2017 International Conference on Computer, Electronics and Communication Engineering (CECE 2017)
ISBN: 978-1-60595-476-9

3D Dose Reconstruction Based on the EPID
Wang-lin KE1, Jun-hai WEN1, Xiu-qing LI1,2,*, Jun ZHANG1 and Lu-lu XIE1
1

Department of Biomedical Engineering, School of Life Science, Beijing Institute
of Technology, Beijing, China
2

Department of Engineering Physics, Tsinghua University, Beijing, China
*Corresponding author

Keywords: 3D dose reconstruction, Dose guided radiotherapy, EPID.

Abstract. The increasing complexity of modern radiation therapy techniques has increased the need
for validation of the actual dose of radiation received by patients, including plan validation before
treatment and in vivo dose validation. EPID has the potential for in vivo three-dimensional dose
validation, EPID can not only validate the accuracy of tumor target dose, but also assess the harm
extent of the dose to the surrounding organ. This paper summarizes some research progress in our
study: 3D dose reconstruction based on the EPID. In the simulations, the source intensity was
derived from the EPID data, which was very close with original source intensity. Finally the 3D
dose distribution was calculated by DOSXYZnrc.
Research Background
According to an article published by Wan-qing Chen in 2016[1], there were about 4.292 million
new cases of cancer and 2.84 million deaths in China in 2015. The article points out that cancer has
become the leading cause of death in China, and the morbidity and mortality are still rising. At
present, the treatment of cancer mainly depends on surgery, radiotherapy and chemotherapy.
Radiation therapy is an important method of cancer treatment and its goal is to maximize the
radiation dose to tumor region (target area) to kill the tumor cells while protect the normal tissues
and organs from unnecessary radiation. The increasing complexity of modern radiation therapy
techniques has increased the need for validation of the actual dose of radiation received by patients,
including plan validation before treatment and in vivo dose validation.
With the continuous development of EPID, especially in recent years, the amorphous silicon
EPID is widely used, whose high speed imaging, large area imaging, high resolution imaging,
digital format storage, tolerance to high dose and other advantages inspire people to continue to
expand its scope of application. EPID has the potential for in vivo three-dimensional dose
validation, which can combine the transmission dose obtained by EPID with cone beam CT (MV
CBCT) to reconstruct the three-dimensional dose distribution map containing patient anatomical
information. EPID can not only validate the accuracy of tumor target dose, but also assess the harm
extent of the dose to the surrounding organ. EPID can detect dose differences caused by patient
related errors, such as position errors or errors caused by weight change. The deviation of the portal
location, shape and dose distribution of the irradiated field relative to the target area can be
corrected or optimized in time to ensure the accuracy of the target treatment and the optimization of
the individual therapy program. Therefore, the EPID system now used in MV level X ray is not the
traditional imaging equipment, which has the function of dose detection. It has become the
prototype of dose guided radiotherapy equipment.
There are generally two kinds of methods to achieve patient dose verification, one is forward
algorithm and the other is inverse algorithm[2]. The reverse verification algorithm is that the EPID
capture the output dose image firstly, and calculate the dose distribution inside the body reversely,
then compare the dose distribution with the result calculate from TPS. So the reverse verification
algorithm can verify the dose distribution of target field. The inverse algorithm is more practical in
the verification of three-dimensional dose distribution and in vivo dose guided radiotherapy[3].
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Accurate three-dimensional dose reconstruction is the key to achieve dose guided radiotherapy,
and many overseas research institutes have conducted extensive studies on it[4-6]. This article will
summarize some research progress in our study of medical dose-guided radiotherapy--reconstruct
the 3D dose distribution in 3D model. The scattering effects of the EPID and phantom (patient) are
taken into account in the reconstruction model.
Introduction of Algorithms
The purpose of 3D dose reconstruction is to reconstruct dose distribution in 3D model by measuring
the radiation intensity distribution. The basic idea is to deduce the intensity distribution of
accelerator source, and then use the source intensity as the input of dose calculation engine to
calculate the 3D dose distribution in the phantom or patient. The flowchart of algorithm is as
follows:
Extraction of primary rays

Gray-Intensity transformation

Calculation of source intensity

Dose calculation
Figure 1. Flowchart of algorithm.

Extraction of Primary Rays
High energy rays will interact with the substance when passing through the body in the radiotherapy.
A part of the rays will be absorbed by the phantom and convert to be phantom dose. Another part of
the rays will forms gray scale image by irradiating on the EPID through the phantom, and the
penetrating rays can be divided into primary rays and scattering rays. The primary rays are the rays
directly irradiating on the EPID, and the rays that interact with the phantom and then irradiate on
the EPID in a scattering way are called scattering rays. The scattering rays are not only scattering
from the body but also the head of accelerator and the EPID itself etc. Therefore, the gray scale
response value of point (i , j ) on the EPID detector should contain the primary rays’ gray scale
p
s
value Gij and the scattering rays’ gray scale value Gij , their relationship is as follow:

GijEPID  Gijp  Gijs

.
p
The primary rays’ gray scale value Gij can be obtained by

(1)

