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Binocular stereo vision occupies an important position in the field of artificial intelli-

gence and is an important branch of computer vision research. It is widely used in robot 

navigation, video surveillance, medical diagnosis, military reconnaissance, and un-

manned driving. Binocular stereo matching simulates the principle that human eyes see 

things and processes information in the brain. 

TW purpose: to mainly research the algorithm of real-time binocular stereo matching: 

designing and recursive implementation. On the one hand, it researches and designs bin-

ocular stereo matching algorithms with lower algorithm complexity and higher matching 

quality; The proposed algorithm is implemented recursively to achieve the goal of effec-

tively solving the binocular stereo matching real-time.  

TW contains: the research background and significance of the subject; related theories 

of binocular stereo matching; research and analysis based on stereo matching algorithm; 

session of improved trilateral recursive filtering stereo matching algorithm; use of results 

of a research in the heat power industry equipment. 

      TW summary: In this paper, a variety of stereo matching algorithms are studied, and 

a comparative analysis of these algorithms is carried out. In addition, the application of 

stereo matching algorithms in heat power equipment is analyzed. The strengths and weak-

nesses in the paper, and the related solutions are proposed. In Chapter 5 are the description 

of the SWOT-analysis, SWOT matrix, a conclusion about a possibility of use of results 

of a research in power and the description of actions for carrying out a research and real-

ization of its results in power. Gantt's graphics: We start our work from 02.09.2019, and 

we end our work at 10.05.2020, the details have showed in chapter 5.2, and the TW SUSU 

is finished by student Du Xu and with the help of Professor A. Alabugin and the Senior 

lecturer R. Alabugina. 
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ABSTRACT 

 

Binocular stereo vision occupies an important position in the field of artificial intelli-

gence and is an important branch of computer vision research. It is widely used in robot 

navigation, video surveillance, medical diagnosis, military reconnaissance, and un-

manned driving. Binocular stereo matching simulates the principle that human eyes see 

things and processes information in the brain. The pixel matching method is used to de-

termine the correspondence between the pixels in the left and right binocular images ob-

tained by the binocular camera and calculate the depth information in three-dimensional 

space. Finally, the image of the object is restored to three dimensions scene through in-

formation such as the angle, color, and edge features of the image, so as to achieve the 

reverse modeling effect from the plane to the three-dimensional. 

This paper from two aspects to mainly research the algorithm of real-time binocular 

stereo matching: designing and recursive implementation. On the one hand, it researches 

and designs binocular stereo matching algorithms with lower algorithm complexity and 

higher matching quality; The proposed algorithm is implemented recursively to achieve 

the goal of effectively solving the binocular stereo matching real-time. The main research 

contents are as follows: 

First, this article studies the basic theory of binocular stereo matching, compares and 

analyzes different stereo matching methods, summarizes the advantages and disad-

vantages of various algorithms, and identifies areas for improvement. 

Then, based on the bilateral filtering adaptive weighting algorithm, by adding a 

boundary strength term, a new three-sided filtering adaptive weighting binocular stereo 

matching algorithm is proposed, and the boundary between adjacent pixels is calculated 

by the local energy model strength to improve matching accuracy. Inspired by the high 

matching rate of recursive filtering, the recursive edge-preserving filter technology was 

introduced into the cost aggregation process, making it an aggregation method with con-

stant algorithm complexity, greatly reducing the running time of the matching algorithm, 

greatly The speed of stereo matching is improved, and the real-time requirement of bin-

ocular stereo matching is met. 

Finally, experiments are performed on the Middlebury benchmark test set and com-

pared with other stereo matching algorithms. Through quantitative evaluation from the 

aspects of matching accuracy, matching efficiency, algorithm complexity, etc., and anal-

ysis strong and weaknesses of technology based on the research on stereo matching algo-

rithm based on binocular vision, opportunities and threats of its application. 

This paper strictly follows the steps of binocular stereo matching, and used it in heat 

power equipment. Analysis the strengths and weaknesses in the paper, and the related 

solutions are proposed., the description of the SWOT-analysis, SWOT matrix, a conclu-

sion about a possibility of use of results of a research in power and the description of 

actions for carrying out a research and realization of its results in power. Finally, we get 

a conclusion that by experimental research was carried out on two coal-fired boilers of 

power stations, and the flame black distribution along the height of the boiler was detected 

online. We have applied stereo matching algorithm in heat power equipment. 
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1 INTRODUCTION              
 

     1.1 The research background and significance of the subject 

 

The space of human life is three-dimensional, different from the two-dimensional pic-

ture, in addition to the length and width, there is also the embodiment of depth information, 

and for the perception of depth, humans mainly collect the separately observed things 

through the left and right eyes and then through the brain Synthesized [1]. Because the 

color, light and shadow of the surface of the object are very different, humans can easily 

distinguish the information of different objects in the environment. At the same time, 

because the human eye is located on the same horizontal line, but the position is different, 

the imaging position of the same object in both eyes is different. According to the differ-

ence, the spatial position of the object will be automatically estimated, so as to produce a 

three-dimensional feeling and obtain stereo vision [2]. The position information of the 

object in the three-dimensional space can help the computer to perform behaviors such as 

artificial intelligence object recognition, camera monitoring, robot obstacle recognition, 

etc. It has high application value and wide application space [3-5]. However, in the entire 

three-dimensional scene recognition process, lighting, occlusion, transparency and noise 

will produce some interference, which brings a lot of trouble to the stereo matching algo-

rithm itself. With the rapid development of hardware platforms, stereo matching technol-

ogy has been widely used. In practical applications, ensuring the accuracy of the algo-

rithm while improving the computational efficiency of the algorithm has been a hot re-

search topic in this field and the research direction of this topic. 

Computer vision refers to the human visual modeling technology in which computers 

use geometric models, physical models, deep learning, statistics and other knowledge to 

collect, calculate, analyze and understand data from media information such as videos 

and multi-angle two-dimensional digital pictures [6] Binocular stereo vision technology 

is one of the most extensive fields in computer vision research. This technology is mainly 

dedicated to the research and improvement of camera calibration and stereo matching 

algorithms. Stereo matching is the most critical part of stereo vision [7]. Based on the 

application requirements of stereo matching, image matching technology with both accu-

racy and efficiency is very important. 

The principle of binocular stereo vision is to obtain two-dimensional images of the 

same object from different angles through two left and right parallel cameras, and then 

calculate the position deviation between the corresponding image pixels through the pro-

cess of matching cost calculation and aggregation (parallax), And then obtain the depth 

information of the scene according to the principle of triangulation [8]. The complete 

stereo vision system is usually divided into four parts: camera calibration, correction, ste-

reo matching and three-dimensional reconstruction [9]. Camera calibration refers to de-

termining the correspondence between the position direction of the real point in space and 

the projection point in the two-dimensional image through the parameters of the camera 

equipment used, the parameters of the optical model and the direction of camera position 

etc. 
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    Through the experiment to complete the entire calibration process. The image correc-

tion is due to the distortion of the image received from the optical device. In order to 

reduce the image search task in the subsequent matching process, it is necessary to project 

the collected pictures and complete the correction to ensure that all images are on the 

same horizontal line in order to reduce the matching difficulty to a certain extent [10]. 

Stereo matching refers to the process of performing pixel matching on two or more im-

ages taken at different angles with the left and right cameras in the same scene, and ob-

taining the depth value by obtaining the parallax value between the matching pixels to 

solve the three-dimensional information of the object. However, due to factors such as 

shooting light, camera parameters, and picture textures, there are great challenges in the 

stereo matching process. 

Stereo matching algorithm is usually the most computational and the most computa-

tionally intensive part of the entire visual system. It calculates the depth data of the scene 

by calculating the horizontal deviation of the corresponding two points in the image col-

lected by the binocular camera, and the three-dimensional reconstruction is through The 

camera takes images from all angles to get the three-dimensional information of the entire 

scene, restore the three-dimensional space of the scene, and complete the conversion of 

the two-dimensional plane picture to the three-dimensional three-dimensional thing. The 

restoration effect depends directly on the accuracy of the previous links Especially de-

pends on the process of stereo matching. 

