance is d between receiver and transmitter, the unit is dB; PL (d0) is the 

reference path loss when the close distance is d0 (generally is 1 meter), which is gain by the actual test; n is the path loss exponent, indicates 
that the rate of the path loss growth with the distance growth, which depends on the surrounding environment and the possible types of 
buildings. σx  represents the normal random variable as the standard deviation is σ, considered the environmental, σ’s values generally vary 
between 3.0dB-14.1dB. The logarithmic distance path loss model formula (3) may be converted into the corresponding RSSI form, such as 
the formula (4): 

σXddndd 0 +−= )/lg(10)RSSI()RSSI( 0                                                                              (4) 
 
2.3 The wall attenuation factor model 
 

The wall attenuation factor model is the interior empirical model for the same layer or the different layers propagation path loss 
prediction. The standard deviation of the wall attenuation factor model theory predicted value and the actual tested value is 4dB, while The 
standard deviation of the logarithmic distance path loss model theory predicted value and the actual tested value is 13dB, the relative errors 
are bigger. In project we commonly make actual test to correct the attenuation factor. The walls attenuation factor model for the same floor 
is expressed as formula (5) below: 

FAFddndd sf ++= )/lg(10)(P)(P 00LL                                                                               (5) 
In formula (5), PL (d) expresses the path loss when the distance is d between receiver and transmitter, the unit is dB; PL(d0) is the 

reference path loss when the close distance is d0 (generally is 1 meter) , which is gain by the actual test; nsf is the path loss exponent, nsf’ 
value is different for different types of coverage areas. FAF represents the attenuation parameters of the floor, FAF’s values are different 
because of different types of obstacles, we can calculate the path loss by corresponding FAF’s value, table (1) lists FAF’s reference values 
of the typical obstacles. The concrete structures in floors shield the signal strongly, so generally only consider the covering of the signal for 
the same floor, then, FAF may be omitted in formula (5). 

 
Table 1. FAF reference of typical obstacles 

Typical obstacles FAF reference 
Glass wall 2-3 

Ordinary brick wall 8-10 
Reinforced concrete wall 15-16 

Metal, sound barriers 25 and above 
 
Devasirvatham found that the indoor path loss is equal to the free space loss plus additional loss factor, and which is the exponential 

growth with the distance, for multi-floor buildings, formula (5) can be changed to formula (6): 
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FAFαdddndd sf +++= )/lg(10)(P)(P 00LL                                                                  (6) 
 
3. Proposed scheme 
 
3.1 Mending for distance measurement based on RSSI 
 

In practical application, RSSI will be influenced by many factors. The interference of Wi-Fi directly connected devices received is 
deference. Under different circumstances. In the indoor environment, the interference is mainly composed of the wall, ground reflection, 
barrier effect and so on, leading to the wireless signal attenuation increase (the wireless signal attenuate sharply in the metal barrier, even 
blocked).Moreover, environmental influence such as temperature, humidity, atmospheric pressure and so on, results in the change of the 
measurement signal, so which lead to unnecessary distance estimation errors. 

The distance measurement based on the RSSI (received signal strength indicator) is made the signal strength indicator between the 
transmitter and receiver indicated by the corresponding model into the transmission distance, and then estimate the location of the node. 
However, in practical engineering applications, different environmental factors affect the wireless signal in the transmission, different 
environmental factors, which measure the distance model is also different, single measurement range model can not meet the needs, and 
single measurement range model will be different for texture difference from the same environment leading to the attenuation of the signal is 
different, and therefore the distance estimation based on  received signal strength indication is a big error. 

In the same geographic area, the intensity of the received signal is mainly affected by the non physical environment factors such as the 
pressure, temperature and humidity, and these non physical environment factors have no any rules, the change has little effect on the 
distance measurement based on the received signal strength, but it has a great influence on the estimation of the distance, the error of 
distance measurement based on the intensity of received signal is also increased, which results in the reduction of the indoor positioning 
accuracy based on the received signal strength. If the node itself has the ability to deal with it, but it is relatively weak, the defective 
algorithm and its implementation also will affect the RSSI value, resulting in a distance measurement error. Error size will have different 
effects on the accuracy of the positioning. For larger errors, the processing method is needed to solve the problem, for smaller errors may be 
negligible. 

The intensity of the measurement signal is converted to a distance based on the RSSI model, the key step to be resolved is the value of 
the parameters A and n to be relatively accurate. Environment largely influences the value of A and n. along with the surrounding 
environment changes, the values of the parameters A and n will be changed. After a lot of tests, the values range of N and A in different 
environments are obtained, as shown in table 2. 

 
Table. 2 the values range of N and A in different environments 

Environments A(dB) n 
Office (39.0~50.5) (1.4~2.5) 

Corridor (35.0~38.2) (1.9~2.5) 
Park (32.7~36.0) (2.7~3.4) 

Stair, balcony (33.5~44.2) (1.4~2.4) 
Big yard (34.2~39.0) (2.8~3.8) 
barrier (34.5~38.2) (4.6~5.1) 

Stone walls (37.2~41.5) (3.3~3.7) 
Bamboo forest (35.2~38.2) (4.5~5.4) 

alley (44.0~48.7) (2.1~3.0) 
greensward (33.2~36.4) (3.0~3.9) 

Beach (37.5~40.8) (3.8~4.6) 
 

In order to make the model not only can reflect the characteristics of the indoor environment, at the same time, it can ensure that the 
RSSI distance measurement is more accurate, both A value and n value need to refine continuously based on the specific environment,in 
order to make the A value and n value is more suitable for the indoor environment parameters. A value and N value can be estimated by 
linear regression analysis, n is the signal strength of the sample number. Then there are the following formula (6), (7) for estimating: 
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True coefficient indicates the regression coefficient, defined as formula (10): 

                                                                               (10) 

Wherein 

                                                                         (11) 

Standard deviation of predictive value of received signal strength indicator is as formula (12): 
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We measured 100 sets of data in the corridor, the value of A is 41 by the formula (7), and the value of n is 2.3 by the formula (6). 
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The most common and effective method to decrease the error is to measure the multigroup data.Depending on the formula 

(13),calculate all of the received signal strength indicator value for the average value, where ix
represents the i received signal strength 

indicator value. 

∑
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i
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n
x

1

1
                                                                                                        (13) 

 
Expression 13 can be seen that the measurement results are closely related to the n, the greater the value of n, the higher the accuracy of 

the data. Thus, the specificity of RSSI data is improved. N can be obtained in two ways:the first one is the continuous transmission time 
domain, the cost measurement cycle of the method will be longer, especially mobile device in the movement will produce a large error; the 
second different power transmission modes are used to transmit chips, which send information and corresponding processing with different 
power, in order to reduce or decrease the error of distance measurement, but the cost of such a situation is higher. 

In practical applications, the wireless signal influenced easily by environmental factors in the communication process, resulting that 
attenuation relation of the signal are inconsistent, thus affecting the quality of distance estimation based on the RSSI. Therefore, the 
traditional distance measurement error caused by a variety of environmental factors need to be corrected through a certain method, to 
minimize the error caused by the traditional the distance measurement models. 

The logarithmic distance path loss model and the wall attenuation factor model show that the main parameters are respectively the path 
loss exponent and attenuation parameters. Although path loss exponent reference values and attenuation parameters reference value are 
given, but the accuracy of the path loss exponent and attenuation parameters will directly affect the veracity of their distance measurement. 

 

obstacle
detecting

RSSI
route

Unknown 
Device

Representing the identical 
RSSIs

Representing the route of 
detecting RSSI

Representing the route of 
amending detection

 
Figure 1 .Diagram of simple obstacle detection correction schematic 

 
In Figure 1, the signal strength of the receiving device receives data from the unknown transmission device on the other side of the 

obstacle are necessary weaker than in the open areas with no obstructions. We designed that we detected RSSI value along a parallel 
direction to the obstacle near the receiving device, when the RSSI value are minimum (can also RSSI’s value change minimal when moving 
short distances, that is, through mathematical derivation of the first-order and derivation of second-order to judge), indicates to be nearest to 
the unknown transmission device, and then detects RSSI’s value along the vertical direction per d∂ (known) distance. As an example of the 
logarithmic distance loss model is the formula (14): 

σδδ Xdddnddd 0 ++−=+ )/)lg((10)RSSI()RSSI( 0                                                           (14) 
 

3.2 Three-dimensional spatial orientation 
 

Three known reference point acquisition signals from the current group, we correct the parameter of the distance measurement model, 
which translate the received signal strength indicator into the distance. The spatial localization algorithm realize three-dimensional 
orientation of the known reference points and the unknown point with all measurement distances,so that we can clearly figure out the 
unknown point in three-dimensional spatial structure. The spatial location process based on RSSI shown in Figure 2. 

 
Each known 

reference point 
gathers the RSSI 

value

Transforms The RSSIs 
according to the distance 
measurement model and 
It’s amendment as the 

distances

Space orientation algorithm 
synthesizes all distance to 

construct spatial structure of 
the known reference points and 

unknown spot  
Figure 2 .Diagram of spatial location process based on RSSI 

 
The known Wi-Fi direct-attached device is related to the unknown Wi-Fi direct-attached devices by the correction method. It is 

suspected that the main index of reference data is the path loss index and attenuation parameters from previous log-distance-loss model and 
the wall attenuation model. Although the reference values of the two parameters are given to, the accuracy of two parameters will directly 
affect the range accuracy of the model. The known Wi-Fi direct-attached device delivers the identity ID indication and signal strength 
information to the unknown Wi-Fi direct-attached device.  

The Known Wi-Fi direct-attached devices received information from the unknown Wi-Fi direct-attached equipment, so it will collect 
signal strength RSSI of a column data from Wi-Fi direct-attached equipment ID. When information group which is received from the 
unknown Wi-Fi direct-attached equipment exceed a certain threshold (experiment group 100), it is deduced that calculate out RSSI value of 
undetermind Wi-Fi direct-attached equipment, then and calculate out distance factor d by the path loss index and attenuation parameters, 
which can calculate out the distance between the known Wi-Fi direct-attached devices and undetermind Wi-Fi direct-attached devices. All 
the known Wi-Fi direct-attached devices use this method to calculate out d1, d2,…, dn. 

Based on Wi-Fi direct-attached, positioning technology receives signals from the other side of the unknown location Wi-Fi direct-
attached devices, and transforms signal strength to distances by amending the loss model. From distance information received from between 
the receiving device and the unknown Wi-Fi direct-attached devices, you calculated out the actual distance between the receiving device and 
the Wi-Fi direct-attached devices by trilateration methods or maximum location estimation method. However, due to the current conditions 
limited, it is unable to determine locations of the three given nodes and locate by trilateration. 
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Because Wi-Fi direct-attached devices can be changed into virtual AP, the methods of the stereo positioning system in the paper are as 
follows : first of all, any known point of reference discovered group through the scanning process group (group was created by a known Wi-
Fi direct-attached devices) and complete the discover function of Wi-Fi direct technology .You can directly invite other Wi-Fi direct device 
reference point to this group by invitation mechanism in order to achieve the interconnection of communication.  

In the designed application environment, among the students A, B and C there are not necessary to increase other factors that affect the 
strength of the receiving signal are not necessary, therefore, these three people are to calculate the distance between arbitrary two people 
among the three in accordance with the logarithmic distance loss model. 

From the front of the logarithmic distance loss model and the wall attenuation factor model, the main parameters of each model are the 
path loss exponent and attenuation exponent. Although the reference values of the two parameters are paid, the accuracy of the two 
parameters will directly affect the accuracy of the model.  A, B and C students three students received signals strength indicator from an 
unknown position(the invisible side) by direct Wi-Fi device send after the obstacles must blow no obstacles (completely free open area) 
direct Wi-Fi device to send. 

The reference point A is the center of the two concentric sphere, the two concentric spherical radius are dAB and dAC. dAB indicates 
the distance translated by the received signal strength indicator (RSSI) of the known reference point A(receiving terminal) from the 
reference point B(transmitting terminal) based on a distance measurement model. It can be seen that the reference point B is on the sphere 
(point A is center of the sphere, the radius is dAB). Similarly, dAC indicates the distance translated by the received signal strength indicator 
(RSSI) of the known reference point A (receiving terminal) from the reference point C (transmitting terminal) based on a distance 
measurement model. It can be seen that the reference point C is on the sphere (point A is center of the sphere, the radius is dAC). The 
reference point B is the center of the two concentric sphere, the two concentric spherical radius are dAB and dBC. The reference point C is 
the center of the two concentric sphere, the two concentric spherical radius are dBC and dAC. For ease of understanding, all the spheres by 
the reference points A, B, C are projected on a plane. RSSI of three reference points shown in Figure 3. 

 

 
Figure 3. Diagram of RSSI of three reference points 

 
4. Simulation Results 

 
4.1 Simulation of the logarithmic distance path loss model 
 

Simulation expands based on the following environment. Assuming the walls are concrete walls in a building, the test carried out on the 
same floor. In logarithmic distance path loss model, when the nearer reference distance d0 is 1m, the wall loss PL (d0) is 41.5dB; the path 
loss exponent n respectively 2,2.5,3,3.5 etc.; the standard deviation σ  of the building loss is 5.0. Simulation of the logarithmic distance 
path loss model shown in Figure 4. 

 

 
Figure 4 .Simulation of the logarithmic distance path loss model 

 
MATLAB code: d= [1:0.5:100]; d0=1; L0=41.5; n=2; X=normpdf(d,0,5); A=10*n*log10(d/d0); L1=L0+A+X; plot(d,L1,'-r'); grid 

xlabel('Range(m)') ylabel('Loss(dB)') d=[1:0.5:100]; d0=1; L0=41.5; n=2.5; X=normpdf(d,0,5); A=10*n*log10(d/d0); L2=L0+A+X; hold 
on plot(d,L2,'.'); hold off d=[1:0.5:100]; d0=1; L0=41.5; n=3; X=normpdf(d,0,5); A=10*n*log10(d/d0); L3=L0+A+X; hold on 
plot(d,L3,'.m'); hold off d=[1:0.5:100]; d0=1; L0=41.5; n=3.5; X=normpdf(d,0,5); A=10*n*log10(d/d0); L4=L0+A+X; hold on 
plot(d,L4,'.k'); hold off title('the logarithmic distance path loss model'); legend('n=2','n=2.5','n=3','n=3.5'); 

 
4.2 Simulation of the wall attenuation factor model 
 

The indoor path loss exponent nsf’s value is different in different wireless environment. The impact of distance on the path loss will be 
significantly larger in a building than in the free space. In general, the values of nsf in an open environment are about 2.0 to 2.5; the values 
of nsf in an semi-open environment are about 2.5 to 3.0; the values of nsf in more enclosed environment are about 3.0 to 3.5. We make test in 
the entire building, so need to consider the floor attenuation factor FAF. The average attenuation factor FAF in a building floor is about 
24dB.In formula (6), α (dB/m) is the attenuation constant of the channel. When PL (d0) =40dB, α=0.35, nsf =3, The wall attenuation factor 
loss model shown in Figure 5 when the wall attenuation parameter FAFs are different. 
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Figure 5. Simulation of the semi-closed wall attenuation factor model 

 
MATLAB code: d=[1:0.5:100]; d0=1; L0=40; n=3; FAF=2; a=0.35; A=10*n*log10(d/d0); B=a*d; L1=L0+A+B+FAF; plot(d,L1,'-r'); 

grid xlabel('Range(m)') ylabel('Loss(dB)') d=[1:0.5:100]; d0=1; L0=40; n=3; FAF=8; a=0.35; A=10*n*log10(d/d0); B=a*d; 
L2=L0+A+B+FAF; hold on plot(d,L2,'.'); hold off d=[1:0.5:100]; d0=1; L0=40; n=3; FAF=15; a=0.35; A=10*n*log10(d/d0); B=a*d; 
L3=L0+A+B+FAF; hold onplot(d,L3,'*m'); hold off d=[1:0.5:100]; d0=1; L0=40; n=3; FAF=25; a=0.35; A=10*n*log10(d/d0); B=a*d; 
L3=L0+A+B+FAF; hold onplot(d,L3,'.k'); hold offtitle('the semi-closed wall attenuation factor model'); 

legend('FAF=2','FAF=8','FAF=15','FAF=25'); 
 

4.3 Simulation of Mending for distance measurement based on RSSI 
 

We may combine Formula (4) and (14) to obtain more accurate path loss exponent n, is able to come to a more accurate the logarithmic 
distance path loss model, thereby improving the accuracy of distance measurement. For example, about 30m away from the transmitting 
equipment at the open area in front of the obstacle the path loss exponent n=1.9, as amended by the actual detected and mended after an 
obstacle the path loss exponent n=3.3. The path loss model before and after the obstacle shown in Figure 6. 

 

 
Figure 6. Parameter correction based on the logarithmic distance path loss model before and after obstacle 

 
4.4 Simulation of three-dimensional spatial orientation 
 

Three known reference point is added in the group by an unknown point (Wi-Fi Direct device) built, three known reference points 
according to the corresponding distance measurement model and its amendments will convert the RSSIs from the same unknown point to 
distances. Such as the known reference point A convert the RSSI to the distance d1, so the unknown point should be on the sphere, the 
reference point A is the center and d1 si the radius of the sphere. Thus, the three disparate reference points constructs three spheres 
according to the distances. Every reference point have three-dimensional spatial location algorithm, outline the spatial structure according to 
the corresponding distance data, and then Combined predicted direction of the unknown point can determine (show) the spatial position of 
the unknown reference point the relative to the three known reference points, as shown in Figure 7. 

 

 
Figure 8. Space schematic diagram built by RSSIs of three known reference points received form the same unknown point 

 
4. Conclusion 
 

As a new kind of technology for short rang wireless communication, Wi-Fi Direct uses a technology of point to point, meaning that 
Wi-Fi devices without going through a wireless network base station. Wi-Fi Direct does not require access points, so you can connect 
anywhere. Wi-Fi Direct positioning is based on received signal strength indication to achieve spatial positioning technology, compared with 
GPS positioning technology, although the positioning accuracy is generally, but Wi-Fi Direct positioning with low cost, ease of use, 
etc. ,which can be applied in many practical applications. 
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With the development of Wi-Fi Direct technology, Wi-Fi Direct technology will gradually applied to all kinds of handheld terminals. 
This work proposes amending for the RSSI-based indoor radio path loss model for indoor wireless location systems. The main work is to 
obtain more accurate path loss exponent n, is able to come to a more accurate the distance path loss model. Which effectively improves 
ranging accuracy and enhances its adaptability to variations of surrounding propagation environments. Which has higher ranging accuracy 
and stronger adaptability to environment variations. Therefore, which provided the more technology base and the platform for three-
dimensional space orientation of unknown equipment node in the invisible region. 
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Abstract: This paper presents a dual-grid based multi-population multi-objective particle swarm optimization algorithm (MMOP-SO-DG) 
for multi-objective optimization problems (MOPs). MOPs are decomposed into several single-objective optimi-zation problems (SOPs). 
One master population and several slave-populations respectively adopt MOPSO and PSO to optimize MOPs and SOPs. Non-dominated 
solutions obtained by slave-populations can guide and accelerate the conver-gence of the master population. A dual-grid based technique is 
proposed to divide objective space of MOPs. In order to produce a well distributed and convergent Pareto front, dual-grid based global best 
and personal best selection strategies are developed. Moreover, several improved techniques such as special mutation strategy and archive 
maintenance strat-egy are incorporated into our algorithm to enrich its global and local search capabilities. The computational results on 
benchmark test functions show that the proposed algorithm outperforms the three comparison algorithms in terms of convergent speed, 
convergence and distribution. 
 
Keywords: PSO algorithm, Multi-Objective optimization, Dual-Grid, Multi-Population 
 
1. Introduction 
 

Optimization problems in science and engineering fields mostly belong to multi-objective optimi-zation problems (MOPs) [1-4]. In 
MOPs, objective functions usually conflict mutually and there is no only optimal solution. Through multi-objective optimization algorithm, 
a set of equally-optimal solu-tions can be obtained, called Pareto optimal solutions (PS) or non-dominated solutions. The mapping of PS in 
objective space is Pareto front (PF). The purpose of solving MOPs is to find out a set of PS and the corresponding PF should as close to true 
PF as possible and uniformly distributed, so the de-cision-makers can select one solution for a practical problem. At present, the most 
popular algorithms of solving MOPs include NSGA2 [5], MOEA/D [6] and CMOPSO [7]. NSGA2 is a classical mul-ti-objective genetic 
algorithm and has been a measuring stick on performances of other algorithms. MOEA/D is a decomposition-based multi-objective 
evolutionary algorithm and is one of the well-known algorithms with excellent performance. CMOPSO is an adaptive grid-based MOPSO, 
which established the foundation of PSO’s application to MOPs. Besides, some reprehensive algo-rithms have been suggested over the past 
decade, such as strength Pareto evolutionary algorithm, Pareto archived evolution strategy, multi-objective differential evolution algorithm, 
mul-ti-objective immune clone algorithm and various multi-objective particle swarm optimization algorithms.  

Solving MOPs with PSO has two particular issues to be addressed. The first issue is archive maintenance strategy, and the second is the 
selection of global best and personal best. There are many strategies mixedly used in MOPSO to cope with the two issues, such as crowding 
distance, clustering mechanism, decomposition approach, and so on. In this paper, we propose a dual-grid based multi-population multi-
objective particle swarm optimization algorithm (MMOP-SO-DG). The proposed algorithm includes two major improvement strategies. The 
first strategy is multi-population. Multi-population based technique has long been introduced in evolutionary algo-rithm and multi-objective 
optimization algorithms. The major advantage of multi-population is improving population diversity. But in this paper, the use of the 
proposed multi-population based technique is to quickly find high quality solutions and accelerate the convergence speed of the algo-rithm. 
Multi-objective problems (MOPs) are decomposed into multiple sub-problems (SOPs), which include single objective functions and their 
aggregation functions. One master population and several slave-populations respectively adopt MOPSO and PSO to optimize MOPs and 
SOPs. Slave-populations can quickly find high quality non-dominated solutions, including extremal solutions, which could guide the 
evolution of the master population by sharing a common archive, so as to ac-celerate the convergence of the algorithm. The second strategy 
is dual-grid, which inspired by Coello’s adaptive-grid-based MOPSO algorithm [7]. By contrast, the proposed dual-grid-based technique can 
further improve the convergence and diversity of the algorithm. The dual-grid technique is proposed to divide objective space of MOPs. The 
maximum valve of archive solutions on each objective is di-vided into equal parts of d1 and d2, where d1, d2 and k are all positive integers 
and d1=kd2. Objective space is divided into a number of small hypercubes (SHC) and large hypercubes (LHC). Each LHC contains several 
SHCs and each SHC can only reserve one solution. The parameter d2 determines the size of SHC and the minimum distance of neighboring 
solutions. The other parameter d1 determines the size of LHC. Choosing appropriate parameters can significantly enhance the performance 
of our algorithm. We can select d1 and d2 according to the number of solutions in archive and the number of objective. Several dual-grid 
based strategies, such as global best and personal best selection strategies, special mutation strategy, and archive maintenance strategy, are 
designed to improve the search capa-bility of our algorithm. The left parts of this paper are arranged as follows. Section 2 introduces the 
basic concepts of multi-objective optimization and particle swarm optimization algorithm; Section 3 interprets the proposed MMOPSO-DG 
algorithm in details, including multi-population and dual-grid techniques, evolutionary processes of master population and slave-population; 
Section 4 shows the experimental results and related analysis; finally, conclusions and prospects are presented in Section 5. 
 
2. Preliminaries 
 

This section introduces the basic concepts of multi-objective optimization and standard particle swarm optimization algorithm. 
 

2.1 Multi-objective optimization 
 

Generally, an unconstraint minimum multi-objective optimization problem can be described as:  

1 2min ( ) { ( ), ( ),... ( )}T
mF x f x f x f x=                                                                                (1) 

Where, ( )F x represents a multi-objective optimization problem with m sub-objectives, 1 2{ , ,..., }T
nx x x x= ∈Ω  represents n–dimensional 

decision vector and Ω  denotes n–dimensional decision space; ( ){ 1,2,..., }if x i m=  represents single objective function. In the following, some 
important definitions for multi-objective optimization problems are given.  

Definition 1. (Pareto dominance): Decision vector x1 is said to Pareto dominance another vector x2 (denote 1 2x x ) if and only if: 

1 2 1 2( {1,2,..., }: ( ) ( )) ( {1,2,..., }: ( ) ( ))i i i ii m f x f x j m f x f x∀ ∈ ≤ ∧ ∃ ∈ <                                         (2) 
If there is no mutual dominant relationship between x1 and x2, then they cannot be compared. 
Definition 2. (Pareto optimal): A decision vector x is said to be Pareto optimal if :y y x¬∃ ∈Ω  . 
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Definition 3. (Pareto optimal set (PS)): If one solution is not dominated by any other solution, it is called Pareto optimal solution or 
non-dominated solution. The set of all Pareto optimal solutions is called Pareto optimal set (PS).  

Definition 4. (Pareto Front (PF)): The Pareto front (PF) is the mapping of PS in objective space and is defined as: 
{ ( ) | }PF F x x PS= ∈                                                                                    (3)  

 
2.2 Particle swarm optimization 
 

Particle swarm optimization (PSO) originates from the simulation of flock foraging behaviors, was firstly proposed by Kennedy and 
Eberhart in 1995 [20]. The position of particle represents one candidate solution in decision space and the velocity of particle represents the 
direction and distance of flight. The fitness value of particle represents the mapping of the particle position in objective space. Particles in 
swarm constantly adjust flight direction and speed by learning self-optimal position and optimal positions of other particles, hoping to find 
out global optimal particle with best fitness valve (maximum or minimum). The velocity and position of the ith particle of dth dimension are 
updated as follows: 

1
1 1 2 2( ) ( )t t t t t t

id id id id gd idv wv c r p x c r p x+ = + − + −                                                          (4) 
1 1t t t

id id idx x v+ += +                                                                                   (5) 

Where i=1,2,…,n, n is the size of population; t is iteration number; idx  and idv  respectively represent d-dimensional position and 

velocity of ith particle; Pid and Pgd respectively represent history individual optimal position and global optimal position; 1c  and 2c  

represent acceleration coefficients; 1r  and 2r  are uniform random numbers in [0,1]. w  represents inertia weight which used to balance 
global search and local search ability of PSO algorithm. 
 
3. The proposed MMPSO-DG algorithm 
 

First, the framework of the proposed algorithm is introduced, and the details are explained later. Multi-objective problems are 
decomposed into M single-objective sub-problems, which consist of m single objective functions and M-m aggregation functions. Then, one 
master population and M slave-populations are employed to optimize multi-objective function F(x) and M single-objective functions 
respectively. In each iteration, M optimal solutions obtained by slave-populations are compared with solutions in external archive (named A) 
which always maintain no-dominated solutions only. Slave-populations share the external archive A with the master population. Figure 1 
shows the model of the proposed algorithm. Extremal solutions in A are used to construct dual-grid, and the dual-grid based global best and 
personal best selection strategies are introduced to guide the evolution of master population. Figure 2 shows the dual-grid diagram. 

 
3.1 Establishment of dual-grid 
 

In the initial stage of iteration, extremal solutions change frequently. To decrease the calculation cost, this algorithm establishes dual-
grid after extremal solution is stable. The detailed conditions  

 

 
Figure 1. Model of multi-population structure 

 
Are as follow. When number of iteration reaches 0.25tmax (tmax is maximum iteration number) and all extremal solutions have not 

updated for T1 iterations, then the dual-gird is established. Reestablishment of dual-grid should be made once there is a new extremal 
solution is found. According to extremal solutions, the maximum value of each objective are divided into equal parts of d1 and d2, and 
objective space is divided into multiple small hypercubes (SHC) and large hypercubes (LHC). Figure 2 is the dual-grid diagram of two 
objective problems, where d1=12 and d2=3. The maximum value of each objective is divided into equal parts of 12 and 3, and there are 

12×12 SHCs and 3×3 LHCs. Extremal solutions in Fig 2 are a and b. Each SHC and LHC are numbered as SHC (i,j) ( 1, 1, 2,...,i j d= ) and 

LHC (i,j) ( 2, 1, 2,...,i j d= ), for three objective problems, numbered as SHC (i,j,k) ( 1, , 1, 2,...,i j k d= ) and LHC (i,j,k) ( 2, , 1, 2,...,i j k d= ). 
In the following, we take two-objective problem as an example, and some important definitions used in our algorithm are given. 
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Figure 2. Dual-grid diagram of two-objective problem 
 

Definition 5. (Grid distance (GRD)): The grid distance of two archive solutions respectively in SHC (i,j) and SHC (k,l) are defined as:  
GRD (SHC (i,j), SHC (k,l)) = 

i k j l− + −                                                                                                          (6) 

Definition 6. (Neighboring solutions): Each archive solution has m neighboring solutions. The neighboring solution of an archive 
solution is the nearest solution in each objective and with better fitness valve than this archive solution. Extremal solutions only have m-1 
neighboring solutions. For example, the neighboring solutions of d are c and e, and the neighboring solution of a is only g.  

Definition 7. (Crowding distance): The crowding distance of each archive solution is defined as the sum of grid distance between the 
archive solution and its neighboring solutions. For example, the crowding distance of d is 3, and for e and f are 2 and 3 respectively. 

Definition 8. (Central position (CP) of SHC): Assume the maximum values of archive solutions on objective f1 and f2 are dmax1 and 
dmax2 respectively. Then the central position of SHC (i,j)is defined as: 

1 1 2 2( ( , )) (( 0.5) ( 0.5)/ , / )max maxCP SHC i j i jd d d d= − × − ×                                                        (7) 
Definition 5~7 are used in global best selection strategy in Section 3.2.1, Definition 6 is used in personal best selection strategy in 

Section 3.2.2 and guided mutation in Section 3.2.3, and Definition 8 is used in archive maintenance strategy in Section 3.2.3. 
 

3.2 Evolutionary process of master population 
 

The master population adopts multi-objective particle swarm algorithm to optimize MOPs. This section introduces dual-grid based 
global best and personal best selection strategies, mutation strategy, and archive maintenance strategy. 

It can be seen from Figure 2 that the number of archive solutions in each LHC is not the same. To obtain PF with better distribution, 
firstly we select a LHC by a certain probability, and then the solution with maximum crowding distance (Definition 7) in this LHC is 
selected as global best. The selection probability of a LHC, calculated by Formula (8), is inversely proportional to the number of solutions in 
this LHC. Where, Pi represents the selection probability of ith LHC, ai represents the number of solutions in ith LHC, and L  represents the 
number of LHCs containing at least one solution. According to the proposed strategy, the selection probabilities of four LHCs in Figure 2 
respectively are 15/46, 5/23, 3/23 and 15/46. Moreover, the algorithm does not reselect global best in each iteration. Instead, reselection is 
made when there is no solution updated in the selected LHC, which makes the population have a chance for thorough search in a certain 
region, and is beneficial to improving the convergence of solutions. 

                                                                             (8) 

 
Current position and history personal best of particles may not have the relationship of dominance, namely, they cannot be compared 

with each other. Traditional methods usually randomly select one solution as personal best that actually weaken the individual learning 
ability of particles. Based on dual-grid technique, this paper proposes a nearest-neighbor based personal best selection strategy, which 
enhances the information sharing between particles and neighboring particles and increases the local search capability of the algorithm. The 
neighboring particle of a particle shall be closest to it in each objective and owns better fitness value (Definition 6). The proposed personal 
best selection strategy is described as follow. Considering a particle’s history optimum and its neighboring particles’ history optima, non-
dominated solution is selected as personal best of this particle. If there are more than one non-dominated solutions, one is selected randomly. 

Mutation strategy is a major method of maintaining the population diversity so as to help population avoid from local optimum. In 
addition to the use of traditional mutation strategy for evolutionary population, this paper proposes a self-adaptive mutation strategy for 
archive solutions. The strategy consists of two parts. 1) Guided mutation. If all archive solutions in a LHC have not updated for T2 iterations, 
an archive solution in the neighboring LHC (Definition 6) is randomly selected for guided mutation operation on all archive solutions in this 
LHC. From the definition of Formula (9), t

ix  represents the archive solution in current LHC; t
jx  represents the archive solution in 

neighboring LHC, and r represents the random number uniformly distributed in [0, 1]. This mutation strategy is beneficial to filling the gaps 
between archive solutions so as to improve the distribution of solutions. 2) Gaussian mutation. If an archive solution have not updated for T2 
iterations, Gaussian mutation operation is made. From the definition of Formula (10), (0,0.1)Gaussian  represents the Gaussian random 
number with mean of 0 and variance of 0.1. Each Gaussian mutation operation will randomly generate 10 solutions. This strategy may find 
potential optimal solutions near archive solutions so as to improve the convergence of solutions. Among the two mutation operations, the 
first one owns higher priority. After mutation, new solutions are obtained, then they are compared with original archive solution and non-
dominated solution is reserved. If there are more than one non-dominated solutions, one is reserved randomly. At the same time, uniform 
mutation strategy of evolutionary population is adopted to maintain the population diversity. From the definition of Formula (11) and (12), 
where

minx , minv  and maxx , maxv  respectively represent the minimum and maximum of particle position and velocity. Inspired by 

Literature [7], mutation strategy with linear regression of probability is adopted. The mutation probability decreases linearly from 0.5 to 0.01 
with iteration increases from 0 to 0.5tmax and remains at 0.01 until the end of iteration. tmax represents the maximum iteration number. 

(1 )( )t t t t
i i j ix rx r x x= + − −                                                                                                (9) 

(1 0.1 (0,0.1))t t
i ix x Gaussian= + ×                                                                               (10) 

min max min( )t
ix x r x x= + −                                                                                               (11) 

max min( )t
iv r v v= −                                                                                                          (12) 

In order to reduce the computational cost of the algorithm, the frequency of archive maintenance should be reduced. This paper 
proposes a dual-grid based archive maintenance strategy. With the proposed strategy, archive only has to maintain in 3 cases which 
described as follows. 1) the dual-gird is first established or reestablished; 2) the number of archive solutions exceeds the upper limit of 30%; 
3) the maximum iteration number tmax has been reached. The archive deletion strategy is also developed. If there are multiple solutions in a 
SHC, only the solution closest to the center of this SHC (Definition 8) is reserved that benefits the distribution of solutions. If there is an 
extremal solution in a SHC, the extremal solution is always reserved and all the other solutions are deleted. 

 
3.3 Evolutionary process of slave-populations 
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M single objective functions consist of ( ){ 1,2,..., }if x i m=  and their linear weighted aggregation functions described as Formula (13) [6]. 

Different aggregation functions can be obtained by setting different weights iω . Basic PSO algorithm is adopted to optimize slave-
populations. 

 

1 1
=1

m m

i i i
i i

f fω ω
= =

=∑ ∑，（ ）                                                                                                (13) 

The framework of our algorithm allows users to adopt other approaches for constructing aggregation functions and introduce various 
excellent single-objective optimization algorithms to optimize slave-populations. M optimal solutions are generated by slave-populations in 
each iteration. These optimal solutions are compared with solutions in A, non-dominated solutions are reserved and others are deserted. 
 
3.4 Steps of the Proposed Algorithm 
 

The steps of the proposed algorithm of master population are as follow: 
Step 1: Initialize the position and velocity of particles. 
Step 2: Evaluate particles by all single-objective functions, add non-dominated solutions in A, and absorb non-dominated solutions 

from slave-populations. 
Step 3: Whether does it satisfy the establishment or reestablishment conditions of dual-grid? If so, establish dual-grid and turn to Step 

6; if not, turn to Step 4. 
Step 4: Whether the dual-grid has been established? If so, turn to Step 6; if not, turn to Step 5. 
Step 5: Randomly select an archive solution as global best, and select personal best on the basis of dominance. Update the position and 

velocity of particles according to Formula (2) and (3). Turn to Step 8. 
Step 6: Whether does it satisfy the archive maintenance conditions? If so, archive maintenance is made; if not, turn to Step 7. 
Step 7: Based on dual-grid, global and personal bests of particles are selected. Update the position and velocity of particles according 

to Formula (2) and (3). 
Step 8: Self-adaptive mutation is made on archive solutions and uniform mutation is made on evolutionary population. 
Step 9: Whether the maximum iteration number tmax has been reached? If not, increase the loop counter, t =t + 1 and turn to Step 2; if 

so, then the algorithm stops and archive A is output, and the corresponding PF is plotted in objective space. 
The steps of the proposed algorithm of slave-population are as follow: 
Step 1: Initialize the position and velocity of particles in each slave-population. 
Step 2: Evaluate particles by single-objective function. 
Step 3: Update the position and velocity of particles according to Formula (2) and (3).  
Step 4: Successively compare M optimal solutions with solutions in archive A and reserve non-do- minated solutions only. 
Step 5: Whether the maximum iteration number tmax has been reached? If not, increase the loop counter, t =t + 1 and turn to Step 2; if 

so, then the algorithm stops.  
 
4. Experimental studies 
 

Our algorithm is programmed in MATLAB2014. The source codes of 3 comparison algorithms are provided by the authors. All 
computational experiments are run on the computer which includes four Intel Xeon (R) processors, and 8G RAM.  

 
4.1 Test functions and parameter settings 
 

To test the performance of the algorithm in this paper, 8 benchmark multi-objective test functions are selected including 4 two-
objective problems, ZDT1, ZDT2, ZDT3 and ZDT4, and 4 three-objective problems, Viennet3, DTLZ1, DTLZ2 and DTLZ7 [21, 22]. The 
definitions of all test functions and the true PFs are all come from the EMOO repository [23]. The number of decision variables is set to 30 
for ZDT1~ZDT3, while set to 10, 2 and 12 for ZDT4, viennet3, and three DTLZ functions, respectively. Experimental results of the 
proposed algorithm are compared with NSGA2 [5], MOEAD [6], and CMOPSO [7]. M of single-objective sub-problems, include m single-
objective functions and one aggregation function of them by random weight. Thus, for two-objective problems, M=3 and for three-objective 
problems, M=4. Parameter settings of 4 algorithms are shown in Table 1 and the details of the 3 comparison algorithms can be found in 
literature [5-7]. Four algorithms respectively run 30 times independently.  

 
Table.1. Parameter settings of 4 algorithms 

 Population 
size 

Archive size Maximum 
iteration 

number tmax 

Other parameters 

NSGA 2 200 100 for two-
objective 
problems 

 
200 for three-

objective 
problems 

 

30 for ZDT1,    
ZDT2, ZDT3 
50 for ZDT4 

100 for 
Viennet3 

500 for three 
DTLZ 

functions 

SBX parameter is 20; polynomial mutation 
para-meter is 20; mutation probability pm 

= 0.01; 
crossover probability pc = 0.9. 

CMOPS
O 

200 30 divisions for adaptive grid; mutation 
probability pm = 0.5; w = 0.4 

MOEA/
D 

200 the size of the neighborhood in the weight 
vect-or T=20; polynomial mutation 

parameter is 20; mutation probability pm = 
0.01; probability that parent are chosen 

from neighborsδis 0.9. 
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MMPSO
D 

200 
(104 for 
master 

swarm;96 for 
slave swarms 
in average) 

w = 0.7~0.4; c1=c2=1.5; pm = 0.5~0.01; 
d1=100,d2=10 for two-objective problems; 

d1=30,d2=5 
for three-objective 

problems;T1=T2=5,7,10,20 for 
30,50,100,500 of tmax respectively 

 
4.2 Experimental results 

 
Two metrics are adopted to evaluate the performance of 4 algorithms. The first metric is generational distance (GD) [24] which is used 

to measure the convergence of solutions. GD reflects the distance between the solutions and true PF. If GD is 0, all solutions belong to true 
PF. The second metric is spacing metric (SP) [25] which is used to measure the distribution of solutions throughout the PF found so far. A 
smaller value of SP indicates all members of the current PF are well distributed. 

Note that the maximum iteration numbers chose in this paper are less than most general settings  
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Figure 3. Pareto fronts produced by all the algorithms for ZDT1~ZDT4 
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Figure 4. Best performance of MMPSO-DG for Viennet3, DTLZ1, DTLZ2 and DTLZ7 and the true Pareto fronts 
 

Tab.2. Average (AV) and variance (VAR) values of the two metrics for all test functions 
 NSGA2 CMOPSO MOEA/D MMPSO-DG 
 GD SP GD SP GD SP GD SP 
 AV VA

R 
AV VA

R 
AV VA

R 
AV VA

R 
AV VA

R 
AV VA

R 
AV VA

R 
AV VA

R 
ZDT1 2.30

75 
0.25
25 

0.02
94 

0.00
12 

1.87
55 

0.16
37 

0.03
70 

0.00
73 

0.708
7 

0.09
45 

0.03
21 

0.07
48 

0.003
1 

0.00
58 

0.000
9 

0.00
07 

ZDT2 1.89
14 

0.10
98 

0.04
59 

0.00
24 

1.54
87 

0.25
47 

0.07
89 

0.00
25 

0.829
8 

0.18
75 

0.05
78 

0.00
74 

0.004
5 

0.00
27 

0.005
9 

0.00
08 

ZDT3 1.74
56 

0.09
74 

0.06
98 

0.00
47 

0.91
56 

0.15
78 

0.05
74 

0.00
79 

0.894
1 

0.08
98 

0.07
45 

0.00
25 

0.006
1 

0.00
35 

0.007
1 

0.00
06 

ZDT4 1.70
51 

0.14
80 

0.08
97 

0.00
79 

2.71
57 

0.09
87 

0.12
47 

0.00
75 

1.270
4 

0.10
47 

0.06
05 

0.00
58 

0.004
1 

0.00
41 

0.008
8 

0.00
39 

Vienn
et3 

6.25
01 

0.24
57 

0.15
47 

0.17
54 

2.70
45 

0.14
78 

0.07
84 

0.09
87 

2.235
7 

0.07
89 

0.03
57 

0.00
25 

0.006
9 

0.00
12 

0.025
9 

0.00
12 

DTLZ
1 

17.2
56 

5.58
74 

2.72
54 

0.67
89 

27.6
87 

6.25
78 

1.01
57 

0.75
47 

13.45
6 

2.25
78 

0.26
45 

0.09
07 

0.005
9 

0.00
17 

0.032
5 

0.00
08 

DTLZ
2 

25.7
88 

6.05
87 

4.01
57 

0.57
10 

36.7
54 

7.48
95 

3.02
79 

0.88
07 

17.89
6 

3.60
17 

0.39
82 

0.04
58 

0.027
0 

0.00
29 

0.040
7 

0.00
10 

DTLZ
7 

24.6
48 

6.87
01 

3.01
14 

0.71
40 

19.5
69 

4.90
14 

2.03
54 

0.62
17 

14.23
6 

2.20
44 

0.35
77 

0.03
91 

0.016
5 

0.00
37 

0.034
7 

0.00
09 

 
In literatures, which cause poor performances of the 3 comparison algorithms. But the proposed algorithm can still perform well and 

shows excellent performance in convergent speed. Figure 3 shows one of the representative results of four ZDT problems optimized by 4 
algorithms. It can be seen that the proposed algorithm is well convergent and distributed. While it is difficult for the other 3 algorithms to 
converge to the true PF with a few iterations, and they all show poor performances of convergence on four ZDT problems. Figure 4 shows 
the comparisons between the best results of 4 three-objective problems and the true PFs. The results indicate that the proposed algorithm has 
excellent performances in terms of convergence and distribution in solving complex three-objective problems with different Pareto fronts. 
Table 2 compares the mean of 30 times results of 4 algorithms. It can be found that the proposed algorithm in this paper is superior to the 
other algorithms on two metrics of 8 test problems. Above experimental results indicate that the proposed multi-population and dual-grid 
techniques play important roles in our algorithm. The slave-populations provide high-quality archive solutions for master population 
consequently accelerate the convergence of the algorithm. And all the dual-grid based strategies, such as global best and personal best 
selection strategies, mutation strategies, and archive maintenance strategy, can further improve the distribution and convergence of the 
proposed algorithm. In the following, in order to test the performance of the proposed dual-grid based strategies separately, we make a 
comparison of our algorithm without slave-populations and CMOPSO for 2 test functions of ZDT3 and DLTZ1. The maximum iteration 
numbers of ZDT3 and DLTZ1 are set to 100 and 1000 respectively. The other parameter settings are the same as in Table 1. The two 
algorithms respectively operate 30 times for each problem. 
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Figure 5. Pareto fronts produced by CMOPSO and MMPSO-DG without slave-populations for ZDT3 and DTLZ1 
 

Table.3. Comparison of two metrics of CMOPSO and MMPSO-DG without slave-populations for ZDT3 and DTLZ1 
 CMOPSO MMPSO-DG 

 ZDT3 DTLZ1 ZDT3 DTLZ1 

GD(A
V) 

0.3578 4.8791 0.0040 0.0056 
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GD(V
AR) 

0.0247 0.2140 0.0017 0.0023 

SP(AV
) 

0.0317 0.3547 0.0022 0.0317 

SP(VA
R) 

0.0079 0.0249 0.0005 0.0006 

 
Figure 5 shows one of the representative Pareto fronts produced by CMOPSO and MMPSO-DG without slave-populations for ZDT3 

and DTLZ1, and Table 3 shows the mean of 30 times operation results of two algorithms. It can be seen that the convergence and 
distribution of the algorithm in this paper are still superior to CMOPSO, which indicates the proposed dual-grid-based strategies are 
effective. Dual-grid based global best and personal best selection strategies can help our algorithm carry out a uniform search on PF and 
enhance the local search capability. The size of small hypercubes can limit the distance of archive solutions that is beneficial to the 
distribution of solutions. Moreover, dual-grid based archive mutation and maintenance strategies can help our algorithm cover gaps among 
archive solutions and further improve its search capability. In summarize, the proposed dual-grid based strategies are beneficial to the 
distribution and convergence of our algorithm. All the experimental results have proved the feasibility and effectiveness of our algorithm, 
and it is a new competitive approach for solving multi-objective optimization problems. 
 
4. Conclusion 
 

This paper presents a dual-grid based multi-population multi-objective particle swarm optimization algorithm. One master population 
and several slave-populations are employed to optimize the mul-ti-objective problem and single-objective sub-problems. Slave-populations 
adopt mature single objec-tive optimization algorithm to quickly find out high-quality archive solutions, including extremal solu-tions, so as 
to accelerate the convergence of master population. The dual-grid based strategies can ef-fectively improve the distribution and convergence 
of solutions. The proposed algorithm in this paper manifests excellent performance in all test problems. However, we did not pay much 
attention on the selection of parameters such as d1, d2, T1 and T2, which may affect the performance of our algorithm. More studies are 
required to investigate the selection method for these parameters according to dif-ferent problems. Our future work will further enhance the 
performance of the proposed algorithm, and extend it for solving high dimensional and constrained MOPs. 
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Abstract: To increase the precision of elongation control in cold skin pass rolling technology, this paper introduces a rolling force 
elongation control method combined with speed fuzzy feed-forward and intelligent PI feedback based on most Skin Pass Mills systems 
adopted by the elongation control in constant-tension and variable rolling force. The speed fuzzy feed-forward rolling force compensation 
controller uses rolling speed and its change rate as input variables in order to reduce the elongation fluctuation during Skin Pass Mill 
acceleration and deceleration. Furthermore the elongation is controlled by intelligent PI feedback controller to ensure its steady state 
accuracy. Finally the model simulation verifies the effectiveness of the algorithm.  

Keywords: Skin Pass Mills; elongation; fuzzy feed-forward; intelligent PI feedback 

1. Introduction 

Steel Strip is rolled by Skin Pass Mills, is to ensure the quality of cold rolled steel strip for the last process, but also the most critical
process. In the process of cold skin pass rolling, Elongation directly determines the shape, mechanical properties and surface roughness 
parameters of strip flatness. In the elongation control system, the rolling force is one of the most important controlled quantities. Therefore, 
the control of rolling force is an important part to ensure the control precision of elongation rate [1]. In the past, the elongation control 
system of the Skin Pass Mills, the direct application of the simplified rolling model to solve the elongation, the accuracy can not meet the 
requirements of the field production. In paper [2], describes a general problem of constant elongation control of Skin Pass Mills, that is, in 
the elongation control system of constant tension variable rolling force, the elongation fluctuates greatly in the acceleration and deceleration 
process of the Skin Pass Mills. So, with intelligent control gradually applied to the steel industry, the advanced control Strategy is widely 
studied for the rolling force elongation control system of the Cold Skin Rass Rolling Mills, to ensure the quality of Steel Strip shape and its 
mechanical properties, that is an important research topic. 

The size of the elongation directly determines the mechanical properties of the steel strip. The control goal is to eliminate the yield 
platform and the slight wave after annealing. To get a good outlet strip shape, system needs a reasonable and stable elongation. Its value is 
too small that can not eliminate the wave shape, its value is too large that will increase the amount of pressure and reduce the structural 
performance of work piece. Therefore, in order to obtain a stable elongation of the strip, In paper [2] and [3], The elongation control method 
of constant tension variable rolling force is studied, and they encountered a common problem as follows: there is a big fluctuation in the 
elongation on plus or deceleration of the skin pass rolling speed. That is, when the rolling mill speeds up, the elongation decreases with the 
increase of speed. When the rolling mill slows down, the elongation increases with the decrease of the speed, and the elongation has a large 
deviation. We analyze the reasons that the rise or deceleration of rolling mills required change in elongation of quick adjustment, while most 
of the elongation closed-loop control system response there is a certain lag, resulting in the large fluctuations of elongation in the process. In 
order to overcome this shortcoming and that the elongation of the rolling mill under different conditions will be less fluctuation, this paper 
proposes a rolling force elongation control method combined with speed fuzzy feed-forward and intelligent PI feedback for most Skin Pass 
Mills systems adopted by the elongation control in constant-tension and variable rolling force. As shown in Fig.1, the speed fuzzy feed-
forward rolling force compensation controller uses rolling speed and its change rate as input variables in order to reduce the elongation 
fluctuation during Skin Pass Mill acceleration and deceleration. Furthermore the elongation is controlled by intelligent PI feedback 
controller to ensure its steady state accuracy. 

Figure 1. Schematic diagram of the proposed control strategy 

2. Problem descriptions 

Skin pass rolling is the steel strip after recrystallization annealing with a smaller amount of deformation (0.5%-3%) for rolling, because 
the reduction rate is very small, it is difficult to be accurately measured, commonly used to measure the elongation. If the length of the inlet 
steel strip in the same time period t is defined as lin, the length of the outlet steel strip is defined as lout , the elongation can be defined as 
follows 

( )out in

in

l l
l

l −
=    (1) 

Where λ is the elongation of the skin pass rolling system. 
If we ignore the strip extending, the relationship of reduction rate and elongation is as follows 

(1 )
εl
ε

=
−

    (2) 

Where ε  is the reduction rate of the skin pass rolling system.

As 
lv
t

=
, the elongation of the current skin pass rolling system is often obtained by testing export Vout and inlet velocity Vin, and 

calculate the ratio between Vout and Vin as follows: 
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3 Speed fuzzy feed-forward controller 
 

In order to keep the constant elongation under different rolling speed, the speed fuzzy feedforward controller is used to compensate the 
influence of rolling line speed change on the rolling force of elongation control system. 

ΔV and ( ) /d V dt∆ are used as input variables to the fuzzy feedforward controller. ΔV= [ΔV(k)-V(k-1)], ( ) /d V dt∆ =[ΔV(k)-ΔV (k-
1)]/t.A fuzzy subset is defined for the input variable "ΔV ",as follows: { Negative Large: NL, Negative Medium: NM, Negative Small: NS, 
Zero: Z, Positive Small: PS, Positive Medium: PM, Positive Large: PL}. The domain is quantified for seven levels, as follows: ΔV = {-3,-2,-

1,0,+1,+2,+3}. A fuzzy subset is defined for the input variable " ( ) /d V dt∆ ", as follows: {Zero: Z, Small: S, Medium: M, Large: L}. The 

domain is quantified for four levels, as follows: ( ) /d V dt∆ = {0,+1,+2,+3}, Its membership function is trigonometric function. F 
Correction is output variable of the fuzzy feedforward controller, the fuzzy subset of which is defined as follows: {Negative Large: NL, 
Negative Medium: NM, Negative Small: NS, Zero: Z, Positive Small: PS, Positive Medium: PM, Positive Large: PL}. Its domain is 
quantified for seven levels, as follows: F Correction = {-3,-2,-1,0,+1,+2,+3}, Its membership function is trigonometric function. According 

to Table 1, membership of F Correction can be evaluated. Then according to actual value of ΔV and ( ) /d V dt∆ , and to rules of 
defuzzification weighted average, exact value of output variable " F Correction " is calculated, as shown in in Equation(4).  

( )
_

( )

i
i

i

u Z Z
F Correction

u Z

×
=
∑
∑                                                                                           (4) 

Where u (Z) is the membership in terms of ΔV and ( ) /d V dt∆ , Z is a value of the center element in domain where each fuzzy value of " 
F Correction " is acquired. 

Table 1 Fuzzy control rules of F Correction 
 

/d(ΔV)/dt/ 
ΔV 

NL NM NS Z PS PM PL 

Z Z Z NS Z PS Z Z 
S NM NS NM Z PM PM PM 
M NM NM NM Z PM PM PL 
L NL NL NL Z PS PM PM 

 
4 Intelligent PI feedback controller 
 

In Figure 1, the rolling force elongation feedback control system is composed of the double closed loop system, the inner loop is the 
rolling force control system, and the outer loop is the elongation control system. Before the steel strip is rolled, the value of the preset value 
of the elongation is set to the value of the preset value of the rolling force, which is input to the initial value of the rolling force control. 
When the steel strip has just started to thread, the elongation works in the open loop state. With the rolling mill accelerating to 35 m/min, the 
system automatically switches to the elongation in closed loop control. System measures the entrance speed of rolling mill using laser 
velocimeter, to calculate the actual elongation value, and compared with the set value, the system calculated the elongation deviation, then 
which is inputted to intelligent PI controller, the correction value of rolling force is obtained. 

The e(x) represents the error values of the k th sampling time by discretization, which is used as input variable to the controller. In 
Figure 2, the typical system step response curve is shown. 
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Figure 2. The Typical System Step Response Curve 

 
According to both the symbol of the product of e(k) multiplied by Δ e(k), and the symbol of e(k), dynamical change curve of actual 

elongation is divided into four different feature segments, including AB, BC, CD and DE. Δe (k) is described: 
( ) ( ) ( 1)e k e k e k∆ = − −  .When actual elongation value changes from A to B, we have ( ) ( ) 0e k e k×∆ <  and ( ) 0e k < . When actual elongation 

changes value from C to D, we have ( ) ( ) 0e k e k×∆ <  and ( ) 0e k >  .We can see that the actual elongation is changing in the direction that 
the deviation "e (k)" is reduced. Then time delay of mixed-gas formation process and exhaust process are taken into account, so the 
deviation can be not integrated by PI feedback controller. But When actual elongation value changes from B to C, we have 

( ) ( ) 0e k e k×∆ >  and ( ) 0e k > . When actual elongation changes value from D to E, we have ( ) ( ) 0e k e k×∆ >  and ( ) 0e k <  . We can see 
that the actual elongation is changing in the direction that the deviation "e (k)" is increased. So the deviation need be integrated by PI 
feedback controller. Then incremental algorithm of the controller is improved as follows: 

( ) (1 ) ( ) ( 1)s
p p

i

Tu k K e k K e k
T

η∆ = + × − −                                                                    (5) 
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In equation above, Kp = proportional gain, Ti := integral time, Ts = sampling period, Δu(k)= incremental control value of the k-th 
sampling time, e(k) and e(k-1)= control error of the k-th sampling time and the (k-1)-th sampling time respectively, η= integral action factor. 
η is defined by as follows in equation: 

Therefore, in stationary conditions the controller can not only have feed-back correction for error of elongation, but also shorten 
adjustment time of elongation’s random deviation and improve control accuracy of elongation. 

 
5 Simulation results 
 

To verify the effectiveness of the control algorithm, we adopt MATLAB/SIMULMLINK, combined with the 1500 rolling mill’s 
identification model of the rolling force control system by using of the least square method [5]. The model G (Z) is described as follows 

1 2

1 2 3 4 5 6

0.0003963 0.0001104( )
1 2.929 3.241 2.081 1.43 0.9094 0.2497

z zG z
z z z z z z

− −

− − − − − −

+
=

− + − + − +
                                                  (7) 

The effect of the two methods is compared. One method is to use the speed fuzzy feed-forward and intelligent PI feedback control, the 
other is a conventional PI control. The simulation results are shown in Figure 3 and Figure 4 respectively, it can be seen that the elongation 
compound control strategy based on speed fuzzy feedforward and intelligent PI feedback is superior to the conventional PI control strategy. 

 

 
Figure 3. Step response and control input based on Conventional PI control 

 

 
Figure 4. Step response and control input based on fuzzy feedforward and intelligent PI feedback 

 
6. Conclusion 
 

This paper focuses on the analysis of rolling force elongation control in cold skin pass rolling control system, and proposes a combined 
control method of speed fuzzy feedforward compensation and intelligent PI feedback for skin pass rolling control system. The speed fuzzy 
feedforward compensation control method solves greater volatility of strip elongation for the rolling force of rolling mill in acceleration and 
deceleration, in order to improve the system control precision of the constant elongation. And the intelligent PI control algorithm can 
effectively inhibit the elongation rate fluctuation and improve the robustness of the system. 
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Abstract: This study was aim to measure static balance and investigate its association with physical activity levels in children at 6-7 years 
of age. The modified Chinese version of the Preschool-age Children’s Physical Activity Questionnaire (Pre-PAQ) was deployed to evaluate 
the levels of participants’ routine physical activity. The center of pressure information indicating body sway was measured by static balance 
tests using a plantar pressure measurement platform. Seventy-two children completed tests. Girls had significantly lower body sway 
compared to boys in all conditions. In the bipedal conditions, there was no significant difference between eyes-closed and eyes-open states. 
Visual information did not influence children static balance performance. In the unipedal conditions, single-leg balance of dominant side did 
not statistical differ from that of another side. Children did not show dominant habit. Physical activity levels were moderately correlated 
with bipedal static balance for both genders. Hence, the physical activity of children negatively affects static balance. Considering previous 
results, we suggest that specific balance interventions at moderate level of physical activity are reasonable for improving preschool 
children’s balance. 
 
Keywords: Preschool children, body sway, static balance, physical activity level 
 
1. Introduction 
 

Balance is a fundamental human ability to maintain body stability with basic support. The development of balance ability begins at 
birth and increases with age (Butz, Sweeney, Roberts, & Rauh, 2015; Rival, Ceyte, & Olivier, 2005; Tsai, Wu, & Huang, 2008; Verbecque 
et al., 2016). The growth of Balance ability inextricably accompany with motor development (Lubans, Morgan, Cliff, Barnett, & Okely, 
2010). At around 6-7, children continue to develop motor skills, especially fundamentals of locomotion. Meanwhile, they begin to develop 
adult-like balance (Condon & Cremin, 2014; Rival et al., 2005). With the complexity of children surrounding sustained increasing in their 
daily life, they severely rely on balance development. Therefore, balance ability in preschool is crucial to develop motor abilities for 
children physical health in starting school-based education (Lubans et al., 2010; Popeska, 2015; Stanek, Truszczyńska, Drzałgrabiec, & 
Tarnowski, 2015).  

Balance assessment is the first procedure respects overseeing and conditioning (Verbecque, Lobo Da Costa, Vereeck, & Hallemans, 
2015). This illuminates the requirement on a satisfied evaluation tool for balance training in children. Recently, a number of tests are 
proposed for balance measurement in children clinic practice. Most of them utilize equipment such as force plate measurement or planter 
pressure system, and analyze the quality of COP movement with double leg(Rafał, Janusz, Wiesław, & Robert, 2011; Rival et al., 2005), 
single leg(Zumbrunn, MacWilliams, & Johnson, 2011), or both(Figura, Cama, Capranica, Guidetti, & Pulejo, 1991; Tsai et al., 2008). 
Balance is intrinsically associated with the status of neuro-musculoskeletal control. Its examination carries out tests in static and dynamic 
conditions. Most of dynamic balance tests are involved in locomotion which requires the ability to disassociate movements of main body 
segments, such as pelvis, trunk, and head (Shumway-Cook & Woollacott, 2006). Children aged 6-7 hardly control their posture in more 
difficult tasks during locomotion (Assaiante, Mallau, Viel, Jover, & Schmitz, 2005). Therefore, static balance tests are proved to be a more 
suitable method for preschool children (Clark & Watkins, 1984; Condon & Cremin, 2014; Figura et al., 1991; Hatzitaki, Zlsi, Kollias, & 
Kioumourtzoglou, 2002; Rival et al., 2005; Schmidhauser et al., 2006; Tsai et al., 2008).  

It is well known that efficient and effective physical activities benefit from the capacity of balance ability (Lubans et al., 2010; 
Shumway-Cook & Woollacott, 2006). In daily life, balance helps children make progress in their routine activities and maintains their 
posture above the base of body support, whether this base is stationary or moving. The factors affecting balance have been reported to 
include gender (Smith, Ulmer, & Wong del, 2012), height and weight (Stanek et al., 2015). Numerous studies indicate that balance abilities 
can be acquired through exercise and training (Assaiante et al., 2005; Hatzitaki et al., 2002; Lubans et al., 2010; Sun, Zhu, Shih, Lin, & Wu, 
2010), which build up brain connections through physical activities. However, the relationships between physical activities and balance 
ability in preschoolers remain unclear. Therefore, the aim of present study is to investigate the relationship between physical activity and 
static balance of preschoolers, which can anticipate maintaining and improving their balance ability. 
 
2. Method 
 
2.1 Subjects 
 

Seventy-two children (42 boys and 30 girls) at the ages of 6-7 years were recruited from three kindergartens in Nanjing City, China. 
The Baseline information was shown in table1. 

 
Table1. Anthropometric characteristics of the participants 

 n Age Height(m) Weight(Kg) BMI CGDL(cm) CGNDL(cm
) 

Boys 4
2 

6.30±0.28 1.22±0.06 26.11±5.21 17.34±2.07 27.42±2.58 27.43±2.64 

Girls 3
0 

6.34±0.29 1.18±0.04 22.37±3.00 15.92±1.24 25.16±1.79 25.10±1.87 

Total 7
2 

6.32±0.29 1.21±0.05 24.55±4.78 16.75±1.90 26.48±2.53 26.46±2.61 

*CGDL= Calf Girth of Dominant Leg, CGNDL= Calf Girth of Non-Dominant Leg 
 
This study has been approved by the ethical committee of Nanjing Sport Institute. All participants and their parents signed consent 

forms before they join in the study. None of children have mental or neurological problems. According to reference data and curves body 
mass index (BMI) for Chinese children, there was no over-weighted children in this study. In addition, many researches mentioned that 
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anthropometric factors influence the balance of children. Though few indirect clues suggested that the calf girth could predict the balance 
ability, the baseline data indicate that the participants had similar somatotype and symmetric low limbs. 
 
2.2 Procedure and measurements 
 
2.2 1 Physical Activity 
 

Questionnaire investigation has been commonly used to calculate total amount of daily or weekly physical activity. In this study, the 
levels of physical activity were assessed with a modified Chinese version of Pre-PAQ. Pre-PAQ is to measure habitual physical activities of 
preschool children by a 3-day activity questionnaire. Particularly, it was validated as a reasonable tool for preschool-age children in large-
scale population studies.  

Prior to data collection, parents of all participants were invited to visit the kindergartens. An experimenter introduced the questionnaire 
to the parents, and demonstrated how to response questions. Phones calls and SMS were used for reminding them to complete the 
questionnaire on time. Results of the children physical activities were categorized into five progressive classifications which represented 
levels from completely stationary to high speed movement, as shown in table2. 

 
Table2. The distribution of the participants among five physical activity levels 

 Completely 
stationary 

Stationary with 
little moving Moving Slowly Moving 

moderately Moving quickly 

Boys 14 4 11 9 4 
Girls 7 8 7 4 4 
Total 21 12 18 13 8 

 
2.22 Static standing balance 
 

This test consisted of four different conditions: (1) bipedal standing with eye-opened (EO) on FDM-S, (2) bipedal standing with eye-
closed (EC) on FDM-S, (3) dominant leg standing with eye-opened on FDM-S, (4) non-dominant leg standing with eye-opened on FDM-S. 
The order of four sub-tests was identical for all children. Participants were instructed to steadily stand upright with feet comfortably spaced, 
the arms crossed on prothorax and both hands placed in axilla. In eyes-opened conditions, the participants were requested to keep the eyes 
opened and look at a target placed 1 meter in front of them. In all eyes-closed conditions, the participants were blindfolded and required to 
stand upright as steady as possible with eyes closed.  

Static balance was measured using a firmly secured plantar pressure measurement platform (The zebris FDM-S System, zebris Medical 
GmbH, Germany), which contained 2560 capacitive force sensors in a matrix arrangement( sensor surface: 54cm L x 33cm H, accuracy: 
+5%). The zebris FDM-S System endures real-time acquisition of center of pressure (COP) displacement measures. The temporal aspect of 
measuring balance varies from 10 to 30 s in most of existed tests. Existed studies noted that Children aged 6-7 maintain a static balance in a 
shorter length of time than older. A cut-off of 10s is feasible for quantitative measures of preschool children. Therefore, an acquisition of 
COP data measured 10 s with sample frequency at 120 Hz. Sway path and sway area served to assess the balance. Sway area (SA) denotes 
the area size defined by a 95% confidence ellipse fitting the COP excursion, which shrinks indicating better balance ability. Sway path (SP) 
represents total trajectory length of COP travelling, which decreases indicating better balance performance. The data collection readied to 
start when participants stood keeping steady for five seconds. Every condition was tested for three times. 1-minute resting period was given 
between tests. For safety reasons in all tests, an experimenter stood behind and kept watching on the participants. 
 
2.3 Statistical analysis 
 

Descriptive statistics were employed for SA and SP in all measures. For exploring the participants’ balance characteristics, three two-
way analyses of variance (ANOVA) were employed in this study. The first two-way ANOVA was conducted to detect gender differences 
and dominant differences for the variables in single-leg standing tests. The second two-way ANOVA was conducted to detect gender 
differences and visual inputs in bipedal standing tests. The third two-way ANOVA served to test gender differences and the dissimilar levels 
of the physical activity groups for all variables. Further analysis on associations between the levels of physical activity and static balance 
was examined by Pearson’s product moment correlation coefficients. All statistics analyses were conducted with SPSS21.0 software (IBM, 
Inc., Chicago, IL, USA). The threshold of significance was set at 0.05. 
 
3. Data analysis 
 

 
Figure 1. The comparison of balance for Boys and Girls with and without vision based on (a) SA and (b) SP 

 
As shown in Fig.1, the main effect of gender on both SA, F (1,140) = 4.244, p = 0.041 < 0.05, and SP, F (1,140) = 6.133, p = 0.014 < 

0.05, are significant. From the Estimated Marginal Means, it can be seen that the participants made significantly more sway in the boys 
(MSA = 229.93 and MSL=943.38) than in the girls (MSA = 156.33 and MSL=825.18). The main effect of vision on both SA, F (1,140) = 
2.836, p = 0.094 > 0.05, and SP, F (1,140) =0.443, p = 0.507 > 0.05, are not significant. From the estimated marginal means, the difference 
in balance assessment made by EO (MSA = 163.05 and MSL=866.40) is not significantly different from by EC (MSA = 223.22 and 
MSL=900.16). The gender×vision interaction is not significant on both SA, F (1,140) = 0.000, p = 0.987 > 0.05, and SP, F (1,140) = 0.024, 
p = 0.878 > 0.05. 
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Figure 2. The comparison of balance for Boys and Girls with dominant leg or non-dominant leg based on (a) SA and (b) SP 

 
As shown in Fig.2, the main effect of gender on both SA, F (1,140) = 6.051, p = 0.015 < 0.05, and SP, F (1,140) = 9.098, p = 0.003 < 

0.01, are significant. From the Estimated Marginal Means, it can be seen that the participants made significantly more sway in the boys 
(MSA = 857.90 and MSL=868.15) than in the girls (MSA = 445.33 and MSL=704.02). The main effect of Dominant-leg on both SA, F (1,140) 
= 0.285, p = 0.594 > 0.05, and SP, F (1,140) =0.640, p = 0.506 > 0.05, are not significant. From the estimated marginal means, the 
difference in balance assessment made by DL (MSA = 606.83 and MSL=764.33) is not significantly different from by NDL (MSA = 696.40 
and MSL=807.84). The gender×Leg interaction is not significant on both SA, F (1,140) = 0.279, p = 0.598 > 0.05, and SP, F (1,140) = 0.444, 
p = 0.506 > 0.05. 

Table3. The correlations between any measure and PAL. 
  Bipedal & EO Bipedal & EC Uniped & DL Uniped & NDL 
  SA SP SA SP SA SP SA SP 

Boy(n=42) r 0.324* -0.038 0.197 -0.176 0.195 0.263 -0.012 0.098 
p 0.037 0.811 0.212 0.266 0.216 0.093 0.939 0.536 

Girl(n=30) r 0.450* 0.073 0.162 0.112 -0.077 -0.031 0.229 0.234 
p 0.012 0.7 0.391 0.555 0.685 0.869 0.223 0.214 

Total(n=72) r 0.352** 0.008 0.181 -0.055 0.116 0.153 0.069 0.152 
p 0.002 0.944 0.129 0.645 0.332 0.198 0.563 0.204 

 
As shown in table3, among four conditions, only when in bipedal standing with eye open, moderate correlations existed between PAL 

and SA for either boys (r=0.324) or girls(r = 0.450). It implied that the children at higher physical activity level might have worse bipedal 
static balance ability. 

 
4. Discussion 
 

The purpose of our study was twofold. For one thing, we sought to characterize the features of static balance in children aged 6-7 by 
using measures of body sway. For another, we investigated the link between their physical activity levels and their static balance. The main 
research findings can be summarized as follows. 

First, the results of this study agree with previous studies which reported that girls have better static balance than boys. Gender 
differences vary during children growing up. The balance performance, especially static balance, improves significantly at the age of 6-8 
years. Therefore, the age around 7 years is a key period. Before the period, children start to appropriately use somatosensory information 
and develop balance strategies for forth-coming conditions. After this period, children eventually use more mature strategies. Based on this 
fact, Peterson et al. thought girls could make better use of the vestibular sensory than boys around 7 years and consequently have better 
balance control. Smith et al. identified this opinion owing to early physical growth of girls. This helps girls keep this superiority in postural 
stability till 10 years old. Recently, Popeska et al. noted that children around 7 years had acquired the balance ability with two-foot postures. 
For there were few satisfied statistical difference in most of literatures, they thought the gender difference is not obvious in manifestation of 
balance at this age. They were reminded that gender differences of the balance ability need more convincing evident in not only two-foot 
posture but also one-foot posture. Though Figura et al. reported that girls at age of 6 years were significantly superior in one foot balance to 
boys at same age, there was a limited progress. Our study results proved the gender difference exists at age of 6-7 years, and the static 
balances of girls are superior to that of boys with both postures. 

Second, we found that children static balance did not influence by visual information. Although it is usually mentioned that visual 
information is the most reliable source for balance control, especially in children. Body sway increasing from eyes-opened to eyes-closed 
with stability reducing is a aftereffect when a pivotal information source was removed during the regulation of balance. In my study, there 
were increases in both sway area and sway path from eyes-opened to eyes-closed. However, an absence of statistical difference existed 
between both visual conditions. This is attributed to the fact that integration of vision sense remains to be improved. The ability to interpret 
and deploy visual information reckons on accuracy and consistency of visual inputs’ processing, which promotes with age increasing and is 
not achievable before the age of 6. In our observations, children consciously endeavor to remedy for the absence of visual information by 
increasing the amount of self-generated body sway. This increase in sway reflects that children enhance the trustworthiness of vestibular and 
proprioceptive senses. It implies that children rely more on vestibular information than visual information at the age of 6-7 years.  

Third, the findings of this study show that single leg balance abilities are approximate for both legs and no dominant effect existed in 6-
7 years old children. Balance is connected with locomotion. Thomas Zumbrunn et al. demonstrated that the COP measure of single leg 
balance protocol is a useful assessment and perceptive enough to detect balance impairments in children. However, a couple of studies noted 
that there were some defects in one-leg tests. Rivals et al. analyzed moment-to-moment modification of single leg static balance and 
concluded the magnitude parameters, such as body sway area, performed non-monotonic change before age of 8 years. Sun et al. thought 
easy tasks hardly differentiated the balance ability in single leg gross motor tests for preschooler around 6 years. Nevertheless, they all 
agreed that single leg balance protocol was potential in evaluation gross motor of children. Similar method was used in our study, and the 
results showed that no significant difference between both sides. In addition, due to the dominant side of the body is frequently operated in 
daily life, this side may be advanced than another side. However, Matsuda et al. measured the foot pressure during static standing posture 
for preschool children and reported that no differences between their both sides. The results of our study also support the findings in 
Matsuda’s study.   
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Finally, this study paid particular attention to the association between levels of physical activity and static balance. As we know, 
enduring physical activity is an effective   remedy for functional balance problems. Emilia et al. found a weak correlation between COP path 
length and physical activity in the trials with eyes closed. They thought that children who were more physically active showed better balance 
control than others. However, they did not find any evidence of correlation between physical activity level and static balance. On the 
contrary, we found a moderate, yet important correlation in sway area during the trials with eyes open. It implied that children at lower 
physical activity level showed better static balance. Though a number of studies explored the relationship between motor skill and physical 
activity, fundamental locomotion skills of children are still in improving.  

 

 
Figure 3. The relationship between SA in bipedal condition with eyes-open and the levels of physical activity for both genders. The level1 

to level5 represent the activity level from completely stationary to high speed movement. 
 

Children may inevitably encounter many problems to maintain their balance. Intensive activities make their involved more complex 
environment. As a result, their regulation of balance becomes harder. The gradients displayed in Fig. 3 demonstrated that the children at the 
highest level of physical activity were obviously unstable, while changes were smoothly among other levels. With a 3-years observation, 
Lopes found children with higher levels of motor skill could keep their levels of physical activity better over time, especially children at 6 
years old. As for this perspective, the preceding observations indicated that reasonable and moderate physical activity has the potential to 
influence static balance for preschool children. In addition, though there are gender difference, the linear relationships are similar in both 
genders. Our study demonstrate that physical activity will eventually improve balance ability for both boys and girls. Therefore, moderate 
level of physical activity is encouraged as a specific balance interventions for balance improvement in preschool children.  
 
4. Conclusion 
 

In this study, we examined the gender, visual information and dominant effects on the static balance of preschool children at the 6 to 7 
years of age, using posture-graphic measures. The study was undertook when they prepared to leave kindergarten and start their following 
education period. For these children, static balance was proved to be disassociated with the ability to deploy visual information. One-leg 
static balance measure has sufficient sensitivity for no dominant side in their locomotion motor skills. Although girls have better balance 
than boys, physical activity level has similar negative correlation with static balance for both genders. The results of our study propose that 
specific balance interventions at moderate level of physical activity are effective for balance improvement in preschool children. 
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Abstract: English teaching aims to cultivate students’ abilities of listening, reading, writing and translation and each training objective has 
the strong practicality that not only needs the knowledge transmission of teachers, but also demands the practice of students. The mode of 
computer assisted English teaching has the aid of visual hearing function of computer to cultivate students’ abilities of listening, reading, 
writing and translation. In order to improve the traditional infusion teaching, it is required to promote the independent learning of students as 
well as let the teachers guide the learning of students. Meanwhile, it is necessary to comply with the constructivist learning theory. In this 
paper, the grey evaluation model has been employed to prove the superiority of computer assisted English teaching based on constructivism 
so as to provide reference for the reform of English teaching. 
 
Keywords: constructivism, evaluation index, grey evaluation, weight vector 
 
1. Introduction 
 

The computer assisted teaching class has been proposed in 1978 and the computer assisted education has contained three stages: the 
theoretical preparation stage from the beginning of 1980s to the end of 1980s, the hardware configuration and implementation stage from the 
middle and late period of 1980s to the beginning of 1990s and the multimedia education popularization stage since the middle and late 
period of 1990s [1].  

The computer assisted mode of English teaching has been greatly popularized in all subjects [2]. Based on this, the discussion and the 
research on computer assisted English teaching have been called the hot topics. Ren Xia (2008) has pointed out that the emerging of 
computer assisted teaching determines its immaturity and there also exist some problems that the teachers do not make full use of its 
advantages and the students do not really learn to use the software[3]; Zhang Hongling (2010) has studied the normalization of computer 
assisted English teaching and put forward some improving suggestions[4]; Liu Fan (2012) has employed the concept of value theory to 
analyze the deficiency in the researches of computer assisted foreign language teaching and think of the significance of computer assisted 
foreign language teaching[5].  

The above researches have shown that there are still some problems in the computer assisted English teaching that need to be improved. 
In this paper, the construction of teaching modes has been taken as the starting point for research so as to build a teaching mode in which the 
students are considered as the main body and the teachers guide the teaching. At the same time, the computer assisted English teaching 
mode based on constructivism learning theory has been proposed in order to verify the role and the influence of the teaching mode from the 
empirical point of view. 
 
2. Constructivism learning theory 
 

For the knowledge view of constructivism [6], the constructivism holds that the knowledgeα is not the pure and objective reflection 
r for the reality R  and it is an explanation or assumption EA  of people for the objective world. Therefore, it is not the final answer of 
problems, that is the knowledge can not accurately summarize the rules of world and provide the methods to solve all the problems. When 
solving the specific problems, it is required to process and re-create the original knowledge in view of the situations of screenshot problems.  

RR rEA →→ ≠= α  
The constructivism holds that the students can master the knowledge only by taking their own experience as the background. In the 

process of learning, the students can not only understand the new knowledge, but aslo analyze, test and criticize the new knowledge [7]. The 
constructivist learning theory emphasizes that the learning is the process to construct the knowledge by the students themselves. According 
to the experience of students, the external information has been actively selected, processed and handled so as to obtain their own 
significance. The learning theory of constructivism believes that the learning process is not a simple process of information input, storage 
and extraction; it is a two-way interaction process between old and new knowledge, that is the interaction process between learners and 
learning environment [8]. 

The constructivism believes that the teaching can not ignore the existing knowledge of learners and the original knowledge and 
experience should be taken as the growth point of new knowledge so as to guide them to increase new knowledge and experience from the 
original knowledge and experience. The construction of learners is diversified and the construction of each learner for the meaning of things 
is different. The individual development is stressed by the constructivism. Generally speaking, the root of constructivism refers to the 
learners and the guidance should be based on the existing knowledge of students. It is necessary to focus on the students and the guidance. 
In addition, it is also required to construct the orientation of the roles of teachers and students as well as the learning environment. It varies 
from person to person and the students should be taught in accordance with their aptitude [9].  

The comparison between the traditional teaching theory and the constructivist teaching theory is shown in Table 1, 
 

Table 1 Comparison between the traditional teaching theory and the constructivist teaching theory 
Category Traditional teaching theory Constructivist teaching theory 

Teaching mode Teacher-fronted and student-supplemented Student-fronted and independent 
learning 

Role of teacher Knowledge transmitter and inculcator Knowledge guider 
Role of learner Passively accepting Self-construction 

Knowledge concept Static, objective and confirmed Dynamic, subjective and context 
Learning form Individual learning oriented Interaction between teachers and 

students, interaction among students 
Learning process Passive absorption and repeated practice Active exploration and self-discovery 

Learning motivation Extrinsic motivation oriented Intrinsic motivation oriented 
Teaching media Teaching methods and means of teachers Self-learning and exploration tools for 

students 
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Teaching process Transmitting and inculcating of knowledge Processing and transformation of 
knowledge 

Teaching contents Teaching material oriented, stressing intellectual 
development 

Combining with teaching materials and 
cultivating the integrity of personality 

Teaching evaluation Termination evaluation Combination of termination and process 
evaluation 

 
In the process of computer English assisted teaching, it is necessary to develop the students’ interest in learning with the self-learning 

of students and the knowledge guidance of teachers. Therefore, from the theoretical point of view, the teaching mode based o constructivism 
has more advantages. In order to verify the superiority of this teaching mode, the grey comprehensive evaluation model has been employed 
in this paper to evalute the this teaching mode. 
 
3. Grey comprehensive evaluation model 
 

The correlation degree analysis method in grey system theory is a new quantification method to measure the correlation degree of 
measurement factors and it is a comparison for the geometric relationship of statistical data lists. In this paper, the grey correlation analysis 
method has been employed to establish the grey comprehensive evaluation model with the least squares criterion. 
 
3.1 Attribute matrix 
 

Assuming that there are m evaluation objects in the grey system and each object has n  evaluation factors. The composition of attribute 
value of each evaluation object in the corresponding evaluation factor is shown in the attribute matrix in formula (1): 
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In formula (1), ijx represents the index attribute value f the i th evaluation object in the j th evaluation factor. In this paper, there are 11 
evaluation objects for the computer assisted English teaching and the related factors. The evaluation factors are the data in 2012, 2013, 2014 
and 2015. Therefore, in this paper 12,4 == mn and the element is the data value of corresponding item, then ( )

411×
= ijxX . 

 
3.2 Normalized matrix 

 
The normalized matrix can be understood as the matrix after data standardization. The data processing methods are generally divided 

into “the bigger is the better”, “the smaller is the better” and “appropriation”. The calculation methods are shown in formula (2), (3) and (4). 
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In formula (2), (3) and (4), 
∗
ijx represents the matrix element after standarization and 10 ≤≤ ∗

ijx . In formula (4), iγ refers to the standard 
value of the i th object. In order to get the maximum value and the minimum value of each object to define the two vectors which are 
respectively the system optimal vector G



and the system sub-vector B


 and that can be shown in formula (5). 
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In formula (5), ∨∧, respectively refer to the small and large operators, { }**
2

*
1 ,,,max imiii xxxg = .  

{ }**
2

*
1 ,,,min imiii xxxb = , the “appropriation” method has been employed in this paper and the standard value takes the average 

value of the factor values of this object. 
 

3.3 Correlation degree analysis 
 
The data normalization processing of factors has been used to get the weight vectors of evaluation factors, which is shown in formula 

(6): 

1),,,,(
1

21 == ∑
=

n

i
inW ωωωω 



                                                                             (6) 

In this paper, 3=n .The correlation degree measurement between number sequences is shown in the form of correlation coefficients. 

The correlation coefficient of the j th scheme vector jX


 and the optimal vector G


is shown in formula (7): 
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In formula (7), ( )GX ji



,x refers to the correlation coefficient and r  refers to the resolution coefficient and [ ]1,0∈r . The correlation 

coefficient of the j th scheme vector jX


and the sub vector B


is shown in formula (8): 
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The correlation degree between jX


and optimal vector G


as well as jX


and sub vector B


is shown in formula (9): 
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3.4Establishment of model 
 

Assuming that the j th scheme vector jX


takes ju to be subordinate to the optimal vector G


, and jX


takes ( )ju−1 to be subordinate to the 
sub vector B



. The proposed objective function is shown in formula (10): 
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The optimal solution vector of formula (10) is shown in formula (11): 
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4 Empirical analysis 
 
4.1 Construction of evaluation index system 

 
The evaluation index has been designed from the aspects of teaching and learning process as well as the implementation of teaching 

and being taught. The index system is as follows, 
The computer assisted English is Constituted by teaching index,learning index and implementation of teaching and being taught. 
The idex is defineed as follows, 
Teaching mode is x11, 
Teaching media is x12, 
Teaching process is x13 
Teaching contents is x14 
Teaching evaluation is x15 
Knowledge concept is x21 
Learning forms is x22 
Learning process is x23 
Learning motivation is x24 
Role of teachers is x31 
Role of students is x32 
 
4.2 Index data quantization and data collection 
 
The methods of questionnaire survey and expert scoring have been employed to conduct the index quantization in view of the 

traditional computer assisted English teaching method and the constructivist computer assisted English teaching method. For example, the 
scores of 11 index quantification in Figure 3 are 10 points and the total scores of questionnaire survey results are 110 points. The obtained 
scores should be conducted the single-indicator average processing for the issued 500 questionnaires. The total scores of the evaluation of 7 
experts are also 10 points and the average value without the highest score and the lowest score is considered as the index scores. The scores 
of each index of the two teaching methods in 2012, 2013, 2014 and 2015 are shown in Table 2. 

