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Abstract 

In order to explore the application of real-time respiratory tracking technology 
according to image guidance in tumor radiotherapy, the Polaris infrared optical tracking 
system was used to carry out real-time tracking of external markers based on the 
simulated human respiratory model, and then the spatial coordinate information of 
markers was calculated in view of binocular vision principle. ViBe algorithm was used to 
analyze the image pixels and build the background model. The common point 
transformation algorithm was used to transform the coordinate information of the 
marked points of respiratory movement in the camera coordinate system and the tumor 
localization coordinate information in the orthogonal X-ray device. At the same time, 
tumor coordinate fitting was conducted. Then the improved algorithm of least square 
support vector machine based on particle swarm optimization algorithm and the curve 
of tumor movement during respiratory movement were proposed. The results showed 
that the maximum displacement in the front and rear directions of the respiratory 
movement marker was about 11.37mm, while the actual measured maximum 
displacement was 11.61mm, with a difference of 0.24mm. However, the displacement 
difference between the upper and lower direction, the left and right direction of the 
recording marker was small, which was consistent with the change of human respiratory 
movement. The least square method based on particle swarm optimization algorithm 
get a better fitting effect when the optimized algorithm of support vector machine w used 
to fit the tumor motion curve. The results indicated that the respiratory movement 
tracking of the markers in vitro could achieve accurate localization and tracking of 
tumor movement. Besides, it could provide a certain theoretical basis for the follow-up 
clinical research on accurate radiotherapy of tumor patients. 
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1. INTRODUCTION 

The morbidity and mortality of malignant tumor are increasing year by year, and it has 
become a serious disease threatening people's life and health. At present, the treatment of 
malignant tumors can be divided into surgical treatment, chemical treatment and radiotherapy. 
Among them, radiotherapy kills tumor cells and thus inhibits tumor growth through the 
interaction between the physical properties of radiation and the radiobiological properties of 
cells in biological tissues [1]. Compared with surgery and medication, radiation therapy causes 
minimal trauma and significantly improves the quality of life after treatment. Current 
radiotherapy methods have changed from conventional radiotherapy to three-dimensional 
conformal radiotherapy and other precision radiotherapy [2]. Accurate radiotherapy requires 
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the use of directional stereotactic localization technology to locate the tumor target area, reduce 
the damage of radiation to the surrounding normal tissues, and achieve the purpose of local 
tumor control [3]. Three-dimensional adaptive radiotherapy technology has been widely 
applied in clinical radiotherapy for tumors, in which accurate localization of radiation 
distribution in target area is realized based on stereotactic positioning technology [4]. 

However, in the process of radiotherapy for tumor patients, some tumors will be displaced to 
a certain extent with the patient's respiratory movement, which has a great impact on the 
treatment with precise radiotherapy [5]. Previous studies have shown that when patients 
receive radiotherapy, the position of tumor with respiratory movement can reach up to 3cm, so 
doctors have to expand the target range of treatment, and then damage the surrounding normal 
tissues. In order to reduce the effect of respiratory movement on precision radiotherapy, it is 
necessary to control respiratory movement [6]. There are many methods commonly used for 
respiratory control at present. However, this method is not suitable for patients with pulmonary 
dysfunction, and the practical application of this technology will lead to the extension of 
radiotherapy time, resulting in new therapeutic errors [7]. In order to treat tumor patients with 
accurate radiotherapy, the respiratory movement of patients need to be tracked in real time. 
The accurate localization and follow-up of the tumor were also conducted. At present, there are 
few applications of real-time localization and tracking of tumors in clinical practice. However, 
external respiratory signals are directly related to the movement mode of chest and abdominal 
tumors in vivo. Therefore, using respiratory signals to control dynamic radiotherapy is an 
important method to realize real-time tumor tracking therapy. 

In this research, Polaris infrared optical tracking system was used for real-time tracking of 
external markers during respiratory movement. The spatial coordinates of the external marker 
and the rotation information of the three-dimensional spatial coordinate axis (XYZ coordinate 
axis) were calculated by binocular vision theory. ViBe algorithm was used to construct the 
background model. In order to realize the localization and tracking of tumor, an improved 
algorithm of least square support vector machine according to particle swarm optimization was 
proposed. The results of this study are intended to provide a theoretical basis for accurate 
radiotherapy of tumor patients in clinical practice. 