This paper studies the development process of stereo matching technology, researches 

and analyses of stereo matching algorithms at home and abroad, elaborate the existing 

stereo matching algorithms such as global stereo matching and local stereo matching, and 

analyzes the advantages and disadvantages of current stereo matching algorithms. The 

adaptive weighting algorithm itself has the characteristics of high accuracy and time-con-

suming, but it can't handle boundary blurred pixels well, so based on this algorithm, it 

will be improved and optimized in subsequent research to improve matching accuracy 

and efficiency. To improve the practical application value of the algorithm, this subject 

has high research significance and research value. 

 

      1.2 Research status at home and abroad 

 

Beginning in the mid-1960s, Robert pioneered the pioneering work in the field of 

computer stereo vision in the United States at the Massachusetts Institute of Technology. 

The birth of this new technology, in the next 20 years, stereo vision has rapidly developed 

into a new discipline, especially in the late 1870s, the visual computing theory created by 

Marr [11-12] et al. The development of has produced a strong impetus. Until now, a com-

plete technical system has been formed from image acquisition to the final display of 

three-dimensional objects [13]. 

Since the development of computer vision, the research focus has been on improving 

the accuracy and speed of matching, and has produced huge research results. The usual 

stereo matching algorithm can be summarized into the following four steps: matching 

cost calculation, cost aggregation, parallax optimization and parallax refinement, step is 
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related to the accuracy and speed of the entire matching process. From the perspective of  

the parallax calculation strategy selected for matching, matching algorithms can be di-

vided into local matching algorithms and global matching algorithms [14]. The global 

stereo matching algorithm refers to seeking the minimum value of the energy function in 

the entire image set or a certain subset. By adding geometric direction vector constraints, 

the oblique matching model is established, which effectively solves the problem of 

oblique plane matching and blur, and obtains binocular stereo matching Disparity map 

(Disparity Map), the matching accuracy of this algorithm is high, but it greatly increases 

the matching complexity and increases the calculation time. Thus greatly reducing the 

matching speed [15]. The local stereo matching algorithm calculates the matching cost 

by calculating the similarity between two adjacent pixels in a window through the match-

ing cost function, and aggregates the costs. Finally, the parallax optimization is performed 

through the WTA optimization scheme to obtain the final Disparity map [16]. The com-

plexity of the local stereo matching method is O (N, W, D) that N, W, and Dare the image 

size, window size, and parallax range. Compared with the global stereo matching algo-

rithm, the matching speed of the local algorithm has been greatly improved, but the 

matching result is slightly inferior. 

In recent years, many scholars have proposed a series of improved algorithms for bin-

ocular stereo matching. SIFT feature extraction technology has strong stability in lighting, 

feature scale and other aspects, and the feature extraction speed is fast, so it is widely used 

in the current research stage. However, the higher the dimension, the greater the amount 

of calculation required. Therefore, based on the SIFT feature extraction technology, many 

scholars have further improved it [17]. Bay [18] and others proposed a SUFT algorithm 

similar to SIFT, which uses wavelet transform to improve robustness, feature point de-

tection is based on scale space, and Hessian matrix is used to improve operating efficiency. 

Calculation volume. Kanade [19] proposed the classic Sum of Absolute Difference algo-

rithm (Sum of Absolute Difference), similar to the absolute square difference algorithm 

[20] (Sum of Squared differences, SSD) and the absolute error sum algorithm with an 

upper limit [21] (Sum of truncated absolute differences, STAD). These algorithms are 

easy to implement and take less time, but their accuracy is limited. 

In addition, Mattoccia [22] and others proposed normalized cross correlation (Nor-

malized Cross Correlation, NCC) and zero mean normalized cross correlation (Zero mean 

Normalized Cross Correlation) algorithms, this algorithm is mainly based on the pixels 

The similarity is matched, the algorithm has high accuracy, and the operation takes less 

time, but it is easily affected by noise, the stability is poor, and the noise resistance is 

weak. Zabih and Woodful [23] proposed the Census change algorithm. The core of the 

algorithm is to change the Census of the pixels first, and then calculate the Hamming 

distance between them, so as to obtain the matching generation value. The Census change 

is based on the relative relationship between pixels. It does not depend on the pixel gray 

value, so the algorithm is weakly affected by illumination, has strong robustness, and has 

a wide range of applications [24, 25]. However, if there are many pixels with the same 

texture in the same area, the accuracy of the algorithm is low and the matching effect is 

not ideal. Therefore, some scholars try to find the best window for each pixel to replace 
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the matching cost calculation process, but because the size and shape of each pixel are 

different, it is difficult to find the best matching window for each pixel as a result, the 

NP-hard problem emerged [26]. In order to solve the NP-hard problem, Yoon and Kweon 

[27] proposed an adaptive support-weight window (ADSW) algorithm, by calculating the 

gray between the pixels in the window and the pixels at the center point The relationship 

between degree and distance, giving different weights to pixels, and then you can simulate 

a window of any size and shape. This algorithm can maintain the edge information of the 

image well. If you add a window, it will improve the matching accuracy of the image. 

But it will also bring a higher amount of calculation. 

Because the above algorithms have their own drawbacks, some people try to use the 

advantages of each algorithm to combine multiple algorithms into a new algorithm. For 

example, Sun proposed the AD-Census algorithm, which combines the absolute error and 

the Census algorithm. It is a new method of mixed cost calculation. Due to the advantages 

of the two algorithms, the resulting disparity map is more accurate, dut it also takes more 

time. Similar, the classic global stereo matching algorithm -Graph Cut (Graph Cut) is also 

the same problem, that is, the disparity map effect is better, but because of of continuous 

adjustment of pixels during the operation of the algorithm Point labels and iteratively 

converge to minimize the energy function to solve the stereo matching problem, so it 

takes a long time. 

In order to solve the time-consuming problem of the above algorithm, a semi-global 

stereo matching algorithm has appeared. For example, Hirssch improved a (Semi-global 

matching, SGM) algorithm based on mutual information. The algorithm is a classic semi-

global stereo matching algorithm. This method reduces the globally constrained Markov 

random field from multiple the dimensional direction is converted into a cumulative so-

lution process, and then the linear optimization is performed using the scanning method. 

In addition, Sun and others proposed the Belief Propagation algorithm, which is based on 

the BP neural network algorithm for the tree structure, iteratively solves, and calculates 

the matching value. Due to its excellent calculation speed and effectiveness, the algorithm 

is widely used in various practical situations. 

Einecke et al. proposed a local stereo matching algorithm based on standard cross-

correlation functions. This algorithm further improves the accuracy and rate of stereo 

matching, but the matching effect at the image edges is not good. Gong Wenbiao et al. 

proposed an adaptive weighting method based on intra-color correlation, which largely 

eliminates the influence of illumination differences on matching accuracy, but the match-

ing speed has not been improved very well. The adaptive weighted stereo matching algo-

rithm based on bilateral filter has achieved a matching result comparable to the global 

algorithm, but the matching effect is not good at different parallax and similar colors. 

The emerging machine learning technology has also been well applied in stereo 

matching. Convolutional neural networks are used in the matching process. For example, 

DispNet proposed by Mayer et al. And FlowNet proposed by Dosovitskiy. It is to use the 

end-to-end principle of deep learning to complete matching cost calculation, and then use 

the SGM algorithm to perform subsequent cost aggregation other subsequent calculation 

processes.  
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These algorithms achieve relatively high accuracy, but in actual situations there is still 

a calculation Oversized and time-consuming issues. 