 
Table 2. Scores of each index 

Index 2012 2013 2014 2015 
Experience 

group 
Control 
group 

Experience 
group 

Control 
group 

Experience 
group 

Control 
group 

Experience 
group 

Control 
group 

X11 8.29  5.58  8.25  5.11  8.05  6.14  9.09  8.31  
X12 7.74  6.17  5.30  6.87  6.04  8.54  6.58  9.69  
X13 8.75  5.67  9.38  5.16  9.95  8.00  5.11  5.25  
X14 6.13  6.55  8.33  9.23  6.73  5.72  6.98  5.30  
X15 6.53  7.65  8.68  5.41  7.72  7.82  6.93  8.52  
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X21 8.31  7.28  6.33  9.96  7.60  8.94  6.94  7.83  
X22 6.14  7.30  7.62  8.70  9.19  5.66  6.71  9.81  
X23 9.41  6.08  6.00  9.69  9.93  6.07  6.52  7.08  
X24 8.50  8.20  7.49  8.30  6.21  9.54  8.68  5.81  
X31 8.81  6.15  8.68  8.56  6.98  7.47  8.25  5.68  
X32 5.56  5.34  6.30  6.55  5.83  5.91  5.80  8.79  

 
4.3 Results analysis 
 

According to formula (6), the weight vector matrix can be shown in Table 3: 
Table 3. Weight vector matrix 

Index 2012 2013 2014 2015 
X11 0.10 0.09 0.07 0.06 
X12 0.12 0.09 0.07 0.10 
X13 0.06 0.09 0.09 0.08 
X14 0.06 0.08 0.07 0.10 

X15 0.10 0.09 0.11 0.12 
X21 0.10 0.10 0.09 0.11 
X22 0.12 0.08 0.09 0.10 
X23 0.09 0.11 0.08 0.06 

X24 0.07 0.10 0.09 0.09 

X31 0.07 0.06 0.11 0.10 
X32 0.11 0.10 0.13 0.08 

 
The grey comprehensive evaluation model has been employed to obtain the comprehensive evaluation results of each index and the 

whole evaluation results of traditional computer assisted English teaching and constructivist computer assisted English teaching. In Figure 4, 
it is found that the scores TX of the comprehensive evaluation results of traditional teaching are 6.54 and the ones CX of constructivist 
teaching are 8.39. Obviously, the constructivist teaching is more advantageous; for the comprehensive evaluation results of teaching index, 
the scores TX1 of traditional teaching are 7.52 and the scores CX1 of constructivist teaching are 7.49; for the comprehensive evaluation results 
of learning index, the scores TX 2 of traditional teaching are 5.01 and the scores CX 2 of constructivist teaching are 9.22; for the comprehensive 
evaluation results of the implementation of teaching and being taught, the scores TX 3 of traditional teaching are 7.09 and the scores CX 3 of 
constructivist learning are 8.46. The above results show that the constructivist comprehensive evaluation results have obvious advantages 
and they have shown the relatively considerable evaluation results in the five indexes under the standards of teaching index. Some strong 
advantages have been presented in the criterions of learning, implementation of teaching and being taught.  
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Figure 1. Comparison of the evaluation results of traditional computer assisted teaching and constructivist computer assisted teaching 

 
4. Conclusion 
 

The constructivist learning theory takes the students as the center and the guidance as the main teaching method that is not only 
conducive to the implementation of teaching, but also conducive to the learning of students. The employment of this theory is helpful to 
cultivate more useful and innovative talents for society. In the process of computer assisted English teaching, the constructivist learning 
theory is not only useful in the qualitative analysis, but also shows a strong advantage in the empirical analysis. 
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Abstract: In this paper we study the structure and properties which belongs to the smash product of a semisimple weak Hopf algebra and its 
transibive module algebra. We show that if has a 1-dimensional ideal, then the smash product is isomorphic to a full matrix algebra over 
some separable right coideal subalgebra as algebras. 
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1. Introduction 
 

Weak Hopf algebras were introduced by G. Böhm and K. Szlachá in and (see also their joint work with F. Nill) as a generation of 
ordinary Hopf algebras and groupoid algebras. A weak Hopf algebra is a vector space that has both algebra and coalgebra structures related 
to each other in a certain self-dual way and that possesses an antipode .The main difference between ordinary and weak Hopf algebras 
comes from the fact that the comultiplication of the latter is no longer required to preserve the unit (equivalently, the counit is not required to 
be an algebra homomorphism) and results in the existence of two canonical subalgebras playing the role of “non-commutative bases” in a 
“quantum groupoid”. The axioms of a weak Hopf algebra are self-dual, which ensures that when   is finite dimensional, the dual vector 
space has a natural structure of a weak Hopf algebra. 

The initial motivation to study weak Hopf algebras was their connection with the theory of algebra extensions. It was explained in that 
weak Hopf -algebras naturally arise as symmetries of the finite depth von Neumann subfactors. A purely algebraic analogue of this result 
was proved in, where it was shown that a depth two Frobenius extension of algebras with a separable centralizer   comes from a smash 
product with a semisimple weak Hopf algebra. 

Smash product is one of the important concepts of Hopf Algebra theory. One of the commonly used methods of studying Hopf Algebra 
theory is breaking it down in the form of smash product. Many important properties in Hopf Algebra theory has its "weak" form of weak 
Hopf algebras. For example, integral theory of weak Hopf algebras can proof similar propositions of Maschke's theorem. Thus coming to a 
conclusion: Half single weak Hopf Algebra theory is finite dimensional. But the structure of weak Hopf algebras is far more complicated 
than the Hopf algebra theory. Weak Hopf algebras is defined by Bohm, Nill and others [1]. As promotion of Hopf Algebra theory, it no 
longer requires that multiplication meets and counit is algebra homomorphism. The simplest example of weak Hopf algebra example is a 
group of embryo algebra. Other examples have surface algebra, quantum group of embryo, generalized Kac algebra and so on. The initial 
motivation of studying weak Hopf algebras is the connected between them and algebraic extension. In addition, a very important application 
of weak Hopf algebras is that they provide a natural framework of dynamic distortion in studying Hopf Algebra theory. 
 
2. Weak Hopf algebras and Smash product [2] [3] [4] 
 

Definition 2.1 Let K be domain, , , , , ,H H Sµ η ε=< ∆ > is not only associative algebra of k but also coalgebra of k .If H satisfies the 
following conditions: (1)-(3),call H weak bialgebra of k .If H satisfies the following conditions: (1)-(4),call H weak Hopf algebras ofk  and 
callS weak antipode of H . 

1 2 3 1 1 2 2 1 2 1 2

1 2 2 1

1 2 1 2 1 2 1 2 1 2 3

(1) ( ) ( ) ( );

(2)1 1 1 1 1 1 1 1 1 1 1 ;
(3) ( ) ( ) ( ) ( ) ( );
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∆ = ∆ ∆
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= =
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                                                 (1) 

Definition 2.2 Assuming that H is weak bialgebra, define linear map , :L R H HΠ Π → as follows: 
1 2 1 2( ) (1 )1 , ( ) 1 ( 1 )L Rx x x xε εΠ = Π =                                                                                                (2) 

Let ( ), ( )L L R RH H H H= Π = Π  Obviously, ,L RH H are both subalgebra of H and their elements exchange each other. 
Definition 2.3 Assuming that H  is Weak Hopf algebras on a k domain. If there are left action of A → , namely exist 

mapping: H A A⊗  , let , , ,a b A g h H∀ ∈ ∈ meet. 

1 2

1
( )( )

1 ( ) 1

H

L
A A

h g a hg a
a a

h ab h a h b
h h

→ → = →
→ =
→ = → →

→ = Π →

                                                                                                          (3) 

Then call A  left-weak H - module algebra. 
Similarly, Right-weak- module algebra can also be defined. 
Definition 2.4 If A  is left-weak H - module algebra on left action→ and right-weak- module algebra on right action← , then call A  

weak H -bimodule algebra. 
Theorem 2.5 If A  is left-weak - module algebra, let 

{ ( ) , }H LA a A x a x a x H= ∈ → = Π → ∀ ∈                                                                                   (4) 

Then HA is a subalgebra of A , call HA the invariant subalgebra of A . 

Proof: , , Hx H s t A∀ ∈ ∈  
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2

1 2
L

1 2
' '
1 1 1 2 2

L

x st (x s)(x t)
(x s)( (x ) t)
(1 x s)( (11 x )1 t)

1 ((x s)t)
(x s)t
( (x) s)t

→ = → →

= → Π →

= → ε →

= → →
= →

= Π →

                                                                                         (5) 

1 2

1 2

1 2

( ) ( )
( ( ) )( ( ) )
( ( ) )( ( ( ) ) )
(1 ( ) )(1 )
1 ( ( ( ) ) )
( ( ) )

L

L L

L L L

L

L

L

x st
x s x t
x s x t

x s t
x s t

x s t

Π →

= Π → Π →

= Π → Π Π →

= Π → →

= → = Π →

= Π →

                                                                              (6) 

Definition 2.6 Assuming that H  is weak Hopf algebras, A is left-weak H - module algebra, ideal of A is called weak H -ideal. If HI I⊆ , 
call weak H -ideal is nontrivial. If it is neither zero nor A , then call nonzero weak Hopf algebras are minimal.  

Definition 2.7 Assuming that H  is weak Hopf algebras, weak Hopf algebras A is transitive. If it meets the following conditions: 
{ ( ) , } 1 ;H L

AA a A x a x a x H k= ∈ → = Π → ∀ ∈ =                                                          (7) 

(2) A  does not contain nontrivial weak H -ideal. 
Definition 2.8 Assuming that H is weak Hopf algebras, A is Left-weak H -module algebra, the Smash Product of A on H *A H refers 

to the vector space with the following multiplication ⊗ LH
A H , operation rules as follows: 

1 2, , , ( * )( * ) ( )*a b A x y H a x b y a x b x y∀ ∈ ∈ = →                                                     (8) 

Among them *a x represents vectors ⊗a x in the class in ⊗ LH
A H . 

 
3. Smash Product over Transitive Weak Hopf-Module Algebra  
 
Definition 3.1 Assuming that H is weak Hopf algebras, ( )l H r H∈ ∈ , we call ( )l r weak Hopf algebras H left (right)integral. If x H∀ ∈ , 

then ( ) ( ( ))L Rxl x l rx r x= Π = Π . 
Theorem 3.2 Assuming that H is weak Hopf algebras, l  is a nonzero left integralof H and A is left-weak H - module algebra, 

then mapping :l A A

 .And ( )l a l a= →

is the two-mode mapping of HA  and ( ) Hl A A⊂

. 

Proof: Assuming that , Ha A s A∈ ∈ , thus x H∀ ∈  
( ) ( )

( ( ) )
( ) ( )

L

L

x l a xl a
x l a

x l a

→ → = →

= Π →

= Π → →

                                                                                      (9) 

Then 

( ) Hl a l a A= → ∈                                                                                                    (10) 

1 2

1 2

1 2

1 2

1 2

1 2

1 2

1 2

( ) ( )( )
( )( ( ) )]

( )( )

1 (( ) )
( )

( ) ( )( )
( ( ) )( )

( ( ) )( )

( ( ) )( )

( )( ( ))
( )

( ) ( ) , ( )

L

L

L

l as l a l s
l a l s

l l a l s

l a s
l a s

l sa l s l a
l s l a

S l l s l l a

l s l l a

l s l l a
s l a

l as l a s l sa sl

→ = → →

= → Π →

= → →

= → →
= →

→ = → →

= Π → →

= → →

= Π → →

= → → →
= →

∴ = =



 



 

 

 

   ( )a

                                                                              (11) 

Above all, :l A A

 is two-mode mapping and ( ) Hl A A⊂

. 

Definition 3.3 The mapping in theorem 3.2 : Hl A A

 , call H  the (left) trace function of A . 

Theorem 3.4 H is weak Hopf algebras and A is left weak H -double algebra, : Hl A A

  is  surjection then exist 
a nonzero idempotent e in *A H  makes as algebraic: 

( * ) H He A H e A e A= ≅                                                                                              (12) 

Proof: Because of : Hl A A

 is surjection, l  is a nonzero left integral of H .And existing c A∈ , which makes 1l c→ = , let 
0 *e lc A H≠ = ∈ so:

2 ( )e tctc t c tc tc e= = → = = . 
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Thus e  is a nonzero idempotent of *A H .On the one hand, ,a A h H∀ ∈ ∈ so 
( ) ( ( ) ) (( ) ( ) ) (( ) ( )) ( (( ) ( )))

( (( ) ( )))

L L L L

L

e a x e lcaxlc l ca x l c l ca x l c l ca x lc l ca x lc
l ca x e

⊗ = = ⊗Π = ←Π ⊗ = ←Π = → ←Π

= → ←Π
                        (12) 

(( ) ( ))L Hl ca x A→ ←Π ∈                                                                        (13) 

( * ) He A H e A e∴ ⊆                                                                                        (14) 

On the other hand, if
Ha A∈  then 

( ) ( ( ))ae alc l c alc l ca lc lcalc= = → = → =                                                              (15) 

( * ) ( * ) .Hlcalc e A H e A e e A H e∈ ∴ ⊆ ，                                                            (16) 

That is to say ( * ) He A H e A e= in the end , Ha b A∀ ∈  
We can know 

( )( ) ( ( )) ( ) ( )ae be alcblc a l cb tc a l c btc ablc ab e= = → = → = =                                            (17) 

So as algebra 
H HA e A≅ . Above all: ( * ) H He A H e A e A= ≅ .According to literature the following theorem is established. 

Theorem 3.5 If H is the weak Hopf algebras, the following statement is equivalent: 
(1) H  is semi-simple 

(2) Exist the standardization left integral of H , which makes , ( ) , ( ) 1.L L
H Hh H he h e e∀ ∈ = Π Π =  

Theorem 3.6 If H  is semisimple weak Hopf algebra, A  is semisimple weak H - module algebra, which has 1 Codimensional ideal. 
The following conditions are equivalent 

(1) H is transitive in A . 

(2) 1 ;H
AA k=  

(3) A  doesn’t include nontrivial weak H -ideal. 

Proof: Because of the definition of transitive (1) (2), (1) (3)⇒ ⇒  are both manifest.If (2) and (3) are established. We can get (1) 
directly. So we just need to proof (2) and (3) are equivalent. Assuming that kλ  is 1 dimensional ideal of A . 

(2) (3)⇒ Assuming that 1H
AA k= ,if I is nonzero weak H -ideal and I A≠ ,then existing a nonzero weak H -ideal J  [5]of A ,which 

makes A I J= ⊕ .Let 1 21A e e= + ,and 1 2,e I e J∈ ∈ are both central idempotents of A .then for h H∀ ∈ : 

1 2 1 21 ( ) ( )Ah h e h e h e h eε ε⋅ = ⋅ + ⋅ = +                                                                        (18) 

So 1 1 2 2( ) , ( )h e h e h e h eε ε⋅ = ⋅ = .That is to say 1 2, He e A∈ .This is contradictory to the assumptions of 1H
AA k= .So A  doesn’t 

include nontrivial weak H -ideal. 
(3) (2)⇒  If A  doesn’t include nontrivial weak H -ideal, then A H λ= ⋅ [6],for 

Ha A∀ ∈ exists h H∈ .let t be a nonzero integral of 
H  and meets  ( ) 1tε =  then  

( )a t a th h tλ ε λ= ⋅ = ⋅ = ⋅                                                                                   (19) 

And 1 0H
A A∈ ≠ so ( )HA k t λ= ⋅  is a one dimensional. 

 Theorem 3.7[6] Assuming that H  is finite dimensional weak algebra, dim H n= < ∞  , then *,H H
λ

 is a bijection, satisfy: 
** ( ) ( ).k nH H End H M k≅ ≅                                                                            (20) 

Theorem 3.8 Assuming that H  is finite dimensional semisimple weak Hopf algebra. 
A  is s -dimensional transitive weak H - module algebra. And it has 1 dimensional ideal kλ ,and λ  is the central idempotents of 

A ,then as algebra , smash product isomorphic to ( )sM N and (1) (2){ }N h H h h hλ λ= ∈ ⋅ ⊗ = ⊗
 is the separable right complementary 

ideal subalgebra of H . 

Proof: Assuming that : * NA H End Hϕ → and (1) (2)( * )( ) ( ( ) ), , , .h h l h S h h l h h l Hϕ λ θ′ ′ ′⋅ = ∀ ∈  
, , , ,h h g g l H′ ′∀ ∈                                                                                              (21) 

(1) (2) (1) (2) (1) (2)( * ) ( * )( ) ( * )( ( ( ) )) ( ( ) ) ( ( ) )h h g g l h h g S g g l h S h h g S g g lϕ λ ϕ λ ϕ λ θ θ θ′ ′ ′ ′ ′ ′⋅ ⋅ = ⋅ =                        (22) 

(1) (2) (1) (2) (1) (2) (1) (2)(( * )( * ))( ) ( ( ( ( ) ))* )( ) ( ( ) ) ( ( ) )h h g g l h S h h g h g l h S h h g S g g lϕ λ λ ϕ λ λ θ θ′ ′ ′ ′ ′ ′ ′⋅ ⋅ = ⋅ ⋅ =             (23) 

 ( * ) ( * ) (( * )( * ))h h g g h h g gϕ λ ϕ λ ϕ λ λ′ ′ ′ ′∴ ⋅ ⋅ = ⋅ ⋅                                                    (24) 

That is to say ϕ  is algebra homomorphism, because of dim( * ) dim( )NA H End H= < ∞ , The following just need to proof ϕ  

is injection. If 1
( * ) 0s

i ii
h gϕ λ

=
⋅ =∑  then  

(1) (2) (1) (1) (2) (2) (1) (1) (2) (2) (1) (2)
1 1 1

( ( ( ) )) *( ( ( ) )) ( )( )* ( * )( * ) 0
s s s

i i i i i i i i i i i
i i i

h S h g l h S h g l h g l g l h g l lθ λ θ λ λ λ λ
= = =

⋅ = ⋅ ⋅ = ⋅ ⋅ =∑ ∑ ∑       (25) 

Because of H Aλ⋅ = , let l H∈ make 1Al λ⋅ =  then  

(1) (2) (3)
1 1

( * ) ( ( * )( * )( * ( )) 0
s s

i i i i
i i

h g h g l l S lλ λ λ λ
= =

⋅ = ⋅ ⋅ =∑ ∑                                 (26) 

So ϕ  is injection. 
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Corollary 3.9  If H  is finite dimensional semisimple weak Hopf algebra, A  is the s -dimensional right complementary 
ideal subalgebra of *H  then: 

(1) A is transitive weak H - module algebra. 

(2) A has a integral 
*x meets 

* (1) 1x = ,so A  has 1 dimensional Ideal 
*kx . 

(3)As algebra, A  and the smash product *A H of H  isomorphic to ( )sM N and 
* *

(1) (2){ }.N h H h x h x h= ∈ → ⊗ = ⊗                                                                               (27) 

 
4. Conclusion 
 

The nature [6] [7] of the weak Hopf algebra smash product is also worth while to explore in the further. So for distortion smash product 
whether it can get similar conclusions and weak Hopf—Galois expansion whether it can reflect the structureof weak Hopf algebra both are 
subject to further study. 
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Abstract: Land is a precious resource. The implementation of land use planning should focus on both benefits and effectiveness. In 
reference to given reasonable quantitative indexes, based on the fuzzy comprehensive evaluation, by selecting 5 main analysis indexes (main 
controlling factors, land structural adjustment, implementation of environmental protection, partition management, relationship between 
land use and benefits), the fuzzy comprehensive evaluation value can be obtained and therefore used for evaluating the implementation of 
land use planning. 
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1. Introduction 
 

Through the research on the essential characteristics of overall land use planning, the investigation and analysis on the situations of 
land use and economic development, as well as the analysis on various influencing factors; based on the implementing condition of current 
planning objectives and policies, the consistency and effectiveness of current policies and regulations can be evaluated; and the social 
influence and land development planning can therefore be evaluated. The implementation of modern land use planning is jointly decided by 
stakeholders of the land and public participants. Evaluation on the implementation of land use planning mainly consists of preplanning, 
planning scheme, implementation process and implementation effect. The evaluation shall be carried out in accordance with objective, 
constructive, participatory and cost-division principles. 
 
2. Establishment of hierarchy analysis system 
 

After confirming the evaluation criteria, the weight of each index and corresponding evaluation criterion are analyzed comprehensively. 
Then the final evaluation and analysis system is established as shown in table 1: 

 
Table 1 Hierarchy analysis system 

Objective level First-grade indexes level Second-grade indexed level 

Research on the 
implementation of land 

use planning (W) 

Main controlling factors ( 1W ) Reduction ratio of cultivated land ( 11ω ) 

Land used for building ( 12ω ) 

Basic farmland ( 13ω ) 

Land use structural adjustment ( 2W ) Farmland structure ( 21ω ) 

Structure of land used for water conservancy ( 22ω ) 

Land used for building ( 23ω ) 

Land used for roads ( 24ω ) 

Implementation of environmental 
protection ( 3W ) 

Policy guarantee system ( 31ω ) 

Funds guarantee system ( 32ω ) 

Policy feasibility ( 33ω ) 

Effects consistency ( 34ω ) 

Execution effectiveness ( 35ω ) 

Partition management ( 4W ) Planned adjustments ( 41ω ) 

Issue and implementation of management systems 

( 42ω ) 

Illegal cases ( 43ω ) 
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Relationship between land use and 

benefits ( 5W ) 
Economic benefits ( 51ω ) 

Social benefits ( 52ω ) 

Ecological influence ( 53ω ) 

Public recognition ( 54ω ) 

 
 
3. Establishment of model 
 

Firstly, confirm the object of evaluation. It is a variable effected by a number of (y) factors and its factor set is q, so it can be defined as: 

,( , , , )i i i iQ q q q q=                                                                                        (1) 

In which: ( 1, 2,3, , )iq i y=  . 
The weight of each variable is different, so is the influence caused by each variable under the corresponding evaluation level. If the 

weight of a variable is iq , and 1, 2 3( , , )i yP p p p p=   

In which: ( 1, 2,3, , )ip i y=    

The above formula is the weight value of formula (2), according to common sense, we know that 0ip ≥  and 

1
1

y

i
i

P
=

=∑                                                                                                         (2) 

In which: each factor ( ib
) consists of a number of (n) sub-factors and its factor set is ,1, ,2 ,3 ,( , , , )i i i i i nQ q q q q= 

. 
And the corresponding weight value is: 

,1, ,2 ,3 ,( , , )i i i i i nP p p p p=                                                                                     (3) 

As for the weight value of ,i jQ ( iP ), according to common sense, we know that , 0i jp ≥
 and 

,
1

1
n

i j
j

p
=

=∑
 

A set of evaluation index is established as 1, 2 3( , , , )sh h h h h= 

.In a number of (s) different grades ( 1, 2 3, , , sh h h h

) are evaluation 
results from higher grades to lower grades. By matrix compositional operation, the evaluation result of concerned volleyball player can be 
calculated:      

1, 2 3 1 2 3( , , ) ( , , , , )T
y yc p r p p p p r r r r= ∗ = ∗                                                       (4) 

On the basis of fuzzy set ( c ), we can get a defined evaluation grade through normalization. In which: }{k IH H=
,and the final 

evaluation result of KH  is grade k . 
 

4. Confirmation of weight 
 
According to the above table, the evaluation result is decided by multiple factors. The weight of each index is shown in table 2:  
 

Table 2 .Weight of index 
Criterion level Objective level Result level Weight 

Research on the 
implementation 

of land use 
planning (W) 

Main controlling factors ( 1W =0.21) 11ω  
0.29 

12ω  
0.22 

13ω  
0.20 

Land use structural adjustment ( 2W =0.13) 21ω  
0.25 

22ω  
0.20 

23ω  
0.31 

24ω  
0.24 

Implementation of environmental protection ( 3W ) 31ω  
0.27 

32ω  
0.25 
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33ω  
0.19 

34ω  
0.30 

35ω  
0.31 

Partition management ( 4W ) 41ω  
0.19 

42ω  
0.29 

43ω  
0.21 

Relationship between land use and benefits ( 5W ) 51ω  
0.14 

52ω  
0.19 

53ω  
0.31 

54ω  
0.35 

 
5. Confirmation of evaluation criterion 

 
Confirm the fraction interval for the reference of evaluation results as shown in table 3. 
 

Table 3. Membership value of evaluation result 
Evaluation 

method 
Fraction interval 

0-40 40-60 60-80 80-90 90-100 
excellent 0 0 0 0.05 0.95 

good 0 0 0.05 0.9 0.05 

ordinary 0 0.05 0.9 0.05 0 

poor 0.95 0.05 0 0 0 

 
6. Analysis of land use planning based on fuzzy evaluation model 

 
The evaluation result obtained from the above processes is: 

11 (0.40, 0.26, 0.20, 0.04, 0.10)sK =                                                            (5) 
By using the above method, we can obtain the evaluation set of the other three sub-sets corresponding to F1, which are: 

12 (0.41, 0.30, 0.15, 0.05, 0.09)sK =                                                               (6) 

13 (0.16, 0.26, 0.32, 0.21, 0.03)sK =                                                                   (7) 

14 (0.13, 0.20, 0.33, 0.23, 0.11)sK =                                                                     (8) 

Through the above formula, we can obtain the single factor evaluation matrix corresponding to W1, which is shown as follows, 1
sK . 

 
6.1 Level-2 evaluation 

 
Each index has different influence to the upper level and the focus on each index is different, so in this article, we has introduced the 

concept of weight. The weights of four grade-1 indexes are: 1(0.12)W , 2 (0.13)W , 3 (0.19)W , 4 (0.12)W , 5 (0.35)W , therefore the weights 

of sub-factors corresponding to 1F  are:  

11 12 13(0.45) (0.3) (0.25)W W W、 、                                                                        (9) 
The corresponding fuzzy sets are: 

1 (0.39, 0.31, 0.2, 0.1)A =                                                                               (10) 

2 (0.3, 0.3, 0.2, 0.2)A =                                                                                  (11) 

3 (0.35, 0.37, 0.28, )A =                                                                                     (12) 

4 (0.4, 0.2, 0.3, 0.1)A =                                                                                   (13) 

By integrating the weights of all above processes and the evaluation matrix, we can obtain the level evaluation and analysis result ( iB
). 

In this article, we take the example of W1: 
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1 1 1

(0.39, 0.29, 0.21, 0.18, 0.13)

s sP A K= ⋅
=

                                                                  (14) 

To better represent the relationship between various indexes, the above result needs to be normalized: 

1
0.39 0.29 0.21 0.18 0.13, , , ,
1.2 1.2 1.2 1.2 1.2

(0.334, 0.251, 0.168, 0.168, 0.084)

sP  =  
 

=
                                                 (15) 

Similarly, other three results can also be processed in the same way. The normalized results are: 

2

3

4

(0.25, 0.41, 0.23, 0.11, 0.004)
(0.32, 0.33, 0.19 0.13, 0.02)
(0.19, 0.39, 0.28 0.11, 0.06)

s

s

s

P
P
P

=

=

=

                                                      (16) 

Therefore, we can obtain the evaluation matrix of all level-2 indexes:  
0.35 0.24 0.16 0.18 0.07
0.35 0.11 0.32 0.10 0.10
0.32 0.35 0.19 0.13 0.02
0.19 0.38 0.28 0.11 0.05

sK

 
 
 =
 
 
 

                                                                 (17) 

 
6.2 Level-1 evaluation 
 

By combining the above processes and results, we can obtain the level-1 evaluation results by the same method and steps. The weight 
set of the above four factors are:  

(0.27, 0.21, 0.24, 0.27)A =                                                                           (18) 
The corresponding evaluation results of criterion level are: 0.27, 0.21, 0.22, 0.27. Similarly, the evaluation results of result level are: 

(0.28, 0.30, 0.30, 0.18, 0.07)

s sP A K= ⋅
=

                                                             (19) 

By normalizing the results, we can obtain: 

(0.24, 0.28, 0.17, 0.16, 0.15)sP =                                                          (20) 
The results show that the distribution of analysis and evaluation value is even. By referring to the membership value of evaluation 

result in table 3, the evaluation value we have obtained is the “maximum value”, the overall value is “excellent” and “good”. Based on fuzzy 
evaluation, the implementation of land use planning is “good”. 
 
7. Conclusion 
 

The evaluation process introduced in this article mainly consists of the confirmation of index system, the selection of indexes, the 
calculation of index values, the confirmation of weight and the normalization of results. During the system evaluation process, through 
fuzzy comprehensive evaluation and the membership value of evaluation result, the final evaluation value of a level can be confirmed, 
therefore the evaluation result can be implemented reasonably. 
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Abstract: In this paper we study the properties of faithfully flat right weak Hopf-bi-Galois extension. Firstly, we give a equivalent condition 
of faithful flat weak Hopf-bi-Galois extension. And then, on the basis of weak Hopf algebra separability extension, we show a condition that 
makes weak Hopf algebra separability extension into -Frobenius extension. 
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1. Introduction 
 

Weak Hopf algebra is a generalization of the Hopf algebra. Because of the Hopf algebra plays an important role in quantum theory. 
With the deepening of the research, some of the significance of the weak concept of Hopf algebra is maximized and understood by more and 
more people. Smash product and Hopf - Galois expansion are the two important concepts of Hopf algebra theory. One of the commonly 
used method of Hopf algebras is to break it down to the form of Smash product. However Hopf - Galois expansion with concise way to 
reflect the Hopf algebra structure. In this paper is a domain. All algebraic are defined on the domain. In this paper, we mainly research the 
properties of faithfully flat right weak Hopf-bi-Galois extension. 
 
2. The properties of faithfully flat right weak Hopf-bi-Galois extension. 
 

Assuming that K is a domain, if ( , , , , , )H u Sµ ε∆ Satisfy the following axiom 1, 2, 3, 4, we call K weak Hopf algebra. 
Axiom 1 H is the finite dimensional associative algebra of domain K and its multiplication : H H Hµ ⊗ →  and unit :u K H→ ( µ and 

u both are K -linear) satisfy: 

Associativity: ( ) ( )id idµ µ µ µ⊗ = ⊗    

Unit properties: ( ) ( )u id id id uµ µ⊗ = = ⊗   
Axiom 2 H is the coalgebra of  domain K , comultiplication : H H H∆ → ⊗ and counit : H Kε → ( ∆  and ε both are K -linear) satisfy: 

Coassociativity: ( ) ( )id id∆⊗ ∆ = ⊗∆ ∆    

Counit property: ( ) ( )id id idε ε⊗ ∆ = = ⊗ ∆   
Axiom 3 , ,x y z H∀ ∈ , satisfy : 

1 2

2 1
2

2

( ) ( ) ( )
( ) ( ) ( )
( ) ( ) ( ),

(1) ( (1) 1)(1 (1))
(1) (1 (1))( (1) 1)

xy x y
xyz xy y z
xyz xy y z

ε ε ε
ε ε ε

∆ = ∆ ∆
=
=

∆ = ∆ ⊗ ⊗∆

∆ = ⊗∆ ∆ ⊗

                                                                                         (1) 

Axiom 4 K -linear map :S H H→ , call S the antipode of H , satisfy: x H∀ ∈   
1 2 1 2( ) (1 )1x S x xε= , 1 2 1 2( ) 1 ( 1 )S x x xε= , 1 2 3( ) ( ) ( )S x x S x S x=  

Assuming that H  is the  weak Hopf algebra of domain K ,if exist left(right) transformation ( )→ ←  on A ,and 

exist mapping: ( )H A A A H A⊗ → ⊗ →  makes , , ,a b A g h H∀ ∈ ∈  , , ,a b A g h H∀ ∈ ∈ satisfy 

1 2

1 2

, ( )
1 , ( 1 )

( )( )
( ( )( ))

1 ( ) 1 , (1 ( ))

H H

L R
A A A

h g a hg a a g h a gh
a a a a

h ab h a h b
ab h a h b h

h h h

→ → = → ← ← = ←
→ = ← =
→ = → →
← = ← ←

→ =∏ → ←∏

                                                      (2) 

Call A left (right) weak H - module algebra. 
Assuming that H  is the weak Hopf algebra of domain K , right weak H -Hopf module is a vector space M , satisfy:  
(1) M  is right weak H -module; 
(2) M  is right weak H -complementary modul : ,M M Hρ → ⊗ inside 0 1( )m m mρ = ⊗  
(3) ρ  is right H -module maps, 

0 1 0 1 1 2( ) ( ) , ,m h m h m h m h m M h H← ⊗ ← = ← ⊗ ∀ ∈ ∈                                                          (3) 
Assuming that ,W H  are both weak Hopf algebra, ( , )A ρ is right weak H - comodule algebra, ( , )lA ρ  is left weak W -comodule algebra, and 

( ) ( )l lW Hρ ρ ρ ρ⊗ = ⊗  . A  is a weak W - H bicomodule algebras. 
Assuming that ,W H  are both weak Hopf algebra,whose antipode are both  bijection ,U W⊂ is a Weak Decays Hopf algebra and U W⊂  

is algebraic extension of faithfully flat. A is a weak W - H bicomodule algebras.Let 
/ , , , ,coW coW coHW W WU B A C A R A S R B+= = = = = 

                                                        (4) 
If 
(1) R A⊂  and S B⊂  are both faithfully flat right weak H - Galois extension; 
(2) C A⊂  is a left weak Hopf-double Galois extension. 

http://dict.cnki.net/dict_result.aspx?searchword=%e6%9c%89%e9%99%90%e7%bb%b4%e7%bb%93%e5%90%88%e4%bb%a3%e6%95%b0&tjType=sentence&style=&t=finite+dimensional+associative+algebra
http://dict.cnki.net/dict_result.aspx?searchword=%e7%bb%93%e5%90%88%e6%80%a7&tjType=sentence&style=&t=associativity
http://dict.cnki.net/dict_result.aspx?searchword=%e4%bd%99%e4%bb%a3%e6%95%b0&tjType=sentence&style=&t=coalgebra
http://dict.cnki.net/dict_result.aspx?searchword=%e4%bd%99%e4%b9%98%e6%b3%95&tjType=sentence&style=&t=comultiplication
http://dict.cnki.net/dict_result.aspx?searchword=%e7%ba%bf%e6%80%a7%e6%98%a0%e5%b0%84&tjType=sentence&style=&t=linear+map
http://dict.cnki.net/dict_result.aspx?searchword=%e5%af%b9%e6%9e%81&tjType=sentence&style=&t=antipode
http://dict.cnki.net/dict_result.aspx?searchword=%e5%b7%a6%e4%bd%9c%e7%94%a8&tjType=sentence&style=&t=left+transformation
http://dict.cnki.net/dict_result.aspx?searchword=%e6%98%a0%e5%b0%84&tjType=sentence&style=&t=mapping
http://dict.cnki.net/dict_result.aspx?searchword=%e6%a8%a1%e4%bb%a3%e6%95%b0&tjType=sentence&style=&t=module+algebra
http://dict.cnki.net/dict_result.aspx?searchword=%e5%90%91%e9%87%8f%e7%a9%ba%e9%97%b4&tjType=sentence&style=&t=vector+space
http://dict.cnki.net/dict_result.aspx?searchword=%e4%bd%99%e6%a8%a1&tjType=sentence&style=&t=complementary+modul
http://dict.cnki.net/dict_result.aspx?searchword=%e6%a8%a1%e6%98%a0%e5%b0%84&tjType=sentence&style=&t=module+maps
http://dict.cnki.net/dict_result.aspx?searchword=%e6%a8%a1%e6%98%a0%e5%b0%84&tjType=sentence&style=&t=module+maps
http://dict.cnki.net/javascript:showjdsw('showlj_0','lj_0')
http://dict.cnki.net/javascript:showjdsw('showlj_0','lj_0')
http://dict.cnki.net/dict_result.aspx?searchword=%e5%8f%8c%e4%bd%99%e6%a8%a1%e4%bb%a3%e6%95%b0&tjType=sentence&style=&t=bicomodule+algebras
http://dict.cnki.net/dict_result.aspx?searchword=%e5%af%b9%e6%9e%81&tjType=sentence&style=&t=antipode
http://dict.cnki.net/dict_result.aspx?searchword=%e5%8f%8c%e5%b0%84&tjType=sentence&style=&t=bijection
http://dict.cnki.net/dict_result.aspx?searchword=%e4%bb%a3%e6%95%b0%e6%89%a9%e5%bc%a0&tjType=sentence&style=&t=algebraic+extension
http://dict.cnki.net/dict_result.aspx?searchword=%e5%bf%a0%e5%ae%9e%e5%b9%b3%e5%9d%a6&tjType=sentence&style=&t=faithfully+flat
http://dict.cnki.net/dict_result.aspx?searchword=%e5%8f%8c%e4%bd%99%e6%a8%a1%e4%bb%a3%e6%95%b0&tjType=sentence&style=&t=bicomodule+algebras
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We call that ( , , , )U W H A  is faithfully flat weak Hopf-double Galois extension [2] [3] 
Assuming that H  is a weak Hopf algebra, it’s antipode is bijection. R A⊂  is faithfully flat right weak H -Galois extension . B  is the 

right weak H -comodule subalgebra,and B A  and BA  are both faithfully flat. Let S B R=  , the following Conclusions are equivalent. 
(1) S B⊆  is a  faithfully flat right weak H -Galois extension. 
(2) SR B A⊗ ≅  isomorphism mapping is the multiplication of A . 
(3) SB R A⊗ ≅  isomorphism mapping is the multiplication of A . 

Proof: (1) (2)⇒  because of S B⊆  is a faithfully flat right weak H -Galois extension. Category SM  is equal with H
BM .For any 

,H coH
B SM M B M∈ ⊗ ≅M                                                                                             (5) 

Isomorphism mapping is the module maps of M , and ,H coH
BA A R∈ =M  so (2) is true. 

(2) (1)⇒  For any right S -module X  ( )R R S SX A X R B X B⊗ ≅ ⊗ ⊗ ≅ ⊗  because of R A  is faithfully flat, S B  is also faithfully flat. For 
any left-module Y  

( )B S B SA Y R B X R X⊗ ≅ ⊗ ⊗ ≅ ⊗                                                                                      (6) 

We can draw a conclusion from the faithfully flat of BA  that SR  is faithfully flat. And there are the following isomorphism mapping. 
( ) ( )S S R SR B B A A A H R B H⊗ ⊗ ≅ ⊗ ≅ ⊗ ≅ ⊗ ⊗                                                                           (7) 

0 1 0 1r x y rx y rxy y r xy y⊗ ⊗ → ⊗ → ⊗ → ⊗ ⊗                                                                            (8) 

Thus 0 1,SB B B H x y xy y⊗ ≅ ⊗ ⊗ → ⊗  conclusion (1) is true. 
Similarly we can draw a conclusion that (1) is equal with (3). 
Algebraic extension ,R T T⊆  is separable in R , if exist a idempotent. 

i i Ri
e x y T T= ⊗ ∈ ⊗∑  make 1, ,i ii

x y te et t T= = ∀ ∈∑ . 
We call e  the separable idempotent. 
Assuming that H  is a weak Hopf algebra, separable extension C A⊂  call right weak Hopf-separable extension .If  

(1) C  and A  0CA A A• • •⊗ → →  are both right weak H -comodule algebra. 

(2) Multiplicative map during category 
H

A AM  is split 
Assuming that H  is a weak Hopf algebra, C A⊂  is  weak Hopf-separable extension, ,coH coHR A D C= = , if D C⊂  is right weak Hopf-

Galois extension, DC  is faithfully flat, then D C⊂  is a separable extension. 

Proof: Because of D C⊂  is right weak H -Galois extension, DC  is faithfully flat, category equivalent 
H

D CM M [4],but 
,H coH

CA R A∈ =M  so DR C A⊗ ≅ ,isomorphism mapping is the multiplication of A , so 
( )

( )
( )

C D C

D

D D

D D

A A R C A
R A
R R C
R R C

⊗ ≅ ⊗ ⊗
≅ ⊗
≅ ⊗ ⊗
≅ ⊗ ⊗

                                                                                                       (9) 

Just : ( )coH
C Df A A R R⊗ → ⊗  is isomorphic. Otherwise because of C A⊂  is weak Hopf-separable extension,separable idempotent  

( )coH
i i Ci

e x y A A= ⊗ ∈ ⊗∑                                                                                                     (10) 
So D C⊂ is a separable extension. 
Fischman, Montgomery and Schneider proved in faithfully flat Hopf-double Galois extension [5] ( , , , )U W H A , if Hopf algebraic 

extension U W⊂  is right integral type.so B A⊂  and S R⊂  are both β -Frobenius extension. Next we will put this conclusion into weak 
Hopf algebra theory.Review the definition of right integral type [6], Assuming that W  is a weak Hopf algebraic, /W W WU +=  is left quotient 
coalgebra. We called extension U W⊂  right integral type. If 

(1) Exist nonzero right integral 
*

Wλ ∈ . 

(2) Exist A W∈  makes WAλ ε← = . 
(3) Exist lg( , )A U kχ ∈  makes ( ) ,u u u Uλ χ λ← = ∈ . 
Assuming that ( , , , )U W H A  is faithfully flat weak Hopf-double Galois extension, 
B A⊂ is right weak Hopf-separable extension, then S R⊂  is separable extension.If U  is the normal weak Hopf subalgebra of W , A  

is flat right C -module, then B A⊂  and S R⊂  are both β -Frobenius extension . 

Proof: Because ,coH coHR A S B= = and S B⊂  is a faithfully flat right weak Hopf-double Galois extension. [7] According to theorem 
2.8 S R⊂  is separable extension. 

If U is the normal weak Hopf subalgebra of W , then , /WU U W W W WU+ + += =  is a weak Hopf algebra. Since B A⊂  is separable left 
W -Galois extension,W  is finite dimensional.So 

*
W is also finite dimensional weak Hopf algebra. Thus there is a nonzero right integral 

*
Wλ ∈  and 

*
W Wλ ← ≅ .Therefore exist right integral A W∈ . A W∈  is a preimage of A , so WAλ ε← = .Let λ ε=  for any 

, ,u U w W∈ ∈  Because  
0, ( ) , ( )WU U W uv u w u uε λ ε λ+ += = = ← =                                                                    (11) 

We can draw a conclusion that B A⊂  and S R⊂  are both β -Frobenius extension. 
 
4. Conclusion 
 

What is the nature of the faithfully flat weak Hopf-double Galois extension, How to classify it’s object, and weak Hopf—Galois 
extension Whether it can reflect the structure of weak Hopf algebra. They are subject to further study [8] [9]. 
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Abstract: Nowadays, with the popularization of higher education, it is practically meaningful that local universities take the responsibilities 
of developing technology and science, promoting culture and cultivating elites. This paper applies the improved genetic fuzzy c-means 
clustering algorithm in performance assessment, deeply analyze such problems, and grasp the domestic and foreign research status. The 
method of performance management of teachers is a complicated system. According to some researches, there are many various problems 
and reasons. The article gives useful measures Genetic Algorithm in order to provide useful experience for a better study on the field. 
 
Keywords: genetica algorithm; fuzzy mean clustering; fuzzy mean salgorithm; performance assessment 
 
1. Introduction 
 

Chinese national ministry of education approved the first batch of local undergraduate university since the 1980s.Chinese local 
undergraduate university as shown a good momentum of development during the past 30years. A stable team of teachers is crucial for the 
steady development. Administrative staff places an essential leading role in the aspect of university human resource management. They are 
always collaborating with each other on a variety of tasks so as to fulfill the university strategic planning and accomplish the management 
by objectives, and the various co-ordinate functions in the area of cultivating talents, doing scientific studies and serving for the society. 

 
Figure 1. Rosenbrock. 

Nowadays administrative staff of local undergraduate university encounters bottlenecks, particularly when it comes to overcoming high 
turnover of staff, retaining top performers, keeping attraction and maintaining the team stability. On the one hand, from the perspective of 
external factors, local undergraduate university related national policies and establishments has not been fully and widely implemented, and 
the local undergraduate university are not highly recognized at a low satisfaction rate on the society On the other hand, the imperfect 
construction of the performance appraisal system of Administrative Staff is due to the negative management concept of concentrating on 
organization targets and achievements other than administration management, and the strategy development of local undergraduate 
university is still in an exploring stage, and the management system remains to be perfected. 

 
2. Genetic algorithms and performance assessment 
 

Taken Together, administrative star plays an important role and faced up with obstacles, it's imperative for us to build a scientific and 
perfect performance appraisal system so as to upgrade the appraisal functions on administrative staff .with the aim to put the theory into 
practice, this dissertation will focus on this topic of performance appraisal and choose to do the research on the performance appraisal 
practice of university L, which higher education area is an outstanding and typical sample in the non-governmental of Hubei province. 

The performance management of teachers in college includes incentive planning, application and communication, appraisal, feedback 
and improvement. Beginning with the performance management ideas and theories, the article describes the current cases and problems such 
as a lack of overall performance management procedure and communication, appraisal target system not perfect, etc. As for these problems, 
it analyses the deep-rooted causes from the acquaintance, value and goal and then gives effective measures to solve them by improving 
performance plan and goal, establishing performance appraisal system, strengthening performance feedback and performance improvement 
in order to make it to be a better cycle. In addition, the article gives some pieces of advice about certain serious issues such as improper 
teaching and research, the lack of the corresponding support and safeguards of students aiming at appraising teachers by students etc. In the 
end, the article supplies a case study on a certain Institute of Technology. 

To do the research on the performance appraisal practice on the administrative staff will be on the basis of accumulating lots of 
performance appraisal related theories, includes performance achievement imitates a target, performance indicator system, performance 
appraisal, performance management, the connection between performance appraisal and performance management, to begin with the study 
on the performance appraisal related management system, then to make great efforts to concentrate the questionnaire on the performance 
appraisal practice on the administrative staff of university L. There are many different questions were designed during carrying on the 
questionnaire overall the 10 Administration service departments, include teaching and scientific research department, students affairs 
management departments and the educational administration management of difference associate colleges, 80 pieces of questionnaire has 
been distributed to 40 grass-roots staff and 40 middle-level management respectively, and all the questionnaire are useful and well collected. 
The outstanding weaknesses and shortcomings came out after doing the comprehensive analysis on the questionnaire data and feedback, 
which are displayed in 7 aspects. Firstly, performance appraisal system lacks public acquaintance and optimization. Secondly, performance 
appraisal is immersed in formalism. Thirdly process appraisal is badly needed .Fourthly, not all the appraisers are highly qualified. 
Performance appraisal feedback is not made known to the public .Appraisal return is lacking in incentives .The last but not the least, appeal 
mechanism is deficient. 

 
3. Performance assessment 
 
3.1. Index of performance assessment 
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As higher vocational education plays an important role in personnel training and development, it is are becoming more and more 
incentive competition between local undergraduate universities. The main problem, the Vocational University faced, is that how to become 
bigger and stronger, how to cultivate talents to meet the needs of society, and how to stand in the forefront of local undergraduate 
universities, the key factor is to improve the teaching level and teaching quality. So it is necessary to establish a set of complete performance 
management system for teachers. 

                                                                              (1) 

Performance assessment of vocational college teachers is an important part of human resource management in Colleges and universities, 
but also on the teachers' job performance, namely the evaluation of teachers' labor process, behavior and results, through the feedback of 
evaluation results, to mobilize the enthusiasm of teachers, teachers' teaching and research level, standardize and guide the behavior of 
teachers in Higher Vocational education. Correct evaluation of the evaluation index system of scientific, is reasonable teacher performance 
of higher vocational teachers, objective, scientific and effective to ensure the teacher performance evaluation results. 

                                                                                         (2) 
Higher vocational education is the basic characteristics: the employment as the guidance, ability cultivation, practice teaching system, a 

skilled occupation, "double teacher type" and the school enterprise cooperation. Therefore, teachers in vocational colleges should culture 
students ability of application technology, has a strong practical guidance capability. However, due to the lack of theoretical guidance, 
scientific management method, at present, in the higher vocational teachers' performance evaluation system design there are some problems. 
Currently before an important topic for research management in local undergraduate universities, we must actively explore the establishment 
of an effective teacher performance evaluation index system. 

                                                                                     (3) 
The degree of the level of teacher team in local undergraduate university’s level and enthusiasm will be directly related to the personnel 

training quality, but also related to the development of Local undergraduate universities. This paper focuses on the performance evaluation 
of teachers in local undergraduate universities, according to the relevant theories of performance management, the teachers of teachers in 
Colleges and universities and local undergraduate universities comparison, analysis of the current situation of teachers in Local 
undergraduate universities and vocational colleges, according to the performance requirements for teachers, analysis of the performance of 
College Appraisal status. On this basis, on how to design the vocational college teacher performance appraisal index system, are explained 
from three aspects of evaluation index system of Local undergraduate universities Teachers Performance role, guiding ideology and specific 
steps, and determine the performance appraisal index weight by using AHP method, at the same time, according to the evaluation index 
system of teachers in Local undergraduate universities performance design principles, put forward the countermeasures and suggestions to 
improve the evaluation index system of teachers in Local undergraduate universities performance. 
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This paper introduces the basic concepts, ideological and theoretical foundation of performance management and the teacher 
performance management. Secondly, it is to study the current situation of Liming Vocational University teacher performance management 
from the angle of the school performance management, assessment procedure, assessment content, assessment of results of classification 
and evaluation of the main introduces, and in-depth analysis of knowledge at present there are not in place, no obvious effect of two 
departments, lack of communication in the process, index design features, without distortion, the lack of feedback etc. According to the key 
performance index method, 360 degree assessment, the balanced scorecard, management by objectives, and redesign principles of the 
strategic goal oriented, unity,  effective  incentives,  scientific  and  objective,  the  teacher  performance management system of Liming 
Vocational University is redesigned from two aspects of the implementation of the performance management. Finally, related guarantee 
measures are proposed, such as the establishment of top management support, humanistic care, establish and improve the performance 
management system and perfect the information network system, and improve the logistics system. 

                                                                                        (5) 

 

Figure 2. Shubert. 
 
3.2. Genetic algorithms based on species evolution 
 

Genetic algorithm, as a bionic intelligence optimization technology, which can overcome the drawback of traditional gradient search 
technique, has been widely used in many fields of engineering science. It has more advantages over traditional optimization methods based 
on calculus theory when solving problems with global search, complex design and complicated target function optimization. It also has 
advantage of easy use. It has been a research hotspot of computational intelligence. 

                                                                                       (6) 

The theories of simple genetic algorithm and improved genetic algorithms have been analyzed, and Darwin's Evolutionism and 
Mendel's genetics are taken as the guiding thought to imitate the methods and phenomena of ecology. In combination of some technical 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                               271.3 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/271 

 

means in bioengineering and some theories and methods of the other subjects, simple genetic algorithm has been improved to increase the 
convergence precision and convergence rate. 

The problem of species breeding is researched.  Cross breeding genetic algorithm, mutation breeding genetic algorithm and selection 
breeding genetic algorithm are presented, which imitate different breeding technique in bionic engineer. The advantages and disadvantages 
of different breeding genetic algorithms are analyzed and compared by means of the results of the complicated function with minimum or 
maximum global optimal solution solved by the algorithms. 

 
Figure 3. Schaffer2 parameter. 

The problem of species evolutionary environment is researched. Niche genetic algorithm illustrates that the species are reciprocity and 
interaction with one another rather than isolation. Penalty niche genetic algorithm is of excellent properties, which is often used to solve 
multi-modal function. But how to determine the niche distance hinders the algorithm application. Penalty niche genetic algorithm based on 
good character seeds is proposed, which uses simple genetic algorithm to preliminary exploration. Simple genetic algorithm runs several 
times to obtain good character seeds set. The location among the seeds can guide determining the niche distance. 

 
Figure 4. f(r). 

It is important to use prior knowledge when non-deterministic polynomial completeness problem in combinational optimization, such 
as travelling salesman problem, is to be solved. Subsection method based on good character seed is presented. Using the idea of strategy of 
`dividing-and-ruling' geographical space, the spatial search problems for optimum solutions through brute-force methods can be converted 
into problems of selection in limited projects. The incomputable problems in time can be solved in satisfying way by means of spatial 
disaggregation. The satisfactory solution can be obtained by rationally divided space according good character seed. 

The problem of species pleiotropy is researched. Genetic algorithm based on pleiotropy, which simulates pleiotropy of biology, is 
proposed. Nonlinear function between the genotype and phenotype or one-to-many mapping relationship is built, which breaks out one-to-
one mapping in traditional genetic algorithm. The results show that pleiotropy has an advantage to maintain the diversity of the problem 
space so run rate can be improved by used small population sine. 

 
Table 1. Results of Rosenbrock 

Algorithms value max min The percent of 
winner 

Time(s) 

SGA 3901.8302 3905.9262 3897.7342 50% 29.823 
CBGA 3905.9262 3905.9262 3905.9262 100% 209.655 
MBGA 3763.4428 3887.5316 3504.8279 0 25.956 
ABGA 3905.9262 3905.9262 3905.9262 100% 301.170 

 
Cross breeding genetic algorithm, mutation breeding genetic algorithm and selection breeding genetic algorithm are presented, which 

imitate different breeding technique in bionic engineer. 
Seeking extreme point method is applied to obtain enough information to guide determining the niche distance, which is the key 

parameter of penalty niche genetic algorithm. 
The technique of open routing optimization and the technique of overlapping segments are used to solve the problem of end points of 

segments connection and optimization. 
Genetic algorithm based on pleiotroy is proposed, which builds nonlinear function between the genotype and phenotype or one-to-

many mapping relationship, breaks out one-to-one mapping in traditional GA, and simulates the complex relationship between the biological 
genes and phenotype, effectively increasing the diversity of population. 

 
Table 2. Results of Shubert 

Algorithms value max min The percent of 
winner 

Time(s) 

SGA -186.7275 -186.6707 -186.7309 37% 4.228 
CBGA -186.7309 -186.7309 -186.7309 100% 29.631 
MBGA -186.7299 -186.6207 -186.7309 1% 0.532 
ABGA -186.7309 -186.7309 -186.7309 100% 31.999 
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Figure 5. f(r) based on CNGA. 

Based on the preceding discussion, we define LOS as the alignment of organizational capabilities and culture, group competencies and 
norms, and individual, motivation and opportunity with one another and with the organization's strategy. Our proposed model is shown in 
Fig. 2. As illustrated, the framework's driving force is the firm's strategy, including its vision, mission, goals, strategic plans, and resulting 
action plans (tactics). At the core of the model are three distinct, yet interrelated levels of analysis that are directly linked to strategy: 
organizational, group, and individual. Specifically, the three levels are viewed as building blocks with organizational capabilities/culture as 
the foundation on which the other two levels-group level norms, and individual motivation/opportunity-rest. We suggest that organizational 
capabilities, group competencies, and individual are primarily related to human capital; organizational culture, group norms, and individual 
motivation and opportunity are primarily related to social capital. As shown, HRM practices are central to generating, reinforcing and 
sustaining organizational capabilities/culture, group competencies/norms, and individual motivation/opportunity. Overall firm performance 
is a function of the vertical alignment of strategic priorities and actions among these three organizational levels and the horizontal alignment 
of the HRM practices in recruitment/selection, performance appraisal, training/development, and compensation. Important assumptions 
underlying the model are that the firm's strategy is linked to the firm's general and industry environments, and that the firm is continually 
adjusting its strategy in an attempt to achieve and maintain a competitive position within its external environment. In this regard, although 
the bold arrows suggest that organizational, group, and individual actinides are primarily influenced by strategy, it is important to recognize 
that these activities are reciprocal and can also influence adjustments in strategy. In addition, the dotted feedback loop underscores the 
dynamic nature of this process. 

 
Figure 6. f(x, y) using GA. 

The preceding discussion implies a major challenge for companies to define and develop strategically-relevant organization all 
capabilities, job-specific group competencies, and individual, and also design mechanisms to develop organizational, group norms and 
employee motivations and opportunities to enact these capabilities in executing strategic goals. As shown in Fig. 3-7, HRM practices are 
essential organizational mechanisms for generating, reinforcing, and sustaining employee actions in line with organizational 
capabilities/culture, group level job competencies/norms, and individual motivation/opportunity. The primary HRM activities relevant to our 
framework are those of recruitment/selection, training/development, employee appraisal, and compensation. It is critical that these activities 
be clearly linked with the firm's strategy and internally consistent with one another. This component of our model is supported by the work 
of Bowen and Ostroff (2004) who argued that the "strength of the HRM system" is a critical intermediate variable in the HRM-firm 
performance relationship. In their framework, the strength of the HRM system is characterized by its distinctiveness (i.e., visibility, 
understandability, legitimacy of authority), consistency (i.e., instrumentality, validity, consistent messaging), and consensus. 

The implications of our model are that the specific HMR practices and their configuration are unique, complex and dynamic in each 
firm-because each firm's environment and requisite strategy are also unique, complex and dynamic. This conclusion is not comforting to 
those who are intent on finding universal HRM best practices. It is also not particularly comforting to advocates of the fit or configuration 
perspective of HRM. While our model suggests that there is a unique configuration of strategic priorities and HRM practices at a point in 
time, such a configuration is ideal and illusory. Given the dynamics of strategy, the best that tom-ponies can hope for is to design HRM 
practices that engage the organization, work groups and ultimately individual employees who possess the requisite abilities, motivations, 
and opportunities in the ongoing pursuit of complex, dynamic, and fragile strategic priorities. This perspective on the relationships among 
strategy, human resource management and performance is necessarily complex, but also more representative of organizational realities. 
However, from the RBV perspective, this unique configuration of organizational activities is a potentially sustainable source of competitive 
advantage precisely because it is rare, complex, highly unobservable, and causally ambiguous (Colbert, 2004; Wright et al., 2001).Future 
research should examine these relationships using more holistic models. For example, Colbert (2004) attempted to integrate major principles 
of strategy and human resource management into a complex resource-based view framework. 

The implications of our model for HR practitioners are considerable. First, it is essential that HR professionals are not only conversant 
with business strategy, but are integral partners in the strategic management process. This is easier said than done. Several recent studies 
have documented the fact that, while the HR function has become more strategic in its orientation, it is not yet a full strategic partner in 
many firms. Accurate and effective line of sight will not occur without an ongoing dialog among all those responsible for strategy 
formulation, implementation, and evaluation, including HR professionals. 
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Figure 7. f(-1.7039, 0.7961) based on GA. 

Previous theory and research on strategy and human resource management point to the importance of human and social capital as 
essential ingredients to the firm's long run success. From the resource-based perspective, firm-specific human capital and social capital are 
potentially sustainable sources of competitive advantage because they are valuable, rare, inimitable, and difficult to substitute for. Much of 
the recent research suggests that HRM practices can positively affect firm performance, primarily through their impacts on human and social 
capital. 

 
Figure 7. Test approach of Ch130 in performance assessment. 

However, the specific mechanisms by which HRM practices influence firm performance are not clear. In this paper, we have 
synthesized previous work and extended the LOS framework of Boswell and her colleagues to present a comprehensive model that 
illustrates the linkages between strategy, HRM practices, and performance. Our proposed framework argues that a firm's strategy is the 
driving force for all organizational activities. Superior performance is hypothesized to result from directly linking strategic goals and action 
plans to organizational capabilities and culture, job-specific group competencies and norms, and individual, motivation and opportunity. 
Further, performance is also enhanced when HRM practices are "strong", internally consistent and are designed to generate, reinforce and 
sustain these capabilities at all levels. The HRM objectives are to establish and promote a clear alignment of capabilities at all levels with 
the firm's strategic goals and to create the culture, norms, motivation and opportunity to engage in actions-including discretionary behaviors-
that contribute to the accomplishment of these goals. Of course, perfect alignment or line of sight is an ideal state. Achieving alignment is 
necessarily complex and dynamic, requiring continuous monitoring and adjustments over time. However, in striving for such an alignment, 
a firm can develop sources of competitive advantage that are valuable, rare, inimitable, and non-substitutable. 
 
4. Conclusion 
 

At last, the dissertation is to come up with the solution to all the problems with the guidelines and directions of the appraisal related 
theories, these solutions are specifically elaborated one by one from the several perspectives as follows: adhere to the concept for building 
an exclusive administrative staff team, upgrading performance indicator system and using the appraisal method flexible, expanding sources 
for university funding and adding appraisal grade, seating up filing mechanism for process appraisal, set different time interval and 
frequency of performance appraisal for the staff of different levels, strengthening the training on the examiners, adding supervision 
organization, developing appraisal returns. all the proposals will offer the other local undergraduate university valuable references. 
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Abstract: To reduce communication overhead of the multicast strategy based on tree topology, this thesis firstly studies multicast tree 
heuristic algorithm based on level-wise clustering strategy (LWC-MT). By proposing the cost of the clustering operation and the 
optimization of multicast scheme tree generating process, LWC-MT generates multicast program along the smallest cost growth direction. 
The simulation results show that the novel algorithm generates smaller communication overhead than current algorithms. 
 
Keywords: ponent; interconnected networks; fault tolerant multicast; multicast path; optimized routing; disjoint path routing 
 
1. Introduction 
 

Hypercube network is an interconnection model with excellent topological properties, including strong fault-tolerant ability brought by 
highly redundant communication paths, self-embedding, the scalability and simple routing algorithm. The composite network can be 
obtained by the combination of this topology and other type network, so this topology is proved to be one of the most attractive networks in 
parallel computer designing. 

The overall performance of parallel computer based on hypercube topology depends largely on its routing strategies, which mainly 
contains multicast communication strategy, fault-tolerant communication strategy and disjoint path communication strategy. In many large-
scale scientific and engineering projects, polymerization communication/multicast communication accounts for a large proportion of all the 
communication overhead, thereby, to design multicast communication strategy with efficient communication is an effective way to improve 
system efficiency and reliability. With the scale increasing of the multiprocessor system and the increasing of the connection failure or 
processor failure frequency, multicast routing strategy is required to possess the property of fault tolerance to ensure that the system 
continuous operation. It is a challenging problem to design fault-tolerant multicast routing strategy with communication amount being as 
small as possible. Disjoint path routing policy is divided into two types, including single target node and many destination node. The disjoint 
path routing with single target node is a comprehensive solution to increase the network bandwidth between nodes and increase ability of 
fault tolerance; the disjoint path routing with multi-target node can be considered as multicast communication with the path disjoint. They 
provide a higher level of assurance for network and system reliability. To optimize the multicast communications, fault-tolerant 
communication disjoint path is the research focus in the hypercube network routing strategy. 

The interconnection network is one of the most essential subsystems in high performance computing systems. It determines the 
performance of the inter-node communication. Due to rapid development of VLSI technology and the new technology such as multicourse, 
multithreaded and Sacs, both the size of interconnection network and the performance of processor increase dramatically. However, the per-
romance increase of interconnection network is much slower. It becomes the new bottleneck gradually. Therefore, besides the research of 
new interconnecting technology such as optical interconnecting, the collective communication based on multicast and reduction becomes the 
hot spot. With the increase of network size, the possibility of node failure also increases. The high performance computing system should 
degrade gracefully when node failure occurred. So it's important guarantee the fault-tolerant, reliable communication between non-faulty 
nodes. 

Hypercube is one of the most popular, versatile and efficient topological structures of interconnection networks. With high-radix router 
and serial transport, the hypercube with large dimension can connect a huge number of nodes. Therefore, the scalability won't be a 
shortcoming of hypercube for a long time. 

 
2. PRouting Optimization Strategy of Multicast Tree based on Layer By layer Clustering 
 

To reduce multicast communication overhead under the conditions that possess certain fault-tolerant communication capabilities, the 
thesis presents an optimized multicast algorithm (FT-MT) and distributed fault-tolerant multicast routing strategy based on local k-
dimensional sub cube connectivity hypercube (DFT-MT). By using optimized fault-tolerant path storage model, FT-MT constructs fault-
tolerant multicast solution to ensure fault tolerance, and it reduces the overhead at the same time. For Hypercube networks with local k-
dimensional sub cube connectivity, DFT-MT achieves localized management and distributed storage of the optimized fault-tolerant path 
storage model, and circumvents large amounts of information exchange overhead during the storage model updating process. Simulation 
results show that under the condition that the networks meets local k-dimensional sub cube connectivity, the communication overhead 
generated by the algorithm is less than the method in the existing literatures. 

 
3. Fault TOLERANT MULTICAST OPTIMIZATION STRATEGY BASED ON NEAR - OPTIMAL FAULT - TOLERANT PATH 
STORAGE MODEL 
 
3.1 Multicast path optimization strategy based on target node density information 
 

This dissertation is the research of multicast algorithms on hypercube inter- connection, including the multicast on non-faulty per cube 
and the multicast on Faulty per cube. The multicast overhead is one the metric of performance. Based on the locality between multicast 
destination nodes, we propose the clustering model. Due to the small degree of cluster and nice locality between destination nodes inside 
cluster, the overhead is small for inner-cluster. It decreases the overhead of multicast traffic. 

We present a multicast tree algorithm and a multicast path algorithm based on the clustering model, in which message routing can be 
fully distributed. Compared with existing works, our multicast algorithms are with higher utility of locality and reduce the multicast traffic 
significantly. 

                                                                          (1) 

The locally sub cube-connected hypercube is the fault tolerant model for hypercube, whose capacity is much greater than others. We 
propose the reach ability model for locally sub cube-connected hypercube. This model is fully distributed without centric controller. We 
proofs that it is mutable for arbitrary two non-faulty nodes with reach ability. We present three algorithms for exchanging, updating locality, 
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and an algorithm for local sub cube-connectivity detecting. All these algorithms are efficient and fully distributed. It is suitable for hardware 
implementation due to that the major operations are bitwise. The network topology determines how well the processors can work 
cooperatively. In an interconnection network, the communication is realized by performing various routing algorithms, which determine a 
path along which a packet or message is transferred to its destination. Wormhole switching technique is widely adopted in modem 
multicomputer systems, which may incur deadlock more frequently. Indeed, some packets mall holds some resource while requesting others, 
which may lead to the result that some packets are not able to arrive at their destination. How to all old the occurrence of deadlock is an 
important consideration while developing routing algorithms in worn whole networks. Locally twisted cube is newly introduced 
interconnection network for parallel computing. 

                                                                         (2) 

In the content of uncast routing, four routing algorithms are proposed. First, we illustrate that there enlists deadlock in the routing 
algorithm. Thus, a minimal routing algorithm based on the tuna model is presented, which leads to a deadlock-free algorithm when 
incorporating the virtual network technique. By exploring the property that one locally twisted cube consists of one sub cube and one 2-
twisted sub cube, we apples the enlisting adaptive routing strategies for the sub cubes to induce an adaptive routing scheme for locally 
twisted cube. Second, an imported algorithm is presented, which is more adaptive and deadlock-free. The using rate of channels is imported 
in this algorithm. 1liird, a non-minimal algorithm without virtual channel is given in this paper, which is also adapter and deadlock-free 
without ritual channels. Finally, a minimal adapter routing algorithm based on path is presented, which is also deadlock-free. In this 
algorithm, we determine the rout path bill assigning a unique label to each node of a locally twisted cube. 

                                                                          (3) 

In a variety of network topology with properties, multicast tree communication has always been the most important and most natural 
and typical way of multicast communication. The problem of multicast routing optimization in hypercube networks is how to determine the 
optimal tree topology from information sources to multiple information receiving nodes after given information source node and multiple 
information receiving nodes. Multicast tree routing strategy generally consists of two basic operations: tree forwarding scheme to determine 
and transmit information through the network, which is also known as data forwarding. In contrast, the data forwarding operation is 
relatively simple, and the path selection is relatively complex. The advantages and disadvantages of tree-based routing topology are usually 
measured by the average path length, the longest path length, and the number of non-target nodes introduced. In order to make the 
computation of tree-like forwarding topology more conform to the inherent characteristics and node distribution characteristics of the 
topology network, the multicast tree construction algorithm of hypercube network usually uses the self-embedding of the network and the 
relative position of the target node in the network to establish multicast Tree topology. 

 
3.2. Node - disjoint optimal path construction strategy based on near - optimal fault - tolerant path storage model 
 

With the development of computer networks and computing science, paralleling computer and interconnection networks, covering 
mathematics, computing science information science and so on, are becoming one of the hotspots of computer science research. All kinds of 
interconnection networks with different topologies, such as Ring, Mesh, Hypercube, star topology network etc., have been received rapidly 
development. In the multiprocessor interconnection networks, it is an important standard to evaluate the efficient communication among 
different processors. When the number of processors increases, the probability of the faults increases too. So the fault-tolerance in the 
message passing procedure among different processors becomes a very important problem. Therefore, it turned out most important than how 
to design a new kind fault-tolerance model to hold more faulty nodes and how to design more efficient fault-tolerant routing algorithm to 
ensure accurate and reliable message passing among non-faulty nodes. 

                                                                         (4) 

We present an efficient fault tolerant routing algorithm based on the reach ability model. Compared with existing works, our routing 
algorithm is folly distributed, with lower complexity. It is suitable for hardware implementation due to that the major operations are bitwise. 

We also present the first fault tolerant multicast algorithm based on the reach ability model for locally sub cube-connected hypercube. 
It is efficient, fully distributed and with low complexity. It is suitable for hardware implementation due to that the major operations are 
bitwise. 

                                                      (5) 

Hypercube is one of the common interconnection networks. It has small diameter, strong expansibility, symmetrical structure and 
simple path searching algorithms, etc., what more, many interconnection networks with different topologies can be easily embedded in it. So 
it becomes one of the most important and attractive network models. In this thesis, based on the LIP and local connectivity, the fault-
tolerance and routing algorithms of the hypercube are studied. The conceptions of the hypercube network and its k-sub cube are proposed. 
Then combined with the concepts and properties of LIP, the program which is used to compute the length of LIP is improved. At the same 
time the analyses are made according to the result of the program. Combined with the conception of LIP, a broadcast fault-tolerant routing 
algorithm based on LIP is proposed with the precondition that there is at least one LIP without wrong nodes in hypercube. Besides, the 
hypercube is global connectivity when the precondition is satisfied and the algorithm can hold many wrong nodes, so the performance of 
fault-tolerance is largely improved. Based on the LIP and the 4-subcube of hypercube, a uncast fault-tolerant routing algorithm is proposed. 
During the necessary searching time, the algorithm can find the right path which connects the two right nodes in hypercube with many faulty 
nodes. And the algorithm is of momentous significance in that it is based on the local information of hypercube. 

Although some researches and some results on the fault-tolerance and routing algorithms of Hypercube are given, there are still many 
problems open. First, in order to ulterior analyze the fault-tolerance performance of hypercube; the LIP model and the approximate or 
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precise formula about the length of LIP should be discussed. Second, some kinds of fault-tolerant routing algorithms in hypercube networks 
should be researched and the more efficient algorithms with the help of LIP fault-tolerant model would be obtained. Third, all kinds of fault-
tolerant routing algorithms should be simulated, for example using NS2, in order to analyze the routing algorithms further with the help of 
simulation results. 

 
Table 1. Relay node table with the lowest clustering cost 

Target node Minimum cluster cost predecessor relay node 
10000(16) 00000(0) 
10100(20) 10000(16) 
10110(22) 10100(20) 
11100(28) 10100(20) 
11101(29) 11100(28) 
00010(2) 00000(0) 
00011(3) 00010(2) 

11011(27) 00011(3) 
11111(31) 11011(27) 

 
Interconnection networks provide an effective mechanism for communicating data between processors in parallel computing systems. 

With the increasing size of interconnection networks, it becomes much likely that there exist faulty nodes or/and faulty links in an 
interconnection network. Consequently, the communication efficiency of an interconnection network in the presence of failing nodes/links is 
a major concern in evaluating the effectiveness of this network. As a new kind of variants of the well-known hypercube, a class of graphs 
known as the locally twisted cubes (LTQs) has recently been proposed as candidates for the topology of interconnection network. While 
retaining some nice properties of a hypercube, a locally twisted cube outperforms a hypercube of the same size in terms of smaller network 
diameter as well as better graph-embedding ability. Due to these reasons, LTQs have received considerable attention. A node-fault-tolerant 
uncast routing algorithm is proposed by employing the safety-level technique and exploring the structural properties of LTQ. Under 
reasonable assumptions, this algorithm can route a message along a shortest path from the source to the destination. Experimental results 
justify the utility of this algorithm. By simulations, we find that the algorithm can achieve a satisfactory percentage of successful routing 
even if the number of faulty nodes is more than half of the total number of nodes, and the route selected is highly probable to be a shortest 
path. 

Table 2. OPL matrix modified by step 1 in updating algorithm 
 0000(

0) 
0001(

1) 
0010(

2) 
0011(

3) 
0100(

4) 
0101(

5) 
0110(

6) 
0111(

7) 
1000(

8) 
1001(

9) 
1010(1

0) 
1011(1

1) 
1100(1

2) 
1101(1

3) 
1110(1

4) 
1111(1

5) 
0000(0

) 
0 16 1 2 1 16 2 16 16 4 16 3 16 5 3 4 

0001(1
) 

16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 

0010(2
) 

1 16 0 1 2 16 1 16 16 3 16 2 16 4 2 3 

0011(3
) 

2 16 1 0 3 16 2 16 16 2 16 1 16 3 3 2 

0100(4
) 

1 16 2 3 0 16 1 16 16 5 16 4 16 4 2 3 

0101(5
) 

16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 

0110(6
) 

2 16 1 2 1 16 0 16 16 4 16 3 16 3 1 2 

0111(7
) 

16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 

1000(8
) 

16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 

1001(9
) 

4 16 3 2 5 16 4 16 16 0 16 1 16 1 3 2 

1010(1
0) 

16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 

1011(1
1) 

3 16 2 1 4 16 3 16 16 1 16 0 16 2 2 1 

1100(1
2) 

16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 

1101(1
3) 

5 16 4 3 4 16 3 16 16 1 16 2 16 0 2 1 

1110(1
4) 

3 16 2 3 2 16 1 16 16 3 16 2 16 2 0 1 

1111(1
5) 

4 16 3 2 3 16 2 16 16 2 16 1 16 1 1 0 

 
In large-scale hypercube, based on the stored near optimal fault-tolerant paths between all nodes storage model will lead to a node or 

link failure triggered massive exchange of information, and using distributed storage and network localization management strategy has 
become the inevitable choice. This chapter based on local k d cube connectivity theory, combined with LWC - MT multicast tree 
construction algorithm, in order to reduce the near optimal fault-tolerant path storage model updating of information exchange cost, puts 
forward the son/child between cube model classification fault tolerance information is stored in a cube, and presents a model based on the 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                    272.4 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/272 

 

above the uncast and multicast routing strategy of fault-tolerant routing algorithm. The son/child between cube models of hierarchical fault 
tolerant information is stored inside only need internal nodes of each node stored their child cube nearly optimal path information and the 
adjacent cube information interconnection, and avoids the single node/link failure of the entire network broadcasting. Uncast and multicast 
algorithms are all based on local information, to ensure the algorithm when the network size increase scalability, and therefore has the very 
good practical significance. In this paper, with a certain number is given along with all the node failure case of multicast routing algorithm 
simulation results, in the aspect of reducing multicast communication information is better than that of fault-tolerant multicast routing 
strategy in the literature. 

 
Figure 1. Example of a ONE-COLUMN figure caption. 

A link-fault-tolerant uncast routing algorithm is advised by using a fault array and utilizing the recollection mechanism. Simulation 
results demonstrate that, with this algorithm, a message can be routed successfully even when a large number of links break down. An 
efficient fault-tolerant uncast routing algorithm is suggested by employing the concept of routing capability. Simulation results show that 
this algorithm can ensure an optimal or suboptimal uncasing. 

A fault-tolerant broadcast algorithm is developed based on the concept of divisional hypercube. Theoretical analysis shows that an 
optimal broadcast tree can be formed when the source node is safe, and a broadcast requires at most n+ 1 step when the source is unsafe and 
there are no more than n failing nodes. A uncast-based multicast routing algorithm is presented by dividing the multicast set into a set of 
smaller subsets and carrying out the multicast for these subsets, independently. 

 
Figure 2. The multicast path construction optimized. 

 
3.3. Key code 
 
3.3.1. Clustering pseudo code of LWC-MT 
 

The algorithm of multi-path construction based on the distribution of sub-cube partition strategy of maximum target node density is 
simulated. The detailed design parameters of the simulation experiment are as follows: A 10-dimensional hypercube network is used as the 
simulation object. The total number of nodes is 1024, and the target nodes are increased from 50 to 1000 in increments of 50, and the 
generation mode is randomly generated. For every network with dimension n = 10, the simulation experiments are carried out. 

 
Figure 3. Case 1 that neighbour node of s being non-faulty node. 

Since the path average arrival path length can be indirectly represented by the additional traffic of the path, this article only lists the 
statistical average of the additional traffic generated by the algorithm. In order to test the optimization of multicast path length in the case of 
MDPMP algorithm, the experiment is carried out in two schemes. The set of target nodes in the first scheme is generated by a uniform 
random number, and the target node set in the second scheme is generated by a Gaussian random number. Figure 4, 5 shows the simulation 
results of the MDPMP algorithm under two different target node distributions and the experimental results of three classical algorithms. 

Clustering pseudocode of LWC-MT, key codes are as follows: 
Let Mo= {uol 
Partition M into n disjoint sets M1, Mz ...M-, 
Satisfy that each node in M; Haming Distance (v, uo)=i. 
For i=n, n-1…1 do 
For each a M; do 
If a owns an neighbor node in M; 
Let the neighbor node be the father of u, delete a from M; 
Superior [u;] =the father of u 
End if 
End for 
End for 
Let R; =l, iE [1, n] 
For each cl in M 
If is_ neighbor (cl, u) 
R; =R; U {cll, where i indicates the direction of R; continue 
If superior[c;] =u 
R; =R; U lcl), where i satisfies R; =, continue 
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If superior [cl]=v and v ER; 
R;=R; U lcl), continue 
End for 
IF (c and d Not belong to same subcube) 
Find next sub-cube in NSCS, 
Which satisfies its distance is minus one 
Find the node v in local sub-cube, 
Which satisfies its NSCS to that sub-cube is 1 and the SCOPL is minist. 
If node v is node u 
Route message to the neighbor node in sub-cub e. 
Else 
Route message to the node found by SCOPL Matrix. 
End if 
End if 

 
Figure 4. Double path construction with hamming(s,d)=n. 

 
3.3.2 Updating Pseudo code of NSCS Matrix in the Hypercube 
 

MDPMP algorithm for a simulation experiment in the target node in the set of elements is randomly generated; in each sub cube 
distribution tends to uniform distribution, limiting the degree of optimization of the multicast path length MDPMP algorithm. In the target 
node set of nodes in the small amount of cases, because the target node distribution density of each sub cube are relatively sparse, MDPMP 
algorithm is better than Len multicast neighbor length multicast path algorithm and She multicast routing algorithm, but slightly inferior to 
the Lu algorithm to generate the multicast path. The main reason is that the distribution of the target node is too sparse, and the adjacent 
relations among the few nodes are very precious. Set the number of nodes in the target node more cases, because each sub cube target node 
distribution density in homogeneity plays a significant role in this case, the MDPMP algorithm is better than the three classic multicast 
routing algorithms. In the MDPMP algorithm, the target node distribution is Gauss distribution, and its optimization effect has been further 
demonstrated. It can be considered that the target node distribution of the scheme two is an extreme case, and the length of the multicast 
path in the other distribution will be between the optimal effect of the scheme one and the scheme two. 

Updating pseudo code of NSCS matrix in the hypercube, key codes are as follows: 
For (every non-empty groupl) 
If (group belongs to non-current subcube) 
Route the groupl and message to corresponding subcube according to FTRA. 
If (group belongs to current subcube) 
For (every node d in groupl) 
For (j=1; j<kl j++) 
If (SCOPL [Laddr(c)] [Laddr (d)] 1 
=SCOPL [Laddr (node j)] [Laddr (d)]) 
addtoGroup (group2 [j ]) 
Route the group2 and massage to neighbor node Laddr (node j). 
Begin: 
Nl =0          //Nl is variable of circulation 
I=hypercube H-    //i is the current cube;ij(0)=1//initialize the intensity of pheromone 
Tabuk () = {l//initialize tabu list 
While (Nl < NC-, aX)   //NCmax is iteration times 
I=hypercube H- 
For k E {k ,... km{ do 
By p; lkl Divide subcube i by j th bit to generate the subcube H0 and H1 
I=subcube H0 
If current subcube i possess only one destination node or none 
I=subcube H1 

 
Figure 5. Additional traffic generated by algorithms. 

This paper proposes node disjoint path optimization as a starting point for the algorithm is self embedding properties of the hypercube, 
which is very convenient for Hypercube can be divided into two or more lower dimensional sub cube, the routing problem can be easily 
reduced to each sub cube on the sub problem. Another node disjoint path optimization based algorithm is fault-tolerant path storage model, 
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model stored near optimal path information for each node in a hypercube with faulty nodes in between. According to the distance 
information, it is easy to get one or more paths between nodes. It is based on this model, the structure of multiple node disjoint paths in the 
process of the information matrix can be used as the auxiliary information path construction, plays a key role in reducing the average length 
of the generated path and the longest path length limit. 

By analyzing the construction process of node to node and node to set, we can find the transformation relation between disjoint 
multipath algorithm of node to set node and disjoint multipath algorithm of node to node, and find the relation between near-optimal fault-
tolerant path matrix and node To-node and node-to-set node disjoint multi-path construction algorithm, it is one of the main ideas of this 
chapter to solve this problem with a unified algorithm. 

In addition, in the node-to-node disjoint path strategy, the fault-tolerant ability of the node disjoint dual path can not only provide twice 
the bandwidth of network communication and more adequate bandwidth from the view of optimizing the length of path and reducing the 
time cost of obtaining multipath, Fault-tolerant communication capability, and it can obtain fault-tolerant paths with smaller computational 
cost constraints. 
 
4. Conclusion 
 

As a kind of interconnection network model with regularity and self-embedding properties, the hypercube is a combinatorial 
optimization problem because of the redundancy of the path between the nodes, which makes the routing strategy involving many nodes as a 
combinatorial optimization problem. Among them, the optimization problem of multicast communication, fault-tolerant multicast 
communication and disjoint path is the key problem of the routing strategy of hypercube network. How to effectively optimize these three 
issues has become a hot topic in this field. In this paper, we focus on the four aspects of hypercube network communication, including the 
optimization of communication overhead in multicast communication based on tree topology, fault tolerance and fault tolerance in multicast 
communication. An optimization strategy of reducing the amount of communication information, a path length optimization method in the 
path-based multicast communication and a path length optimization method in the node disjoint path strategy. 
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Abstract: Yulin region in northern Shaanxi province is a typical agro-pastoral ecotone in North China. We intend to understand vegetation 
change in the ecotone during the period 2000-2010. Since vegetation change is the main indicator of environmental vulnerability in a 
regional scale, the remote sensing data of Moderate Resolution Imaging Spectroradiometer (MODIS) are used to compute vegetation index 
and vegetation cover density for the analysis. To understand the environmental vulnerability, data on governmental investments through 
ecological campaigns in recent years, meteorological data, land use patterns, and economic statistics, especially GDP and animal husbandry 
data, are obtained to correlate with vegetation change. Our results indicated that vegetation cover increased steadily during the period 2000-
2010 with an average of 0.11 in 2000 to 0.28 in 2010, implying that environmental status in the ecotone is becoming improved. However, 
highly spatial variation of vegetation cover is also observed, with the eastern and southern parts obviously having higher vegetation cover 
than the western and northern parts. And compared to the western and northern parts, vegetation coverage was much steady in the eastern 
and southern parts. There was about 93.3 percent land with increased vegetation coverage in Yulin region. The environment has been 
improved, which is mainly due to the governmental campaigns in recent decade. Therefore, under scientific management and instruction, 
governmental investments for ecological campaigns are very necessary to maintain the sustainable development of ecosystem in the ecotone 
where environmental vulnerability is highly prone to degrade under disturbance from both climate change and anthropogenic activities. 
 