2. METHODOLOGY 

2.1. Respiratory Movement Tracking Technology 

In the course of radiotherapy, the target area will move with the breath in the lungs, liver and 
other organs, and has the characteristics of fast motion and large amplitude. Therefore, 
respiratory movement will affect the effect of external radiation beam on patients' radiotherapy, 
which is the key problem to be solved urgently in the current image-guided radiotherapy. Due 
to the deviation and compensation of the target area of radiotherapy of organs caused by 
respiratory movement, it is necessary to observe the external respiratory movement of tumor 
target organs. At present, the methods commonly used for detection include stereotactic 
radiotherapy, measurement of respiratory volume, markers, 4d-ct and dynamic MR technology, 
etc. [8]. There is a certain correlation between the movement of markers in vitro and the tumor 
movement in vivo. Tracking markers can regulate the range of target areas in the process of 
radiotherapy and respiratory control, lay a foundation for the establishment of tumor motion 
model, and directly affect the accurate localization and follow-up of tumors [9]. In this research, 
Polaris infrared optical tracking system with advantages of convenient, accurate and reliable 
was used to track the markers in vitro in real time. The spatial coordinates of the external 
marker and the rotation information of the three-dimensional spatial coordinate axis (XYZ 
coordinate axis) were calculated by binocular vision theory. And then the detection data were 



World Scientific Research Journal                                                      Volume 5 Issue 12, 2019 

ISSN: 2472-3703                                                       DOI: 10.6911/WSRJ.201912_5(12).0022 

156 

obtained. In order to ensure the accuracy of test results, the distance between each marker point 
should be greater than 5cm when setting the marker point. 

Binocular vision principle is to use two cameras to obtain the same set of target images under 
two different visions by simulating the mechanism of human eyes, and infer the 3d spatial 
information of the target through the parallax in the two sets of images. The coordinate axes 
that need to be applied in this system are shown in figure 1A, respectively world coordinates 
(xw yw, zw), camera coordinates (xw yw, zw), pixel coordinates (u, v) and physical coordinates 
(x, y). Finally, the three-dimensional coordinates of the target marker point are obtained 
through the conversion of information between different coordinate systems. Figure 1B is the 
binocular vision principle, where the coordinate axes of the target marker are (x, y, z), al (ul, vl) 
are the coordinates in cl of the left camera imaging plane, and ar(ur, vr) are the coordinates in 
cr of the right camera imaging plane. 
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Figure 1. Visual system coordinate system based on binocular vision principle 

 

Note: figure A is the coordinate system of the visual system; Figure B shows the principle of 
binocular vision 

Therefore, the transformation expression between coordinate systems can be expressed as: 
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In the above equation, zc is the proportionality constant, R is the external rotation matrix, 
and t is the translation vector, 90  . 

In this research, the background difference method was used to detect and track respiratory 
movement markers, and the visual background extraction algorithm (ViBe) was used to 
construct the background model. ViBe algorithm is a method that can build the background 
model through the pixels in the image, and the equation of the background model is:  

 

   1 2, , nM x v v v                               (2) 

 

Where, x is the current frame pixel and vn is the background sample value. 
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The specific process of background model construction using this technology is shown in 
figure 2. It is mainly divided into three modules, which are respectively the initialization of the 
model and the background samples of all sample models can be obtained. The background 
model can be updated to the current pixel and the neighboring pixel. Finally, it is the extraction 
of the foreground. In this step, the value of the current frame pixel should be matched with the 
sample in the background model, and the absolute value of the gray difference should be 
compared. It should be compared with the set threshold to determine whether the current pixel 
is the foreground point. 
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Figure 2. Background model construction based on ViBe algorithm 

2.2. Tumor Tracking Technology 

During radiotherapy, tumor localization is usually performed by surgical implantation of 
markers, which can accurately locate the tumor. Currently, orthogonal X-ray and other 
technologies can locate tumors without surgery, mainly by detecting images with detectors and 
searching for tumor feature points. The matching of feature lines in the image was carried out, 
and finally the difference of coordinates between the two feature points was used to judge the 
tumor motion [10]. The obtained marker coordinates are the information in the camera 
coordinate system, while the tumor coordinates are based on the information of the orthogonal 
X-ray device. Therefore, the common point transformation algorithm was used to transform the 
two kinds of coordinate information. Finally, tumor coordinate fitting was conducted. 
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Support vector machines (SVM) can be learned on the basis of statistical theory, VC dimension 
theory and structural risk minimization theory, and can better solve nonlinear, high-
dimensional and local minimum problems. Support vector machines (SVM) can solve the case 
of linear separability and obtain the corresponding two extreme lines of optimal classification. 
Where, the equation of support vector regression machine is: 
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Equation (3) is a linear equation, and equation (4) is a non-linear equation. Where x is the 

future sample; 
*,i i  is the corresponding Lagrange multiplier; B is to find a straight line (the 

middle of two extreme lines); K is the kernel. 

Support vector machines can solve the problem of convex quadratic programming, but it is 
difficult to solve the problem for the data set with the sample size less than 5. Therefore, using 
the least squares support vector machine to fit the tumor coordinates, and its optimization 
function is expressed as follows:  
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After introducing Lagrange function, the solution of this function is carried out, so the 
function can be approximated to: 
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In order to solve the problem that the least square SVM algorithm takes too long to solve, this 
research improved the least square SVM algorithm according to the particle swarm 
optimization algorithm. Particle swarm optimization algorithm can automatically find the 
optimal solution. It needs to initialize a group of randomly selected particles and obtain the 
optimal solution through iterative search. In each iteration of the algorithm, each particle can 
update itself by tracking 2 extreme values. The extremum is the individual extremum (pbest) 
and the global extremum (gbest) respectively, where pbest is the optimal solution found by the 
particle itself, while gbest is the optimal solution found by the whole particle swarm. The 
optimization steps of particle swarm are shown in figure 3. In this step, the initialization of 
parameters includes the learning factor, the maximum number of iterations and the 
initialization of the initial velocity of particles. The current optimal position is the initial 
position of the particle, and the initial position corresponding to the minimum fitness in the 
particle population is the optimal position in the population. When the number of iterations 
reaches the set value of 300, the iteration can be stopped and the optimized algorithm 
parameters can be output. If the maximum number of iterations is not reached, it is necessary 
to return to step 2 and continue the operation. 
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Figure 3. Flow chart of least square SVM optimization based on particle swarm optimization 
algorithm 