In view of the shortcomings of these algorithms, scholars try to improve from different 

angles, but it is difficult to achieve good results in all aspects, and the problems that exist 

in a particular algorithm cannot be improved. 

 This topic will be clear in binocular based on the basic principles of stereo vision, the 

accuracy and efficiency of various matching algorithms are compared, and various algo-

rithms are compared through experiments to calculate the mismatch rate. The advantages 

and disadvantages of the algorithm are quantitatively evaluated, so that the subsequent 

Improvement work. 

 

      1.3 The main research content of this article 
 

      1.3.1 Key issues to be solved 
 

The stereo matching process is the key to stereo vision. The matching algorithm is the 

core of the matching process.  

First, the image set to be matched is polarized, so that the pixels in the left eye image 

can find the corresponding points in the peers in the right eye image.  

The maximum parallax search distance is dmax, then the entire parallax search range 

is limited to [0, dmax].  

After finding the most suitable pixel, the corresponding distance difference is the par-

allax d, how to find the parallax d is a stereo match. The core of algorithm research. 

The stereo matching process is generally divided into the following four steps: 

1.Matching cost calculation: different pixels have their own parameters such as color 

and pixel value.  

This step is to calculate the matching degree in the left and right images according to 

these parameters, and obtain the generation value required for matching, the greater the 

cost required, The lower the matching degree. 

2. Matching cost aggregation: Through fixed windows, adaptive windows and other 

methods, the matching cost of pixels in a specific area to be matched is cumulatively 

calculated, and different aggregation methods are selected according to the shape and size 

of the area to be matched. 

3. Parallax optimization: Within the range of parallax, compare the parallax values 

and select the pixels with the least cost among a series of values. In this step, the winner 

is generally used as the king strategy. 

4. Parallax refinement: Through the above steps, a parallax map will be obtained. In 

this step, the left and right consistency detection, smoothing filter and other operations 

are used to further refine the obtained parallax map and improve accuracy. 

This topic will strictly follow the four steps of the stereo matching algorithm, carry 

out detailed and in-depth research on the algorithm, and analyze the advantages and dis-

advantages of the existing algorithm, so as to improve the algorithm in targeted manner 

and solve the low matching accuracy of the algorithm. Time-consuming and other issues. 
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   1.3.2 Research difficulties 
 

From the acquisition of binocular images to the acquisition of parallax maps, it will be  

affected by many external factors, such as the choice of camera when shooting, the place-

ment of the position, the strength of the light when shooting, the degree of blocking the 

object, as well as the texture distribution of the object itself, it will greatly affect the sub-

sequent matching accuracy. In addition, in the process of correcting the picture, noise 

interference may be introduced. These factors have It is a great challenge and an unavoid-

able difficulty. In this section, the difficulties in the research process will be explained in 

detail: 

1. The occlusion problem: when using two cameras to take pictures of objects, the 

positions of the two cameras are different, so the shooting angles are different. From dif-

ferent angles, the collected images will have different areas that are blocked, that is, there 

is a "blind spot". In short, some images may only be collected by the camera on the left, 

and are blocked by the camera on the right. When matching the left and right image sets, 

you will not find the corresponding Pixels are mismatched, and these pixels not only 

cause difficulties in their own matching, but also interfere with the matching of other 

pixels. 

2. Weak texture problem: in some areas of stereo matching, the similarity between 

different pixels is very high, and there is no clear boundary feature between them. In these 

areas, the texture feature of the image is very weak, which will It is very difficult for the 

machine to identify the pixels. 

3. Brightness change problem: different camera's own parameter settings, device 

equipment, etc. have different sensitivity to the external environment lighting. When tak-

ing photos with the camera, different treatments for lighting will greatly affect the expo-

sure rate of the picture. The captured images will also be very different.  

 

1.4 Organization of papers 
 

The whole research process of the paper is divided into: 

1. Master the imaging principle and model of binocular vision, and clarify the match-

ing process of stereo matching; 

2. By reading the research literature of a large number of scholars, analyzing and com-

paring a variety of matching algorithms, find the key points and difficulties of the study. 

3. Learn image matching techniques, such as image irritability, enhancement, and seg-

mentation, and learn the application of corresponding computer software, to prepare for 

the subsequent improvement of the stereo matching algorithm. 

4. In-depth study of various stereo vision image matching algorithms, according to 

the research situation of this subject, improve the matching algorithm, improve the accu-

racy and timeliness of the algorithm. 

5. According to the above research content, through the comparison of experimental 

data, detect the improvement of the stereo matching algorithm, improve the improvement, 

and finally determine the improved algorithm. 
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6. The research content of this subject has high practical value, and the improved 

matching algorithm can be applied to robot obstacle avoidance, robot positioning, intel-

ligent power maintenance, military positioning and other fields in future research. 

This article is divided into chapter 5, the chapter arrangement is as follows: 

Chapter 1: Introduction. In this section, we first describe the application field of stereo 

vision and practical value, clarify the research value of this topic, and then study and 

summarize the previous research results on stereo matching, and list the advantages of 

the current research results. And the shortcomings, summarize and summarize the current 

problems and difficulties in the field of stereo vision, screen out the improvements needed 

for this study, and study them carefully. The research of this paper is listed in the third 

section Difficulties and research priorities, clarify the follow-up work plan, and finally 

listed the research progress and structural arrangement of the whole paper. 

Chapter 2: Related principles of binocular stereo matching. At the beginning of the 

chapter, the camera imaging model of binocular vision is clearly explained. Secondly, the 

steps of the binocular stereo matching process are explained in detail. Then, according to 

the different matching methods, the global stereo matching algorithm and semi-global 

stereo the matching algorithm and the local stereo matching algorithm are explained, and 

finally the conditions of the stereo matching and the evaluation criteria of the binocular 

stereo matching algorithm are described. 

Chapter 3: Study the stereo matching algorithm and clarify the improvement plan. 

From the aspects of matching accuracy and matching speed, the existing edge-preserving 

stereo matching algorithm, the stereo matching algorithm based on similarity detection 

and the bilateral filtering stereo matching algorithm are analyzed and compared in detail. 

The advantages and disadvantages of these algorithms are analyzed through experiments. 

The conclusion that the binocular filtering adaptive weight algorithm is better in matching 

accuracy and matching rate is provided, which provides theoretical guidance for the im-

provement of the algorithm in the subsequent chapters. 

Chapter 4: Improved three-sided filtering stereo matching algorithm. Through the 

analysis and comparison of the existing stereo matching algorithm in Chapter 3, combin-

ing the advantages and disadvantages of various algorithms, the bilateral filtering stereo 

matching algorithm is improved, a boundary strength term is added, and the problem of 

low matching accuracy of edge blurred pixels is well solved, and then the improved The 

algorithm is implemented recursively, and experiments are conducted from different an-

gles to verify the effectiveness of the improved three-sided filtering stereo matching al-

gorithm and the efficiency of the recursive implementation. 

Chapter 5: Use of results of a research in the heat power industry equipment and the 

description of the SWOT-analysis, SWOT matrix, a conclusion about a possibility of use 

of results of a research in power and the description of actions for carrying out a research 

and realization of its results in power. In chapter 5.1, analysis the weakness, strengths, 

opportunities and so on, and in Chapter 5.2, showed the schedule of the TW, Gantt's 

schedule of actions for implementation of technology based on the research on stereo 

matching algorithm based on binocular vision in the heat power industry equipment.  
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2 RELATED THEORIES OF BINOCULAR STEREO MATHING 

 

This chapter is mainly to give a brief introduction and necessary overview of the basic 

concepts, theories and methods involved in this article, which will lay the foundation for 

the discussion of subsequent chapters. Firstly, the camera imaging model of the imaging 

system will be illustrated with graphics, and then the main steps of binocular stereo 

matching (matching cost calculation, cost aggregation, and parallax optimization) will be 

described, and then the binocular matching algorithm will be summarized according to 

global and local classifications. Next, the constraints required to achieve binocular stereo 

matching are listed. Finally, the evaluation criteria of the binocular stereo matching algo-

rithm are explained, which provides guidance for the subsequent evaluation of the effect 

of the binocular stereo algorithm. 