Keywords: vegetation cover; climate change; arid and semi-arid region; MODIS 
 
1. Introduction 
 

China is a country with the largest distribution area of vulnerable eco-regions in the world, where the types of vulnerable eco-
environment is most diverse and the eco-environmental vulnerability is most notable. Vulnerable ecological regions are mainly distributed 
in arid and semi-arid region of north China, hilly region of south China, mountainous region of southwest China, Qinghai-Xizang Plateau 
region and the transition region between land and water in the east coast. The major types of these vulnerable eco-regions are agro-pastoral 
ecotone in north China, grass-forest ecotone in northeast China, and desert-oasis ecotone in northwest China, red soil hilly ecotone in south 
China, karst mountainous and rocky desertification ecotone in southwest China, hilly agro-pastoral ecotone in southwest China, compound 
erosion ecotone in Qinghai-Tibet Plateau and land-water ecotone along coast. The area of all these regions covers about 21 provinces, 
autonomous region and municipalities directly under the Central Government. The Ministry of Environmental Protection in China set up the 
state program for eco-environmental conservation in 2008, in order to refer policy guarantee to improve eco-environment in vulnerable areas. 
The agro-pastoral ecotone of north China is a special and typical vulnerable region in China, the transition zone between arid and semi-arid 
region, and also is an important ecological and green shelters to the eco-environment in north China. The study on the ecological 
vulnerability through the change of vegetation cover in agro-pastoral ecotone in north China is very important to the sustainable 
development in this region.  

 
Yulin region locates on typical agro-pastoral ecotone in arid and semi-arid region, the north of Shaanxi province in the northwest of 

China, where the eco-environment is very vulnerable and easily appears vegetation degradation and land desertification. The productivity of 
ecosystem in Yulin region has decline greatly and became a huge obstacle to the local sustainable development of economic and 
environment. However, with the development of strategy of grain for green, the project of returning cultivated land to forest and grassland, 
along with the Three-North Shelter Forest system Program (TNSFP) in China in recent years, the decertified land in Yulin region decreased 
by 697.4km2 during 1987-1993 (Wu and Ci, 2002). According to the statistical report of Yulin region, the total area of planting trees and 
grass was about 1.67×104 km2 during 1991-2010. In order to improve the eco-environment, local government and residents invested a lot of 
manpower and material resources, but status of vegetation growth and environmental vulnerability after these strategies are not clear so far. 
Taking an example of Yulin region, the examination of temporal-spatial variation of vegetation and climate could provide some valuable 
hints to reveal the effects of climate changes and human activities on the terrestrial ecosystem, and further understand the environmental 
vulnerability well in agro-pastoral ecotone in arid and semi-arid region. 

 
The problem of vegetation degradation and land desertification is very serious in China. Most of vulnerable regions are located in the 

arid and semi-arid region, and effected by both the change of natural factors and inappropriate human activities including excessive 
reclamation, overgrazing, excessive gathering of fuel wood, planting species for medicinal purposes, and so on (Zha, 1997; Hadley and 
Szarek, 1981). Yulin locating in the transition zone of five provinces in arid and semi-arid region of northwest China is a vulnerable and 
sensitive region under the effect of the climate change and human activities. The problem of ecosystem in Yulin region has been received a 
lot of attention from the Chinese government and international society. In early 1978, in order to improve the eco-environment, the national 
government decided to set the Three-North Shelter Forest system as an important project of national economic development, and Yulin 
region was one key zone of this project. At the same time, a great deal of study on investigation and evaluation of eco-environment in Yulin 
region carried on. The distribution of the desertified land accounting for 67.7% of the total areas showed obvious spatial imbalance during 
1987-1999, with severe desertification in northwestern part and light desertification in southeastern part. The process of desertification in 
Yulin region appeared a steady and even reversed trend (Zhang et al., 2003; Chen and Fu, 1996). The landscape change effecting by human 
activities was very obvious, especially for farmland or grassland changed to built-up land expansion or desertified land (Zhang et al., 2005; 
Guo et al., 2006). The ecological carrying capacity showed a decreasing trend and the ecological pressure index rose from 0.44 to 0.91 in 
different part (Li et al., 2006; Zhang et al., 2008). Therefore, before taking feasible measure to prevent the degradation and rehabilitate 
regional eco-environment, it is essential to comprehensively analyze the process and cause of desertification development (Wu and Ci, 2002; 
Liu et al., 2002; Liu et al., 2003), especially for the past recent decades.  

 
A mount of studies on the assessment of environmental vulnerability were carried on and acquired a lot of achievements. Clement first 

proposed the concept of the ecotone and discussed the environmental vulnerability in 1905. Then, the studies on environmental vulnerability 
get widely attention for international organization and scientists (Timmerman, 1981; Dow and Downing, 1995; Adger, 2006). The 
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ecological vulnerability is to demonstrate the reaction of an ecosystem under the same influences of human activities (Chen and Fu, 1996). 
For the ecosystem, the natural factors decide the degree of the potential vulnerability, for example, geological structure, climate change, 
regional hydrology, and landform. At the same time, if the natural factors stimulated by human activities will go beyond the ecological 
threshold, the potential vulnerability will be transformed to threatening vulnerability (Wang et al., 2005). Fu and Chen (1996) discussed the 
driving mechanism of the ecological vulnerability in Yulin comprehensively, and used the Analysis of Hierarchy Process (AHP) to 
determine the weight of ecological factors. But for the long-term monitoring of ecological vulnerability, comprehensive assessment based on 
amount of ecological indexes is not reality, because it needs much time and human resources to get the information of each ecological index. 
Thus, it is fitful to select a single and main ecological index which can be acquired easily and used for long-term monitoring of 
environmental vulnerability. For the ecosystem, vegetation change is a main indicator of environmental vulnerability in a regional scale. 
Vegetation cover evaluated from remotely sensing data can be acquired each day, and used for the monitoring of environmental 
vulnerability, and the comprehensive assessment of ecological vulnerability only need to be carried on periodically. At the same time, the 
technology of Geographic Information System (GIS) and Remotely Sensing (RS) will gradually import into the assessment of ecological 
vulnerability.  

 
In our study, we intend to make the vegetation cover map and examine the temporal-spatial variation and development of vegetation 

cover in Yulin region from 2000 to 2010, and make integrated analyses of the cause of vegetation variation based on meteorological data, 
land use data and statistical data of development economic. The objectives of this study are to: (1) quantify the vegetation cover by 
temporal-spatial analyses from 2000 to 2010; (2) identify the relation between vegetation cover and three important meteorological variables; 
(4) analyze the major causes of vegetation variation comprehensively.  

 
2. The study area 
 

Yulin region located in north of Shaanxi Province, with a spatial extent of 36°57′N-39°35′N and 107°15′E-111°14′E. The region was 
separated by Yellow River with Luiliang Mountains of Shaanxi province on the east, contiguous Ningxia Hui Autonomous and Gansu on 
the west, bound by Mu Us Sandy Land of Ordos on the north, and faces Yan’an (The revolutionary holy land of China). The region is 
263km across from south to north and 385 km wide from west to east, and the total area is 4.36×104 km2. Through the region, there are 1 
district and 11counties, 222 villages and towns under the jurisdiction of Yulin region. Total population has reached to 3.56 million. The 
terrain descends from east to west, with the altitude ranging from 530 m to 1980 m. The landform is bisected by a section of the Great Wall 
with northwest and southwest orientation, which is totally about 700 km in Yulin region. The north part is wind-sandy grass shoal area 
mainly affected by wind erosion and desertification, taking up 42% of the total area. The south part is Loess hill and gully area interactively 
affected by wind erosion and water erosion, taking 58% of the total area (Figure 1). The climate in Yulin region belongs to arid and semi-
arid continental monsoon, characterized with synchronization of high temperature and ample precipitation. The annual average sunshine 
hour is more than 2700 h, and the effective accumulative temperature bigger than 10 °C is 3217.6 °C. About 140 frost-free days one year 
can satisfy the grown of vegetation in natural condition. The average annual precipitation is 392.5 mm, and usually concentrates from July 
to September. The interannual and seasonal variation of precipitation is very obvious. The annual evaporation capacity ranges from 1200 
mm to 1500 mm, which is over 3 to 4 times of precipitation. The average annual wind speed is 2.2 m/s, and maximal wind speed is 23 m/s. 

 

 
Fig. 1 The location and landform of Yulin region 

 
Yulin region was a complicated eco-environmental ecotone for multi-levels and multi-space, and this feature caused that ecosystem has 

diversity and vulnerability (Chen and Fu, 1996; Zhang et al., 2003; Liu et al., 2003). First, Yulin region locates on the climatic transitional 
region between arid and semi-arid region in north China. The main climate type is warm temperate continental monsoon, and not only 
affected by southeast monsoon, but also affected by Mongolia-Siberian high. The isomer for 400 mm just comes across the region from 
northeast to southwest. Four seasons is divided distinctively. Second, vegetation in the region transits from desert, desert grassland, and bush 
grassland to forest form northwest to southwest. The region with about 400 types of plants is rich in different species. Especially for these 
plant species, the mount of pharmaceutical plants is most, about 300 types. Other plants include feed plants, textile plants, oil plants, scented 
plants, fixing plants, and so on. Plant species vary widely both side of the Great Wall. Third, Yulin region locates on the transitional zone 
between Mu Us Sandy Land and Loess Plateau. The Yellow River goes along the east edge of the region. The altitude of southwestern part 
is much high while the northeastern and southeastern parts are low. The maximum difference of elevation is about 1450 m. Such big fall 
would lead to soil erosion and vegetation degradation in the region. The landform in the region is very complicate and diversity. Fourth, 
Yulin region has been regards as energy resources base in West China. Thus, Yulin region also locates on the ecotone between agro-pastoral 
ecotone and industrial region. Since 1980s, under the requirement of economic, industry has been expanding rapidly in the region. Local 
residents also started to exploit mineral resource. Especially after the year of 2000, China implemented the strategy for development of the 
west regions, and Yulin region became an industrial city quickly. In a word, special natural and economical conditions caused that the 
environment in Yulin region was much sensitivity, vulnerability, and this condition result in the complexity of study of vegetation 
degradation and land desertification in the region (Wu and Ci, 2002). 

 
Under the effect of global climate change and intensive human activity, the environment is also unsteady because of itself variation and 

fluctuation. If the condition of environmental vulnerability varies and appears ascend trend when the vegetation cover increased, the 
environment should be improved. By contrary, if the status of environment fluctuates frequently or appear descend trend, the environment 
become sensitive and vulnerable. Yulin region, a typical ecotone in arid and semi-arid region in north China, has called the attention of 
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government and scientists because the environment was very vulnerable long before. The key to improve the environment is to purely 
realize the driving force and the development tendency of environment.  

 
3. Methodology 
 
3.1 Data source 
 
3.1.1 Meteorological data 
 

Meteorological data during 1970-2010 were obtained from 52 meteorological stations in or surrounding Yulin region. The format of 
meteorological data was notepad originally. Information of the meteorological data selected mainly includes the station geographic 
coordinates, station ID, daily average precipitation, daily average temperature, and daily sunshine hour. In order to make temporal-spatial 
analyses conveniently for our study, the meteorological data was added into Geographic Information System (GIS) software and converted 
to vector format. And the projection of data was defined as Albers Conical Equal Area. The parameter of the projection was defined as 
follows: the datum was Krasovsky_1940, two standard parallels were 25.0° and 47.0° respectively, and the central meridian longitude was 
105°. At last, the meteorological variables were interpolated with Natural Neighbor Interpolation method. 
 
3.1.2 Remote sensing data  
 

The growing season of vegetation in Yulin region is generally from April to October (Piao et al., 2006; Chen et al., 2008). Thus, the 
image data within the growing season during 2000-2010 were mainly selected for evaluation of vegetation cover. Totally about 110 MODIS 
images were used for vegetation cover map. In our study, MODIS MOD13Q1 NDVI 16-days composite grid data (MOD13Q1) in HDF 
format during 2000-2010 were downloaded from Land Processes Distributed Active Archive Center of National Aeronautics and space 
Administration Earth Observing System (https://lpdaac.usgs.gov/lpdaac/get_data/data_pool) for analysis of temporal and spatial changes of 
vegetation cover. The data set was processed by MODIS Reproject Tools (MRT) into Albers projection. 

 
3.1.3 Other data 

 
In this study, we also need vector data about county boundary, land use data, statistical data of national economic, and social 

development. Vector files with county boundary and land use were also obtained to carry on the statistics of vegetation intensity in various 
counties and land use types of the region. The data set of land use was obtained through interpretation of Landsat MSS, TM and ETM in 
1985, 1995 and 2000, and provided by Environmental and Ecological Science Data Center for West China, National Natural Science 
Foundation of China (Http://westdc.westgis.ac.cn). And the precision of land use data reached 95%.The statistical data was digitized by used 
of GIS software together with the county boundary data.  

 
3.2 Vegetation index for the mapping 

 
Vegetation is very sensitive to the environment change in arid and semi-arid region, and the normalized difference vegetation index 

(NDVI) has proven to be a robust indicator of terrestrial vegetation productivity (Wang, 2001).The normalized difference vegetation index 
is useful to achieve the growth status of vegetation and can directly reflect the current situation of ecosystem. It’s said that high NDVI value 
is accompanied by high vegetation coverage. And, vegetation coverage can be calculated by NDVI value (Weiss et al., 2004; Dall’olmo and 
Karnieli, 2002; Gibbens et al., 2005). When the density of vegetation on the ground goes to a certain level, NDVI may reach saturation. 
Thus, it is necessary to transfer the NDVI into vegetation fractional cover for a better representation of the existing vegetation canopy. The 
vegetation fractional cover can be computed as follows (Qin et al., 2006): 

bv

b
v NDVINDVI

NDVINDVIP
+
−

=                                                                                (1) 

Where PV is vegetation fractional cover. The value of PV ranges from 0 to 1.0. NDVIb and NDVIv  are the values of NDVI for the bare 
surface and fully-vegetated ground. According to several studies in arid and semi-arid region (Dall’olmo and Karnieli, 2002; Qin et al., 
2006), the NDVI is sensitive to the variation of vegetation cover. Thus, NDVIb and NDVIv  in our study can be assumed as 0.15 and 0.85, 
respectively. Theoretically, PV is bigger, the status of vegetation cover on ground surface is better, and vegetation grows heath on the 
ground. When 0.15≤NDVI≤0.85, it means that ground is not fully covered by canopy, and with the value of NDVI increase, PV will 
gradually enlarge. 

 
4. Results and discussion  
 
4.1 Vegetation cover changes in the period of 2000-2010  
 

The average vegetation fractional cover in Yulin region was calculated from 2000 to 2010, and the development trend of vegetation can 
be seen in Figure 2. The figure indicates that the vegetation cover has been improved to certain extent after 2000. The value of vegetation 
cover rose from 0.11 to 0.28 for the whole region; especially the value may be more than 0.30 in a few of years. In the figure, vegetation 
cover suddenly increased from 2001 to 2002, then setback to the year of 2005, and gradually increased until the year of 2010. In total, the 
vegetation fractional cover was more than 0.24, except for that in the year of 2000 and 2001, and increased 0.02 for every year on average. 
The improvement of vegetation cover is mainly attributed by the strategy of grain for green in Yulin region, and ecological benefit was 
improved under the hard work of government and local residents (Liu et al., 2003). 
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Fig. 2 Temporal variation of vegetation cover in Yulin region during the period 2000-2010 

In order to analyze the spatial difference of vegetation cover among the counties of Yulin region, we calculated the vegetation 
fractional cover for different counties separately during 2000-2010. Table 1 showed the change of vegetation cover among 12 counties in 
Yulin region, and the average vegetation fractional cover in most of Yulin region was more than 0.25. Driven by meteorological factors, 
human activities and biological structures, ecological landscape presented a high level of heterogeneity over these counties in Yulin region. 
For years of 2000, 2005 and 2008, the precipitation was very little, thus the vegetation fractional cover for the counties of Yulin region was 
very lower in these three years. Thus, this condition also showed the ecosystem was very vulnerable under such lower fractional cover, and 
easy to change under the effect of external factors (Guo et al., 2006).  

 
Table 1 Difference of vegetation fractional cover among the counties of Yulin during 2000- 2010 

Counties 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 Average STD 
Yulin  0.11  0.14  0.25  0.22  0.20  0.20  0.19  0.26  0.22  0.27  0.24  0.21  0.045  

Hengshan  0.05  0.15  0.37  0.27  0.27  0.22  0.22  0.30  0.22  0.32  0.26  0.24  0.080  
Shengmu  0.14  0.11  0.28  0.26  0.22  0.24  0.24  0.32  0.27  0.33  0.28  0.24  0.063  
Dingbian 0.13  0.19  0.35  0.33  0.27  0.22  0.20  0.29  0.18  0.36  0.25  0.25  0.069  

Jia 0.09  0.10  0.37  0.26  0.25  0.16  0.24  0.41  0.32  0.37  0.31  0.26 0.099  
Jingbian 0.14  0.18  0.31  0.30  0.29  0.29  0.29  0.34  0.27  0.42  0.28  0.28  0.067  

Fugu 0.11  0.04  0.36  0.32  0.28  0.29  0.29  0.41  0.36  0.38  0.31  0.29 0.103  
Wubao 0.07  0.10  0.31  0.17  0.39  0.21  0.33  0.49  0.38  0.43  0.30  0.29  0.125  
Zizhou 0.07  0.12  0.47  0.24  0.41  0.26  0.43  0.40  0.33  0.42  0.34  0.32  0.118  
Suide 0.13  0.09  0.43  0.23  0.39  0.26  0.40  0.48  0.39  0.45  0.31  0.32  0.119  
Mizhi 0.11  0.13  0.45  0.30  0.36  0.23  0.33  0.47  0.36  0.45  0.37  0.32 0.111  

Qingjian 0.08  0.11  0.40  0.32  0.38  0.27  0.52  0.47  0.42  0.39  0.27  0.33  0.126  
Note: Yulin locating in the northwest of Yulin region in the table included Yuyang district. STD denoted the standard deviation. 
 
In order to examine the variation of vegetation fractional cover in each county, we computed standard deviation (St. Dev.) of each 

county during 2000-2010. Qingjian and Wubao had the highest St. Dev. (St. Dev.>0.12), indicating that vegetation cover in these two 
counties was more changeable (Table 1). The environment was very vulnerable and easily affected by climate change and human activities. 
At the same time, higher St. Dev. values (0.1< St. Dev. <0.12) could be also seen in the countries of Suide, Zizhou, Mizhi, Fugu. These 
counties also had relatively high fractional cover on average. However, the vegetation cover didn’t fluctuate greatly, and kept relatively 
stable growing from 2000 to 2010. At the same time, the St. Dev. in other counties was no more than 0.10, for example, Yulin city, 
Hengshan, Shengmu, Dingbian, Jia, and Jingbian (Table 1). Before 2000, the vegetation degradation and land desertification in these six 
counties was serious. The growth status of the original vegetation in these counties was very pretty dreadful in the early year of millennium. 
Based on analysis above, vegetation cover has improved, but the status of vegetation cover in some counties didn’t change much in essence. 
The ecological vulnerability exist the spatial difference. In a word, the spatial difference of vegetation cover was obvious and unstable in 
Yulin region. The environment is still vulnerable. The environmental construction and restoration was a long and slow process in Yulin 
region. 

In a word, vegetation was improved at some extent in recent years, but the vegetation cover in the entire region was still very low. The 
process of restoration was very slow, although local people did much work. Thus, the reasonable and scientific countermeasures to 
vegetation degradation and land desertification are very important to Yulin region. 

 
4.2 Spatial variation of vegetation cover in the entire region during 2000-2010 
 

Spatial variation of vegetation cover in Yulin region was very obvious as seen in Figure 3. In order to clearly distinguish the difference 
of vegetation cover in the region, a classification was adopted to divide the vegetation cover density into 15 levels. Very high vegetation 
fractional cover was commonly seen in the east and south parts of the region while the low rate was observed in the west and north parts. 
The rate was usually high up to above 0.40 in the east and south parts while it ranged from 0.05 from 0.20 in the west and north parts which 
was on the edge of the Mu Us Desert. Vegetation was very low originally in the west and north parts which are very easily invaded by desert. 
This condition was also fit to the spatial distribution of vegetation patterns with same direction changing from forested steppe to desert 
steppe and desert in Yulin region. Based on the landform, a mount of rivers joined together into the Yellow River on the southeast part. The 
topography can also be seen from vegetation cover map. Because there are many strips with high vegetation cover running northwest-
southeast, and these strips gradually become wide. From the distribution character of the vegetation, this matched with the topography of 
Yulin region very well, and vegetation usually grows well along rivers. When getting to the lower reaches of river, the water surface 
becomes wide, and the quantity of water will be much more. Thus, the area of vegetation affected by the river is larger, and the vegetation 
grows healthier. 
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Fig. 3 Spatial variation of vegetation cover in Yulin region during the period from 2000 to 2010 

 
The spatial variation of vegetation cover was even more obvious in recent years during 2000-2010 (Figure 3). Figure 3 showed that the 

condition of vegetation cover became better from 2000 to 2010, which mainly attributed to environmental protection and grain for green 
from local residents and governments. In 2000 and 2001, there was little green vegetation in the whole Yulin region except for river valley. 
And the phenomenon of vegetation degradation and land desertification could be seen everywhere (Li, 2008; Guo, 2006). From 2002 to 
2010, the condition of vegetation cover appeared an evidently comparable contrast to these two years at the beginning of millennium, 
although the vegetation cover descend a little in 2005 and 2008. In 2002, vegetation cover changed very much, and the average vegetation 
fractional cover was 0.33. Based on the distribution of vegetation cover, the average value was bout 0.40 in southern and eastern while about 
0.20 in the western and northern. In 2005, the average vegetation fractional cover was 0.24. The spatial difference was not very obvious. 
The average precipitation in growing season was minimal during 2002-2010 in the region, only for 270 mm. Similarly, affected by 
precipitation that was about 360 mm during the growing season, the average vegetation fractional cover was 0.27 in 2008. Thus, this also 
indicated that precipitation was important factor to the growth of vegetation in the region. In a word, the vegetation gradually increased, and 
the ecosystem environment improved to a certain extent during 2000-2010. But the vegetation cover was still very low from the whole in 
Yulin region, and the average vegetation fractional cover was no more than 0.36 in recent years. The condition of environment was still 
hardly optimistic. Compared to speed of economic and social development in Yulin region, the environment was still very vulnerable, and 
can not afford to the sustainable development of local economic and society.  

 
In addition, Spatial difference of vegetation cover in different counties ascended from northwest to southeast and also effected by 

geographical environment in Yulin region (Figure 4). First, relatively higher fractional cover (PV>0.30) of vegetation canopy was seen in 
Qingjian, Mizhi, Suide, and Zizhou. And vegetation has improved obvious compared to that of early millennium year. These four counties 
locate on the eastern and southern, and also located on the lower reaches of rivers in the region. Thus, the water for vegetation growth is 
relatively abundance in these parts. Second, there were five counties that vegetation fractional cover ranged from 0.25 to 0.30. According to 
landform, Dingbian and Jingbian located on the west part of the region, and the altitude of these two counties was much higher than other 
counties. Thus, the natural condition for the growth vegetation was worse than that of other counties. Fugu County located on the north of 
Yulin region, the southeast edge of Mu Us Sandy land. As well, two other small counties run north-south, and located on the west bank of 
Yellow River. The terrain falls away abruptly, and this led to serious soil and water loss in these two counties (Shi and Shao, 2000). Thus, 
the status of vegetation cover was also worse. Third, three counties had the lower fractional cover (PV<0.25), such as, Yulin city, Hengshan 
and Shengmu. These three counties located on the northwestern part, the edge between Mu Us Sandy land and Loess Plateau. From the 
whole study, the spatial distribution of vegetation showed the directional characteristics.  
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Fig. 4 Distribution of average vegetation cover in different counties and STD of vegetation cover during 2000-2010 

 
In general, it can be concluded that the counties with low vegetation were more sensible to environmental variation hence more 

frangible to change into degradation, while those with higher vegetation density had more stable ecosystem productivity to prevent the 
degradation. This actually was within the principles of ecosystem evolution. An ecosystem would be healthy if its vegetation was much 
more and sustains stable relatively while it would be more vulnerable when its vegetation is low and easy to change. This was especially 
true in agro-pastoral ecotone such as Yulin region. To protect the vegetation for sustainable development, it was more important to maintain 
a stable vegetation fractional cover. 

 
4.3 The relationship between vegetation and meteorological factors 
 

Water and heat flux play an important role in the growth of vegetation in the ecological system, and even determine the distribution of 
vegetation and vegetation type. As well, the growing conditions of vegetation will be reflect the regional environmental condition, because 
vegetation growing is a dynamic and gradual response and adapt to the change of environmental conditions (Piao et al., 2006). However, a 
mount of previous studies focused on the relationship among temperature and precipitation and vegetation generally (Suzuki et al., 2000; 
Weiss et al., 2004; Piao et al., 2006), and very few considered other meteorological factors. The environment in agro-pastoral ecotone was 
very vulnerable and sensitive to the change of environmental condition. Vegetation is particularly important to the local eco-environment 
and very easy to appear degradation and desertification under the effect of climate change. Thus, we analyzed the relationship between 
vegetation and meteorological factors (for example, temperature, precipitation, solar radiation, and relative humidity) in our study, in order 
to reveal the regional environmental vulnerability and response to global change.  

Figure 5 illustrates the relationship between average temperature and vegetation fractional cover for four stations in spring and summer 
separately during 2000-2010. The correlation coefficient square was 0.437 in spring while that was only 0.062 in summer, indicating that the 
contribution of temperature to vegetation in spring was more significant than that in summer. The average temperature was 4.7 °C in spring 
and 21.6 °C in summer from 2000 to 2010. In summer, the condition of temperature can afford to vegetation growing. However, on the 
onset of green-up in spring, effective accumulated temperature gradually rises, and it will be more valuable to stimulate the embryo of 
vegetation to sprout, evenly affect the whole growing stage.  
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Fig. 5 The relationship between average PV and temperature (Left: Spring, Right: Summer) 
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Fig. 6 The relationship between average PV and precipitation (Left: Spring, Right: Summer) 

 
Precipitation is also an important factor to affect the growth of vegetation, which will have a stronger impact on vegetation state 

(Karabulut, 2003). The correlation coefficient square was 0.263 in summer while that was only 0.008 in spring, indicating that the 
contribution of precipitation to vegetation in summer was more significant than that in spring (Figure 6). The average precipitation of four 
stations was 28.0 mm in spring and 137.2 mm in summer. The photosynthesis of vegetation was much more active in summer than that in 
spring, and vegetation will need a mount of water because of evaporation and transpiration. However, because vegetation just sprouts for a 
little time in spring, it does need too much water to sustain life. Thus, the correlation coefficient between precipitation and vegetation is not 
significant in spring.  
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Fig. 7 The relationship between average PV and average relative humidity (Left: Spring, Right: Summer) 
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Fig. 8 The relationship between average PV and sunshine hour (Left: Spring, Right: Summer) 

 
Figure 7 illustrates the relationship between average relative humidity and vegetation fractional cover in spring and summer separately 

during 2000-2010. The correlation coefficient square was 0.314 in summer while that was only 0.034 in spring, indicating that the 
contribution of average relative humidity to vegetation growth in summer was more significant than that in spring. The average relative 
humidity for these fours station was 41.6% in spring and slightly higher for 48.1% in summer, describing that the weather is rather dry in 
Yulin region. This condition will accelerate evaporation and transpiration of vegetation. Thus, vegetation will need more water to replenish. 
Vegetation growth would be badly affected at last without enough water. The relative humidity is much higher, the vegetation will grow 
better at some extend. 

Figure 8 illustrates the relationship between solar radiation and vegetation fractional cover in spring and summer separately during 
2000-2010. The correlation coefficient square was 0.325 in summer while that was only 0.016 in spring, indicating that the contribution of 
solar radiation to vegetation in summer is more significant than that in spring. The average solar radiation among four stations was about 
1.700 MJ/m2 in spring while that was 1.854 MJ/m2 in summer. When other meteorological factors are fit for growing of vegetation, the 
effective solar radiation is also decided by the growing condition of vegetation. From spring to summer, the canopy of vegetation will be 
bigger and photosynthesis will be accelerate, thus the absorption of solar radiation will be more effective (Panferov et al., 2001). So the 
relationship between vegetation and solar radiation is much higher by contrast. 

In a word, the relationship between meteorological factors and vegetation appeared significantly difference during the growing stage of 
vegetation. The growth of vegetation was affected by meteorological factors in different growing stage. If the meteorological condition 
changed before or during the different growing stage, the growing season maybe come in advance, or postpone, or even accelerate 
vegetation activity (Piao et al., 2003). Similarly, from regional or global scale, climate change will not only affect vegetation growth, but 
also vary the distribution and pattern of vegetation. Thus, correlation analyses between vegetation fractional cover and climate variable is 
also a powerful channel for probing ecosystem function response to global climate change (Piao et al., 2006; Potter and Brooks, 1998). 

 
4.4 Coupling analysis between ecological vulnerability and land use 
 

Land use change is the result of joint interaction of human factor and nature factor. Land use is the main determinants of the structure, 
functions, and dynamics of most landscapes around the world (Hu et al., 2008), and the variation of land use can influence serial natural 
phenomena and eco-environmental process (Fu et al., 2000). Land use plays a decisive role for the maintenance of ecological balance and 
stability, and the change of land use will an important factor to affect the function and the quality of regional eco-environment (Zhao et al., 
2004; Li et al., 2007; Li et al., 2010). In order to reveal the change of land use, we made use of three phase data of land use, respectively in 
1985, 1995 and 2000.  

 
There are six types of land use in Yulin region, such as farmland, woodland, grassland, water bodies, settlements and unused land 

during 1985-2000 (figure 9). Among these types of land use, grassland and farmland comprises 43.5% and 39.3% of the entire region, 
followed by unused land with 11.3%, and other three types of land use only take up 5.9% of the region (table 2). The area of grassland was 
17803.90 km2 in 1985, 19444.80 km2 in 1995 and 18888.10 km2 in 2000, and increasing about 1084.30 km2 with an average increasing rate 
of 0.41% per year. But the farm land didn’t change much. The area of farm was 16736.20 km2 in 1985, 17277.60 km2 in 1995 and 16725.40 
km2 in 2000 separately, and part of farmland changed into grassland (table 2). In addition, the unused land also changed very obviously, and 
the area decreased about 1251.47 km2, and the unused land mainly turned into grassland. Water bodies was decreased, and mainly turned 
into farmland and grassland, although the area was not big (Table 2). Thus, this shows that the water supplied for vegetation decreased, too. 
In a word, the form of land use change in Yulin was mainly that unused land converted to grassland. Thus, the area of vegetation-covered 
area increased, and this result just response to “the grain for green project”. The attribution of local residents and government to protect 
vegetation is obvious. 
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Fig. 9 The condition of land use pattern in 1985, 1995 and 2000 

 
Table 2 Total area of each land use type in Yulin region, and changes in land use from 1985 to 2000 

Land use 
categories 

Total area (km2) 1985-1995 1995-2000 1985-2000 

1985 1995 2000 Area (km2) % % per year Area (km2) % % per year Area (km2) % % per year 

farmland 16736.20 17277.60 16725.40 541.40 3.23 0.32 -552.20 -3.20 -0.64 -10.80 -0.06 0.00 
woodland 1853.59 1599.81 2025.63 -253.78 -13.69 -1.37 425.82 26.62 5.32 172.04 9.28 0.62 
grassland 17803.90 19444.80 18888.10 1640.90 9.22 0.92 -556.70 -2.86 -0.57 1084.20 6.09 0.41 

water 
bodies 

541.95 551.03 529.04 9.08 1.68 0.17 -22.00 -3.99 -0.80 -12.91 -2.38 -0.16 

settlements 144.77 155.21 163.78 10.43 7.21 0.72 8.57 5.52 1.10 19.00 13.13 0.88 
unused 

land 
5905.60 3957.53 4654.13 -1948.07 -32.99 -3.30 696.60 17.60 3.52 -1251.47 -21.19 -1.41 

 
Ostwald and Chen (2006) pointed that the vegetation cover correlates closely with local land use in the Loess Plateau. At the same time, 

the land us type also kept close relationship with soil physical propriety. The physical propriety of soil existed distinctions in different land 
use type. The contents of soil nutrients are in the order forest >grassland> slope farmland, and those of soil water are forest< grassland< 
slope farmland (Fu et al., 2000). Thus, based on the status of land use, the development trend of land use is fit for vegetation growth. It also 
inferred that the condition of vegetation has improved and the vulnerability of eco-environment declined in Yulin region.  

 
Fig. 10 The variation trend of vegetation fractional cover for different types of land use 

 
At the same time, the variation of vegetation fractional cover on different types of land use was analyzed during 2000-2010 in our study 

(Figure 10), with the following regression equation: 
For farmland,           Pv= 0.0237t+0.3050             R2= 0.8329, p= 0.00003. 
For woodland,          Pv= 0.0186t+0.3082             R2= 0.8313, p= 0.00004. 
For grassland,          Pv= 0.0177t+0.2529             R2= 0.8489, p= 0.00002. 
For unused land,        Pv= 0.0132t+0.1011             R2= 0.9415, p= 0.00000. 
For water body,         Pv= 0.0140t+0.2208             R2= 0.8734, p= 0.0011. 
For settlement,         Pv= 0.0086t+0.3485              R2= 0.6717, p= 0.0000. 
Where Pv  is vegetation fractional cover; T is the time of year during 2000-2010. Very low p-value indicates that these six regression 

equations are statistically significant at the level of over 99.99%, and the vegetation fractional cover on different types of land use increased 
obviously. According to the analysis above, the area of grassland and woodland increased obviously during 1985-2000. Farmland, water 
body, and unused land would be transferred to grassland and woodland. That is to say, the area covered by vegetation was increased. At the 
same time, vegetation fractional cover on settlement also increased. Thus, the increasing of vegetation fractional cover showed that the local 
people gradually paid attention on the protection of environment, and improved the vegetation cover trough planting grass and trees. Thus, it 
can be concluded that the vegetation fractional cover in Yulin region was gradually improved in totally during 1985-2010. 

 
4.5 The effect of the development of economic and society to vegetation 
 

The development of economy and society has a quite heavy pressure on the eco-environment in Yulin region. The development of 
economy and society need more natural resources, and the exploitation of natural resources will destroy vegetation cover of environment 
and make pollution in some extent (Liu et al., 2003). The ecological balance and environment were disrupted under the pressure of human 
activity with the population growth and increased human activity (Chen and Fu, 1996). During 1991-2010, the average population density 
has been increased from 67 persons to 78 persons per square kilometers. And the maximum population density was more than 300 persons 
per square kilometers, for example in Yulin city. For arid and semi-arid region, the population capacity is low in Yulin region. Thus, the 
pressure to eco-environment is becoming heavier under the population growth and intensive human activities. 

 
Table 5 the social and economic indicators of Yulin region from 2001 to 2010 

Year GDP GAP Industrial Gross Livestock on hand Population 
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( ×109 
RMB ) 

( ×109 
RMB ) 

Outputs 
( ×109 RMB ) 

Sheeps 
( ×106) 

Pigs( ×103

) 
Large animals ( ×103 ) ( ×106 ) 

2010 175.7 15.3 1960.0 5.64 965.1 279.8 3.4 

2009 130.2 6.6 837.3 4.94 871.4 300.0 3.6 

2008 100.8 5.7 777.5 3.95 805.9 284.7 3.5 

2007 67.43 4.4 490.4 3.49 686.3 256.9 3.5 

2006 44.0 3.1 345.0 4.84 1062.4 335.1 3.4 

2005 32.0 2.4 191.1 4.05 967.0 342.3 3.4 

2004 27.9 2.3 164.0 3.82 877.0 341.0 3.4 

2003 20.5 1.6 106.7 3.26 842.9 335.7 3.3 

2002 16.3 1.8 77.7 2.67 828.2 323.6 3.3 

2001 12.9 1.1 56.5 2.52 803.9 319.2 3.3 

 
Economy and society developed rapidly in past 10 years in Yulin region (table 5). Gross domestic production (GDP) of Yulin region 

increased from about 9.26×109 Renminbi (RMB, -7RMB=1USD) to 1.76×1011 RMB, with a growth of 19.0 times during 2001-2010. The 
gross agricultural product (GAP) increased from 1.30×109 RMB to 1.53×1011 RMB with a growth of 11.8 times. Industrial gross outputs 
increased from 4.61×1010 RMB to 1.96×1012 RMB, with a growth of 42.5 times in past ten years. At the same time, animal husbandry also 
had a quick development. The amount of sheep in Yulin region increased from about 2.52×106 to in 2001 to 5.64×106 in 2010. The amount 
of pig increased from 796.3×103 to 965.1×106 during 2001-2010, and the relatively more amount appeared in 2006 and 2007. The mount of 
larger animals always kept large quantity, more than 270×103 during 2001-2010. According to the economic and social statistics, every 
indicator of economy and society ascended in recent years. With regard to industry, a mount of mineral resources was exploited in past 10 
years. The mineral region is more sensitive and vulnerable to changing eco-environment than that the desert area of the intensive human 
activity and severe soil erosion, even though there is a relative poor natural conditions in desert region (Chen and Fu, 1996). For agriculture, 
the grain output and animal husbandry output also improved obviously. This condition of development of economy and society would lead 
bigger pressure to environment than before. Thus, regard to Yulin region in the agro-pastoral ecotone in the arid and semi-arid region, 
natural resources were limited and environment couldn’t wholly afford to the high speed of development of economy and society, although 
“the grain for green project” has developed and the environment has improvement at some extent. In a word, the pressure of population 
growth and intensive activities of human was gradually obvious and serious to local environment. Thus, the environmental conservation 
should be look as an important project to local people under the rational development of economy and society. 
 
5. Conclusion 
 

Vegetation cover is an indirect reflection for the change of environmental vulnerability. Climate change, the status land use and 
development of society and economic are the major sensitive factors influencing the growth of vegetation, and further affect the 
environmental vulnerability.  

 
(1) The spatial and temporal difference of vegetation cover was obvious in Yulin region during 2000-2010. From the temporal scale, 

vegetation fractional cover increased totally during the study period, implying the environment was improved in the study region. From the 
spatial scale, the vegetation fraction cover was higher in the eastern and southern parts than that in the western and northern parts. Thus, the 
environmental vulnerability would show spatial difference.  

(2) Accord the St. Dev. of vegetation fractional cover, the spatial distribution just showed the opposite status compared with vegetation 
fractional. The value of St. Dev. in Yulin was much higher in the southeastern than that in the northwestern. According to the spatial 
position, the northwestern was located on the edge of Mu Us desert, thus, this part was always at the risk of invasion of the desert. But for 
the southeastern, the natural condition was relatively better. But in recent year, under the effect of climate change and human activities, 
especially for human activities, the vegetation fractional cover changed very much. Thus, the impact of human activities on environment 
vulnerability was relatively obvious. 

(3) During 2000-2010, vegetation fractional cover kept close relationship with meteorological factors in spring and summer in Yulin 
region. The correlation between vegetation fractional cover and meteorological in spring and summer was difference. The increasing of 
average temperature and solar radiation in spring, relative humidity and precipitation in summer would stimulate the growth of vegetation. 
At the same time, according to the trend of meteorological factors, the climate gradually become warmness and wetness, and which would 
supply much heat and water to the growth of vegetation. Thus, this trend improved the vegetation cover at some extent. 

(4) The pattern of land use changed much in Yulin region during 1985-2000. According to the process of transformation of land use, 
unused land and farmland transformed to grassland and woodland. At the same time, the vegetation in different types of land use all 
increased obviously. Thus, this can be concluding that the vegetation cover would increase during 1985-2010 totally, because the area of 
unused land and farmland reduced much. 

(5) Under the development of the economic and society, the effect of human factors on environmental vulnerability would gradually 
increase. Thus, local people should pay more attention on the protection of environment, and invest much human and material resource for 
environmental protection, such as, improving vegetation cover through plant trees and grass. 
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The innovative research of APL in course development 
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Abstract: Assessment of prior learning (APL), which was developed on the basis of experiential learning theory, is more in accordance with 
the age requirements for building a learning society. Relying on the new concepts of lifelong learning and inclusive education, accreditation 
system of APL learning outcomes, credit transfer cohesion system and qualifications framework are intended to accelerate the course 
development. By docking with course objectives, organization, implementation and assessment, the old subject-centered course organization 
model would be changed. More and more people would pay attention to the cognitive development. As a result, the education could play a 
important role in personal career development, which will increase the coupling between course learning and social and economic 
development. 
 
Keywords: APL, course development, innovative research. 
 
1. Introduction 
 

Traditional course development focuses on subject knowledge itself excessively, and it only makes mechanical arrangement of 
knowledge in a logical order of easy-to-difficult and simple-to-complex, which is blended for overlooking the importance of individual 
learning and causes the out of touch  with the real needs. Over the years, our country always attaches importance to the unity of education, 
and implements uniform course standards and plans across the country, making it impossible for different schools to teach students 
according to local conditions and individual aptitude. Moreover, courses couldn't be implemented with unified standard. In order to 
effectively alleviate the passive situation of school in course development, China has changed the policy direction, paid more attention to 
education reform and implemented a series of educational autonomy policy since 1990s, which lay a foundation for improving the school-
running initiatives and taking advantage of school-based courses. Due to lacking the research of relevant practice field, as well as the simply 
copying of foreign academic achievements and experience, school-based courses have not worked so well in practice. 

 
1.1 Development and utilization of the course resources affected by institutional. 
 

Social educational resources are not only the important support to promote the country's economic, cultural and social development, but 
also a huge treasure trove to excavating the educational potential and improving education initiative. Effective integration and usage of 
various educational resources determine whether the education can develop soundly and rapidly or not. At present in practice, social training 
and school education are isolated from each other, and an effective mechanism to exchange credits is missed, which somewhat affect the 
interconnection and utilization of their resources. As a result, the effectiveness of social educational resources has been reduced in general 
and the possibility of wasting school course resources development has also been increased. School course resource development mainly 
focus on textbooks and tutorials, while fail to combine with the local resource advantages and make effective use of natural and humanities 
resources, thus leading to insufficient space for the development of course resources. In addition, restriction of teaching in traditional 
classrooms, laboratories and other fixed places as well as the insufficient layout and development of the place to outside would have resulted 
in single teaching form and limited teaching content. 

 
1.2 Lack of course evaluation system supporting 

 
The evaluation subject is unitary. As current evaluation subject to bear the main responsibility of scholastic evaluation system, 

scholastic professionals have strong scholastic standard features due to the perspective and thinking habit. Besides, they are less involved in 
social economic activities and  lacking of cognitions on environmental change. Consequently, the evaluation results and teaching goals 
always have divorced from reality. As a newly born baby, assessment mechanism does not draw enough application and attention in the 
department divorcing from production function, which becomes formulaic with less adopt technical updating and upgrading, leading to a 
contradiction between practicality and hysteresis on technical means. Another major factor influencing the all-round development of 
education is that schools and training units are not able to establish a uniform evaluation system because of the differences in teaching 
concept. 

 
2. APL functional play in course development  
 
2.1 Credit transfer and personalized course. 
 

As an important part of course development, course organization directly affects the quality of the course content. During the process 
of course organization, the inherent logic of discipline itself should be considered, and the cognitive law, purview or interest of students 
should be followed. Credit exchange is helpful for promoting the unification of the education goals among different education subject, 
closely linking formal education to informal education, and degree education to vocational training, positively catering to the needs of the 
development of social economy. Combining course development with students' actual need through credit swaps could reduce the waste of 
education resources caused by cognitive demand repeated supply [1]. The establishment of credit transfer system offers feasibility for 
establishing personalized courses. Tailor-made classes with strong flexibility on the structure and level, could provide the course content 
which is the actual demand of individual development for the crowds of different cognitive ranges, and also effectively shorten teaching 
length and improve teaching efficiency. Compared with the previous redundancy course system, it is more according with the requirement 
of changeable market environment. 

 
2.2 Learning outcomes certification and course ending. 
 

By APL credit bank mechanism, the accumulated knowledge and skills are quantified as corresponding credits after the individuals 
having finished the course, and accredited by learning outcomes. According to this principle, courses would pay more attention to the 
modular division of knowledge structure in design and development, with characteristics of flexibility in comparison to traditional course 
structure. By enabling the students to receive corresponding credits after a short learning, the positive effects of timely feedback mechanism 
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to improve the students' learning enthusiasm could be exerted, and credit transfer in different educational institutions would be promoted. 
Moreover, modular course structure can highlight integrity and independence of course, which is more conducive to achieving the teaching 
goal, and enhancing the pertinence of course content. Combining the study achievement certification and course development, offers 
convenience for the transfer of students in different educational institutions, which not only broadens the choices of individual career 
development, but also prompts course developers to arrange the courses based on the whole social education needs. High-level vision and 
philosophy is of great significance to social progresspromoting, as well as economy revitalization by education. 
 
2.3 Evaluation mechanism and program debugging. 
 

APL evaluation mechanism, which considers both processes and results, could timely feedbacks course stage results and long-term 
results, enhance the procedural reflection of design to results. In addition, it can help designers to optimize course structure and develop 
course content, which can be roughly divided into basic courses, rich courses and extended courses. To narrow the proportion of rich 
courses and expand courses, the traditional course designers often need to make course arrangements with taking care of the practical 
knowledge structure of most learners, in accordance with the universal principle of course design. This is undoubtedly a waste of talent for 
students with high degree of knowledge acceptance and strong skill levels. It also hinders the function exerting of expand courses for 
training the innovative consciousness. With the overall requirements of economic development on technical progress, cultivation of 
innovative talents is drawing more and more attention, which has became the trend of course reform. The role of APL evaluation 
mechanisms in improving course structure and helping designers to get course debugging is evident. 
 
2.4 Qualifications framework and generic intellectual education 
 

Full qualifications framework certification system could eventually show the learner's learning experience and qualification 
characteristics, which can be classified as "specialist course certificates", "college diploma", "certificate of undergraduate courses", and 
"undergraduate diploma" based on education background and qualifications, also as "accounting qualification certificate", "human resources 
management division", and so on  according to the direction of professional qualification of practitioners. Qualifications framework 
certification system would be applied to course development, thus helping course developers fitting the programme into your life based on 
prior learning and practical needs of learners, rather than making learners literally adapt the established profession[2]. Perfect qualification 
framework system allows learners to select the relevant or alternative profession according to their own professional knowledge background 
and actual needs, which greatly expands their selection range. Course developers design course for different groups and different needs 
based on qualifications framework, which improve practicability and meet the multiple learning demands of society. 
 
3. Practical dilemma and solutions of APL applied to course development 
 
3.1 Practical dilemma 
 
3.1.1 High previous identified cost and unclear standard  
 

By Sorting out and analyzing the relevant information abroad, and listing the practice of the Institute of Education at London 
University in previous learning and evaluation, it was found in their published "Previous study identified policies and guidelines" that 
learners need to provide material matching the learning program when applying for admission, which include the authenticity, realistic, 
relativity and specific of materials, but without specific standard of the above contents. On one hand, the uncertain specific assessment 
indicators increase the difficulty for applicants to prepare the application materials, who have to waste a lot of time to prepare complex 
materials, which affects their enthusiasm. On the other hand, it increases the work intensity of assessors, expending a lot of time and 
resources. 

 
3.1.2 Research on credit bank mechanism is still shallow and lacking of practice. 
 

Credit bank mechanism, which is designed to solve learning exchange and mutual recognition of degree among different levels and 
kinds of education, is a huge system engineering. It plays an effective supporting role on the effective operation of APL. Currently, 
researches at home and abroad on credit bank mechanism focus more on the core level, while less on the peripheral effective operation. 
Because of the policy, system, cultural differences or different policy guidance, the exploration practice of credit transfer and accumulation 
mechanism abroad presents various forms and obvious regional difference, and has limited reference value. As a new concept initially 
introduced into China, credit bank research mainly focuses on the credits transfer between network education and relevant professional 
training, and its research scope is local. Meanwhile, the research level constraints in management and operation mechanism. As a result, the 
research on overall building the framework of the whole education system is relatively scarce. 
 
3.1.3 Transformation mechanism of abilities and skills achievements remains to be improved. 
 

Course goal setting is the primary stage of course development, determining the difficulty and selection of course content. Setting the 
course goal according to the evaluation results fulfill the actual needs of perfecting individual knowledge system. Course goals are set for 
groups with different knowledge and skill levels, which is advantageous for course designers to make more reasonable arrangements for 
spatial layout of course system and course content. Redundant information transmission caused by asymmetric information between 
designers and learners would also be reduced, and course goal tends to be more reasonable, which in turn promotes effective evaluation 
mechanism. Therefore, it is particularly important for innovation evaluation mechanism to choose evaluation means and methods. Applying 
APL to course development innovatively can accelerate the positive influence of evaluation feedback on course elements. Generally, there 
are two assessment methods for learning outcomes of applicants. One is quantitative method, which is quantifying specific indicators of 
application materials and translating into quantifiable data. The other is qualitative method, thus is considering application content using 
statistical method in social sciences. In the execution of the two methods, examiners are required to not only possess professional knowledge 
theory and method, but also have in-depth research on the assessment method. As examiners lack of professionalism and the corresponding 
evaluation index is not clear, they often provide the evaluation results with certain subjectivity, affecting identified capabilities and skills 
achievements of applicants. At present, missing the third party evaluation institutions and the imperfect school evaluation method are the 
important factors that affect ability and skills achievements transformation. 
 
3.2 Solutions. 
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3.2.1 Improve online assessment service system 
 

Relevant information service system must be established, big data repository should be made full use of, learning outcomes 
certification system and professional qualification authentication mechanism need to be constructed, and co-construction and sharing 
mechanism of multi-educational outcomes should be built. In this way, assessors could search the related applicant information conveniently, 
shortening the time from the evaluation authentication data to structure determination, and reducing expenses caused by complexity of 
evaluation. We should establish evaluation index sharing system, formulate detailed assessment rules with the reality of course development, 
and speed up the information sharing, making applicants with computer terminal easily understand evaluate specific process, method and 
standard [3]. 
 
3.2.2 Establish perfect credit bank system 
 

The establishment and perfection of system mechanism require not only the support of related theory research, but also a guaranteed 
comfortable environment, promotion of different interest demands and action force support. Both top design and effective implementation 
are keys to the successful implementation of credit bank system. During the theory and empirical research, we should comb system and 
design thought according to the characteristics of China's education system and education rights allocation. A smooth system environment 
should be created based on system reform to break the existing rigid system. Through the observation of a series of measures implemented 
on the establishment of credit bank system by domestic government in recent years, we found that the government attaches great importance 
to improve the field system. For example, between 2001 and 2010, important documents about the establishment of credit bank system have 
been successively promulgated and pilot works have been developed. The vigorous promotion by the government provides a solid 
foundation for the development and improvement of credit bank system in future [4]. For the purpose of adapting to the difference of local 
economy and features around China, future work should focus on strengthening top-level system design of the national level, delegating 
autonomy in school running, as well as giving full play to the initiative of local government. In addition, system need be refined and 
perfected longitudinally. The convergence between the overall system and local policies should be properly handled. It is worth giving 
attention to the problems arising from the system in the continuation and development, and satisfying various interests from the macro and 
micro level. In conclusion, we must make every effort to ensure the implementation of a complete set of original ideas, including balanced 
education, education fairness, and life-long education, etc. It is also required to strengthen the guide of beneficial exploration and practice 
among school subjects on credit accumulation, credit conversion and academic recognition, and to carry out multiple forms of exchanges 
and cooperation, liking offering minor courses, selecting course across the regions, disciplines and schools, and exchanging students. 
Besides, we should attempt to join secondary vocational with higher vocational, to carry out pilot work of credit change system between 
higher vocational and ordinary undergraduate course, self-study examination and ordinary undergraduate course, and to build an "flyover" 
that connect degree recognition, credit swaps, and resource sharing among the same or different levels of colleges. 
 
4. Conclusion 
 

Because of traditional inertia, most domestic teaching is mainly performed in the classroom, which is very single. On one hand, it is not 
conducive to show practical-orientated classroom teaching content. On the other hand, the cultivation of learners’ autonomy and 
independent thinking ability is neglected. Single examination-based assessment mode can be changed into multiple evaluation forms of 
process and comprehensive evaluation using APL evaluation mechanism. Furthermore, for the sake of making the learners really have 
learned something, it is need to promote and carry out the teaching improvement which combines evaluation with course development 
organically, to promote the third party evaluation mechanism used in course and teaching, to adjust the course structure, and to develop 
diversified teaching. 
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Abstract: In this paper, wavelet transform profilometry (WTP) is used to achieve a train wheel surface 3D reconstruction and defects 
inspection. A sinusoidal stripe illumination is projected onto the train wheel to be inspected, and the CCD camera captures the deformed 
image of stripe. The deformed stripe image is transformed by the Complex Morlet wavelet, and maximum value of wavelet transform ridge 
is extracted to achieve a higher accuracy of wrapped phase. Simulation and validation test on CRH train wheel is done to verify the 
feasibility of the method. Different kinds of phase unwrapping algorithm and mother wavelet are comparatively studied to get a better 
performance of wheel surface 3D measurement. 
 
Keywords: wavelet transform profilometry; sinusoidal stripe illumination; 3d reconstruction, train wheel 
 
1. Introduction 
 

Over the last few years, in order to meet the demand of developing society, Chinese high speed trains are running under conditions of 
high-speed, high-density and long-distance. In Ref.[1]. Wheel is the most important parts of high speed train. In Ref.[2], and its technical 
state influences the safety of railway transportation. After a period of running, degradations such as wear, peeling, crack might occur on 
wheel surface. In Ref.[3]-[4]. Those degradations might turn into fatal failure if they are not found in time, so a precision 3D measurement 
of wheel surface is important to assure railway’s safety. 

3D reconstruction methods based on optical phase displacement measurement are common used to measure topography of objects. In 
Ref.[5]. Among those methods, Fourier transformation profilometry (FTP) can perform a high-precision and rapid 3D measurement while 
only one deformed fringe image needed, in Ref.[6]. But for measuring complex surface object, FTP method has limitations, in Ref.[7]. 
Because in frequency domain, sharp variation of complex surface causes frequency band spread and spectrum overlap, which leads a missed 
extraction of the fundamental frequency including phase displacement information, in Ref.[8]. 

In recent years, wavelet transform profilometry (WTP) is introduced into 3D reconstruction to enhance measuring performance. It 
highly improved the development of dynamic 3D measurement base on optical method, in Ref.[9]. In WTP, the deformed stripe image is 
transformed by the Complex Morlet wavelet, and maximum value of wavelet transform ridge is extracted to achieve a higher accuracy of 
wrapped phase, in Ref.[11]. After phase unwrapping, 3D reconstruction of wheel surface and tread defects is achieved. 

In this paper, WTP is studied to achieve the 3D reconstruction of CRH high speed train wheel surface. Comparing with light section 
method, which is daily used to measure the wheel profile, 3D reconstruction based on WTP has advantages of faster measuring and can get 
more detailed information. 

 
2. Theory analysis 

 
2.1 Theory of optical phase displacement measurement 

 
As shown in Fig.1. Projector and imaging capturing system intersect at point O. Sinusoidal strips is projected to the surface of the 

object to be measured, and the deformed strips image caused by surface fluctuate is captured by a CCD camera. 
 

 

Figure. 1 Optical path of phase displacement measurement. 
 
The phase modulation of point D caused by the height variation is ),( yxϕ∆  (Equation (1)), where 0f  is the strip frequency in 

spatial domain. 
 

 BCfyx ×=∆ 02),( πϕ  (1) 
 
From the triangle similarity relationship in the measuring light path scheme, the height distribution ),( yxh  (Equation (2)) is related 

to optical stripe phase modulation. 
 

 )],(2/[),(),( 0 yxdfyxLyxh ϕπϕ ∆+∆×=  (2) 
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2.2 Principle of wavelet transform profilometry 

 
In Equation (3), )( , xbaψ  is the wavelet function, where )(xψ  is a one-dimensional Morlet wavelet, and a, b are the scaling 

parameter and the shifting parameter, in Ref.[12]. 
 

 )0(     )(1)( , >
−

= a
a

bx
a

xba ψψ   (3) 

 
Apply one-dimensional continuous wavelet transformation (1D-CWT) on function )( , xbaψ , and ) ,(W ba  calculated by Equation 

(4) is called wavelet transformation coefficient, in Ref.[13]. 
 

 t )()(1) ,(  , d
a

bttf
a

baW ba
R

−
= ∫ ψ  (4) 

 
The ridge of ) ,(W ba  is defined as the location where ) ,(W ba  reaches to the maximum value along the scaling direction a, as 

shown in Equation (5). The value of the scaling parameter a contributing to the ridge is the fittest window width, which is named as rba , in 
Ref.[14]. 

 
 )](Wmax[)( ,babridge rb=   (5) 

 
Define ) ( ba,ϕ  as the phase of ) ,(W ba , as shown in Equation (6), in Ref.[16]-[18], where )] ,(Re[W ba , )] ,(Im[W ba  are 

real part and imaginary part of ) ,(W ba , and phase of the ridge is ) ( b,arbϕ , which is the phase to reconstruct the 3D surface in 
Equation (2) , in Ref.[15]. 

 
 ]})W(Re[/])W(arctan{Im[)( ,ba,ba,ba rbrbrb =ϕ  (6) 

 
2.3 Principle of phase unwrapping 

 
It is known from Equation (6) that the phase ) ( ba,ϕ  is wrapped in ),[ ππ− , wrapped phase should be unwrapped to a continual 

phase to get the true 3D surface. 
Phase unwrapping algorithms are mainly divided into two groups, one is path-independent algorithm, such as minimum norm method, 

the other is path-following algorithm, such as branch cut algorithm and quality map guided algorithm. 
 
 

3. Computer simulation 
 
WTP method is proved to suit a 3D surface measurement by peaks function under Matlab simulation. Sinusoidal stripe image projected 

in period of 32 pixels and captured in 1024×1024 pixels are shown in Fig. 2(b) and Fig. 2(c). 3D surface of the peaks function is 
reconstructed by the WTP, as shown in Fig. 2(d), and the phase unwrapping algorithm is guided by relative reliability based on region 
partition. Fig. 2(e) shows the amplitude of wavelet coefficient of line No.256. Fig. 2(f) shows height measurement errors distribution, and 
the maximum error is 0.183mm. 

 

 

(a)                                    (b)                                  (c) 

 

(d)                                    (e)                                  (f) 
Figure. 2 The simulation results by WTP on peaks function. 

 
4. The experiment and result analysis on CRH train wheel 
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A 3D measurement platform based on the WTP principle is built, as shown in Fig.3. It consists of DLP projector with resolution in 
1024×768, CCD camera with resolution in 1024×768 pixels, computer, support parts, calibration plate, CRH train wheel and wheel rotating 
equipment. The width of wheel rim is 135mm and there are two artificial defects in length 10mm, width 2mm and width 1mm on tread. The 
No.1 defect is 1mm in depth along axial direction while No.2 defect is 2mm in depth along circumferential direction. The sinusoidal stripes 
are projected onto wheel tread, which is generated by computer simulating. Image acquisition is accomplished by a CCD camera, and the 
image covers almost the whole width of wheel rim. The parameter L is about 600 mm, D is about 200 mm, and the stripe frequency 0f is 
1/16(stripe/pixel). 

 

 

Figure. 3 Structure of wheel 3D surface measurement platform. 
 
Lightening the wheel tread and rim by horizontal sinusoidal strips, as shown in Fig.4. Rotating the wheel and capturing deformed strip 

images without defects and with defects. 
 

   

Figure. 4 CRH wheel with artificial defects and the deformed strip image. 
 

4.1 Comparative study based on different phase unwrapping algorithm 
 
To find the best phase unwrapping algorithm for wheel 3D reconstruction based on WTP method, different algorithm are applied on the 

same deformed image captured, such as branch cut algorithm of Goldstein, improved branch cut algorithm, quality map guided algorithm of 
flood, relative reliability guided algorithm based on region partition, least square method. The 3D reconstructed surfaces of wheel by 
different phase unwrapping algorithm are shown in Fig.5. 

 

 

(a) Branch cut algorithm of Goldstein                 (b) Improved branch cut algorithm 

 

(c) Quality map guided algorithm by flood          (d) Relative reliability guided algorithm 

 

(e) Least square method 
Figure. 5 3D reconstructed wheel surfaces by different phase unwrapping algorithm. 
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It is known from Fig.5 that relative reliability guided algorithm is the most suitable phase unwrapping algorithm for wheel 3D surface 

measurement, because it reduces the ‘stretch’ phenomenon and achieves a better accuracy than least square method. 
 

4.2 Comparative study based on different mother wavelet 
 

To find the suitable mother wavelet for wheel 3D reconstruction, four kinds of mother wavelet as cmor0.7-1, cgau4, shan1-1, and 
fbsp2-1-0.5 are tested on the same deformed image of wheel, while  relative reliability guided algorithm is used for phase unwrapping. The 
test results are shown in Fig.6. 

 

 

(a) Mother wavelet cmor0.7-1 

 

(b) Mother wavelet cgau4 

 

(c) Mother wavelet fbsp2-1-0.5 
Figure. 6 3D reconstructed wheel surfaces and wheel profile deviations by different mother wavelet. 

 
It is known from Fig.6 that mother wavelet cmor0.7-1 is better than others, because of the smooth and gentle surface, and lower data 

fluctuation. 
 

4. 3 Comparative study on measurement accuracy of the two defects 
 
Based on studies on phase unwrapping algorithm and on mother wavelet, relative reliability guided algorithm and mother wavelet 

cmor0.7-1 is used. By applying WTP on the deformed strip images captured, 3D surface of the whole wheel tread is reconstructed, while 
detailed 3D information of artificial defect is also reconstructed, as shown in Fig.7 and Fig.8. From 3D reconstructed information, arrays of 
wheel profiles can be abstracted as shown in Fig.9. Comparing with traditional way based on light section method for wheel geometry 
measurement, as shown in Fig.10, 3D reconstruction based on WTP method has obvious advantages in measuring speed and getting more 
detailed information. 

 

 

Figure. 7 Reconstructed surface of the wheel tread without defects. 
 

 

Figure. 8 Reconstructed surface of the wheel tread with artificial defects. 
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Figure. 9 Wheel profiles got by WTP method (a) and enlarged figure of defect area (b). 
 

 

Figure. 10 Traditional way based on light section method for wheel geometry measurement. 
 
Measurement accuracy of two defects along axial and circumferential direction is listed in Table 1 and Table 2. The reason why defect 

No.2 has higher measurement accuracy is that the strip projection direction is better for No.2 defect measurement. So, for 3D reconstruction 
based on WTP method, the accuracy is sensitive to the strip projection direction. 

 
Table 1 Measurement deviation of No.1 defect 

No.1 Original size 
(pixels) 

Reconstructed 
size (pixels) 

Original size 
(mm) 

Reconstructed 
size (mm) 

Deviation 
(mm) 

Length 120 128 15 15.97 0.97 

Width 16 23 2 2.82 0.82 
 

Table 2 Measurement deviation of No.2 defect 

No.2 Original size 
(pixels) 

Reconstructed 
size (pixels) 

Original size 
(mm) 

Reconstructed 
size (mm) 

Deviation 
(mm) 

Length 16 20 2 2.46 0.46 

Width 120 123 15 15.37 0.37 
 

5. Conclusion 
 
In this paper, WTP method is applied to reconstruct the 3D surface of train wheel and defects on wheel tread. Simulation and 

experiment results show that with WTP method, 3D surface of wheel tread and defects on tread can be quantitively measured, but the 
accuracy is sensitive to the strip projection direction. WTP method has obvious advantages in measuring speed and can get more detailed 
information comparing to light section method. 
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Abstract: Network flow is often accompanied by the best path and the maximum flow, and it now is an indispensable component of 
network flow. A subroutine of the maximum flow in the network flow theory can be used to solve a lot of practical problems, such as 
transportation engineering, network communications, relevance between computer algorithm and techniques. This paper mainly study the 
relevance between computer algorithm and techniques to prevent the bad nodes in the network flow. In the process of selecting and 
optimizing the nodes, the network optimization algorithm based on the comprehensive evaluation method can save two times of time 
comparing with the Ford-Fulkerson algorithm. This shows that the network optimization algorithm has good advantages in comprehensive 
evaluation method, reduces the selecting times of augmenting chain in the analysis, and improves the stability in the comparison process, to 
decrease the amount of time and accelerate the speed of calculation. 
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1. Introduction 
 

Along with the progress and development of human society, the comprehensive evaluation system has gradually developed 
scientifically, consciously and maturely, to be one of scientific evaluation methods. Due to its wide practical functions, it is used 
continuously in things closely related to human life, so that it gets extensive attention from related researchers. 

As an indispensable part of graph theory, network flow theory is the main part of graph theory teaching. Network flow is often 
happened in real life and accompanied by the best path and the maximum flow, so it is now an indispensable component of network 
optimization. In real life, the maximum flow in the network flow optimization theory can be used to solve a lot of practical problems, such 
as transportation engineering, network communications, relevance between computer algorithm and techniques. New words related to flow, 
such as traffic flow, traffic flow, and information flow and so on, are emerging in the face of human beings. Thus maximum flow can not 
only provide effective ways to solve real life problems, but also applies strict mathematical formula to get the optimized mathematical 
model to enable the complex comprehensive evaluation, which also reflects the significance and application of the network flow 
optimization theory. 

 
2. Comprehensive evaluation method 

 
The evaluation subject of the comprehensive evaluation system is the result of the evaluated index calculation of the objective existence 

by evaluation model, and the form of the result can be a specific classification community, a rank order, or a numerical value of the 
corresponding value. The evaluation subject can also verify whether this model is reasonable according to the result and index calculated by 
comprehensive evaluation system. 

The key elements of the evaluation system include module goals, evaluation criterion, evaluation system, evaluation mode, evaluation 
result, evaluation subject and evaluation objects. Their relation is shown in figure 1. 

 

 

Figure. 1 Key elements of the evaluation system 
 
The process of comprehensive evaluation is the process of understanding objective things, in which the subject of comprehensive 

evaluation generalizes the objective existence. After years of development, this process is mainly composed by choosing evaluation criterion, 
ensuring module goals, establishing evaluation system, determining its weight value, choosing evaluation mode, calculating evaluation 
result and completing evaluation report.The first step is to ensure module goals. This is the cause of the comprehensive evaluation process, 
and the starting point and basis of the whole process. Its goodness or badness is directly related to ensuring the goals of the comprehensive 

Module Goals 

Evaluation Criterion  

Evaluation System 
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Evaluation Result 

Evaluation Objects Evaluation Subject 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                           276.2 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/276 

 

evaluation process, and choosing the evaluation model and evaluation index.The second step is to choose evaluation criterion. The criterion 
of the comprehensive evaluation system is mainly the standard of utility. According to the preference criterion of the subject, several 
evaluation criterion can be set.The third step is to establish evaluation system. The index of evaluation refers to the specific statistical 
indicators that can be operated under each specific evaluation system, so as to constitute a certain structure and choose those for quantitative 
analysis.The fourth step is to determine weight value of comprehensive evaluation. The index weight of evaluation system is determined by 
the difference of the amount of information among the indexes, the influence of the target, and the different evaluation model.The fifth step 
is to choose evaluation mode. The selection of evaluation model of comprehensive evaluation system is determined according to the purpose 
of evaluation and the evaluation of the evaluation model.The sixth step is to calculate evaluation result. The evaluation results of the 
comprehensive evaluation system are mainly based on the synthesis and calculation of the evaluation index by the evaluation model.The 
seventh step is to test the results. When testing whether the results of comprehensive evaluation is reasonable, the results should be feedback 
to the model selection of the comprehensive evaluation system, the index weight, the structure between each index, the corresponding value 
of the index and so on, until the reasonable scientific evaluation results appear.The eighth step is to complete evaluation report. This step 
mainly analyzes, releases and presents the results of the comprehensive evaluation system.  

The above eight steps of the comprehensive evaluation system are not strictly distinguished but mutually influenced. The 
comprehensive evaluation can be learned as a complete system, because the evaluation itself will be determined by evaluation standard, and 
the dynamic process of the mutual influence of each step is shown in Figure 2. 

 

       

Figure. 2 The process of the comprehensive evaluation system 
 

3. Network flow algorithm 
 
Network flow theory now is an indispensable component of network optimization. A subroutine of the maximum flow in the network 

flow theory can be used to solve a lot of practical problems, such as transportation engineering, network communications, relevance 
between computer algorithm and techniques.        

With the network flow algorithm, s1 randomly generates data 1( )d k , k=1, 2 ... a, and 1( )d k  generated on the side must be 

transmitted through 1P  to t  at the corresponding time. 2s  randomly generates a data 2 ( )d j , and 2 ( )d j  needs to be transmitted from 

2s  to t through 2P  at the corresponding time. 

However, 1P  and 2P  may use the same data repeatedly, when (1)t  is not necessarily zero. If 1d  first arrives the node, then 1t  

must be 0. In network flow model 2s  is before 1d , and B represents a network flow model data before 1d , so (1)t  is obtained by the 

following formula: 
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=
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Similarly, if 2 (1)d  is the first data node, then (1) 0ttw = ; conversely w = 1,2, ... a represent data before 2d  in the network flow 

algorithm, so (1)tt  is as follows: 
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1( )t k  and 2 ( )t j  respectively means 1d  and the interval of 2d , and the two data generated are as follows: 

 
 α,,3,2),1()1()( 1 ……=−+−= kkTkAkA  (3) 

 
 β,,3,2),1()1()( 2 ……=−+−= jjTjAjB  (4) 

 

Let ts(k) represents departure time of 1( )d k , ( )t k  represents the time point that 1( )d k  outstrips node u , and ( )t k  represents 

the time point that 1( )d k  arrives t , and the followings is formula related to a few time variables as 1( )d k , k=1, 2 .... 

 

 110 /)()()()( xkdktwkAkts ++=  (5) 

 
 11 )()( tpktskta +=   (6) 

 

21111 /)()()()( xkdktwktakt ++=   (7) 
 

 212 )()( tpktkta +=    (8) 
 

 31222 /)()()()( xkdktwktakt ++=  (9) 

 

 32 )()( tpktkta +=  (10) 

 

Let tts(j) indicates the time leaving 2s , then ( )ttu j  represents the time that 1( )d k  leaves node u , and ( )ta k  represents the 

time that 1( )d k  reaches the intersection exit t , so the following is formula related to some relevant time-variables like 1( )d k , k = 

1,2 ....α: 
 

 420 /)()()()( xjdjttwjBjtts ++=   (11) 

 
 41 )()( tpjttsjtta +=   (12) 

 
 22111 /)()()()( xjdjttwjttajtt ++=  (13) 

 
 212 )()( tpjttjtta +=   (14) 

 

 52222 /)()()()( xjdjttwjttajtt ++=   (15) 

 

 523 )()( tpjttjtta +=   (16) 

 

 62333 /)()()()( xjdjttwjttajtt ++=   (17) 

 

 63 )()( tpjttjtta +=  (18) 

 
Based on the above analysis, network flow in circulation during the waiting time can be divided into two types. One is the same branch 

of network flow, and the other is a different branch of network flow. From 0 ( )tw k , 2 ( )tw k , 0 ( )ttw j  and ( )ttwq j  in which k = 

2, 3 ..., α, it can be found that j = 2, 3 ..., β, q = 2, 3, are the competition of network flow priority caused by the commonly used road of same 
branch. The result can be obtained from the following equation. 
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From tw0 (k), tw2 (k), ttw0 (J) and ttwq (J) in which k=2,3,... , α, and j=2,3,..., β, q=2,3, are the right of priority because of competition 

of different data source in the common line. 
Network flow algorithm to optimize the path can be divided into two types: 
(1). In the network flow model, if d1 (k) is the distance between the before nodes, then d1 (k-1), based on tw1 (k), k=2, 3... α, can be 

introduced from the following formula: 
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(2). In the network flow model, if d2 (k) is the data before the network node, then d2 (k-1), based on tw2 (k), k=2, 3..., α, can be 

introduced from the following formula. 
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With the same approach, if d2 (j) is the data before the network node, then d2 (j-1), based on tw1 (J), j=2, 3..., β, can be introduced 

from the following formula. 
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In the network flow model, if d2 (j) is the front data, then d1 (vv), vv=2, 3..., α, based on ttw1 (j), j=2, 3..., β, can be introduced from 

the following formula. 
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Considering the time constraints, it is also required that ta(k) and tta(j) should not surpass the limited time when the corresponding 

network flow passes the node. That is: 
 

 α,,3,2),()()( 1 ……=+≤ kkTthkAkta  (27) 
 

 β,,3,2),()()( 2 ……=+≤ jjTthjBjtta  (28) 
 

)(1 kTth  and )(2 jTth  are respectively related to the size of data )(1 kd  and )(2 jd . If )(1 kTth  and )(2 jTth  

respectively have linear relationship with )(1 kd  and )(2 jd , the formula of )(1 kTth  and )(2 jTth  is as follows: 
 

 111 )()( bkdakTth +×=  (29) 
 

 122 )()( djdajTth +×=   (30) 
 
The above a, b, c, and d are the parameters proposed in the calculation process of the network flow model. 
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If data distribution belongs to discrete distribution, taking )(1 kd , α,...,3,2,1=k  as an example, the size of data of )(1 kd  

can choose 1,...,2,1, += nuiddi  according to (nu+1). Interval probability of corresponding data of each idd is [ ]10 PrPr or 

[ ] 1,...,3,2,PrPr 11 +=− nuii ，in which 0Pr0 =  and 1Pr 1 =+nu . Then α,...,2,1)(1 =kd  can be generated from the 

following algorithms. 
(1) [Initialization] 0=k . 

(2) Generate a values ak rrr ,...,,...,1  that follow (0,1) and well distribute. 

(3) 1+= kk ,and )(1 kd  can be obtained from the following. 
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(4). Calculate the next )(1 kd . 

Based on the above theory, the result of β,...,2,1),(2 =jjd  can be obtained. According to the characteristics of the network 
flow model, considering the transmission between two nodes, network flow data generated in the entrance can flow out respectively from 
the pointing nodes, and the flow capacity of the network cannot be negative.Let XPkTthkd −)),(),(( 111 represents unit road 

network flow that is successfully transferred to )(1 kd  through the 1P , k = 1, 2..., under )(1 kTth , and determine that each datum 

accords with the basic conditions of network flow. 
 

4. Relevance between computer algorithm and techniques 
 

In the process of searching for the relevance between computer network algorithm and technology, the network flow optimization 

algorithm based on comprehensive evaluation method is analyzed in this paper. In the network flow algorithm, CV  is the relevance of 

current nodes; GV  is the target nodes of initiator; VS  is the collection initiator use to attack the target system, the driving factor that 

attacking tree nodes continue to transfer. 

The main idea of the convenient matching algorithm for relational nodes is to examine each correlated xV  one by one.Whether the 

host of xV  is connected to the host of CV .Whether the precondition of using the relevance xV  matches the attacking result of the current 

relevance CV .If the condition of the attack is matched and connected to the host, then CV  is the father node, and the associated xV is 

added as wife’s node. 
The specific operation of algorithm is as follows. 
Input： 

CV ： the current connected node 

GV ： the target connected node （presupposed attacking target） 

VS ： the collection of relevance in a network flow 

)(VPath ： connection path before node V 

hostV _ ： the host of relevance of V 

)(Va ： the attack using relevance of V 
Output： 

CV  added with post node 

In order to prevent the bad node data appearing in the network flow, assume the monotonic use of relevance. According to the 
irreversible hypothesis of the attack, once the initiator get the effective information, it will not get again. Thus in the network flow algorithm 
with the comprehensive evaluation method, the third line specially determines whether the newly added node appears in the previous section, 
which is to avoid the same two relevance in a path. 

In order to verify the effectiveness of the comprehensive evaluation method of network flow algorithm, compare it with the Ford-
Fulkerson algorithm and simulate in the MATLAB software. Then compare the results of network flow algorithm under the comprehensive 
evaluation method and For-Fulkerson algorithm, and finish the network simulation flow after the nodes increase from 200 to 2000 nodes. 
Under the different simulation algorithms, surrounding of each node will have 100 nodes adjacent to it, and the probabilistic setting between 
any two points in the network flow is 0.0005. When running the program, run for 15 times. The experimental results are listed in the 
following table 1 and table 2. 
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Table 1 Results of Ford-Fulkerson algorithm 

Times 200 400 600 800 1000 1200 1400 1600 1800 2000 

1 0.49 0.52 2.45 1.72 3.15 7.24 9.73 20.63 11.97 15.67 

2 0.49 0.53 2.41 1.67 3.13 7.15 9.76 20.60 11.93 14.63 

3 0.43 0.55 2.43 1.71 3.14 7.20 9.73 20.54 11.93 14.68 

4 0.46 0.53 2.42 1.72 3.20 7.13 9.77 20.65 11.97 14.80 

5 0.45 0.53 2.41 1.66 3.21 7.30 9.62 20.63 12.20 14.72 

6 0.46 0.55 2.36 1.73 3.14 7.26 9.80 20.82 12.10 14.73 

7 0.46 0.58 2.41 1.73 3.24 7.22 9.82 20.63 11.93 14.93 

8 0.46 0.56 2.41 1.76 3.24 7.36 9.71 20.85 11.99 14.60 

9 0.45 0.55 2.40 1.75 3.22 7.29 9.69 20.59 11.91 14.51 

10 0.47 0.54 2.44 1.71 3.22 7.22 9.66 20.71 11.95 14.69 

Average time(s) 0.46 0.54 2.41 1.73 3.18 7.42 9.73 20.67 11.99 14.69 

Maximum flow 3190 2753 2141 2973 2578 2605 3807 3543 3819 4925 
 

Table 2 Results of network flow algorithm 
Times 200 400 600 800 1000 1200 1400 1600 1800 2000 

1 0.11 0.41 0.76 1.23 1.56 3.01 5.02 8.30 8.62 12.3 

2 0.11 0.42 0.77 1.26 1.54 3.02 5.01 8.31 8.67 13.30 

3 0.11 0.41 0.77 1.24 1.53 3.03 5.02 8.34 8.63 13.33 

4 0.11 0.40 0.77 1.22 1.54 3.02 4.99 8.28 8.64 13.39 

5 0.11 0.41 0.75 1.24 1.54 3.01 5.04 8.31 8.64 13.31 

6 0.11 0.41 0.78 1.25 1.55 2.99 4.99 8.35 8.63 13.32 

7 0.11 0.39 0.77 1.25 1.55 3.01 4.99 8.31 8.68 13.30 

8 0.11 0.39 0.77 1.23 1.55 3.01 4.96 8.44 8.61 13.29 

9 0.11 0.42 0.76 1.24 1.54 2.97 4.98 8.30 8.59 13.33 

10 0.11 0.42 0.77 1.23 1.54 3.00 4.96 8.37 8.60 13.27 

Average time(s) 0.11 0.41 0.77 1.24 1.54 3.01 5.00 8.33 8.63 13.33 

Maximum flow 3190 2753 2141 2973 2578 2605 3807 3543 3819 4925 
 
According to the data in table 1 and table 2, with the comprehensive evaluation method, the comparison of the two algorithms is shown 

in figure 3. 
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Figure. 3 Comparison of the two algorithms 
 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                           276.7 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/276 

 

According to the table 1, table 2 and figure 3, it can be clearly seen that when the number of nodes is between 1200 and 1800, the 
network algorithm is better than Ford-Fulkerson. When the number of nodes is 1600, network flow algorithm can save more than half of the 
time of the Ford Fulkerson algorithm. And the time of Ford-Fulkerson algorithm is more than two times of the network optimization 
algorithm. This shows that the network algorithm has good advantages under comprehensive evaluation method, and it can well reduce the 
selecting times of augmenting chain, to improve the stability during the sub-process, and reduce the calculation time and accelerate the 
speed. 

 
5. Conclusions 

 
Comprehensive evaluation method is a kind of effective evaluation criterion, comparing with single evaluation method which refers to 

evaluation of one-sided understanding to evaluate single information or determined indicators of a certain objective. To have an accurate 
understanding of relatively objective things, the evaluation should be done from more than one aspect or several dimensions, in order to 
truly understand the objective things.As an indispensable part of graph theory, network flow theory is the main part of graph theory teaching. 
Network flow is often happened in real life and accompanied by the best path and the maximum flow, so it is now an indispensable 
component of network optimization. In real life, the maximum flow in the network flow optimization theory can be used to solve a lot of 
practical problems, such as transportation engineering, network communications, relevance between computer algorithm and techniques. 
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Computer Image Recognition Scheme with Neural Network 
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Abstract: Image recognition technology with various classification is one of the main results of scientific and technological progress. This 
article focused on the image recognition of the two models(i.e. spatial vision bag of words model and image blocks based on PageRank and 
semantic classification model), describing the classification procedure for each model. Divided blocks, tiles similarity, image block levels 
and spatial distribution of the image were selected as input layer. Space bag model and classification model based on PageRank semantic 
image blocks were selected as output layer index. Relying on BP neural network model, a 4-5-2 neural network model was established. 
Basing on the training data, the paper determine the type of object to be measured. It provided a theoretical basis for selecting the image 
recognition program. 
 
Keywords: image recognition technology; spatial vision bag of words; pagerank and semantic classification; neural network 
 
1. Introduction 
 

With the rapid development of information science and technology, various image processing appears in people's daily lives. For 
example, medical image processing, beauty camera applications, and so on. Image recognition laid a theoretical foundation for image 
processing. In recent years, image recognition technology has been steadily progressing, and various algorithms are constantly changing. 
Usually, the image recognition relies on a set of indicators gray, the pixel values of the image and the like. Image segmentation is the basic 
means of image recognition. The inconsistent grayscale image was a research object. Grasping the law of the algorithm, according to the 
information of second-order statistics, the researcher solved the model using optimization algorithms. Recognition model was mainly based 
on the spatial characteristics of image segmentation data classification, mainly using the data categories boundary value. This method is 
mainly applied to the case of large volumes of data. The way in determining a particular parameter estimation, will also take into account 
other types of parameters, resulting in a parameter estimation for a long time[1-2]. From the corner feature to scale-space theory, image 
recognition technology continues to improve. During this period, Harris-Affine detection operator using the affine invariance can be 
achieved image feature extraction and detection. Since then, the use of the Internet platform for image segmentation and recognition is the 
development direction of image recognition. Therefore, the way to identify the model needs to be improved. In the context of development 
at image recognition technology, the different images identification is not the same. This paper will conduct research of suitable means in 
different images identification. 

 
2. The image identification scheme 

 
Image recognition method basing on pattern recognition technology is a practical method of classification in image data according to 

different characteristics. The method can be applied to many areas of technology, for example, missile tracking, license plate recognition, 
maintenance and defects in the original and so on. Identification work is divided into three aspects(i.e. the visual features of the image, the 
local invariant image features, visual spatial distribution of the image). The following discusses two main image recognition programs. 
There are visual space bag of words model and based on PageRank and semantic image blocks classification model. 

 
2.1 Space visual word bag model 

 
Based on image similar space scene characteristics, the model conducts image recognition. First, the image space is divided, extracting 

feature for each picture element and clustering. Then, do the statistics of the key visual features at each region in order to improve the entire 
image space dictionary in the visual characteristics[5]. Finally, during the image recognition, all the visual feature words will be used to a 
similar comparison in feature vector. K-means algorithm illustrates the identification process. D-dimensional 
sequence  is composed by the individual eigenvalues. The observations are divided to k 

sequences . The formula is as shown in (1).  is the mean of . 
 

  (1) 
 
Clustering algorithm is an important part of the whole model, therefore, the scope of the cluster is necessary. When the analysis is 

carried out, we must consider regional clustering to accurately present information on the corresponding image. The process of construction 
features dictionary and classification is shown in Fig. 1. 
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Figure. 1 Classification process 
 

2.2 Voting mechanism classification model 
 
First, the image is divided into blocks, describing each image according to the block feature. Then, use the voting mechanism to 

determine the complete image of the category. Finally, the "barriers to image sub-block" must be removed in the classification process by 
the work PageRank technology. Specific classification process is shown in Fig. 2. 

 

 

Figure. 2 Specific classification process 
 
In both the image recognition program, different images should be taken to identify by the different programs. The following will use 

the BP neural network model to select the image recognition program. 
 

3. Neural network model 
 
Neural network model[6]originated in neurobiology. Calculated process is similar to the reaction in the process of biological neurons, 

as shown in Fig.3. 
 

 

Figure. 3 The Structure of Neurons 
 
In neural networks, including many different neurons axon terminals can enter a single neuron dendrite and the formation of synapses. 

All of the different sources of synaptic release of neurotransmitter can change the membrane potential of neurons to produce the same effect. 
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It can be seen that the dendrite of neurons in the input information from different sources can be integrated. Based on this ability, people 
create a artificial neuron model simulating the reaction of neurons, as shown in Fig. 4.Figure symbol description is shown in Table 3. 