3. RESULTS AND DISCUSSION 

3.1. Tracking Results of Respiratory Movement Markers 

The data of the markers in the respiratory movement model used to simulate the respiratory 
pattern of the human thorax and abdomen were collected and the markers were located in three 
dimensions. The respiratory cycle of the model is 3.50s, and the Polaris infrared optical tracking 
system is used to collect data <35.00s at a frequency of 30Hz. When tracking markers based on 
binocular vision principle, it is necessary to first set the camera parameters, and then calculate 
the three-dimensional spatial information of marker points based on the calibration 
checkerboard. One of the marker points is taken as an example to display the data. The results 
are shown in table 1. 

 

Table 1. Coordinate displacements of marker points in different directions of the first 30 
frames collected by Polaris 

Polaris collection rate (frame) 
Coordinate direction (mm) 

Front and back Up and down Left and right 

2 72.77 16.51 39.67 

10 66.47 17.77 38.37 

12 62.86 18.73 34.35 

15 72.47 16.57 42.10 

20 72.14 16.56 41.33 

26 71.98 16.51 41.18 

30 60.45 18.73 32.78 



World Scientific Research Journal                                                      Volume 5 Issue 12, 2019 

ISSN: 2472-3703                                                       DOI: 10.6911/WSRJ.201912_5(12).0022 

160 

After tracking the markers through the binocular vision system, the three-dimensional 
coordinates of the markers were calculated and the respiratory movement curve was drawn. 
The results were shown in figure 4. Figure 4A shows that the maximum displacement in the 
front and rear directions of the respiratory movement marker is about 11.37mm, while the 
actual measured maximum displacement is 11.61mm, with a difference of 0.24mm. The 
displacement difference between the upper and lower marks, the left and right marks is small. 
According to the breathing pattern of human beings, the front and rear movement amplitude of 
people's chest and abdomen is larger in the process of respiratory movement. The results of 
this research are in line with the changes of human respiratory movement. When the binocular 
vision system is used to track the three-dimensional spatial coordinates of surface markers, 
there will be a certain error with the actual detected value, which is caused by the large size of 
the sphere using infrared markers (the radius of the sphere is up to 0.5cm) or the difference 
between the tracking system parameters and the parameters obtained by calibration and other 
factors [11]. 
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Figure 4. Displacement changes of the markers in respiratory movement 

 

Note: figure A shows the displacement changes in the front and rear directions; Figure B 
shows the displacement changes in the upper and lower directions. Figure C shows the 
displacement changes in the left and right directions 

3.2. Tumor Localization and Fitting Results 

The least square support vector machine is optimized according to the particle swarm 
optimization algorithm. The optimized X-axis parameters of tumor localization is γ=12, ∂2 =0.5. 
The optimized Y-axis parameter is γ=10, ∂2 =0.3; the optimized parameter of z axis is γ=20, ∂2 
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=1. The coordinate curve of tumor motion was fitted, and the results were shown in figure 5. 
From figure 5A, only 4 points have differences with the fitting curve. From figure 5B, only one 
point is different from the fitting curve. Only 4 points in Figure 5C are different from the fitting 
curve. The results showed that the fitting results are good, the displacement difference between 
the fitting results and the actual measurement results is about 1.8mm, with a small error. 
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Figure 5. Motion coordinate fitting curve of the tumor 

 

Note: figure A shows the front and rear displacement. Figure B shows the upper and lower 
displacement. Figure C shows the left and right displacement 

4. CONCLUSION 

In order to solve the effect of precise radiotherapy on tumor caused by respiratory movement, 
a real-time respiratory tracking technology was proposed according to image guidance for 
tumor localization and tracking technology. The results showed that the real-time respiratory 
tracking system using Polaris system can draw the respiratory movement curve through the 
markers. The two-dimensional image obtained by binocular vision principle and the three-
dimensional coordinates of the marker points generated by the orthogonal X-ray device can be 
tracked in real time. Then the optimized least square support vector machine algorithm was 
used to fit the tumor data, which improved the accuracy of the fitting and realized the real-time 
location and tracking of the tumor. One disadvantage of this research is that only human 
respiratory simulation model was used for the experiment. Further application verification in 
vivo was needed. In conclusion, the results can lay a theoretical foundation for the localization 
of tumors by using the marker tracking method of extracorpular respiratory energy, and then 
realize the accurate radiotherapy of tumors. 
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