 

2.1 Camera imaging model 
 

The core idea of stereo vision is to shoot real three-dimensional objects through two 

cameras, take two-dimensional pictures from different angles, obtain the size, shape and 

other parameters of the three-dimensional object, and then combine the calculated two-

dimensional images and calculate Depth information to complete the restoration of 3D 

scenes. The collection of images occupies the first step, and clarifying the imaging model 

of the camera has also become a top priority in the research work, which is closely related 

to the correspondence between the two-dimensional image and the three-dimensional 

scene. 

A typical binocular stereo vision system can be represented by figure 2.1. Two cam-

eras placed in parallel capture the same scene from different angles to obtain the left and 

right views of the camera. 

                              

Cl CR

L R

Pl Pr

P

D

b

f

drdl

 
 

Figure 2.1 – Schematic diagram of binocular stereo vision 

 

Among them, the P point is a physical point in the three-dimensional world, the im-

aging points on the left and right cameras are respectively, f is the focal length, and Cl,Cr 

are the center points of the left and right images. The binocular stereo vision system im-

aging requires that the left and right binocular images L, R must be parallel and located 

in the same plane. In addition, the imaging focal length f of L, R is equal and located on 

the same scanning line. When the above conditions are met, the distance (depth) D from 
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the point P to the shooting point can be calculated from equation (2.1) according to the 

principle of triangulation as shown in formula (2.1): 

 

                                                   
( )r lb d db

D D f

 



                                                (2.1) 

 

The distance (depth) of point P from the shooting point D as shown in formula (2.2): 

 

                                          l rd d d

l r

b f b f
D D

d d d

  
  


                                    (2.2) 

 

Among them, d is called disparity (Disparity). 

It can be seen from formula (2.2) that once the binocular camera is selected, that is, b 

and f are constant, the depth of point P is only related to parallax, so the primary task of 

binocular vision research is to calculate each physical point in the shooting scene The 

disparity is called the disparity map (DM: Disparity Map). 

Binocular stereo vision generally includes the following four processes: 

1. Camera calibration: In the image measurement process and machine vision appli-

cations, in order to determine the correlation between the three-dimensional geometric 

position of a point on the surface of a space object and its corresponding projection point 

in the image, a camera imaging model must be created, such as focal length, focus, etc. 

The geometric model parameters are the camera parameters. Through the experiment and 

calculation process, the specific values of these parameters are obtained, and this process 

is the camera calibration. The calibration of camera parameters is a very critical link, and 

the accuracy of its calibration results will directly affect the accuracy of subsequent 

matching results. 

2. Binocular calibration: the calibration of the camera was completed in the previous 

step. At this time, the camera parameter information has been obtained, but only the pa-

rameters cannot meet the subsequent calculation requirements. Due to the imaging model 

and the camera device itself Restrictions, it is also necessary to complete the mapping 

conversion of the captured pictures before the calculation, so that the image becomes a 

strictly aligned image pair to be matched on the same horizontal line. This mapping con-

version work is binocular calibration. In summary, binocular calibration involves two 

tasks: eliminating lens distortion; aligning the pixels of two images precisely on the same 

line of scanning lines. 

3. Stereo matching: After the second step, the image sets to be matched that have been 

accurately aligned have been obtained. In this step, the stereo matching algorithm needs 

to be used to process the images and complete the matching of image pairs. This step is 

stereo vision the core steps in the match, the quality of the matching results and the match-

ing algorithm have a great relationship, therefore, the process of stereo matching is the 

focus of this paper. 

4. Triangle reconstruction: After the stereo matching is completed, the three-dimen-

sional information of the object can be obtained, which is also the last step of stereo vision. 
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In this step, the three-dimensional object of the real scene can be restored, and the leap 

from the two-dimensional plane to the three-dimensional space is completed. 

 

2.2 Binocular stereo matching steps 
 

The stereo matching research process in this paper will strictly follow the matching 

framework framework proposed by Scharstein and Szeliski, and is divided into four steps: 

matching cost calculation and matching cost aggregation. Disparity Computation and 

Disparity Refinement, the accuracy and efficiency of the algorithm are highly dependent 

on the cost aggregation step. 

1. Matching cost calculation 

The matching cost calculation is the calculation of the similarity between the pixels 

of the left and right stereo images. Different algorithms use different cost calculation 

functions. The commonly used matching cost functions are as follows: 

Let the point Tyxp ],[ be the reference point in the left-eye image, and q the point to 

be matched in the right-eye image when the parallax is d,as shown in formula  (2.3): 

 

                                            ( , ) [ , ]Tq em p d x d y                                                 (2.3) 

 

Assuming that the current matching maximum disparity range is dmax, there are dmax 

points that may match the reference point p of the left-eye image. These points are on the 

same horizontal line, and their abscissas are x-dmax, ..., x-1. By introducing a three-di-

mensional matrix C of size W × H × dmax (W is the image width and H is the image 

height), the correspondence between the pixel and the point to be matched is expressed. 

The matrix C is usually called DS I (Disparity Space Image). During the matching pro-

cess, the data in the DSI is a mapping F of the matching cost (e (p, d)) between the pixel 

and the point to be matched, namely formula (2.4): 

 

                                              )],(,[),( dpeFdpC                                                   (2.4) 

 

The matching cost e (p, d) is a measure of the correlation between the reference point 

p and the point q to be matched. 

2. Matching cost aggregation 

In the process of cost aggregation, it is assumed that the pixel disparity values in the 

same area are also the same. At this time, a small area needs to be selected in the area to 

be matched, that is, the window, and the partial cost calculation is first performed in the 

window. The weighted operation is used to accumulate and calculate the aggregate gen-

eration value, and then expand to the entire area to be matched. In this process, the choice 

of window is very important, which directly affects the overall matching process. For 

example, in the occlusion area, or the area where the image edge information is more 

obvious, the window should be properly reduced. On the contrary, in the area where the 

image edge information is blurred and the texture feature is weak, the size of the window 

to be matched should be appropriately increased to increase the. The number of matching 
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points reduces the mismatch rate in a small range. The above is based on the cost aggre-

gation of dynamically variable windows. If this step is performed in a fixed-size window, 

the effect of the above-mentioned edge information and texture information on the win-

dow size will be ignored, and the window size cannot be flexibly changed according to 

the pixel information. Therefore, the matching algorithm with a fixed window size has a 

higher mismatch rate in regions with blurred edges and weaker texture features. However, 

compared with the variable-size window algorithm, the fixed-window algorithm has a 

smaller calculation amount. In the occlusion area, due to the lack of matching points in 

the left and right images, the pixel mismatch rate is high. At this time, before matching, 

the occlusion detection method can be used to detect the matching image set to exclude 

the occlusion area for matching accuracy. Influence, improve matching accuracy. When 

faced with the problem of different image brightness, in order to reduce the number of 

mismatched points, you can choose to use a uniform method to measure the brightness 

and deal with the problem of mismatch caused by lighting. The cost aggregation process 

is actually an image filtering operation. Generally, all the points to be matched in the 

matching area are aggregated. Finally, the obtained aggregated generation value is passed 

to the central pixel of the area to be matched. As a substitute value for the next match. 

Global cost aggregation is to find the minimum value of the energy function in the entire 

image set or a certain subset. The smoothing term in the energy function is used for ag-

gregation. The calculation range is all images. Local cost aggregation is to calculate a 

window by matching the cost function. The similarity between two adjacent pixels gets 

the matching cost, and the cost is aggregated. 