 

 

Figure. 4 The Schematic of Mathematical Models of Neurons 
 

Table 1 Mathematical models symbol description 
Symbol Description significance 

nxxx ,,, 21 
 Enter part of neurons(send information on the first level) 

iθ  Threshold of neurons 

iy  Output neuron 

[ ]1uf  Excitation function 

When the threshold reached to iθ , [ ]1uf determines the output format under the joint action inputting nxxx ,,, 21 
. 

Fig. 5 shows the two kinds of image of excitation function. In this paper, the model uses the second excitation function. 
 

 

Figure. 5 Typical excitation functions 
 
In which, 
 

 i
j

iiji xwu θ−=∑   (2) 

 
Therefore, 
 

 [ ] 







−== ∑

j
iijii wfufy θ  (3) 

 
(3) is a complete mathematical model expression for the individual neurons. 
 

3.1 Calculation steps 
 
BP neural network is a multi-layer to the former network, using the calculation minimum mean square error. When the back-

propagation algorithm is applied to the feed forward multi-layer network, using Sigmoid  as an excitation function, the following steps 
is obtaining to net weights. 

1.For ijw assigning, we assign a relatively small number of non-zero random for each layer, ijnw θ−=+1 .This model is run by 

Matlab. The assignment process is a random process. 

2.Input sample values ( )1,,,, 21 nxxxx = , corresponding to the desired output ( )1,,,, 21 nyyyy = . 
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3.Calculate the output in each layer. The output of i  neuron is ikx , for the first layer. 

 

 [ ]k
i

k
i ufy =  (4) 

 
In which, 
 

 
k
i

j

k
jij

k
i xwu θ−=∑ −1

 (5) 

 

In which, 11
1 =
−
+

k
nx ， ( ) θ−=+1niw . 

4.Solve calculation error k
id  in each layer. The output layer is mk = . 

 

 ( )( )m
i

m
i

m
i

m
i

m
i yxxxd −−= 1    (6) 

 
For other layers, 
 

 ( ) 







−−= ∑ −

j

k
i

k
jij

k
i

k
i

k
i xwxxd θ11  (7) 

 

5.Correct ijw  and iθ . 

 

 ( ) ( ) 11 −−=+ k
j

k
iijij xdtwtw η  (8) 

 
6.When the weights of the various layers are obtained, we can determine compliance with the requirements in accordance with 

established criteria. If not, we return to the third step. On the contrary, the calculation is ended. 
 

3.2 Selecting model 
 
The input layer of the present model consists of four nodes, namely the number of blocks dividing the image, the similarity image 

block, an image block level and spatial distribution of the image as shown in Table 2. Hidden layer includes five nodes. Output layer 
comprises two nodes namely spatial vision bag of words "1" and the voting mechanism classification model "2". The 64 groups were 
selected as feature data."1" data type includes 35 groups, "2" data type includes 29 groups. These data was randomly arranged, taking the 
first 58 groups as feature data. Others was the measured data. Observe the differences in the test results with the actual results to statistics 
accuracy. 

 
Table 2 Characteristics indicator value range 

 Parameters Minmum Maximum Mean 

Input layer 

the number of blocks 4 24 14 
the similarity 0.006 0.8 0.403 

an image block level 2 4 3 
spatial distribution 3 9 6 

Output layer 1/ 2 1 2  
 
The process utilizes Matlab. The specific result is shown in Figure 6. 
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Figure. 6 Classification results 
 
As can be seen from Figure 6, there is a deviation of the measured object "1" predictions and actual values. Other prediction results are 

consistent with the actual results. The correct proportion of visual word bag models is 80%. The correct proportion of voting mechanism is 
100%. Prediction error is within an acceptable range. 

 
4. Conclusion 

 
With the rapid development of the Internet, the task in the amount of image recognition is increasing. A different approach applies in 

image recognition. In this paper, spatial visualization bag of words model and image blocks based on PageRank and semantic classification 
model, as an example, illustrates the differences between different image recognition programs. 

In this paper, BP neural network model, as a theoretical basis, considering the variety of reference index, a selection model of image 
identification scheme was established. Number of nodes in the hidden layer was adjusted by trial and error method. The prediction results in 
an error is within a reasonable range However, the neural network training error needs a reasonable estimation. Once the error estimation is 
unreasonable, it may appear incorrect calculation results. Calculation results may be incorrect. 

 
Reference 
[1] Rubio J C, Eigenstetter A, Ommer, Bj&#. Generative regularization with latent topics for discriminative object recognition[J]. Pattern 

Recognition, 2015, 48(12), pp. 3871-3880. 
[2] Li J, Marpu P R, Plaza A, et al. Generalized Composite Kernel Framework for Hyperspectral Image Classification[J]. IEEE 

Transactions on Geoscience & Remote Sensing, 2013, 51(9), pp. 4816-4829. 
[3] Guo Y, Bennamoun M, Sohel F, et al. A Comprehensive Performance Evaluation of 3D Local Feature Descriptors[J]. International 

Journal of Computer Vision, 2016, 116(1), pp. 66-89. 
[4] Chen T, Cheng M M, Tan P, et al. Sketch2Photo: internet image montage[J]. Acm Transactions on Graphics, 2009, 28(5), pp. 89-97. 
[5] Hartigan J A, Wong M A. A K-means clustering algorithm.[J]. Applied Statistics, 2013, 28(1), pp. 100-108. 
[6] Stögbauer T, Windhager L, Zimmer R, et al. Experiment and mathematical modeling of gene expression dynamics in a cell-free 

system.[J]. Integrative Biology Quantitative Biosciences from Nano to Macro, 2012, 4(5), pp. 494-501. 
[7] Maier D, Jaeger M, Izadpanah K, et al. [Open transosseous reconstruction of the rotator cuff: clinical outcome, influencing factors and 

complications].[J]. Der Chirurg; Zeitschrift für alle Gebiete der operativen Medizen, 2012, 83(12), pp. 1068-77. 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                      278.1 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/278 

 

Sensing Method of Network Security Situation Based on Markov Game Model 
 

Hongjun Guo1, Lili Chen1,2, Tunhua Wu3,* 

 
1. Laboratory of Intelligent Information Processing, Suzhou University, Suzhou ,Jiangsu, China 

2. The Key Laboratory of Intelligent Computing & Signal Processing of MOE, Anhui University, Hefei, Anhui, China 
3. School of Information and Engineering, Wenzhou Medical University, Wenzhou, Zhejiang, China 

 
Abstract: With the advent of the Internet age, "Internet +" has become a necessary tool for people to work and live. At the same time, the 
sensing of network security situation has become a hot issue. This paper first describes the basic principle of Markov model and then the 
necessary and sufficient conditions for the application of Markov game model. And finally, taking fuzzy comprehensive evaluation model as 
the theoretical basis, and having agriculture, health care, education and finance as the research objects, this paper analyzes the application 
fields of the sensing method of network security situation based on Markov game model from the aspects of network randomness, non-
cooperative and dynamic evolution. Evaluation results show that the sensing method of network security situation based on Markov game 
model is best for financial field, followed by educational field. 
 
Keywords: markov model game; fuzzy comprehensive evaluation; sensing of network security situation 
 
1. Introduction 
 

Nowadays, the Internet, as an essential tool, has been widely applied in various aspects of human life. Meanwhile, network security has 
become a hidden danger for work and life. Thus, study on the sensing of network security situation is particularly important. 

As early as the end of the last century, international scholars had studied the sensing of network security situation from the perspective 
of sensor data fusion. The research results can reduce managers’ thinking time of security and strengthen network managers’ cognition 
awareness of security. In addition, some researchers applied this into the network security protection of national defense, military and 
transport management[1,2]. And until the beginning of the 21st century, relevant scholars studied the security situation prediction of large 
network, and functions of identification, prevention and alarming are produced for stealthy and deliberate hacker attacks[3]. 

Because of the severe uncertainty and obvious randomness of network security situation, Kan Guangyuan builds the sensing model of 
network security situation by using gray prediction model. The principle is to conduct integrated computation on the information entropy to 
get the predicted value, and calculate the risk index at the same time, so as to reflect the perceptibility of network security situation [4]. For 
large networks, the commonly used data mining method is to analyze a number of information entropy sequences, summarize the rules, and 
complete the level classification of network security situation by combining with the entropy of existing network attack cases. On the basis 
of the traditional sensing models, Hu He, et al. propose Markov game model, which can predict network attacks much earlier, and also can 
judge high-frequency false alarm[5]. In addition, Markov game model is also applicable in the prediction of network security situation, 
which will be further studied in this paper. 

 
2.  Markov game model 

 
2.1 Markov model 

 
There is a phenomenon in real life, that is, in the case of the known current conditions, situations occurring in the future are only related 

to the present instead of the past events, and the model describing the phenomenon is Markov chain model. Assume { },2,1, =nnξ  

is random sequence, state space E  is finite or countable set, corresponding to arbitrary positive integers nm, , and if 

)1,,1(,, −=∈ nkEiji k 
, 

 

 { } { }ijPiiijP nmnnnnmn ======= +−−+ ξξξξξξ |,,,| 1111 
  (1) 

 

Thus, { },2,1, =nnξ  is called as a Markov chain, Equation (1) is called as Markov property. Assume { },2,1, =nnξ  is a 

Markov chain. If the right conditional probability of Equation (1) is unrelated to n , 
 

 { } )(| mPijP ijnmn ===+ ξξ  (2) 

 

Thus, { },2,1, =nnξ  is called as Markov chain of time-homogeneity. )(mPij  is the transition probability of system 

transferring from state i  to state j  through m  time intervals (or m  steps). Equation (2) is called as time-homogeneity. 

For a Markov chain{ },2,1, =nnξ , matrix ))(()( mPmP ij=  whose element is m  step transition probability )(mPij  

is m  step transition matrix of Markov chain. When 1=m , PP =)1(  is the one-step transition matrix of the Markov chain, or 
simply transfer matrix. They have three basic properties: 

For any Eji ∈, , 1)(0 ≤≤ mpij ; 

For any Ei∈ , ∑
=

=
Ej

ij mp 1)(  
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For any Eji ∈, , 
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2.2 Markov game model 

 
Markov game model is the combination product of Markov chain and game theory. In game theory, balance is an important goal. This 

theory avoids the human impact on event probability. Markov chain shows that situations occurring in the future are only related to the 
present instead of the past events, indicating the randomness of the event. In the sensing of network security situation, Markov game model 
can properly express the randomness of security incidents. 

Network security issues are the offensive and defensive problems of the network, and the state determination of the attacker and 
defender is the sensing of network security situation [6,7]. Therefore, a combination series of seven variables is applied as expression 
quantity, namely 

 
 ),,,,,,( VRPDASNADSG =  (3) 

 
N is the number of personnel participating in attack and defense, and if the number of attackers (or defenders) is larger than two, it is 

defined as system attack (or defense). However, in the calculation, they can be combined together, and the number of offensive and 
defensive sides is both defined as 1. 

S represents the confrontation situation of both offensive and defensive sides. Different confrontations can be represented by 

{ }kSSS ,, 21 . 

A represents the aggressive behavior of the attacker. Different attacks are recorded as { }Maaa ,, 21 , and under a confrontation 

case kS , aggressive behavior AAk ⊂  and AAk
M
k ==1

. 

D represents the defensive behavior of defensive side. Different defensive behaviors are referred to as { }Nddd ,, 21 , and under 

a confrontation case kS , defensive behavior DDk ⊂  and DDk
N
k ==1

. 

P represents the variation probability of the confrontation situation of the two parties. 10: ≤×××≤ SDASP . 

R represents the earnings of both sides, which can be obtained by the calculation of DAS ×× , denoted as ),,( dasRh . 

V acts as the rationality judgment of the behaviors of both sides. The total profit value is used as the objective function, and can be 
written as 

 

 )(),,,(),,(),,( SVSDASPDASRDASV
s

′′+= ∑
′

β  (4) 

 

)(),,,( SVSDASP
s

′′∑
′

β  represents the future earnings of both sides, and β  is the discount rate of future earnings. 

Under a confrontation case kS , the strategies of offensive and defensive sides are recorded as 

( ))(,),(),( 21 i
a
k

a
k

a
k

a
k aaa ππππ =  and ( ))(,),(),( 21 j

d
k

d
k

d
k

d
k ddd ππππ = , and then the necessary and sufficient 

conditions that the strategies of both sides can be equal probability events are 
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iπ  can meet ( ) ( )***
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i

a
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i

a
ia VV ππππ ≥ ; 

Any d
iπ  can meet ( ) ( )d

i
a
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d
i

a
ia VV ππππ ,,

***

≥ ; 

In addition to this necessary and sufficient condition, the application of Markov game model requires the randomness, non-cooperative 
and dynamic evolution of the attack and defense of network. Therefore, the sensing method of network security situation based on this 
model cannot be applied in the network security prediction of all fields. In the following section, fuzzy comprehensive evaluation method is 
applied to evaluate the application field of this sensing method. 

 
3. Analysis procedure and conclusion 

 
3.1 Fuzzy comprehensive evaluation 

 
In general, fuzzy comprehensive evaluation involves three quantities [8]. Suppose there are n  factors related to the objects to be 

evaluated, recorded as { }nuuuU ,,, 21 = , which is called factor set. And suppose there are totally m  comments that may appear, 

recorded as { }mvvvV ,,, 21 = , which is called evaluation set. Because the position of each factor is not the same, their roles are 

different, and thus measurement standard, namely weight, appears, recorded as { }naaaA ,,, 21 = . 

Steps of fuzzy comprehensive evaluation are listed as follows. [9] 

Step1.Set factor set { }nuuuU ,,, 21 = . 
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Step2.Set evaluation set { }mvvvV ,,, 21 = . 

Step3.Conduct single factor evaluation, and obtain { }imiii vvvr ,,, 21 = . 

Step4.Construct comprehensive evaluation matrix: 
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Step5.Comprehensive evaluation: for weight { }naaaA ,,, 21 = , calculate RAB = , and make evaluations based on 

maximum membership principle. 
In comprehensive evaluation, there are different models according to different definitions of operator 


. 

Model Ⅰ: ( )∨∧,M —— determining type of principal factor. 
The computing method is 
 

 ( ){ }( )mjnirab ijij ,,2,1,,2,1,max  ==∧=   (5) 

 
The evaluation result of this model is determined by the factor that plays a major role in the overall evaluation, while other factors will 

not affect the evaluation. Relatively speaking, this model is suitable for the case that the optimal individual evaluation is considered as the 
optimal comprehensive evaluation. 

Model Ⅱ： ( )∨•,M ——prominent type of principal factor. 
The computing method is 
 

 ( ){ }( )mjnirab ijij ,,2,1,,2,1,max  ==•=   (6) 

 
This model is similar to model Ⅰ, but more refined. It not only highlights the principal factors, but also takes into account other factors. 

This model is applicable to the case that model Ⅰ is not applicable, that is, the case that refinement is required when a variety of factors 
cannot be distinguished. 

Model Ⅲ: ( )+•,M ——weighted average type. 
The computing method is 

 ( )mjrab
n

i
ijij ,,2,1

1
=•=∑

=

  (7) 

 
This model takes all influencing factors into consideration in accordance with the importance of various factors, which is suitable for 

the case requiring the optimal comprehensive evaluation. 
Model Ⅳ: ( )⊕∧,M —— taking small upper bound and type. 
The computing method is 
 

 ( ) ( )mjrab
n

i
ijij ,,2,1,1min

1
=

















∧= ∑

=

  (8) 

 

In the application of this model, it should be particularly noted that the value of ia  should not be too large, otherwise the situation that 

all jb  is 1 may occur; the value of ia  should not be too small, otherwise the situation that jb  is equal to the sum of each ia  may occur, 

which will lead to the loss of relevant information of single factor evaluation. 
Model Ⅴ： ( )+∧,M —— average balance type. 
The computing method is 
 

 ( )mj
r
r
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In the equation, ∑
=

=
n

k
kjrr

1
0 . The model is suitable for the case that the elements in comprehensive evaluation matrix R  are too 

large or too small. 
The model established in this paper uses the operator of determining type of principal factor. 

 
3.2 Building of evaluation model 
 

By considering network security issues of different fields, this paper tries to find out the application fields of the sensing method of 

network security situation based on Markov game model. For this purpose, factor set { }321 ,, uuuU =  is established, in which 1u  

represents randomness, 2u  represents non-cooperative, and 3u  represents dynamic evolution. Evaluation set { }mvvvV ,,, 21 =  is 

established, in which 1v  represents agriculture, 2v  represents health care, 3v  represents education, and 4v  represents finance. 

50 network security experts are randomly selected to evaluate the three characteristics of four industries (full mark: 100). Meanwhile, 
the impact of the three characteristics on the results is investigated, and the evaluation results can be obtained after dealing with the survey 
results, which are shown in Figure 1, Figure 2[10]. 

 

 

Figure. 1 Industry characteristics indicators 
 
According to the data in Figure 1, comprehensive evaluation matrix R  is established: 
 
















=

2693.02088.02693.02527.0
2313.02876.02309.02503.0
2889.01941.02693.02477.0

R  

 

 

Figure. 2 The importance of characteristics indicators 
 
It can be known from Figure 2 that the evaluation weight is ( )26.0,28.0,46.0=A . 
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Based on ModelⅠ—— ( )∨∧,M , respectively calculate the two weights, and obtain [11] 
 

)2889.0,28.0,2693.0,2527.0(== RAB 
 

 
Calculation results show that the sensing method of network security situation based on Markov game model is best for financial field, 

followed by educational field. 
 

4. Conclusion 
 
This paper evaluates the application situation of the sensing method of network security situation based on Markov game model in the 

fields of agriculture, health care, education and finance by using fuzzy comprehensive evaluation method. It can be obtained from the 
calculation results and the actual situation that the model established in this paper can accurately evaluate the applicability of this sensing 
method in the four fields. In addition, the model can also be used in the applicability evaluation of the sensing methods of different 
industries’ network security situation. Certainly, in different categories, and under the premise of different sensing methods of network 
security situation, the proportions of various influencing factors are different, and once the proportion is unreasonable, it will cause false 
calculation process and thus affect the results. Therefore, it is necessary to re-set the proportion of each item. 
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Abstract: Radio Frequency Identification(RFID) as a key technology of network sensing layer is developing rapidly, and it is widely used 
in logistics, transportation and other fields. This article will research on the application of radio frequency technology to sports events. 
RFID-based gatecontrol management system of sport events were studied, describing the basic composition and working principle of the 
system, combined with the actual analysis of what should be taken into consideration about the RFID-based access card system in the 
practical application, and the problems and realistic strategy. Finally, detailed design and implementation of each modules, mainly including 
concrete implementation flows, class and function design and coding, are presented in this article. 
 
Keywords: radio frequency; identification; event management system; anty-collision; mifare care 
 
1. Introduction 
 

In recent years, more and more large-scale integrated events are organized in our country, such as: the Olympic Games, Asian Games, 
World University Games and the Youth Olympic Games. These large-scale integrated events have the following characteristics: multi-sector 
and extensive personnel and vehicles with great complexity are involved in these events[1,2]. Traditional access control system mainly use 
manual input or contact inductive management, which is not only low efficient, but also easily damaged with low confidentiality. Therefore, 
it is necessary to research and develop a non-contact efficient and secure access control system. It puts the technology of radio frequency 
identification, security, computer, communications and other aspects in one set. It is a safe, convenient and efficient solution to distinguish 
automatically between the different races of people and vehicles in and out of range of all kinds of games (Halls) in different areas. And it 
can greatly reduce the workload of security personnel. 

This article will research on the application of radio frequency technology to sports events. To overcome the shortcomings of 
cumbersome wired access control system, we have studied and designed a new access control system based on wireless transmission dealing 
with the authentication of the user’s information and passwords, which means the access controller will be connected to a managing 
computer and manage the files and database information of both the users and their cards via wireless data transmission module. 

In order to ensure the integrity reliability and fast speed of the communication between the reader and IC card, the following 
technologies are adopted. Firstly, apply the fast anti-collision mechanism to prevent data interference between communication cards and 
improve the parallelism of the applications.  Secondly, use cyclic redundancy check technology to ensure a reliable and complete data 
communication. 

This paper studies gate management system of the sports events.User information and passwords will be authenticated in this article. 
The entrance guard controller connect to the computer by the wireless transmission module,then user information and card information will 
be processed from file management and database management.Section 1 briefly describes the basic working principle of the radio frequency 
RFID systems;in section 2,we improve the original ISO14443 TYPE standardized anti-collision mechanism and illustrate the 
implementation process of the anti-collision mechanism; Section 3 describes the method of data exchange and cyclic redundancy check code 
will attached to the end of the files in order to check the files transmitted via network; in section 4-6, we describe the design and 
implementation of access control management module; Finally, it is a summary and outlook. 

 
2. RFID system principles 

 
RFID system is an automated identification system[3].It has been widely used in the field of wireless sensors in recently years[4,5]. 

The main system consists of three components: tags, readers and downstream modules and access control management module. The reader 
identifies the tag by sharing the communication radio channel, and then the collected data is processed by the background server[6,7]. Its 
working principle is shown in Figure 1. 

 

Intranet

Appplication software 

RFID middleware

tag
tag

tag
tag

 

Figure. 1 System component diagram 
 
The first working step is to emit radio carrier signal out by the readers. When a tag enters the work area of the transmitting antenna, a 

pulse signal is received. Then the chip card concerning this signal will modulate, decode, decrypt, and then judge the command request, the 
passwords and permissions. If it is a read command, the carrier signal sent from the tag will be received by the receiving antenna system and 
then is passed to the reader by the modulator. The reader demodulates the received signal to decode and transmit it to the backend 
applications. According to the logic, the application system will determine the legality of the system based on radio frequency tags, making 
the appropriate treatment and control for different settings. 

 
3. The realization of anti-collision mechanism 

 
If different tags transmit their ID to the reader simultaneously, a collision will occur. In order to solve these collisions and identify the 

tags correctly, we need the anti-collision mechanism, which is the key to whether the reader could attain the tags data correctly and swiftly. 
A lot of research works have been done by the scholars from home and abroad. The anti-collision method can be summed up into four 

categories: Space Division Multiple Access (SDMA) method, frequency division multiple access (FDMA) method, code division multiple 
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access method (CDMS) method, time division multiple access (TDMA) method. Currently, the mainstream collision algorithm (aloha 
algorithm) and the algorithm based on the binary tree belong to the time division multiple access method. Aloha algorithm adopts a random 
way to solve collision and the reader requires the tag within the region to respond randomly[8,9]. The algorithm based on the binary tree is a 
deterministic way. According to a certain kind of strategy, the reader continually divide the tags within conflict area into smaller and smaller 
subsets until each label can be indentified. ALOHA can not completely avoid conflicts and such a mechanism would lead to "label Hunger", 
which is to say that a specific label may not be recognized correctly in a very long time. Based on the traditional binary tree algorithm, 
different kinds of improved binary tree algorithms have been widely applied in the field of FRID [10,11]. 

ISO 14443 TYPE A standard definition of anti-collision algorithm is collision algorithm based on binary tree (Binary Tree) Anti-bit 
frame. In the MIFARE card there is the world's only 4-byte sequence number UID and the purpose of anti-collision processing is to finalize 
the MIFARE card UID.The work flow diagram is shown in Figure 2. 

 
Sent REQA

Receive ATQA

Dectate ATQA Select UID CL1

Anti-collision

Dectate SAK

Definate  the command 
in ISO/IEC14443-4

CL+1

 

Figure. 2 ISO 14443A schematic diagram of the anti-collision process 
 
In the communication process between the reader and Mifare one card, the card serial number is received by MCM and at least there is 

a both a 0 and a 1(i.e., both the front position and the rear half has a subcarrier modulation). The location the each collision needs to be 
detected, too. If we set up a stack in the communication process to retain the position of the last collision and facilitate the back process, the 
frequency of querying and answering between the reader and the card can be reduced, thus enhancing the operating efficiency of the reader. 

In order to prevent the emergence of card data interference, the original ISO 14443 TYPE A standard anti-collision mechanism has 
been improved in this article. we use a new anti-collision algorithm - a stack-based dynamic retreat binary tree search algorithm[12-14].  

Due to limited communication bandwidth RFID system, it is necessary to minimize the number of bits transmitted between reader and 
tag in the anti-collision algorithm in order to improve its efficiency. We improved the binary tree algorithm as follows: 

When the reader detected a collision, only the part of between the highest bit and the highest collision bit in the serial searching number 
will be sent in the request command, then the transmission will be interrupted, the remaining part of the sequence of tags that are the same as 
between the part of the highest bit and the highest collision bit in the serial searching number will be sent out. That is to say: the bit 
following the highest collision bit will be seen as a response. The transmission sequence number in excess part is avoided and the data 
transfer time was significantly shortened. 

By setting the stack in the Reader, all the prefix bit sent by the reader are kept, and that process is followed by sequentially stacking 
pop operations. Finally, when the stack is empty, it indicates that all the labels are identified. In this way the number of communication and 
bits transmitted between the reader and labels will be reduced to improve the recognition efficiency.  

We use an example to illustrate the process of their work: 
EPC has four 8-bit Tags: A: 11010111; B: 11000101; C: 11011111; D: 11001101. The process of using the above-described stack-

based dynamic retreat binary tree search algorithm for identification of labels is shown in Figure 3(a): 
 

SEL=93
(1B)

NVB
(1B)

UID CLn data bit
(1-4B)

BBC checksum bit
(1B)

 

Figure. 3(a) The change of the top of the stack 
 

Bit 0Bit 1Bit 2Bit 3Bit 4Bit 5Bit 6Bit 7

1:reading the 0 block
0:not reading             

1:reading the first block
0:not reading             

1:reading the second  block
0:not reading             

1:only  deal with  the specified 
serial number
0: deal with  all serial number

1:User-defined password
0:Existing password  

Figure. 3(b) The process of label C be recognized by the reader 
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SEL     NVB
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SEL     NVB     UID     CLn

NVB=’20'

Recelve UID  CLn

Collision? Cooo=the ilrst elt sosltlon

NVB=’70'

Transsort the coppang oi seoect

SEL    NVB    UID CLn   CRC_A

Recelve SAK
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 Figure. 3(C) The process of label D be recognized by the reader 
Figure 3. The process of identification of tags 
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The solid line shows pushing stack with the figure above, the dashed line shows popping stack.  
After REQA = '26 'command is sent, all labels in energy field will respond to the command, and the collision will happen. Then, the 

Reader sends prefix 1101, and Label A and C will respond to it. The collision occurs. The highest collision bit is the 4th. The Reader 
modifies the prefix to 11011, and Label C will respond to it. The reader identified Label C correctly. As show in figure 3(b). 

Since no collision occurs, the prefix 11011 is popped from the stack. Label C is set to be "silent mode". Then, the Reader reads the top 
element 1101 and sends it to label A,B,D.  Label A answers and is identified, then label A is set to be “silent mode”. Finally, the top 
element 1101 will be popped from the stack. 

Only REQA = '26 ' command is left, the Reader will send it and wait for the label to respond. At that time, all labels in the field have 
already responded to the Reader except Label B and Label D.  So Label B, D respond at the same time, and the collision occurs. The Reader 
modifies prefix to 11001, then Label D answers and be set to be “silent mode”. Finally, the top element 11001 will be popped from the 
stack. As is shown in figure 3(c). 

The reader sends REQA = '26 ' command, and the remaining Label B answers. So far, all the labels are identified. 
As can be seen from Figure 3, after three times collision, 7 times query command from the reader, all of the four labels will be 

recognized by the reader. Derived from the identification process above, the use of anti-collision algorithm to identify a paper label required  
number of searches. 

 
4. The method of data interchange in files 

 
4.1 Data interchange format 

 
Data transfer by files means, using the following basic data standards for data exchange, achieving the purpose of sharing date, all files 

using a uniform format to facilitate management. Parameter files carry the management information and interactive data. 
Among them, the names of the files are the carrier of information management. Format parameter file name is 

PRM.PPPP.YYYYMMDD.NN, the following table. 
 

Table 1 The format of the parameters 
PPPP (Decimal) Parameter type, parameter types 

YYYYMMDD (Decimal) effective date, YYYYMMDD(operating date) 
NN (Decimal) the serial number, 01-99 

 
The contents of the file data use ASCII format. In the file, each line is a record, each line ends with CR-LF (ie 0x0D0x0A). The content 

of each field can not contain CR-LF. The field name cannot be written in the first line. 
 

4.2 Parameter file format 
 
Parameter file parameters using fixed-length format, bit inadequate to the right to fill the space. Each line record format: Record Type: 

field 1 field 2 field 3 ... CR-LF.Colon only takes one letter position.Record type is the parameter code of the record.  
The file format： 
Record Type: Field 1 Field 2 Field 3… [CR-LF] 
Record Type: Field 1 Field 2 Field 3… [CR-LF] 
Record Type: Field 1 Field 2 Field 3… [CR-LF] 
… 
CRC: [checksum] 
When the data file is transmitted over the network, we need to add CRC checksum (CRC32) and the CRC checksum will be added to 

the end of the document. 
 

5. The design of each module software 
 

5.1 Anti-collision mechanism 
 
Anti-collision process is described as follows: 
Step 1.The reader sends a query command within the energy field range, all MIFARE card, coming within 5ms into the energy field of 

the reader, will receive inquiries REAQ emitted from the reader = 0100110 ('26 ') command. All labels sync issue ATQA response at the 
same time. 

Step 2.In the event of a collision, Command format the reader sent is shown in figure 4. 
 

SEL=93
(1B)

NVB
(1B)

UID CLn data bit
(1-4B)

BBC checksum bit
(1B)

 

Figure. 4 Command format the reader sent when ISO14443A tags collide 
 
Where,SEL represents the selection code: under both the anti-collision state and selecting state are '93'.NVB represents an effective 

number of bits. The initial value '20' indicates that the command is only 2 bytes, ie +20 '93 ', without UID data, and the mifare card must 
return all UID byte to respond. If NVB is '24', it means that two-byte +4 bits, and so on.UID CLn is specified by the NVB UDI CLn. BCC is 
a front 4-byte XOR. 

Step 3.If the reader receives multiple UID numbers, it means the collision occurs and the reader will detect the first collision location. 
Since the transmission is set from the low to the high order, the binary tree algorithm here will try to detect the lowest conflict position, set it 
to 1, then the reader will set UID CLn to the first one~ prefix consisted of a minimum of conflict-bit and set the NVB smaller than 70(Where 
'70' represents the order of 7 bytes, the first four bytes of NVB's represent bytes, the last four bytes represent bits). Only the mifare cards that 
can send the same prefix as the reader does are able to send the rest part of UID CLn. 

Step 4.if there are no further conflict, the reader will set the NVB to '70', send command SEL + NVB + UDI CLn + CRC_A. The CRC 
used to generate the parity bit will form the polynomial x16 + x12 + x5 + 1. The mifare cards whose UID CLn match 40 bits respond in SAk 
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signal. If the UID is complete (ie, not all the following sets is 1 in SAK), then the mifaer card will send the empty serial SAK, which means 
the the mifare card is successfully activated. 

Setp 5. Otherwise, repeat steps 2 to Step 5 until all mifare card in the energy field are identified.Their work flow diagram shown in 
Figure 5. 

A description of the parameters is shown as follows:  
1)Collpos represents conflicts location register of the reader module. 
2) NVB represents The effective length of the reader sends digital commands, the first 4 represents a valid number of bytes and the last 

4 represents the effective number of bits.  
3)n represents the number of bytes stored in the buffer zone.  
4) Stack represents the stack storing prefix data bits. 
The parameters gaining the first collision location and the commands from the readers are set as follow: 
Coll=readRawRc(collreg)&0X1F;//obtain the first collision position of labels  
 n=ReadRawRC(FIFOlevelReg);//read the efficient bytes number in FIFO register   
Lastbits=ReadRawRC(controlReg)&0X07;//the number of efficient bit in the last byte 
SEL=PICC_Anticoll; 
NVB=OX20+(n-1)+lastbits; 
For (i=0;i<n;i++) UID_CLn[i]=ReadRawRC(FIFODataReg);//send the efficient number readed to ARRAY UID_CLn 
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(Anti-collision loop)

SEL=93、95、97

NVB=’20'

Transsort the coppang 
oi antl-cooolslon

SEL     NVB

Transsort the coppang oi antl-
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SEL     NVB     UID     CLn

NVB=’20'

Recelve UID  CLn

Collision? Cooo=the ilrst elt sosltlon

NVB=’70'

Transsort the coppang oi seoect

SEL    NVB    UID CLn   CRC_A

Recelve SAK

Eng
(Anti-collision loop)

 

Figure. 5 Anti-collision process diagram 
 

5.2 Designing of card  reader module  
 

The reading functions are responsible for the achieving of the data, it send unsigned char value back and transfer value of the block in 
the card to the * piccdata-pointed array. 

Ctrlword reader control words, ctrlword is a byte, equivalent to eight bits, each bit is either 0 or 1.The control word of reading card is 
show in figure 6. 

 

Bit 0Bit 1Bit 2Bit 3Bit 4Bit 5Bit 6Bit 7

1:reading the 0 block
0:not reading             

1:reading the first block
0:not reading             

1:reading the second  block
0:not reading             

1:only  deal with  the specified 
serial number
0: deal with  all serial number

1:User-defined password
0:Existing password

 

Figure. 6 The control word of reading card 
 
Serial simply points to writable unsigned char * pointer that has been allocated at least four char array and subscript of serial starts from 

zero. If there’s no NEEDSERIAL in the controlling word, then the serial array will not be assigned. So this array is used only for the return 
value. If you specify a NEEDSERIAL, then the serial array must be assigned. 

1) Area is the area code, including 0-15. 
2) Password B works when the key A1B0 is 0 and password A works when it’s not 0. 
3) picckey point to an array of numbers storing card password ( the password consists of 6 char). 
4)*piccdata0_2 is the byte array pointing to the subscript greater than 48, storing three blocks of data, where the subscript 0~15 are 

stored as data used to read out block 0, subscript 16~31 stored as the data used to read out block 1, the subscript 32~47 stored as data to read 
out block 2. 

 
5.3 Designing of writted card module 
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The writing function will send the unsigned char value back and transfer card value to the array pointed by * piccdata. In addition to the 
ctrlword parameters, the other parameters are the same as the read function. Ctrlword reader control words, ctrlword is a byte, equivalent to 
eight bits, each bit is either 0 or 1.The control word of writing card is show in figure 7. 

The parameter of writing function is similar to the parameter of reading function. 
 

Bit 0Bit 1Bit 2Bit 3Bit 4Bit 5Bit 6Bit 7

1:writting the 0 block
0:not writting             

1:writting the first block
0:not writting             

1:writting the second  block
0:not writting             

1:User-defined password
0:Existing password

1:only  deal with  the specified 
serial number
0: deal with  all serial number

1:card dormancy after writting
0:not dormancy

 

Figure. 7 The control word of writing card 
 

6. The desiging of gatecontrol management module 
 
Gatecontrol management system structure is shown in Figure 8. 
 

 

Figure. 8 The constructin of gatecontrol management system 
 
The system, which uses a TCP/ IP networking mode, is composed by the issuing workstations, managing workstation, application 

terminal (access control machine etc.). 
When the system is running, the data exchange interface will collect or issue various types of data to ensure data synchronization and 

security, including: 
1)The Server and Issuing Workstation: the Issuing Workstation will send the card issuance information, licensing information, the loss 

/ solution linked data to the Server through the internal network, and then the information will be distributed to each workstation by the 
System Server. 

2)The Servers and Management Workstations: the Management Station receives the card issuance and the blacklist data from the 
System Server, and collects attendance data, access data, consumption data, and uploads them to the Server timely. 

Implementation of the module includes three parts: the Server, Issuing workstation and Manage workstations.  
The server is a core equipment of data storage and management. System data, which are installed in the Server, mainly complete the 

following functions: to exchange data with the Management Workstation; store records and information.  
The Issuing Workstation consists of PC, IC card reader, card printer and digital camera. It can develop in modules in the future, 

realizing ticket management and issuing services in sports events. 
Management Workstation is mainly set up to achieve various equipment parameters of the system. The Management Station will send 

the data concerning card issuing of the server and blacklist to the application terminal such as access control machine or consumption 
machine, collect the attendance data, access control data and consumption data and send them to the Server regularly. 

During the design, we agreed in advance to the following rules(as show in table 2). 
 

Table 2 The meaning of constant name 
Constant name value function 

ERR_REQUEST 8 finding card error 

ERR_READSERIAL 9 reading series number error 

ERR_SELECTCARD 10 selecting card error 

ERR_LOADKEY 11 loading password error 

ERR_AUTHKEY 12 password  authentication error 
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Constant name value function 

ERR_READ 13 reading card error 

ERR_WRITE 14 writing card error 

ERR_NONEDLL 21 no dynamic link libraries 

ERR_DRIVERORDLL 22 dynamic link libraries or driver exception 

ERR_DRIVERNULL 23 driver error or not installation 

ERR_TIMEOUT 24 operation timed out 

ERR_TXSIZE 25 sending Number of words is not enough 

ERR_TXCRC 26 sending CRC error 

ERR_RXSIZE 27 receiving number of words is not enough 

ERR_RXCRC 28 receiving CRC error 
 

6.1 Issuing module designing 
 
Issuing sub-module is composed of PC, IC card reader and digital camera, for initiating public information of the athletes, releasing the 

card settings data, licensing and other functions. Card data generally includes athletes attribute, name, application permissions and 
encryption identification information. 

Part of the source code is shown below: 
……… 
pnlMess.Caption := 'please put on the card '; 
    edtCode.Caption := qryQuery.FieldByName('F_Code').AsString; 
    edtName.Caption := qryQuery.FieldByName('F_Name').AsString; 
    edtGender.Caption := qryQuery.FieldByName('F_Gender').AsString; 
    edtNOC.Caption := qryQuery.FieldByName('F_NOC').AsString; 
    edtSport.Caption := qryQuery.FieldByName('F_Sport').AsString; 
    if Trim(qryQuery.FieldByName('F_CardID').AsString)= '' then 
    begin 
      lblCardID.Caption := ''; 
      imgCardID.Visible := false; 
    end 
    else 
    begin 
      lblCardID.Caption := qryQuery.FieldByName('F_CardID').AsString; 
      imgCardID.Visible := true; 
……… 
Implement interface is shown in figure 9 and figure 10. 
 

 

Figure. 9 The interface of additional personnel 

 

Figure. 10 The interface of issue card 
 

6.2 Designing of athletes management module 
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Staff sub-module management will scan athlete information, such as name, event, photo into the computers to add, modify or 
delete(imported from existing files based on the actual situation) 

Part of the code in connecting to the database: 
……… 
conMain.Connected:= False; 
Str:= 'Provider=Microsoft.Jet.OLEDB.4.0;Password="";User ID=Admin;' + 
'Data Source=' + trim(edtData.Text) + ';' + 
'Mode=Share Deny None;Extended Properties="";' + 
'Jet OLEDB:System database="";Jet OLEDB:Registry Path="";' + 
'Jet OLEDB:Database Password="";Jet OLEDB:Engine Type=5;' + 
'Jet OLEDB:Database Locking Mode=1;' + 
'Jet OLEDB:Global Partial Bulk Ops=2;' + 
'Jet OLEDB:Global Bulk Transactions=1;' + 
'Jet OLEDB:New Database Password="";' + 
'Jet OLEDB:Create System Database=False;' + 
'Jet OLEDB:Encrypt Database=False;' + 
'Jet OLEDB:Don''t Copy Locale on Compact=False;' + 
'Jet OLEDB:Compact Without Replica Repair=False;Jet OLEDB:SFP=False'; 
……… 
Implement interface as shown in figure 11 and figure 12. 
 

 

Figure. 11 The interface of athletes database 
 

 

Figure. 12 The interface of modify information 
 

6.3 The design of reading card module 
 
Reader sub-module will check the attendance of the athlete and give them access control authorization. 
Part of the source code is shown below: 
case status of 
    0: begin 
         ACardID := mypiccserial[0] * mypiccserial[1] * mypiccserial[2] * mypiccserial[3]; 
         if AOldCardID <> IntToStr(ACardID) then 
         begin 
           AOldCardID := IntToStr(ACardID); 
           pnlMess.Caption := 'finding identificate card'; 
           pcdbeep(50); 
           ShowData(AOldCardID); 
         end 
       end; 
    8: pnlMess.Caption := 'waiting......'; 
    21,22,23,24: pnlMess.Caption := 'device or dll isn’t installed '; 
  else ; 
    pnlMess.Caption := 'reading exception！'; 
Implement interface is shown in figure 13. 
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Figure. 13 The interface of reading card 
 

7. Conclusions 
 

In this paper, RFID-based gatecontrol management system of sport events were studied, describing the basic composition and working 
principle of the system, combined with the actual analysis of what should be taken into consideration about the RFID-based access control 
system in the practical application, and the problems and realistic strategy, not only accumulated experience for the accreditation and 
validation of working major sports events, but also enhance the expansion of services in the entire sports venues and integration of 
applications other GPS, GIS systems to provide technical support for the city informatization construction in the long-term perspective. 
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Design of the Flow Monitoring Software of Android Phone Based on 4G Network 
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Abstract: The mobile phone network has been upgraded to 4G, and this network type has the advantage of fast Internet access, but also has 
the disadvantage of high flow cost. Aiming at realizing the flow monitoring function of 4G mobile phone, this paper studies the self-
similarity principle of the flow and the recognition algorithm of the unknown flow, designs flow monitoring software consisting of Iptables 
module and software management on this basis, and tests the flow monitoring function and flow controlling function of the software. And 
the test results show that the flow monitoring software designed in this study can well meet the needs of users. 

Keywords: flow data; pattern matching; demand analysis; monitoring module; recognition rate 

1. Introduction 

Flow monitoring is to track, detect and deal with the data packet of the network accessing in the system. [1] With the increasing 
appliance of Android mobile phones, more and more malicious flow charge appears, making mobile phone users suffer unnecessary 
economic losses. In order to prevent the loss of flow for no reason, we need to design scientific and reasonable flow monitoring software. 
Thus, this paper tries to design flow monitoring software meeting users’ demand from the aspects of the similarity principle of flow and the 
recognition algorithm of flow. 

Many scholars have studied the flow monitoring of mobile Internet terminal. Zheng Yunqing, et al[2] (2013) point out that the strategy 
of developing monitoring software in application layer is to collect the statistics of GPRS data flow in the month and the day, and the 
display to the user in real time. Zhang Yi, et al[3] (2011) propose a safe monitoring strategy of weighted behavioral characteristics, which 
can effectively block viruses, stop malicious charging, but may block the behavior of normal applications due to false judgment on some 
applications, thus giving users unnecessary trouble. Marina Thottan, et al[4] (2003) propose a network anomaly detection method based on 
MIB (Management Information Base) variable mutation analysis. Based on the findings of above scholars, this paper designs a piece of flow 
monitoring software meeting users’ demand, to provide reasonable flow usage policy for Android mobile phone users of 4G network. 

2. The self-similarity principle of the flow and the recognition algorithm of the unknown flow 

2.1 Self-similarity principle 

Flow has the characteristic of self-similarity. Self-similarity refers to that the system presents similar characteristics at different scales 
of certain measure, and its essence is a special case of system scaling behavior. However, network flow, as a complex system, also has the 
characteristic of self-similarity, and the representation is that the statistical characteristics of the data packet are not affected by time scale 
within a unit time in the long range of time. [5] Assume random time process is ( )tX . The process expresses the data amount of arrival or
departure at time t . For any real numbers 0>α , if random process ( )tXH αα − and ( )tX  have the same statistical distribution, random
process ( )tX  is statistically self-similar to parameter ( )15.0 << HH . H  is Hurst index, used to represent the self-similar degree of
system at different scales, and the larger value of H  represents higher self-similar degree of network flow. ( )tX  has the relationship shown
in Formula (1)~(3): 
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Assume that the time series nX  represents the data amount of arrival or departure at No. ( )+∈Znn  time slice, and conduct stacking on
nX . The sequence generated by stacking is ( )+∈ZnmX m

n , , which indicates that the original time series are divided into a plurality of non-
overlapping data segments of the size m . And then use Formula (4) to respectively calculate the sequences obtained from the average of
each segment, and if the statistical properties of nX and m

nX  are the same, nX  is a self-similar process. The time series generated by 
conducting stacking on original sequence can be considered as the average and compression of original sequence on the time scale, and 
stationary random time series have the relation shown in Formula (5) ~ (8). 
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The flow values obtained in the collection of actual flow data are all discrete, so discrete time series are applied to represent the 

network flow. If the discrete random sequence [6] nX  is strictly self-similar, it satisfies Formula (9) and Formula (10); if the discrete random 
sequence nX  is progressively self-similar, it satisfies Formula (9) and Formula (11) when +∞→k . If the autocorrelation function of nX  
satisfies Formula (12), the discrete random sequence nX  is called strict second-order self-similarity. If the autocorrelation function of nX  
satisfies Formula (13), the discrete random sequence nX  is called progressive second-order self-similarity[7]. 
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2.2 Recognition algorithm of the unknown flow 

 
The key of flow monitoring system is to identify the unknown flow, so this paper uses pattern matching algorithm to ensure the 

accurate recognition of the unknown flow. And pattern matching is described below. 
For the given ( )1≥qq  pattern strings (characteristic strings) ( )qi PPP ,,,,Pattern 1  , the length of pattern string are respectively 

qi LLL ,,,,1  , and there are text strings String ( )ni SSS ,,,,1   with the arbitrary length of N , and iLN ≥ . Pattern matching is to match 
pattern strings in the text string, and if any substrings in the pattern strings are matched in the text string, the substring matching is 
successful, otherwise, the matching fails. 

PM algorithm has single-PM algorithm and multiple PM algorithm, the former refers to that only one pattern string is matched after 
searching the text string once, such as BF algorithm [8], KMP algorithm [9], BM algorithm [10] and BMH algorithm [11]; the latter refers to 
that multiple pattern strings are matched after searching the text string once, such as AC algorithm[12] and AC_BM algorithm[13. This 
study applies multiple-PM algorithm and describes AC_BM algorithm. 

The realization of AC_BM pattern matching algorithm requires pretreatment and matching search. In the first step, the given pattern 
string is established into a pattern tree based on the prefix, and bad character table and good prefix table are established based on the 
calculation of pattern tree. In the second step, if there are non-matched characters, relatively use bad character table and good prefix table 
based on the adaptive characters and matched prefixes, and move the ones with long jump distance. Therefore, the realization of AC_BM 
pattern algorithm requires three steps: establishing pattern tree based on the prefix, establishing bad character table and good prefix table, 
and matching search. 

STEP1. Establish pattern tree based on the prefix: text string str[]={a b c e a b b a b e d b a b} is given, 4 pattern strings Pat[]={a b c d 
e, a b b a b, a b c e, a b a c} are respectively denoted as {P1, P2, P3, P4}, the length of pattern string are respectively L1, L2, L3, L4, and the 
shortest pattern string length is denoted as {Lk}. According to the given pattern string and referring to the principle of AC automaton[12] , 
pattern tree based on the prefix is established, as is shown in Figure 1. 

STEP2. Establish bad character table and good prefix table: the skip rule of bad characters and good prefixes can refer to Formula (14) 
and (15); as AC_BM algorithm is a multi-pattern matching, the character is corresponding to the skip distance of different bad characters 
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and good prefixes at different depths; the moving distance of pattern tree cannot exceed the minimum pattern string length min{Lk}; check 
the characters in the pattern string with the method of Formula (15) and complete the statistics of good prefixes. 

Formula (14) and (15) are moving distance equations. 
When { } ( ) ( ) 3,2,21,,

2
max

====





< abshiftdeepashiftdeepLdeep k , the skip distance of bad characters of the pattern string shown in Table 1 at 

different depths can be obtained according to Formula (14). 
 

 

Figure. 1 Pattern tree based on the prefix 
 

 ( )




<<=∀≠−
∉≠

=
jkSPPSkj

patSPSj
jshift

ikji

iji
bcbm 0 and but ,

 and 
_   (14) 

 

 ( ) ( ){ }sjPPPPPPsjshift jsjsmsjmjgsbm >≠== −−+−+  and,min 11_ 
  (15) 

 
Table 1 Distance of non-matched characters at different depths 

Depth Character 
-a 

Character 
-b 

Character 
-c 

Character 
-d 

Character 
-e 

Other 
Charactes 

deep=0 / 1 2 3 3 4 
deep=1 1 / 1 2 2 4 
deep=2 / 2 1 1 1 4 
deep=3 / 1 / / 1 4 
deep=4 1 / 1 1 / 1 

 
STEP3. Matching search: the first match is shown in Figure 2, align the terminal character of the shortest pattern string with the bottom 

character of the text string, and start the comparison from the node character of pattern root to right side. First, da ≠ , pattern tree moves 
three steps to the left according to the skip(d)=3 of bad character d , making the character d align at the d appearing the earliest in the 
pattern string. The second match is shown in Figure 3, restart the comparison from the root, "ab" characters can match, the character e fails 
in the matching at the depth of 2 of the pattern tree. According to the bad character table, when deep=2, skip(e)=1. According to the skip 
rule of good prefixes, skip (ab) = 3, longer distance skip = 3 is applied to conduct pattern tree moving. The third match is shown in Figure 4, 
the match is successful based on the successive comparison, and the output match result is abbab. 

AC_BM algorithm has the feature of AC algorithm that can match a plurality of pattern strings at one time, and also learn from the 
advantage of BM algorithm, skipping movement distance, so that it can effectively reduce the times of comparison between characters and 
improve the matching speed under the condition that most pattern strings have the same prefix. 

 

 

Figure. 2 The first match                            Figure. 3 The second match                       Figure. 4 The third match 
 

3. Analysis on the demand of software design 
 
Android phone of 4G network has fast network accessing speed and timely response. And because of this, this type of mobile phone 

will cost more flow while accessing network, often beyond the user's flow plan, resulting in unnecessary charges. Meanwhile, some 
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software of Android phone will automatically connect to network, generating a lot of flow waste. Therefore, the users’ need for scientific 
and rational phone flow monitoring software is quite strong. 

Research methods of users can refer to Figure 5, and through using user research methods shown in Figure 5 to analyze the typical 
users, we can know that the causes for users’ concern of the flow are that they use software costing two much flow and some software’s 
malicious networking. The malicious networking mentioned in this study refers to that the software connects the advertising center without 
the user's permission, downloads program package or advertisement recommended, and anonymously display them in front of the user. 
Therefore, the users’ demands for the flow monitoring software are mainly recording the flow using details, calculating the remaining flow 
and starting and stopping networking applications. 

 

 

Figure. 5 User research methods 
 
The contact between flow monitoring software and users can be divided into passive interaction and active interaction, and the 

interaction examples are shown in Figure 6. 
 

 

Figure. 6 Interaction examples of flow monitoring software (Left - Passive; Right - Active) 
 

4. Overall design and test of flow monitoring software 
 

4.1 Overall structure design 
 
The main function of flow monitoring software is to implement flow monitoring and controlling, and this monitoring and controlling 

need to realize the function of interaction with the users on the Android platform. Thus, the overall structure design of the flow monitoring 
software is shown in Figure 7. 
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Figure. 7 Overall structure design of the flow monitoring software 
 
The module controlling the flow is divided into two parts, namely Iptables module and software management, and its main function is 

to accept control commands from the user interface, transfer the commands and get the results of command execution. The basic data of 
monitoring the flow are derived from the underlying flow statistics of the system, and the observer pattern is used to provide data to various 
sides. Provide floating box in the user interface to show the current networking speed, and provide details of data record to management 
module, indirectly updating notification bar. 

The data management module can provide details of some of the flow to the user interface. Reminding logical part can get the historical 
data of the flow from the data management module and integrate current total package, surplus flow and judgment on the days, to provide 
appropriate reminding to the users. 

 
4.2 Testing environment of software  

 
All software testing in this study is conducted on real testing machines, mobile phones of Android system. In these testing machines, 

we should verify the function and the screen fittings. And the model, resolution ratio, network type and system of the testing machines are 
shown in table 2. 

 
Table 2 Basic condition of the testing machines 

No. Model Resolution Ratio Network Type System 
1 Samsung I9100 480*800 WCDMA.GSM 2.3 
2 Samsung Galaxy Ace 320*480 WCDMA.GSM 2.2 
3 Motorola milestone 2 480*854 WCDMA.GSM 2.2 
4 Motorola ME515 240*320 WCDMA.GSM 2.2 
5 Motorola XT910 540*960 WCDMA.GSM 2.3 
6 HTC One X 720*1280 WCDMA.GSM 4.0 
7 Huawei C8812 480*800 CDMA2000 4.0 
8 ZTE N880 480*800 CDMA2000 2.2 
9 HTC Dream 320*480 WCDMA.GSM 1.6 

 
4.3 Functional test and result analysis 

 
Each application program is set to have two ways to access the network, one is wifi, the other is 4G, and the network accessing mode 

set in this test is 4G. 
As is shown in Table 3, flow monitoring software can realize the detailed identification on the network application flow, and that is to 

identify the flow of different scenes of network application as the corresponding sub-agreement according to corresponding protocols and 
rules. The average application recognition rate is about 95%, and the false alarm rate is 0, which means there is no false alarm of identifying 
application A as protocol B. Experimental results show that the flow monitoring software has good flow recognition effect and can realize 
the flow classification of various network applications. 

 
Table 3 Test result statistics of flow recognition effect 

Application name Protocol name Recognition rate substantial false 
alarm rate 

Tencent QQ 
QQ_IM 95.60% 0.00% 

QQ_VoIP 90.06% 0.00% 
QQ_FileTransfer 96.90% 0.00% 

LaiWang LaiWang 92.04% 0.00% 
Skype Skype 91.20% 0.00% 

WeChat WeiXin 90.08% 0.00% 
Youku Video YouKu 96.05% 0.00% 

Popular film and television FengXingVideo 98.30% 0.00% 
PPTV PPTV 97.90% 0.00% 

Tencent Video TencentVideo 96.50% 0.00% 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                 280.6 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/280 

 

Application name Protocol name Recognition rate substantial false 
alarm rate 

PPS iqiyi video IQIYI_PPS 98.00% 0.00% 
360 Cloud Disk 360yunpan 96.70% 0.00% 

QQ cyclone QQDownload 99.00% 0.00% 
Thunder Thunder 97.06% 0.00% 
Renren Renren 96.56% 0.00% 

CITIC Securities Stock_ZhongXin 93.60% 0.00% 
QQ Mailbox Mail_QQ 95.70% 0.00% 

 
The flow rate trend of the system during the testing time is shown in Figure 8, the solid line in the figure indicates the output of system 

flow, and the dotted line indicates the input of system flow. As can be seen from Figure 8, the highest flow transmission rate exceeds 5M 
before the controlling strategy is released, but the flow rate gradually decreases to 0 at 11:11 after the controlling strategy is released. The 
test results show that the flow monitoring software can quickly control the corresponding flow after the controlling strategy is released, thus 
achieving the purpose of blocking flow. 

 

 

Figure. 8 Variation trend of flow rate during the testing time 
 
It can be known from the monitoring and controlling function of the flow monitoring software that the flow monitoring software of 

Android phone based on 4G network can perfectly satisfy the needs of users. 
 

5. Conclusions 
 
Surfing the Internet with mobile phone has been immersed in people's lives, and this application is constantly developing. The flow 

problem of the Internet surfing with mobile phone is still the main concern of the people, so that the development of flow monitoring 
software with high precision and practical value for mobile phone is urgently required. Algorithm design for flow monitoring software 
should consider both flow monitoring function and flow controlling function. As the key to flow monitoring technology is flow recognition, 
the paper focuses on the self-similarity principle of the flow and the unknown flow recognition algorithm based on AC_BM pattern. 
According to customers’ demand for software, the paper designs the structure chart of flow monitoring software consisting of Iptables 
module and software management, and tests the monitoring function of the software. The test results show that the flow monitoring software 
is qualified with good flow recognition effect and can achieve the flow classification of various network applications; can quickly control 
the corresponding flow after the controlling strategy is released, thus achieving the purpose of blocking flow. 

 
Reference 
[1] Maisonneuve N, Stevens M, Ochab B. Participatory noise pollution monitoring using mobile phones[J]. Information Polity, 2010, 15(1-

2), pp. 51-71. 
[2] Yu J J Q, Li V O K. A social spider algorithm for global optimization[J]. Applied Soft Computing, 2015, 30(C), pp. 614-627. 
[3] Zhang Y, He Y, Tang H. Research on the intelligent mobile phone security monitoring and control. TV Technology. 2011, 35(1), pp. 

122-124. 
[4] Zhao Y, Baleanu D, Cattani C, et al. Maxwell’s Equations on Cantor Sets: A Local Fractional Approach[J]. Advances in High Energy 

Physics, 2013, 2013(2013), pp. 686371. 
[5] Wu Y M,  Ning Z R, Liang E Z. Development of network self similar traffic model. Journal of Communication. 2004, 25(3), pp. 97-104. 
[6] Zhao Y, Baleanu D, Cattani C. Local fractional discrete wavelet transform for solving signals on Cantor sets. Mathematical Problems in 

Engineering. 2013, 2013(2013), pp. 1-7. 
[7] Liebeherr J, Burchard A, Ciucu F. Delay bounds in communication networks with heavy-tailed and self-similar traffic. IEEE 

Transactions on Information Theory. 2012, 58(2), pp. 97-104. 
[8] Yan F W, Huang M, Wang Z F. Detection of abnormal traffic behavior in network based on BF algorithm. Computer Engineering. 2013, 

25(7), pp. 56-60. 
[9] Zhao Y,  Cheng D F,  Yang X J. Approximation solutions for local fractional Schrödinger equation in the one-dimensional Cantorian 

system. Advances in Mathematical Physics. 2013, 2013(2013), pp. 1-8. 
[10] Zheng Y Q, Huang Q. The design and development of software automation monitoring tool based on Android platform. Computer 

Application Software. 2013, 30(2), pp. 235-238. 
[11] Zhao Y, Baleanu D, Cattani C. Mappings for special functions on Cantor sets and special integral transforms via local fractional 

operators.Abstract and Applied Analysis. 2013, 2013(2013), pp. 1-7. 
[12] Thottan M, Ji C. Anomaly detection in IP networks. IEEE Transactions on Signal Processing. 2003, 51(8), pp. 2191-2204. 

https://www.researchgate.net/publication/257990984_Local_Fractional_Discrete_Wavelet_Transform_for_Solving_Signals_on_Cantor_Sets?ev=prf_pub
https://www.researchgate.net/researcher/2028696331_De-fu_Cheng
https://www.researchgate.net/researcher/59365089_Xiao-Jun_Yang
https://www.researchgate.net/publication/255786866_Approximation_solutions_for_local_fractional_Schrdinger_equation_in_the_one-dimensional_Cantorian_system?ev=prf_pub
https://www.researchgate.net/publication/255786866_Approximation_solutions_for_local_fractional_Schrdinger_equation_in_the_one-dimensional_Cantorian_system?ev=prf_pub
https://www.researchgate.net/publication/257139389_Mappings_for_Special_Functions_on_Cantor_Sets_and_Special_Integral_Transforms_via_Local_Fractional_Operators?ev=prf_pub
https://www.researchgate.net/publication/257139389_Mappings_for_Special_Functions_on_Cantor_Sets_and_Special_Integral_Transforms_via_Local_Fractional_Operators?ev=prf_pub


 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                         281.1 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/281 

 

Novel Study on Robot Joints Errors Based on Neural Network 
 

Nianxiang Wu1, Qianjin Zhang2,Guobing Fan3,* 

 
1. Department of Mechanical and Electrical Engineering, College of Anhui National Defence Vocational Lu'an, Anhui, P. R. China 

2. Department of Information Engineering, College of Anhui National Defence Vocational Lu'an, Anhui, P. R. China 
3. Department of Basic Subjects ,Hunan University of Finance and Economics, Changsha, Hunan, P. R. China 

 
Abstract: In the 21st century, the robot plays a certain role in both daily life and industrial production. This paper aims to evaluate the types 
of robot joints errors. It first elaborates the types of robot joints errors and clarifies two characteristic indexes ΔP and ΔR. Then, it proposes 
that robot joints errors can be divided into adjustable and non-adjustable errors, establishes evaluation model of the types of robot joints 
errors by applying BP neural network, and divides the areas of the types of adjustable and non-adjustable robot joints errors. Finally, this 
paper makes reasonable proposals for different types of robot joints errors. 
 
Keywords: robot joints errors; adjustable; non-adjustable; BP neural network 
 
1. Introduction 
 

With the development of society and the advancement of technology, robot has become an important tool to replace human work. In 
daily life, the robot can free mankind from repetitive work. In industrial production, the robot can engage in work of higher risk, higher 
precision or heavy workload. Therefore, the study on robot has attracted wide attention. The study on modern robot began in World War II, 
aiming at producing radioactive and toxic materials harmful to human health. The accuracy of robot manipulation is directly related to the 
flexibility of robot joints. Factors influencing the flexibility of robot joints include joint space, transmission system design and the like, in 
which joints error is a factor that cannot be ignored. Early in the last century, people had studied the pose errors of robot, and the results 
show that the robot joints errors have randomness during operation. And calibration method cannot resolve this error. In 2003, Song Yuee 
and others explored the influence of joint space on robot motion through two-dimensional vector representation, and established the function 
relationship between joint space error and robot motion accuracy [1]. In addition, the stiffness error of joint also has some influence on the 
precision of robot motion. In 2013, Zhang Xiaoping established the mapping relation between joint stiffness and robot motion accuracy, 
providing a theoretical basis for the stiffness characteristic identification of robot [2]. This paper studies robot joints errors based on neural 
network, to provide a reasonable theoretical basis for robot design. 

 
2. Robot Joints errors 

 
There are two models of robot joints errors currently, namely MD-H model and POE model [3-7]. The application scopes of these two 

models are not the same. And the following part will explain the error characteristic indexes of MD-H model. 
Chain method is an important theoretical basis of the parameter model of robot joints errors. And the model expression is shown in 

Formula (1). 
 

 1 1( , ) (0,0, ) ( ,0,0) ( , )i
i i i i i i iT rot z tran d tran d rot xθ a− −= ⋅ ⋅ ⋅   (1) 

 

 

Figure. 1 D-H modeling of the coordinate system of robot connecting rod 
 
As can be seen from Figure 1, when the adjacent rotational axis is nearly parallel, the expression of the model is incomplete. Error 

correction is conducted, and iβ  is added as the correction coefficient, to demonstrate the additional rotation around y axis. This does not 
affect the essence of the model, and the improved model is called MD-H model, as is shown in Formula (2) [4]. 

 
 1 1( , ) (0,0, ) ( ,0,0) ( , ) ( , )i

i i i i i i i iT rot z tran d tran d rot x rot yθ a β− −= ⋅ ⋅ ⋅ ⋅    (2) 
 
Formula (2) expresses the integrity of the model, and Formula (3) expresses the versatility of the model. 
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a β θ β θ a θ a θ
a β θ β θ a θ a θ−

− + − 
 = + 
 
 

 (3) 

 
In which, ( ) sin( )s ⋅ = ⋅ , ( ) cos( )c ⋅ = ⋅ . Thus, the posture of the end of robot joints can be expressed as 
 

 11
, 1,...,6nn i

bs ii
T T i−=
= =∏  (4) 

 
Joint posture can be expressed as: 
 

 6 6( )
0 1

t t
t t

bs bs
R P

T T
 

Ω = ⋅ 
 

  (5) 

 

In which, 6 6 42 1=[ , , , , , ] , 1, 2, ,6.t t T
i i i id R p iθ a β ×Ω = ⋅⋅⋅   

Error term of each column of parameters is 
 

 
42

1 1 2 42

[ , , , ]m n j p
j j

p p p pp p p H
=

∂ ∂ ∂ ∂
∆ = − = ∆Ω = ⋅⋅⋅ ∆Ω = ∆Ω

∂Ω ∂Ω ∂Ω ∂Ω∑  (6) 
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j j

p p p pn n n H
=

∂ ∂ ∂ ∂
∆ = − = ∆Ω = ⋅⋅⋅ ∆Ω = ∆Ω

∂Ω ∂Ω ∂Ω ∂Ω∑  (7) 
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=

∂ ∂ ∂ ∂
∆ = − = ∆Ω = ⋅⋅⋅ ∆Ω = ∆Ω

∂Ω ∂Ω ∂Ω ∂Ω∑   (8) 

 
42

1 1 2 42

[ , , , ]m n j a
j j

p p p pa a a H
=

∂ ∂ ∂ ∂
∆ = − = ∆Ω = ⋅⋅⋅ ∆Ω = ∆Ω

∂Ω ∂Ω ∂Ω ∂Ω∑  (9) 

 
In the formulas, Δp and ΔR are the error functions [8-12]. When Δp and ΔR are within a certain range, the robot joints errors are 

adjustable errors; when they exceed a certain range, the robot joints errors are non-adjustable errors [13-14]. The following part will use BP 
neural network to evaluate the types of robot joints errors. 

 
3. Neural network model 

 
Neural network model originates from neurobiology. Its computational process is similar to the reaction process of neurons in 

biology.In a neural network, a number of different neurons including axon terminals can enter the dendrite of the same neurons and form a 
large quantity of synapses. Neurotransmitter released by all synapses of different sources can affect the membrane potential change of the 
same neurons. Thus, the ability of neurons’ integrated spatial information can be seen, that is, neurons on dendrites can integrate the input 
information from different sources. Based on this ability, people create artificial neuron model through simulating the reaction process of 
neurons, as is shown in Figure 2, and the symbol description of the figure is shown in Table 1. [15-16]. 

 

 

Figure. 2 The schematic of mathematical models of neurons 
 

Table 1 Symbol description of the mathematical model 
Symbol Meaning 

nxxx ,,, 21 
 Input part of neurons, the information sent by the upper level 

iθ  Threshold of neurons 
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iy  Output of neurons 

[ ]1uf  Excitation function 

 

[ ]1uf  determines the output form of threshold iθ  achievement under the combined action of input nxxx ,,, 21 
.  Figure 3 

shows the images of two excitation functions. And the model applied in this paper uses the second excitation function. 
 

 

 
Figure. 3 Typical excitation functions 

 
In the figure, 
 

 i
j

iiji xwu θ−=∑   (10) 

 
so 
 

 [ ] 







−== ∑

j
iijii wfufy θ   (11) 

 
Formula (2) is the complete mathematical model expression of individual neuron. 
 
Calculation Steps of BP  Neural Network Model 

BP  neural network is a multilayer forward network, and it uses the compute mode of minimum mean square error. When the back-

propagation algorithm is applied into multi-layer feedforward network, Sigmoid  is used as the excitation function, and the following 

steps are used to recursively solve network weight coefficient ijw . For each layer has n  neurons, the No. i  neuron of k  layer has n  

weight coefficient jnii www ,,, 21  .  In addition, one more 1+jnw  is selected to represent iθ . While inputting sample x , assume 

( )1,,,, 21 nxxxx = . 

STEP1 For ijw  assignment. Assign a relatively small non-zero random number to ijw  of each layer, and ijnw θ−=+1  at the 

same time. Since the model applies Matlab to operate, the assignment process is the random process of computer. And just because of this, 
the same program code in different operational running may generate different results. 

STEP2 Input sample value ( )1,,,, 21 nxxxx = , and the corresponding desired output value ( )1,,,, 21 nyyyy = . 

STEP3 Calculate the output of each layer, for the output ikx  of the No. i  neuron of k  layer, 

 

 [ ]k
i

k
i ufy =    (12) 

 
In which 
 

 
k
i

j

k
jij

k
i xwu θ−=∑ −1

 (13) 

 

In the formula, 11
1 =
−
+

k
nx , ( ) θ−=+1niw  

STEP4 Solve the calculation error k
id of each layer, for output layer, mk = , and 
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for other layers, 
 

 

[ , , ]

m n

R n o a

a a a

∆ = ∆ ∆ ∆

∆ = − =∑
   (15) 

 

STEP5 Correct ijw and iθ , and get 

 

 ( ) ( ) 11 −−=+ k
j

k
iijij xdtwtw η  (16) 

 
STEP6 After obtaining the weight coefficient of each layer, we can determine whether they can meet the requirements in accordance 

with the established standards. If not, return to Step 3; otherwise, end the calculation. 
 

4. Evaluation results 
 
Sample survey is conducted on the 9 processing posts of a plant. 10 industrial robots of various posts are randomly selected, error 

calculation is conducted in accordance with the error computing method mentioned in section 2, mean processing is conducted on the errors 
of each post, and the calculation results are shown in Table 2 and Table 3. 

 
Table 2 Robot joints errors (a) 

Reference number 1 2 3 4 

p∆  0.021 0.029 0.032 0.021 

R∆  0.044 0.036 0.047 0.061 
 

Table 3 robot joints errors (b) 
Reference number 1 2 3 4 5 

p∆  0.039 0.042 0.043 0.047 0.052 

R∆  0.076 0.079 0.073 0.064 0.084 
 

 

Figure. 4 BP analysis results 
 
Figure 4 is obtained by using Matlab software to write programs on the basis of the calculating steps of BP neural network. In the 

figure, "*" denotes the adjustable region of robot joints errors, and "O" denotes the non-adjustable region of robot joints errors. Comparing 
the index parameters measured with the distribution area of characteristic value can determine the type of robot joints errors. 

The existence of non-adjustable robot joints errors indicates there are problems in the design of robot joints. Designers should properly 
design parameters, and readjust the parameters once a problem of parameters appears, in order to avoid inaccurate robot motion that may 
affect the working efficiency of the robot. 

 
5. Simulation 

 
Considering the kinetic model of a joint robot system, where 
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Simulation parameters: 
 

8.9,75.8,98.8,33.13 21 ==== gqqv . 
 
The desired tracking signal is: 
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After calculation, the relative step and control step of thee robot model used in this section are 2. After using Simulink and S function 

to carry out control system simulation, the simulation results are shown in Figures 5 (a) to (d). 
Figures 5 (a) to 1 (b) show the joint angle output and its reference trajectory, Figure 5 (c) shows the error curve and Figure 1 (d) shows 

the control torque. From (a) ~ (b), it can be seen that the output curve can quickly track the reference curve. From Figure (c), it can be seen 
that the tracking error is 0, and the tracking error convergence is relatively rapid. From Figure (d), it can be seen that the control torque and 
its desired signal are basically the same, with the controller having a good effect. 
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Control torque for joint 1 and joint 2 
Figure. 5 Differential  simulation waveforms 

 
6. Conclusions 

 
This paper applies BP neural network model into the evaluation on robot joints errors, conducts data collection in the way of actual 

investigation, and objectively reflects the evaluation situation from the perspective of the data. Compared with other error evaluation 
programs, its application is wider and its operation is more convenient. Although BP neural network is widely applied in evaluation in real 
life, neural network needs to reasonably estimate the training error, for once the error estimation is unreasonable, it may generate incorrect 
results. 
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Abstract: On cloud computing intelligence of traffic congestion state big data scheduling method in the process of study, using the current 
algorithm can't reflect the vehicle running environment in various factors change, exist the problem of scheduling limitations. Is proposed 
based on an improved greedy algorithm of traffic state of cloud computing intelligence data scheduling method. First of task scheduling 
under different traffic congestion state route and schedule time for analysis, into the concept of the timeline, real-time scheduling objective 
function calculated based on the time axis, based on features of the change of the state of traffic congestion, take advantages of the 
superposition of quantum state to calculate the objective function for optimization, and on the basis of the optimized target function, 
improved greedy algorithm is used to establish big data cloud computing intelligence scheduling optimization model, implementation of 
cloud computing intelligent traffic congestion conditions big data scheduling. Simulation experiment proves that the improved greedy 
algorithm based traffic congestion state big data cloud computing intelligence scheduling high precision, high efficiency, and has good 
adaptability. 
 
Keywords: data scheduling; greedy algorithm; quantum state 
 
1. Introduction 
 

Nowadays, with the improvement of people's living standards, an increasing number of vehicles have entered people's lives, which lead 
to the rapid increase of relevant data in the transportation system and also bring great operating pressure to the cloud platform within the 
transportation system. The study on intelligent big data scheduling methods of cloud computing under the condition of traffic congestion can 
accurately analyze various factors like traffic conditions, weather, emergency situations and surrounding environment in the traffic 
congestion, eliminate the interference of external factors, and improve the efficiency of vehicle scheduling, in order to establish a high-
performance intelligent transportation system[1-4]. Intelligent big data scheduling methods of cloud computing under the condition of traffic 
congestion can effectively solve the above problems, attracting attention of a lot of experts and scholars[5-6], and also making some 
progress. 

At present, the commonly used intelligent big data scheduling methods of cloud computing include intelligent big data scheduling 
method of cloud computing under the condition of traffic congestion based on genetic algorithm, intelligent big data scheduling method of 
cloud computing under the condition of traffic congestion based on the mathematical model of Markov Decision[7-8], intelligent big data 
scheduling method of cloud computing under the condition of traffic congestion based on approximate dynamic programming algorithm[9-
10], intelligent big data scheduling method of cloud computing under the condition of traffic congestion based on artificial fish 
algorithm[11], and intelligent big data scheduling method of cloud computing under the condition of traffic congestion based on firefly 
algorithm[12-14]. Although these traditional algorithms make some progress, they still have the problems such as complex calculation, low 
scheduling accuracy and poor adaptability. 

For the above problems, this paper proposes an intelligent big data scheduling method of cloud computing under the condition of traffic 
congestion based on improved greedy algorithm. It first analyzes the scheduling routes and run time of different tasks under the condition of 
traffic congestion in detail, integrates the concept of timer shaft, calculates real-time scheduling objective function based on timer shaft, 
conducts optimization ( initial stage, real-time stage) on the objective function obtained in accordance with the change characteristics of 
traffic congestion and by using the superposition property of quantum states, applies improved greedy algorithm to establish intelligent big 
data scheduling optimization model of cloud computing under the condition of traffic congestion based on the current optimized objective 
function, and then makes a corresponding scheduling decision on the vehicles task under the condition of traffic congestion through this 
model. 

 
2. Intelligent big data scheduling principle of cloud computing under the condition of traffic congestion 

 
In the intelligent big data scheduling process of cloud computing under the condition of traffic congestion, the quantity of the task that 

the intelligent big data of cloud computing engage in cannot exceed the set maximum value, and the one-way route of the intelligent big data 
scheduling of cloud computing must be controlled within the range of the maximum range. In the case of satisfying the above conditions, 
the intelligent big data scheduling of cloud computing under the condition of traffic congestion should be conducted within a predetermined 
period of time, and the detailed steps are listed below. 

In the intelligent big data scheduling process of cloud computing under the condition of traffic congestion, suppose ( )1sl jT −   represents 
the scheduling time of intelligent big data from j  to k  in traffic congestion, ( )1sl ju −  represents the distance between the initial point j  and 
the final point k  of intelligent big data scheduling; in time period represented by sij , the intelligent big data are transferred to the 
designated location, bu  is defined as the time consumed by the transmission of intelligent big data, and ( )1sl jr −  represents the instantaneous 
time when the intelligent big data are transmitted to the final point k . Formula （1） is applied to establish the intelligent big data 
scheduling model of cloud computing under the condition of traffic congestion, to make the intelligent big data of cloud computing be 
dispatched to the target endpoint: 

 

 ( ) ( ) ( ) ( )1 1 1 1b sij Sljsl j sl j sl j sl jT u u r u T− − − −+ + ⋅ + =   (1) 

 
 

3. Intelligent big data scheduling optimization of cloud computing under the condition of traffic congestion 
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To make up the defects of using the current algorithms to conduct the intelligent big data scheduling of cloud computing under the 
condition of traffic congestion, this paper proposes an intelligent big data scheduling method of cloud computing under the condition of 
traffic congestion based on improved greedy algorithm. 

 
3.1 Real-time scheduling objective function based on timer shaft 

 
In the optimized intelligent big data scheduling process of cloud computing under the condition of traffic congestion, the paper first 

analyzes the scheduling routes and run time of different intelligent big data under the condition of traffic congestion in detail, integrates the 
concept of timer shaft, and proposes a real-time scheduling objective function based on timer shaft, and the specific steps are shown below. 

In the intelligent optimized scheduling process under the condition of traffic congestion, Formula (1) is applied to estimate the quantity 
of the intelligent big data scheduling required by completing the planned scheduling task within time period t : 
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In the formula, m  represents the quantity of the intelligent big data when all tasks are completed at time t , Q  represents the 

maximum bearing capacity of data scheduling path,  ( )uo tW  represents the number of data scheduling paths at time t , iq  represents the 
quantity of the intelligent big data of the No. i  scheduling task at time t , ∂  represents the estimation of the time constraints on the 
implementation of scheduling task. 

In the intelligent big data scheduling optimization process of cloud computing under the condition of traffic congestion, and under the 
premise of the quantity m of the intelligent big data scheduling required by completing the planned scheduling task, calculate scheduling 
decision variable and calculate the real-time scheduling objective function at time t  based on the decision variable, as is stated in Formula. 
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In the formula, ijkx  represents the minimum total cost generated by the intelligent big data scheduling at time t, and iky  represents that 

the total amount of intelligent big data carried by task k  is not greater than its maximum load. 
In the intelligent big data scheduling optimization process of cloud computing under the condition of traffic congestion, substitute the 

calculation results of Formula (3) and Formula (4), and apply Formula (5) to calculate the real-time scheduling objective function at time t : 
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In the formula, ijc  represents the cost of task scheduling from the start point i  to the final point j , Z  represents the objective 

function value of intelligent big data scheduling at time t , and ( )wupo t  represents the set of key scheduling routes, unfinished tasks and task 
distribution centers at time t . 

Based on the variation characteristics of the state of traffic congestion, the superposition property of quantum state is applied to conduct 
optimizing (initial stage, real-time stage) on real-time scheduling objective function at time t , and the specific steps are listed below. 

(1) Since under the state of traffic congestion, the intelligent data representing road condition will have certain mutations and 
fluctuations, the superposition property of quantum is applied to get the real-time scheduling objective function at time t , as is described by 
Formula (6): 

 

 ( ) 0 1 Zϕ α β= + 
  (6) 

 
In the formula, α  and β  represent the probability of the corresponding conditions occurring in the driving of vehicles, and 

ϕ represents arbitrary linear superposition state. 
(2) In accordance with the continuously updated data in the driving process of vehicles, conduct real-time optimization on the real-time 

scheduling objective function at time t , constantly update information of the task, determine whether there is a new mission requirement, 
and apply the superposition property of quantum state to search the optimal solution (initial stage, real-time stage) on the objective function 
obtained, as is described by Formula (7): 

 

 
( )

( )
( ) ( )

( )

1
,

1
,

,
,

t
m n

t
m n

m n
Z U

m n

α α
δθ

ββ

+

+

  ′′ 
 = ×  ′    

  (7) 

 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                        282.3 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/282 

 

In the formula, ( ),m n  represents the rotation direction of quantum, U  represents current optimization target value, meeting the 
condition of Z U≤ , δ  represents the fitness of quantum population, θ  represents the rotation angle of quantum, whose role can control 
the convergence speed of optimization, and 1t +  represents the binding force of execution time on the scheduling task of intelligent data. 

 
3.2 The building of optimized intelligent scheduling model under the condition of traffic congestion 

 
Based on the objective function optimized in section 3.1, improved greedy algorithm is applied to establish intelligent big data 

scheduling optimization model of cloud computing, to realize intelligent big data scheduling of cloud computing under the condition of 
traffic congestion, and the specific steps are listed below. 

(1) Based on optimized real-time scheduling objective function Z , integrate improved greedy algorithm, calculate the expected 
shortest time of scheduling task completion of each intelligent datum, and rank the assigned task of each scheduling path according to the 
task execution time, as is described in Formula (8): 

 

 ( )/i iZ P k p= × ∑  (8) 

 
In the formula, ip  indicates that in all intelligent big data scheduling plans i , ip  intelligent big data are not included into the 

scheduling plans, p  represents penalty parameter, and ik  represents the fitness of the individual i . 
(2) Assume M  represents the size of population size, and iF  represents the value function in the optimized intelligent big data 

scheduling process under the condition of traffic congestion, we can calculate the expected survival number of all individuals in the 
representing group in the group of next generation, which is described by Formula (9): 
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i i iN M k F= ⋅ ∑   (9) 

 
The integer part of iN  is expressed as iN   , and descending sort is conducted on the size of intelligent data of executing scheduling 

task according to the fractional part of iN . In the sorting, the first 
1

M

i i
i

N M N
=

= −   ∑  intelligent data scheduling individuals are added to the group 
of next generation, to determine the M  individuals of the group of next generation; 

(3) Define the longest execution time of task executing vehicles as the execution time of overall scheduling; 
(4) Assume T  represents the execution time of overall scheduling, apply Formula (10) to establish intelligent big data scheduling 

optimization model under the condition of traffic congestion: 
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4. Simulation results and analysis 

 
To demonstrate the efficiency of the intelligent big data scheduling method under the condition of traffic congestion based on improved 

greedy algorithm, simulation experiment is conducted for verification. In the simulation experiment, the operating system is Windows XP, 
CPU is 2.8MHZ, internal storage is 8GB, JAVA programming language is applied, and MATLAB is used to build the simulation platform 
of intelligent scheduling virtual experiment under the condition of traffic congestion, to verify the performance of the task scheduling paths, 
task scheduling efficiency and task scheduling error of intelligent big data under the improved algorithm of this paper. 

 
4.1 Task scheduling paths comparison of intelligent big data under different algorithms  
 

Traditional algorithm and improved algorithm are respectively used to conduct simulation experiment on the intelligent big data 
scheduling under the congested state, and the task scheduling paths of different algorithms are recorded and plotted as Figure 1 and Figure 2 
for comparison. 

 

 

Figure. 1 Paths selection of traditional algorithm 
 

 

Figure. 2 Paths selection of improved algorithm 
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It can be known by analyzing Figure 1 and Figure 2 that the intelligent big data scheduling path conducted by the traditional algorithm 
under the condition of traffic congestion is complex, and  local part appears repeated scheduling error, which reduce vehicle operating aging 
and affect the efficiency and accuracy of vehicle scheduling; in the intelligent big data scheduling conducted by the improved algorithm 
under the condition of traffic congestion, the design of scheduling path is accurate, and the path is short, indicating the task scheduling 
efficiency of improved algorithm is obviously superior than that of traditional methods. 

 
4.2 Task scheduling efficiency comparison of intelligent big data under different algorithms 

 
Traditional algorithm and improved algorithm are respectively used to conduct intelligent scheduling experiment under the condition of 

traffic congestion, and the scheduling efficiencies of different algorithms are compared, to measure the effectiveness of these two kinds of 
scheduling algorithms,and the results are shown in Table 1. 

 
Table 1 Scheduling efficiency comparison of different algorithms 

Task 
Number 

Scheduling Efficiency of 
Traditional Algorithm（%） 

Scheduling Efficiency of 
Improved Algorithm（%） 

1 85 97 
2 83 97 
3 80 95 
4 84 96 
5 81 98 
6 85 96 
7 82 95 
8 85 96 
9 80 98 

10 82 97 
 

4.3 Task scheduling error comparison of intelligent big data under different algorithms 
 
Traditional algorithm and improved algorithm are respectively used to conduct intelligent scheduling experiment under the condition of 

traffic congestion, the scheduling errors of different algorithms are compared, and the results are shown in Table 2. 
 

Table 2 Scheduling error comparison of different algorithms 
Vehicle 
Number 

Scheduling Error of 
Traditional Algorithm（%） 

Scheduling Error of 
Improved Algorithm（%） 

1 0.8 0.02 
2 0.9 0.01 
3 0.8 0.04 
4 1.0 0.02 
5 0.8 0.03 
6 0.8 0.04 
7 0.8 0.02 
8 0.8 0.03 
9 0.9 0.02 

10 0.9 0.01 
 
It can be obtained from the analysis on Table 1 and Table 2 that using improved algorithm to conduct intelligent big data scheduling of 

cloud computing under the condition of traffic congestion can greatly enhance the efficiency of scheduling and also can control the 
scheduling error within a small range. 

 
4.4 Total task scheduling cost of intelligent big data under different algorithms 

 
To further verify the performance of improved algorithm in this paper, in different experimental times, the total task scheduling costs of 

the intelligent big data under the traditional algorithm and improved algorithm are compared, and the results are shown in Table 3. 
 