~ 1
Gijp  GijEPID  K ij
.
(2)
~
Where K ij   (rij )  K ij ,  ( rij ) represents  function, rij represent the distance between the

point (i , j ) and the axis (Off-axis distance). K ij is scattering kernel function. In this paper, we use
the radiation symmetric Gaussian kernel function to describe the scattering kernel function[7].
Gray-Intensity Transformation
The gray response value of primary rays will not affected by the portal size and shape. Establishing
the calibration relationship between gray scale and intensity is the premise of measurement and
verification of radiation dose.
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Gijp is the gray response value of primary rays at point (i, j ) . In other words, Gijp is the
p
accumulated pixel value at the point (i , j ) after the correction[8-10]. I ij is the primary rays’
intensity value corresponding to its gray scale at point (i, j ) on the EPID. They have the following
relationship :

I ijp  Gijp .CH ij

.
(3)
CH ij is the gray-intensity transformation matrix. The calibration relationship between gray scale
and intensity can be calculated by comparing the gray scale on the EPID and the off-axis
distribution of source intensity which can be calculated from 3D water tank or ionization chamber
through experiments[11].
Calculation of Source Intensity
Intensity of the primary rays follows the exponential decay law when it penetrates the phantom. As
the organs or tissues of human are composed of plenty of material compositions with different
densities, the absorption coefficients for X-ray inside the phantom are different. tij represents the
equivalent water thickness of the radiation path. The path length that rays passing through the
phantom can be converted into the thickness of the water phantom according to the formula as
follows:

tij   water .
-1

detector

 m (l )dl

.
(4)
Where  m is the electron density of mediums in the penetrating path, and  water is the electron
density of water.
The curve of CT number to relative electron density is not linear within the range of tissue
density[12]. The conversion formula is shown below[13]:
source

 m  0.001N CT

0  N CT  1000

 m  0.4324  5.676x10-4 N CT

1000  N CT  2500 .

(5)

Where N CT is the normalized CT number.
The source intensity I ijp 0 can be calculated by formula 6:
I ijp 0  I ijp .e

 ij .t ij

.
In our study, we use the quadratic exponential function to calculate attenuation coefficient:

ij tij  - (rij )tij   2 (rij )tij 2

.

(6)

(7)

Where  and  are rotationally symmetric at the center axis. Due to attenuation coefficient is
almost linear within finite off-axis distance, we adopt the coefficient value of the point where the
off-axis distance is zero according to RenQiang’s attenuation coefficient calculation
experiment[12]in order to facilitate the calculation.
Dose Calculation

Our method is to use the Monte Carlo software DOSXYZnrc to calculate the spatial dose
distribution directly with the input data of the phantom and source intensity information.
DOSXYZnrc is a general purpose software for calculating the dose distribution in EGSnrc. It can
simulate the transmission of photons and electrons in vivo and record the energy deposited in
voxels.
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Simulation
Phantom

In order to simulate a head tumor radiation environment, we made a 3D Sheep-Logan model with
an extra ellipsoidal tumor model inside. The phantom’s size is 128x128x128. See figure 2:

(a)

(b)

(c)

Figure 2. Middle slices in three different coordinate directions (a: X-axis, b:Y-axis, c:Z-axis;
The red arrows indicate the location of the tumors).

Simulation of EPID Projection Data

We made a square field as the source portal, and the source intensity in the field is uniform, see
figure 3(a). After considered attenuation and scattering, we used MATLAB R2016a to simulate the
EPID data. See figure 3(c and d):

(a)

(b)

(c)

(d)

Figure 3. a: Source intensity in one direction, b: Scattering kernel, c: Simulated EPID data( projection angle is 90°),
d: Simulated EPID data (projection angle is 180°).

Calculation of Source Intensity

According to formula 2, we can remove the scattered influence and obtain the primary rays’
intensity information. The results are shown in figure 4. According to the formula 6, the source
intensity can be derived from the deconvolution results (see figure 5). By compared the original
source intensity with the calculated source intensity, we could see that they are very close.

(a)

(b)

Figure 4. EPID data after deconvolution, a: projection angle is 90°, b: projection angle is 180°.
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(a)

(b)

Figure 5. Source intensity by calculation ,a: projection angle is 90°, b: projection angle is 180°.

3D Dose Reconstruction

We used the Monte Carlo software DOSXYZnrc to calculate the 3D dose distribution. Firstly, the
phantom model was imported into DOSXYZnrc, where the model size is 32cm*32cm*32cm and
each voxel size is 1cm*1cm*1cm. The source skin distance (SSD) is set to 95cm, and the field size
is 10*10cm. Then the 3D dose distribution can be calculated by DOSXYZnrc. See figure 6.

Figure 6. A slice of the 3D dose distribution.

Conclusions

This paper summarizes some research progress in our study -- 3D dose reconstruction based on the
EPID. In the simulations, the source intensity was derived from the EPID data, which was very
close with original source intensity. Finally the 3D dose distribution was calculated by DOSXYZnrc.
The next work is to adjust the parameters and convolution kernel function, optimize the algorithm
to improve the accuracy of dose calculation and reduce the calculation time.
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