3. Parallax calculation 

When calculating the parallax, compare all the parallax values on the horizontal line, 

and select the minimum value among them, that is, combine these minimum values 

through the strategy of Winner Takes All (WTA) to generate the final parallax map. In 

fact, when the local stereo matching algorithm is used, when the cost calculation and 

aggregation steps are completed, the disparity calculation operation becomes relatively 

easy.  

The DSI obtained through the calculation and aggregation steps is used to select the 

minimum value to be used as the reference pixel. Point matching, and after all pixels are 

matched, a disparity map is generated. The function is expressed in formula (2.5): 

 

                                               ( ) min  ( , )DM p agr C p d                                         (2.5) 

 

On the contrary, for the global stereo matching algorithm, when the cost calculation 

process is completed, the cost aggregation operation can be ignored and the disparity cal-

culation step can be directly performed. Since global stereo matching is a process of seek-

ing energy minimization, it is only necessary to find a disparity matrix to satisfy the min-

imum energy function value in the entire image set without splitting into different small 

windows as shown in formula (2.6): 

 

                                           ( ) ( ) ( )E d Edata d Esmooth d                                      (2.6) 
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Among them, Edata (d) is used to indicate the matching degree between the current 

pixel and the point to be matched, and this value is obtained by the matching cost calcu-

lation process. Esmooth (d) is the smoothness of the disparity map. At the edge of the 

image, that is, in the disparity area, the value needs to be larger. Conversely, the difference 

is smaller. The change of Esmooth (d) can be well distinguished. Continuous areas and 

edges of objects. 

4. Parallax refinement 

The disparity map obtained by the disparity calculation step still has some wrong 

matching data, and the obtained disparity map is not accurate enough. At this time, 

through the disparity refinement operation, the irregular data obtained during the disparity 

calculation process is removed to make the disparity map better reflect The continuous 

pixel domain and discontinuous edge information of the object reduce the existence of 

mismatched points, and provide more accurate data information for the final 3D scene 

restoration step. In stereo matching research, methods such as Median Filtering and Left-

Right Check are often used to perform disparity refinement processing. 

 

2.3 Overview of binocular stereo matching algorithm 
 

The matching algorithm is the key to the final matching effect. The algorithm is 

mainly used for matching between pixels in the left and right images. As shown in figure 

2.2, there is a pixel P in the left-eye image collected by the camera. 

 To complete the matching process, you need to find the corresponding point in the 

right-eye image that matches it. Because of the collected image set, the epipolar correc-

tion operation is required, so you only need to find the corresponding point on the same 

horizontal line. 

 

 
 

Figure 2.2– Schematic diagram of pixel matching 

 

As shown in figure 2.3, the maximum value of the parallax range is dmax, then the 

point to be matched in the right eye image is located in the [0, dmax] interval. 

 How to find the best matching point with the pixel point P in the left eye image in 

this interval Is the essence of the matching algorithm.  

According to the different methods for finding matching points, the algorithm can be  
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divided into three types: global algorithm, semi-global algorithm and local algorithm. 

 

        
 

Figure 2.3 – Schematic diagram of parallax calculation 

 

2.3.1 Global stereo matching algorithm 

 

The global stereo matching algorithm refers to seeking the minimum value of the 

energy function in the entire image set or a certain subset to obtain a binocular stereo 

matching disparity map (Disparity Map). The entire function is composed of energy 

function terms and smooth beam terms as shown in formula (2.7): 

 

                                                           ( ) ( ) ( )E d Edata d Esmooth d                                                         (2.7) 

 

Edata (d) is the energy data item, d represents the parallax value, and Edata (d) is used 

to represent the matching degree between the current pixel and the point to be matched. 

This value is obtained by the matching cost calculation process. Esmooth (d) is the smooth 

constraint of the disparity map. At the edge of the image, that is, in the disparity discon-

tinuity area, the value needs to be larger. Conversely, the gap is smaller. The change of 

Esmooth (d) can be distinguished Out of the continuous area and edge of the object. Com-

mon and more classic global stereo matching algorithms include dynamic programming 

method and graph cut method. This algorithm has high matching accuracy, but it also 

brings huge computational complexity while obtaining accurate matching results, which 

greatly reduces the matching speed. 

 

2.3.2 Semi-global stereo matching algorithm 

 

In order to improve the calculation speed while ensuring the accuracy of parallax, a 

semi-global stereo matching algorithm has emerged. The algorithm itself is changed 

based on dynamic programming. For a certain pixel, 8 or 16 paths are used to solve the 

summation, and the global optimization function is simulated, and the global algorithm 

is simplified into multiple one-dimensional path solving problems. The energy function 

is optimized through two constraint terms, and the constraint compensation is performed 

on the slope and the point respectively. From the four steps of stereo matching, the semi-
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global algorithm is mainly improved in the cost accumulation step, and the final genera-

tion value is obtained through the cost accumulation of multi-path. Compared with the 

global algorithm, it is faster and consumes less calculation. In particular, the multi-path 

solution can be processed in parallel by the GPU, which is easy to implement on the 

hardware platform, and the accuracy of the algorithm itself is also very high. Therefore, 

the semi-global matching algorithm is widely used on various hardware platforms, such 

as CPU, GPU, and FPFA platforms. 

 

2.3.3 Local stereo matching algorithm 

 

The local stereo matching algorithm calculates the matching cost by calculating the 

similarity between two adjacent pixels in a window through the matching cost function, 

and aggregates the costs. Finally, the parallax optimization is performed through the 

WTA optimization scheme to obtain the final Disparity map. The complexity of the local 

stereo matching method is O(NWD) that N, W, and Dare the image size, window size, 

and parallax range, respectively. Since the area to be matched is a certain window and the 

number of pixels to be matched is small, there is a large amount of noise. In order to 

reduce noise interference, it is necessary to calculate the cumulative value of all matching 

costs in the window, and then perform subsequent calculations. The formula for calculat-

ing the parallax value of the local matching algorithm as shown in formula (2.8): 

 

                                                         
max0 d d

arg min ( , )p

q Wp

d C q q d
 



                                                                   (2.8) 

 

Where W is the window centered on the pixel p, q is the pixel in the window, and C 

(q, q-d) is the computational cost between the pixel in the window and its corresponding 

point. 

The choice of window shape and size is critical to the local matching algorithm. If the 

selected window is too small, there are too few points to be matched, and the noise is too 

large, resulting in low accuracy. If the selected window is too large, then Too many pixels 

to be matched leads to a significant increase in computational complexity and an increase 

in algorithm time-consuming. The emergence of the adaptive window algorithm solves 

the problem of window size selection very well. The algorithm aggregates each pixel by 

giving it different weights. If the pixel is close to the center pixel and the color is similar, 

then the The weight value is greater and vice versa. This algorithm can achieve more 

accurate matching at the edge of the image, especially when the window is large enough, 

you will get a matching result comparable to the global algorithm, but as the window 

increases, the complexity will also increase, in real-time matching system Can't get a good 

application. The emergence of the guide filter solves the problem of the time-consuming 

algorithm very well. Because the filter is used, the length of the algorithm is only related 

to the pixels of the picture. By scanning the picture to achieve filtering, the matching of 

the algorithm is well maintained. Accuracy, running speed at the same time. The common 

local stereo matching algorithm is also the Census transform algorithm, which has good 
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robustness to the light intensity, the calculation amount and the running speed are mod-

erate, and the application is wide. 

 

2.4 Conditions for stereo matching 

 

When the camera collects information about the actual scene, due to light and angle 

during shooting, some data information in the actual scene will always be lost. During the 

shooting process, camera shake and offset may occur. This will also interfere with the 

presentation of later images, so there is some data distortion in the image data obtained 

by the camera, which is not a complete reflection of the real scene. When performing 

stereo matching, these influencing factors will have a great influence on the matching 

result. Through a large number of experimental verifications, the results show that in-

creasing the constraints of stereo matching can greatly reduce the impact of these uncon-

trollable factors on the accuracy of stereo matching. 