Tab. 3 Total task scheduling costs comparison of intelligent big data under different algorithms 
Number of 

Experiments 
Algorithm of This 

aper/*104J 
Traditional Genetic 
Algorithm /*104J 

1 3.5 5.9 
2 2.9 6.7 
3 3.4 6.4 
4 3.7 7.4 
5 3.4 6.9 
6 3.6 6.6 
7 3.9 6.5 
8 4.1 6.8 
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Table 3 shows that under different experimental times, the average of the total task scheduling cost of intelligent big data conducted by 
the improved algorithm in this paper is about 3.56*104J, while the average of the total task scheduling cost of intelligent big data conducted 
by the traditional genetic algorithm is about 6.65*104J, which is much higher than that of the improved algorithm, indicating the improved 
algorithm in this paper can save the total cost of the system in the task scheduling of intelligent big data and avoid the waste of data 
resources. 

The simulation experiment shows that the improved algorithm has advantages of good coordination, intelligence and timeliness, and 
precisely realizes the intelligent big data scheduling of cloud computing under the condition of traffic congestion. 

 
5. Conclusion 

 
For the defects of applying traditional algorithms to conduct intelligent big data scheduling of cloud computing under the condition of 

traffic congestion, this paper proposes an intelligent big data scheduling method of cloud computing under the condition of traffic 
congestion based on improved greedy algorithm, and the simulation experiment shows that the intelligent big data scheduling of cloud 
computing under the condition of traffic congestion based on improved greedy algorithm is qualified with high accuracy, high efficiency 
and good adaptability. 
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Abstract: The high reliability, the high precision and the high speed of computers as well as the repeatability of results have organically 
combined with the intelligent abstraction ability of human vision. This new technology has played a positive role in liberating the human 
labor and improving the productivity levels, which has a broad prospect to improve the living standards of human beings. Therefore, a 
research program for computer image pre-processing and pattern recognition has been designed in this paper. Through the comparative 
analysis of traditional image pre-processing program, the filtering scheme with the combination of median filtering and morphological 
filtering has been employed to overcome the influence of image edge damage on boundary operators and solve the problem that the high-
intensity noise can not be removed. At the same time, the fusion algorithm with the combination of roof edge direction detection and step 
edge direction detection has been designed to improve the accuracy of image recognition and the performance of computers.And 
establishing a detection algorithm to rapidly extract image data, constructing an automatic identification system and improving the 
environmental adaptability of the system are the most effective measures to improve the key techniques of the system. Finally, based on the 
main factors affecting the accuracy of the detection system obtained, the parameters of various factors are optimized, and then MATLAB is 
applied to conduct analogue simulation. 
 
Keywords: image pre-processing; pattern recognition; fusion algorithm 
 
1. Introduction 
 

The computer vision technology refers to the technology designed by people to stimulate or reproduce some intelligent behaviors 
related to human vision in computer environment[1], such as the three-dimensional surface shape of object, the distance and speed, the 
satellite photo transmission, the image pattern recognition, the image communication and the handwriting recognition as well as the printed 
text recognition. For the vision system that stimulates the higher power, the recognition of categories and shapes of objects is very 
important[2]. As the raw information of computer vision processing is more images, the image pre-processing has played a vital role in the 
development of computer vision technology. 

The image pre-processing mainly refers to the conversion of images. The images are processed to improve the vision effect. For the 
image processing of computers, there have been some researches. For example, Wu Xinfeng[3] has employed the image smoothing 
algorithm, the histogram production algorithm, the equalization algorithm and the convolution filtering calculation in the study of digital 
image processing algorithm; these algorithms are operated through running CUDA and finally verified through the specific experiments[4]; 
for the continuous single-pixel border reality completely segmentation problem, Yin Yinghai[5] has employed the compound contour 
recognition technology and the courier threshold method in the image segmentation process; the threshold method to automatically find the 
gray histogram without human intervention has been realized, which has played a promoting role in improving the image segmentation 
speed and the automation levels; however, there are still some problems in eliminating the noise in image pre-processing and improving the 
image recognition speed and accuracy. 

Based on the previous studies, the computer image pre-processing technology and the pattern recognition technology have been further 
analyzed in this paper. Through reviewing literatures, the traditional methods have been effectively integrated to make up for the 
shortcomings of a single algorithm, which also provides a theoretical solution for the problems in computer image pre-processing. 

 
2. Image pre-processing and pattern recognition 

 
Due to the influence of collector and surrounding environment, the images will contain a variety of noise in acquisition process[6]. In 

order to improve the recognition speed of images, extract the geometric features of images and improve the accuracy, it is required to 
eliminate the influence of noises. Therefore, the filtering and the edge detection must be conducted the image pre-processing. 

 
2.1 Median filtering 

 
The image smoothing or filtering operation usually refers to eliminate the noise components in image. Generally speaking, the signal 

energy of images is concentrated in low and medium frequency[7]. And it will be easily ignored in high frequency[8]. Therefore, a filter that 
can reduce the high-frequency amplitude is of great significance to decrease the noise. Under the conditions that the original image 
information is not damaged and the image vision effect is enhanced, it is required to extract the image feature as the characteristic pattern of 
image recognition and eliminate the noise influence in image digitization[9]. 

There are some filtering processing methods, mainly including the spatial domain method and the frequency domain method. The 
spatial domain method is a direct filtering method that calculates the gray degree of processed images[10]. It contains the median filtering 
method, the selective masking method and the gradient inverse weighting method. In this paper, the median filtering method is adopted. 

The method that a moving window is extracted to move from top to bottom and from left to right in images is called the one-
dimensional median filtering. This moving window contains an odd number of pixels. The median value replaces the gray degree of center 
pixel and it is considered as the output of median filtering. 

Assuming that{ }y ,i i z∈  represents the one-dimensional sequence of number, the set of natural numbers is z  and the median 

value of window length n is: 
 

 ( , , , )i i i v i i vn
X MedY Med Y Y Y− += =     (1) 
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In which , (n 1) / 2i z v∈ = − . 
The important properties of median filtering are that the signal spectrum after median filtering is basically unchanged and setting that 

the constant is c , then: 
 

 { } { }jk jkMed CF CMed F=  (2) 

 

 { } { }jk jkMed C F C Med F+ = +  (3) 

 

 { } { } { }jk jk jk jkMed F f Med F Med f+ ≠ +   (4) 

 
The median filtering has a smaller impact on the ramp signals and the discrete step signals. The top of trigonometric function is easily 

flattened. Several discrete pulses that equal to half length of small windows are easily smoothed. 
Through employing this method, it can be obtained that when the median filtering selects large windows, although the noise 

elimination has received a certain inhibiting effect, the average effect is strong and the edge information has suffered a certain loss. The field 
average method easily causes the blurring phenomenon for edges so that the detection of image edge in later stage will be affected. 
Therefore, the compound method with the combination of morphological filtering algorithm and the median filtering algorithm has been 
employed in this paper to detect the edges and eliminate the noises. 

 
2.2 Fusion algorithm 

 
In the morphological filtering algorithm, the closing operation has a filtering effect on original images and the dark details of original 

images will be filled up. The opening operation has a smoothing effect on original images and the cleaning effect on bright portions of 
original image edges can be realized[11]. Therefore, it is an optimal choice to eliminate the noises of original images through employing the 
method with the combination of opening operation and closing operation. 

The combination of morphological algorithm and median filtering algorithm can create a fusion filtering algorithm. First of all, it is 
required to select a morphological filtering of alternating sequence of structural element with gradually increased width. And it is also 
necessary to choose a morphological algorithm that can open and close the iteration of CCD gray images[12]. Afterwards, the calculation 
results should be conducted the median filtering processing and the final results are the gray values of each pixel. 

In order to maintain the matching degree between target image and structural elements, it is required to eliminate the structural 
elements with fixed size. Meanwhile, it is necessary to select the incremental filtering according to the procedure, which can reduce the 
number of operations and make the effect become better. 

In the process of morphological filtering, as most of noises in images are consistent with the sizes of structural elements, part of noises 
can not be eliminated. The introduction of median filtering can eliminate the high-intensity noises without changing the original forms of 
images. 

Thus, it can be seen that the noises of positive and negative pulses can be completely cleaned if the selection of structural elements is 
within a reasonable range, which can not be realized by other single algorithm. 

 
2.3 Edge detection program of images 

 
The computer vision processing can extract the invariant values from a large amount of unrelated variables, thereby simplifying the 

information. The changes of pipelines can affect the appearance, but there is no change to the edges. Therefore, this invariance is the most 
important property in edge detection application. The traditional edge detection includes the wavelet multi-scale edge detection, the 
statistical methods, the zero crossing point of second derivative and the maximum value of detection gradient. Therefore, the edge detection 
is mainly divided into two categories: step edge detection and roof edge detection. In this paper, the edge detection method with the 
combination of step edge detection and roof edge detection is adopted. 

 
3. Step edge detection method 

 
As the step edge detection method mainly employs Candy operator, the edge detection operator of one-order differential will be firstly 

introduced. 
Two regions with different strengths can be transferred to the local edges of images. On the boundary of these edges, there exists the 

maximum changing rate of gray degree of images. Therefore, it is required to use gradient operator to estimate the gradient direction of gray 
changing so that the changing areas of images can be enhanced. Afterwards, it is necessary to calculate the gradient threshold value of edge. 
Through the comparison between calculation results and some given threshold, it can be concluded that if the given threshold is less than the 
gradient value, an edge will exist. Then, the edge pixels should be linked to form a closed curve of surrounding area. 

The most basic method in image edge detection is the one-order differential. The gradient f∇ refers to the number and the direction 
of gray with the fastest changing rate. 

 

 ( , )f ff
x y
∂ ∂

∇ =
∂ ∂

 (5) 

 
The direction and the size of gradient is primarily through: 
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 1tan
f

y
f

x
ϕ −

∂ 
∂ =  ∂ ∂ 

     (6) 

 

 2 2( ) ( )f ff
x y
∂ ∂

∇ = +
∂ ∂

     (7) 

 
Therefore, the most basic edge detection operator approximates the gradient operator through the horizontal and vertical difference of 

images. 
 

 (f(x, y) f(x 1, y), f(x, y) f(x, y 1))f∇ = − − − −    (8) 
 
In the process of searching edges, the basic method is to calculate each pixel to obtain the corresponding vector; then, the absolute 

value can be got; lastly, the threshold operation will be conducted to get Roberts operator. 
 

 2 2R(i, j) [f(i, j) f(i 1, j 1)] [f(i, j 1) f(i 1, j)]= − + + + + − +   (9) 

 
However, this operator has some deficiencies, so Canny algorithm is employed in this paper. the main purpose is to make certain 

assumptions for filter and signals and use the numerical method to get the optimal filter. 
Canny criterion of edge detection.Assuming that the finite impulse response of filter is (x), x [ w, w]f ∈ − , if the curve of 

detected edge is (x)G , the noise of zero edge in 0x = is (x)n . 
There exists the corresponding low frequency at the same edge.The distance between two adjacent maxima of output signals is twice 

the distance of zero crossing, so the distance between two corresponding peak values of filter can be approximated to the response length of 
edge points of filter. After filtering the function g , the distance between adjacent zero crossing points in output signals of  Gaussian noise 
is: 

 

 

1
2(0)y

(0)ave
R

R
π
 −

≈  ′′ 
 (10) 

 

Among them,
00 2

00
(0) ( )dR g y y

+

−
= ∫ ,

00 2

00
(0) ( )dR g y y

+

−
′′ ′= ∫ . 

When ( )f y is filtered, the distance between two adjacent big values of noise is: 
200 2

00
00 2

00

( )d
2

( )d
ave

f y y
y KU

f y y

+

−
+

−

 ′
 =   ′′ 
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∫



.In which the half-width of ( )f y  of filter isU . 

Within the region with 2U length, the expectations for maximum value is: 
 

 
max

2 2 2
n

U UN
y kU k

= = =    (11) 

 
According to the above formula, it is obvious that if k is fixed, the number of maximum value in long region will be unchanged.If the 

position of detected edge is 0y , then when ( ) ( )G nH y H y+ can get the maximum value at 0y , 

 

 0 0( ) ( ) 0n GH y H y′ ′+ =     (12) 

 

when ( )GH y  can get the maximum value at 0y , 0( ) 0nH y′ = . 

Combining with the above formulas, then 
 

 2
0 0 0 0( ) (0)6 (0) ( ) (0)n G G GH y H H y y H y′ ′ ′′ ′′= + +Ο ≈    (13) 

 
That is, 
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 0 0(0) ( )G nH y H y′′ ′= −     (14) 

 

 

2 22
02 0

0 2

( )d[( ( )) ]( )
( (0)) ( ) ( )d

w

n w
w

G
w

n f y yE H yE y
H G y f y y

−

−

′′
= =

′′  ′ ′−  

∫
∫

  (15) 

 

The expectation of y is ( )E y , if the value of 0y is smaller, the positioning will be more accurate. Therefore, the positioning 

criterion can be expressed as: 
 

 
2

0

( ) ( )d
( )

( )d

w

w
w

w

G y f y y
Loc f

n f y y

−

−

′ ′−
=

′

∫
∫

   (16) 

Then, when the following formula reaches the maximum value, the target function ( )f y  can be obtained: 
 

 
2 2

0 0

( ) ( )d ( ) ( )d
(f)

( )dy (y)dy

w w

w w

w w

w w

G y f y y G y f y y
J

n f y n f

− −

− −

′ ′ ′− −
=

   ′ ′      

∫ ∫

∫ ∫
   (17) 

 
The good detection result refers that the situations such that non-edges are detected as edges and edges are not detected have the lowest 

probability to be appeared. As this two probabilities will be decreased with the increase of noise ratio, this criterion is to seek the maximum 
value of noise ratio of image edge points after detection. 

The response of image signals at edge points after ( )f y filtering is: 
 

 ( y) f(y)dy
w

G w
H G

−
= −∫   (18) 

 
The square root of corresponding noise response is: 
 

 0 ( y)dy
w

G w
H n G

−
= −∫   (19) 

 

In this formula, the mean square of noise amplitude per unit length can be expressed as 2
0n .Thus, the mathematical expression of 

Canny under this criterion is: 
 

 1
22

0

( ) f(y)dy
(f)

f (y)dy

w

wG

wn

w

G yHSNR
H

n

−

−

−
= =

 
  

∫

∫
  (20) 

 
Optimal edge detection filter solution under Canny criterion.Generally speaking, it is given that the generic function does not exist the 

compact form of optimal points, but it can be discrete. If the edge ( )G y of amplitude A is step signal, the two criterion expressions in 
Canny criterion can be written as: 

 

 1
20 2

f(y)dy
(f)

f (y)dy

w

w

w

w

ASNR
n

−

−

= =
 
  

∫

∫
   (21) 
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For the size of changed f , assuming that f (y) f(y/ w)w = , it can be obtained that: 

 

 (f ) (f)wSNR wSNR=     (23) 

 

 (f ) (f)wLoc wLoc=   (24) 

 
The signal ratio can be improved when increasing the width of filter, but the corresponding positioning criterion will be reduced. The 

final product criterion is a fixed formula: 
 

 

0

1 220 02
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w
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w
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 (25) 

 
Based on this, J(f) can be simplified: 
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1 222
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   (26) 

 
The derived function of two-dimensional Gaussian function can be considered as the filter under two-dimensional conditions. As the 

convolution and the derivation can be combined with each other, the Gaussian function can be derived after being filtered: 
 

 * *(x, y) ( G(x, y)) (x, y) ( G(x, y) ) (x, y)H I I= ∇ = ∇   (27) 

 
The edge strength of images can be estimated by the gradient value at the position of pixel after the Gaussian filter being smoothed. 

This gradient can use the directional derivative of binary function *G(x) (x)I in two orthogonal directions to obtain Edge Strength: 

 

 

2 2
* * *

1 2

(G ) G GI I I
n n

    ∂ ∂
 ∇ = +   ∂ ∂     

 

 (28) 

 
The corresponding edge direction can use the formula: 
 

 

*
* *

1*
1 2

(G ) G G
(G )

In I n I n
n nI

   ∇ ∂ ∂
= = +   ∂ ∂∇    

  

   (29) 

Finally, the threshold operation is employed to detect the local maxima to get the corresponding detection results. 
Based on double thresholds technology and multi-scale techniques, Canny designs an edge detection algorithm.In order to eliminate the 

influence of noise, 2D Gaussian filtering template is employed for convolution, which is shown as follows: 
 

 

Figure. 1 Approximation template of Gaussian filter when =1.4σ  
 

The gray directional partial derivative ( , )x yG G of images can be obtained through using derivative operator, and the corresponding 

gradient is: 
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 2 2G x yG G= +   (30) 

 
The corresponding gradient direction is: 
 

 tan x

y

GArc
G

ϕ
 

=   
 

   (31) 

 
Through the obtained edge direction, the adjacent pixel of this pixel in gradient direction can be got;If a gradient direction is not the 

biggest through comparing with the restored value of two pixels before and after gray value in images, the value of this pixel can be set as 0 
and it is not the edge;Two threshold values can be obtained through using cumulative histogram. If the detection result is less than the upper 
threshold but greater than the lower threshold, it is required to find the edge pixel in adjacent pixels that is less than upper threshold. If there 
exists, it will be the edge, or else not the edge. 

 
4. Roof edge detection method 

 
The roof edge refers to the turning point of gray value from decrease to increase or from increase to decrease. In practice, it is required 

to consider the scale to determine an edge as roof edge or step edge. That is the edge under large scale maybe the roof edge and the edge 
under small scale maybe the step edge. Therefore, the multi-scale roof edge detection based on dyadic wavelet transform has been proposed 
in this paper to detect the roof edges. 

Mallat proposes a non-orthogonal dyadic wavelet algorithm, the basic wavelet and the smoothing function: 
 

 
2 1sin( / 2)( )

/ 2

nωψ ω
ω

+
 =   

 (32) 

 

 
2 1sin( / 4)( )

/ 4

n

i ωψ ω ω
ω

+
 =   

  (33) 

 
In order to simplify the calculation, the two formulas should meet 1n = . 
The two formulas are represented by frequency domain. The important feature of wavelet transform is to conduct the differential after 

being smoothed. Based on two-dimensional diagram, two wavelet components in vertical and horizontal directions can be obtained which 
approximate the edge detector of Canny. The zero crossing point of its module is the roof edge. The wavelet transform has fast calculation 
speed and it is easy to be understood. 

Determination of roof edge detection direction.Assuming that the wavelet transform values of a point (x, y) in vertical and horizontal 

directions under the j  binary wavelet scale are 2 (x, y)xw and 2 (x, y)yw , the smoothing component is 2 (x, y)s , and thus: 

 

 2
2

(x, y)(x, y)x sw
x

∂
=

∂
 (34) 

 

 2
2

(x, y)(x, y)y sw
y

∂
=

∂
   (35) 

 
In the angle ϕ of horizontal direction, one-order derivative: 
 

 2 2 2(x, y, ) (x, y)sin (x, y)cosx yD w wϕ ϕ ϕ= +   (36) 

 
If the detected derivative in a certain direction represents the zero crossing, this point is the roof edge. The direction and the curvature 

of roof edge are analyzed as follows. 
If the point (x, y) in image is the edge point of roof, the corresponding gray value is P(x, y) . Then, the maximum curvature 

direction of roof is: 
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The maximum curvature is: 
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And 
 

 
2 2(x, y) (x, y)P PI

x y y x
∂ ∂

= +
∂ ∂ ∂ ∂

  (38) 

 

 
2 2
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(x, y) (x, y)P PJ
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2 2
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x y

∂ ∂
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∂ ∂
   (40) 

 
Based on the continuous feature of wavelet transform in arbitrary scales, a point with tiny module must be between two modulus 

maxima in the direction of tiny module and maximum curvature. Thus, it is possible to naturally select the region between two modulus 
maxima that is considered as the coverage scope of roof edge. 

Establishing a detection algorithm to rapidly extract image data helps improve the efficiency and simplicity of detection system 
operation, constructing an automatic identification system can improve the convenience and accuracy of detection system operation, and 
improving the environmental adaptability of the system can also greatly improve the accuracy of the detection system. After the main factors 
affecting the accuracy of the detection system are obtained, the parameters of various factors are optimized, and then MATLAB is applied to 
conduct analogue simulation. Taking porcelain bottle recognition and contour processing of high-voltage overhead line as an example, this 
paper analyzes the application effect of computer image processing and detection technology by comparing the image before and after 
computer image processing, and the comparison charts are shown as follows. 

 

 

Figure. 2 Initial image of porcelain bottle 
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Figure. 3 Binary image of the porcelain bottle after processing 
 

 

Figure. 4 Image after morphology processing 
 

 

Figure. 5 Image after the processing of insulator positioning morphology 
 
It can be observed from the contrast of Figure 5-8 that the accuracy of the image recognition of computer image processing technology 

based on optimized genetic algorithm has been greatly improved, and the processing of the original image outline collected of porcelain 
bottle and the system of calculation positioning also have reached technical requirements. 

 
5. Conclusions 

 
In this paper, the computer image pre-processing and pattern recognition have been studied. Based on the researches about computer 

image pre-processing at home and abroad, the computer image pre-processing algorithms such as image filtering and edge detection have 
been analyzed. The main contents are as follows: 

Through the analysis of the traditional point filtering and morphological filtering, the filtering method with the combination of median 
filtering and morphological filtering has been design. This method has solved the problem that the high-intensity noise can not be eliminated 
because most of the noise is inconsistent with the size of structural elements. At the same time, the adverse influence of image edge damage 
on edge operator produced by point filtering has been also overcome. 

According to the characteristics of edge detection, the method with the combination of roof edge detection and step edge detection has 
been designed to determine the edge program of foreign bodies. Based on the research of one-order differential edge operator, the roof edge 
algorithm and the step edge algorithm have been proposed. The roof edge detection employs the multi-scale roof edge detection method of 
the dyadic wavelet transform and the obtained results are more accurate by using this fusion algorithm. 
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Abstract: With the rapid development of computer and network technology, the pattern classification technology is widely applied in the 
field of artificial intelligence, this paper introduces the radial basis function neural network (RBFNN) and local generalization error model. 
Since the expressions of the model's results contain integral operation, so  the computation is of high complexity. And we can only apply it 
in the RBFNN's structure selection problem under the condition that the  characteristics dimension of the sample is large. . In this paper, we 
give a heuristic method to training RBFNN based on local generalization error model, we can apply the method no matter when the 
characteristics dimension of the sample is large or not too large. At last, we apply the heuristic method in the brain CT image data, the 
experiment shows that computation time and the training precision are very satisfying. 
 
Keywords: localized generalization error model (LGEM); radial basis function neural network (RBFNN); a greedy algorithm; pattern 
classification; computation complexity 
 
1. Introduction 
 

Pattern classification technology is widely applied in the field of artificial intelligence, which can be seen as a learning process.It 
summarizes and extracts information from the known sample to get the classifier. And we could predict the category of the unknown sample. 

Among the pattern classification techniques, artificial neural network is the most commonly used method which is composed of simple 
signal processing units, which can be viewed as a parallel distribution information processor. RBF neural network is a multilayer type in 
multilayer feed-forward neural network. It has the ability to approximate any smooth input/output mapping. RBF neural network has the 
advantages of the fast training speed. More and more people pay attention to it and recognize it. 

Generalization ability is the right ability of classification which is resulted from the training of neural network in the unknown sample. 
For the pattern classification problems, it is one of the most important indicator to evaluate the performance of neural network. The general 
learning algorithm target is to minimize the training error on the known sample set, but in fact, the ultimate goal of our training network is to 
classify the unknown sample. So how to minimize the generalization error should be our learning goals. 

Neural network sensitivity is one of the important parameters of the neural network. The sensitivity of the neural network shows that 
the degree of the neural network output changes with the input changes. Its processing method is usually to input a small amount of 
disturbance into the network, and then measure the changes of the network output, so we can determine the output sensitivity to the input 
changes, thus to guide the network design, enhance the anti-jamming capability of the network and measure network's performance. 

Local generalization error model was put forward by Wu Yongxian (Wing W.Y. Ng) et al. , the model shows the relationship between 
trained classifier's local generalization ability and experience error and random input sensitivity. It gives classifier the upper bound of the 
generalization ability in the local domain. So how to better use the upper bound to design the classifier is a question worth discussing. 

 
2. Rbfnn 
 
2.1 Topological structure of the RBFNN 

 
Radial basis function (RBF) neural network is composed of input layer, hidden layer (radial basis layer), and the linear output layer, its 

topology structure is as shown in Figure 1 
 

 

Figure. 1 Radial basis function (RBF) neural network 
 
When the hidden layer neurons is gaussian function, the neuron output can be expressed by the following mathematical form: 
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And j neuron's output layer of the radial basis function (RBF) neural network can be expressed as: 
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In order to get a specific RBFNN, we need to identify the parameters, such as: (1) The number of radial basis function is K  ; (2) Each 

center of radial basis function is ic ; (3) The width of the radial basis function is 2
iσ ; (4) The weights ijw . 

 
2.2 RBF neural network training method 
 
The number of radial basis function in the radial basis function (RBF) neural network is usually for sure. When the number is 

determined, we can use gradient descent algorithm for training to calculate the weights of the radial basis function network's hidden layer to 
output layer , each center of the radial basis function and the width of the radial basis function. 

In the first stage, we get the parameter through training by gradient descent algorithm , but the gradient descent algorithm is easy to fall 
into local minimum points, and the training speed is slow. In 1989, the scholars Moody and Darken have given the two-phase training 
method. The method uses heuristic k - means clustering method to determine the center and the width of each radial basis function, and 
through the global optimal method, to determine the weight. 

Based on the network resulted from the first two stages, we use gradient descent algorithm of training in the first phase and adjust all 
parameters of network at the same time, including center, breadth, and weight. We use the gradient descent algorithm at last, because in the 
first stage, various parameters are determined in a heuristic way, so the last step played a role of fine-tuning optimization. 

 
3. A heuristic algorithm based on localized generalization error model to construct rbfnn 

 
3.1 Localized generalization error model theory 

 

The ultimate goal of pattern classification problems is to find fθ  , and to make it classify the unknown samples as much as possible, 

generalization ability can be presented through this equation : 
 

 
2

\
( ( ) ( )) ( )gen T D

R f F p dθ= −∫ x x x x     (3) 

 
In this equation, T stands for the whole space, x represents the vector quantity of the samples in the whole space \T D , ( )p x stands 

for the probability density function of the sample x in the whole space. 
Because the output of the objective function of unknown sample and its probability distribution in whole space is unknown, so the 

expression genR  cannot be calculated directly. W.W.Y. Ng used the local generalization error model to solve the problem, he ignored the 
error caused by the unknown sample which is far away from the training sample , and then get the upper bound of local generalization error, 
and then use the classifier's upper bound of the generalization ability in the local domain as a criteria to evaluate classifier. For this, W.W.Y. 
Ng Q has given the concept of neighborhood. 

[ definition: neighborhood iQ ] 

Each sample point i D∈x  of training set D   in the iQ  neighborhood ( )
iQ iS x  can be expressed as: 

 

 { }( ) ; , 1
iQ i i k iS x Q k n= = + ∆ ∆ ≤ =x x x x x 

 (4) 

 

iQ is a given real Number, ( )1,..., nx x∆ = ∆ ∆ Tx and n is the dimension of the sample space. 

In the pattern classification problems, we usually do not have the prior knowledge of the samples distributing in the whole space. We 
can recognize that the unknown sample have the same chance to appear, so the appearing chances of∆x in the neighborhood ( )Q iS x may 
be regarded as equally distributed random variable obeying to mean value of 0. 

Then all the neighborhood iQ and sets of the sample ( )
iQ iS x consist the local domain, which can be represented as: 

 

 ( )
1

i

N

Q Q i
i

S S
=

= x


  (5) 

 
According to the concept of neighborhood Q , we can get a local generalization error expressions: 
 

 
2( ) ( ( ) ( )) ( )

Q
SM S

R Q f F p dθ= −∫ x x x x  (6) 

 
Formula (6) expresses the error caused by the unknown sample which is near to the training sample in the whole space, which is shown 

in Figure 2.We only consider the error caused by the unknown sample in the shadow, without considering the error outside of the shadow, 
which is caused by the unknown sample far away from the shadow, so we can try to find the bound of local generalization error rather than 
looking for bound of the global generalization error. 
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Figure. 2 The local domain of local generalization error model 
 
The basic idea of the Local generalization error model is to define a iQ neighborhood ( )

iQ bS x for each sample bx , we put all the 

sample of the neighborhood Q and set ( )
1

i

N

Q Q i
i

S S
=

= x


as the local domain to discuss the classifier's generalization ability. 

W.W.Y. Ng has given the upper bound ( )*
SMR Q  of the ( )SMR Q ,and use the upper bound as criteria to evaluate the classifiers.We 

think that the smaller the ( )*
SMR Q  is, correspondingly the classifier is better. Based on some assumptions, according to the Hoeffding 

inequality, we could get the following conclusions: 
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 (7) 

 
( ) ( )by f fθ θ∆ = −x x  

 

( )2

1

1 ( ) ( )
N

emp b b
b

R f F
N θ

=

= −∑ x x  

 

( )( ) ( )
( ) ( )

22

1

1 1( ) ( )
2Q

Q b

N

S b nS
b

E y f f d
N Q

θ θ
=

∆ = −∑∫ x
x x x

( )
ln
2

B
N
ηe =

−
 

 
 
A  is the difference between maximum and minimum values outputed by the Objective function. We assume that the objective 

function's output range is known or have been specified in advance. 

( ) ( )( )2
max , 1,..,i iB f F i Nθ= − =x x ， N is the number of training samples. 

Under the conditions that the ranges output by objective function F  is for sure, and for a given set of training , A and e are constant. 
In 2007, Wang and Wu put forward the unreasonable part of W.W.Y. Ng 's model, improved the proof of the model and revised the 

result of the model, thus making sure the conclusions of "local generalization error of the training function is related to empirical error and 
stochastic sensitivity" . 

Then we get: 
 

( ) ( ) ( )
QS

f F p dθ −∫ x x x x  
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In this one, ( )F x is approximating function, ( )fθ x is training function, ( )p x is probability density function in the whole 

pace, ( ) ( )

( )
( )

( )

Q ii

Q ii

S

S

p
p

p d
=
 
 
 ∫

x

x

x
x

x x
can be seen as probability density function in neighborhood ( )

iQ iS x ， ( )iw x stands for the 

real category of sample ix ，ξ is controllable factor that controls the neighborhood ( )
iQ iS x of each sample ix . 

 
3.2. The analysis of the stochastic sensitivity in the model 

 
Since local generalization error model has given upper bound of classifier's local generalization ability, thus it can be used to evaluate 

the generalization ability of classifier in the local domain,we think that the smaller the ( )*
SM QR S is , the classifier is better. There are three 

terms in the results of local generalization error, but because that the third terms is related to the approximating function, therefore in the 
application we can only calculate the sum of the first two terms , which are the experience error and random sensitivity. And therefore we 

can use the sum ( )( )Qemp SR E yξ + ∆ of the first two terms to estimate the classifier, we think that the smaller 

the ( )( )Qemp SR E yξ + ∆ is,the corresponding classifier is better. Since the neighborhood of the sample is fixed,ξ is a fixed value, so 

we can take out   and use ( )
Qemp SR E y+ ∆ to estimate the stand or fall of classifier. 

We noticed that in the model the second terms is input stochastic sensitivity, and its calculation involved integral operation for each 
sample in neighborhood Q, and it is complex to calculate. In order to simplify the computational complexity, based on some assumptions, 
Dr Wu Yongxian made a reduction for the input random sensitivity in local generalization error model. One of the hypothesis is that: 
suppose the dimensions of the input features of RBFNN is large, then according to the central limit theorem, the output of the single 
RBFNN neuron  obeys to the logarithmic normal distribution. So reduction method given by Dr Wu Yongxian is a problem under the 
assumption that the input characteristic dimension is large, however, in some practical problems, its dimensions of input characteristics is 
not large, such as the Iris database in UCI database, so we put forward heuristic algorithm based on local generalization error model to 
construct RBFNN, first of all, we analysis the second terms of the model. 

Now we analyze the first item empR and second   item ( )
QSE y∆ of the model respectively, we first assume that ( )fθ x is instruction 

function (step function), as follows: 
(1)The first item empR of the model empR reflects the experience error, we put the number of the sample whose classifier output does 

not agree with the real output errN , set ⋅ to norm2-, so when the output of the classifier is not agree with the real output,we get 

 

 ( ) ( ) 2i if wθ − =x x and ( ) ( ) ( ) ( )
1 1

21 1 errNN
err

i i i i
i i

N
f w f w

N N Nθ θ
= =

− = − =∑ ∑x x x x  (9) 

 
Then we know that the size of the errN trained by classifier is related to all the samples, so empR uses all the information of the 

samples to adjust the overall properties of the classifier. 

(2) The second terms ( )
QSE y∆ of the model to analyze the second terms ( )

QSE y∆ of the model , we can divide the samples into 

two parts to analyze. 
We put the sample which is far from the boundary of the classifier as: 
 

 ( ) ( ) { }{ }| & 1,...,
i if i Q i f Q i fS S i N

θ θ θ

+ −Q = ∈Ω ∈Ω ∈x x x   (10) 

 
We put the sample which is near the boundary of the classifier as: 
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 ( ) ( ) ( ) { }{ }& & & 1,...,
i i if i Q i Q Q i f Q i fx S S S S i N

θ θ θ

+ −Φ = ∈ ∉Ω ∉Ω ∈x x x  (11) 

 
In the following analysis process, we assume that the problems are two kinds of problems, which are positive and negative. Trained 

classifier ( )fθ x makes fθ
+Ω 's output is ( )1,0 in space, and f Q fS

θ θ

− +Ω = −Ω 's output in space is ( )0,1 , and among it , the QS  is local 

domain. 

As ( )
QSE y∆  can be expressed in this way 

 

 ( ) ( ) ( ) ( )( )( )
1

1
Q Q iiQ i

N

S i SS
i

E y f f p d
N θ θ

=

∆ = −∑∫ xx
x x x x    (12) 

 

Now We calculate the result of a sample points ix 's expression ( ) ( ) ( )( )( ) Q iiQ i
i SS

f f p dθ θ−∫ xx
x x x x . We set the neighborhood of 

sample points ix as ( )
iQ iS x . If the ix 's neighborhood ( )

iQ iS x totally fall in positive class fθ
+Ω or completely fall into negative 

class fθ
−Ω , then the classifier's output for all unknown sample points in neighborhood ( )

iQ iS x is same, so for any point in ( )
iQ iS x , there 

is ( ) ( ) 0if fθ θ− =x x ,so we get ( ) ( ) ( )( )( )
0

Q iiQ ii
i SS

f f p dθ θ− =∫ xx
x x x x .If the ix 's neighborhood ( )

iQ iS x partly falls into 

positive class fθ
+Ω or partly falls into negative class fθ

−Ω , which means that the Classification border going through the 

neighborhoo ( )
iQ iS x ,so we might as well suppose ix that falls into the positive class fθ

+Ω ,the corresponding output 

is ( ) ( )1,0ifθ =x for the hypothesis of ix that falls into the negative class, its conclusion is similar. So we get 
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When we assume the ( )( )Q iiSp x x is in uniform distribution, we get 

 

( )( )2 ( )
i Q iiQ i f SS p

θ

−= ⋅ xx x                                                                                                               (13) 

 

( )
iQ i fS

θ

−x stands for the measure of a collection of points of which neighborhood ( )
iQ iS x falls in the space −Ω , from the view of 

Euclidean space,it means volume, now we calculate 

( ) ( ) ( ) ( )( )( )
1

1
Q Q iiQ i
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E y f f p d
N θ θ

=

∆ = −∑∫ xx
x x x x     We set the part that is different from the output result of 

sample ix in ( )
iQ iS x as ( )*

iQ iS x ， ( )( )Q iiSp x x is uniform distribution，we get 
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From the above results, we can see that the ( )
QSE y∆ is only related with the boundary sample, so we can say that when we 

commutating ( )
QSE y∆ ,we use the information of the classification boundary sample, which can be used to adjust ( )

QSE y∆ . We can 

show it in this figure, as is shown in Figure 3, the classifier in the figure is the result by using all the information of the sample through first 

terms empR of the model ; As is shown in Figure 4, the classifier in the figure is the result by adjusting the second terms ( )
QSE y∆ of the 

model, which is the result adjusted based on the classifier in the Figure 3 . 
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Figure. 3 Using overall information 
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Figure. 4 Using marginal information 
 

3.3 Heuristic algorithm to construct RBFNN 
 
According to the above analysis, we can see the  experience error could be used to adjust the overall performance, and stochastic 

sensitivity could be used to adjust the edge performance of the classifier. So we could train the classifier by heuristic method, the algorithm 
framework is as follows: 

(1) Data preprocessing; 
(2) Train classifier ( )fθ x according to empR ; 

(3)Adjust ( )
QSE y∆ by ( )fθ x to find a boundary fault locations. 

In order to better understand the boundary fault locations in step 3, we could get this definition from the view of mathematics. Now we 
first give the definition of sample boundary point, the definition is as follows: 

[Definition:the sample boundary point] 
 

 ( )( ){ }1,2,...,
min ,  i j ij k

S f Label threshold TrainSetθ=
= − > ∈x x x    (15) 

 
This definition first give a threshold in advance, if the output difference between the sample and the recent categories is bigger 

than the threshold, then we think the sample is the sample boundary point. 
Now we give the definition of the sample boundary fault locations: 
[Definition: the sample boundary fault point] 
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 (16) 

 

On the basis of sample boundary point, with the condition ( ) 0.5i if yθ − ≥x , that is to say, when the difference between sample 

output ( )ifθ x and real category iy is big, we think the sample is classified wrongly. Figure 5 directly illustrates the sample boundary fault 
point. As is shown in the circle. 
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Figure.5 Boundary fault point 
 
Now we illustrate the above algorithm by showing this figure, first of all, we get a classifier based on training empR , as is shown in 

Figure 6,the boldest curve indicates the classifier, circle point stands for the sample boundary fault point. 
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Figure. 6 Step 2 of the algorithm 
 

Then we use these sample boundary fault point to adjust ( )
QSE y∆ as shown in Figure 7, 
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Figure. 7 Step 3 of  the algorithm 
 

We already know that we use ( )
Qemp SR E y+ ∆ to estimate the classifier, generally speaking, we believe that the smaller 

the ( )
Qemp SR E y+ ∆ is, the classifier is better. In our algorithm framework, we get a classifier with the standard empR after the 

calculation in step 2, but this classifier may be bigger than ( )
QSE y∆ ,  therefore in step 3, we adjust ( )

QSE y∆ based on the step 2. 

According to the previous analysis, the main method we adjust ( )
QSE y∆ is to adjust fθ , to make the sample be as far from fθ as 

possible and fall on one side of fθ . 

We applied the idea into RBFNN, which is to put the boundary fault point found by the ( )fθ x  into the center to retrain the network. 
For training RBFNN is a fitting process in the space for space distribution based on RBF as the center. 

We specifically apply the above algorithm framework to RBFNN, algorithm process is as follows: 
(0)Data preprocessing; 
(1)Determine the clustering number for the center as the number of the known samples. 
(2)According to empR clustering algorithm, we can determine the category center and radius, we could get an initial RBFNN network 

based on ; 
(3)We give threshold value and find a boundary fault locations according to the threshold values, then we add these boundary point as 

the center, and select the radius of the corresponding center by using the ways mentioned before, and determine the weight of RBFNN 
according to empR . 

The step (3) in the above algorithm is a kind of way to adjust ( )
QSE y∆ by using the boundary fault locations. 

 
3.4 The result and analysis of the experiment 

 
First, we test on two simple database Toy1 and Toy2, we artificially produced two database whose feature number is 2 and category 

number is 2, the information of the two databases is given in Table 1. The training data are randomly chosen from the database Toy1 and 
Toy2, and the rest 50% of the data is test data, the threshold value is 0.35. 

 
Table 1:Information of database toy1 and toy2 

Database Number of the feature Number of the sample Number of category 

Toy1 2 316 2 

Toy2 2 754 2 
 
Figure 8 gives the illustration of the experiment of database Toy1, the figure on the left shows the the results of algorithm step (2), the 

figure on the right shows the the results of algorithm step (3). 
 

 

Figure. 8 The Experiment of database toy1 
 
We can see from Figure 8 that the the result in database Toy1,the training accuracy is 1, its test precision in the experiment is also 1. 
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Figure. 9 The Experiment of database toy2 
 
We can see from Figure 9 that the the result in database Toy2,the training accuracy is 1, its test precision in the experiment is 97.49%. 
Secondly, we test on database UCI [16] with our algorithm. Information of the experiment selecting several UCI database is as shown 

in Table 2. 
 

Table 2 Information of the database used in the test 
Database Number of the feature Number of the sample Number of category 

Iris 4 150 3 

Pima Diabetes 8 768 2 

Wine 13 178 3 
 
The training data used in the test are randomly chosen from the database Toy1 and Toy2, and the rest 50% of the data is test data, the 

threshold value is 0.35. We repeated the test for certain times , the Table 3 shows the experimental results of the data set Iris，Wine，Pima, 
including the average training accuracy, the average test precision, the average number of center, the average time and the times that the 
experiment repeated on the database. 

 
Table 3 The test result on database UCI 

Database Average accuracy 
of training 

Average  accuracy 
of testing 

Number of the 
average center Average time Test repeated 

times 
Iris 0.9771 0.9361 9.2800 0.0426s 100 

Wine 0.9544 0.9064 10.1100 0.0679s 100 

Pima 0.8612 0.7299 115.8000 3.4662s 10 
 

4. Application of rbfnn heuristic training method in human brain ct images 
 
We apply the RBFNN heuristic traning method in the medical image database[17],the medical image database is the data extracted 

from analyzing the brain CT image , Table 4 shows the information of the the medical image database. 
 

Table 4 Information of the medical image 
Database Number of the feature Number of the sample Number of the category 

Toy1 11 212 2 
 
The training data used in the experiment are randomly chosen from the medical image database , and the rest 50% of the data is test 

data, the threshold value is 0.35. We repeated the test for certain times , the Table 5 shows the experimental results on the medical image 
database, including the average training accuracy, the average test precision, the average number of center, the average time and the times 
that the experiment repeated on the database. 

 
Table 5 The test result on medical image database 

Database Average accuracy of training Average accuracy of testing Number of the average center Average time Test repeated times 

lwx 0.9651 0.9286 46.6400 0.3093s 100 
 
In the 100 experiments, we find out the best result and worst result, as is shown in Table 6. 
 

Table 6 Best result and worst result 
Result Training accuracy Testing accuracy 

Worst result 0.9349 0.8333 

Best result 0.9763 1 
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We can see that there is a big gap between the best result and the worst result, this problem exists in the current algorithms method, 
which is that the result is not stable. By analyzing, the problem may be caused by the following reasons: training data for each experiment is 
randomly selected , chosen data in some cases distribute evenly and distribute unevenly in individual cases. 

 
5. Conclusions and outlook 

 
In this paper, based on the hypothesis of that classifier is indicating function, we analyze the first two local generalization error model, 

which are experience error term and stochastic sensitivity. This paper also gives the method of heuristic training RBFNN classifier, this 
method does not directly calculate a stochastic sensitivity, but try to reduce the sensitivity of the RBFNN in another way. Because this 
method avoids to calculate the integral operation of multifarious, the computing speed is fast. 

From the experiment, we can see the result of applying this method on human brain CT image is also satisfying. 
Besides, the results of the experiment show that our algorithm remains to be improved,which is that the number of the center of the 

network trained on the database is large. If we could find more representative sample points and add them to the new center, then this 
method can effectively avoid the large number of center. So how to find more representative sample points from the boundary fault points is 
a problem worth discussing. 
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Abstract: In this paper, we present a modularity-based parallel coordinates of visual analytics technique, by taking advantage of parallel 
coordinates and time series plots. An application of its performance is proved on datasets associated with vessel. Its performance include 
data selection, dimension transfer, color transform, plot inter-conversion, dimension zoom, dimension control of combination of parallel 
coordinates, and replace, display, append of time series plots. Furthermore, modularity-based parallel coordinates of visual analytics can 
visually describe the similarity dimensions datasets associated with vessel navigation area, and time series plots matrix may be as an 
auxiliary means to further promote understanding and analysis of the correlations between involving vessel properties, as well as it can 
visually depict any of two properties, specifically, with time as the horizontal axis, It is demonstrated that these measures present a 
promoting visual understanding for user to find an important attribute of vessels, involving possible accidents in a certain period or stage. 
 
Keywords: visual analytics; modularity parallel coordinates; time series plots; vessel navigation area 
 
1. Introduction 
 

In the field of vessel navigation study, the users are interested in discovering surrounding environmental factors or relationship between 
factors that can give rise to potential risks. However, high-dimensional pattern data is one of the vital performance data of the vessel. So far, 
there is no absolute method to visual high-dimensional or/and multivariate data in inland vessel system. The existing proposed techniques 
and tools of visualization of vessel system mostly depend on human perception and experiences to gain insight. Generally, most of them 
demand human to analyzing and perceiving abnormal behaviors and risks on vessel. In order to enhance the human understanding and 
perception of different levels of behaviors and risks of inland vessel, visual analytics for vessel has become a fervent research field in recent 
years that attempts to accelerate to understand and perceive surrounding environmental associated with vessel in the processing of 
navigation. 

Parallel Coordinates have a distinguished and widely used technology for high-dimensional and multivariate data in analysis domain of 
visualization, that is first come up with by Inselberg[1], and a data element can be transformed in an N-dimensional space into a compact 2-
dimensional visual representation by a polyline crossing parallel axes of each dimension for a multitude of multidimensional data sets. It or 
its variation has been applied to visualization, data mining, process control, and so forth, because it can concisely and quickly display 
multidimensional data. Inselberg et al[2].first put into use parallel coordinates method to solve the visualization problem, afterwards, some 
previous improvements have well done in regard to parallel coordinates method, such as curve instead of straight line enhanced visual 
effects,different hierarchy parallel coordinates displayed views,etc. 

Visual analytics is the vibrant and multidisciplinary research field of analytic reasoning facilitated by combining interactive 
visualization interfaces for devoting to human decision-making and knowledge discovery on the basis of very large and complex data sets. 
It’s goal to facilitate the users to acquire a qualitative understanding of the information. A wonderful view of visual analytics distinctly 
indicates feature or structure within the data and then can help the user to preferably recognize patterns or detect abnormalities, or others, at 
the same time, without reducing information content or interfering data in any way. 

In this work, we propose a more novel design, visual analytics methods of modularity-based parallel coordinates(MBPC) to vessel 
behavior and navigation area in inland river that contribute to users accurately get hold of changing trend of information in vessel navigation 
area. Duo to in the process of the vessel sailing, influenced by many environmental factors navigable waters, as shown in Figure 1.Therefore, 
it is particularly important to ascertain the connections between what factor or factors that have a significant impact on the ship, especially 
with potentially dangerous vessels which may occur. This wok focuses on the aspects of vessel order, vessel availability, waterway, 
hydrology, weather, and its visual analytics. The results suggest that MBPC can be used as an alternative method for finding connections 
among a set of variables associated with vessel and to enhance to understand environmental factors related to the vessel around. 

The contribution of this study and the specific benefits of MBPC are as follows:Cosine-based Vessel Properties Similarity 
Multidimensional Scaling(CVPSMS): Apache Spark[3], an emerging in-memory processing framework, has been facilitated 
Multidimensional Scaling algorithm.Modularity-based parallel coordinates (MBPC) integrates parallel coordinates sets with improving 
parallel coordinates for expression visualization surroundings of vessel behavior and navigation area.Time series plots matrix display that 
row or column of 2-variable plots presented by each data element of adjacent points are connected with line segments. 

 
2. Related works 

 
This portion mainly contains two portions of parallel coordinates sets and improving parallel coordinates. Parallel coordinates is a 

technique pioneered by Inselberg[2]that has been applied for high dimensional analysis problems. Subsequently, it is used to the aspects of 
data visualization. 

 
2.1 Modularity-based parallel coordinates 

 
This portion mainly contains two portions of parallel coordinates sets and improving parallel coordinates. Parallel coordinates is a 

technique pioneered by Inselberg[2]that has been applied for high dimensional analysis problems. Subsequently, it is used to the aspects of 
data visualization. 

Some research studies on similarity multidimensional scaling in visualization has been studied. Ankerst et al[3]. applied Euclidean-
based distance with heuristic algorithms to search for similarity measure and optimal dimension order, and proved that arrangement problem 
of Euclidean-based distance was NP-complete. Dimension ordering algorithms in XmdvTool,users could manually vary the order of 
dimensions from a reconfigurable list of dimensions. Wei Peng et al[4] .presented dimension ordering algorithms to search for minimizing 
the visual clutter. Stolte et al[5]. allowed users to manually select and order the dimensions to be mapped to the view. A relevant rules-
cosine methodis proposed to classify the unknown samples by calculating the support and cosine of multidimensional data attributes. Peng 
et al[6]. used the exhaustive algorithm to find the axes order for minimizing the number of edge crossings. Ferdosi et al[7]. could identify 
the cluster and noise dimensions to improve the readability by analyzing the structures displayed in sub-spaces of the full feature space to 
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obtain the dimension ordering. These approaches mainly contributions lie in the ordering of axes, and to find axes layouts in parallel 
coordinator plots. Yang et al[8]. presented a hierarchical structure by grouping a host of dimensions so that reduced the complexity of the 
reordering dimensions. However, all these methods lack correlation expression between coordinates axes, at the same time, also unavoidably 
cause information loss, such as some information in the original data space may be lost, in one way or another. On the other hand, 
Euclidean-based distance metric units would be affected by index in different scale, it is generally required to be standardized, while the 
greater the distance, the greater the differences between individuals; in our work, we introduce space vector cosine similarity measure is not 
affected by the angle indicator scale, the value of cosine fall in the range [-1,1], the larger the value, the smaller the difference. 

Few approaches have been done for extensions of coordinate axes. Fanea et al[9]. proposed parallel glyphs that coordinate axis had 
been extended to star glyphs to facilitate comparison of the data and provide interactive However, its methods only the visual comparison of 
non-adjacent items, at the same time, data set is not to large and not easy to observe for non-professional visual users. Mao Lin Huang et 
al[10]. proposed a arc-based coordinate plots to identify the features of network attacks by displaying visual patterns, because the length of 
arc is longer than the line segments, the density of points displayed in each axis could be enlarged in in parallel coordinates plane. However, 
it lacks some interaction techniques except for brush and hardly figuring out the relationship between attributes in non-adjacent positions. 
The curves possessing some statistical property linking data points on adjacent axes are described in literature[11],it utilize the splatting 
framework to detect clusters and reduce visual clutter. Artero et al[12]. develop a frequency and density plots from parallel coordinate plots, 
which can uncover clusters in crowded parallel coordinate plots, to fulfill the aim of avoiding over-plotting. Jarry et al [13].develop flexible 
linked axes to enable users to define and position coordinate axes freely. Hauser et al[14]. design a angular brushing technique to select data 
sub-sets which exhibit a data correlation along two axes. These approaches of corresponding extensions of the axes mostly and still focus on 
the line segments, and apply curves to joint the vertices between the two adjacent axes. 

In this work, we take full advantage of merit of parallel coordinates sets and make better generalized parallel coordinates to offset the 
disadvantages they have separately, so that deliver and process multidimensional data associated with the vessel behavior. 

 
2.2 Time series plots matrix 

 
Time series plots are frequently visualized using line plots, where line segment denote the change of data points over time. It consists 

of a row or column of 2-variable plots with a common axis, particularly a time variable. By default, each data element of adjacent points are 
connected with line segments. Zhao et al[15].present circular temporal histograms to express time series so that explore the dependency of 
movement behaviors, a time graph or temporal histogramare proposed respectively to combine density maps with time series displays. 
These approach of coloring and shading of ring segments show aggregate values, where the bigger the number of the space compartments 
and the longer time series, it may be difficult to detect the spatio-temporal distribution of object presence. On the other hand, data associated 
with the vessel may change or not be uniform in structure, each factor may have special characteristics, and measurements on different 
variables may be taken each time. These irregularities yield data that is difficult to work with. To analyze these data, we denote the response 
variables to be as a vertical axis, by default, and the time-dependent explanatory variables to be as a horizontal axis. 

Eventually, we test our approaches in data sets associated with vessels and demonstrate that these interactive approaches are effective 
in revealing the connections between different axes, at the same time, easier and deeper to understand the results of visualization and 
analyze vessel navigation area surroundings. 

 
3. Overview 

 
3.1 Data and pre-processing 

 
The data used in this study is the data of Automatic Identification System, Vessel Traffic Services, Closed Circuit Television, Global 

Positioning System of over thousands of vessels in Yangtze River in Hubei Province, China, especially focus on three areas of Wuhan 
city ,Huanggang city, Ezhou city. Most of data record mainly concludes static data(eg name and type of vessel, etc.),dynamic data(eg 
geographic longitude and latitude of each vessel, etc.),navigation data(eg status,destination, etc),territorial waters traffic environment(eg 
weather, water flows, etc),and so forth. 

On account of the uncertainty of data transmission and data structure may be inconsistent, the relevant semantic information defined 
and stored repeatedly. Therefore, in order to the accuracy of the experiment, we adopt the following rules for cleaning and repair:(1) using 
the mean method for missing a few items in a col or row in database, and deleting some rows or cols if the data of this row or col in database 
miss exceed 60%;(2) employing level quantify for non-numerical values, such as the type or level of accident;  (3) utilizing artificial and 
historical experience to repair some error data. 

 
3.1 System interface and interaction 

 
This system(as shown Figure 1) mainly concludes two modules of modularity-based parallel coordinates and time series plots matrix. 

The data is drawn based on time series level that the user may choose to the time drop-down widget. The view show that modularity-based 
parallel coordinates display all surrounding environment information stated by month, on the other hand, time series plots can be changed as 
parallel coordinates changes. 

Modularity-based parallel coordinates is consisted of Parallel Coordinates sets and improving Parallel Coordinates. The first and 
foremost, data of categorical category (eg vessel type or tonnage) is dealt with by Parallel Coordinates sets. There is one more point, data of 
continuous or/and discrete is handled by improving parallel coordinates. 

The main function of this part as follows: 
(1) Data selection: First use lasso or select menu, then carry on the four operations of append, intersect, replace, subtract for data 
(2) Dimension transfer: First select the appropriate axis moves or switches, then read a different trend information. 
(3) Color transform: First use mouse to select color, then concerned information can be distinguished by different color. 
(4) Plot inter-conversion: For the part of improving Parallel Coordinates, double-click on the mouse can switch between a line and 

curve. 
(5) Dimension zoom: First hold down the right mouse button, then zoom in to observe the local situation, or zoom out to observe 

changes in the global information dynamic. 
(6) Dimension control: First select a dimension and scroll mouse intermediate roller, then merge into adjacent axes. 
No single plots can reveals all features in the data, time series plots may be as an auxiliary means to further promote understanding and 

analysis of the relationship between properties. Along with parallel coordinates plots change, time series plots will change. By default, the 
horizontal axis is a time variable. 

The main function of this part as follows:First click selection variable and replace the horizontal variable, then selection variable will 
be the horizontal axis. Note, select both variables as the horizontal axis is not permitted.When the user put the mouse on a point, a message 
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appears at this point, for example, the number.First click on unselected variable, then a new plot will be appended after all other plots First 
click on selected variable, then this plot will be deleted. 

 

 

Figure. 1 The plots of our system. 
 

4. Implementation details 
 
All visualization algorithms and performance are implemented and measured for our study with experiments on a ThinkCentre desktop 

with inter(R) core(TM) i7-3770 CPUs 3.4 GHz and 8 GB Memory. The graphics card used is NVIDIA GeForce GT 620 with 1024M of 
SDDR 3 Memory. The software environment is based on CentOS with VTK. 

In the following subsections, implementation details about spark facilitated CSMDS and more specification on system interface and 
interaction for users will be discussed. 

 
4.1 Cosine-based vessel properties similarity multidimensional scaling(CVPSMS) 

 
A different dimension axes ordered in the display will reveal different relationships of the data, and affect the user data analysis and 

perceived judgment for visualization of multidimensional data. An intuitively efficient of relevant properties and abnormal data have been 
found for users by the favorable order of dimensions. 

In the our module part of improving parallel coordinators, the property dimensions axis reordered is handled, and to remedy  this 
shortcoming of current tools for vessel itself information and inland navigation river of relational similarity between neighboring 
coordinates axes by Cosine-based method in the following procedures. 

Let D be the sets of N-dimensional object(as follows(1-4)): 
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where m is the number of iX or jX data items, and N is the dimension of the data, and ikx or jkx is denoted as k th− property 

value in i th−  or j th− respectively. )( ijsim θ is presented with relational between i th− and j th− to determine the similarity 
condition: 
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The larger the value of )( ijsim θ , the higher the similarity between axis. Usually, the most similarity between or describes close to 

distribution trends in these two properties axes in vessels multi-dimension data sets. The data line segment between two dimensions of the 
distribution may be more regular, relatively speaking, the probability of clutter of line segments can be reduced, as shown Figure 2.At the 

same time, closely related to the properties of the vessel have been represented. After in the standardization of axes that value is[ ]01, ,the 

two most relevant properties are placed in the middle position parallel coordinates. 
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Figure. 2 After the standardization of axes, displaying similarity between axes. 
 

4.2 Spark facilitated CVPSMD 
 
To deal with large amounts of movement data, some spatio-temporal data can be done within a data warehouseor a database,spatio-

temporal data here are loaded in RAM for visualization and interactive analysis. Borg et al[16].proposed a fundamental theory and 
applications of modern multidimensional scaling that is a means of visualizing the level of similarity of individual cases of a data sets. 
Ingram et al[17]. presented a multi-level multidimensional scaling algorithm based on a parallel force-based subsystem simulation to exploit 
graphics processing unit (GPU) hardware while the GPU parallelism improved speed of computation. However, these approaches either 
apply conventional data read mode, or load the entire data sets，it may suffers from extremely serious computational and time costs. In our 
work, CVPSMD is implemented by Apache Spark, an emerging in-memory processing framework, to facilitate similarity multidimensional 
scaling. 

The approach we present in this work is to add or subtract dimension into cosine similarity multidimensional scaling configuration, 
where is firstly constructed and initialized. Secondly, when completing initialized cosine dimension ordering configuration, CVPSMD 
method is introduced into spark to facilitate dimension ordering. Next, the users can drag axes into the plot, some new dimensions are added 
or subtracted to calculate similarity among different neighboring axes in the visualization process of parallel coordinators. 

 
Table 1 Performance comparison of  CPU-based,  GPU-based,  Spark-based. 

Data    Dimensions    Data Size    GPU-MS   GPU-SimMS    Spark-MS   Spark-Euclidian-MS   Spark-SimMS    CPU-MS  CPU-SimMS    

Vessel
Car 8 456 3724ms 823ms 728ms 425ms 326ms 215ms 93ms

24 2167 13284ms 9284ms 5425ms 2936ms 1053ms 842ms 604ms
 

 
Comparing the performance here CPU-based and GPU-based with MS and Similarity MS(Sim-MS),and Spark-based with MS, 

Euclidean MS and Sim-MS to facilitate multidimensional scaling. By testing visual approach with two datasets of car and vessel with 
different sizes, and compare them and with our observation, as showed in Table 1,Spark-based Sim-MS improves the performance over 
previous other methods, especially, face with when the data dimensions is progressively increasing. In our implementation, the most 
common situation is that the user add dimensions among axes into the plots step by step, the results display that Spark-based Sim-MS comes 
observably about computing improvements. The velocity of time cost changes from 823ms to 93ms and from 9284ms to 604ms by CPU-
SimMS and Spark SimMS respectively, relying on the data dimensions with size. Spark facilitated CVPSMD can offer about 10 times 
improvement. 

 
4.3 Representing vessel properties coordinate axis diversification 

 
Few approaches have been done for extensions of coordinate axes. Some of techniques adopt in the form of a single extension of axis 

or the strategy of mapping each single data into a coordinate axis display on the screen. We employ the mixture of three different coordinate 
axis that can be adjusted according to specific requirements. 

In this paper，we present a novel coordinates axes, which consist of diversification to extend representation of the coordinate axes in 
integrated space of parallel coordinates visualization. We should touch on, that the frequency-based visualization method for contribution 
rate of each axis attribute to dynamic data and navigation data. 
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Figure. 3 Properties coordinate axis diversification 
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The first type of axis is based on user-defined standardization(USVA) have been proposed. The axis can be standardized as the uniform 

forms and designed based on user-defined requirement, as shown Figure 3-a, as follows(6). 
 

 
)min()max(

)min(
'
''

ii

i

xx
xv

LL
Lv

−
−

=
−
−

   (5) 

 
Where )max( ix and )min( ix are the maximum and minimum values for each axis of the original data respectively,  v is the 

value of a axis, L and 'L are the maximum and minimum values for each axis after standardization respectively, usually let 'L  is as 0 or 

user-defined, let  L as 1 or user-defined, suggest as a positive integer. 'v denotes corresponding to v  values for each axis after 
standardization. 

The second types of axis as bar-based(BBA) have been presented, as shown Figure 3-b. the axis was partitioned into k sub-section by 

the bars, l denotes the length of coordinate axis of  thi − attribute axis, m denotes the total number of data items of thi − attribute 
axis. 

Each bar has height mkNumkH ii /)()( = , )( ikNum denotes the number of data items of thi − sub-section in the 

k section. 

Each bar has width dkiW ≤)( ; 

Step1: if ddpq ≤ ,then pqi dkW =)( ,go to step2; 

Step2: 1p−  and if ddddd pqpppp ≤+−≤− ,1,1 , ,then  qpi dkW ,1)( −= ,go to step3; 

Step3: 1q+  and if  ddddd qqqpqq ≤+ +−≤+ 1,,11, , ,then 1,1)( +−= qpi dkW ,go to step2; 

Step4: if  ddpq ≥ ,then dkW i =)( . 

l
dddd mmpq ,112 ......... −++++

= is a reference value and a maximum width value, pqd  is distance between any two 

adjacent points of thi − attribute axis, the sets of pqd  as  },...,....,{ ,12312 mmpq dddd − . 
These bars may be viewed when the mouse hover the corresponding to axis, meanwhile, the size of data associated with bar will also be 

showed, furthermore, when double-click sub-section bar, corresponding to data items can be higher highlight in the display. For each bar, 
the count of number has been computed from the counts contained in the bar. 

The thirdly types of axis as layer-based (LBA)have been proposed, as shown Figure 3-c, which was divided into several section 
according to specific requirements, it similar to Parallel Sets proposed by Robert Kosara et al[18].,such as concluding three sub-section of 
Wuhan city, Huanggang city, Ezhou city. Nevertheless, layer-based axis can support numerical data statistical classification, but not in the 
literature. 

The three different types of axis are seamlessly integrated and can be adjusted by some interactive techniques according to user-
controlled requirements. Parallel coordinates are displayed by controlling file menu button. In the Figure 5, we see the purple cures that are 
error value in the datasets of vessel, not outliers. Statistical classification of data are processed, the colors are randomly added in the BBA. 
Users can choose their own color in the LBA or USVA, and can also for a variety of performance operation, such as dimension zoom, 
dimension control,etc. Brushing in after an operation, such as brush in red, the mouse is placed on point on the axis, we can see the 
translucent bar that display the amounts and proportion of lines in the total curves. It is [34,3.98%] in the Figure 5. 

 

 

Figure. 4 Only select LBA and BBA. 
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Figure. 5 Display bar in the axis. 
 

4.4 Representing any two involving vessel properties 
 
Time series are special in that time points where the patterns of data have a relatively fixed order. Along with the interactive 

visualization interface, our system provides temporal-based views that combined with other properties, such as vessel speed, water flow, 
interacting with parallel coordinates.as shown in the low right part Figure 1. Time series plots matrix is displayed by controlling file menu 
button. Note, to reduce clutter point of time for the rounding process. For example, 13:20 becomes 13. 

The line graphical visualization allow users to overlay different features by using check box provided against time feature for easy 
comparison and to observe visual trends. Users can select on one or quite a few accident cases handled by Yangtze River police stations and 
comprehend information at the time of the accident, such as wind power. The number of accident cases can be easily observed the peaks in 
the summer months for the middle reaches of Yangtze River, enabling users to detect the seasonal trends of their data sets and giving them a 
reference information and helpful precautions in their own voyage. The time series display indicates mostly regular character of the 
movement of the vessels. The variation of the vessel presence can be analyzed and explained by navigation condition, such as weather 
conditions. This system also allows users to weekday and weekly trends of accident cases, and further gives assistance for users to acquire 
an more effective vessel behavior scheme. 

 
5. Conclusions 
 

In this paper, we present a modularity-based parallel coordinates of visual analytics technique, by taking advantage of parallel 
coordinates and time series plots. Its performance demonstrates that modularity-based parallel coordinates are not only closely related each 
other but also seamlessly integrated together. These measures provide a promoting visual understanding for user to find an important 
attribute of vessels, involving possible accidents in a certain period or stage. In the future, we will consider the factors of the vessel pilot or 
vessel traffic management that are added to future work, due to incomplete data. Simultaneously, we will also consider human factors, and 
its vessel visual analytics, in order to further facilitate accurate visualization of the vessel. 
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Abstract: The issue of path optimization often has multiple objectives and multiple limited conditions, which is to solve integrated issues 
with a certain complexity. Often a single algorithm cannot perfectly solve the problem of the optimum path selection in the path 
optimization. Through optimizing the ant colony algorithm, this paper introduces neural network into the complex model, trains the 
parameters of the ant colony algorithm, and obtains a high-precision model and new solving idea of path optimization. By organically 
integrating algorithms, the paper conducts innovation and improvement on the existing algorithm, and enhances its application reliability 
and accuracy. And it also well explains and solves the efficiency problems in three-dimensional path planning. 
 
Keywords: neural network; ant colony algorithm; three-dimensional path optimization; efficiency analysis 
 
1. Introduction 
 

Path optimization problem usually occurs in complex path planning, deep-sea fishing and emergency rescue, and it stores data through 
three-dimensional tensor and solves the optimum factor from the initial point to the terminal point under the constraint condition. 

In path optimization process, obstacle avoidance behavior setting should be conducted on the basis of the actual situation. Shi Libo, in 
"Ant Colony - Petri Network Path Optimization of the Hybrid Computing Intelligence Algorithm of Condition Taboos", proposes ant colony 
– condition taboos (ACO- CTS) hybrid computing intelligence algorithm to solve Petri network path optimization problem based on the path 
optimization features of traditional ant colony algorithm (ACO), and combined with PN transition rule. In the algorithm, tokens in Petri net 
are compared to the ants in ACO, tokens / ants leave the pheromone in the change that they go through in the process of change, and we can 
finally find the change path with the shortest delay by using pheromone to adjust and control the change of the tokens / ants. Sun Zhonghua, 
in "Study on the Ant Colony Algorithm in GIS Path Optimization", explores the issue of the shortest path of time-varying road network. 
Based on the road information of electronic map of Taizhou City, and by extracting the road and constructing the topology network, it 
proposes a road network platform suitable for the analysis on the shortest path. Wang Lei, in "The Application of Parallel Ant Colony 
Algorithm Based on TBB and Cilk ++ in the Path Optimization", proposes an ant colony search algorithm with back-off mechanism to solve 
an optimal path of going through all the predetermined nodes in the actual road network. It can be observed from the above discussion that 
the majority of existing algorithms are used to solve simple two-dimensional problems, while the description and solving of the three-
dimensional problems are rarely reported. And the solving requires large stock and complex algorithm. 

The accuracy and efficiency of using a particular algorithm to find the optimal path are often unsatisfactory, so this paper conducts path 
optimization by using neural network to optimize ant colony algorithm, sets the parameters in ant colony algorithm as the inputs of neural 
network, and gets the best parameters through training, to ensure the accuracy and efficiency of the ant colony algorithm. 

 
2.  Model and method 

 
2.1 Overview of neural network 

 
Neural network construction is generally lnm ××  mode, in which m layer is input vector, n layer is intermediate calculation 

matrix, and l layer is printing vector. Set parameter matrix dimension, the first column is 1θ , the second column is 2θ , and by that 

analogy, parameters { }nθθθ ,21，  correspond to the linking coefficient between input vector and intermediate calculation matrix 

and the linking coefficient between the intermediate calculation matrix and the printing vector. [1] 
After constructing network structure, the forward computing on network and the printout of cost function are required. By eliminating 

bias option, its cost function can be simplified as: 
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It can be observed that )( )(ixhθ  can be obtained through the calculation on the links between each element, in which K=6 can be 

used as the tag value of the global mapping. And )3()( )( kk
i axh =θ  is the No. k trigger function of the printing vector. To facilitate the 

calculation, mapping is conducted on the original label, and { }1,0  value is applied for discrimination. 
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In the original matrix, if the mapping value of )(ix  is label5, its corresponding )(iy  (obtained by the calculation of cost function) 

corresponds to the dimension vector of number of categories, and 15 =y . The remaining elements 0=iy . 

Mapping output is conducted on each example in the training sets by carrying out forward mapping, and then the data are collected. [2] 
Usually bias needs to be added while calculating the network, and its cost function becomes: 
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Reverse calculation will be conducted after forward mapping, which is the key to the condition that network is able to learn. And 

through reverse calculation, the gradient of network function can be obtained. By gradient calculation, we can conduct minimized setting on 
network, and apply algorithms like { }APGAfmincg 、、 . Through solving the partial derivative of parameters, first remove bias, 
obtain correct derivative value through the verification of gradient calculation and then add bias term for training. 

Wherein the mapping function is set as ()sigmoid , and the specific expression is: 
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Conduct partial derivative operation on it, and the computer solution form of partial derivative is: 
 

 ))(1)(()()(' zgzgzg
dz
dzg −==  (4) 

 
Through conducting forward calculation on the network, obtain )(θJ  and cost function. And then, conduct reverse calculation, and 

randomly initialize impact factor by reverse calculation, to break the internal consistent symmetry of matrix. The thought of reverse 

calculation is: for a set of data ）（ )()( , tt yx  in the training matrix, obtain the incentive of the whole network by calculating forward 

propagation value and )( )(ixhθ , calculate lj ⊂  layer by layer and point by point after completing the above calculation, and obtain 

difference value )(l
jδ  that represents the size of the explanation component of the overall misjudgment degree. 

For the last column of vectors corresponds to the output values, )(l
jδ can be explicitly calculated; for the intermediate link node, 

)(l
jδ  of the layer can be obtained through the weighted calculation of the latter layer, namely, 
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By constructing deep learning model, explore the features hidden in the data, and after constructing the structure, [3] conduct model 

solving through compiling MATLAB program. Divide the data into training set, validation set and test set, conduct mapping on the 
independent variables in the importing model and training matrix, )1()( ax t



, implement forward calculation, calculate the values of 

the next set { })3()3()2()2( ,,, azaz , and ensure stability by adding bias. 

For output item, set: 
 

 ）（ kkk ya −= )3()3(δ    (6) 

 

In the formula, }1,0{⊂ky  

For the intermediate calculation layer, set: 
 

 )(.)( )2(')3()2()2( zgT ×= δθδ   (7) 

 

Obtain )(l∆  through accumulating gradient and remove )2(
0δ  in the calculation. 
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 Tllll a )( )()1()( ++∆=∆ δ  (8) 

 
In network computing, the extreme value search of )(θJ  requires mathematical verification, and )1(θ  and )2(θ  are expanded for 

getting the spliced vectors, to facilitate the calculation. 

Assume the extreme value calculation of function )(θif  is conducted on )(θJ , that is, 

 

 )(θ
θ

Jf
i∂

∂
     (9) 

 
Verification is required, and set: 
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Determine whether the solution of partial derivative is correct by judging whether the following equation is true: 
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Implant bias after ensuring the expression is correct: 
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In the formula, 
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After completing the calculation of the mapping matrix of network, conduct gradient calculation and testing, then conduct the learning 

of network algorithm, and select fmincg function for learning, which can get good parameter sets. This paper selects fmincg function of 
MATLAB to conduct parameter optimization. [4] 

 
2.2 Spatial modeling 

 
The implementation of path optimization algorithm is first to strip data from the space and then construct abstract model, and its 

method is setting origin of coordinates and artificially selecting coordinates origin from the vertex. In this paper, the apex of the original 
bottom surface is applied as the origin to facilitate the description. Set the length limit along axis 1 as ||AB|| , the length limit along axis 

2 as ||AA|| ‘ , and the length limit along axis 3 as ||AB|| ; set the direction of axis 1 as the dimension direction of Earth's coordinates, 

the direction of axis 2 as the longitude direction of Earth's coordinates, the direction of axis 3 as the normal of  the plane of marine 
benchmark coordinates. Thus cubic domain spatial planning is constructed. Equally divide the space, disperse grid points and equally divide 
the length in three-axis direction by segmenting the grid algorithm, and the score is M}L,1,{N + . By dispersing, spatial domain is 

mapped to a three-dimensional set and the set label is )}x,x,(xak),j,(i,{a zji
21  
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}3,2,1;3,2,1;3,2,1{ lkmjni  === . Optimization algorithm conducts planning solution within restriction domain, 
and gets the optimal path through meeting the set conditions. [5] 

 
2.3 Problem description and algorithm flow 

 
Set the solving path domain as kmkm 3030 × , randomly set the initial point and the target point of the solving, set the set 

condition as obstacle avoidance path, and set the reference height as 0. The algorithm flow is shown as follows. 
 

 

Figure. 1 The algorithm flow 
 
In ant colony algorithm, the communications between information-receiving element and elements are set, and the self-learning 

updating algorithm of information-receiving element has a relatively large impact on the success rate and efficiency of the whole path 
optimization. The point group of three-dimensional architecture is set as the base of information-receiving element, and each point in the 
point group carries the information of information-receiving element. Setting the influencing threshold can represent the attraction extent of 
information-receiving element to elements. After traversing the elements, information-receiving element will carry out updated self-learning. 
By setting rules, the updating is mapped to two layers, and the first layer is partial self-updating. When the elements traverse this 
information-receiving element, the information nodes that it carries decrease, thereby obtaining the probability of the points (not traversed) 
being traversed. Its self-learning formula is: [6] 

 

 ijkijk τςτ )1( −=  (14) 

 

In the formula, ijkτ  is the information element of a point in three-dimensional domain.  ς is attenuation factor. 

The second layer is overall self-updating. The elements apply the norm of a path as the dependent variable after traversing the path, 
select the minimum value of the norms in this set, and obtain additional information of path element. The updating model is: 
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In the formulas, length (m) is element traversing norm, ρ is element updating proportion, and K is overall balance coefficient. 
 

3.  Analysis procedure and conclusion 
 
Set random initial point and midpoint, and set the trigger function while traversing elements [7] 
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),,( kjiD  is set as path norm, the elements first select the minimum value, ),,( kjiS  is the security evaluation index of 

elements, and ),,( kjiQ  is the target norm for the next length. 

The formula of ),,( kjiD  is: 
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The formula of ),,( kjiS  is: 
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The formula of ),,( kjiQ  is: 
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The searching steps are: [8] 
Step1. Mapping slice discrete points, and setting set. 
Step2. Calculating the triggering information of adjacent points through trigger function. 
Step3. Selecting the extraction probability ),,1( vuip +  of any point within the slice. 
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Step4. Conducting point set selection by roulette. 
Step5. Obtaining the parameter set and conduct the iterative solving through the training parameters of neural network. 
MATLAB program is compiled to conduct neural network training, convergence is achieved through 5678 times of training, and the 

three-dimensional diagrams of parameter selection process are shown in figure 2 and figure3. 
 

 

Figure. 2 Three-dimensional results of parameter selection 
 

 

Figure. 3 Contour map of parameter training 
 
Three-dimensional path graph of ant colony algorithm optimization is shown in figure 4. 
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Figure. 4 Three-dimensional path graph 
 
Fitness change of algorithm is shown in Figure 5. 

 

Figure. 5 Algorithm Fitness Curve 
 

4.  Conclusion 
 
Ant colony algorithm, as a representative of intelligent group effect, dramatically expands the scope and exploring scope of scientific 

research personnel, and has gradually become the research hotspot in various fields. This paper improves the robustness and accuracy of the 
algorithm by optimizing the intelligent algorithm in depth, introduces neural network into complex model and conducts training, and obtains 
an efficient model and solving idea of path optimization, which play a role in promoting and inspiring the in-depth application of ant colony 
algorithm. By organically integrating algorithms, we can conduct improvement and innovation on existing algorithms and improve their 
application reliability and accuracy. 
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Abstract: With the increasing number of high-rise buildings, people evacuation is getting more and more attention in the high-rise building. 
With development of infromation technology, building evacuation research to be informated and automated, especially BIM technology is 
being expanded. Automatic evaluation the building design is an important aspect of BIM application. This paper present a method that use 
fuzzy comprehensive evaluation and AHP (FAHP) method to evaluate evacuation efficiency of high-rise building base on BIM. To achieve 
this purpose, the authors got the weights of evaluation from investigation, obtained and classified the evaluation contents from BIM model, 
obtained the single-factor sets by fuzzy mathematics to deal with the evaluation contents, then got the evaluation results. Base on this, the 
authors developed a tool for evaluation evacuation efficiency of the high-rise building.  
 
Keywords: BIM; evacuation efficiency; high-rise building; FAHP 
 
1. Introduction 
 

Height of building is increasing, while the fire or emergency bring hazards to people are also increasing. Thus, the issues of high-rise 
building evacuation bring more and more researchs. The building structures have a great impact on personnels evacuation, the evacuation 
design is good or bad that directly related to evacuation efficiency. Evaluated evacuation efficiency of the high-rise building for evaluation 
building structures meet the evacuation requirements of high-rise building, by evaluate evacuation efficiency of the high-rise building to 
provide the basis information for evacuation optimization of the high-rise building. Recently, based on BIM to analyze the biulding is 
increasing which provide a new way to evaluate evacuation efficiency of high-rise building. 

Building information modeling (BIM) include a lot of building information which is precondition to evaluate evacuation efficiency, 
BIM include geometry information, spatial relationships, geographic information, and various architectural elements infromation. BIM that 
used Digital building components to express real world building, in the application can extracte information of components from BIM, and 
the geometry information of building is the important support to achieve the building evaluation. Through BIM can extracte building 
information and automate checking building design [1], these application for evaluation evacuation efficiency of high-rise building provide 
technical support. An application of BIM technology is to conduct variety testing and simulation, you can evaluation building design in the 
early phase of the project [2], while we can get the information of evaluation content from BIM. 

The purpose of this study is to develop a semi-automatic tool that allows desigers and owners to evaluate evacuation efficiency of high-
rise building. The target is the high-rise building, the evluation contents are some components which related to evacuation. This paper is 
organized as follows. First, we review used BIM to optimize evacuation design, then describe semi-automatic evaluation method of 
evacuation efficiency based on BIM. Finally, we test the method through a case to validate the system of evaluation. 

 
2. Relate review 

 
The performance of building structure is an important aspect of performance standard for the building safety system [3], Evacuation 

performance of the building is an important component of the building safety performance. The performance of building structure to meet 
the requirements of the building design was precondition to satisfy the evacuation, we can use the BIM model to research the building 
evacuation performance. 

Through BIM to research building evacuation performance is an important aspect of application in BIM, J. Choi, et al.[4] analysised 
and investigated evacuation rules, described the checking process of evacuation rules based on BIM, then used the existing evacuation 
checking method, developed a system called InSightBIM-Evacuation which is used to check evacuation design for complex building and 
high-rise building. S. Malsane, J. Matthews [5] used cases analyzed the relation for architecture regulations and fire safety in England and 
Wales. P. Pauwels, D. Van Deursen [6] proposed a specific application method to check the rules for the building design and construction. 
BIM can be used to evaluate and validate spatial structure, check spatial security, and check architectural design and information model 
compliance to the codes [7, 8], Choi, J. and I. Kim [9] investigate the permission procedures and regulation structures used in current 
building administration permissions, then formulate an ideal permission procedure and regulation structure for the legality system based on 
BIM in Korea. Solihin et.al [10] propose that BIM models supported to automate checking elements of building. 

BIM model which included more three-dimensional geometry data can be used to evaluate and plan for fire safety [11], S. Taneja, B. 
Akinci[12] developed an application model that can extracte two-dimensional geometry and topology information for mark index, which 
through improved the algorithm achieve the extraction geometry and topology information from BIM. U.Isikdag.et.al[13] proposed that can 
gain high level of geometric information and semantic information from BIM to the geospatial environment, meanwhile BIM can provide 
the high level of (geometric and semantic) information for the automation choice location and the fire response process management. Lee, S. 
I.et.al[14] proposed a method by using the Structural Building Information Modeling (S-BIM) to improve optimization effectively for the 
high-rise building structures during the building design, and compared with the used CAD to optimizate, after pointed out that use BIM 
method had more efficient. 

About evaluation evacuation methods, Zhang, S. L.et.al [15] evaluate emergency evacuation of the metro station by the fuzzy network 
evaluation method. Xie, J., J. He and Y. Zhang[16] summarize the risk assessment methods for building evacuation include AHP, artificial 
neural networks(ANN), grey clustering evaluation method, etc. There are many assessment evacuation models to use the computer [17]. 
About evaluation content, Cheng, H. and X. K. Yang [18] evaluated subway evacuation it contents include exit, stairway, passage and 
turnstile, are analyzed from three aspects: characteristic of evacuees, evacuation facility, evacuation organization and management. Russo, 
F.et.al [19] proposed two classes of methods to compare the evacuation plan based on the efficiency measures. Of course, there are also 
some issues, fire engineer take part in the design process is essential to integrate theoretical knowledge, experience, information, analysis 
and technical. Rüppel, U.et.al [20] point out that fire engineers apply computer model to simulation for analysis security evacuation of the 
building.Guan chang-sheng, et.al poposed the construction project Information management based on BIM [21]. Conventionlly，design 
evaluation is perfomed manually by some experts who research the problem of design, a time consuming, expensive and easy errors. With 
BIM model can be automatically evaluated design by the computer simulations, more quickly and reliably [2, 22, 23]. 

Large number of researchs shown that can use BIM to check the building design complied the rules of buildings, but based on checking 
the rules to evaluate evacuation efficiency less, so we developed a semi-automated evaluation tool for evaluation high-rise building 
evacuation efficiency based on BIM, evaluation method used fuzzy comprehensive evaluation and AHP (FAHP), evacuation efficiency 
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evaluation according to the standard is Chinese code for fire protection of buildings, the tool can achieve evaluation evacuation efficiency 
for the high-rise building. 

 
3. Semi-automatic evaluation method of evacuation efficiency based on BIM 

 
There are geometry information, spatial information, geographic information, as well as logical information in BIM model these 

provide information support for evaluation evacuation efficiency of high-rise building. Used the evaluation tool to extract and judge 
information from BIM which include more infomation relate to the evacuation efficiency in the building such as building distance, width, 
stairs, walkways, auxiliary facilities and so on, then evaluated the evacuation efficiency. To achieve the semi-automatic evaluation 
evacuation efficiency tool for high-rise building need to complete is as follows: 

(1) Semantic translation, translated semantic rules to computer language which use computer semantic rules to describe the building 
evacuation rules. 

(2) Established BIM model, according to evalute requirement to establish BIM model for evaluation. The model is established by BIM 
software it can export building information modeling based on IFC standard. 

(3) Confirmed the evaluation contents and methods. 
(4) Reported evaluation results. 
Specifically, evaluated evacuation efficiency of high-rise building, to complete classified and divided levels for evalution contents 

described in architectural design. To establish evaluation set of each single factor by fuzzy mathematics method which use the computer to 
automate determine the single factor and to construct factor evaluation matrix. To obtain the weight of each factor, the authors established 
the fuzzy judgment matrix by expert investigation method with triangular fuzzy function. Then, run the tool in Revit platform and input the 
weight of factor. The process that achieved the semi-automatic evaluation evacuation efficiency of the building is shown in Fig.1. Final, we 
got the reports of evaluation evacuation efficiency and recommendation for optimizing building evacuation. 
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Figure. 1 Application framework for semi-automatic evaluation evacuation efficiency 
 

3.1 Evaluation process 
 
In China, the high-rise building evacuation grade was divided into four levels which have different geometries, spatial and logical 

requirements, and so on. To evaluate evacuation efficiency based on BIM, first, we input the weight of evalution factors. Second, used the 
tool to obtain and classify evaluation contents. Third, judged the evalution contents by fuzzy method which compares the information with 
evacuation regulation, obtained the quantitative results of evaluation factors, and then acquired the quantitative results for the whole 
building and every floor, according to maximum membership degree principle obtain the qualitative evaluation, the method is shown in 
Fig.2. The key of this process is to use fuzzy math to deal with the evaluation contents which extrated from the BIM model. 
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Figure. 2 Semi-automatic evaluation process of evacuation efficiency 
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3.2 BIM model 
 
Semi-automatic evaluation system for evacuation efficiency of high-rise building based on BIM which is the origin of data to achieve 

evaluation. W.Solihin [10] review the automatic checking based on BIM, then propose the BIM model was described in more details which 
include four classes. This paper to achieve the evaluation requires the class-4 model. 