1. Epipolar constraint 

The epipolar constraint means that the pixels in the left-eye image and the pixels to 

be matched in the right-eye image are on the same horizontal line. When the pixels in the 

left-eye image look for the corresponding points in the right image, they only need to be 

in the image points at the horizontal position. Search greatly reduces the search area and 

improves the search speed. Before matching, add epipolar constraints to the image set to 

improve search efficiency. 

2. Parallax range 

When the pixels in the left-eye image are matched, the matching points will be found 

in all the pixels in the same horizontal position in the right-eye image, so the search range 

is still very large. If you specify a range for the right-eye image, the search area will be 

reduced. The interval is the parallax range. If the parallax range is too small, it will cause 

more mismatches. If the parallax range is too large, the search task will increase. There-

fore, adding a reasonable parallax range constraint is particularly important for the match-

ing process. 

3. Similarity 

The similarity here mainly refers to the similarity of data such as gradient changes, 

colors, and gray values of the image. In the left and right image sets, the points that match 

each other have a strong similarity. In reality, there are the same points of three-dimen-

sional objects. The projection points presented by the binocular camera still have a strong 

similarity. During the matching process, similarity constraints are added to preferentially 

match the pixels with strong similarity to improve the matching efficiency. 

4. Mutuality 

Mutual opposition means that the projection point in the left-eye image can find the 

matching pixel point in the right-eye image, and vice versa, the projection point in the 

right-side image can also find the matching pixel point in the left-eye image, if Only one-

way matching, then the matching does not satisfy the constraint condition of mutuality. 

Adding the constraint condition of mutuality can basically guarantee the correctness of  

matching and improve the matching accuracy. 
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5. Continuity 

The continuity here refers to the parallax continuity. In real-world objects, the points 

on the surface are close to each other, so if the pixels in the image set are located in a 

continuous area, their parallax is not discontinuous. , Should have similar parallax values, 

this property becomes continuity. In the weak texture area, the disparity gap is small. At 

this time, adding the continuity constraint will greatly reduce the search range, but for the 

edge of the image, the parallax variation is large, and the continuity constraint is no longer 

applicable. 

6. Uniqueness 

Because the points on the surface of the object in the real world are unique and unique, 

each point is different from the other points, the projection point corresponding to the 

object in the real world captured by the camera should also be unique, and the point of 

the real world One-to-one correspondence, except for the occlusion area, so in the match-

ing process, the points in the left and right images should be uniquely matched.  

Once a point is matched, it should not be matched with other pixels, otherwise it will 

appear the phenomenon of mismatch.  

Adding unique constraint conditions can well avoid the occurrence of repeated match-

ing and reduce the false matching rate. 

 

2.5 Evaluation criteria of binocular stereo matching algorithm 

 

In the research at this stage, the matching accuracy and matching speed are mainly 

used to judge the advantages and disadvantages of the matching algorithm.  

It is difficult to achieve a unified judging standard, so a unified standard for measuring 

the rate of mismatch is proposed to judge the accuracy of matching. The definition of the 

mismatch rate in binocular stereo matching is shown in formula (2.9): 

 

                                         
  )|),(),((

1
 yxDyxD

N
err e

                                    (2.9) 

 

Where x and y represent the coordinates of the pixels, and N represents the total num-

ber of pixels in the effective area of the image e and ε respectively represent the calculated 

parallax map and the Ground Truth map provided by the platform, and δ is an adjustable 

parameter.  

When the numerical result of the absolute difference is greater than 5, it is determined 

that the point is an incorrect match and the match fails.  

The error rate is the ratio of the number of matching failure points to the total number 

of pixels.  

In addition, the root mean square error can also be used to count the mismatch rate. 

The principle is the same, but the calculation method is slightly changed in formula (2.10): 
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2.6 Summary of this chapter 

 

This chapter mainly describes the basic principles of the stereo vision system. First, 

the imaging model of the binocular camera is introduced, on this basis, the matching prin-

ciple is further explained, and the relationship between parallax and the depth of the 3D 

scene is explained through formulas and schematic diagrams, and then according to the 

scope of the matching algorithm Global stereo matching algorithm, semi-global stereo 

matching algorithm and local stereo matching algorithm are introduced, and their respec-

tive advantages and disadvantages are summarized, followed by detailed introduction in 

the order of stereo cost calculation, stereo matching cost aggregation and parallax opti-

mization The step of stereo matching is followed, and then the matching conditions are 

explained. Finally, the evaluation method and evaluation criteria of the stereo matching 

algorithm are described, which lays a certain theoretical foundation for the research of 

subsequent chapters. 

  



 

      
page 

      

24 

 

 

Изм 

 
 Page  Document #  Signat. Date 

 

13.04.01.2020. 287.03. EN 

2
4 

3 REASEARCH STEREO MATCHING ALGORITHM 

 

Binocular stereo vision gives computers the ability of deep vision similar to human 

eyes. Stereo matching technology is still one of the important and difficult research topics 

in this field. In a typical binocular stereo vision system, two cameras capture the same 

scene from different perspectives. The goal of stereo matching is to find corresponding 

image pairs in these two views. This chapter will focus on the comparative analysis of the 

existing classic stereo matching algorithms, and combine the experimental results to an-

alyze the advantages and disadvantages of existing algorithms. Make comprehensive im-

provements. 

 

3.1 Edge preservation algorithm 

 

Image edges can be represented by gradients, so gradient operators are the earliest 

proposed method for edge detection. Common gradient operators such as Prewitt operator, 

Sobel operator, etc., these operators are used to detect images the step-type edge algo-

rithm is simple and easy to program, but it is sensitive to noise, so the practical application 

has certain limitations. At present, the Canny operator is considered to be the most classic 

algorithm, but when using the Canny operator, smooth filtering operations are required 

to reduce the interference of image noise. In the filtering process, it may cause image 

distortion, edge pixel feature blurring and other problems/ 

For these reasons, the introduction of nonlinear global filtering for noise edge detec-

tion is a good method and has achieved good performance. Pitas and Venetsanopoulos 

proposed a class of non-linear filters that can eliminate additive and impulsive noise, 

while keeping edges well. Schulze proposed a morphological non-linear filtering edge 

enhancement method, and elaborated the principle of extracting noise image edges using 

local variable analysis. Laligant O and Truchetet F gave a nonlinear edge detection plan. 

This method combines nonlinear left and right derivatives to achieve accurate edge posi-

tioning and remove impulse noise. However, the disadvantage of this algorithm is that it 

cannot detect a linear edge with a width of one pixel and the denoising ability is limited. 

Edge detection algorithms are often aimed at images with one or several specific prop-

erties. 

 It is difficult to have an edge detection algorithm with good detection effect on all 

images. This paper studies the roof edge is shown in formula (3.1): 

 

                                   

sin( )
( ) ( cos( ))

x x
C x ke x

 
 




  

                                (3.1) 

 

Where α is a noise-related parameter, k and λ are normalization constants, β is a fuzzy 

parameter that can adjust the influence of noise on the edge, and the value range is 0-1. 

 If the current boundary is fuzzy, the value of β is 1. Conversely, if the boundary is 

not blurred, β takes the value 0.  

The image edges can be represented by the first derivative of the C (x) function and  
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it is shown in formula (3.2): 

 

                                

2

( )
( ) ( 2cos( ))

(1 )
             sin( )

xdC x
f x k e x

dx

x


  







    




                              (3.2) 

 

To make f (x) a band-pass filter, it should satisfy as shown in formula (3.3): 
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                                    (3.3) 

 

Where k1 = 2kα and sgn is a symbolic function.  