BIM model for high-rise building is shown in Fig.3, it included architectural, structural, electrical, sanitary, plumbing, and so on. The 
information in BIM model is required to evaluate by the tool that can get the information such as the stairs inside pipes, evacuation 
indication etc. To achieve evaluation the BIM model needs include more information of building components, as shown in Fig.4 the door in 
the model include basic information width, height, and fire prevention class, material, opening direction etc. When established the model we 
must set the parameter information. Through this way establish the BIM model, then used it to evaluate evacuation efficiency. 

 

 

Figure. 3 BIM model of high-rise building 
 

 

Figure. 4 structure attribute of door 
 

3.3 Evaluation platform 
 
In generally, to execute the semi-automatic evaluation system based on BIM has two ways: (1) the system as component which 

development by API of BIM software to automatic evaluating the evacuation efficiency. (2) To development a software that can run on its 
own and import BIM model to achieve analysis and evaluation. For example, Jungsik Choi [4] developed InsightBIM-Evacuation system 
used in Korea to check evacuation regulations. 

The semi-automatic evacuation efficiency evaluating tool of the high-rise building is developed based on the API of Revit and runs as a 
component in Revit. Through this way that can reduce information loss when to evaluate, modify and optimize the building model. After 
select building type and fire rating, input the weight parameters, the platform can semi-automatic evaluate evacuation efficiency of high-rise 
building, output evacuation efficiency reports. The tool interface is shown in Fig.5. 
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Figure. 5 Evacuation efficiency evaluation interface 
 

3.4 evalution factors and parameter 
 

3.4.1 Evaluation factors 
 
When an emergency occurs in the High-rise buildings, first, guided people to a safe place is the key, this process there are some factors 

such as exits, distances, walkways, staircases, floors, and evacuation facilities has a large impact to evacuation. After analyzed the impact 
factors, the evaluated factors were divided hierarchy as shown in Fig.6. The evaluation factors are mainly building components, exclude the 
elevator in the evaluation. 

 

High building Evacuation 
efficiency evaluation

Stair A4

Floor A5

Auxiliary facilities A6

Evacuation distance A2

Evacuation exit A1

Evacuation walk  A3

Exit number U1

Width of evacuation exit U2

Opening direction of door U3

Position of evacuation exits U4

The nearest distance from door to exit U5

Distance of room door to evacuation exit U6

Fire-protection rating of door U10

Width of evacuation walk U7

Fire-resistive of decoration materials of the walk U8

Fire-resistive of floor of the walk U9

Room area of evacuation U11

Room area of stairU12

Pipeline in stair U14

Smoke prevention status U15

Fire-protection rating of stair door U16

Width of stair U13

Stair planimetric position U17

Stair vertical position U18

Refuge floor U20

Floor position U19

Evacuation sign U22

Emergency lighting U21

Fire alarm U23

 

Figure. 6 evaluation factors hierarchy analysis index system 
 
Fuzzy mathematical method is designed based on evacuation design of the building requirements. In this paper hierarchy analysis index 

system is divided into exits, evacuation distance, evacuation corridors, staircases, floors, and evacuation facilities as first level evaluation 
indexes, which include 23 level II evaluation factors. 
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3.4.2 Obtain single-factor evaluaton set 
 
(1) Obtain process of single-factor evaluation set 
In this paper, the authors divided evaluation into two class objects which include the whole building and each floor, according to the 

evaluation object is different, the calculation process of single-factor evaluation set is also difference, in Fig.7 that is about the process for 
obtain single factors evaluation set when evaluated each floor, Fig.8 that is about the process for obtain single factors evaluation set when 
evaluated the whole building. 

 
Start

 According to the evaluation content to obtain the 
component information  of the evaluation factors

no

according to the building evacuation code and use 
Fuzzy Math Method to get the  factor evaluation set  

Is the last one factor of 
evacuation evaluation

Yes

Establish the evaluation matrix of the floor

obtain the Geometry Information 
and attribute

 

Figure. 7 The process of obtaining each floor evaluation matrix 
 

Start

According to the evaluation content to obtain the whole 
building component information  of the evaluation factors

bo

according to the building evacuation code and use 
Fuzzy Math Method to get the  factor evaluation set 

Is the last one factor of 
evacuation evaluation

Establish the evaluation matrix of the whole building

obtain the Geometry Information 
and attribute

Yes

 

Figure. 8 The process of obtaining the whole bidling evaluation matrix 
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(2) Fuzzy the factors method 
In this paper, the authors define the evacuation efficiency of the high-rise building three grade as V (good, modest, bad), evaluation 

set },,{ 321 vvvV = = (good, modest, bad), when the evaluation set ‘bad’ means that some elements do not meet the standards. 

A large number of information of evacuation factors is dealt with by the following five formulas which fuzzy the information to evalute. 
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Different evaluation sets in different ways as follows: 
U1 is dealt with by the Eq.2, where ‘n’ express the total number of exits, ‘m’ express the minimum number of building code 

requirements. 
U2, U7 and U13 are dealt with by the formula Eq.1, where ‘n’ is the number of width that is 1.1times greater than the minimum 

standards, ‘m’ is the total number of width that reached standard, ‘i’ is not meet the standard. 
U3 is dealt with by the Eq.3, ‘m’ is the total number of evacuated doors, ‘n’ is the number of egress door meets the standard. 
U4 is dealt with by the Eq.1, where ‘n’ is the number of exits that location is coincidence to the evacuation rules, ‘m’ is the total 

number of exits, ‘i’ is the exit positions that is not meet the design requirement. 
U5 and U6 are dealt with by the Eq.1, where ‘n’ is the number of distance that is less than 0.9 times the minimum standard, ‘m’ is the 

total number of distances of requirement evaluation, ‘I’ is the number that not meet the standard. 
U8 and U9 are dealt with by the Eq.1, where ‘n’ is the area that its fire resistance greater than the design requirement, ‘m’ is the total 

area, ‘i’ is the area under the design standard. 
U11 and U12 are dealt with by the Eq.1, where ‘n’ is 1.1times greater than the minimum standards, ‘m’ is total number that reach the 

minimum standard, ‘i’ is the number that not meet the standards. 
U10 and U16 is dealt with by the Eq.1, where ‘n’ is the number that door more than grade standard, ‘m’ is total number for each floor, ‘i’ 

is number that door do not meet fire safety standards. 

About U14, U15, U17 and U18, if they conform the code, the evaluation set will set up }0,0,1{},,{ 321 =vvv , or there are some 

factors not conform the standard set up }1,0,0{},,{ 321 =vvv . 

About U19: If the building design requires refuge floor, which will be dealt with by the eq.4 that ‘m’ is the total number of floors, ‘n’ is 
the evaluation floor, ‘i’ is the location for refuge floor. If the design does not need refuge floors, which will be dealt with by the Eq.5 that 
‘m’ is the total number of the floors, ‘n’ is the evaluation floor. If evaluated the whole building, setted single-factor evaluation sets of storey 

location }0,0,1{},,{ 321 =vvv . 
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About U20, if the building need the refuge, when the building have refuge floor setted }0,0,1{},,{ 321 =vvv , or 

setted }1,0,0{},,{ 321 =vvv . 

About U21, U22 and U23 are dealt with by the Eq.2, where ‘m’ is the design need, ‘n’ is actual layout. 
 

3.4.3 Building class and weight of evaluation factors 
 
Different countries, building codes also have some differences which need to select building type and building fire rating, set the 

weights of the evaluation indexes before evaluating evacuation efficiency of the building. Selected building type and fire rating based on 
architectural design. The weight of evaluation factors was obtained through expert evaluating method and triangular fuzzy numbers which 
used to build fuzzy comparison matrix. 

First class indexes weight: 

},,,,,{ 654321 AAAAAAw
A
=  

Second class indexes weight: 

},,,{ 2321 UUUw
U

=  

Input the weight indexes (First class indexes weight and Second class indexes weight) to caculate the evaluation set of evacuation 
efficiency of the high-rise building, used the maximum membership degree principle to determine the type of evacuation efficiency. Finnaly, 
output the evacuation efficiency of high-rise building. 

 
3.5 Evaluation reports 

 
The evaluation results of evacuation efficiency include three aspects: (1) evacuation efficiency of the whole building, (2) evacuation 

efficiency of each floor, (3) the reasons and problems which affected evacuation efficiency of the building. 
 

4. Case study 
 
In this case, the authors used the Revit software to eatablish building infromation model, input evaluation parameters, then to complete 

the evaluation evacuation efficiency of high-rise building. Used Fuzzy analytic hierarchy process method which described in this article 
based on BIM to develope the tool which name is ChinaHigh-RiseBuildingEvacuationEvaluation (CHRBEE). Trough the CHRBEE to 
complete the evaluation evacuation efficiency of the high-rise building. 

The BIM model was established by Revit software, the model include more information about evacuation. The area of the whole 
building is 11639m2, involved 17 storey, 383 doors, 262 fire doors which include 198 class-b doors and 64 calss-c, two stairs, 1721 rooms. 
The overall shape of the high-rise building model of this project is shown in Fig.1, the model is consistent with the evaluation requirements. 
Parameters information in the model is a basis for evaluation evacuation, the detail which is a fire proof door included the fire rating, project 
code, width of door, opening direction, etc. 

 

 

Figure. 9 Evacuation evaluation parameter setting 
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Figure. 10 Evaluation report of evacuation efficiengy 
 
After used CHRBEE tool evaluate evacuation efficiency, the result shows the evacuation efficiency for the whole building and its each 

floor. In this case , first, selected the building type was civil, fire grade was II level, then input the evaluation weight as shows in Fig.9, after 
excuted the CHRBEE tool, the authors got evaluation results as shown in Fig.10, these results shown the evacuation efficiency of the whole 
building and each floor. As shown in Figure.11 that the evacuation efficiencies of the whole building and each floor are good, but also some 

problems, in the results the whole building and 3 floor, 4 floor, 11 floor, the 03 v , that means there are some problems about the 

building construction, through the detail reports can get ID which is wrong with the building design, user through this way modify the model, 
improve the efficiency of evacuation. 

This case explained the tool can be used to evaluate evacuation efficiency based on BIM model. In the case, the area more than 
11,000m2, more than 1700 rooms, 383 doors, and lots of aisles, if used human to evaluate evacuation efficiency, would need large of time to 
deal with the data, but if used semi-automatically evaluation tool to evaluate the problem would be solve in several minutes. 

 
5. Discussion 

 
Through semi-automatic evaluation tool to evluate evacuation efficiency of high-rise building based on BIM can reduce human 

resources and time in process of design and audit, reduce human error. The semi-automatic evaluation tool run based on Revit platform, this 
way can reduce information loss, improve the tool implementation efficiency.When use the tool we need to pay attention to these problems: 

(1)To Establish the BIM model need standard, or else established BIM model will effect evaluation results, for example, some special 
family cannot be idetify in the tool and cannot get its parameter property. Thus, to establish the model need to use standardized component 
and family in Revit. 

(2) The weight of factors for evaluation have important influence to the evaluation results. 
(3) Needed to improved fuzzy classification of single-factor, fuzzy member degree can be divided into more detailed, evaluation 

interval can be smaller, so, can get more detailed and better evaluation results. 
The CHRBEE tool shown the advantage about semi-automatic evaluation evacuation efficiency of the building, it compared with the 

traditional evaluation model that did not need professional people, meanwhile, we found the tool operation simple also avoid some artificial 
errors. Of course, this method used based on the building codes and building design research, its will also change with the development and 
changes in building codes. 

 
6. Conclusion 

 
This paper shows a system frame for semi-automatic evaluation the evacuation efficiency of high-rise building by BIM model. Used 

FAHP method to implement the system function, we can use the results to optimize the architectural design, and to evaluate the buildings 
that have been completed and provide improved methods for the buildings that have been completed. 

With the requirements of building evacuation codes and FAHP method to evaluate evacuation of buildings, the case certified the semi-
automatic evaluation system for evaluation evacuation efficiency of high-rise buildings based on BIM model is good, the result can be used 
to improve architectural design and optimal building evacuation. 
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Abstract: Steel industry is a huge industry group, whose listed companies in this industry as a representative of the industry healthy and 
overall development, theirs comprehensive strength can represent the overall development trend of the industry. This paper combines the 
own characteristics of steel-listed companies, builds steel enterprises financial crisis early warning indicator system, defines the 
superintendent of the financial crisis, and finally establishes steel enterprise financial crisis based on BP neural network which optimized by 
genetic algorithms. Case studies prove that the model has good predictive results, and its comprehensive judgment reaches 90%. With a 
certain degree of generalization ability, the proposed model can play a role in steel enterprise financial crisis early warning. 
 
Keywords: steel enterprise financial crisis early warning; bp neural network; genetic algorithm 
 
1. Introduction 
 

The steel industry is the pillar of the national economy and basic industries, which is in the middle of the industrial chain, and 
influences the country's infrastructure construction and the development of industrial progress. In addition, it also marks the country's 
economic development level, social development level and comprehensive strength of the country. With the development of global 
economic integration, the listed companies in China meet superior growth opportunities while facing enormous challenges, as a member of a 
listed company, the steel-listed company is also facing fierce competition and the risk of diversification, among which, the enterprise 
financial risk is the most important one while facing the development process. In recent years, the assets and liabilities rate of the steel 
company remain high, thus cause a high debt pressure and financial risk. Therefore, the evaluation and effective warning of the current 
business and financial risk level have great significance for the steel-listed companies in improving their financial ability to resist risks[1,2]. 

Currently, scholars adopt quantitative method to analyze the financial warning theory and methods using for analysis[3]. Univariate 
analysis decision model, multivariate analysis decision model, Logistic regression model and neural network model are common used in 
financial risk warning. To sum up, the univariate decision analysis is simple to operate, but only considers single financial measure, thus 
may cause conflicting results when forecasting the same business[4]. Therefore, the application of this model in the field of corporate 
financial risk assessment has been greatly restricted. Multivariate analysis decision model, which is under the consideration of a number of 
financial indicators, is on the basis of mathematical statistical methods[5]. Due to avoiding the one-sidedness of the univariate analysis, 
multivariate analysis decision model enhances the scientific and persuasion in financial risk assessment. But the shortcomings of large 
computational workload and strict assumptions to statistical sample limit its wide application. Although Logistic model does not need to 
make assumptions about the argument distribution and avoid the assumption which is difficult to satisfy in the discriminant analysis thus 
gain a huge improvement in financial risk prediction, it has complex calculations and many approximations[6]. 

In recent years, as the advances in computer technology and the rise of artificial intelligence, financial early warning methods quickly 
access into the intelligent prediction stage. Artificial neural networks have better pattern recognition and fault tolerance and can handle 
omissions and errors of sample information[7]. What’ s more, it can achieve self-training to respond the changing business operating 
environment[8]. In addition, neural networks do not need special requirements of sample data distribution, so well as a detailed functional 
relationship between variables[9,10]. Therefore this method is soon applied to the field of financial credits risk warning and achieves good 
results. But the algorithm has slow convergence and it is easy to fall into local minimum. In order to address these deficiencies, this paper 
proposes GA-BPNN algorithm, where genetic algorithm is introduced to optimize connection weights and thresholds in neural network and 
establish a financial early warning model for steel-listed companies based on the hybrid algorithm. The hybrid algorithm effectively 
improves the practical operability of the neural network. 

 
2. Establishment of steel enterprise financial crisis model 

 
2.1 Establishment of financial early warning indicator system 

 
Financial indicators are used to illustrate the ratio of the relationship between corporate financial information. As the input variables of 

warning model, financial indicators have important implications on design and performance of the warning model based on BP neural 
network. However, wide varieties of financial indicators reflect the financial position from different angles and have connection with each 
other. So, it is imprecise and incomplete to evaluate the financial situation of enterprises when we view the indicator in isolation, therefore, a 
range of indicator should be selected based on different enterprises. For steel companies, the design of financial crisis early warning 
indicators should not only fully reflect the company's financial situation, such as profitability, growth ability, operating capabilities, 
solvency, cash flow level and so on, but also need to take into account the "Industry properties" of steel enterprise, which means on the basis 
of the traditional indicator system, exclude meaningless steel enterprise indicator, retain or increase the industry-specific and important 
financial indicators, so that make a personalized assessment for the steel enterprises financial situation. 

This article selects financial crisis early warning indicators according to the following criteria: (1) The frequency which the indicator 
appearing in the previous literature; (2) The correlation between the indicator and the steel-listed companies; (3) Availability of data in the 
indicator. Through the research in the field of financial early warning, this paper initially selects 19 different financial indicators to reflect 
the profitability, growth ability, operating capabilities, solvency and cash flow levels of the enterprise. The result is shown in Table 1. 

 
Table 1 Financial early warning indicator system in steel-listed enterprise 

First grade indexes Second grade indexes The formula 

Profitability 

Total assets profitability X1 Gross profit/Average total assets 

OPE X2 Main business profit/Main net operating income 

Sales margin X3 Net profit/Sales 
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First grade indexes Second grade indexes The formula 

ROE X4 Net profit/Average shareholders' equity 

Growth ability 

Main business revenue growth X5 
(This year main business income - last year main business income)/last 
year main business income 

Net profit growth X6 This year net profit-Last year net profit)/Last year net profit 

Net asset growth X7 
(End of period net assets-Beginning of period net assets)/Beginning of 
period net assets 

Total asset growth X8 
(End of period total assets - beginning of period total assets)/Beginning 
of period total assets 

Operating capacity 

Accounts receivable turnover X9 
Net main business income/[(Accounts receivable+the year before 
accounts receivable)/2] 

Inventory turnover X10 Cost of goods sold/Average inventory balance 

Fixed asset turnover X11 Sales/Average net fixed assets 

Mobile asset turnover X12 Main business net income/Average total current assets 

Solvency 

Current ratio X13 Current assets/Current liabilities 

Quick ratio X14 （(Current Assets - Inventories)/Current liabilities 

Interest payments multiples X15 EBIT/Interest expense 

Asset-liability ratio X16 Total liabilities/Average total asset 

Cash flow levels 

Cash sales ratio X17 
Sales of goods provide cash received services/ Main net operating 
income 

Surplus cash guarantee rate X18 Net operating cash flow/Net profit 

Net cash ratio for operating activities X19 Net operating cash flow/Current liabilities 
 

2.2 Definition of the financial crisis warning degree 
 
This paper defines the steel enterprise financial crisis from the aspects of operational risk and investment income. 
(1) From the perspective of operational risk, asset-liability ratio is the most important financial indicators. Using financial leverage to 

debt managing is undoubtedly a fundamental business strategy for steel enterprises to expand business scale. But if excessive borrowing, 
financial structure risk may lead to re-financing difficulties and the heavy burden of borrowing costs may affect the overall enterprises 
economic efficiency. As for a enterprise which is under normal management, if once the overall structure of assets and liabilities off balance, 
the he solvency of enterprises may get damaged, thus may result a plight of the financial crisis. Generally, the reasonable level for the debt 
ratio should be controlled around 60% and should not exceed 70% after referring the debt level of foreign steel companies. 

(2) From the perspective of investment income, it means that investment do not bring revenue to the enterprise when the steel 
companies net profit is negative. On the contrary, it may lead to business losses at a certain financial time. Therefore, negative net profit can 
directly reflect that enterprise is facing with financial situation problem. If the company's net profit is negative for two consecutive years, the 
enterprise may be treated specially by the Commission due to the poor financial situation of enterprise. 

Therefore, this paper selects the two aspects as two standards for warning division. Three financial condition grades are shown in Table 
2. 

 
Table 2 Warning degree classification of steel enterprise 

Degree Criteria for classification 

Healthy Net profit is positive and the debt ratio is below 70% 

Mild 
Meet one of the following situation: 
The first time when net profit is negative 
The balance ratio is higher than 70% 

Severe 
Meet one of the following situation: 
Net profit is negative and the balance is higher than 70% 
Enterprises net profit is negative for two consecutive years 

 
2.3 Determination of financial crisis early warning model forecast period 

 
Build early warning model is to make forecast the financial situation which may occur in next year based on the available information. 

Therefore, in order to make the model having the function of warning, the forecast period of steel enterprise financial crisis early warning 
model is one year in this paper. According to Warning degree classification above, select the financial data at t-1 years in sample enterprises 
as samples where the t-1 is the prior year when sample corporations is classified as the above warning degrees. For example, A company is 
identified as severe financial crisis business in 2013, so its 2012 financial statements information should be selected when performing 
statistical analysis, which means use data in (2013-1) years as sample. Therefore, the sample companies warning degree in 2011 to 2013 
should be corresponding to the financial data in 2010 to 2012. 

 
3. GA-BP network model 

 
3.1 BP neural network 

 

Set nXXX ,,, 21 
 as BP neural network input vectors, mYYY ,,, 21 

 as output vectors, ijw  and jkw  as weights. The 

typical BP neural network topology is shown in Fig. 1. 
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Figure.1 BP neural network structure 
 
The input node n and the output node m reflect the mapping between the independent variables n and the dependent variables m. The 

prediction steps based on BP neural network include network architecture components, training and prediction. The construction phase of 
BP neural network model is primarily based primarily on system model and design goal to value assignment of the network parameters, 
which including: the input nodes n, the output nodes m, the hidden nodes l. What’ s more, initialize the hidden layer threshold 1b  and 

output layer threshold 2b  according to the network forms and set the learning rate and neuronal activation function. BP neural network 
training is a process of multiple cycles: First enter the training sample and calculate the output layers, then adjust the weights of each layer 
based on the output error and error in each layer which generate by the output error feedback, repeat this process until the end of the training. 

 
3.2 Establishment of GA-BP network model 

 
Genetic algorithm is designed by Professor John. H. Holland at the University of Michigan. It is a search algorithm which draws 

lessons from biological natural selection, genetic variation and evolutionary mechanisms. The algorithm has the characteristics of 
straightforward, robust, and suitability of parallel processing and has proven very capable of finding optimal solutions in a variety of 
difficult optimization problems. The basic operation of genetic algorithms can be divided into three parts, the selection operation, crossover 
and mutation. Weight value and threshold of BP neural network based optimization is used to optimize the path of the genetic algorithm. 
The flow chart is shown in Fig.2. Through genetic algorithm optimization, BP neural network can get better training effect and improve 
forecast accuracy. 

 

 

Figure. 2 GA-BPNN flow chart 
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4. Case study 

 
4.1 Data collection 

 
This paper chooses 40 firm samples based on Year 2010-2013 financial data of steel-listed enterprise in Shanghai and Shenzhen stock 

exchanges. According to the standards of the financial crisis warning definition, in all 120 samples finance, there are 78 healthy samples, 32 
mild financial crisis samples and 10 severe financial crisis samples. 

Separate the 120 sample into two groups randomly. The first group is the training samples, which including 100 samples, among them, 
there are 66 health financial samples, 26 samples mild financial crisis and 8 severe financial crisis samples. The second group is the testing 
samples which are composed by 12 health financial samples, 6 samples mild financial crisis and 2 severe financial crisis samples. 

 
4.2 Data preprocessing 

 
Data preprocessing includes indicators significantly screening and data normalization. Due to the empirical selected indicators, this 

paper makes significance tests of the 19 indicators by SPSS 19.0 and set 0.05 as significant distinction standard, the results is shown in 
Table 3. From Table 3, 7 indicators, X1, X3, X4, X13, X14, X16, X19, are less than or equal to 0.05, thus exclude other 12 non-significant 
indicators. 

 
Table 3 Independent t-test 

Indicator 
T-test for mean equation 

Whether significant 
T Sig 

X1 5.422 0.000 Y 
X2 1.773 0.079 N 
X3 4.930 0.000 Y 
X4 2.334 0.022 Y 
X5 -1.225 0.226 N 
X6 -1.832 0.069 N 
X7 0.996 0.322 N 
X8 -1.379 0.174 N 
X9 0.322 0.748 N 
X10 -0.627 0.533 N 
X11 -0.664 0.509 N 
X12 -1.126 0.262 N 
X13 2.808 0.006 Y 
X14 2.400 0.018 Y 
X15 0.730 0.466 N 
X16 -13.054 0.000 Y 
X17 0.278 0.781 N 
X18 -0.825 0.411 N 
X19 3.279 0.001 Y 

 
Then, normalize the data. Due to financial indicators of some companies is negative, so the normalized range is set between [-1, 1]. The 

normalized function is shown as follows: 
 

1
minmax

minˆ −
−

−
=

XX
XXX  

 
where, Xmax and Xmin represent the maximum and minimum of indicator X, respectively. 
 

4.3 Enterprise Financial Crisis prediction based on GA-BPNN 
 
Predict the financial crisis warning degree of steel-listed companies with the application of GA-BPNN. Firstly, set the parameters of the 

genetic algorithm and BP neural network. The mean square value of the BP neural network prediction and actual values is applied as the 
fitness value of genetic algorithm; According to the classification of financial crisis warning, set the output nodes of BPNN as 3, which 
means 1 0 0 represents financial healthy, 0 1 0 stands for mild financial crisis, and 0 0 1 means severe financial crisis. BP neural network 
structure is 8-15-3 three-tier structure. Other parameters are shown in Table 4. 

 
Table 4 The other parameters setting 

GA 
Parameter values Population size Evolution algebra Crossover probability Mutation probability 

 10 100 0.3 0.1 
BPNN 

Parameter values Population size Learning rate Target 
 200 0.1 10-6 
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Secondly, use genetic algorithm to optimize the parameters of BP neural network weights and threshold. The change of genetic 

algorithms fitness value in the optimization is process shown in Fig. 3. 
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Figure. 3 Fitness value curve 
 
As it can be seen from Fig.4, when the evolution algebra is 55, the average fitness meets stationary and its value is close to 0.5. The 

weights and thresholds of GA-BPNN are shown as follows: 
The connection weights from input layer to hidden layer: 
 

1574152.19201.13251.1

0366.20914.20587.1
9753.14952.11631.0

×



















−−

−−−
=









ijw  

 
The connection weights from hidden layer to output layer: 
 

3156209.14751.06747.0

1875.08913.01384.0
7141.19114.12578.1

×


















−

−

=


jkw . 

 

The threshold from input layer to hidden layer: 1151 ]9175.01276.16618.0[ ×= b . 

The threshold from hidden layer to output layer: [ ] 132 3054.12086.34185.1 ×−=b . 

Bring the training samples, test samples and optimized weights and threshold values into the BP neural network for training and 
forecasting, the error variance is shown in Fig.4. 
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Figure. 4 Error variance in training 
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Fig.4 shows that, the error meets the requirement after training 90 times. Test sample is substituted into the trained network for testing. 

Treat the fraction of the output values as follow: if the fraction is less than 0.5, low round the integer; else, top round the integer. 
 

Table 5 Training results 
Sample code Prediction value Processed prediction value Actual value Right or not 

1 0.5299  0.3536  0.0645 1  0  0 1  0  0 √ 

2 0.3229  0.5058  0.1142 0  1  0 0  1  0 √ 

3 0.6184  0.3204  0.0078 1  0  0 1  0  0 √ 

… …… … … … 

19 -0.2093  0.7975  0.4619 0  1  0 1  0  0 × 

20 -0.0006  0.3952  0.5944 0  0  1 0  0  1 √ 
 
In order to reflect the optimization effect of GA more directly, this paper applies the classical BP neural network to do the same test, 

and keep the parameters and sample consistent with the above model. The comparison results are shown in Table 6. 
 

Table 6 The comparison results between GA-BPNN and BPNN 

Model 
Judge correctly number 

Total Comprehensive 
correct rate 

Training 
iterations Healthy Mild Severe 

GA-BPNN 11 5 2 18 90.00% 90 

BPNN 10 4 1 15 75.00% 137 
 
As it can be seen from Table 5 and 6, the comprehensive correction rate of GA-BPNN has reached to 90.00%, and the total correction 

count is 18. Among the samples, the correct judgment of healthy enterprises is 11, while there is a single mistake, which is misjudged as 
mild financial crisis enterprises. There are 5 correction judges out of 6 mild financial crisis enterprises. As to 3 severe financial crisis 
enterprises, all of them are judged correctly. 

Compared with the classical BP neural network, the correct rate of GA-BPNN is up to 15.00% and the number of iterations is down 
from 137 to 90. The weights and thresholds of GA-BPNN through the operation of selection, crossover and variation are more feasible than 
BPNN. Due to the randomness, the initial weight values and threshold values may not be the best solutions, which need to multiply attempt 
for more proper values combinations. The optimization of genetic algorithm has better affects over the training process and convergence 
speed. Therefore the presented GA-BPNN method based on the practical data has better effects on financial crisis warning simulation and 
can play a role in the financial crisis warning for steel enterprise. 

 
5. Conclusions 

 
Firstly, this paper builds financial crisis early warning indicator system of steel enterprises according to the own characteristics of steel-

listed companies; Secondly, based on the two financial indicators "debt ratio" and "ROE", this paper defines the financial crisis warning 
degree from the operational risks and investment income from electric steel companies and divides the enterprises financial situation into 
healthy type, mild financial crisis type and severe financial crisis type; Thirdly, this paper establishes the steel enterprise financial crisis 
early warning model based on GA-BPNN. The experimental results show that the whole target identification system has good generalization 
ability and has higher prediction accuracy rate compared with the classical BP neural network model. Thus, the proposed method can play a 
role in the steel enterprise financial crisis warning 
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Abstract: Operation of power industry and social steady development are closely linked, so controlling the power load plays a major role in 
its prediction. This paper analyzes the theoretical basis, based on a multiple regression model establishes predicted expression of social 
power load, which can be used to well control and make sure the relationship between supply and demand in the power system. By 
analyzing the example, it verifies the certain universality of application of multivariate regression model, which plays a very good role in 
promoting the power load forecasting studies. 
 
Keywords: multiple regression; power load; forecasting; social total power 
 
1. Introduction 
 

Power load forecast refers to study the relation between the research data and find the corresponding implied conditions and internal 
relations meeting the requirements in the level of accuracy under certain circumstances, based on full consideration of many aspects of the 
data. It is to accurately forecast power load, so as to grasp and propose appropriate countermeasures effectively for the power load 
conditions in future periods. Power load forecasting plays an important role in the future’s power system planning in order to fully make the 
next few years’ power industry development plan and propose appropriate basis for electricity production. And this even plays an important 
role for the future economic development. 

The reason that power load forecasting theory can be achieved, is through conventional data to find detailed variation of the power load, 
and then change the laws of this modeling. Thus, the corresponding relationship or the clear logical relationship is found, and realize the 
power load forecasting of the next few years or even decades according to the theory. In recent years, many scholars put forward many 
theories in the electronic load forecasting. The references [3] and [4] are both based on the gray theory to predict the power system load; [5] 
is about the prediction of power load according to the neural network theory; [6] is about the prediction of power load based on genetic 
algorithm system; [7] is about power load forecasting through the fuzzy theory. However, in the above theory, the theory of gray has high 
requirements for data, so prediction model after the treatment is not broadly representative; and with neural algorithms just a logical 
relationship is gotten, without accurately relational expression; for genetic algorithm it is the number of iterations directly that affects the 
velocity prediction; the results from fuzzy theory is of a certain degree of subjectivity. 

This paper predicts the amount of load on the electric power system based on the multiple regression model. Condition factor of power 
load forecasting itself has some uncertainty, and it needs to find factors that most influence the amount of power load in predicting the 
course. Whatever the development of agriculture or industrial development it is, it is inseparable from the power supply system, and 
therefore varies between the country's GDP affect the development of the power system. The population of the country also directly 
influences the size of power system load. Therefore, in this paper when analyzing the multiple linear regression the population and GDP can 
be used as a random variable that is  also the independent variables in a multiple regression model. And the size  of power load size is a non-
random variable that is the dependent variable in a multiple regression model. Then it builds the prediction model by looking for links 
between the three. This predicted regression model is simple without limitation from the data, so that with good ductility, it will play a good 
role on the auxiliary power load forecasting. 

 
2. The establishment of statistical prediction model of multiple linear regression 

 
2.1 Multiple linear regression equation 

 
Multiple linear regression is an important method of multivariate statistical analysis, widely used in many research fields of natural 

sciences. The basic tasks of multiple linear regression analysis include: the establishment of multiple linear regression equation of dependent 
variable and independent variables according to the observed data; test and analyze the significance of the integrated linear effect of each 
dependent variable to independent variables; test and analyze the significance of purely linear effect of each dependent variable to 
independent variables, only chooseing the dependent variable with significant linear impacts independent variables to establish the optimal 
linear regression equation; assessment of the relative importance of impact of each independent variable on the dependent variable, and 
measuring the deviation degree from the optimum multiple linear regression equation. Since the majority of multivariate nonlinear 
regression problems can be translated into multiple linear regression, so the multiple linear regression is only discussed here. Many non-
linear regression and polynomial regression can be resolved into a multiple linear regression to solve, so multiple linear regression analysis 
has a wide application. 

Suppose the random variable y and the general variable linear regression model with gerenal variable 1 2, , , px x x  

 

 0 1 1 2 2 ... p py x x xβ β β β ε= + + + + +  (1) 

 

Y is the explaned variable (the dependent variable), and 1 2, , , px x x are p general variables which can be measured precisely and 

controlled, called the explanatory variables (independent variable). When p = 1, (1) formula is a linear regression model; when p is greater 
than 2, (1) formula is called multiple linear regression model. The dependent variable Y consists of two parts: the error term random 

variable ε , and 0 1 1 2 2 ... p px x xβ β β β+ + + + , a linear function of p independent variables. Among them, 

0 1 2, , , , pβ β β β  is p + 1 unknown parameters, with 0β  called regression constant, and 1 2, , , pβ β β  called partial 
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regression coefficients. The two parts determine the specific form of linear relationship between the dependent variable Y and the 

independent variables 1 2, , , px x x . ε  is a random error, with the random error term ( )20,Nε σ
 


. 

For a practical matter, if there are n sets of data 1 2, , , ;i i ip ix x x y , i = 1, 2, ..., n, then the linear regression model (1) can be 

expressed as: 
 

 0 1 1 ...i i p ip iy x xβ β β ε= + + + + ，i=1,2，…，n    (2) 

 
It is also as followings: 
 

 

1 0 1 11 1 1

2 0 1 21 2 2

0 1 1

...

...

...

p p

p p

n n p np n

y x x
y x x

y x x

β β β ε
β β β ε

β β β ε

= + + + +
 = + + + +


 = + + + +



  (3) 

 
Written in matrix form, it is 
 

 y X β ε= +
  

  (4) 
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β ε

β ε

   
   
   = =   
       

 




 (5) 

 
Matrix X



 is n× (p+1) matrix, and it is also known as regression design matrix or data matrix. 
To facilitate model parameter estimation, let’s assume linear regression equation (3). On the basis of basic assumptions of multiple 

linear regression model, take the mathematical expectation of both sides of (2), we can get the expected functiony 
 

 ( ) 0 1 1 2 2 ...i i i p ipE y x x xβ β β β= + + + +  (i=1,2，…,n )  (6) 

 
It is the theoretical equation multiple linear regression. In the equation, the parameters are unknown, and we need to use the sample 

observations method to estimate. If the parameter estimated value can be obtained, the sample predicted multiple linear regression equation 
can be obtained. 

 

 
0 21 1 2 ... , 1, 2,...,pi i ipiy x x x i nβ β β β

∧ ∧ ∧ ∧ ∧

= + + + + =  (7) 

 

Equation (7) the estimation equation of (6), in which 
jβ

∧
 is the estimation of parameter jβ . 

There are usually certain deviation 
i i ie y y

∧

= −  between the predicted value 
iy

∧
 from the estimated value of the sample regression 

equation and the actual observed value iy . 

The basic tasks of multiple linear regression analysis include: the establishment of multiple linear regression equation of dependent 
variable and independent variables according to the observed data; test and analyze the significance of the integrated linear effect of each 
dependent variable to independent variables; test and analyze the significance of purely linear effect of each dependent variable to 
independent variables, only chooseing the dependent variable with significant linear impacts independent variables to establish the optimal 
linear regression equation; assessment of the relative importance of impact of each independent variable on the dependent variable, and 
measuring the deviation degree from the optimum multiple linear regression equation. 

Multiple linear regression analysis mearns under the linear correlation conditions, studying the relation of quantitative changes between 
two or more independent variables and one dependent variable, to get a mathematical formula called multiple linear regression model. 
Multivariate linear regression model is development of unified linear regression model. 
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Figure. 1 Procedure flow chart of regression modeling 
 
Suppose the independent variable y and independent variables x1, x2, ..., xm-1 have n sets of actual observed data in come (see Table 

1). 
 

Table 1 Observed data sheet 
Variables y 1x  2x    1mx −  

1 y1 11x  12x    1 1mx −  

2 2y  12x  22x    2 1mx −  



 


 


 


  


 

n  ny  1nx  2nx    1nmx −  
 
y is a random variable observed, and it is impacted by m-1 non-random factors x1, x2, ..., xm-1 and ε  random factors. Suppose y and 

x1, x2, ..., xm-1 has the following linear relation, 
 

 0 1 1 2 2 1 1... m my x x xβ β β β ε− −= + + + + +   (8) 

 

y is the dependent variable, x1, x2, ..., xm-1 are the independent variables, 0 1 2 1, , ,..., mβ β β β −  are m unknowns; ε  is mean 

value zero, Variance is the unobservable random variable 2 0σ >  called the error term, and generally assume ( )20,Nε σ . Due 

to n (n≥p) times independent observations, n sets of data (sample) are obtained: 
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And 1 2, ,..., nε ε ε  are independent from each other, and subject to distribution of ( )20,Nε σ . 

Suppose 
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Then (3.1) can be wrote in matrix form as: 
 

 ( )21, n

Y X

N I

β ε

ε σ

= +

 

   (10) 

 
2.2 Estimation of Model Parameters 
After the determination of regression model, the collected and collated unknown sample data model parameters are given estimation. 

Estimation of unknown parameters most commonly used is ordinary least squares method, which is the classic method of estimationFor the 
regression problems which does not meet the basic assumptions of  models, it gives some new methods, such as ridge regression, principal 
component regression, partial least squares estimation. But they are based on ordinary least squares method. But when there are more 
variable parameters and large amount of calculation, usually use computer software, such as TSP, SPSS, SAS, etc. 

Suppose 
0 1 1, ,..., mβ β β

∧ ∧ ∧
are the least squares estimation of parameters of 0 1 2 1, , ,..., mβ β β β − , then observed value of y can 

be expressed as: 
0 1 11 1... mk k km ky x x eβ β β

∧ ∧ ∧

−= + + + +  

 

 
0 1 11 1... mk k km ky x x eβ β β

∧ ∧ ∧

−= + + + +  (11) 

 

k k ke y y
∧

= −  

 

Where k = 1,2, ..., N. ke  is an estimate of the error kε  and 
ky

∧
 as the estimated value of the ky : 

 

 
0 1 11 1... mk kmky x xβ β β

∧ ∧ ∧ ∧

−= + + +     (12) 

 

(12) for the regression formula values of observed values ( 1, 2, , )ky k n= 
, referred to as the return value or fitted value. 

Accordingly, the return value of the vector ( )1 2, , , T
ny y y y=




is called the dependent variable vector 

1 2, , ,
T

ny X y y yβ
∧ ∧ ∧ ∧ = =  

 

 


. 

According to the least squares method 0 1 2 1, , ,..., mβ β β β − , squared deviations of all observations Q of all the observed value 

ky  and return value
ky

∧
 to a minimum. Q is the vector of unknown parameters of a non-negative quadratic function, Q reflects the n 

observations in the overall degree of error, Q the smaller the better. which is: 
 

 

2

0 1 11 1
1

...
N

mk k km
k

Q y x xβ β β
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−
−

  = − + + +    
∑   (13) 

 

It has a minimum value. Since the mouth 0 1 2 1, , ,..., mβ β β β −  is a non-negative quadratic formula, the minimum value must exist. 

According Maximum Principles of mathematical analysis 0 1 2 1, , ,..., mβ β β β −  should satisfy the following equations: 
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Called normal equations formula generation  
0 1 11 1... mk kmky x xβ β β
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Apparently normal equations coefficient matrix is symmetric matrix. 
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Then (15) can be written as equations ( )T TX X X Yβ
∧

= or A Bβ
∧

= assumptions coefficient matrix in the form of a matrix 

A full rank solving the above matrix equation regression coefficient β is the least squares estimation: 
 

 ( ) 1T TX X X Yβ
∧ −
=    (16) 

 
It is the estimated regression coefficient β of the least squares method 
 

3. The power load forecasting based on multiple linear regression model 
 
Through the analysis of electricity consumption factors (the country's total population, and GDP of that year and electricity 

consumption of previous years' data) to determine the relation between electricity load and corresponding factors to gain the general 
relationship, regression analysis uses the raw data to analyze and better suits for usage among a large sample of data. 

The following Table 1 is the National Electricity Statistics before 2015 (including 2015) as raw processing data. The data is from the 
State Statistical Yearbook 2015. 

The following is a process that multiple linear regression adopts with module SPSS20. 0 software to the data before 2014 (including 
2014) [9-10]. 

 
Table 2 Original data 

Year consumption 
(one hundred million kwh) National population (million) GDP(billion) 

1995 10023.4 121121 60793.7 

1996 10764.3 122389 71176.6 

1997 11273.6 123626 78973.0 
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Year consumption 
(one hundred million kwh) National population (million) GDP(billion) 

1998 11590.4 124761 84402.3 

1999 12305.2 125786 89677.1 

2000 13472.7 126743 99214.6 

2001 14632.6 127627 109655.2 

2002 16330.7 128453 120332.7 

2003 19032.2 129227 135822.8 

2004 21972.3 129227 159878.3 

2005 24940.8 129988 183867.9 

2006 28588.4 130756 210871.0 

2007 32632.0 131448 257305.6 

2008 32711.8 132129 300670.0 

2009 36430.5 132802 340902.8 

2010 41922.9 137054 401512.8 

2011 46928.3 135404 473104.1 

2012 49590.6 136782 519470.1 

2013 53222.7 136072 568845.2 

2014 55233.4 136782 636463.1 

2015 55500.2 137462 676808.1 
 
Analysis process of input / remove variable properties in table 3. 
 

Table 3 Input / remove variable attribute table 
Model Input arguments Removed variable data 

1 national population, GDP - input all the request variables 
 
Table 3 shows that all of the independent variables have been used in the regression analysis and the country's population and GDP are 

all through regression testing and input variables. 
Figure 2 is a diagram for each independent variable in the regression. 
 

 

(a)Total electricity consumption and national population 

 

(b)Total electricity consumption and GDP 
Figure. 2  Regression picture of each independent variable 

 
For the entire regression analysis, summarized in Table 3 as a model. 
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Table 4 Model summary 

Model Multiple correlation 
coefficient 

Multiple determination 
correction coefficient 

Multiple determination 
coefficient 

Standard error 
of estimation 

1 0.994 0.987 0.986 1947.55286 
 
As it is apparent in Table 4, the multiple correlation coefficient of the regression equation is 0.994, the coefficient is the square of the 

multiple correlation coefficient of multiple determination of 0.987 square. After a correction and re-calculation of the correlation coefficient 
is 0.986 square, a standard error of the estimated regression equation as 1947.55826. It is known that the number in this group can undergo 
the goodness of fit of the multiple regression detection. The value of the square where the corrected correlation coefficient was understood 
that the goodness of fit is high, which means that 98.6 % of the whole society electricity consumption is decided by GDP resulting from 
social production and the country's population. 

Variance regression analysis are shown in Table 5. 
 

Table 5 Analysis of variance table 
Variable sources 

explained 
sum of squares of 

deviations variance mean square value value of F test statistic Greater than F worth 
probability 

Regression sum of 
squares 5260939366 2 2630469683 693.513 0.000 

Residual sum of 
squares 682733184.84 18 3792962.158   

The total sum of 
squares 5329212684 20    

 
From the above table, it can be concluded that total differential square method is 5329212684, and the regression sum of squares and 

the residual sum of squares were 5,260,939,366 682,733,184.84 and the corresponding mean-square valueswere 2,630,469,683 and 
3,792,962.158. In the table, F test statistic observation value is 693.513, and the corresponding Greater than F worth probability is 0.000, 
which fully shows the high degree of fit society's total electricity consumption and GDP and the national population. 

The final regression coefficient significance test effect shown in table 6 and standard p-p in Fig2. 
 

Table 6 Regression coefficients significant test table 

Constant serial 
number 

non-standardized partial regression 
coefficient 

Standardized partial 
regression 
coefficient 

 

Regression 
coefficient t. 
test statistics 

test statistic t observated 
value corresponds to the 

probability P Partial regression 
coefficient 

Standard error of partial 
regression coefficient 

Constant 
 -113527.772 26771.563 - -4.241 0.000 

National 
population 0.974 0.216 0.304 4.519 0.000 

GDP 0.057 0.005 0.707 10.503 0.000 
 

 

Observed cumulative probability 
Figure 3 The standard P-P diagram 

 
Where, the dependent variable is total electricity consumption. 
After the data in Table 6 and Figure 3, the partial regression coefficient is constant -113527.772 and corresponding t test statistic is -

4.241 observation, and the corresponding probability of P = 0.000; partial regression coefficient of the population is 0.974, corresponding 
the t-test statistic observation is 4.519, corresponding to the probability of passing P = 0.000; partial regression coefficient constant is 0.057, 
corresponding t test statistic observation is 10.503, and the corresponding probability of P = 0.000. Survey shows that both the country's 
population, and GDP values have statistical significance. 
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How far from the regression equation and Table 6 finally obtained 
 

772.113527057.0974.0 21 −+= xxy  
 
Based on data in Table 2 for genetic identification, fitting contrast simulation results are as follows in Table 7. 
 

Table 7. The results of this calculation algorithm and genetic algorithm comparison 
Method Fitting goodness Calculated by (unit: s) 

Algorithm 0.994 1.3762 

GA 0.997 8.7382 
 
By comparing Table 7, the algorithm in the goodness of fit has reached more than 0.99, goodness of fit are qualified, and in time the 

algorithm is significantly faster than the calculated time genetic algorithm. Summary description of our algorithm in the same reached a high 
goodness of fit of the corresponding reduction in the case of computing time, fully demonstrated the effectiveness and simplicity of the 
proposed algorithm. 

 
4 Conclusion 

 
In this paper, multivariate regression model to analyze the total social electricity consumption, fully explains the total electricity 

consumption in society, that is the size of the load capacity of the power, the country’ s total population and the total number of the country's 
GDP in the year have a definite link . That is the total number of the country as well as the country's GDP in one year will have a direct 
impact on the year's total electricity consumption. By analyzing the multiple regression model, more efficient, and predictive model 
expression established by simple calculation compared with the case, is easy to use. This has played a significant role in promoting the 
strengthening of the entire electricity market management and analysis and forecasting, but is also the key for the power supply enterprises 
achieve smooth, safe operation. 
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Abstract: There are two categories of cryptosystems applied in today's software encryption and decryption technology, one is symmetric 
cryptosystem like AES algorithm, and the other is asymmetric cryptosystem like RSA algorithm. This paper summarizes the mathematical 
theory of AES algorithm and RSA algorithm, puts forward optimized AES algorithm that conducts conversion in the unit of line and the 
optimized RSA algorithm that the changes modulus operation in traditional RSA algorithm into a series of remainder and operation of the 
power of 2 based on the above summary, and designs the realization process of a combination of cryptosystem by combining these two 
optimized algorithms, hoping to improve the processing efficiency of software encryption and decryption. 

Keywords: AES algorithm; RSA algorithm; round transformation matrix; modulus operation; combination cryptogram 

1. Introduction 

Development of network technology and information technology plays an important role in today’s technology and economy, but the 
two technologies are facing security problems. Therefore, information security technology focusing on data encryption has attracted great 
attention from relevant personnel. According to the type of cipher code, data encryption technology can be divided into symmetric 
encryption and asymmetric encryption[1]. Since both types of encryption technology have advantages and disadvantages, this paper 
optimizes and combines AES algorithm and RSA algorithm based on the analysis on AES algorithm and RSA algorithm, hoping to design 
an efficient computer software encryption mechanism by making best use of the advantages and bypassing the disadvantages. 

AES is currently the main symmetric encryption algorithm, a new generation of data encryption standard following DES, and a new 
encryption standard collected by the announcement issued by American National Standards Institute of Technology (NIST) in 1997. 
Rijndael algorithm proposed by Daemen et al[2] in Belgium in 2000 is announced as AES algorithm without modification. RSA[3] is an 
asymmetric encryption algorithm most widely used, which is characterized by high security and easy implementing, and  it can be used in 
both data encryption and identity verification. Aiming at the time consuming difference between the column mixed computing and inverse 
column mixed computing in round function, Xiao Zhenjiu, et al[4] (2014) identify the column mixed computing and inverse column mixed 
computing of the simplest form in the finite field GF (28), and make them consume same computing resources in the encryption and 
decryption process. Dong Junli et al[5] (2012) designs mixed AES and RSA encryption policy for the problem of slow encryption speed and 
security of the encryption strategies in current hard disk partition and the problem that the encryption strategies can only achieve data 
encryption but not software encryption. Zhang Yuanfeng et al. [6] (2013) describes the security issues of the test papers in online examination 
system, and proposes the use of AES and RSA mixed encryption algorithms to encrypt the test papers, to ensure the security of test papers. 
Chen Junbo[7] (2012) introduces the encryption algorithms, AES algorithm and RSA algorithm, for private key and public key, combines the 
advantages of the two algorithms, uses AES symmetric encryption algorithm to encrypt message data, and uses RSA asymmetric encryption 
algorithm to produce digital signature. Bo Xiaoyan et al[8] (2012) analyze the encryption technology of the available data, and propose an 
encryption system combining both AES and RSA. Above-mentioned scholars all adopt the new encryption system designed by the strategy 
combining both symmetric encryption technology and asymmetric encryption technology, and this paper optimizes the traditional symmetric 
encryption AES algorithm and the asymmetric encryption RSA algorithm, and designs a system of mixed cryptogram based on the 
optimization. 

2 Mathematical basis of the algorithm 

2.1 Mathematical basis of AES algorithm 

Elements in the finite field[5] GF (28) can be expressed with concentrated method, suppose a byte b  consists of 01234567 bbbbbbbb ,

these ib  can be seen as the coefficients of the polynomial of seven times shown in Formula (1), and the values of these coefficients are 

either 0 or 1, that is, when a digit is expressed by binary system, it can be written to a polynomial that has this digit as the coefficient. 

( ) ∑
=

=
7

0i

i
i xbxP (1) 

There are two kinds of operations, summation and multiplication operation, in the finite field[5] GF (28), wherein: the addition of two 
polynomials is defined as the coefficient sum of the same exponents, that is, difference or operation, and the actual computing example is 
shown in Formula (2 ): 

( ) ( ) 24677246 11 xxxxxxxxxx +++=+++++++ (2) 

It can be easily got from Formula (2) that the polynomial sets on the addition operation in this finite field can constitute a commutative 
group that meets closure, associativity, zero element (00), inverse element and commutativity. 

In the multiplication in the finite field[5] GF (28), the phenomenon of overflow tends to appear after polynomial multiplication, the way 
to solve the problem is to reduce a solvable polynomial ( )xm  on the multiplication results, and the actual calculation is shown in Formula
(3): 
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( ) ( ) ( ) ( )
( ) ( )

( )16
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3483456891113

2246
1616

1C1
1mod1

118357

=++=
+++++++++++++=

++×++++=×

xx
xxxxxxxxxxxxx

xxxxxx
    (3) 

 
It can be easily got from Formula (3) that the result of mold is a polynomial lower than eight order, and different from the addition, 

multiplication is not a simple operation at the byte. Multiplication operation conducted according to the method shown in Formula (3) has 
closure, binding and zero element (01). In addition, for any polynomial ( )xb  (except 00) of binary system lower than eight order, there are 

polynomials ( )xa  and ( )xc , making Formula (4) established. 
 

 ( ) ( ) ( ) ( ) 1=+ xcxmxaxb   (4) 
 

( )xa  and ( )xc  can be obtained from the Euclidean extended algorithm shown by Formula (5), thus getting the inverse of ( )xb . 
 

 
( ) ( ) ( )

( ) ( ) ( )





=

=

− xmxaxb

xmxaxb

mod

1mod

1
  (5) 

 
If multiplication is conducted on ( )xb  and x , Formula（6）can be obtained, and molding results of the multiplication results and 

( )xm  have the following two principles: 

1) If 07 =b , ( )( ) ( ) ( ) xxbxmxxb ⋅=⋅ mod ; 

2) If 17 =b , ( )( ) ( ) ( ) ( )xmxxbxmxxb ⊕⋅=⋅ mod . 

 

 xbxbxbxbxbxbxbxb 1
2

2
3

3
4

4
5

5
6

6
7

7
8

7 +++++++  (6) 

 
Therefore, ( )( ) ( )xmxxb mod⋅  can be considered as the left shift operation of the first byte, XOR operation is conducted on 

this byte and ( )( )xm"B1"  according to the shifting results, and the operation of this type is expressed as: ( )axb time= . 
 

2.2 Mathematical basis of RSA algorithm 
 
Definition 1: Assume mapping function f  is the mapping from set A  to set B , expressed as BAf →: , and if for arbitrary 

21 xx ≠ , Axx ∈21, , there is ( ) ( )21 xfxf ≠ , f  is referred to as reversible function. 

Definition 2: If a reversible function f  satisfies: (1) all Ax∈ , easy to calculate ( )xf ;(2)for "almost all" Ax∈ , to solve x  

from ( )xf  is "extremely difficult", so that it cannot be achieved actually. Then, f  is called as one-way function. 
Euler's theorem in number theory is the theoretical basis of RSA: 

Definition 3: Suppose m  is positive integer, the number in m~1  that is relatively-prime of m  is recorded as ( )mϕ , called 
Euler function. 

Theorem 1: (Euler's theorem) If integer a  and m  are inter-prime numbers, namely, ( ) 1,gcd =ma , ( ) ( )ma m mod1=ϕ , 

and particularly when p is prime number, for any a , ( )paa p mod= . 

Theorem 2: If ( ) 1,gcd =ma , ( ) ( ) ( )nmmn ϕϕϕ = , and in general, for ∏
=

=
t

i

a
ipn

1

, Formula (7) can be proved 

established: 
 

 ( ) ∏
=









−=

t

i ip
nn

1

11ϕ   (7) 

 

Definition 4: If ( ) 1,gcd,1 =≥ mam , the existence of c  can make ( )mca mod1≡ , and c  is referred as the inverse of 

mode m of a , recorded as ( )ama mod1− . 
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Theorem 3: (Fermat Theorem) If p  is a prime number, ( ) 1,gcd =pa , ( )pa p mod11 ≡− , then it can exit 

( )paa p mod≡ . 

Theorem 4: 

( ) ( ) ( ) ( )( )kk mmmbambambamba ,,modmod,,mod,mod 2121  ≡⇒≡≡≡ . 

Definition 5: F  is a collection containing at least two elements, and the algebraic system ,*,+F  defining two kinds of 

operation “+” and “*” and meeting one of the following conditions is a domain. 
 
1） F element with respect to operation “+” constitutes Abelian group, and its unit is set as O . 

2） { }OF \  with respect to operation “*” constitutes Abelian group. 

For Fcba ∈,, , distribution rate is established, that is, ( ) cbcacba *** +=+  and 

( ) bcacbac *** +=+ 1). 

If the number of elements in domain F  is limited, it is called finite field. 
The theoretical basis of RSA is a special kind of reversible modular exponentiation operation. Its cryptosystems are RSA encryption 

algorithm and RSA digital signature algorithm. 
 

3 Algorithm optimization 
 

3.1 AES algorithm optimization 
 

 

Figure. 1 AES Algorithm Encryption and Interface Structure 
 
The complete structure of the encryption and decryption of AES algorithm is shown in Figure 1, and wherein the input packet of 

decryption algorithm and the output packet of encryption algorithm are both 128bits. 
Analysis on Figure 1 shows the main operation of AES algorithm occurs in the round transformation, and the round transformation 

should be performed and iterated for at least 10 times, so improving the implementation efficiency of round transformation in realizing the 
algorithm will help to improve the algorithm's computational speed, and achieve the optimized effect of the algorithm. This paper proposes 
the idea of optimizing round transformation process. During the round transformation process, line shift transformation only changes the 
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location of byte data in state matrix, but does not change the value of byte data, but byte substitution transformation only conducts one to 
one replacement according to S - box byte data, regardless of the position of byte data. Therefore, after the exchanged order of the two 
transformation layers, the byte replacement and transformation can easily be combined with column mixture, to replace matrix 
multiplication operation in the original algorithm by checking the table, and the results after conversion are obtained. The optimization 
method conducts transformation in the unit of column. 

Suppose after the completion of line shift, the byte data in state matrix are represented as ijr , the byte in round key is represented as 

ijk , the byte data after column mixed transformation are represented as ijc , the byte data in state matrix after completing round 

transformation are represented as ije , ( )ws  represents byte replacement and transformation （ wherein 

1,,1,0,3,2,1,0 −== bNji  ）,  and then Formula (8) is established. 
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  (8) 

 
Formula (9) can be rewritten as Formula (10) 
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If assume ( ) ( ) ( ) ( )wTwTwTwT 4321 ,,,  like the expression form of Formula (11), the state matrix after round transformation can 

be written in the form of Formula (12) shown below: 
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Before round algorithm, the value of ( ) ( ) ( ) ( )( )255,,0,,, 4321 =wwTwTwTwT  can be calculated and stored in four 

1616×  two-dimensional arrays with elements of 4 bytes (such as ( ) 566363001 ACT = ). Suppose the state matrix before the 

round transformation is 0A , and then the optimization algorithm of round transformation presented herein can be described as follows: 
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STEP1. Suppose row shift transformation, and a new state matrix 1A  is obtained. 

STEP2. Suppose the four byte data of each row of 1A  are jjj rrr 210 ,, and ( )13 ,,1,0 −= bj Njr  , the values of 

( ) ( ) ( ) ( )jjjj rTrTrTrT 34231201 ,,,  are got from above-mentioned four two-dimensional arrays, recorded as 3210 ,,, tttt , XOR is 

successively conducted on the No. i  bytes of these four values, thus obtaining four new byte data of this row sequentially. State matrix 1A  

has bN  rows, and transformation is conducted on each row according to above steps, thus obtaining new state matrix 2A . The full 

completion of state matrix transformation only requires 4×bN  times of look-up table and 12×bN  magnetic XOR, which will 

greatly simplify the complexity of the operation and reduce the execution time of round transformation. 
STEP3. XOR is conducted on state matrix 2A  and the bytes data on the corresponding location of round key, and additional layer 

transformation of keys is implemented, obtaining the final state matrix 3A  of this round transformation, and then completing the round 

transformation. 
 

3.2 RSA algorithm optimization 
 
The initialization process of RSA algorithm first requires the system to generate two large prime numbers (confidentiality), calculate 
pqn =  (public) and Euler function ( ) ( )( )11 −−= qpnϕ , randomly select integer e as a public key (encryption key), to meet 

( )( ) 1,gcd =ne ϕ  (public), finally calculate the private key d  (decryption key), to meet ( )( )ned ϕmod1≡ , and destruct 

qp,  and ( )nϕ . 
RSA encryption and decryption transformation first needs to divide and digitalize plaintext block, length of each digitized plaintext 

block should be no less than  n2log , and then encryption and decryption transformation are sequentially conducted on each plaintext 

block ( )nmm <<0 . Wherein, encryption transformation uses public key e  to encrypt plaintext m , namely, 

( )( )nmc e mod≡ ; decryption transformation uses private key d  to decrypt the ciphertext c  and obtains plaintext m , namely, 

( )( )ncm d mod≡ . 

Since ( )( )ned ϕmod1≡ , ( ) 1+= nted ϕ , and for certain 1≥t , suppose ∗∈ nZx , then: 

( ) ( ) ( ) ( ) ( ) ( )nxnxnxnxx tnted modmod1modmod1 ≡≡= +ϕ , so that encryption and decryption transformation process 

is reversible. 
RSA algorithm flow is shown in Figure 2: 
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Figure. 2 Realization flow chart of RSA Algorithm 
 
Improved RSA algorithm is to change the modulo operation in RSA traditional algorithm into a series of remainders and operations of 

power of 2, as is shown in Formula (13), wherein im  represents the No. i  binary bit of the binary representation form of m . If suppose 

nr i
i mod2= , Formula（14）is established, and therefore the mode from m  to n  is equal to the sum of the corresponding non-

zero remainders. 
 

 ( ) 







=








= ∑∑

−

=

−

=

1

0

1

0
modmod2mod2mod

i

i

i
i

i

i

i
i nnmnmnm   (13) 

 

 nrmnm
i

i
ii modmod

1

0








= ∑

−

=

   (14) 

 
Formula (14) shows the algorithm of solving the No. i  remainder, which can be obtained from the No. 1−i  remainder iteration 

shown by Formula (15): 
 

 ( ) ( )( ) ( ) nrnnnr i
ii

i mod2modmod22mod22 1
11

−
−− ∗=∗=∗=  (15) 

 
If t  is used to represent the digit of n , J  represents the least common multiple of Euler number of each element factor of n , 

namely, qp,  are prime numbers, ( ) ( )qpqpn ϕϕ ,,∗=  respectively represent the Euler numbers of qp, , 

( ) ( )[ ]qpJ ϕϕ 、= . 

Since in the No. i  iteration of the traditional BP algorithm, the maximum absolute value of the product does not exceed ( )12 −t  bit, 

only up to ( )12 −t  remainders need to be calculated while solving ( )ni mod2 . As when 1−≤ ti , and ( ) ii n 2mod2 = , 

there is no need to solve the remainder, only 122~2 −tt  with respect to ( )1−t  remainders of n  need to be calculated. 

When 12 −≤≤ tJt , only Jt 2~2  with respect to 1−− tJ  remainders of n  need to be calculated, then recursive 

remainder and satin are 1−m  or 1−− tJ  remainders generated by iteration before, and remainder table is established. While 
performing modulo operation, just to find out the corresponding non-zero remainders of the mod and get the sum, and if the sum exceeds n , 
RSA algorithm can be reused, and the direct result falls completely into the complete residue system of n . 

 
4. Implementation flow design of combination cryptosystem 

 
This study uses symmetric AES encryption algorithm to encrypt the plaintext data, and applies asymmetric RSA encryption algorithm 

to generate the encryption key used by symmetric encryption algorithm. The two algorithms are combined to form a new combination of 
cryptosystems, in order to improve the efficiency and transport security of software data. 

The generation of secret key requires the identification of two prime numbers qp, , then selects e  or d , finally calculate d  or e , 
satisfying Formula (16): 

 

Choose two 1024b of large 
prime numbers ,p q  

*N p q=

( ) ( )( )1 1n p qΦ = − −

Select the encryption key e  

Solving the decryption key d  

( )1 modd e nφ−=  

Encryption: 

modeC m n=  
Decryption: 

moddM c n=  

Demand: ( )( ), 1e nφ =  
Algorithm: Determining mutual primality 

Demand: ( )1moded nφ=  
Algorithm: Inverse 

Algorithm: Modular exponentiation and 
Modular multiplication 
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=
≡ −

pqn
ned ϕmod1

 (16) 

 
Taking the transmit mode and receive mode of network data files as an example, this paper designs the specific implementation process 

of combination cryptosystem with sender of A and recipient of B. Wherein: sender A conducts combination encryption on data; recipient B 
obtains the plaintext data by conducting decryption on the data of combination encryption. 

The encryption process of sender A is shown in Figure 3: 
 

 

Figure. 3 Encryption design process of sender A 
 
Figure 3 shows that in the encryption process, AES algorithm is first applied to encrypt the plaintext m , ciphertext c and encryption 

key AK  are obtained, then RSA algorithm is used to encrypt AK , AES key block is obtained, and finally ciphertext c , AES key block 
are passed to recipient B at the same time. The decryption process of recipient B is shown in Figure 4: 

 

 

Figure. 4 Decryption design process of recipient B 
 
In Figure 4, RSA is applied to decrypt AES key block, AK  is obtained, AK  is used to decrypt the ciphertext, and plaintext message 

m  is obtained. 
The hardware environment for implementing combination cryptography system: memory more than 256M, CPU above P4, hard disk 

capacity more than 80G; software environment: Chinese Windows XP, programming language C # .net, database of SQL. 
 

5. Conclusion 
 
Software encryption is conducive to the security of technology and information transfer, and encryption algorithm is the key 

technology of software encryption that based on mathematical theory. RSA algorithm and AES algorithm have both pros and cons, and the 
advantages of the former lie in that it uses public key encryption and private key decryption and there is no need to transmit the secret 
private key in the encryption process, representing that RSA algorithm is better than AES algorithm in the aspect of key management; the 
advantages of the latter are that its operation does not require high processing power and large memory of computer, and the operation can 
easily withstand the attack of time and space and maintain good performance in different operating environments, making AES algorithm 
safe, efficient and flexible, while RSA algorithm is significantly weaker than AES algorithm in the aspect of data processing speed. 
Therefore, the combined application of the two optimized algorithms can effectively improve the corresponding performance of software 
encryption system. 
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A Novel Data Storage Model and Method based on Bayesian Network 
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Abstract: This paper proposed a kind of data structure optimum storage algorithm for concretely studying data algorithm based on Bayesian 
network, and concretely expounded analysis, modeling and optimization of data storage structure according to structural characteristics of 
embedded system and utilization of hardware-assisted virtualization technology. It’s proved by test that this kind of method based on 
Bayesian network is a good theoretical method that can achieve expected outcome by efficiently saving storage room and decreasing storage 
cost. 
 
Keywords: bayesian network; control method; data storage; general storage model 
 
1. Introduction 
 

With the rapid development of metallurgy industry, metallurgy control has been the base to improve metallurgy system productivity 
and control precision in embedded system. It can improve the storage power of metallurgy data by using computer control technology to 
interact and transmiss metallurgy control informative data, which distributes control data into storage system through embedded data storage. 
Storage property of metallurgical control data structure has influence on metallurgy and regulation capacity, however storage property isn’t 
pretty good because of irregularity of memory byte and distribution complexity of data structure. 

This paper raised a kind of data structure optimum storage algorithm based on embedded metallurgy system of optimum basic function 
adaptive matching in metallurgy control system, then extracts the characteristics of storage data and establishes information model. Based 
on this data storage property is improved by using optimum basic function adaptive matching to match adaptability. Stimulation experiment 
aims to have a property test, which educes efficient conclusion through showing superior performance in optimizing storage data structure 
of metallurgy system and improving data storage property[1-2]. 

 
2. Problem discussion and general storage model establishment of system 

 
2.1 Background information and problem discussion 

 
In traditional method it is serious that algorithm grid apace doesn’t distribute equally in metallurgy control by analyzing data structure 

of embedded metallurgy system, optimizing data storage algorithm of metallurgy control system and improving control property and huff-
puff property of metallurgy system. So, some related bibliography raise new method to improve it. For instance, based on bibliography 
raises a kind of characteristics extraction and optimum storage design of huge metallurgy control data, which realizes embedded storage and 
scheduling to metallurgy control data, but structural hierarchy of this kind of algorithm is complex, and algorithm cost is too high. As a 
result, control property of metallurgy data and algorithm robustness is not pretty good, and coat of storage takes too much. 

As for this problem, this paper improves algorithm design, raises a kind of data structure optimum storage algorithm based on 
embedded metallurgy system of optimum basic function adaptive matching in metallurgy control system data storage, and analyzes data 
structure and generally establishes storage models of embedded metallurgy system[3]. 

 
2.2 General establishment and data structure analysis of storage model in embedded system 

 
Through multiple-mode data source storage model of metallurgy control mode of metallurgy control informative data structure is a I/O, 

USB and magnetic disk , that is, three-layer distribution model used by user node in embedded metallurgy system. First it needs to analyze 
metallurgy control informative data storage mechanism in embedded metallurgy system. Distributing mass data into multiple service nodes, 
metallurgy control informative database processes multiple source informative distribution control to store and manage metallurgy control 
informative data in embedded metallurgy system according to processor in cloud computing application layer. Genera establishment and 
realization of cloud storage mode in metallurgy control informative data structure are as Figure 1. 

Assuming X and Y to be unit vector attribute sets of metallurgy control information in the mechanism of metallurgy control 
informative data storage in embedded metallurgy system, such as X Y→ , which is a kind of association rules between basic function 
and control data. Adding momentum inertial coefficient in embedded metallurgy control informative data. Complex attributes integration of 
metallurgy control informative data can be gained. G can stands for embedded metallurgy control informative data structure. Sub-optimum 
regulatory factors in memory is in the formula(1), 

 

 
( ) ( ), ( ) 1
( ) 1, ( ) 1
k c k c k
k c k

λ
λ

= >
= ≤

   (1) 

 
In the space of characteristic data control data in embedded metallurgy is ( ) ( ) ( )[ ]kctkNtkc ⋅= / , and it should be in the 

formula(2), 
 

 
0( ) ( ) ( ) ( ) ( 1 ( )

( ) ( 1) ( 1) ( 1) ( ) ( )

T

T T

N k V k R k H k Q k H k
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β
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= − − −

）
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Among them, ( )R k  is a real positive definite symmetric matrix. 1 2( ) { ( ), ( ),..., ( )}nqR k diag r k r k r k=  is positive 

diagonal matrix. iV  stands for vector quantification characteristic of the i times data in storage structure.  

 

 

Figure. 1 Embedded metallurgy control 
 

Choose ftS ∆∆= / , and isolation between two data is ftx ∆∆=∆ , which shows that separable state function in 

embedded metallurgy control informative data is the formula(3), 
 

 2( ) '( ) exp tan
2pX u g u j t ap  = −     

  (3) 

 
Further designing separable dynamic scheduler of data storage based on above data structure analysis, if 

{ }tr
ttt

r
t

r
t xXXxxwhenxkx =+== :,:, , 

t

irit
tit d
cb dγ =  

Column vector composed by discrete sample in metallurgy control informative data structure of embedded metallurgy system is the 
formula(4), 

 

 

1 2, ,...,

1 2, ,...,

T

T

p p p p

Nx D x x x
x x x

NX J X X X
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Among them, D and J stand for interpolation and extracting matrix in metallurgy control informative data structure of embedded 
metallurgy system. Through above method, it lays a foundation for optimum storage with the help of analyzing time scale of informative 
data stream in embedded metallurgy control informative and integrating data structure[4-5]. 

 
3. Construction of Bayesian network structure model 

 
The Bayesian network is an ideal tool to realize the knowledge representation, the inference and the prediction[11], which can be used to 

describe the causal relationship between storage factors. At the same time, it can visually show the generating mechanism of storage. The 
essence of Bayesian network refers to the probability distribution of research field. Formula (8) can be obtained by formula (7), formula (8) 
can be obtained by formula (9) and finally the Bayesian formula can be shown in formula (9). 

 

 ( ) ( )
( )BP
ABPBAP =/   (5) 

 
 ( ) ( ) ( )BPBAPABP ×= /  (6) 

 

 ( ) ( )
( )AP
ABPABP =/   (7) 

 
 ( ) ( ) ( )APABPABP ×= /    (8) 

 

 ( ) ( ) ( )
( )BP

APABPBAP ×
=

//   (9) 

 
3.1 Construction principles and procedures of Bayesian network 

 
A Bayesian network is a directed acyclic graph[12] (DAG) that is composed by representative variable nodes and directed edges. The 

directed edge uses the parent nodes to point to the descendant nodes and it is represented by one-way arrow “→”. In Bayesian network, 
there is no node of import arrows that is called root node. They have the prior probability distribution which is associated with them and that 
can be directly provided[13]. For the non-root nodes, the nodes that are pointed by arrows are called child nodes. The source of arrow is 
known as parent nodes. Each child node has a conditional probability distribution of the parent node under value state. Each node in 
Bayesian network has a conditional probability table (CPT). 

If A represents the node variable and nBBB ,,, 21 
 refers to the parent node of A . For node A , the CPT table refers to the 

value of ( )nBBBAP ,,,/ 21 
. The correlation degree between nodes is characterized by the conditional probability value. The 

conditional probability table of each variable is calculated by the value of its parent node. For the variable without parent nodes, it can be 
obtained by the historical statistics as well as the knowledge and the experience of experts. A simple Bayesian network diagram is shown in 
Figure 2. 

 

 

Figure. 2 Bayesian network diagram 
 
When the network diagram has the relationships and the conditional probability tables between nodes, the Bayesian network can 

express the joint probability of all nodes in network. Meanwhile, the network can calculate the probability information in any node 

according to the prior probability information and the values of some nodes. The joint probability ( )nXXXP ,,, 21 
 of Bayesian 

network is shown in formula (10). 
 

 ( ) ( )∏
=

=
n

i
niin XXXXPXXXP

1
2121 ,,,/,,, 

 (10) 

 
Through formula (10), the distribution function of joint probability of Bayesian network is shown in formula (11). 
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 (11) 

 
For the construction of Bayesian network, there are five steps: 
Step1.determining the nodes, namely determining the target nodes of research questions; 
Step 2. determining the relationships between nodes; 
Step 3. connecting with related nodes and constructing Bayesian network diagram; 
Step 4. assigning the nodes in constructed network diagram; 
Step 5. reckoning the Bayesian network according to the relationships between nodes and the mathematical nature of Bayesian network. 
 

3.2 Causal links between the nodes in bayesian network diagram 
 
The basic relationship between variables can be represented by the one-way direction and connection of three nodes, including the 

series relation, the bifurcation relation and the convergence relation, which is shown in Figure 3. 
 

 

Figure. 3 Three basic relations between nodes 
 
The series relation refers that the emergence of node A will lead to the emergence of node B and the emergence of B will result in the 

emergence of C. Although the emergence of A does not directly lead to the emergence of C, it can provide some information and conditions 
for node C. The emergence of C is only caused by the emergence of B. Node A and node C are separated by node B. For example, the lack 
of the supply of raw materials in upstream will bring the risk transmission to the production and operation of enterprises in downstream and 
the series feature is shown. 

The bifurcation relation refers that the emergence of A will result in the emergence of node B and node C. Node A has separated node 
B and node C. There is no direct causal link between node B and node C. For example, the production fault will cause the quality risk and 
schedule delay risk and the bifurcation feature is presented. 

The convergence relation refers that the alone emergence or the simultaneous emergence of node B and node C will lead to the 
emergence of node A. If the information of node A is known, there will exist the interdependence relationship between node B and node C. 

 
4. Design for algorithm improvement 

 
It needs to design optimum data storage, optimize data storage algorithm in metallurgy control system, improve control attributes and 

huff- puff attributes of metallurgy system, and raises a kind of data structure optimum storage algorithm relied on embedded metallurgy 
system of optimum basic function adaptive matching in metallurgy control system data storage based on storage model. First it needs to 

build data structure of embedded metallurgy system which is a vector space composed by the value of iV . Time series of data stream in 

embedded metallurgy system is 0{ ( )}, 0,1,..., 1.x t i t i N+ ∆ = − Through decentralized control reconstruct characteristic space of 

time series in metallurgy control informative data, 0{ ( )}, 0,1,..., 1.x t i t i N+ ∆ = − can be gained. Among them vector length of 

control informative data in metallurgy system is N . By sampling vector expression of metallurgy control informative data storage stage in 
embedded metallurgy system is the formula(12), 

 

 [ ]0 0( ), ( ),..., ( ( 1) )mX J x t x t t x t k t= + ∆ + − ∆  (12) 

 
where, ( )x t stands for informative stream time series of metallurgy control informative data storage system in embedded metallurgy 

system; J  stands for space; m stands for embedding dimension. As for cloud storage system, data of task is produced by vector from iV  

value, and it can reduce dimension for redundant signal data, which contributes to offering data block to the block uploaded by client. 

Realizing cloud storage and adaptive matching pyramidal decomposition of metallurgy control information data can be gained. ( )pX u  is 

spectrum characteristic of separable sample in metallurgy control informative data. Primary characteristic of low-loaded storage in 
metallurgy control informative data is the formula(13), 
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Among them, ( )cs t  stands for scalar time series of metallurgy control information;  tfje 02p stands for distribution state character of 

storage space; 0f is main characteristic frequency. T stands for data huff-puff quantity of storage space. Based on adaptive matching 

pyramidal decomposition time-window recombining and separating of metallurgy control informative data integration vector matrix of 
dynamic data storage is the formula(14) as following, 

 

 ( 1) 1 ( 1) 2 ( 1)( ) { ( ), ( ),..., ( )}i i q i q i q qR k diag r k r k r k− + − + − +=  (14) 

 
Among them, i =1,2,..., N stands for memory of metallurgy control informative data storage. According to different types of data 

storage area, using data filter in information stream length of infinite dimensional metallurgy control informative data, index set of basic 
function in metallurgy control informative data information stream is the formula(15), 

 

 00 : , .sup ,f d f dγ γ
γ

β a
∈Γ

Λ = ∈Γ 〈 〉 ≥ 〈 〉    (15) 

 

Vector sets AHP - PSO scheduling equals to a in (15), and β is exactly the storage state index 0γ of metallurgy data by using 

projection matching to have a dimension reduction for the load of storage cost, and choosing certain basic function to have a embedded 
system matching. Storage distributed space determined by estimated value of Doppler frequency is the formula(16), 

 

 
0 0

*( ) ( ) ( )n d f t d t dtγ γλ
+∞

−∞
= ⊗∫  (16) 

 
It can realize optimum storage of data structure by searching optimum storage space projection based on optimum basic function 

adaptive matching before projecting each time. 
 

5. Stimulation Experiment and Outcome Analysis 
 
In order to test the property of data structure optimum storage in realizing embedded metallurgy system, which is mentioned in this 

paper, stimulation experiment is carried out. Using Matlab to have a algorithm stimulation and establish embedded metallurgy system in 
metallurgy control it needs to store metallurgy control informative data and schedule task in embedded metallurgy system. Time internal of 
data sample is 0. 1s, and data execution dead time is 2400 Mpbs. Sample frequency of cloud storage node in metallurgy control informative 

data is kHzffs 204 0 == . 

Central time of metallurgy control in embedded metallurgy system is 0 15t s= . Data length is 8000. According to stimulation 

environment and parameter setting mentioned above, it can gain the wave forms in time domain of metallurgy control informative data 
through optimizing data ,and sampling data,.The input 6SNR dB= −  as interference condition. Just as Figure 4 shows. 

 

 

Figure. 4 The wave forms in time domain of metallurgy control informative data 
 
From Figure 4, it’s efficient to show spatial distribution character of metallurgy control information’s storage state using method raised 

in this paper to have a data sampling. Time-sampling data us accurate. Based on this sample data set it can optimize and integrate data 
structure distribution, which aims to realize data storage optimization. In order to compare algorithm property, method varied in this paper 
along with traditional method contributes to gaining state distribution characteristic of data storage. Algorithm raised in this paper takes 
much advantage over designing optimum data storage. It owns better peak- feature clustering features, and its anti-interference property in 
data storage is powerful, which effectively enlarge the space of data storage and decrease the load of data storage as well as save 45.66% 
storage expense. 

 
6. Conclusion 

 
In order to improve control property and storage property of embedded metallurgy system, this paper raises a kind of data structure 

optimum storage algorithm based on embedded metallurgy system of optimum basic function adaptive matching in metallurgy control 
system data storage. It’s proved by stimulation outcome that it efficiently reduces data storage expense and enlarges data storage space by 
using method raised in this paper, which further improves control ability and storage ability of data interaction in embedded metallurgy 
system. 
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Abstract: Wireless radio resource utilization ratio is a method to measure the load of mobile network, and also an important evaluation 
strategy to guarantee the network safety. With the development of mobile services, how to scientifically evaluate the load of mobile network 
and timely warn the risks of network capacity has become the focus issue of network expansion planning and optimization. This paper 
started with the factors which affected the load of CDMA network, and proposes the busy/idle distribution of base station traffic intensity is 
the biggest factor that influences network load limited ability. Through building the establishment of CDMA wireless utilization warning 
threshold assessment model, scientific calculation method was given, and applied to daily monitoring and analysis of network load. 
 
Keywords: network load; radio resource utilization; warning threshold 
 
1. Introduction 
 

1X wireless resource utilization ratio in CDMA network is a key indicator to evaluate the benefits of network investment and network 
load security. It is widely used in network planning and optimization in China Telecom. Due to soft capacity of CDMA network, wireless 
network coverage and quality are strongly related to the network load. With the development of traffic and network load, the maximum 
threshold of 1X wireless resource utilization ratio has become the focus of the operation and maintenance departments. 

The factors that affect the maximum capacity of network load are very complicated. Many factors, such as difference of local network 
structures and user distribution, interference level, and the resource allocation of the panels, can influence the maximum capacity of network 
load. According to conventional ideas, using 70% of the load threshold to set the alarm threshold is easy to lead to disjoint between early 
warning threshold and the actual network. It can’t ensure that the whole network coverage and quality is not affected [1]. 

In order to maximize the usage of 1X wireless resources, and ensure the network coverage and quality not to reduce, it is necessary to 
further research and develop on a more reasonable local network warning threshold of 1X wireless resource utilization ratio. 

 

 

Figure. 1. Comparison of wireless resource utilization ratio in different local networks 
 

2. Main factors affecting the statistical results of resource utilization ratio 
 

2.1 Statistical methods for CDMA wireless resource utilization ratio 
 
The statistical formula of wireless resource utilization ratio is as follows: 
 

ReRe verseTrafficIntensityWireless sourceUtilizationRatio
NetworkCapacity

=                                          (1) 

 
Network capacity should be the smaller one of the CE capacity and the reverse interference capacity. 
Reverse interference capacity of omni-directional base station: number of carriers and sectors×22.83×1.35. 
Reverse interference capacity of directional base station: number of carriers and sectors×18.38×1.35. 
From the above formula, we know that the difference between the designed network capacity and the actual maximum capacity of the 

network can affect the maximum available threshold. The resource utilization ratio of each local network can reach 100% theoretically, but 
in fact it is far lower than 100%, due to many factures [2]. 

①Influence of Reverse interference capacity: limit to the level of reverse interference, the actual maximum network capacity of the 
local network can be less than the designed network, so it can not reach the utilization ratio of 100%. 

②Influence of busy/idle distribution of traffic intensity: due to some busy areas and super idle areas in local networks, and traffic 
distribution is different. So the warning threshold of resource utilization ratio will be different. The utilization rate is higher when traffic is 
more balanced. 

③Influence of the difference between network elements in busy hour: there are some differences between sectors of the base station 
when the local network is busy. It is better to use network elements in busy hour to practically reflect the network load. If we use busy hour 
to statistic, we should consider the difference between elements. 

Notice: for CE configuration number only influences designed capacity, but not the actual available capacity of the area, so we ignore it. 
 

2.2 Design specification for reverse interference capacity of CDMA carriers 
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Users share the same frequency points in CDMA system. When the mobile station has not enough power to overcome interference 
from other users in the reverse link, the system will achieve the maximum reversed capacity [3]. 

According to China Telecom’s standard, the reverse interference capacity of single carrier in the directional and omni-directional base 
station is 18.38ERL (directional base station) and 22.83ERL (omni-directional base station). These two values are based on the reverse 
limited capacity of CDMA algorithm, and the formula is as follows: 

 

( ) ( )
0.951 1 128 0.7 0.85 35

2.51 0.55 1 0.571
P

b
f

t

M G S
E v f
N

η ρ

 
 
 = + ⋅ ⋅ = + × × × =

× × +  ⋅ ⋅ +    

                        (2) 

 
Channel number =35/ (l+35%) =26, which doesn’t include soft handover, through Irish B, we can find it equals to 18.38ERL. 
The facture M is the number of calls per carrier and sector which Corresponds to basic business channel number. Gp is processing gain, 

η  is non precision power control factors, f is adjacent interference factor, vf is activating factor, Eb/Nt is signal to noise rate for de-
modulation, ρ is sector load factor，S is sectoring factor which equals to 1 when using omni-directional base station, and 0.85 for 
directional. The carrier's reverse noise rise value is mainly affected by the design load, and carrier capacity planning is generally used 
70%[4]. 