 

3.2 Based on similarity detection algorithm 
 

Generally speaking, researchers in related fields often use a feature-based stereo 

matching algorithm. This is because the image data is composed of many pixels, and 

different pixels have different characteristics, and different arrangement order creates the 

diversity of the image, and these inherent characteristics tend not to rotate with the 

graphics Changes in zoom and light brightness. Just like fingerprints, the rich arrange-

ment of features makes it almost unique in existence, and will not change with changes 

in the environment. This is one of the reasons why feature stereo matching algorithms are 

favored by researchers in related fields. The basic process of the feature matching algo-

rithm can be roughly divided into four steps according to the order of execution of the 

algorithm: the first step: feature extraction, this step is the process of the algorithm to 

identify and read the characteristics of the image, different images have their own char-

acteristics Its unique feature value; the second step: feature description, this step will out-

put the features identified and read in the previous step according to the designed program; 

the third step: feature matching, after the image feature description is completed The ob-

tained feature value is matched and compared with another known feature value; the last 

step: parallax calculation. The feature matching algorithm usually performs correspond-

ing preprocessing on the two left and right images before extracting and matching image 

features.  

The initial matching is often based on the geometric shape or the characteristics of the 

object structure. Typical image features are the features of the basic constituent elements 

based on plane structure—points, lines, and surfaces. Among the three typical image fea-

tures, because the features of points are easier to obtain and more obvious, their matching 

is often the best, and the feature matching of lines and areas is compared with it, both in 

the accuracy of matching and in terms of speed, it still has better performance in terms of 

the robustness of the matching results. Generally, in order to enhance the anti-noise ability 
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of the feature matching algorithm, researchers in related fields often use the feature 

matching algorithm with the area matching algorithm to achieve a better image feature 

extraction effect. In the related research to improve the speed, accuracy and robustness of 

image feature extraction, in addition to the combination with the area matching algorithm, 

Haralkk also proposed to combine the optimal surface fitting method with the stereo 

matching technology, through the pixels in the image and The adjacent regions are fitted, 

and then the fitted regions are subjected to zero-cross matching to improve the speed and 

accuracy of image matching. 

Although many studies have been conducted over the years, the problem of solving 

dense parallax of feature points has always existed. If it is solved by a local window, it 

needs to be calculated in all the regions to be matched, and the calculation amount is 

extremely large. The similarity point, as the name suggests, is the pixel point whose value 

is close to the reference point color and brightness in the area to be matched. During the 

stereo matching process, the similarity between the two points is shown in formula (3.4): 

 

                                                
( , ) ( , )L Rf x y f x d y   

                                        (3.4) 

 

In order to speed up the calculation, the calculation is performed by the gray value 

between two points, where fL (x, y) and fR (x, y) represent the corresponding gray value 

of the pixel (x, y) in the left and right images, Δ is a variable parameter, which means to 

set the threshold. Generally, the initial value is set to 10. 

If the pixel points meet the above formula, it means that they are similar to each other. 

If they are not satisfied, increase the value of δ. It is worthwhile to increase by 20% on 

the basis of it, at most 5 times, if there are no pixels that meet the inequality, it means that 

there is no similarity in the area to be matched, but with the increase of δ, the similarity 

of the matched similarity becomes more and more lower the matching accuracy will de-

crease, but on the other hand, the increase in the δ value will also lead to an increase in 

the number of pixels that meet similar points, which will also reduce the calculation cost 

of the later matching cost and reduce the algorithm running time. 

If the fixed window method is used for parallax calculation, is the reference point in 

the left eye image, and the window area formed around the point p is framed. 

In the right figure, randomly select a point q, and take the point q as the center, select 

the same size area as the area to be matched, use the above formula to perform similarity 

detection on the pixels in these two areas.If the characteristics of similarity are satisfied, 

then these two The areas match each other.Sum of Absolute Differences (SAD), com-

pared to the fixed window matching algorithm mentioned above, greatly reduces the 

amount of calculation in the cost calculation step and improves the matching speed.  

In order to improve the efficiency of the algorithm, this section SAD is used to calcu-

late the allocation cost is shown in formula (3.5): 

 

( , , ) ( , ) ( , )
m n

SAD L R

i m j n

C u v d I u i v j I u i d v j
 

        
            (3.5) 
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According to the matching cost calculation and aggregation steps mentioned above, 

the minimum value is selected and combined to obtain a disparity map based on similar 

pixels, and then through consistency detection, occlusion point detection, median filtering 

and other operations, the generated The disparity map is further optimized to obtain the 

final disparity map, which ensures the matching accuracy of the algorithm and also im-

proves the running speed. Among them, by using the projection point in the right eye 

image set as the reference point, the operation of finding the matching point in the left 

eye image is used to complete the detection of the occlusion pixel point, and the function 

of finding the matching point is shown in formula (3.6): 

 

                                           ( ( , ), ) ( , )d i d i j j d i j                                                     (3.6) 

 

Let d (i, j) and d ′ (i, j) denote the obtained points from the right eye image as the 

reference point to find the matching point in the left eye image and the left eye image as 

the reference point to find the matching point in the right eye image. The disparity value, 

when the two disparity values are equal, it means that there is no occlusion pixel point, if 

not, it proves that there is an occlusion point in the area. After the above occlusion point 

detection operation, if it is judged that there is an occlusion point, the occlusion point 

needs to be filtered out to avoid it from causing mismatch and interference to the matching 

of other pixels, such as the presence of occlusion point p, you should find the first unoc-

cluded pixels to the left and right of p and record them as pl and pr, respectively. At this 

time, the parallax value of the occlusion point p should be the minimum value of the 

parallax of the left and right non-occlusion pixels, which can be formula (3.7): 

 

                                               ( ) min( ( ), ( ))d p d pl d pr                                             (3.7) 

 

After the occlusion point detection and filtering operations are completed, the result-

ing disparity map needs to be optimized in the subsequent steps, using smooth filtering, 

Because the occlusion points are removed in the previous step, which may cause horizon-

tal stripes to appear and smooth filtering. The purpose of is to eliminate the effect of 

horizontal stripes on the matching results, for clearly compare the effect before and after 

filtering. The parallax comparison chart before and after filtering is shown in figures 3.1 

and 3.2. 

 

 
 

Figure 3.1 – Disparity diagram before filtering smooth 
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Figure 3.2 – Disparity map after filtering smooth      

                                      

It can be clearly seen from the figure that the number of noises in the filtered picture 

is significantly reduced, and the picture is clear the degree is also more obvious. The 

experimental results before and after filtering are compared with the standard disparity 

map of the image, and the false matching rate is significantly reduced, which verifies the 

effectiveness of smoothing filtering to improve the matching accuracy. 

 

3.3 Bilateral filtering adaptive weight algorithm 
 

Due to its excellent performance, people have begun to pay attention to the local stereo 

matching method based on adaptive weight ASW in recent years. The key idea of the 

ASW method is to estimate the single weight of each pixel in the supporting window, and 

then summarize the weighted cost.  

The weight of the supporting pixels is intended to represent the probability that it is 

positioned at the same disparity as the central pixel. That is, it is more likely to be located 

at the same difference as the central pixel, due to its higher weight.  

In essence, assigning different weight ratios to each pixel in the supporting window is 

more flexible and powerful than changing the window size, shape and center offset at the 

same time, as in the previous method. However, in the weight function based on the bi-

lateral filter (BF), the weight is inversely proportional to the color dissimilarity and spatial 

distance between the pixel and the center pixel. Therefore, performing cost aggregation 

is equivalent to using BF with edge retention properties to filter the amount of cost. 

In a weighting function based on a bilateral filter (BF), the weight is proportional to 

the color similarity and spatial distance between the pixel and the central pixel. 

 Therefore, performing cost aggregation is equivalent to filtering the amount of cost 

using BF with edge retention properties.  

The bilateral filtering weight function follows the color and space rules by formula 

(3.8): 

 

                                             
( , )

ΔC
pq

λc
c p q eW




                                     (3.8) 
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Color rule: If two pixels have similar colors, they are more likely to be in the same 

parallax range, so the weight should be high.  