 
2.3 Influence of busy/idle traffic intensity of base stations 

 
The setting of warning threshold of wireless resource utilization ratio for local network is highly related to base station network 

element group (base station clusters) which has the highest resource utilization ratio. The element groups of base stations can be classified 
by region or level of traffic intensity of carriers and sectors [5]. Table 1 and table 2 mainly reflect the relationship between the maximum 
available threshold of wireless resource utilization ratio of the whole network and the busy idle load of base station cluster. 

 
Table 1 Network resource status 

Utilization rate 
 

Type 

a b c 
Designed  wireless  capacity 

(ERL) 
Reverse traffic intensity 

(ERL) 
Wireless resource utilization 

ratio 
Network element group A 1000 600 60% 

Network element group B 1000 200 20% 

Whole Network 2000 800 40% 
 

Table 2 Network maximum load capacity 
Limited Utilization 

 
Type 

k f g 
Limited ratio of  growing  

traffic intensity 
Limited  traffic intensity 

（b*K） 
Limited  wireless resource 

utilization ratio 
Network element group A 66.70% 1000 100.0% 

Network element group B 66.70% 334 33．4% 

Whole Network 66.70% 1336 67.8% 
 
The wireless resource utilization ratio for network element group A is 60%, which stands for busy base station group, and network 

element group B is 40%, which stands for idle base station group.  Assuming all the traffic intensity of base stations synchronous growth 
66.7%, the utilization ratio of A will reach 100%, but B only reach 33.4%. The maximum available threshold of whole network utilization 
ratio will be 66.8%, and the warning threshold should be below 66.8% and arrange timely expansion, or the high network load region will 
have serious congestion. 

From the above example, it can be concluded that the imbalance of traffic distribution of base station is the biggest factor affecting the 
utilization ratio of regional network. So, it must be included in the evaluation of the warning threshold variable. 

Scientific division of network element group is the critical point for the accuracy of evaluation. According to the value of network 
planning and optimization of experience, it is recommended by 40% and 60% of proportion to divide the busy and idle station groups. That 
is to say when the number of carriers and sectors reaches 40%, we can consider the traffic load has reached the maximum, and needs to 
carry out the network planning and expansion [6]. 

 
2.4 Difference influence of busy hour statistics 

 
The busy hour traffic intensity between network element and local network is of great difference, which is generally different from 

10% to 30%. And here the busy hour traffic intensity means the busiest hour in a day of a base station and different base station has different 
busiest hour. Let take A city as an example, the reverse busy traffic intensity is 113698ERL, the busiest hour of the local city is at 20:00 and 
its reverse traffic intensity is 88107ERL, so we can see the difference is 29%. 

The busy traffic intensity of network element can be truly reflected the resource load of carriers and sectors. So it is proposed 
considering busy hour traffic intensity of network element to account wireless resource utilization ratio. At present, it is generally used 
busiest hour of local city to analyze the maximum threshold of the regional radio resource utilization [7]. 

 
3. Calculation model of warning threshold of resource utilization ratio 

 
3.1 Calculating the maximum available threshold for resource utilization ratio 
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The local network is divided into two elements groups, A and B which represent busy carriers and sectors group and the idle one in the 
area. Assuming actual traffic intensities are D1, D2 and the maximum design capacity are H1, H2. 

Step 1: calculate the traffic limited growing ratio of the local network. That’s to calculate the growing ratio C of traffic intensity when 
A group’s utilization ratio reach 100 percent and the traffic intensity reach H1. 

Step 2: calculate the synchronous growing traffic intensity of B group which equals D2* (1+C). 
Step 3: Calculate the limited traffic intensity of the local network which equals H1+D2* (1+C). 
Step 4: Calculate the limited utilization ratio of the local network using the following equation: 
 

1 2*(1 C)
1 2

H DL
H H
+ +

=
+

                                                                                        (3) 

 
Table 3 is an example. 
 

Table 3 Model parameters of warning threshold for resource utilization ratio 
Parameters Factor Explanation for parameters 

Network element group A (carriers and 
sectors) A Put the busy reverse traffic intensity of local network’s carriers and sectors 

in descending order and select the top 40%. 
Network element group B (carriers and 
sectors) B Put the busy reverse traffic intensity of local network’s carriers and sectors 

in descending order and select the  bottom 60%. 
Limited ratio of  growing  traffic intensity 
C C The reverse traffic intensity when group A’s resource utilization ratio is 

close to or reaches 100%. 

Designed  wireless   capacity  H1 H1 Wireless capacity for network element group A using carrier wireless 
capacity algorithm. 

Designed  wireless   capacity  H2 H2 Wireless capacity for network element group B using carrier wireless 
capacity algorithm. 

Reverse traffic intensity D1 D1 Current reverse traffic intensity of  network element group A. 

Reverse traffic intensity D2 D2 Current reverse traffic intensity of  network element group B. 
Available threshold for wireless resource 
utilization ratio of area L L Maximum available threshold for resource utilization local or the whole 

network. 
 
3.2 Calculating network busy factor 

 
We need to use busy hour factor to calculate warning threshold of resource utilization ratio. Taking A city as an example, busy hour 

traffic intensity of network element is 1.24 times to the local one. After calculating busy and idle distribution of traffic intensity of the base 
station using busy hour traffic intensity of local network, we can attain maximum threshold for resource utilization ratio is 49%, so the 
proposed warning threshold of resource utilization ratio is 49%/ 1.24 = 40%. 
 
3.3 Example 

 
Taking an example using current network data in the capital city of A Province to calculate warning threshold of wireless resource 

utilization ratio as follow: 
①Put the busy hour reverse traffic intensity of local network’s carriers and sectors in descending order. The number of the top 40% 

carriers and sectors is 6147, the designed wireless capacity is 138237 ERL, and the busy hour reverse traffic intensity is 66659 ERL. Taking 
the above carriers and sectors as group A, the current wireless resource utilization ratio is 48%. 

②The number of the remainder 60% carriers and sectors is 9220, the designed wireless capacity is 216143ERL, and the busy hour 
reverse traffic intensity is 17022 ERL. Taking the above carriers and sectors as group B, the current wireless resource utilization ratio is 
7.8%. 

③When group A’s resource utilization ratio is close to or reaches 100%, the reverse traffic intensity will increase to 107%. The reverse 
traffic intensity of group B will grow from 17022 ERL to 35235 ERL and the wireless resource utilization ratio will be 16.3%. 

④The maximum available threshold of the wireless resource utilization ratio of the local network equals (138237+35235) / 
(138237+216143) =49% 

⑤Considering the difference between busy hour of network from fixed busy hour, the busy hour traffic intensity of network element is 
1.24 times to the fixed one. So the maximal threshold of resource utilization ratio is 49%* (1 / 1.24) =40%. 

Table 4 is an example. 
 

Table 4 Example for warning threshold for resource utilization ratio 
Parameters Factor Value Explanation for parameters 

Network element group A (carriers and 
sectors) A 6147 Put the busy reverse traffic intensity of local network’s carriers and 

sectors in descending order and select the top 40%. 
Network element group B (carriers and 
sectors) B 9220 Put the busy reverse traffic intensity of local network’s carriers and 

sectors in descending order and select the  bottom 60%. 
Limited ratio of  growing  traffic 
intensity C C 10% The reverse traffic intensity when group A’s resource utilization ratio 

is close to or reaches 100%. 

Designed  wireless   capacity  H1 H1 138237 Wireless capacity for network element group A using carrier wireless 
capacity algorithm. 

Designed  wireless   capacity  H2 H2 216143 Wireless capacity for network element group B using carrier wireless 
capacity algorithm. 

Reverse traffic intensity D1 D1 66659 Current reverse traffic intensity of  network element group A. 

Reverse traffic intensity D2 D2 17022 Current reverse traffic intensity of  network element group B. 
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Available threshold for wireless 
resource utilization ratio of area L L 49.00% Maximum available threshold for resource utilization local or the 

whole network. 
 

4. Application of warning threshold evaluation method for wireless resource utilization ratio 
 
4.1 Accurate assessment of the city's resource dynamic load 

 
Using warning threshold evaluation model, the warning threshold of wireless resource utilization ratio of the provincial network, the 

local area, the area and the grid can be evaluated neatly and exactly, and the development of network planning and network optimization are 
also supported [8]. 

Table 5 gives the maximum threshold of wireless resource utilization ratio of nine local networks of A province applying the evaluation 
model. It can be used for daily network load analysis and warning. 

 
Table 5 Maximum threshold of wireless resource utilization ratio of local networks. 

Local 
network 

wireless resource utilization ratio of 
current network 

Busy coefficient of 
network element 

Maximum available threshold of the wireless 
resource utilization ratio 

City 1 23.60% 1.24 40.70% 

City 2 23.18% 1.15 46.10% 

City 3 38.70% 1.11 55.70% 

City 4 25.00% 1.21 44.50% 

City 5 34.10% 1.13 54.90% 

City 6 31.60% 1.11 51.70% 

City 7 29.10% 1.13 49.10% 

City 8 28.20% 1.12 50.70% 

City 9 27.40% 1.12 49.60% 
 

4.2 Warning network load risks 
 
From table 5 we know that city 1 has the lowest warning threshold of wireless resource utilization ratio which equals to 40.7% and has 

the worst network traffic distribution evenness. For the busy hour traffic intensity of network element is 1.24 times to the fixed one, the user 
distribution is complex, and the difference between areas in the local city is great. 

We also know that city 5 has the highest warning threshold of wireless resource utilization ratio which equals to 54.9%, has better 
network traffic distribution evenness and has fewer local hot spots. 

 
4.3 Application and popularization 

 
The evaluation method is suitable for CDMA network operators, network planning personnel, and also can be applied to the integrated 

network management platform, to further improve the application efficiency. 
 

5. Conclusions 
 
This paper analyzed various factors affecting the wireless resource utilization ratio, and sets an evaluation model for CDMA warning 

threshold of wireless resource utilization ratio. The evaluation method can solve the problem of setting up warming threshold of network 
utilization ratio and guide network planning and optimization work. 
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Abstract: It studies the blocking in the layout of the narrow aisle order picking system, and builds blocking rate Markov models for the 
ratio of walk to pick time is 1:1. Then get the analytical expression of the three relations of picking area, picking density and picking 
blocking. It validates the model by simulation, and analysis of changes in various factors influence the rate of blocking. To provide guidance 
for overcome picking blocking, improve picking efficiency, improve customer satisfaction, reduce logistics costs and improve supply chain 
service levels. 
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1. Introduction 
 

Blocking is the key factor to influence the efficiency of the order picking system. Thus we must study on the blocking in order to 
improve the efficiency of picking system. Recognize the factors of affecting blocking, thereby reducing the incidence of blocking to 
improve picking efficiency. By reading the literature, scholars using different methods study on the order picking efficiency from different 
perspectives. Gu (2010) [1] consider the warehouse layout design can influence the future optimize the operation and made a significant 
impact on the order picking and picker's picking path. Battini, Daria et al. (2015) [2] presents the storage assignment and travel distance 
estimation (SA&TDE) joint method, a new approach useful to design and evaluate a manual picker-to-parts picking system, focusing on 
goods allocation and distances estimation. Skufca (2005) [3] use the assumptions presented for the ∞:1 ratio in the case when pickers may 
pick only one item, they develop a blocking model for various pickers in narrow aisle OPS. Shih and Gue and Meller (2006) [4] studied on 
the picking blocking in circular narrow picking aisle. They consider that picker would have a passage blocking in narrow aisle, and blocking 
increases with an increase in the number of pickers, but decrease with an increase in the picking area. They also consider that picker walking 
faster speed will also cause more severe blocking. Pan (2008) [5] proposes a throughput model for the determination of the picking 
operation performance for such multiple-picker environment to consider a trade-off between the picking distance and the blocking-caused 
delay for the storage assignment. This study investigates an order picking system involving multiple pickers in a warehouse. Pratik and 
Meller (2009) [6] studied on the blocking of two pickers in the circular wide aisle. They present that blocking decreases in a wide aisle OPS, 
and blocking is also a serious problem in the high circulation and various pickers system. Pan et al. (2012) [7] take waiting time into account 
together with travel time and distance when evaluating the efficiency of picking operations. They consider that the picking model under 
investigation can be formulated as a queue network, and a heuristic storage assignment policy that considers both the travel time and the 
waiting time simultaneously by minimizing the average order fulfillment time. Soondo Hong et al. (2013) [8] further validate the research 
results of Gue and Pratik. They made improvements in the blocking estimation algorithm. Corinne et al. (2014) [9] propose a variation to the 
traditional orthogonal aisle designs where both wide and narrow aisles are mixed within the configuration, with a view that mixed-width 
aisles may provide a compromise between space and labor. To analyze these new mixed-width aisle configurations, they develop analytical 
models for space and travel time considering randomized storage and traversal routing policies. Through a cost-based optimization model, 
they identify system parameters for which mixed-width aisle configurations are optimal. Soondo Hong et al. (2012) [10] propose an 
integrated batching and sequencing procedure called the indexed batching model (IBM), with the objective of minimizing the sum of travel 
time, pick time and congestion delays. The IBM differs from traditional batching formulations by assigning orders to indexed batches, 
whereby each batch corresponds to a position in the batch release sequences. They develop a mixed integer programming solution for exact 
control, and demonstrate a simulated annealing procedure to solve large practical problems. 

In this paper，we continue to make research on narrow aisle OPS which based on the research of Gue and Pratik’s. And the different 
from Gue and Pratik's research is that we get a different state transfer matrix. 

 
2. Picking blocking in OPS 

 
Order picking is the key to rapid response to market demand. In a picking system, to improve the throughput and customer 

responsiveness, there is usually more than one picker pick at the same time. If two or more of the picker need to pick at a same pick-face, it 
will cause blocking. And blocking increases with an increase in the number of pickers in a narrow-aisle OPS, but decreases with an increase 
in the picking area. 

There are two forms of blocking in a narrow aisle OPS. Figure 1 illustrates the forms of blocking: (1) pick-face blocking in a narrow 
aisle OPS. (2) in the aisle blocking in a narrow aisle OPS. 

 

W P PW

 
(a) Pick face blocking                                            (b) Aisles blocking 

Figure. 1 Two types of blocking within narrow aisles. 
 

In the layout of narrow aisle, if Picker 1 picks in one time unit, Picker 2 would wait to pick. Blocking would happen when the distance 
between Picker 1 and Picker 2 is 1. In this paper, we study on the blocking of OPS based on random-storage and S-type picking in a 
traditional layout. Because the change in distance between the pickers has the Markov property, so it is suited to build a Markov model of 
the change in distance between the pickers. Validate the model validity by simulation and analyze the factors of affecting blocking. 

 
3. Model assumption and notation 
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3.1 Description of narrow aisle OPS 

 
(1) Since picking system varied and has the complexity of reality. In order to simple description of theoretical model, we study on the 

narrow aisle which has n pick-faces. Figure 2 illustrates the schematic of pick route in random-storage and S-type picking based on tradition 
layout. The quantities of pick-faces represent pick area size. In the standard case, a pick-face is as a column or a set of shelves fluent shelf 
tray. In practice, each of the pick-face may contain several picking position. For example, a pallet rack may contain three or four layers 
pallet cargo. 

(2) In a narrow aisle OPS, picker can be a picking people, it also can be automatically picking car. In a narrow aisle, it can only 
accommodate one picker at pick-face picking jobs. A picker picking goods, it will leads to lateral or longitudinal movement. Then they need 
to have some space to get the goods, and therefore can not pass each other in the aisle.  

(3) We assume that there are K pickers in the OPS, and the blocking rate of picker is ( ):
N
P Wb k . Subscript :P W  is the ratio of pick: 

walk, superscript N means narrow aisle. The range of values for ( ):
N
P Wb k  is ( ):0 1N

P Wb k≤ ≤ . In this paper, we choose two pickers i.e. 

2k = . 
(4) It means that the picker do picking work can only in one direction in the aisle at the condition of random-storage and S-type picking. 
(5) Pickers may pick only one item or multiple items at a pick-face. 
(6) In practice, pick-faces are located on both sides of an aisle. In this paper, in order to modeling, we assume that the pick-faces on 

both sides are merged together. 
 

... 2 1 0

… 2 1 0

n n-1 n-2 ...

n n-1 n-2 ...

P W

I/O  
Figure. 2 Schematic of pick route in random-storage and S-type picking based on tradition layout. 

 
In this paper, we build a blocking model when the pick and walk times are identical and equal to one unit. That means the pick: walk 

time ratio is 1:1. Expressed as p: w=1:1. 
 

3.2 Description of notation 
 
The notations used in our model, along with their description are presented below.  

t
iS  denotes the state of two pickers in epoch. 

i  denotes the type of possible states . 
N1 denotes the position of Picker 1. 
N2 denotes the position of Picker 2. 

12
tD  =the distance between the two pickers at the end of epoch t. 

 

12 1( - ) mod  tD n N N n= + 2
                                                                                    (1) 

 
The state t

iS  is expressed as Dpp, Dpw, Dwp, Dww,(D=1…n-1), represented as the distance and state of two pickers in epoch t 
respectively. For example, State 1pp indicates that pickers are 1 pick-face apart with Picker 1 and Picker 2 both just picked. State 1pw 
indicates that pickers are 1 pick-face apart with Picker 1 just picked and Picker 2 just walked i.e., gets blocked. In a narrow aisle, Picker 2 
cannot able to through Picker 1, so blocked happened. Similarly, (n-1)wp is also in blocked. Once in blocked. Picker2 must wait for the 
Picker2 complete the picking. 

In a narrow aisle OPS, according to the different distance of two pickers, the all states are {1pp,1pw,1wp,1ww,2pp,2pw,2wp,2ww,···(n-
1)pp,(n-1)pw,(n-1)wp,(n-1)ww},State 1pw and state (n-1)wp are in blocking. The range of values for the distance 12

tD  of two pickers is 

0≤ 12
tD ≤n-1. Each distance has four different states, so it is crucial to get state transfer matrix for analyze the blocking rate.   

 
4. Blocking Model for Pick:Walk Time Ratio of 1: 1  

 
Identify discrete Markov process in a blocking system. It means to look for random variable characteristic consistent with no aftereffect 

is important to build a Markov model. Followed, analyze the picker state transition of distance and the change of distance. Describe the state 
transition matrix correctly to get a steady state distribution is a key to our study. 

 
4.1 State transition matrix 
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In a narrow aisle OPS, p: w =1:1 means that a picker pick at a pick-face and a picker walk through a pick-face times are identical and 
equal.  

For example, we analyze the state transfer of two pickers in epoch t=1 and t=2. Figure 3 illustrates the state transfer from t=0 to t=1. 
State 1pw indicates that blocking happened. And picker1 may pick or walk in epoch t=1. The u represents probability to pick and the v 
represents probability to walk. Therefore the next state will be 1ww or 1pw.   

 

1 2 ... n
0 {1 } blockingpwS = =

t=0 2
W

1
t

 

1 2 ... n

2
W

1
tt=1

Case 1
1
1 {1 }pwS =

1 0
1 1{ } {1 1 }pw pwp S S p u= =

 

1 2 ... n

2
W

1
wt=1

Case 2

1
2 {1 }wwS =

1 0
2 1{ } {1 1 }ww pwp S S p v= =

 
Figure. 3 Schematic of the state transfer from t=0 to t=1 when the state is 1pw in epoch t=0. 

 
When the state is 1pp or 1ww, it indicates that pickers are 1 pick-face apart with Picker 1 and Picker 2. State 1pp and 1ww represent that 

pickers are at the same pick-face and both just picked and walked. Since pickers may pick only one item or multiple items, so the two 
pickers could pick or walk in the next moment. There are four situations for state transfer: 

(1) Situation 1: transit to state 1pp . If Picker1 and Picker2 both pick in next epoch, and the distance is 1pick-face. It means to transit to 

state 1pp  and transition probabilities is 2u . 

(2) Situation 2: transit to state 1pw . If Picker1 pick and Picker2 walk in next epoch, and the distance is 1pick-face. It means to transit to 

state 1pw  and transition probabilities is uv . 

(3) Situation 3: transit to state 1wp . If Picker1 walk and Picker2 pick in next epoch, and the distance is 1pick-face. It means to transit to 

state 1wp  and transition probabilities is uv . 

(4) Situation 4: transit to state 1ww . If Picker1 and Picker2 both walk in next epoch, and the distance is 1pick-face. It means to transit 

to state 1pp .and transition probabilities is 2v .   

Figure 4 illustrates the state transfer from t=0 to t=1 when the state is 1ww  in epoch t=0. State1ww  indicates no blocked. Two pickers 

would both walk in this epoch. There are four situations for state transfer in epoch t=1: 1pp ,1pw ，1wp ，1ww ，and the corresponding 

transition probabilities are: 2 2, , ,u uv uv v . 
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2 {1 },

this  is a non-blocking  state
wwS =

 

1 2 ... n
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1 0 2
1 2{ } {1 1 }pp wwp S S p u= =
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2
w

1
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Case 2

1
2 {1 }pwS =
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2 2{ } {1 1 }pw wwp S S p uv= =

 

1 2 ... n

2
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1
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1 0
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1 0 2
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Figure. 4 Schematic of the state transfer from t=0 to t=1 when the state is 1ww in epoch t=0. 

 
Followed by analogy, Figure 5 illustrates the status of the transfer situation. 
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3pp
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1pw 1wp 1ww
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3pw 3wp 3ww
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      2v

2u uv

uv
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Figure. 5 Transition-Probability Diagram for the 1:1 Ratio. 

 
In the next, state transition probability is represented by matrix. The state are{1 ,1 ,1 ,1 }pp pw wp ww  from epoch t, then the state transfer 

in epoch t+1 is  
 

2 2

1

2 2

              1 1 1 1

1
1 0 0
1 0 0 0 0
1

pp pw wp ww

pp

pw

wp

ww

u uv uv v
u v

A

u uv uv v

 
 
 =
 
 
  

,          
2 2

              2    2    2    2    

1 0 0 0 0
1 0 0 0 0
1
1 0 0 0 0

pp

pw

wp

ww

pp pw wp ww

B
u uv uv v

 
 
 =
 
 
 

. 

 
The state transfer from state {2 ,2 ,2 ,2 }pp pw wp ww  to next state in next epoch is 
 

2 2

                1      1     1    1  

2 0 0 0 0
2
2 0 0 0 0
2 0 0 0 0

pp pw wp ww

pp

pw

wp

ww

u uv uv v
C

 
 
 =
 
 
 

,

2 2

2 2

              2 2 2 2

2
2 0 0 0 0
2 0 0 0 0
2

pp pw wp ww

pp

pw

wp

ww

u uv uv v

A

u uv uv v

 
 
 =
 
 
  

,
2 2

                3     3    3   3  

2 0 0 0 0
2 0 0 0 0
2
2 0 0 0 0

pp

pw

wp

ww

pp pw wp ww

B
u uv uv v

 
 
 =
 
 
 

. 

 
The state transition matrix from {( 1) , ( 1) , ( 1) , ( 1) }pp pw wp wwn n n n− − − −  to {( 1) , ( 1) , ( 1) , ( 1) }pp pw wp wwn n n n− − − −  is 
 

2 2

1

2 2

0 0 0 0
0 0n

u uv uv v

A
u v

u uv uv v

−

 
 
 =
 
 
  

. 

 
The state transition matrix from {3 ,3 ,3 ,3 }pp pw wp ww  {( 2) , ( 2) ,pp pwn n− − ( 2) , ( 2) }wp wwn n− −  to next state is consistent 

with the state transition matrix from {2 ,2 ,2 ,2 }pp pw wp ww  to next state. So the resulting transition matrix is 
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1

1:1

1 ( 1) ( 1)

0 0

0 0

0

N

n n n

A B
C A B

T
C A B

C A − − × −

 
 
 
 =
 
 
  



B 

B B B

 B

 

                                                                (2) 

 
4.2 Steady distribution and blocking rate 1:1

Nb  
 
Seeking the stationary distribution 1:1

NZ  of state transition matrix 1:1
NT T1:1N, i.e. solving the equation 1:1

NZ 1:1
NT = 1:1

NZ . The 
Solution is 

 
1 2 2 1

2 2 2 2

1:1 [ , , ,1, , , ,1 ,  , , , ,1 , , , ,1]
1 1 1 1 1 1

d d d n d n

N u u u u u uZ u u u u u u u u
u u u u u u

= = = − = −

= − −
− − − − − −

, , , ,



                          (3) 

 
The stationary density for the Markov process is determined by scaling by‖ 1:1

NZ ‖. Since the blocked state is the State 1pw and (n-1)wp, 
each picker average blocking rate is 

 

1:1 ( 2)N b

j
j

z
b k

k z
= =

∑ 2 2

/1

( 3)( 2 1 ) 2( 1 )
1 1 1

u u
u u un u u u

u u u

−
=

− + + − + + + +
− − −

 
2 1

u
u n

=
+ −

                   (4) 

 
Zb in formula (3) is determined by the sum of position of 1pw and (n-1)wp which Corresponding to vector 1:1

NZ . j is the dimensionality 

of 1:1
NZ . So we can conclude that 1:1

Nb  is a decreasing function of n. seeking the maximum value, i.e.  
 

[ ]
1

1:1 2

1( 2)
2 1

N
u

nb k
u n

−
= =

+ −
                                                                                (5) 

The formula (4) shows the first derivative is greater than zero, so the blocking rate 1:1
Nb  is an increasing function on pick probabilities u. 

 
4.3 Analyze the influencing factors of blocking rate 1:1

Nb  
 
Figure 6 illustrates the relationship between blocking rate b1:1N and pick probability u when n take different values. Namely when 

there are 2, 10, 20, 50 pick-faces in the storage area of the case, that are represented by different curves in the graph. Figure 6 illustrates the 
changes of blocking rate when picking area changes. From figure 6 we can conclude that the blocking rate b increases with an increase pick 
probability u when picking area n is a constant, but decreases with increase pick area n in condition on pick probability u is fixed. When the 
picker can pick multi items at a pick-face for the case when the pick: walk time ratio is 1:1, blocking rate is likely to exceed the maximum of 
30%, resulting in a big blocking. Therefore, it is useful for Warehouse manager make decision in practical application to analyze picking 
blocking rate, picking area and picking density, and obtain he most efficient operation y adjusting parameters. 
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Figure. 6 Relationship between n, u, b in a narrow OPS and the Pick: Walk Time Ratio is 1:1. 

 
5. Conclusions and future research 
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In this paper, we study on the influence efficiency of pick blocking. In more simple condition, establish a pick blocking model. In a 

narrow aisle OPS, in the situation where the pick and walk times are identical and equal, we build Markov model for the case when two 
pickers may pick only one item or multiple items at a pick-face. Deduced the one step transition probability matrix and get its stationary 
distribution. Calculate the average blocking rate 1:1

Nb , pick probability u, pick density p, and analytical expression of pick-faces n. Then it 
concludes that the relationship between the three: average blocking rate b, pick probability u, and pick density p. 

Blocking rate 1:1
Nb  is an increasing function regarding the probability u of picking when the pick: walk time ratio is 1:1. When picking 

area is fixed, that n is constant, the blocking rate increases with an increase pick probability, but decreases with increase pick area n in 
condition on pick probability is fixed. When the picker can pick multi items at a pick-face for the case when the pick: walk time ratio is 1:1, 
blocking rate is likely to exceed the maximum of 30%, resulting in a big blocking.  

In the practice, the number of the picker and the time ratio of picking and walking are uncertain. We study on the above situation 
because that is an extreme situation in the OPS. Therefore, it is useful for Warehouse manager make decision in practical application to 
analyze picking blocking rate, picking area and picking density, and obtain the most efficient operation adjusting parameters. 
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Abstract: The existing system of exhibition informatization management can only manage a single entity exhibition, and cannot meet 
various exhibitions’ demand for management chain and resource integration. Besides, traditional B2B e-commerce is only used as a 
platform for providing supply and demand sides with information and communication. Therefore, a new and more effective exhibition 
management platform is proposed in this paper by virtue of the exhibition system and large B2B resources. Based on SAAS model, the 
platform manages various entity exhibitions, and conducts exhibition network broadcast and interaction through Rich Media technology, so 
as to reduce the costs of management; builds online virtual year-around exhibition, and realizes the complementary and mutual existence of 
online operation of various entity exhibitions and virtual year-around exhibitions. 
 
Keywords: exhibition management; exhibition informatization; SAAS 
 
1. Introduction 
 

Being an important part of modern service industry, exhibition industry serves as a barometer of modern science and technology and 
economic development. It has such functions as links and transactions, integrated marketing, regulate supply and demand, technology 
diffusion, industrial linkage, industrial integration, etc. It also plays an important role in expanding trade, introducing technology, attracting 
investment, developing high-tech industries, and promoting economic cooperation and exchanges and so on. The exhibition is essentially a 
commercial communication platform, one entity platform which integrates resources related to the exhibition theme for better exchanges. 
The exhibition focuses on maximizing the matching and integration of resources and information, therefore showing strong demand for 
information management and sharing. 

In the context of the global information collaboration, demands for resources information management and collaboration are increasing 
among participants along the supply chain of exhibition industry. However, exhibition’s favorable effect on trade has been severely limited 
by lack of information management tools, especially the insufficiency of exhibition information network. 

 
2. Informatization development status of the exhibition industry 

 
2.1 Traditional B2B e-commerce platform 

 
Traditional B2B e-commerce platform provides supply and demand sides with a platform for information exchange, and has 

continuously improved in terms of functions and technologies in information publishing and management, inquiry and communication 
experience. However, it still remains as a technical operator, and doesn’t make breakthrough in improving the professional matching of 
trade sides, increasing trading volume and other operational management. In contrast to online, offline entity exhibition fairs and purchase 
symposiums organized by the industry professional operating institutions and organizations obviously provide more professional and 
detailed resources and services in B2B transaction operations for supply and demand sides. 

 
2.2 The system of exhibition informatization management intended for single exhibition 

 
Professional exhibition and procurement fair are entity B2B business platforms. Information management chain of one exhibition 

includes exhibition organizer management, venue management, service provider management, exhibitor management, merchants 
management, and other management contents. Now internationally renowned exhibition generally uses its own management system. The 
C/S framework-based exhibition management system is relatively mature, and the B/S framework-based exhibition management system 
becomes improved day by day. For each exhibition, many links in exhibition management chain, such as customer management, venue 
management, are overlap; integration of the management process of exhibitions can tap into large potential benefits. However, the existing 
system for exhibition informatization management can only manage a single exhibition, but it can’t meet many exhibitions’ needs for 
management chain and resource integration. There is no a complete SAAS model-based system platform, which can manages various 
exhibitions and can integrate and combine relevant business functions and management relations by integrating them into one platform. 

 
2.3 Online virtual reality exhibition 

 
With the advance of three-dimensional technology and the continuous accelerating of computing speed and network transmission speed, 

online virtual exhibition gradually emerged in recent years. Basically, there are two modes: one is online version of entity exhibition by 
transferring in a synchronized manner entity exhibition into internet platform; the other one is to construct virtual trading hall and provide 
virtual business functions. Currently, these two models in practice are not mature. 

 
2.4 Application of multimedia network interaction and broadcast technology into the exhibition 

 
Rich media’s interactive broadcast technology has developed rapidly in recent years, and many high-reliability technology operators 

come out. But its application fields are scattered, mainly used in video conferencing, online training and lectures. Currently, the exhibition is 
abound with technical operators, but is insufficient in professional industry business operators. The use of this technology in the exhibition 
field is found to be non-systemic. 

 
3. Informatization: An effective way for exhibition industry development [1] 

 
Exhibition informatization is a good combination of the exhibition industry and high-tech information technology. Based on the 

computer technology and software system, exhibition informatization can better deliver the exhibition information, and promote the healthy 
and benign development of exhibition industry. Applications of information technology in the exhibition industry are mainly reflected in the 
following aspects: 
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3.1 Establishing exhibition-oriented portal website 
 
The portal website is a large exhibition-oriented website, an aggregation platform which includes a whole chain covering production, 

supply, marketing and other related industries, and gathers enterprises information, products information, business opportunities information 
and consultancy information of surrounding related industries. This portal provides an entrance to industry information and e-commerce 
exchange, through which Internet users can access to the systematic information of the exhibition industry.  

The existing portal of Ningbo exhibition industry—Ningbo Expo Network is organized by Ningbo Council For Promotion of 
Conference & Expo Industry under the sponsorship of Exhibition Office of Ningbo Municipal People's Government. It still operates in a 
traditional and love-level model: publishing and displaying exhibition information without interaction with exhibitors and buyers. Should E-
commerce be combined with portal websites, they would not only provide professional users with latest and most authoritative exhibition 
information, but also become an exchange platform for exhibitors, buyers and organizers, which will evidently promote the city’s exhibition 
information process. 

 
3.2 Introducing a one-stop information service platform for organizers, exhibitors and buyers. 

 
Exhibition’s information management chain includes exhibition organizers management, venue management, service provider 

management, exhibitors management, merchants management and other management contents. Among them, many links of different 
product exhibitions are overlap, thus integrating exhibition management is an effective way to tap potential great benefits. As the exhibition 
serves as a professional trade and operating platform, orderly integrating exhibition resources into a large business platform can give full 
play to each exhibition’s functions in facilitating deals and taking in-depth advantage of resources. Currently, the system of C/S framework-
based exhibition management has been relatively improved, and the system of B/S framework-based exhibition management is maturing. 
Such existing system for exhibition informatization management can only manage a single exhibition, but can’t meet many exhibitions’ 
needs for management chain and resource integration. Now it is necessary for resource centralized management and integration of a 
platform for business functions and management relations. 

 
3.3 Improving exhibition enterprises’ levels of office automation and management information and building internal management 
information platform. 

 
To seek survival and develop in a highly competitive information age, exhibition enterprises firstly should speed up the process of 

information within them and establish comprehensive and reliable management information system, including CRM (customer relationship 
management), ERP (enterprise resource planning) , OA (office collaborative automation), SCM (supply chain management), WORKFLOW 
(workflow management) and other subsystems. The exhibition management information system is intended to build an enterprise 
management platform with exhibition services core business, on which enterprises can use information technology to achieve internal office 
and management informatization, and to realize the efficient operation of their exhibition activities and marketing and functional expansion. 

 
3.4 Building a system of exhibition information management, which can conduct statistical analysis and exhibition assessment, and 
offer scientific decision-making 

 
Over the last dozen years, China’s exhibition industry has advanced rapidly, achieving significant improvements in terms of both 

hardware and software and diverse streams along the whole industry chain! However, exhibition statistics and assessment is a short slap for 
its relatively slow development.  

Exhibition assessment carries out comparison, analysis and recognition by tangiblizing intangible products and quantizing qualitative 
factors. Achievements in exhibition information construction are important parameters of assessment of exhibition, while exhibition 
information construction is important ways and means to assess exhibition. In the exhibition industry information process, it is in urgent 
need of such a system or a platform of exhibition informatization management which can conduct statistical analysis and exhibition 
assessment, and offer scientific decision-making. 

 
3.5 Improving information development of exhibition venues and equipping them with modern information facilities. 
 

Intelligent pavilion, a product of combination of building technology with information technology, has automation system, 
communication system, firefighting system and security systems, etc., and can integrate various systems, and realize information collection, 
resource sharing and optimization of management and other comprehensive functions through a unified information platform.  

Equipped with complete control, management, maintenance and communications facilities, intelligent pavilion can provide 
environmental control, security management and alarm monitoring and offer comfortable, warm and convenient environment and 
harmonious atmosphere for exhibitors and visitors. 

 
3.6 Conducting online virtual exhibitions and apply related network multimedia technology. 

 
Virtual exhibition makes innovation and breakthroughs and brings out new vigor and pressure to traditional exhibition model. With 

respect to the exhibition in the traditional sense, online virtual exhibition is a supplement, but also some kind of subversive change and 
attempt. The development trend of virtual exhibition will be “live”, i.e. using a lot of three-dimensional, four-dimensional or video and other 
computer technologies to design an experiential web game-like mode of exhibition. 

 
3.7 Integrating B2B e-commerce platform derived from exhibition system. 

 
E-commerce’s entry into the exhibition industry can provide human relations and resources the exhibition most needs, providing great 

enhancing and complement to the exhibition industry. It is a ideal business model of truly realizing online and offline combination and a 
perfect fusion of virtual economy and traditional economy. The way that people do online and offline exhibitions interactively to provide 
trade matching, investment attraction and other services, will undoubtedly become a major trend of China’s e-commerce industrial 
development in recent years. 

 
4. Construction of SAAS model –based exhibition management platform 

 
The management chain of exhibition concerned is composed of organizers, pavilion management side, exhibition service providers, 

exhibitors, buyers, etc. For exhibitions, many management links are overlap, thus integrating exhibition management is an effective way to 
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tap potential great benefits. The existing system for exhibition informatization management can only manage a single exhibition, but can’t 
meet many exhibitions’ needs for management chain and resource integration. 

SaaS [2], short for Software-as-a-Service, is called Ruan Ying or Ruanjian Yunying (software operation) in Chinese, and it is an 
Internet-based software application mode. Manufactures deploy software applications on their own servers. Customers can order software 
services according to their actual needs via the Internet, pay manufactures charges based on the ordered service quantity and duration, and 
then obtain services through Internet. Instead of purchasing software, users turn to lease the Web-based software with maintenance service 
provided by service providers. While manufacturers provide customers with internet applications, they also offer offline operations and local 
data storage, allowing users to use ordered software and services whenever and wherever possible.  

Based on the SAAS model, the exhibition management system provides management services, virtual exhibitions on line regardless of 
geography and various transaction services for numerous exhibitions, constructing a strong business individual management center, and 
develops virtual exhibitions and provides a variety of B2B trade services by virtue of exhibition’s accumulative large customer resources. 
The system puts management sides concerned of entity exhibitions under the SAAS model-based management platform, and conducts 
network broadcast and interactive through Rich Media technology, which can reduce management costs of links and increase a large number 
of new functions after the sharing of resources. On the basis of the exhibition system and huge B2B resources, a year-around online virtual 
exhibition is established beyond the entity exhibition with its business functions and logic improved. A more effective B2B e-commerce 
platform is hereby established where a large number of entity exhibitions online operation and year-around virtual exhibitions are 
complementary and concurrent by integrating online virtual exhibitions with entity exhibitions and realizing the unified certification of 
integrated system. See logic diagram of systematic function and framework shown in Figure 1. 

 

 
Figure. 1 Logic diagram of systematic function and famework. 
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Abstract: By general admission, image fusion technology can improve target detection. However, research on quantitative analysis for 
predicting target’s detection probability of image fusion system is lacking. To solve this problem, we propose a computational model for 
calculating target’s detection probability of visible and IR image fusion system. This model is designed based on five components: target’s 
own spectral contrast to its background; visible and IR detector’s characteristic which is described as the spectral matching degree between 
detector’s and target’s spectral distribution; environment illuminance condition; fusion image local quality defined by local target contrast 
and local sharpness; distance component based on target’s distance and size. The proposed model is employed in two different detection 
tasks. Experimental results show that this model is meaningful and effective on predicting target’s detection probability of visible and 
infrared image fusion system since it corresponds well to the perception evaluation. 
 
Keywords: image fusion; target detection; visible image; infrared image 
 
1. Introduction 
 

With the availability of multisensor data in many fields such as night vision in military and computer vision, image fusion has emerged 
as an important research area[1-3]. The motivation for combining images is that each source image may contain different information 
relevant to the interpretation task. Fusion of multi-sensor images into one composite representative image can better represent the scene to 
the human observer than presentation of its individual sources would do. Target detection is one of the most important tasks used to 
investigate the potential benefits of image fusion. Especially in night battle, in order to obtain data that cannot be sensed by human eye, 
using image intensifier night-time sensor as well as the thermal one can substantially improve the ability to detect a target.  

Probability of detection (Pd) is an important index to represent and estimate target viability, which provides basis for target 
recognition[4]. Consequently, it has been the most common evaluation index to describe the target detection performance of image or 
imaging system. During the past decades, a lot of researches on detection or identification probability in decision level multi-sensor fusion 
have been developed[5-8]. The main methods are Bayesian reasoning, Dempster-Shafer (DS) theory and Fuzzy theory. However, they 
cannot be easily applied to image fusion field which dues to that--- first, image fusion is pixel-level fusion, which is different from decision-
level fusion in no matter purpose or algorithm.  In decision-level fusion, detection probability is mainly determined by sensor characteristics. 
However, the user of pixel-level fusion is usually human, thus image quality has great influence on human perception.  It further affects his 
judgement on whether the target can be detected in the fusion system. Secondly, in decision-level fusion, the detection probability or prior 
probability of single sensor is usually a assumption value, which usually do not apply to the actual target detection tasks. 

Some researches on target’s detection probability of fusion image have been developed. Usually it is used to compare different fusion 
images to determine which one is better for target detection task [9-11]. Most of the detection probability evaluation is represented in the 
forms of ROC (receiver operator characteristics) curve[12, 13], which reveals the relationship of Pd to the false alarms. In normal conditions, 
Pd could be calculated as ratio of the number of correct target detections and total number of target detections[14, 15]. This method supplies 
an intuitive and effective way to evaluate target detection performance of fusion image. But it is usually based on the large quantities of 
training data samples[16], which will expend a mass of time and manpower in reality. In addition, when predicting detection probability of 
fusion system, consideration of only image’s quality factor is not enough. On the one hand, target’s detection performance must be 
measured not merely in a laboratory environment, but in the actual conditions under which it will be used. That is to say, all the factors 
which have great influence on target detection should be considered. On the other hand, even in the same fusion image, the possibility of 
different targets being detected is different, which dues to their own different physical characteristics. In image fusion field, it is 
acknowledged that appropriate fusion method could improve target detection probability. But how to quantitatively assess how much the 
detection probability is improved in image fusion system or how much the detection probability is in the single imaging system? To solve 
this problem, designing computational model to predict target’s detection probability of the image fusion system is important and necessary 
in realistic application, which can supply a useful tool to evaluate detection performance. However, research on quantitative calculation of 
target’s detection probability of image fusion system is few.  

In this paper, we aim at proposing a computational model to predict target’s detection probability of visible and IR image fusion system. 
This detection probability describes how easily the target could be discovered from its background in fusion system rather than the statistical 
probability of detector. The influencing factors on detection probability of fusion system are complicated. The difficulty is how to design 
parameters to describe the influence of different factors. In target detection task, whether a certain target can be detected or not is depended 
on how prominent it is with comparison to its background. In photoelectric imaging field, the target and background contrast depends on 
their spectral difference. In Ref. [17], the authors proposed that the thermal imager performance can be modeled by sensor component, 
target component and infrared image quality. Inspired by this research, we think the detection performance of image fusion system should 
also be affected by these factors. The fusion image obtained by the image fusion system may increase or decrease this contrast on human 
perception. In addition, the detector’s characteristics, environment conditions and target’s distance would also affect the finale detection 
probability of fusion system.   

In order to model detection probability of certain target in visible and IR image fusion system, there are five components to be designed: 
target’s own spectral contrast to its background; visible and IR detector’s characteristics; environment illuminance condition; fusion image 
quality determined by fusion algorithm; target distance. Among them, target’s own spectral contrast is described as reflection contrast and 
radiation contrast in visible and IR imaging system respectively. The detector’s characteristic is represented by the spectral matching degree 
between spectral distribution of detector and target. When considering the fusion image quality component, we don’t employ the global 
image metric due to that human vision system is more sensitive to the local region containing target in target detection task. In our opinions, 
good local target contrast and local sharpness in fusion image contribute most to improve detection probability. Therefore, local target 
contrast metric and local sharpness metric are designed to evaluate fusion image’s influence on detection probability of fusion system. The 
overall scheme of proposed model is shown in Figure 1. The details are described as: 
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Figure. 1 Overall scheme of proposed model. 

 
Step 1: target’s spectral contrast is designed.  
Step 2: detector’s characteristic factor is designed. Environment illuminance condition is considered in visible case. 
Step 3: the single visible and IR imaging system’s detection performance is modeled 
Step 4: detection performance of fusion system is modeled based on single imaging system. 
Step 5: target distance component is considered. 
Step 6: local target contrast metric and local sharpness metric are designed as fusion image quality component. 
Step 7: The final detection probability of visible and IR image fusion system is given.  
The rest of the paper is organized as follows. Step 1, 2 and 3 of this model are introduced in Section 2.  Step 4, 5, 6 and 7 are described 

in Section 3. Experimental results and discussions are shown in Section 4. Finally, conclusions are provided in Section 5. 
 

2. Detection performance model of single imaging system based on the physical characteristics 
 

2.1 Target’s spectral characteristic 
 
In photoelectric imaging system, whether a target can be detected is essentially determined by its own spectral characteristic. In visible 

imaging system, target’s spectral characteristic is presented in the form of reflection spectrum. In infrared imaging system it is presented in 
the form of radiation spectrum. Apparent target’s refection or radiation spectral contrast to its background would make it easy to be detected. 

(1) Target’s Reflection Contrast in Visible Imaging System 
In visible imaging system, the spectral distribution of the flux reflected from the target is given by: 
 

( ) ( )P rλ λ λ= Φ ⋅                                                                                          (1) 
 
Where Pλ  is the spectral distribution of the reflective radiation of target. ( )λΦ is the spectral distribution of the sky radiation, and 

( )r λ  which ranges from 0 to 1 is the spectral reflectivity of target. The sky distributions and some common targets’ spectral reflectivity 
can be found in Ref. [18]. Target’s reflection contrast can be defined by the ratio of spectral distribution of target and background. Since the 
target and background have the same sky radiation distribution in the same scene, the contrast is actually the reflectivity difference between 
target and background. In addition, one target with higher reflectivity will take advantage sky radiation better, which leads to greater 
imaging quality. Therefore, the reflection contrast is also determined by target’s own reflectivity. Thus, we define the target’s reflection 
contrast as: 
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Where ( )tr λ  and ( )br λ  is target’s and its background’s reflectivity respectively. λ is light wavelength, 1λ  is the lower limit, and 

2λ  is the upper limit. The spectral region for integral is from 1λ to 2λ . 
(2) Target’s Radiation Contrast in Infrared Imaging System 
In the case of infrared imaging system, whether the target can be detected or not is depend on the radiation difference between target 

and background. The definition of target’s radiation contrast is given by: 
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Where λ is the light wavelength,  ( )tM λ  and  ( )bM λ  are radiation spectral distribution of target and background respectively 

which follow Planck’s law: 
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Where h  is Planck constant, c  is speed of light,  K  is Boltzmann constant, tT  and bT are temperature of target and its background 

respectively. e is the emissivity of target which varies with wavelength. To simplify the model, we take it as a constant in this case. 
 

2.2 Detector’s characteristic  
 
The overall characteristic of the imaging system is limited by the nonideal optical and electro-optical properties of its components. The 

imaging performance of detector is influenced considerably by the combined effect of the spectral variations in the distribution of the 
ambient radiation, the response of the detector which represents the sensitivity of the detector to input radiation, and the spectral distribution 
of the object. In this model, we use the spectral-matching factor [19,20]of the detector to describe the visible and IR detector’s characteristic: 
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Where ( )S λ  denotes the normalized spectral sensitivity ( Sλ ) of the detector, that is: 
 

( )
m

S
S

S
λλ =                                                                                             (7) 

 

mS  is the peak sensitivity of Sλ . ( )P λ  is the normalized radiation spectral distribution ( Pλ ) of target, that is: 
 

( )
m

P
P

P
λλ =                                                                                            (8) 

 

mp  is the peak sensitivity of Pλ . For the visible detector, Pλ  is target’s reflection spectral distribution, which can be calculated by 

Eq. (1). While in the case of infrared imaging system, Pλ  represents the radiation spectral distribution of target, which is calculated by Eq. 
(4). 

The ratio α  ranges from 0 to1. It effectively expresses the match degree of the relative spectral between the target’s spectral 
distribution and the detector’s spectral response distribution. The bigger α  is, the better the imaging performance of the detector is. The 
detector has a maximum value of unity for complete overlap of the two spectral distributions and minimum value of zero for no overlapping. 

 
2.3 Environment illuminance component 

 
In the section above, the relative contrast between target and background, as well as spectral distribution of target and detector is 

considered. However, for visible imaging system, the absolute environment illuminance condition plays an important part in the final 
detection performance. Taking the night-vision system as example, even the same detector will have different imaging performance in full 
moonlight and clear starlight condition. Usually, the higher the environment illuminance is, the better the imaging performance is. Therefore, 
in this section, an illuminance modified coefficient l  varied with different illuminance is defined to describe the influence of environment 
illuminance. The definition of modified coefficient under different illuminance condition is shown in Table 1. 

 
Table 1 Illuminance modified coefficient 

environment starlight other moonlight owllight dawn nightfall overcast sunny 

Illuminance/ lx  10-3 10-2 10-1 1 10 102 103 104 

l  1 2 3 4 5 6 7 8 
 

2.4 Detection performance of single imaging system 
 
Detection performance of single imaging system for one target is the result of joint action of target’s spectral characteristic and 

detector’s characteristic. In the case of visible imaging system, environment illuminance condition should be considered as well. Therefore, 
we define the detection probability based on physical characteristics to represent detection performance of single imaging system, which is 
given by: 

In the case of visible system    
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Where visC  is the target’s reflection contrast calculated by Eq. (2).   visC  denotes the spectral-matching factor of visible detector to 

this target, which is calculated by Eq. (6), (7) and (8). l  is In the case of infrared system   
 

IR IR IRp C α= ⋅                                                                                  (10) 
 
Where IRC  and IRα  are target’s radiation contrast and spectral-matching factor of infrared detector to target respectively. The value 

of visp  or IRp  for certain target represents the possibility of this target being detected by the single imaging system. The bigger the value 

is, the greater the possibility of this target being detected is. In particular, target is certainly to be detected when the value of visp  or IRp  

is 1. On the contrary, the zero value shows this target is impossible to be detected at all. 
 

3. Modeling detection probability of fusion system 
 
3.1 Detection probability of fusion system based on single imaging system 

 
The problem that what the possibility of target being detected by the visible and infrared fusion system is can be solved by the 

probability theory first.  We define two independent events “A” and “B”, where event “A” represents the target can be detected by the 
visible imaging system while event “B” represents the target can be detected by the infrared imaging system. The detection performance of 
fusion system actually could be considered as union of set of “A” and “B”, defined as “F”. Thus, probability of target being detected by the 
fusion system ( ( )P F ) can be defined in accordance with the laws of probability, that is: 

 

( ) ( ) 1 ( )

         1 ( ) ( )
         1 (1 ( )) (1 ( ))

P F P A B P A B

P A P B
P A P B

= = −

= − ×
= − − × −

 

                                                                  (11) 

 
Where ( )P A  is just the possibility of this target being detected by visible imaging system mentioned in the previous section, which 

is calculated by Eq. (9). Similarly, .. is the possibility of target being detected by infrared imaging system, which is calculated by Eq. (10). 

Therefore, the detection probability of fusion system fp  could be defined as: 

 

1 (1 ) (1 )f vis IRp p p= − − ⋅ −                                                                      (12) 

 
3.2 Target distance component 

 
In the practical application of target detection, the target distance has a significant impact on detection performance. A long distance 

will worsen the detection performance in a nonlinear manner. In addition, even in the same distance, the detection possibility of targets in 
different size will be different. It is necessary to design a correction factor to describe the influence of distance. First, the aperture angle of 
target in the human eye is defined as: 

 

3.44 H
R

ϕ = ×                                                                                     (13) 

 
Where H  is the length size of target, and R  denotes the target distance. It should be note that H is calculated in meters while R  

is calculated in kilometers in this case. Then, the distance correction factor σ is given by: 
 

1
10(log 0.5) 2 10.02 (10 )  1 

1 otherwise
ifϕ σσ

−+ − − × ≤= 


                                                           (14) 

 
The value of σ  in different target size varying with distance is shown in Figure 2. As seen in Figure 2, small target size as well as 

long distance will obviously reduce the σ  value. 
 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                  295.5 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/295 

 

 

Distance/Km

D
istance correction fa

 
Figure. 2 Distance correction factor in different target size. 

 
3.3 Fusion Image Quality Component 

 
Unlike decision-level fusion, the detection results are greatly affected by the fusion image’s quality in pixel-level fusion. In target 

detection task specially, image’s quality in local region plays a greater role than the global quality does in human perception. Large number 
of experiments has proven that excellent target contrast in image increases target detectability. Besides, the clearer the target region is, the 
easier it is to detect the target. Therefore, in this paper, two aspects are considered to assess local quality of fusion image--- local target 
contrast and local sharpness. 

(1) Local target contrast metric 
According to the research on human vision system, human eyes are more sensitive to the local contrast. For this reason, we should 

choose a local area to establish the local target contrast metric. During the procedure of observing an item sample, the viewing field of 
observation can be divided into four areas, that is “stimulus”， “proximal field”， “background” and “surround”(shown in Figure 3).  

 

 
Figure. 3 configuration of the viewing field. 

 
Among them, “stimulus” and its neighborhood within 2°viewing angle named “proximal field” are the areas between which human 

vision is most sensitive to luminance difference. If we regard the target as a stimulus in the fusion image, its proximal field should be 
selected as background area. “Stimulus” and “proximal field” region together compose the optimum sensitive area named “regionΩ ”. In a 
fusion image, to be convenient, we regard regionΩ  as rectangle instead of circular. In regionΩ , the target is assumed to be the center, 
form which the vertical and horizontal width r can be expressed as: 

 
tan( / 2)r D θ=                                                                                     (15) 

 
/ LN rX=                                                                                          (16) 

 
Where D  denotes the distance between screen and viewer, θ  denotes the viewing angle which is chosen as 2°in this case , r  

denotes the width of Ω  region  expressed in cm, X  denotes the horizontal resolution of the display, L  denotes the horizontal size in cm 
of the screen, N  denotes the width of Ω  region expressed in pixels of the image. In this way, the rectangle regionΩ  is selected in the 
fusion image, just illustrated as the white area in figure 4. 

 

 
Figure. 4 Optimum sensitive region Ω in fusion image 
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For one target in fusion image, the optimum sensitive region Ω  is selected. Then we define the local target contrast metric LTC  as: 
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Where ( , )I i j  denotes each pixel’s gray value in region Ω . U denotes the mean value of all pixels in Ω  and N  is the number 

of pixel in Ω ,that is: 
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A big LTC  value represents great difference between target and its background which leads to good local target contrast. 
(2) Local sharpness metric 
The perception of sharpness is related to the clarity of detail and edge definition of an image. The sharpness of an image can be 

measured, in the spatial domain, by the definition of edge information. Therefore, the Sobel gradient operator defined by 3 by 3 size window 
is used to extract edge of the grayscale image. Each direction of this Sobel mask is: 
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                                                         (19)  

 
The sliding operator window moves pixel by pixel over the regionΩ  . For each window w , the local gradient of the fusion image I  

at pixel ( , )i j  in region Ω  is computed by:  
 

1/ 22 2( , | )     ( , )i jI i j w G G i j ∇ = + ∈Ω                                                            (20)  

 
Finally, the local sharpness metric (LSM) could be computed as the gradient information by averaging all local gradients: 
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= ∇∑                                                              (21)   

Where W  is the total number of all windows. A large LSM  means better sharpness performance. That is to say, there are more 

distinct details in the local region Ω . 
(3) Fusion image quality factor based on local target contrast and sharpness metric 
This section focuses on how to describe the impact of fusion image quality on target detection probability. In practical task employing 

the image fusion system, human usually pays much attention to the comparison between fusion and source image to verify whether the 
fusion technology has advantage. That is why a large number of global image quality evaluation algorithms are designed on the base of the 
relationship between fusion and source images. Consequently, in this paper the fusion image quality factor could be designed following 
these lines. Here, we explain it in detail. 

Step 1: For a given target within its optimum sensitive region, the local target contrast metric 
LTC as well as the local sharpness metric LSM are calculated in visible source image, infrared source image and fusion image 

respectively.  
Step 2: Compare the detection probability of visible and infrared imaging system calculated by Eq. (9) and Eq. (10). Choose the image 

obtained by the imaging system with larger detection probability as source image for the following analysis. Thus, the LTC and LSM value 
of this image are considered as source value, that is: 

 

0

 
 

vis vis IR

IR IR vis

LTC if p p
LTC

LTC if p p
≥

=  >
                                                              (22) 

 

0

 
 

vis vis IR

IR IR vis

LSM if p p
LSM

LSM if p p
≥

=  >
                                                            (23) 

 

Where 0LTC  and 0LSM are source value. visLTC  and IRLTC  are local target contrast metrics of visible and infrared image 

respectively. visLSM  and IRLSM are local sharpness metrics of visible and infrared image. 
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Step 3: The fusion image quality factor imgIF  is defined as: 

 

0 0

f f
img

LTC LSM
IF

LTC LSM
⋅

=
⋅

                                                                  (24) 

 

Where fLTC  and fLSM  are local target contrast metric and local sharpness metric of fusion image. It should be note that, the 

value of imgIF  may be greater than 1, also maybe less than 1. If the value is greater than 1, it denotes that the fusion image has better local 

image quality than the source image, which will lead to improvement of target detection probability. 
 

3.4 Final detection probability of the image fusion system 
 
The final detection probability for one target of the image fusion system is the combined result of detection probability based on 

physical characteristic, target distance and fusion image quality. On the assumption that these parameters contribute equally to the final 
detection probability, we define the detection probability of image fusion system as: 

 

 P 1 
P

1 else
f img f

f

p IF ifσ⋅ ⋅ ≤
= 


                                                        (25) 

 
Taking into account the target distance factor, the detection probability of single imaging system is also be modified as: 
 

Pvis visp σ= ⋅                                                                                 (26) 

 

PIR IRp σ= ⋅                                                                                  (27) 

 
Thus, the detection probability of visible imaging system, infrared imaging system and image fusion system are obtained. 
 

4. Experiments and discussions 
 

This model has been employed in two experiments for the task of calculating  target’s detection probability of image fusion system. 
These two experiments were conducted for detecting different targets under environments, employing the same imaging system. The image 
fusion system used in the experiments are comprised of the 8∼14 um wavelength band infrared detector and LLL TV system using super 
Gen-II image intensifier, as well as  a computer. The visible and infrared detector can work independently as a single imaging system. Each 
experiment is introduced as: The experimental environment is described first.  Then spectral characteristics of different targets in the scene 
are given. In the following, the process of calculating spectral-matching factors of visible and infrared detectors to each target is introduced. 
Different fusion algorithms are employed in the experiment to assess the influence of fusion images on detection probability. To be 
convenient, the source images have been processed of registration before image fusion. There are six fusion methods employed in the 
experiment: contrast pyramid (CP), average (AVE), Laplacian pyramid (LP), choosing maximum (CM), wavelet (WAV) and target 
enhancement fusion (TEF). The detailed algorithm is not the point of this article so that they are not introduced in details in this section. 
Finally the computation results using the proposed model are given. 

In order to verify the validity of this proposed model, one perception experiment were carried out to subjectively predict detection 
probability of each target in visible system, infrared system and image fusion system using different fusion methods. A total of 11 observers 
participated in this experiment. After training and qualification, each person subjectively judged the possibility of each target being detected 
in the static visible, infrared and fusion images, with scores from “0” to “4”. “4” denotes that this target is very easy to be detected in the 
image. “3” denotes target is easy to be detected. “2” denotes target can be detected. “1” denotes target is not easy to be detected while “0” 
denotes that the target can not be detected at all. The detection probability is calculated by dividing the total scores by 100. The correlation 
coefficient between the proposed model results and subjective experimental results is calculated to demonstrate identity between them. The 
correlation coefficient is calculated in MATLAB 7.0 using the “corr2” function. At last, the results are discussed.  

Experiment 1 
(1) Description of the experimental scene and environment 
This experiment was carried out at night under full moonlight condition, in the sense of a small garden. Experimental time was late 

spring and early summer. The ambient temperature was approximately 15°C (288K). A person was hidden behind a tree. The main targets 
included in this sense were human, tree and a fountain coated with white paint. This sense is represented in visible and infrared images, 
shown as Figure  5 and Figure  6. The target’ s basic parameters are listed in Table 2. 

 

 
Figure. 5 Visible image. 
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Figure. 6 Infrared image. 

 
Table 2 Basic physical properties of high liquid limit soil 

 human tree fountain 

Length size/m 1.7 4 4 

Distance/km 0.04 0.04 0.039 

Temperature/K 310 298 300 

Emissivity 0.98 0.98 0.97 
 
(2) Target’s reflective radiation 
This experiment is carried out under the full moonlight condition. It should be note that, the spectral reflectivity of fountain is actually 

the spectral reflectivity of white paint. The spectral distribution of sky radiation and the spectral reflectivity of each target are shown in 
Figure  7 and Figure 8.  

 

 
Figure. 7 Spectral distribution of sky radiation under full moonlight condition. 

 

 
Figure. 8 Spectral reflectivity of each target. 

 
In fact, the person was concealed behind tree which leads to that he can not be detected by the visible imaging system. The spectral 

distribution of this target received by the visible detector could be considered as zero.  When calculating target’s reflection contrast, the 

λ /um   

0.4 0.5 0.6 0.7 0.8 0.9
0

0.2

0.4

0.6

0.8

1

tree
human
white paint

Re
fle

ct
iv

ity
 

Sk
y 

ra
di

at
io

n/
W

·(c
m

2 ·S
r·u

m
)-1

 

0.4 0.5 0.6 0.7 0.8 0.91

2

3

4

5

6

7×10-8 

λ /um   



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                  295.9 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/295 

 

background of tree and fountain are both considered as the sky. Each target’s reflection contrast visC  is obtained by Eq. (2). The 

computations are carried out within the range of 0.35~0.9 um . 
(3) Calculating spectral-matching factor 
For visible imaging system, the target are mainly tree and fountain, while for infrared case there is one more target of human. When 

calculating spectral-matching factor of detector to each target, the normalized spectral sensitivity of the detector and normalized radiation 
spectral distribution of target in visible imaging system are shown in Figure 9 and those in infrared imaging system are shown in Figure 10. 
The computations are carried out within the range of 0.35~0.9 um  in the visible case and within the range of 8~14 um  in the infrared 
case. 

 

 
Figure. 9 Normalized spectral sensitivity of the detector and normalized spectral distribution of target in visible imaging system. 

 
5. Fusion images 
 

As mentioned before, six fusion methods are employed in this experiment. The fusion images are shown in Figure 11. The optimum 
sensitive area Ω  is selected according to Eq. (15) and Eq. (16). The images are displayed on a 19’’ LCD with a resolution of 1440*900. 
The subjects viewed the display placed in an office at a regular distance of 50 cm. Hence, region Ω  should be a rectangle area whose 
vertical and horizontal width from the target is 30 pixels in the image. Each target with its optimum sensitive area Ω  is selected in each 
fusion image. The area Ω  is shown within a red rectangle frame in Figure 10, taking the CP fusion image as example.  

 

 
Figure. 11 Fusion images in this experiment. 
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Figure. 10 Optimum sensitive area Ω of each target. 

 
(1) Experiment results and discussion  
The calculation results obtained by the proposed model are given in this section. Each target’s  

reflection contrast visC , spectral-matching factor of visible detector visα , illuminance modified coefficient l , detection performance 

of single visible imaging system ( visp ), distance correction factor σ  and the final detection probability of visible imaging system ( Pvis ) 

of each target are shown in Table 3. Similarly, each target’s radiation contrast IRC , spectral-matching factor of infrared detector IRα , 

detection performance of single infrared imaging system ( IRp ), distance correction factor σ  and the final detection probability of visible 

imaging system ( IRp ) of each target are shown in Table 4. 

 
Table 3 Calculation results of detection probability in visible imaging system 

Target  human tree fountain 

visC  0 0.1407 0.2006 

visα  0 0.7455 0.7384 

l  3 3 3 

visp  0 0.3147 0.4444 

σ  0.8429 0.9369 0.9395 

Pvis  0 0.2948 0.4175 

  
Table 4 Calculation results of detection probability in infrared imaging system 

Target human tree fountain 

IRC  0.4022 0.1547 0.2093 

IRα  0.9573 0.9575 0.9574 

IRp  0.3773 0.1452 0.1944 

σ  0.8429 0.9369 0.9395 

PIR  0.3180 0.1360 0.1826 

 

The detection probability of fusion system based on physical characteristic ( fp ), distance correction factor σ  and the fusion image 

quality factor imgIF  of different fusion image are shown in Table 5. Each target’s final detection probability of fusion system ( Pf ) using 

different fusion methods are shown in Figure 11.   
 

Table 5 Calculation of detection probability in Image fusion system 
Target human tree fountain 

fp  0.3773 0.4142 0.5524 

σ  0.8429 0.9369 0.9395 

imgIF  

CP 1.1842 1.0124 0.9128 
Average 0.6018 0.5588 0.6284 

LP 1.0610 0.9644 0.9171 
CM 0.6801 0.7976 0.7862 

wavelet 0.9413 0.9177 0.8193 
TEF 1.8141 1.0123 0.9040 
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fP

image  
Figure. 11 Each target’s final detection probability of different systems (abscissa represents visible system, infrared system and fusion 

systems using different fusion methods) compared with 
 
We demonstrate the efficiency of our proposed model by comparing proposed model calculation results and the perception 

experimental results in both horizontal and vertical direction. Horizontal comparison means making comparison for one target among the 
visible, infrared and fusion systems. Vertical is making comparison among different targets in the same imaging system. Figure 12 shows 
the horizontal comparison results of the proposed model calculated Pd and experimental Pd. 
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Figure. 12 Horizontal comparison of the proposed model calculated Pd to the experimental Pd for each target among the visible, infrared and 
fusion systems. 

 
In addition, the vertical comparison of calculated Pd and experimental Pd conducted among different targets in the same imaging 

system is shown in Figure 13. 
The correlation ranges from 0 to 1. The higher the correlation is, the closer the proposed model result is to the perception experimental 

one. The results in Figure 14 show that the proposed model calculated Pd and experimental Pd of human, tree, fountain has the correlation 
of 0.935, 0.962 and 0.927 respectively. It proves the proposed model correspond well with subjective perception in the horizontal direction. 
Comparing horizontally, we can find that different fusion algorithms result in different performance in target detection. Usually, image 
fusion technology is considered as an effective way to improve target detection. However, results in Figure 13 show that for some target, 
some fusion methods even worsen the detection performance, such as the target of human. The Pd in fusion systems employing average, 
choosing maximum and wavelet methods are all lower than Pd in infrared system. It is mainly because the fusion image quality factor 

imgIF  of them is less than 1 which illustrates the fusion image has poorer target detection performance compared to infrared image. It 

should be note that, human’s Pd in fusion system using target enhancement fusion method is extremely high. It dues to that this fusion 
method is designed based on target extraction and aiming at target enhancement. For the image fusion system using wavelet method, 
fountain’s and tree’s detection probability are both higher than single visible and infrared system. But human’s Pd is lower than infrared 
system. This illustrates that even the same fusion algorithm would have different detection performance for different targets. Overall, it 
proves that fusion image’s quality indeed plays an important part in target detection in image fusionsystem.  
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Figure. 13 Vertical comparison of calculated Pd to experimental Pd among different targets in same imaging system. (a)visible system; 
(b)infrared system 

 
As seen in Figure 13, the correlation of the proposed model calculated Pd and experimental Pd among different targets in the visible 

imaging system is 0.987 and the correlation of that is 0.922 in infrared case. It proves that the proposed model also corresponds well with 
subjective perception in the vertical direction. We can find that the same system have different detection performance for different targets, 
which dues to the target’s own spectral characteristic. Taking the visible imaging system as example, it has a larger Pd of fountain than that 
of tree which is because fountain’s reflection contrast is larger and all other parameters are not poor. In the case of infrared imaging system, 
Pd of human is best which dues to human’s largest radiation contrast. The analysis above proves that target’s own spectral characteristic 
indeed have great impact on target’s detection probability. 

 
6. Conclusions 

 
This paper proposes a model for quantitative calculating target’s detection probability in the visible and infrared image fusion system. 

This model does not base on the statistical probability of detector but aims at describing how easily the target could be detected in the fusion 
system. The easier the target could be detected, the higher its detection probability is.  The proposed model is designed based on five 
parameters: target’s own spectral contrast to its background; visible and IR detector’s characteristic; environment illuminance condition; 
local quality of fusion image; target distance component.   

The proposed model is employed in two actual tasks for predicting target’s detection probability of image fusion system. The two 
experiments were carried out for different targets in different environment condition and scene. To demonstrate the efficacy of our model, 
one validation experiment based on human’s subjective perception is designed, whose results are compared with the calculation results of 
proposed model. We conduct the comparison of the calculated Pd and the perception experimental Pd for one target among the visible, 
infrared and fusion systems, as well as comparison of calculated Pd and experimental Pd among different targets in the same imaging 
system. Experimental results show that the model calculation results are highly correlated to perception experimental data. Therefore, the 
model in this paper is valid. Also, it proves the parameters of the model are reasonable design. Analysis indicates that Fusion algorithm used 
in the fusion system could improve or decrease target’s detection probability but whether the target can be detected or not is essentially 
determined by target’s own spectral characteristics. Image fusion technique cannot add or eliminate it. In different environment and for 
different tasks, even the same fusion system will have different detection performance. Overall, this model effectively provide the 
operational planners, soldiers and imaging system developers an modeling tool to assist in predicting target’s detection probability of visible 
and infrared image fusion system. 

Our future work include: first, target’s own spectral contrast, detector’s characteristic, illuminance condition, image local quality and 
target distance are considered to affect detection probability of image fusion system in the same degree in this model. However, in order to 
more precisely predict Pd of image fusion system, the contribution of each component for the final Pd should not be considered equally. 
Secondly, the local image quality is evaluated based on grayscale, which do not adjust to the color one. When the fusion system employs 
color fusion methods, the local target contrast should be refined in color fusion image. We will do the research in the future.  
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Abstract: Aiming at the influence of the parameters uncertainty and external disturbance influence on the control performance of the three 
phase voltage source full-bridge inverter, output filter capacitor voltage and its derivative were used as state variables, the disturbance 
observer with the proportion integral was built to estimate the system state efficiently, and the adverse effect to power system was 
suppressed. Based on the theory of vector control, a nonsingular terminal sliding mode controller and its control law were designed, which 
avoid the singular problem existing in the traditional terminal sliding mode and improve the response speed and steady accuracy of the 
system. Finally, the stability of the system was proved by choosing appropriate Lyapunov functions. Simulation and experimental results 
show that the method combining the disturbance observer with the sliding mode control has strong robustness against the outside 
disturbance, could improve the tracking precision and optimize the dynamic performance. 
 
Keywords: inverter; parameter uncertainty; disturbance observer; sliding mode control 
 
1. Introduction 
 

Three-phase voltage inverter is a kind of typical switching nonlinear system, linear control method is greatly limited in such systems, 
especially in the fast is poor, accuracy aspect, therefore modern nonlinear control application of three-phase voltage-type full-bridge inverter 
system has become one of the current research focus inverter control [1-5]. 

With further research on nonlinear control theory, the accurate linearization method based on differential geometry theory has been 
widely used in nonlinear control of the inverter [6-12], but the method is based on the accurate mathematical model of the controlled object, 
and does not consider the uncertainty of the actual system. So, the robust is not strong, the computational expressions is complex and the 
project is more difficult to achieve. Feedback passivity-based methods which can be used to stabilize the internal system by maintaining 
passivity of the system in the aspect of system energy has also been used in the inverter [13-15]. With the feedback passivity method, Wang 
Jiu He and others [16] designed a current controller of the three-phase inverter in the photovoltaic grid, its validity had been verified by the 
simulation and experiment. But the feedback passivity method requires that the relative degree is 1 in the system, limiting the scope of 
application of feedback passivity methods in inverter. As a classical nonlinear control method in the inverter, H∞ control has superior 
performance in terms of noise immunity and also gets applications in the inverter. Chen Baoyuan [17] designed a H∞ output feedback 
controller of single-phase voltage-source inverter, but the process needs to solve Hamilton-Jaccohi-Issaes (HJD) inequality. There is no 
general solving method for HJD inequality. It is very difficult and often requires some experience of design to obtain accurate numerical 
solution. Dong Fengbin [18] designed a three-phase PWM Voltage Inverter nonlinear feedback controller by applying back-stepping to 
three-phase voltage type pulse width modulated modulation inverter, and then, designed a nonlinear feedback controller of the three-phase 
four-leg inverter by the application of back-stepping in three-phase four-leg inverter control [19]. In literature [20], a single-phase 
photovoltaic inverter with back-stepping sliding mode control technology is proposed. The control strategy is not only applicable to linear 
and non-linear loads, but also closer to real engineering applications. Because of the delay problems that exist in basic repeat control of 
inverter, Jia Yaoqin [21] constructed a kind of single-phase voltage inverter repetitive control strategy based on feedback state. It has 
improved the dynamic response of the system. For the interference problem of wind power systems, in literature [22,23], two kinds of 
sliding mode control inverter with disturbance observer were designed. These systems can effectively suppress interference. However, in the 
inverter, the application of all major nonlinear control strategy currently proposed is not perfect, there are still many issues need to be 
resolved. In the practical application of the inverter, the state of the system is often unknown and difficult to be measured. There is often a 
lot of outside interference, so, it is very important to design the observer to estimate status of the inverter system in the application. 

Through these analysis, this paper introduces a proportional-integral function, constructs a three-phase voltage inverter anti-disturbance 
state observer with proportional-integral-term. We establish a continuous mathematical model of the inverter by state space averaging 
method. Look voltage and derivatives of the output filter capacitor of inverter system as the state variables, we establish a state space 
expressions of the system and nonlinear mathematical model of output equation. Through effectively estimating a variety of disturbances 
existing in inverter system, such as outside interference and parameters uncertainty and so on, we establish a corresponding imprecision 
mathematical model by using state observer with proportional integral term. By combining the vector control technology and the sliding 
mode control, we derive feedback control law of inverter in case of existing parameter uncertainty and outside interference, and construct a 
kind of non-singular terminal sliding controller. We have proved the asymptotic stability of the system in the global sense by using the 
Lyapunov function. Three-phase voltage inverter system controller designed by above methods can not only effectively suppress the 
parameter uncertainty and external disturbances by taking advantage of the disturbance observer, but also avoid the singular defect of 
traditional method by using non-singular terminal sliding mode control method, then effectively improve the steady-state and dynamic 
performance of the system. Finally, the correctness and rationality of the control scheme is proved by simulation and experiment. 

 
2. Problem description 

 
2.1 Mathematical model of the inverter 

 
As a major component of the converter system, three-phase voltage PWM inverter can efficiently implement DC-AC conversion. Its 

structure includes three-phase inversion bridge composed of six full-controlled device power switch Q1~Q6 and DC voltage source U in , and 
low-pass filter composed of inductance L and capacitance C. Its topology is shown in Figure 1(a). 
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Figure. 1 Schematic diagram of three-phase voltage source inverter system and circuit diagram of a phase inverter. 

 
Figure 1(a) shows that the three-phase voltage PWM inverter bridge is composed of three identical single-phase half-bridge inverters. 

Each magnitude of terminal voltage of filter capacitor C of inverter bridge LC filter is equal, but the difference of phase is 120°. Figure1(b) 
shows the main topology map of the phase A of a three-phase voltage type PWM inverter bridge, where UA is output pulse voltage of A-
phase inverter bridge, IAload is the load current, iAL is the current flowing through the inductor L, uAC is the terminal voltage of capacitance C, 
and the resistance is R0(equivalent resistance of inductance L and the integrated equivalent resistance of the damping factor of the system 
[7]). Assume that the six power-switch Q1~Q6 in figure1 is ideal switch and the switching frequency is high enough, and the dead time of 
the switch is ignored. According to Kirchhoff's voltage and current law, using the state-space averaging method [18], we can obtain 
continuous mathematical model of A-phase inverter: 
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2.2 State equations and problem description 
 
Through the KAL theorem we can find that when the load of converter system of three-phase voltage PWM inverter changes, iAL does 

not change instantaneously for the feature of inductance L, and the instantaneous current ACd
d
u

t
 of filter capacitance C will change 

substantially. Then, the terminal voltage uAC will change greatly. Accordingly, seeking second derivative of uAC, and the formula (1) is 
converted into: 
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= − − + −                                                            (2) 

 
Considering the capacitance C, the inductance L, the DC input voltage U in , the pulse voltage UA and the interference of load current 

IAload in system (1), and defining the state variables 1 ACux = and AC
2

d
d
u

x
t

= , and then, we can obtain the state space expressions of the 

system and the output equation as follow: 
 

= + +
=

x Ax Bu d
y Cx


                                                                                       (3) 

 
Where, u is input of the system, y is the scalar output of the system, A  is the system matrix, B  is the control matrix, C  is the 

observation matrix, d  is interference of the 

system.
1 2

0 1

a a

 
=  
  

A , 1 2b b =  B , 1 0 =  C , [ ]T00 d=d , [ ]TAloadAU I=u , and 1
1

a LC
= − , 0

2
Ra
L

= − , 

1
1

b
LC

= , 0
2

Rb
LC

= − . 

From the foregoing analysis, we can know that the control goal of three-phase voltage PWM inverter is to consider the unknown 
interference of capacitance C, inductance L, DC input voltage U in , pulse voltage UA and load current IAload in the system (3), and estimate 
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them effectively. Through the rational design of the controller, the voltage signal can accurately track the given reference voltage and the 
stability of the system is ensured. 

 
3. Estimation of state 

 
refx

d̂

u d
x

x̂

x

(Disturbance)

Disturbance 
Observer

System Model

Feedback 
Compensation

 

refx ——Reference input, x̂ ——Estimate of x , d̂ ——Observation of d ,  

d ——Input of disturbance, ˆ= −x x x ——Error of observation. 
Figure. 2 Structure of the disturbance observer. 

 
Characteristic of output of the three-phase voltage inverter is mainly affected by external disturbance and parameter uncertainty. 

Through the anti-disturbance idea of disturbance observer [24-28], we design the control system block diagram shown in Figure 2. 
Designing the disturbance observer model from the disturbance observer status diagram 2: 
 

ˆˆ ˆ
ˆ ˆ

 = − + +


=

x Ax Bu d Mx
y Cx





                                                                                 (4) 

 
Where, x̂ is the estimate of the state variable x, ŷ is the estimate of system output y, d̂ is the estimate of system interference, 

2 2×∈M R  is the feedback matrix of the observation error, and [ ]T1 2ˆ ˆ ˆx x=x ,
T

0
ˆ ˆ0 d=   d . 

So, the dynamics equation of observer error can be derived: 
 

ˆˆ ( ) ( )= − = − + −



 x x x A M x d d                                                                       (5) 
 
Definition: H is generalized error signal, assuming that = H Dx , where 2 2×∈D R  is generalized error matrix. 

Theorem1: Considering the system (3) and (4), using the Lyapunov stability theory [29,30], if 
1( ) [ ( )]
−

= − −G s D sI A M  is a 

strictly positive real matrix, and existing 2T

0

ˆ(0, ) ( )
t

t dζ t γ= − ≥ −∫ d dH , and time t ( 0t > ) is not been depend on, so we can see 

that the error dynamic equation (5) is convergence. 
Proof: Trough reconfiguring the system, we can always find matrix D  and M  to ensure that ( )G s is a strict positive real matrix. 

Assumption1:  2
1 1(0, )tζ γ≥ −  and 2

1 2(0, )tζ γ≥ − , where 1γ 、 2γ is limited positive real with the same nature of γ , and does 

not depend on time t ( 0t > ). 
From assumption 1 we can conclude that (0, )tζ  can be expressed as follow: 
 

2
1 2(0, ) (0, ) (0, )t t tζ ζ ζ γ= + ≥ −                                                                       (6) 

 
In this article, we select state observation interference with integral term, and set the interference estimate d̂  is: 
 

1 2
0

ˆ ˆ(0)
t

dt= + +∫d H H dL L                                                                         (7) 

 
Where, { }1 11 12,diag l l=L , { }22 1 22,diag l l=L . 
So we can obtain: 
 

T
21

0 0

T
12

0

ˆ(0, ) [ (0)]d

(0, )

t t

t

t d

t d

t tζ

tζ


= − −



 = −


∫ ∫

∫

d H dH L

HH L

                                                         (8) 
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Assuming =ρ H , { } 21 2
0

ˆ, (0)
t

diag dtς ς= = − −∫ ςρ ρ d ρ dL , then, 1(0, )tζ  and 1(0, )tζ  can be converted to: 

 

{ }

{ }

{ }

T T T
1

1,20

T 2
1

1,2

T T 2
12 2

1,20 0
1
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1 (0)min2

(0, ) max
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i
i

i
i

t t

i
i

t t

t d d

tζ ς

ς γ

t tζ γ

=

=

=


= ≥ −


 ≥ − ≥ −


 = − ≥ − ≥ −


∫

∫ ∫



 
 

ςρ ρ ρρ ρ ρ

ρρ

ρ ρρ ρL L

                                                (9) 

 
Where, 0( 1,2)i iς > = . 
In summary, disturbance observer designed in the system (4) meets the design requirements of Lyapunov stability, and theorem is 

proved. 
 

4. Analysis of controller and stability 
 
For the system model (3), we can use sliding mode control technology to design controller. Assuming that the given reference value of 

terminal voltage of capacitor C low pass filter in inverter system is C
refu , the error of 1x  and 2x  is 1 11

refx xσ = −  and 

2 22
refx xσ −= respectively, and then, the error vector can be written as: 

 
ref= − + −σ Aσ A Bu dκ                                                                       (10) 

 

Where, 
T

1 2[ , ]σ σ=σ , T
1 2[ , ]ref ref refx x=κ . 

Using non-singular terminal sliding mode control method to design controller and construct parameters 1J  and 2J  respectively: 
 

1 1 2
0

2 1 1 2

t

dtθ θ

θ θ


= +




= +=

∫σ σJ

σ σJ J 

                                                                           (11) 

 
Where, 1θ  and 2θ  are the design parameters of system, and both of them are greater than zero. 
In order to improve the response speed and tracking accuracy of the system, we design the control law as follows: 
 

1 2
1 ˆ( )
b

= − +u du u                                                                            (12) 

 

Where 2
1

1

θ
θ

= − ×Ax σu ,
2

1
2 1 22

10 0 0

sgn( )d d d
pt t t
qk

q
p

kt t t
θ

−
−= + +∫ ∫ ∫s su δ J . 

Where, p , q , 1k , 2k  and δ  are all design parameters of system, and { }1 2,diag d d=δ , 1d , 2d , 1k  and 2k  are all greater 

than 0, p  and q are all odd number which meet 1 2p
q

< < . 

In summary: 
 

2 21
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2
2 2
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1 1

2
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21 21
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q
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θ θ
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θ θ θ

−
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                                                 (14) 

 
Sliding surface is defined as follows: 
 

1 2

p
q= +s δJ J

                                                                                   (15) 

 

Where, 
T

1 2[ , ]s s=s , T
2 21 22[ , ]q q q

p p p

=J J J
. 

Setting Lyapunov function is T1
2

=V ss . Integrated system control law, its derivative is shown as follow: 
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                                            (16) 

 

Due to ˆ →d d , p  and q  is odd, and 1 2p
q

< < , we can find 1

2 0i

p
q
−
>J

and formula (16) meets the following criteria: 

 

1 2
1 22

1,2

1 [ ] 0min q
i i

i

p
p

k k
q

θ
d

−

=

  ≤ − + ≤ 
  

V s sJ                                                       (17) 

 
In summary, the system will reach and remain inside the non-singular terminal sliding surface 0=s  at limited time. Then, 1J  and 

2J  will also converge to zero in finite time and remain at the origin, that is 1 2 0= =J J . Thus, it is ensured that the system is stable. 

When 1J  and 2J  is in sliding mode, the error is realized as 0= =σ σ . It is achieved that the system function can track the reference 
voltage signal effectively. 

To avoid “chattering” phenomenon in sliding mode control, we set the saturation function sat( )
a
s

 to replace the sign function 

sgn( )s .  The saturation function is: 
 

sgn( ), 1
sat( )

, 1

a a
a

a a


≥= 

 <

s s
s

s s
                                                                      (18) 

 
Where, a  is the width of the boundary layer. 
 

5. Simulation and analysis 
 
In order to verify the reasonableness of the control strategy in this paper, we use PSIM to complete simulation of the system, 

parameters of the simulation are as follows: DC input voltage U in=360 V, output AC power frequency voltage uC and its peak is 220 V, the 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                          296.6 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/296 

 

switching frequency is 20 kHz, the rated load R load=34 Ω, output filter inductor L=(4±2) mH, capacitance C=(28.2±15) μF; setting p=13，
q=11，δ1=δ2=0.001，k1=100，k2=8×103， 1θ = 2θ =12 . 

1) Start-up waveform of rated load 
Figure 3 shows a start-up waveform of voltage and current of load of the inverter with rated load. The figure shows that during system 

starting, load voltage and current of inverter basically does not distort substantially, and the system output steady state is reached within a 
cyclic wave. When the system is steady, waveform is a smooth sinusoidal wave, indicating the inverter start fleetly, voltage output has no 
static error, the same as frequency. THD of Load voltage is 0.021%, distortion of waveform is inconspicuous, the output voltage and current 
of inverter has little harmonics. 
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Figure 3. Start-up waveform of rated load voltage and current. 
 
2) Dynamic response of load 
In this paper, we simulate the disturbance rejection the load in inverter and nonlinear load. The load resistance R load=34 Ω jump into 15 

Ω at 0.1 s, following from 15 Ω jump into 34Ω at 0.2 s. Figure 4 (a) is the simulation curve of voltage and current of linear load, the figure 
shows that load voltage of inverter does not change substantially in the process of mutation load, and THD of the voltage is 0.025%, and the 
change is smooth. We use the typical uncontrollable single-phase bridge rectifier circuit as the nonlinear loads. The results of simulation are 
shown in figure 4 (b). The figure shows that when the inverter load is non-linear load, the inverter can still output stable voltage. The 
maximum value of amplitude is 220 V, the percentage of voltage distortion THD is 0.028%. This shows that the proposed method has strong 
ability in anti-interference. 
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(a) Linear resistance                                         (b) Non-linear loads 
Figure. 4 Voltage and current waveform of load variation. 

 
3) Transient response during the transient of input DC voltage 
The inverter input DC voltage U in=360 V jumps into 380 V at 0.1 s, then changes from 380 V to 360 V at 0.2 s. Load resistance 

R load=34 Ω is unchanged. Figure 5 is the voltage and current simulation curve of the load. The figure shows that the voltage and current of 
load is stable, the curve changes smoothly and distortion of it is not obvious. It is not affected by the changes of the input DC voltage. The 
control method described in this paper has strong ability in anti-disturbance for the input DC voltage of inverter. 

The simulation results shows that the output of system has no static error and the output voltage THD is small by using the control 
strategies mentioned herein, when the inverter is in the case that the inductor L and capacitor C of output filter is numerical inaccurate or 
outside interference is presence, and there is strong capacity of anti-disturbance for the inverter DC input voltage and load, and it is suitable 
for the non-linear loads. 
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Figure. 5 Load voltage and current waveform of DC voltage variation. 
 
In the simulation parameters, we study the control strategy proposed by simulation further. Figure 6 shows load voltage and current 

waveform during starting, when the load resistance is R load=30.8 Ω. The figure shows that the system reach steady state at boot time 0.1 s, 
and then, the frequency of voltage and current is 50 Hz, the waveform has on distortion, amplitude of voltage is stable at about 220 V. When 
the stable operation remains 0.2 s, the load suddenly increases, minimal change has taken place in the output voltage and current of 
system,and the system transit to the corresponding steady state in a very short time, there is almost no distortion in the process. After 0.3 s 
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when the system runs at the stable state, the load suddenly decreases, the output voltage and current is basically not changed so much. In a 
very short time, the system returns to stable state. This indicates that in the case that parameters of the inverter is uncertainties, output 
voltage and current starts fast and waveform is almost not distortion by using the control strategy mentioned herein. 
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Figure. 6 Start-up waveform and waveform under disturbance of load voltage and current. 
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(a) DC voltage disturbing                                      (b) Rectifier load 
Figure. 7 Voltage and current waveform of DC voltage disturbing and rectifier load. 

 
DC input voltage of inverter changes from 360 V to 380 V, and then jump into 360 V from 380 V. The waveform of DC input voltage 

and the load voltage and current waveforms are shown in Figure 7. Figure 7 (a) shows that the inverter output is unaffected by the 
disturbance of input DC voltage. The inverter DC voltage is normally provided by the AC voltage, through the diode full bridge 
uncontrolled rectifier circuits with capacitor filter. In order to make the output DC voltage output invariable, we usually choose a large 
capacitor to filter the output DC. Using the proposed control strategy, we can greatly reduce the value of DC filter capacitance. In the 
experiments used nonlinear load, figure 7 (b) shows that the output voltage THD of inverter is about 1.21% and the steady-state error is 
small in the case of using non-linear loads. 

 
6. Conclusions 

 
Considering that the three-phase voltage inverter is affected by the outside interference and uncertainty of system parameters and other 

factors of interference, we propose a sliding mode control inverter control strategy based on proportional-integral state observer. We set up 
the state space expression of the system and the mathematical models of output equation by look the voltage of output filter capacitor of 
inverter and its derivative as the state variable. Through effectively estimating the outside interference and uncertainty of system parameters 
and other factors of interference existing in inverter system by proportional-integral state observer, and deducing feedback control law in the 
case of existing the outside interference and uncertainty of system parameters by combining with non-singular terminal sliding mode control, 
we have designed a reasonable controllers. Simulation results show that it can be ensured that single-phase voltage full-bridge inverter 
system can still accurately track the reference voltage signal by using the control strategy, even if it is affected by the uncertainty of system 
parameters and external interference. 
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Abstract: It is very difficult to process the micro holes on the parts of micro electro mechanical system (MEMS). To solve the technical 
problem of micro hole processing. We researched of the mechanism of quasi continuous wave (QCW) fiber laser processes micro hole on 
stainless steel (SUS 304). We set up the equipment of fiber laser processes micro hole. Experiments of fiber laser processes micro hole were 
carried out to explore the main process parameters (pulse energy, pulse width and defocus) influence the micro hole size (diameter and 
depth). The experimental results show that laser pulse energy is positive correlated with the diameter and the depth of the micro hole 
processed. Laser pulse width is positive correlated with the diameter of the micro hole, but negative correlated with the depth the micro hole. 
Negative defocus is negative correlated with the micro hole diameter, but positive correlated with the micro hole depth. Therefore, 
appropriate negative defocus can be used to process high aspect ratio micro hole. The research results provide reference for QCW fiber laser 
processing micro hole on the material of stainless steel (SUS 304). 
 
Keywords: laser; Quasi continuous wave (QCW); Laser pulse; Defocus; Micro hole, Stainless steel 
 
1. Introduction 
 

With the miniaturization of product and rapid development of MEMS, it's difficult to process micro holes on the parts of products. 
Conventional drilling method has disadvantages such as the drill is easy to break for its small diameter, burrs formed on the edge of the hole 
are hard to remove. Electric discharge machining (EDM) is also known as electric spark machining. EDM ablates the material of workpiece 
with electric spark generated while tool electrode moves close to the conductive workpiece. However, there are many disadvantages using 
EDM to process micro hole. One is that tool electrode wear quickly. The others are that recast layer, heat affect zone and micro cracks are 
usually generated on the wall of the micro hole [1]. 

Laser processing technique is an advanced green manufacturing technique which ablates and removes the material of workpiece with 
the focusing laser of high energy density. Researchers all over the world carried out many researches of laser processing micro holes. 
Brajdic et al [2] researched the method and processes of deep hole drilling on stainless steel (material type 1.4301, thickness 5 mm, 8 mm 
and 10 mm) with double pulse superposition of Nd: YAG laser that pulse width was 0.5 ms and pulse interval was 17 ns. Tunna et al [3] 
used diode pumped solid state Nd: YAG laser that wavelengths were 1064 nm, 532 nm and 355 nm to process micro holes on the aluminum 
and studied how the laser wavelength influenced the machining accuracy. Wernicke et al [4] used thrice frequency solid UV pulse laser that 
the pulse width was equal or less than 30 ns, focusing spot diameter was 15 µm and wavelength was 355nm to process micro through hole 
of diameter of 50 ~ 100 µm on the material of 4H - SiC whose thickness was 400 µm. Biermann et al [5] studied laser direct processing 
micro hole and laser spiral trepanning micro hole. When the single pulse processed micro hole, laser pulse duration and peak power 
influenced the hole quality seriously. Bharatish et al [6] used CO2 laser to process micro hole on alumina ceramic material used widely by 
micro electro mechanical system (MEMS). The hole processing quality was researched by orthogonal method. Hole diameter and laser 
power had great influence on the entry and exit roundness of the hole. Laser frequency influenced the heat affected zone and laser power 
influenced the taper of the hole. Khuat et al [7] used the femtosecond laser of wavelength 800 nm and selective chemical etching to process 
350 µm micro through hole on the material of silicon carbide (SiC) and researched how the pulse number and pulse energy influenced the 
depth and diameter of the hole. Sun et al [8] used femtosecond laser to fabricate a micro gear with a micro hole that diameter was 228 µm. 
Yao et al [9] studied the configuration and energy level and spectrum of Yb doped double clad fiber. The technology of end-pumped and 
side pumped of Yb doped double clad fiber laser was dissertated. An et al [10] studied that a new fiber like photonic crystal structure had 
been fabricated  in Nd: YAG laser crystal by using focused ion beam milling and ion implantation techniques. The combination of focused 
ion beam milling and ion implantation could be a powerful tool to develop low threshold integrated laser sources based on the photonic 
fiber-like structure. Huang et al [11] presented the micro hole drilling and cutting in ambient air by using a femtosecond fiber laser. Trench 
micromachining and cutting were studied for different materials and the effect of the laser parameters on the trench properties was 
investigated. Biffi et al [12] studied the interaction of laser beam, once focalize on the surface of Ni46Mn27Ga27 [at%] alloy. The 
experimental results showed that the high quality of the laser beam, coupled with great irradiances available, allowed blind or through holes 
to be machined on 1.8 mm plates with a single pulse in the order of a few ms. Tu et al [13] experimentally characterized the short micro 
second laser micro hole drilling technique using a 300 W, CW, single-mode fiber laser. The results showed that, due to very high irradiance 
of the fiber laser beam, the absorbed energy not only was sufficient to melt and vaporize the material, but also was able to dissociate vapor 
into intense plasma at temperatures over 16,000 K. Liu et al [14] analyzed the morphologies and elemental compositions of the machined 
holes in 2 mm and 3 mm thickness specimens. The results indicated that both energy density and feeding speed had remarkable effect on the 
quality of micro holes, especially on the exit side and cross section of micro holes.  

With the rapid development of optical fiber laser technology, the new quasi-continuous wave fiber laser has the advantages of high 
quality of the beam, pulse energy and peak power [15]. It is suitable for micro hole processing. Stainless steel (SUS 304) has good 
mechanical properties, corrosion resistance and heat resistance, and wide application. Therefore, the research of the mechanism and process 
of machining micro hole on the stainless steel by using the quasi-continuous wave fiber laser is helpful to develop the application field of the 
quasi-continuous wave fiber laser processing technology. 

 
2. The Processing mechanism and equipment of QCW fiber laser 

 
The processing mechanism of QCW fiber laser is shown in Figure 1. The output laser beam is collimated by the collimating lens and 

focused by focusing lens. The focus spot of the laser beam with high density is obtained. High energy density laser is focused on the 
workpiece making photo heat reaction happen on it. The material is melted and vaporized instantly leaving a micro hole on the workpiece. 
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Figure. 1 Diagram of QCW fiber laser processing mechanism. 
 
The equipment of fiber laser processing micro hole is set up based on the QCW fiber laser processing mechanism. The laser that is 

suitable for micro hole processing shall have high peak power in order to instantly punch the micro hole deeply. QCW 150 ytterbium doped 
fiber laser is chosen. Its parameters are shown in Table 1. It is mainly composed of pump sources, coupling system, ytterbium doped fiber 
and so on. The average power of the laser is 150 W and the peak power is 1500 W. It is particularly suitable for micro hole processing. 

 
Table 1 The parameters of QCW150 fiber laser 

Fiber 
diameter/µm 

wavelength 
/nm 

Repetition       
frequency 

/Hz 

Beam quality 
BPP/mm·mrad 

Pulse 
width 
/ms 

The maximum 
pulse energy/J 

Average 
power/W 

The biggest 
single pulse 
energy/W 

Adjustment range 
of output power/% 

50 1070 1 ~ 5000 0.37 0.2 ~ 20 15 150 1500 10 ~ 100 

 
The laser beam output from the laser is collimated and focused properly. Then, it can be used to processing micro hole. Divergence 

angle (θ) and beam waist radius (ω) are the main characteristic parameters of the laser beam. Their relationship is shown in formula (1). 
 

π
λωθ =×                                                                                                         (1) 

  
Where λ  is the laser wavelength. 
Formula (1) shows that ωθ ×  is a constant (BPP). This is right for the ideal laser beam. However, the actual laser beam is generally 

not ideal. There is a parameter ( 2Μ ) that can be used to compare real and ideal laser beam. And ωθ ×  of real laser beam is shown in 
formula (2). 

 

π
λωθ M 2=ΒΡΡ=×                                                                                            (2) 

 
Where 2Μ is the quality factor of laser beam. The parameter 37.0=ΒΡΡ  is shown in table 1. Then, 1.1/2 =×ΒΡΡ=Μ λπ . 
After passing through the focusing lens, the laser beam divergence angle is shown in formula (3). 
 

f
D

f 2
=θ                                                                                                      (3) 

 
Where fθ is the divergence angle of the laser beam passing through the focusing lens. D is the waist diameter of the laser beam. f  is 

the focal length of the focusing lens. 
Through formula (1) ~ (3), the minimum diameter of the focused laser spot can be obtained as shown in formula (4). 
 

D
f

××Μ×= λ
π

δ 24
                                                                                         (4) 

 
Whereδ is the minimum diameter of the laser focus. 
The equipment of the fiber laser processing micro hole is set up as shown in Figure 2. It is consisted of the above mentioned laser, 

collimating and focusing components, PC control system, x/y/z three-coordinate moving worktable and so on. 
 

QCW fiber laser

Laser beam

Collimating lens

Focusing lens

Workpiece

Work table
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Figure. 2 Equipment of fiber laser processing micro hole. 
 

3. Experimental study of fiber laser processing micro hole 
 
Based on the processing mechanism of QCW fiber laser and the equipment shown in Figure 2, the experiment of fiber laser processing 

micro hole on stainless steel (SUS 304) is carried out to study the main parameters influencing the processed micro hole size. 
 

3.1 Research of the single pulse energy influencing the processed micro hole size 
 
The repetition frequency of the laser is set to 20 Hz and pulse width is set to 0.5 ms. Nitrogen gas is used as assisted gas. The material 

processed is SUS304 stainless steel. When the single pulse energy is 460 mJ, the diameter of micro hole processed is 215 µm and the depth 
is 251 µm. It is shown in Figure 3. When the single pulse energy is 670 mJ, the diameter of micro hole is 286 µm and the depth is 553 µm. It 
is shown in Figure 4. 

 

    

Figure. 3 Micro holes processed with single pulse energy 460 Mj. 
 

    

Figure. 4 Micro holes processed with single pulse energy 670 mJ.  
 
Keeping the other parameters constant and only changing the single pulse energy, the relationship between single pulse energy and 

micro hole diameter is obtained. It is shown in Figure 5. And the relationship between single pulse energy and the processed micro hole 
depth is shown in Figure 6. 

 

 

Figure. 5 The relationship between single pulse energy of laser and micro hole diameter. 
 

 

Figure. 6 The relationship between single pulse energy of laser and micro hole depth. 
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The above figures indicate that the diameter and depth of the micro hole processed become smaller when the laser pulse energy is 
adjusted lower. Because the energy distribution of focused laser is Gauss distribution, the temperature of the central area is so high that the 
material is melted or vaporized. However, the temperature of the edge area is lower than that of the central area. The material is only melted 
but not vaporized. The molten metal solidifies again and becomes recast layer. The diameter and depth of the processed micro hole increase 
with the increase of the pulse energy. For the higher the pulse energy more material is melted or vaporized. At the same time, strong shock 
wave generates to sputter the molten material and explosive sound is heard. Therefore, the hole with larger diameter and depth can be 
obtained while increasing the laser pulse energy. In addition, micro hole processed by single laser pulse exists a taper, for the Gauss 
distribution of the focused laser energy. 

 
3.2 Research of the laser pulse width influencing the processed micro hole size 

 
The repetition frequency of the laser is set to 50 Hz. The single pulse energy output from the laser is 295.2 mJ. Nitrogen gas is used as 

assisted gas. When the laser pulse width is set to 0.2 ms, the diameter and depth of the micro hole processed is 145 µm and 1000 µm 
respectively. It is shown in Figure 7. When the laser pulse width is set to 0.6 ms, the diameter and depth of the micro hole processed is 216 
µm and 396 µm respectively. It is shown in Figure 8. 

 

    

Figure. 7 Micro hole processed with laser pulse width 0.2 ms. 
 

    

Figure. 8 Micro hole processed with laser pulse width 0.6 ms. 
 
Keeping the other parameters constant and only changing the laser pulse width, the relationship between the laser pulse width and the 

micro hole diameter is obtained. It is shown in Figure 9. And the relationship between the laser pulse width and the processed micro hole 
depth is shown in Figure 10. 

 

 

Figure. 9 The relationship between laser pulse width and micro hole diameter. 
 

 

Figure. 10 The relationship between laser pulse width and micro hole depth. 
 
The above figures indicate that if the micro hole is processed by fiber laser, the diameter of the processed micro hole increase with the 

increase of the laser pulse width, but the depth of the processed micro hole decrease with the increase of the laser pulse width. The reason is 
that the laser pulse energy is Gauss distribution. If the laser pulse width increases, the interaction time between the laser and the material 
becomes longer. On the premise of keeping the laser pulse energy and the removing material volume by melting or vaporizing constant, the 
diameter of the processed micro hole increases and the depth decreases at the same time. 

 
3.3 Research of the defocus influencing the processed micro hole size 

 
The laser beam output from the fiber laser needs to be focused by the objective lens to obtain high energy density laser focus spot for 

processing micro hole. The center of the laser focus spot is the focus of the objective lens. The distance between the focus and the processed 
workpiece surface is defined as defocus. When the focus is just on the upper surface of the workpiece, the defocus is equal to zero. It is 
shown in Figure 11a. When the focus is beneath the upper surface of the workpiece, the defocus is negative value which is shown in Figure 
11b. When the focus is above the upper surface of the workpiece, the defocus is positive value which is shown in Figure 11c. 
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The single pulse energy output from the laser is set to 295.2 mJ. The focus of the objective lens is 150 mm. Nitrogen gas is used as 
assisted gas. Keeping the other parameters constant and the defocus l = 0, the processed micro hole is shown in Figure 12. Keeping the 
defocus l = -1, the processed micro hole is shown in Figure 13. Keeping the defocus l = 5, the processed micro hole is shown in Figure 14. 
Keeping the other parameters constant, the relationship between the defocus and the diameter of the processed micro hole is shown in Figure 
15. The relationship between the defocus and the depth of the processed micro hole is shown in Figure 16. 

 

 

Figure. 11 The sketch of off-focus. 
 

    

Figure. 12 The processed micro hole with defocus l = 0. 
 

    

Figure. 13 The processed micro hole with defocus l = -1. 
 

    

Figure. 14 The processed micro hole with defocus l = 5. 
 

 

Figure. 15 The relationship between defocus and the diameter of the processed micro hole. 
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Figure. 16 The relationship between defocus and the depth of the processed micro hole. 
 
The above figures indicate that with the positive defocus gradually increasing, the diameter of the processed micro hole increases 

gradually, but the depth decreases gradually. When the defocus is negative and its absolute value increases gradually, the diameter of the 
processed micro hole increases gradually, but the depth increases firstly and then decreases gradually. Therefore, appropriate negative 
defocus is better for processing deep hole. 

 
3.4 High quality micro hole is processed with optimized process parameters 

 
The optimized process parameters are obtained with many experiments of the laser processing micro hole. And the micro through hole 

of diameter 164 µm is processed. The upper surface of the processed micro hole is shown in Figure 17a. The bottom surface of the 
processed micro hole is shown in Figure 17b. 

 

    

(a)                                                                       (b) 
Figure. 17 The micro through hole processed with optimized process parameters. 

 
4. Conclusion 
 

Fiber laser is used to process micro hole on SUS304 stainless steel. Keeping the other parameters constant, the diameter and depth of 
the processed micro hole increase with the increasing of the single pulse energy. The diameter and depth of the processed micro hole 
increase with the increasing of the pulse width. Appropriate positive defocus is used to process micro hole, the diameter increases, but the 
depth decreases. Appropriate negative defocus is used to process micro hole, the diameter decreases, but the depth increases. Therefore, 
appropriate negative defocus is better to process deep micro hole. 
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Abstract: With the rapid development of multimedia server which has high delay requirement, and future cellular network miniaturization, 
the handover is becoming a hot research topic in cellular network at present. The 4G handover and 3G Inter-RNC handover have same 
common issues: (1) High network complexity; (2) Complicated handover exchange process; (3) RB relocation includes the source base 
station releases RB, the target base station establishes RB, RB data copy and so on; (4) RB data copy need energy consuming. This paper we 
propose a quick handover process and corresponding network architecture that separates the U-plane and C-plane from RNC or ENodeB 
enables the RB to be distributed shared by all the base stations, hence the update path of our handover changes to MAC layer for avoiding 
RB relocation. The analysis result shows: (1) the complexity of our network architecture is a little influenced by adding the base number, (2) 
our handover without RB relocation eliminates the data copying process, simplifies the handover process, enhances the exception handling 
ability and reduces energy consumption, so it can maintain the handover effectiveness, stability and green to fit the requirements of future 
cellular network system. 
 
Keywords: handover; RB relocation; cellular netework 
 
1. Introduction 
 

Existing cellular network system can provide high-speed, low-delay channel for the rapid development of mobile internet multimedia 
servers, but it becomes powerless in front of the large users, hence next-generation cellular network (5G) has become the current 
communication research hotspot. The biggest difference between 5G [1]-[2] cellular network and other cellular network is that 5G cellular 
network not only emphasizes the peak of transmission rate but also more concerns about the user experience rate, end-to-end delay and so 
on. In order to improve the user experience, many technologies such as large scale antenna array, millimeter wave [3] have been employed 
for dense networking, yet the frequent handover also have been brought to influence end-to-end delay, so how to design the quick handover 
has become the hotspot of the next-generation cellular network system. 

Current cellular network system divides the access network aspect handover into two types of inter and intra [4]. For inter handover, it 
contains two major parts of UE locations update and data transfer path update. UE locations update is comprised of handover request, 
handover command exchange and handover complete. Data transfer path update need execute RL establish/release, GW path update or RB 
relocation that is a process of establishing RB in the target base station, copies RB data between the source and target base station, releasing 
RB from the source base station until UE accesses other base station. The typical examples of inter handover include 4G handover and 3G 
inter-RNC handover. For intra handover, since RB is shared by the source and target base station, there is no need relocating RB during the 
handover process. The typical example of intra handover includes 3G intra-RNC handover. Comparing with the inter handover, the intra 
handover just do UE location update that can improve handover performance. 

This paper proposes a quick handover procedure based on the idea of distributed data processing and centralized control management. 
We separate the U-plane and C-plane from RNC or ENodeB in network architecture, which enables the RB cloud to be distributed shared by 
all the base stations, so the RB just needs update transfer path not need for a process of RB “establish-copy-release”. Then we simplify the 
handover process to reduce the handover time abnormal event and reduce energy consumption. At last we also provide effective treatment 
for handling handover abnormal. 

The rest of this paper is organized as follows. Section 2 reviews the handover process in current cellular network and addresses some 
problem of them. Section 3 presents our proposed handover procedure. The analysis of handover mechanism is presented in Section 4 and 
last section concludes this paper. 

 
2. Related works 

 
Handover is the key technology of each generation Cellular network, which not only guarantees the fluency of mobile server, but also 

influences end to end delay of mobile server. This section will introduce the handover process of 3G/4G, and address the advantages and 
disadvantages of them.  

 
2.1 3G handover 

 
From the access network architecture of 3G [5] as Figure 1, we can find there are two kinds of access network aspect handover [6], one 

is inter RNC another is intra RNC. For inter RNC handover, UE handover at the different RNC, first DRNC created and copied the RB/RL 
connection from SRNC with UE by the Iur interface, second SRNC triggered the handover exchange to active set update between DRNC 
and UE by the new RB/RL connection, third SRNC released the RB/RL connection when UE handover successfully, at last SGSN updated 
data transmission path from SRNC to DRNC by Iu. For intra RNC handover, UE handover in the same RNC, so it could reduce handover 
time in the condition of keeping RB and SGSN connection. 
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Figure. 1 The access network architecture of 3G. 
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Figure. 2 The access network architecture of 4G. 
 

2.2 4G handover 
 
Compare with 3G, the access network architecture of 4G [7] as Figure 2 make some changes as follow: (1) The EnodeB of 4G 

combines the function of RNC and NodeB; (2) The X2, S1 interface of 4G are similar to the Iur/Iu interface of 3G, and do some 
simplification; (3) There is only PS domain in 4G, which is good for the integration of broadband and narrowband server. 

From above description, the Inter eNodeB handover in Figure 3 is only one access network aspect handover [8] in 4G. The working 
principle of Inter eNodeB handover is similar to the inter RNC handover in 3G, it also contains RB Relocate、handover exchange by RB 
and update GW path, but uses resource allocation instead of RL reconnection because the server in 4G is guaranteed by the bandwidth not to 
provide the special link. 

 
2.3 The compare of 3g/4g handover technology 

 
To know the engineering properties of high liquid limit soil, the following tests are done. Through the introduction of 3G/4G handover, 

we summary and compare the advantages and disadvantages of them as follow: 
(1). Network architecture: 4G employs the flat network framework to bring the benefits:①reduce the number of network unit to 

simplify the network deployment and maintenance easily; ② cancel the centralized control of RNC to avoid single point failure; ③ reduce 
the system delay to make the PS servers instead of the CS servers fully. 3G employs the distributed network framework to expand easily the 
network capacity. 

(2). Handover efficiency: 4G handover uses radio resource allocation instead of RL reconnection to shorten the handover time, but 
ENodeBs are independent of each other so the complex handover process cannot be avoided such as RB relocate. 3G intra-RNC handover 
shares RB for multiple NodeB, so it can eliminate RB relocate and GW update path to improve handover efficiency. 

(3). Handover stability: the handover exchange of 3G and 4G as Figure 3 include not only RB relocate but handover confirmation in 
RRC by RB, so they must provide complex abnormal handler mechanism to depress the stability. 

(4). Energy consumption: The handover with RB relocate must copy data between source BS and target BS, which costs much energy. 
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Figure. 3 The Inter-eNodeB handover of 4G. 
 

3. Handover descript 
 
In this section, we introduce our proposed fast handover process based on the idea of distributed data processing and centralized control 

management. Our policy can share RBs for all of NodeBs that improve handover effective and also eliminates partial abnormal to ensure 
handover stability. 

 
3.1 Network architecture 
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Because Network architecture plays an important role on handover performance, we adjust partial network architecture base on 3G as 
Figure 4, it still retains the NodeB but isolates the U-plane and C-plane from RNC. The new network architecture contains NodeB, 
distributed data cloud and centralized control platform, the main function of each part is introduced as follow: 

(1). NodeB: ① it is responsible for providing air interface and allocating radio resource; ② it makes up of Mac and Phy, the Mac can 
richly schedule wireless resource for multiple Phy by server Qos and interference; ③ it decides the throughput, delay of overall network and 
the utilization of radio resource in condition of reducing the interference. 

(2). Flat Data Cloud: ① it draws on cloud computing mode[9] to separate u-plane from RNC for the distributed layout; ② it makes up 
of RLC, PDCP and GW, so it can provide RB to be shared by all of Node; ③ it ensures the integrity, security and reliability of air interface 
data; ④ because stateless in u-plane, it can re-synchronous state by query mechanism from control platform; ⑤ based on above description, 
it is suitable for agile orchestration and fast handover, and also easily expands the whole network capacity.  

(3). Centralized Control Platform: ① it aggregates RNC C-plane for centralized handling the work status of all UEs in order to improve 
manage efficiency of cellular network; ② it records UE status in specific database for quickly finding by NodeB and U-plane; ③ it can 
simplify control logic exchange process among RNC to reduce latency; ④ it also provides some modules for managing UE, such as mobile 
management (MM), session management(SM), RB load balancing policy and so on. 

(4). Open Manage Platform: ① it opens simple interface to configure the work parameters and topology of whole network; ② it can 
discover breakdown in time and optimize network by tracking the working state of each module. 

(5). Interface: ①  U1 is responsible for delivering data and air signal; ②  C1 is responsible for delivering air signal and 
configuration/control information; ③ C2 is responsible for delivering configuration/control information. 

In summary, the major difference between our network architecture and current cellular network is decoupling U-plane and C-plane in 
Nodes rather than Nodes itself. 

 
3.2 Handover procedure 

 
This part we introduce a new handover procedure as Figure 5 under the adjustment network architecture, it draws on the advantages of 

3G intra-RNC handover and 4G PS domain handover and specifically performance as follows: 
(1). Once the centralized control platform wants to trigger handover by collecting UE measurement information, it will exchange 

handover request/response message with the target NodeB to decide whether handover starts; 
(2). Once handover starts, the centralized control platform will send handover command message by the PDCCH of source NodeB to 

inform UE ready for accessing the target NodeB; 
(3). UE sends handover confirm message to the target NodeB by the PUCCH, on the one hand is to synchronize with the target NodeB, 

on the other hand is to inform MM update UE location; 
(4). After UE handover success, the source NodeB will stop scheduling for UE by receiving offline message, and the flat data cloud and 

target NodeB will update data transfer path; 
(5). For realizing UL/DL data seamless handover, the source NodeB stop schedule UE when handover starts firstly, then the flat data 

cloud provides corresponding buffer by server Qos to store DL transmission data and UL incomplete data packet during handover process, 
at last the target NodeB re-allocates DL/UL resources for UE when handover success. 
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Figure. 4 A new access network architecture. 
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Figure. 5 A new handover procedure. 
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From above description, the main improvement of our handover includes: ① IP network is comprehensively used in future cellular 

network, so our handover do not need RL relocation as 4G handover; ② the flat data provides RBs to be shared by all NodeBs, so our 
handover just needs to update RB transfer path not to RB relocation as 3G intra-RNC handover, which not only eliminates RB operation 
also reduces energy consumption; ③  our handover provides special transfer channel instead of SRB for exchanging handover 
command/confirm in order to shorten handover delay; ④ our handover not only simplifies the handover steps, and enhances the handover 
abnormal handling policy, which contains the following details: 

(1). If the handover request/response exchange fails, the centralized control platform does not start handover; 
(2). If the handover command is not received by UE, UE also resides in the source NodeB and the source NodeB will recovery to 

schedule UE after a while, which maintains the server stability; 
(3)   If the handover confirm is not received by the target NodeB, UE will select a reliable cell to access; 
(4). The NodeB periodically pushes UP location message to the centralize control for improving the validity of mobile management; 
(5). In order to make up the loss of handover path update message, the NodeB and the flat data cloud can query RB state by discovery 

abnormal data or the centralize control platform periodically pushes RB state. 
 

4. Analysis result 
 
In this section, we compare the performance of our propose handover with the 3G/4G handover from network complexity, handover 

effective and handover stability. 
 

4.1. Network complexity 
 
In this paper the network connection complexity is about the connection number among each network elements. In 3G the network 

connection composes mostly of lur, lub and lu. The NodeB and SGSN connect with a RNC, so each additional NodeB/RNC will only 
increase a lub/lu connection. The network complexity of lur belongs to the power of n. At last the 3G network complexity can be derived as 
the equation(1), where n, m are the number of NodeB and RNC respectively. According to the above analysis method, the 4G network 
complexity composes mostly of S1 and X2, which can meet as the equation(2), where m is the number of ENodeB. For our proposed 
network architecture, the C1, C2 complexity is linear increase with the slope of 1, the U1 complexity is n multiply m, so the network 
complexity uses equation(3). 
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The Figure 6 gives the complexity comparison of different network. We find 3G, 4G and our network show linear growth with 

increasing the NodeB number, the complexity of our network is mainly determined by the number of U-plane, the complexity of 4G is 
affected by the number of neighbor EnodeB, the complexity of 3g depends on the number of RNC. Therefore our network can deploy a 
larger network by using U-plane with super cloud processing. 

 

 

Figure. 6 The complexity comparison of different netwroks. 
 

4.2. Handover effective 
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Handover effective is about the cost time of handover in access network aspect handover. For 3G inter RNC handover, the handover 
effective can be meet as equation(4) which consists mainly of RL/RB relocate time, updating active set time, by contrast the 3G intra RNC 
handover effective reduce RB relocate time. For 4G handover, the handover effective is divided into three parts as formula(5), where tprepare  
is handover request message exchange between Enode and BS, tcomplete is handover complete message exchange and data transfer path 
update process among MME, target EnodeB and SGW. Handover command handshake and RB relocate can occur at the same time in 
handover execution, so texecutive   is the larger of two belongs to level of ms. For our handover, the handover effective is similar to 4G as 
formula(6), just texecutive do not need for relocation of RB. 
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In a word, tprepare , tcomplete and t rl all happen in the base station side, they belong the level of us and have a little effect on handover 

effective. The performance of tupdate and tcommand are decided by the network frame structure, multiple access technology, transmission 
channel mapping way, air interface message handler process and so on, so in this paper we suppose that tupdate  and tcommand are much the same 
at various network to simplify analysis model. In this paper the trb becomes the main factor affecting handover effective, which can be wrote 
as formula (7), where testablish is the time of establish RB that makes up a tiny percentage of trb, Ldata, Lhandler and thandler respectively represent 
the store length of data in RB, the ability and handler time of data relocation at once, nrb is the number of RB. 

The parameters for handover effective are summarized in Table 1. We employ fiber as a communication bridge for each module, so we 
can consider the Lhandler is the MTU of Ethernet pack. Figure 7 and Figure 8 are given that the relation of the handover effective with the RB 
relocation data and the RB number, we can notice that as long as the handover contains the RB data relocation, then handover effective will 
show a linear increase with adding RB relocation data and number beyond a certain threshold. The future cellular systems will grow up by 
like a few dozen times to be Gbps-level, therefore the handover effective with RB relocation may be grow to hundreds of MS and even 
reach the second level. At last our handover without RB relocation as the 3G intra-RNC handover can control the handover effective at the 
dozens of MS level, which is fit to the future cellular network. 

 
Table 1 Handover Effective Simulation Parameters. 

Parameter Value 

tprepare(us) 1000 

tcomplete  (us) 1000 

t rb (us) 400 

t rl(us) 400 

tcommand (us) 10000 

thandler (us) 30 

Lhandler (Bytes) 1518 
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Figure. 7 The relation of handover effective with the RB relocation data. 
 

 

Figure. 8 The relation of handover effective with the RB number. 
 

4.3. Handover effective 
 
Handover stability is about that the success probability of seamless handover, which consists of two parts: UE location update and data 

transfer path update. We can use the formula(8) to express handover stability, where event A indicates UE location updated successfully and 
event B indicates data transfer path updated successfully, they are independent of each other. For UE location update, we suppose there are 
n+1 states, the state i transfers to the state i+1 with the correct probability of pi, i+1, once the state i does not transfer to the state i+1 will 
directly go back to the state 0, which means UE location update failure, so the probability of event A can be wrote as formula(9). Because 
the state transition probability matrix can satisfy the Markov model [10] and state transition contains retransmission mechanism, the  p i , i+1 
is element in position row 1 and column 1 in matrix that can be expressed as formula(10), where m is the retransmission number. We 
analyze the event B in accordance with the above method. 

From the above, we can find the performance of handover stability is decided by the state transition probability and state number is the 
main factors affecting. 

(1). UE location update: ① it contains request, command and complete, so the state number is three; ② the handover request and 
complete happen in the base station side, the state transition probability can reach one by using the reliable transport protocol; ③many 
wireless retransmission policies such as HARQ, RLC AM and handshake mechanism, which can improve the state transition probability of 
handover command exchange more than 1-10e-5. 

(2). Data transfer path update: ① the correctness of fiber-optical communication is 1-10e-8, so state number becomes main factor 
affecting performance; ② The state number of a RB contains a RB established, a GW path update, so the total state number of UE can be 
expressed as formula(11), where m is the number of RB. 
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The parameters for handover stability are summarized in Table 2. Figure 9 is given that the relation of the handover stability with the 

RB relocation data, we can find that once the handover with the RB relocation, the handover stability will show a linear reduction with 
adding RB relocation data, for example the handover stability falls two out of 10,000 from 300Kbps to 7.2Mbps. Facing the multiplex server 
Gbps requirement of future cellular system, the handover stability with RB relocation may drop to 10e-3 level. At last our handover without 
RB relocation can control the handover. 
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Figure. 9 The relation of handover stability with the RB relocation data. 
 

Table 2 Handover Stability Simulation Parameters. 
Parameter Value 

prequest 9.999999e-1 

pcomplete 9.999999e-1 

pcommand 9.9999e-1 

pfiber-optical 9.9999999e-1 

Lhandler (Bytes) 1518 
 

4.4. Handover green 
 
Handover green is about that the performance of handover energy consumption, which includes: UE location update and RB relocation. 

The analysis method of handover green is similar as Part 4.2. The energy consumption of UE location update mainly occurs in the air 
interface transmission. Due to the air interface transmission power control depends on wireless fading, communication distance, 
transmission format and so on, so we will simplify the analysis model by assuming the energy consumption of UE location update in 
different handover process is the same. For the energy consumption of RB relocation such as formula (12), where L is the data content 
length(bits), Ps is sending data consumes power unit time, C is channel capacity to meet Shannon’s theorem as formula(13) is included into 
formula(14), we can obtain the RB relocation energy consumption with bandwidth and transmission power as formula(14).  

 

/ * sRB L CP P=                                                                                       (12) 

 

2log (1 / )C W S N= +                                                                            (13) 

 

2 0* / ( log (1 / ))RB s sP L P W P n W= +                                                            (14) 

 
Figure 10 shows the relocation between handover green and RB relocation: ① the bandwidth can  exchange for power, but it will tends 

to a stable value at the end; ② send more data, need more power; ③ the more transmit power, the greater energy consumption, and the more 
receive reliability. To sum up, while choosing the fit transmission power and bandwidth can ensure reliability and availability of RB 
relocation, but it also faces a problem about power accumulation by frequent handover, for example, 100000 UE carry GBs data server 
handover by 5 minute frequency(where Bw=1000Mbits, Ps=1.6dbm), it will cost 28800w power a day. Our network does not need RB 
relocation in handover, so it is green to fit the future cellular network. 

 

 

Figure. 10 The relation of handover stability with the RB relocation data. 
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5. Conclusions 
 
In this paper, we have proposed a quick handover process and the corresponding network architecture. The flat data cloud and 

centralized control platform are two features of our network architecture, which not only ensures the network complexity, and decouples the 
data flow and control flow in handover. Based on above network architecture, our proposed quick handover only needs to update UE 
location without RB relocation. The analysis result shows that our handover can keep better effective, stability and green no matter UE 
carries how many servers, so our handover is fit to the future cellular network. However we introduce the access network aspect handover 
not taking into account inter RAT-handover, and hence we will investigate the above problem as a future work. At last new network 
architecture must face many problems, for example functions development, interface definition and abnormal handing, which also are the 
focus of our future research work. 
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Abstract: To control the advanced manufacturing mode diffusion and obtain the desired diffusion effect, this paper firstly studies the 
modeling and analysis of advanced-manufacturing-mode competition diffusion (ACD) by PID feedback control method. First, the 
influencing factors of ACD process and its external intervention are analyzed and practical strategies and their corresponding control units 
are discussed. Combining with external intervention, the basic thinking and strategies of controller design are given. Then, as to the referred 
input, PID feedback controllers are designed, and PID feedback control model of ACD are built. And then, the properties of control model 
are analyzed, and qualitative results are given. Finally, the application of the proposed model is simulated by Matlab 7.1 in a case study of 
practical advanced manufacturing modes diffusion. The results are consistent with the qualitative analysis, thereby verifying the correctness 
of the proposed model. This work discloses external intervention rules in ACD, designs the PID feedback controller, decreases the blindness 
of pole assignment control method, and realizes the control on ACD to desired diffusion effect both in theory and in practical strategies. It 
also provides theoretical basis, control methods and intervention strategies for enterprises’ decision making and government regulation. 
 
Keywords: feedback control; external intervention; control strategies; parameter identification; advanced manufacturing mode competition 
diffusion 
 
1. Introduction 
 

To various targeted markets and enhance their core com-petitiveness, it has become an ongoing trend for enterprises to implement 
advanced manufacturing modes, such as re-manufacturing/green manufacturing, Just In Time (JIT), network manufacturing, supply chain 
management, computer integrated manufacturing system, and total quality management (TQM), etc.. However, the implementation effect of 
advanced manufacturing mode is far from being satisfactory [1-2]. Therefore, many countries promote various policies to develop 
manufacturing industries, e.g. industry 4.0 in Germany, and energy & manufacturing competitiveness partnership in U.S. From references 
and field investigation, external intervention is recognized as an effective way to promote manufacturing modes. External intervention and 
ACD constitute a close loop system, and external intervention is the control exerted on ACD. It has been modeled and analyzed that external 
intervention does have the influence on the diffusion process in theory [3]. However, how to control the ACD process, and how to realize 
the effect of external intervention in practice? For the better application of external intervention in mode diffusion in actual industrial 
situations, this paper deals with what ways can be used to achieve the desired diffusion effect of ACD and what control strategies can be 
taken in external intervention.  

In our view, the implementation of advanced manufacturing modes involves the acceptance, adaptation, and application of standardized 
concept, philosophy, structure and advanced manufacturing methods collectively [4-5]. Our first idea about ACD came from product 
diffusion [6] and innovation diffusion [7], which have been important branches of spread theory since the proposal of Bass model. Different 
from products, advanced manufacturing modes represent novel recognition, concepts, and methods used in manufacturing industries, which 
may vary with different manufacturing philosophies. Their implementation is the innovation diffusion of concepts, philosophies and 
manufacturing practice, and certainly brings about the development of new techniques, management, as well as new products. Therefore, the 
work [5,8] proposed mode dif-fusion and studied ACD to master rules in the implementa-tion of advanced modes. Then, to model external 
intervention, we proposed an external intervention model based on the novel thought that ACD and external intervention constitute a closed-
loop feedback control system. However, how to realize external intervention effect and what control strategies to be taken are also important 
in practical external intervention. Based on the modeling, analysis and on ACD and its external intervention, we lever-age feedback 
controller design methods to better solve the problem: how to control and obtain the desired diffusion effect of ACD through external 
intervention. To this end, this work designs and analyzes the controller of ACD so as to provide scientific evidence and practical control 
strategies for enterprises and government to make better decisions. 

 
2. Literature review 

 
2.1 Advanced manufacturing mode diffusion 

 
Considerable effort on advanced manufacturing modes [9] has been conducted, but the limited work regarding to advanced 

manufacturing mode diffusion have been briefed:  
1) Diffusion mechanism of manufacturing modes. They are mainly quantitative studies about diffusion paths, ways and mechanisms in 

different ACD. For example, Xu [4] dis-cusses how to promote the implementation of green manu-facturing from three aspects (market 
incentives, government and enterprise behavior).  

2) Diffusion models of manufacturing modes. From a diffusion perspective, the internal promotion and application rules of advanced 
modes can be studied by establishing dy-namic models. They can be divided into two categories: the macro level (aggregate level) based on 
overall statistical be-havior of potential adopters, and the micro level (individual level) based on the adoption decision of potential adopters. 
For example, the diffusion behavior of computer integrated manufacturing (CIM) philosophy is studied by Xue [5]. And a competition 
diffusion model of multiple-advanced manu-facturing modes in a cluster environment is proposed [8], considering enterprise capacity, mode 
competition and ex-ternal influence.  

3) Problems related to advanced manufacturing mode diffusion. This mainly focused on some specific problems in application fields, 
such as multi-stages, influencing factors and optimization in mode diffusion. For example, Xue and Zhou [3] study the effectiveness 
optimization of external intervention in multi-ACD based on pole assignment and control parameters. 

4) Empirical studies on advanced manufacturing mode diffusion. For example, through a field investigation, Li [10] studies the 
dynamic evolution path of an advanced manufacturing mode in a company, and proposed some countermeasures and suggestions for mode 
development. 
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The above research provides a theoretical basis for the implementation of advanced manufacturing modes and promotes their in-depth 
application. However, how to further apply advanced modes by external intervention and what practical intervention strategies can be taken 
to promote the diffusion process, have not yet been studied. 

 
2.2 External intervention in advanced manufacturing mode diffusion 

 
External intervention refers to the external factors or strategies to change the external environment, enterprise capacity or technological 

factors so as to promote the im-plementation of advanced modes. External intervention may be governments, financial institutions, scientific 
research institutes and industrial associations, and they have a combined effect on ACD. The present studies on external intervention mainly 
include the following issues:  

1) Intervention mechanisms. Intervention mechanisms refer to constellation of entities and activities that are orga-nized such that they 
regularly bring about external or internal intervention in mode diffusion. These studies [11,12] include different perspectives in different 
fields. For example, Hu [11] studies intervention mechanism of achievement transformation in government-funded scientific and 
technological projects.  

2) Intervention models [13,14]. These studies include dif-ferent methods and models of government policies and interventions, and 
they can be divided into qualitative and quantitative methods. For example, Shi and Xie [13] analyze the non-equilibrium degree of a real 
estate market and government intervention timing based on a non-equilibrium model and short-side rules. 

3) Intervention strategies. They are mainly related to de-tail applying polices in different industries. For example, Fu et al. [15] studied 
government strategies in industrial tech-nology innovation. 

4) Empirical intervention studies in different fields. For example, Chang et al. [16] study the promotion policies of manufacturing 
automation in Taiwan. 

However, current studies on external intervention are mainly qualitative studies in specific cases, and there is no reference on formal 
external intervention model of ACD. Our prior work firstly proposes an external intervention model in multi-ACD in theory and shows its 
importance. However, as the blindness of pole assignment method, the existing external intervention model in multi-ACD doesn’t show how 
to realize intervention effect. Therefore, it is meaningful to discuss how to realize external intervention effect and obtain practical 
intervention strategies. 

 
2.3 Controller design and strategies 

 
From the control perspective, ACD and its external envi-ronment constitute a feedback loop control system. Given the practical 

decision-making condition of external interven-tion, controller design methods in control theory can be uti-lized to achieve desired diffusion 
effect. If we can build rela-tions between control methods and external intervention, controller design methods in control engineering can be 
re-ferred. At present, though there are few studies on external intervention in mode diffusion based on quantitative control methods, studies 
about control methods in other field can be briefed as following aspects:  

1) Control models in different fields. In different applica-tions, different control models (such as PID control) are widely used. For 
example, Hrúz, and Zhou [17] model and control discrete even dynamic systems with Petri nets and other tools.  

2) Different control methods and algorithms. They in-clude various methods and algorithms in control theory, such as robust control, 
H∞ control, adaptive control, as well as methods and algorithm such as simulated annealing algo-rithm, genetic algorithm, evolution 
algorithm etc. For exam-ple, Alv [18] proposes an improved genetic algorithm to op-timize a nonlinear PID control of hydraulic crane. 

3) Application of control methods in different fields. For example, Hoffmann etc. [19] discuss precision flight control for a multi-
vehicle quadrotor helicopter tested.  

From the above, external intervention is the control on advanced manufacturing mode diffusion, but lack detailed control methods. As 
discussed in prior work [3], external intervention in multi-ACD is a kind of management control system and can be modeled as a feedback 
control system. To realize control effect, it is meaningful to utilize control methods to improve practicability of external intervention model 
once the relations between control units and external intervention strategies have been built, but there is no refer-ence in this field. 

 
3. External Intervention strategies and their corresponding control functions 

 
Different intervention strategies may have different effect on ACD process. Some intervention strategies may have multiple effects on 

ACD. If we take intervention process as a kind of input-output model, the intervention strategies as input, and the effect of ACD process as 
output, then external intervention can be divided into some basic control functions (as shown in Figure 1. and they have fundamental 
influence on ACD. Generally, according to the intervention effect on diffusion process, the basic control functions of intervention strategies 
of ACD are as follows: 

 

G(s)
Xi(s) Xo(s)  

Figure. 1 Description of intervention relations. 
 
(1) Proportional relation 
If the output and input of an intervention on ACD is pro-portional, then this relation is called proportional relation. As to the external 

intervention of ACD, this kind of control rela-tion can have the effect of proportional increase.  
(2) Inertial relation 
If the output and input of an intervention in ACD satisfy  , then this relation is called inertia relation, where, T is time constant, and K is 

the gain of inertia relation. When the input of an inertia relation is a unit step function, its output is non-periodical monotonic rise negative 
exponential curve, which accords with most practical intervention effect. As to the external intervention of ACD, this kind of control 
relation can have the effect of pro-portional increase and delay.  

(3) Differential relation 
If the output and input of an intervention on ACD satisfy   , then this relation is called differential relation. When the input of a 

differential relation is a unit step function, its output is an impulse with infinite mag-nitude and zero duration. When the time constant of an 
iner-tia relation is very large, inertia relation can be taken as a differential relation. In general, a differential relation doesn’t exist alone, and 
it coexists with other relations.  

(4) Integral relation 
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If the output and input of an intervention on ACD satisfy  , then this relation is called integral relation. When the input of an integral 
relation is a constant, its output is proportional to its time. As to the external intervention of ACD, this kind of control relation can have the 
proportional effect on time.  

(5) Time-delay relation 
If the output and input of an intervention on ACD are same except the delay time t, i.e., the output is xi(t-t ), then this relation is called 

time-delay relation. As to the external intervention of ACD, this kind of control relation can have the delay effect on the number of 
enterprises implementing new modes.  

Based on practical strategies and corresponding relations, we can discuss the controller design, build the control model of ACD, 
analyze its properties and apply its results into prac-tical external intervention. 

 
4. Control mechanism of Acd 

 
4.1 Properties of ACD and its external intervention  

 
ACD and its external intervention have following proper-ties: 
(1) ACD is influenced by adopters, external environment and internal capacity of enterprises. 
(2) An advanced manufacturing mode may have its im-proved versions, even though they share a same philosophy.  
(3) The implementation of advanced manufacturing modes enables enterprises to gain competitive advantages. 
(4) External intervention strategies may have different effect on ACD, and they can be abstracted into different control relations. 
 

4.2 Basic thinking of control model 
 
As to the decision-making of ACD, decision-makers are more concern about the effect than control methods, i.e., they are more likely 

to set the objective of diffusion than to assign poles of a control model. Thus, it is more reasonable to have decision-makers set the objective 
of control (e.g. the diffusion effect of an advanced mode: 95% of total enterprises adopt the mode). Based on the diffusion effect set by 
decision-makers, the basic thinking of PID controller design is as follows: ACD and its external intervention constitute a feedback loop 
control system. External intervention model in ACD is a control on the diffusion. According to the decision-making objective, different 
controllers can be designed by control theory. Then the control model can be analyzed to obtain the desired properties, and combing with 
practical intervention strategies and control methods, reasonable intervention strategies can be made so as to obtain the desired effect of 
mode diffusion. The control system of ACD is shown in Figure 2. 

From Figure 2., ACD is a plant, and external intervention is a control variable. Feedback controller can be designed based on ACD and 
external environment. The PID feedback control 

system model of ACD can be obtained. 
 

External Environment Influence

Feedback 
Controller

ACD
Control 

Objectives

 

Figure. 2 Controller designer of ACD. 
 

4.3 Assumptions of ACD control model 
 
Before studying the PID feedback control model of ACD, we make the following assumptions to simplify our discus-sion:  
H1. Given the referred control objective of an advanced mode, PID feedback controller is designed to realize the de-sired diffusion 

effect. 
H2. ACD and its PID feedback controller constitute a feedback loop control system. 
H3. All enterprises can implement manufacturing modes with external intervention. 
H4. In a given period, the diffusion of advanced modes is a mode competition diffusion process. 
H5. All assumptions in ACD model [8] should be satisfied, such as constant constraint, enterprise’s willingness, and domination of one 

mode at a given time in an enterprise. 
H1 states that the basic objective of controller design. H2 states the basic objective of feedback controller design. H3 state the role of 

external intervention in ACD. H4 state that control mode is based on ACD process. H5 states that the assumptions of ACD model must be 
satisfied. 

Based on the above properties and assumptions, enter-prises are divided into the following types: 
(1) x1 enterprises that have already implemented a proto-type mode. 
(2) x2 enterprises that have already implemented the im-proved mode. 
(3) x3 enterprises that would implement the advanced manufacturing mode, but are yet to do so. 
According to assumption of ACD model, the number of these enterprises is finite, i.e., x1+ x2+x3 =m, where m is the total number of 

enterprises. 
 
5. Control system model of Acd 

 
Based on the studies on ACD and external intervention, our PID feedback control model of ACD is built based on the following 

considerations: 
(1) According to the factor analysis and external inter-vention strategy analysis, the plant, variables, input, output and parameters are 

obtained. Based on reference [11], the state equation of ACD can be obtained. 
(2) Given the practical decision-making situation, the in-put of control system is the decision-making objective on a particular 

advanced mode xref. 
(3) In virtue of signal follow property and considering its easy use, PID controller is utilized to design the feedback controller of ACD 

so as to reach its control objective. 
 

5.1 State equation of ACD 
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According to control relations of external intervention and ACD model in reference [3,5,8], in a given period, all types of enterprises 

exist and their counts are x1, x2,   , and x3, which vary with time. The differential equation model of ACD is as follows: 
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where, x3=m- x1- x2 . k1 and k2 are external intervention coefficient of the mode and its improved one. q1 and q2 are the inherent 

diffusionaa rate of x1 to yk, and θ is the competition transferring coefficient from x1 to x2, which is decided by the competition advantage of 
each advanced manufacturing mode.  

Model (1) is differential equation model of ACD, and it is the plant to be controlled. According to reference [3] and i.e., x1+ x2+ x3 =m, 
the differential equation can be approximately transferred as Model (2) by Lyapunov methods. 
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As to model (2), to obtain the desired diffusion effect of a particular mode, i.e. the minimum difference between real number of adopter 

and the referred number, a PID feedback controller is designed as follows. 
 

5.2 PID controller design of ACD 
 

According to state equation of ACD, dynamic information in ACD is obtained. Then if the control signal is de-signed as the difference 
between real number and the referred number, the control on mode diffusion can be conducted. Generally, feedback is taken to design 
controllers. The feedback controller design is to determine a control law to make the system meet its performance requirement. When there 
is deviation between the real number and referred number, feedback controller will work, and compensate the disturbance of control 
parameters. The ACD feedback control relationship is shown in Figure 3. 

 

D(s) ACD
Y1(s)R(s) E(s) U(s)

-  

Figure. 3 Relationship between ACD and feedback control. 
 
As shown in model (1) and considering the real external intervention, the diffusion of advanced modes is an affine nonlinear system, 

and it can be a linear model by approxi-mate linear methods. Then optimal controller design meth-ods can be used to obtain optimal 
parameters of feedback controller. And this feedback controller can be applied into the nonlinear system, and can realize the transform from 
the unstable initial state to stable state in a small range. In prac-tice, the most popular control law is proportional, inertial, differential control, 
known as PID control. It can realize the signal tracking, and is easy to adopt. Therefore, we take PID controller to realize the track of ideal 
diffusion effect. It is composed of proportional unit, inertial unit and differential unit, and its input and output relation 
is: ( ) ( ) ( ) ( )dttdeKddtteKteKtu ip ∗++= ∫  

where, Kp is proportional coefficient, Ki is inertial coeffi-cient, and Kd is differential coefficient. 
To show the design of PID controller, x2 is taken as the controlled mode, and its ideal diffusion number is xref. When PID controller is 

added into the ACD, its approximate linear model at stable point (0 m) is as follows: 
The most difficult part of PID controller design is determining Kp, Ki and Kd. Generally, there is no fixed method, and parameters vary 

with different systems. The parameters of PID controller of ACD also accord with rules of mode diffusion. Given the referred curve of mode 
diffusion, we take advantage of optimum PID controller design method based on constraints to design parameter Kp, Ki and Kd. The 
optimal model of PID controller design is shown as follows,  

in which the optimization objectives are total error, maximum error, and settling time to stable time. 
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Given the referred number of a particular mode, the op-timal controller parameter Kp, Ki and Kd can be obtained by model (4). Model 

(4) is a nonlinear optimization model, and as its optimization objective t0 cannot be represented obvi-ously, only implicit searching 
algorithm (e.g. genetic algo-rithm) can be used to obtain its optimal values. Then an im-proved genetic algorithm [20] is taken to obtain 
optimal pa-rameters. When the parameters of PID controller are ob-tained, the tracking on referred number of a particular mode in model (3) 
can be realized.  

This is meaningful for decision makers to intervene mode diffusion. With the PID feedback model, decision-makers only need to give 
the preferred objective of a particular mode, the proportional control, differential control, and inertial control strategies are added, then the 
tracking on referred diffusion effect can be realized. 

 
5.3 PID feedback control model of ACD 

 
As to ACD, the PID feedback control model can be ob-tained as follows: 
Step 1. The controllability of approximate linear equation of ACD at equilibrium points is judged according to Lyapunov stability 

methods. If it is controllable, then the feedback controller can be designed, and goto Step 2. 
Step 2. According to parameter identification methods, the parameters of PID controller Kp, Ki, Kd can be obtained, and its PID 

feedback controller is designed to minimize the deviation between real mode diffusion and ideal mode diffusion. 
Step 3. Feedforward and PID feedback controller are linked as Fig. (3) and are applied in the control of ACD. 
 

6. Analysis on Pid feedback control model 
 
As to PID feedback controller model of ACD, its stability, controllability and observability are analyzed. 
Theorem 1. Under zero input state (u=0) and θ<q1<q2, P1 (0, 0), P2 (0, m), P3 , are three un-steady, steady and saddle equilibrium 

points of system (3) respectively. Furthermore, with nonzero initial conditions in practice, when t→+∞, x(t) →0, y(t) →M. 
Theorem 2. With nonzero practical conditions, PID feedback control system of ACD is stable at P2 (0, m). 
Theorem 2 shows the system consisted of PID feedback controller is stable, and it can be controlled to its desirable state. 
Theorem 3. With  and nonzero practical con-ditions, System (3) at P2 (0, m) is controllable. 
Theorem 3 shows that system (3) can be controlled at its stable points, i.e., through external intervention, the imple-mentation of 

advanced modes can be adjusted, which also validates the meaning of external intervention in theory. 
Theorem 4. With   and nonzero practical con-ditions, PID feedback control system of ACD is also control-lable at P2 (0, m). 
Theorem 4 shows if a referred state of advanced mode diffusion is given, the mode diffusion can be controlled around P2 to its ideal 

amount.  
Theorem 5. With nonzero practical conditions, System (3) at P2 (0, m) is observable.  
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Theorem 5 shows the system is observable at its equilib-rium state, i.e., when t=T, the improved mode will monopoly the market. It 
also shows that it is possible to observe its state of ACD through controllers. 

Theorem 6. With nonzero conditions, PID feedback con-trol system of ACD is also observable at P2 (0, m). 
Theorem 6 shows external intervention in ACD can be observed. Theorem 3~ 6 shows the feasibility of PID feed-back control model 

of ACD in theory. 
 

7. Application and simulation 
 

7.1 Relative parameters of the model  
 
To apply the PID feedback control model of external in-tervention in ACD, parameters need to be obtained. Here, we take the 

implementation of computer integrated manufacturing as an example to show diffusion and external intervention effect. The related data of 
the mode is shown in Table 1. 

 
Table 1 Number of enterprises 

Time 2004 2005 2006 2007 2008 2009 2010 

A 0 51 115 201 324 651 929 
 
Some parameters of ACD can be obtained as follows:(1) The time of origin of system (4) is set as 2005. From 2011 China Industrial 

Economy Statistical Yearbook [21], the number of enterprises implementing advanced manufactur-ing modes is obtained, i.e., m=236486. 
(2) For quantitative results, other parameters of system (3) are obtained by the methods in [8] as shown in Table 2. 

 
Table 2 Parameters of system 

Parameters M x1 x2 q1 q2 θ k1 k2 

Value 236486 51 5 0.15 0.35 0.04 0.01 0.05 
 
According to the discussion on the ACD and its external intervention, the system is controllable and observable at P2 (0, m), then the 

PID feedback control model is discussed at point P2 (0, m). 
 

7.2 Simulation and discussion 
 
Matlab 7.11 is used to simulate the PID feedback control model of ACD. The referred advanced manufacturing mode is the improved 

one, and its ideal value is m, i.e.:  
 





 ≥

=
others

ttmxref 0
, *

 

 
Where, t* is the intervention time. The diffusion with no intervention in the 30th, P2 (851 156730) is taken as the in-tervention point, 

and ACD is simulated to show the external intervention effect. For clarification of these results, with t (t*=30), the variations of x1(t), x2(t) 
and x3(t) with no control are shown in Fig. (4). According to parameter identification method (model (4)), an improved self-adaptive genetic 
algo-rithm [20] is used to obtain the optimal value of Kp, Ki and Kd. And the transfer function of PID controller is G(s) =70+ 249/s+ 12.44 
*s. For clarification of the results, with t as an independent variable, the variations of x1- x3 with PID con-troller are also shown in Figure 4. 

 

 

Figure. 4 Variations of ACD process with and without control. 
 
In Figure 4, solid lines represent mode diffusion without the controller, and dotted lines represent that with the PID controller. With the 

PID controller, the number of enterprises implementing prototype mode x1 declines more sharply from the intervention point, and they 
transfer to the improved modes. The referred advanced manufacturing mode increases sharply to its ideal state with PID controller. The 
number of enterprises adopting improved version with the controller can be stable to referred value given by decision maker, but the settling 
time to stable state decreases dramatically. 

From the above analysis, we conclude: a) Active external intervention accelerates the implementation of advanced manufacturing 
modes. b) Through PID feedback controller ACD can be controlled to specific states. This conclusion is consistent with the practical role of 
external intervention in practice whose aim is to promote the implementation of particular advanced manufacturing mode to desired state 
and to reach the stable state with less settling time. 

 
7.3 Control strategies 
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In practice, what external intervention strategies can be used to realize the control effect? Based on basic relations between control unit 
and real strategies, the following strategies can be adopted to obtain the intervention effect. 

1) The proportional strategies such as setting typical demonstration enterprises, experimental application (e.g. funded by government) 
etc, which have the effect to increase number of enterprises adopting new modes. The effect of proportional strategies should satisfy the 
optimal results of PID parameter Kp.  

2) The integral strategies such as the intervention of financial services (preferential interest rate), change of market competition 
environment (e.g. industrial clusters) etc., which have the effect to increase number of enterprises adopting new modes in a non-periodical 
monotonic rise negative exponential way. The effect of inertial strategies should satisfy the optimal results of PID parameter Ki.  

3) The differential strategies such as different policies (concern on environment), change of market competition environment (e.g. 
industrial clusters) etc., which have the effect to change settling time to stable state in ACD. The effect of differential strategies should 
satisfy the optimal results of PID parameter Kd.  

 
8. Conclusions 
 

In order to achieve the desired diffusion effect, government and enterprises need to understand the effect of external intervention on 
ACD, decrease the blindness of intervention method and what external intervention strategies should be taken.  

In this paper, given the referred objective of decision makers, PID feedback control model of ACD is built and analyzed so as to obtain 
the desired intervention effect. Combined with corresponding relationships between control elements and practical strategies, external 
intervention strategies are discussed to realize the desired diffusion effect of ACD. The simulation on the model shows external intervention 
effect on the implementation of advanced manufacturing modes can be realized by PID feedback controller design.  

This work is the first trial to answer the question: how to intervene into ACD and what control strategies can be taken to obtain desired 
diffusion effect both in theory and in practice. Through PID feedback controller design and the control strategies of ACD, it decreases the 
blindness of pole assignment and provides enterprises and government with effective external intervention ways to achieve the desired 
diffusion effect. Government can take advantage of conclusions to make better decisions concerning desired diffusion effect of particular 
modes, when to intervene, how to intervene and what strategies can be taken to achieve desired intervention effect. 
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Abstract: For power supply breakpoint caused by power phase separation in traction power supply system of power frequency AC system, 
it is one of the important problems restricting the transport capacity and speed improvement. Thanks to the implementation of co-phase 
power supply, traction substation can save the exit phase separation, which will help improve the technical speed of train operation, enhance 
the rail capacity and achieve a very significant efficiency. This paper proposed a structure of electrified railway combined co-phase power 
supply equipment delved into its state maintenance decision modeling and optimization, and helped work best for operation reliability and 
economic efficiency. Based on results of example analysis, reasonable maintenance strategy was made as per the state transfer probability, 
maintenance time, cost and other factors. In this way, the maintenance cost within the life circle can be reduced, which provides an 
important theoretical and practical significance. 
 
Keywords: traction power supply; co-phase power supply; maintenance decision; modeling and optimization; markov process 
 
1. Introduction 
 

China high-speed electrified railways are all use power frequency single-phase AC system, which has proved its significant superiority. 
[1] However, for power supply breakpoint caused by power phase separation in traction power supply system of power frequency AC 
system, it is one of the important problems restricting the transport capacity and speed improvement. The co-phase traction power supply 
system refers to a traction power supply system of the same voltage phase in the supply arm (traction network) that provides the power for 
electric locomotives or CRH trains, i.e. traction power supply system of the same phase. Thanks to the implementation of co-phase power 
supply, the traction substation could save the exit phase separation, helping improve the technical speed of train operation, enhance the rail 
capacity and achieve a very significant efficiency. [2][3] 

The co-phase power technology has been a hot topic in recent years all the time; many scholars have proposed methods to achieve the 
co-phase power supply. After the co-phase power supply equipment has put into operation, it occupied a large investment proportion in 
traction power supply system costs, maintenance costs will be the most important issue faced by the co-phase power supply equipment. For 
this reason, it is necessary to consider the maintenance cost of the co-phase equipment. Every product or system deteriorates with age and/or 
usage and eventually fails. The degradation can be sudden (usually associated with over-stress failure mechanism) or slow (usually 
associated with cumulative damage failure mechanism). [4][5][6] This paper proposed a plan of the combined co-phase power supply 
equipment, analyzed the reliability of co-phase power sup-ply equipment, built an optimization model of condition maintenance decision 
based on its operation features, pro-vided a theoretical foundation to make maintenance schemes and plans, as well as helped work best for 
operation reliability and economic efficiency. 

 
2. System description 

 
In recent years, there are many researches on the condition maintenance of traction power supply system. [7][8][9] The co-phase power 

supply equipment is a key factor to achieve the co-phase power supply in traction power supply system. [10] This paper proposed a novel 
co-phase power supply way and equipment preparation construction of the electrified railway. The system descriptions are shown as below. 

 
2.1 System composition 

 
The co-phase power supply equipment is composed of incoming line S1, the co-phase power supply CEk paralleled by group n+m (n≥

m), outgoing line S2 as well as the measure and control unit CU. The co-phase power supply CEk is cascaded by the AC-DC-AC convertor 
ADAk, matching transformer MTk and distribution switch Fk, fk. The AC-DC-AC convertor ADAk is paralleled by rated and redundancy 
module. It is shown as Figure 1. 

 

 

Figure. 1 Construction diagrammatic map of co-phase power sup-ply equipment. 
 

2.2 Working mode 
 
The co-phase power supply unit CEi operates, while the co-phase power supply unit CEj acts as a back-up, i=1, 2, …, n, j=1, 2…, m. If 

a module failure in AC-DC-AC convertor ADAi of co-phase power supply unit CEi occurs and a back-up co-phase power supply unit exists, 
then the measure and control unit CU would put a group of back-up co-phase power supply unit CEj under certain rule. At the same time, it 
shall bring the co-phase power supply unit CEi to rest for maintenance and put it as a backup once repaired, i=1, 2,…, n, j=1, 2…, m. If a 
module failure in AC-DC-AC convertor ADAi of co-phase power supply unit CEi occurs and no back-up co-phase power supply unit exists, 
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the measure and control unit CU would order the co-phase power supply unit CEi for continuous operation. The measure and control flow 
show in Figure 2. It may be divided into two cases: 

 

 

Figure. 2 Measure and control flow diagram. 
 
Case 1: the repaired and backup co-phase power supply unit CEj exists during the operation of the co-phase power supply unit CEi, 

then the measure and control unit CU would put the co-phase power supply unit CEj into operation. At the same time, it shall bring the co-
phase power supply unit CEi to rest for maintenance and put it as a backup once repaired, i=1, 2,…, n, j=1, 2…, m; 

Case 2: In case of any failure during the operation of the co-phase power supply unit CEi, then the measure and control unit CU would 
order it for continuous operation, i=1,2,…,n, j=1,2….. 

(1) In the system, n groups of co-phase power supply units are for working, while m groups of co-phase power supply units are for 
back up and not for working, m≤n; the working number n of the co-phase power supply units is determined by co-phase compensation 
capacity required by the traction substation and rated capacity of each group of the co-phase power supply units. The back-up number m of 
the co-phase power supply units meets a minimum value required by reliability, such as 1 or 2. 

(2) The AC-DC-AC convertor ADAk of the co-phase power supply unit CEi is constituted by rated and redundancy module for jointly 
working. The number of rated modules shall be determined by rated voltage and rated current of the selected uprated power electronics 
semiconductor device as well as the internal structure, external rated voltage and rated current required by co-phase power supply unit. The 
number of redundancy modules should be the minimum value meeting the reliability requirements, such as 1 or 2. 

(3) The measure and control unit CU puts a group of back-up co-phase power supply unit CEj under certain rule. The certain rule 
means that, if the number of the back-up co-phase power supply unit is m≥2, the rules of putting into operation and off-stream sequence 
shall be arranged, generally “first in-first out. i.e. to put the power supply units which are first suspended for maintenance and repaired into 
the operation. 

(4) The measure and control unit CU makes a real-time detection on the AC-DC-AC convertor ADAk and co-phase power supply units, 
reflects its working, back-up, failure, maintenance and other situations, as well as makes a real-time control. 

(5) The measurement and control unit CU connects the control site of distribution switch Fk, fk, measurement and control site of AC-
DC-AC convertor ADAk and last leveled control system, k=1, 2, …, n+m. 

(6) Under normal circumstances, distribution switches of co-phase power supply units are on state. The measurement and control unit 
disconnects distribution switches and reconnect to use as back up of the co-phase power supply units after repaired. 

 
2.3 Failure mode 

 
(1) Any failure of a component in AC-DC-AC convertor ADAk, matching transformer MTk and distribution switch Fk, fk constituting 

the co-phase power supply unit would result in the failture of the co-phase power supply unit. 
(2) The AC-DC-AC convertor ADAk of the co-phase power supply unit CEi is constituted by rated and redundancy module for the 

jointly working. The output rate of each module is p/(p+q). If the number of failure modules exceeds that of redundancy modules and the 
AC-DC-AC convertor fails to be operated under the rated condition, it shall be deemed as a failure of AC-DC-AC convertor ADAk, i.e. a 
failure of the co-phase power supply unit. 

 
3. Reliability analysis 

 
3.1 Symbol definition 

 
n: number of co-phase power supply units under normal operation; 
m: number of back-up co-phase power supply units; 
i: co-phase power supply unit under normal operation, i=1,2, ...,, n; 
j: co-phase power supply unit under normal operation, j=1,2, ..., m; 
k: co-phase power supply unit under normal operation, k=1,2, ..., n+m; 



 
Journal of Residuals Science & Technology, Vol. 13, No. 6, 2016                                                                    300.3 

© 2016 DEStech Publications, Inc. 
doi:10.12783/issn.1544-8053/13/6/300 

 

p: number of rated modules of AC-DC-AC convertor ADAk; 
q: number of redundancy modules of AC-DC-AC convertor ADAk; 
h: composition module of AC-DC-AC convertor ADAk, h=1,2, ...,p+q; 
λ1: failure rate of rated and redundancy modules of AC-DC-AC convertor ADAk; 
λ2: failure rate of matching transformer MTk of the co-phase power supply unit; 
λ3: failure rate of switch Fk and fk of the co-phase power supply unit; 
R1(t): reliability of rated and redundancy modules of AC-DC-AC convertor ADAk; 
R2(t): reliability of matching transformer MTk of the co-phase power supply unit; 
R3(t): reliability of switch Fk and fk of the co-phase power supply unit; 
R4(t): reliability of AC-DC-AC convertor ADAk; 
R5(t): reliability of the co-phase power supply unit CEk; 
R(t): reliability of the co-phase power supply device; 
T: mean time between fail (MTBF) for maintenance of the system. 
 

3.2 Assumed condition 
 
(1) The reliability of measurement and control unit CU, voter paralleled by co-phase power supply unit and AC-DC-AC convertor for 

redundancy backup, incoming line S1 and outgoing line are all 1. 
(2) The serving time of matching transformer MTk, distribution switch Fk and fk, rated modules Ek and redundancy Rk of AC-DC-AC 

convertor ADAk as well as other mechanical and electrical equipment are all subject to the exponential distribution. 
(3) The distribution parameters of rated and redundancy modules of AC-DC-AC convertor ADAk are the same (for simplification, the 

condition that the reliability of redundancy modules is smaller than that of rated modules, then it shall be considered that the reliability of 
rated and redundancy modules is the same). 

(4) The maintenance time of the system could be ignored. 
 

3.3 Reliability modeling 
 
From the description of the above system composition, the system can be divided into three layers. The first layer is the co-phase power 

supply equipment as Fig 3, the second layer is the co-phase power supply unit as Fig 4, and the third layer is the composition module of the 
AC-DC-AC convertor as Fig 5. 

 

 

Figure. 3 Structure diagram of the first layered co-phase power supply unit. 
 

 

Figure. 4 Structure diagram of the second layered co-phase power supply unit. 
 

 

Figure. 5 Structure diagram of the third layered co-phase power supply unit. 
 
By analyzing system structure diagrams from Figure 3, Figure 4 and Figure 5, three layered reliability charts are obtained, as shown in 

Figure 6, Figure 7, Figure 8. 
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Figure. 6 Reliability chart of the co-phase power supply equipment. 
 

 

Figure. 7 Reliability chart of the co-phase power supply unit. 
 

 

Figure. 8 Reliability chart of the AC-DC-AC convertor. 
 
The co-phase power supply equipment is a k/N voting parallel redundant system made up of co-phase power sup-ply equipment CEk. 

The co-phase power supply equipment is a series system constituted by AC-DC-AC convertor ADAk, matching transformer MTk, as well as 
distribution switch Fk and fk. The AC-DC-AC convertor ADAk k/N voting parallel redundant system made up of the rated and redundancy 
modules. 

Thus: 
 

                                                                             (1) 

 

Wherein, . 

 

                                                                                      (2) 

 

Wherein, , . 

 

                                                                            (3) 

 
The relationship between mean time between fail and reliability: 
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                                                                                           (4) 

 
By employing the regular maintenance policy and taking the maximum reliability as the maintenance decision objective (i.e. 

probability of failure occurrence is virtually nil), then the system maintenance interval period is MBTF. 
In other words, complete machine of co-phase power supply equipment may be checked every period T. In case of any failure in rated 

and redundancy modules of composition unit CEk or AC-DC-AC convertor ADAk, then it shall be replaced at once. 
 

3.4 Calculation example 
 
Suppose that the co-phase power supply equipment is in-stalled in a 30MVA traction substation, each co-phase power supply unit has 

5MVA compensation capacity, then n=6 for one back-up co-phase power supply equipment, i.e. m=1, the number of rated modules for each 
AC-DC-AC convertor is 2, and the number of redundancy module is 1. In this way, the co-phase power supply equipment system can be 
shown in Figure 9. The rated modules of AC-DC-AC convertor ADAk, matching transformer MTk of the co-phase power supply unit, 
switch Fk and fk of the co-phase power supply unit are all subject to the exponential distribution of parameters, and the unit of time is year. 

Put the above data into the Equation (1) - (4). MTBF=37(day) is obtained, which is system maintenance interval period. 
The advantage of employing the redundancy design is the high reliability. The above model has not considered the failure state mode, 

state detection mode, maintenance, cost structure, maintenance time availability as well as other features and influencing factors. Only an 
ideal maintenance strategy with a poor economic efficiency has been formulated. Besides, the subsequent designed measurement and control 
unit CU can add the warning function and has no need to acquire the equipment failures at first time. For these reasons, the maintenance 
realities are not satisfied; it re-quires further optimization by the integration of realities and maintenance decision model. 

 

 

Figure. 9 System diagram. 
 

4. Maintenance decision optimization model of the co-phase power supply equipment considering the failure state 
 

4.1 Failure state 
 
From the above description of system working mode and failure mode, it can be known that co-phase power supply equipment is 

constituted by the k/n voting system, parallel system and other systems for tertiary structure. The equipment system presents a degradation 
situation in its life circle with high complexity and security difficulty. The fault shut-down of co-phase power supply equipment is caused by 
the AC-DC-AC convertor ADAk, matching transformer MTk, distribution switch Fk and fk and other types of combinational faults. Due to 
this, it is deemed that co-phase power supply equipment has multi working states and medial fault states and a final fault state. The operation 
in the system period is shown in Figure 10. 

 

 

Figure. 10 Sequence diagram for operation of co-phase power supply equipment. 
 

The working state means that a fault occurs in a component but it turns to a new working state through the redundancy. For example, in 
case of a fault in the AC-DC-AC convertor ADAk, the working state can be maintained with-out prejudice to the normal operation. The 
medial fault state means that a fault in a component of the co-phase power supply unit, back-up co-phase power supply unit should re-place 
the faulted part. Although the system can continue to operate, the faulted co-phase power supply unit would be turned into the state for 
repair. For example, in case of failure in AC-DC-AC convertor ADAk, matching transformer MTk, distribution switch Fk and fk, the system 
would start the back-up co-phase power supply unit and the faulted would be turned into the state for repair. For the co-phase power supply 
equipment of n co-phase power supply units and m back-up co-phase power supply units, there would be S1, …, Sn+1 working states and 
F1, …, Fm medial fault states in deteriorating system. S1 refers to the initial state of system; Fm+1 is the final fault state. The analysis of the 
overall operation, working state and fault state of the equipment are shown as below. 

S1: refers to the normal work of all the co-phase power supply unit; 
S2: means that a fault module exists in AC-DC-AC convertor ADAk of power supply unit, but operation can be continued by the 

redundancy; 
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SN: means that a fault module exists in AC-DC-AC convertor ADAk of n power supply units, but operation can be continued by the 
redundancy; 

F1: means that one faulted back-up co-phase power sup-ply unit remains to be repaired; 
F2: means that two faulted back-up co-phase power sup-ply units remain to be repaired; 
FM-1: means that m faulted back-up co-phase power supply units remain to be repaired; 
FM: means that co-phase power supply equipment is shut down for repair. 
 

4.2 Decision model 
 
Assume the averaged working time of system under Si isλ i , the system enters into the medial fault state Fi with probability of pii or 

enters into the working state Sj (i≠j) with probability of pij, or enters into the final failure state FN (j=n), wherein: 
 

1

1, 1, 2,
N

ij
j

p i
=

= =∑                                                                                           (5) 

 
It can be seen that the process of system degradation is a semi-markov process, and the state space S= {S1, ..., SN+1, F1, …, FM}. 

[11][12][13] Assume there are two ways to employ for maintenance. The decision set {Af, Ar}, wherein Af means that the system is 
restored to the pre-fault state by incomplete maintenance, i.e. the system is restored from Fi to Si with averaged maintenance time of μ i  and 
maintenance cost of fi, wherein i<N+1. Ar means that the action to replace the equipment when needed, wherein the replace consuming time 
is fixed time τ and the fixed cost is c. Ar is the maintenance policy can be employed under the condition of Fi. It can be obviously learned 
that: 

 

                                                                                         (6) 

 
Assume that the system is in a fault condition F1, …, FM, the corresponding maintenance strategy is A={A1, A2, …,AN}. Make TA(Si) 

and TA(Fk) act as average time from initial to working state or fault state to the next new system replacement, respectively. CA(Si) and 
CA(Fk) represent the average maintenance cost in the above two time periods. Hence, the recursion equation is obtained: 

(1) when Ai=Af(1≤i≤N) 
 

                                                           (7) 

 
(2)When Ai=Ar(1≤i≤N) 
 

                                                (8) 

 
The boundary conditions are 
 

                                                                                        (9) 

 
Then optimal decision is A*= {A*

1, A*
2, …, Ar}, make the long-term operation cost rate to be the lowest, which is set as g*, then: 

 

                                            (10) 
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From equation (7)-(10), the policy iteration algorithm during the semi-markov decision process for solution. The steps are as below: 
Step1: To give the initial strategy A(0), wherein A(0)

N=Ar. 
Step2: To randomly select a state Fs(1≤s≤N) of initial state, make VA(Fs)=0, 
When A(0)

k=Af,1≤k≤N-1, 
 

                                                 (11) 

 
When A(0)

k=Ar, 
 

                                                   (12) 

 
The only solution is {g(A), VA(Fk): k=1, 2, …, N} obtained by the above (11) (12). 
Step3: Using the above result to order {VF} as the fault state in each fault state Fk(1≤k≤N-1), employing all VAFk may be obtained 

by different maintenance strategies, choosing corresponding maintenance strategy of the lowest one i.e. A(1)
k=Af or Ar, and thus obtaining 

the new maintenance A(1). 
Step4: If A(1) = A(0), then the algorithm is finished, other-wise the recalculation should be made by replacing A(0) with A(1) for step 2. 
 

4.3 Calculation example 
 
If n=6, m=5, p=2, q=1, then there are seven various working states S1, S2, …, S7 and six fault states F1, F2, F3, F4, F5, F6, during the 

deterioration process of co-phase power supply equipment. First five fault states can be repaired, but if the sixth fault state occurs, the co-
phase power supply equipment may be shut down. The state transfer matrixes between different states are shown as below: 

 

 

 
Assume that the average working time under different working states is: λ1=60, λ2=55, λ3=45, λ4=30, λ5=25, λ6=20, λ7=15. The 

average maintenance time and cost rate of first five states are respectively: μ1=1, f1=100; μ2=1.5, f2=150; μ3=2, f3=200; μ4=2.5, f4=250; 
μ5=3, f5=300. The fixed time consumption of replace is τ=10, and the cost is c=1000. 

Assume the initial strayegy is A(0)={Ar, Ar, Ar, Ar, Ar, Ar}, i.e. according to the measurement and control diagram in Figure 10. If a 
fault occurs in ADAk, back-up modules should be put into immediately and the faulted ADAk should be turned into the off-stream for repair. 
Assume VA(F3) = 0, the optimal strategy A(0)={Af, Af, Af, Af, Ar, Ar} according to the above iterative algorithm steps can be obtained. In 
other words, when the system is at the first fourth fault states, re-placement maintenance is not employed while restorative maintenance 
would be employed. Replacement maintenance may be employed when it comes to the fifth fault state. It can be seen that main parameters 
affecting the optimal maintenance strategy are state transfer rate of the sys-tem, maintenance time and cost rate under different states, as 
well as the values of the equipment itself, etc. 
 
5. Conclusions 

 
The more the redundancy and back-up units of co-phase power supply equipment are, the more complex of its degradation. There are 

several states of the system in the life circle and periodical degradation is specially presented. This traditional maintenance method of the 
equipment neglects stage of system degradation but employs the unified post-fault maintenance method. If it fails to replace when 
maintaining, then the long-term maintenance cost rate may be always at higher level. The foregoing contents employed semi-markov for 
modeling based on the advantages and disadvantages and thus gave the general iterative algorithm of an optimal maintenance method. 
Based on results of example analysis, reasonable maintenance strategy was made as per the state transfer probability, maintenance time, cost 
and other factors. In this way, the maintenance cost within the life circle can be reduced. 
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