Where q is the pixel in the supporting window centered on the pixel p.  

The parameter c is to adjust the color similarity item as shown in formula (3.9): 

 

                                          

2

( , , )

( ( ) ( ))j jpq
j r g b

C I p I q


  

                             (3.9) 

 

Spatial rules: If two pixels are close in space, they are more likely to be in the same 

parallax range, so the weight should be high. The spatial distance term is formula (3.10): 

 

                                                      d ( , )

D
pq

dp q eW 






                                      (3.10) 

 

The parameter d is to adjust the spatial distance term, shown in formula (3.11): 

 

                                           

2 2
( ) ( )pq x x y yD p q p q    

                               (3.11) 

 

Then, combine these two items as the final BF weight function is formula (3.12): 

 

                                           

•( , ) ( , ) ( , )

                 

bf c d

C
pq D

pq
c

d

W p q W p q W p q

e e







 




                                 (3.12) 

 

3.4 Experimental results and analysis 

 
In this section, we compare the edge preservation algorithm, similarity detection al-

gorithm and bilateral filter stereo matching algorithm mentioned above in the Middlebury 

data set. The comparison is divided into two aspects: matching accuracy and running 

speed. Carry out detailed comparative analysis. 

 

3.4.1 Precision analysis 
 

The pictures in this data set have not undergone any post-processing operations such 

as parallax optimization, and are all original data image sets, which ensures the fairness 

of the experiment. Since no operation is taken on the occlusion area, this experiment can 

only select non-occlusion areas for comparison, and compare the price from two aspects. 

On the one hand, it is the continuous area of unconcluded parallax, on the other hand, it 

is the discontinuity of parallax. Set to 1 to count the pixel mismatch rate. The lower the 
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mismatch rate, the higher the accuracy of the algorithm, the better the matching accuracy, 

and the better the algorithm. The quantitative comparison results are shown in table 3.1 

 and table 3.2. 

 

          Table 3.1 – Proportion of erroneous pixels in non-occluded areas  

 

Stereo match-

ing algorithm 

 

Tsukuba Venus Teddy Cones Avergae 

Edge preserva-

tion algorithm 

 

3.07% 1.45% 11.07% 7.21% 5.7% 

Similarity de-

tection algo-

rithm 

 

2.14% 1.35% 8.43% 3.96% 3.97% 

Bilateral filter-

ing algorithm 
2.39% 1.47% 7.39% 4.29% 3.86% 

 

Table 3.2 – Proportion of erroneous pixels in disparity discontinuities 

 

Stereo match-

ing algorithm 

 

Tsukuba Venus Teddy Cones 
Averga

e 

Edge preserva-

tion algorithm 

 

9.31% 6.86% 18.87% 15.24% 12.57% 

Similarity de-

tection algo-

rithm 

 

6.54% 5.26% 15.65% 10.36% 37.81% 

Bilateral filter-

ing algorithm 
8.13% 6.35% 16.26% 11.46% 10.55% 

 

It can be seen from table 3.1 that in the unconcluded region, the bilateral filter algo-

rithm has a low mismatch rate, especially in the Cones dataset. The pictures in this data 

set have not undergone any post-processing operations such as parallax optimization, and 

are all original data image sets, which ensures the fairness of the experiment.  

Compared with the Venus dataset, the superiority of the bilateral filter algorithm is 

very obvious. Table 3.2 Statistics the mismatch rate of the three algorithms in the disparity 

discontinuity area, and the bilateral filter stereo algorithm has the lowest error rate. Since 

bilateral filtering is a stereo matching algorithm with adaptive weight window, no matter 
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whether it is in a smooth continuous area or a discontinuous area at the edge [49], color 

and distance information can be combined to delineate the window to be matched. Size 

and shape, which is critical to the accuracy of matching. 

 

3.4.2 Run time analysis 
 

This section uses C ++ programming to implement the above edge preservation algo-

rithm, similarity detection algorithm and bilateral filtering stereo matching algorithm, and 

counts the time taken for each algorithm to run. The table lists the time spent in matching 

cost aggregation, in units It is ms, and the statistical results are shown in table 3.3. 

 

Table 3.3 – Algorithm running time 

 

Stereo matching 

algorithm 
Tsukuba Venus Teddy Cones Average 

Edge 

 preservation 

 algorithm 

54ms 49ms 52ms 49ms 51ms 

Similarity  

detection  

algorithm 

81ms 79ms 82ms 74ms 79ms 

Bilateral filtering 

algorithm 
72ms 66ms 69ms 65ms 68ms 

 

It can be seen from the table that the similarity detection algorithm takes the most time, 

with an average time of 79ms, the bilateral filtering algorithm is centered, and the edge 

retention algorithm takes the least time, but combined with the accuracy, the bilateral 

filtering algorithm has the highest accuracy, less time, and superiority higher. 

 

3.5 Summary of this chapter 
 

Based on the second chapter, this chapter makes a further comparison of three more 

detailed stereo matching algorithms, namely edge preservation algorithm, similar point 

detection algorithm and bilateral filtering stereo matching algorithm. Sections 3.1-3.3 of 

this chapter respectively the specific contents of the three algorithms are explained, and 

the characteristics of each algorithm are summarized and simplified. In section 3.4, by 

running experiments on the standard test set, the statistics of each algorithm in the non-

occluded area and discontinuity the pixel mismatch rate of the region. The experimental 

results show that the bilateral filter stereo matching algorithm has a low mismatch rate. 

In addition, the three algorithms are also compared from the perspective of running time. 

The comprehensive comparison of matching accuracy and the running speed of the algo-

rithm shows that the double-expression filtering stereo matching algorithm. 
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4 IMPROVED TRILATERAL RECURSIVE FILTERING ALGORITHMS 

 

Combining with the multi-faceted and multi-angle comparison of a variety of binoc-

ular stereo matching algorithms in Chapter 3, this chapter improves on the basis of bilat-

eral filtering stereo matching algorithm. Because the main drawback of bilateral filtering 

stereo matching algorithm is the edge blur the pixel matching rate is relatively low, so 

this chapter will solve the problem of boundary fuzzy matching by adding a boundary 

strength term. At the same time, through recursive implementation, it will increase the 

running speed of the algorithm and improve the matching efficiency. 

The ASW method based on trilateral filtering (TF) proposed in this chapter includes 

the following five steps: preprocessing; matching cost calculation; matching cost aggre-

gation; disparity optimization; disparity Refine. In this process, the TF weight function 

and its recursive implementation in the cost aggregation step are proposed. These five 

steps are shown in figure 4.1. 

 

 

 

 

 

 

 

Figure 4.1 – Schematic diagram of TF ASW method steps 

 

1. Preprocessing: In order to remove isolated pixels, standard median filtering (3 × 3 

window) is applied to preprocess the input original image. 

2. Matching cost calculation: the truncated absolute difference matching cost function 

of color and gradient to calculate the matching cost between two pixels. The original 

matching cost between a pair of candidate points is shown in formula (4.1): 

 

                        

1

2

( ) (1 ) min( ( ) ( ) , )

              min( ( ) ( ) , )

d l r

l r

C p I p I p d

xI p xI p d

 

 

    

    
                                        (4.1) 

 

Where d is the parallax and is the derivative in the x direction;  balancing the color 
1 and 2  derivative terms; and is the cutoff value to reduce the influence of the blocked 

pixels. 

Cost aggregation: The ASW method is used to aggregate the original matching costs 

in the support window, and use an asymmetric strategy to calculate the weight mask. At 

the parallax d, the aggregation cost of the pixel p is shown in formula (4.2): 

 

                                           p

( ) ( , ) ( )A
dd

q

C p p q C q





 
                                          (4.2) 
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Which represents the support window centered on pixel p, and q is the support pixel. 

Parallax optimization: A commonly used winner optimization strategy is used to se-

lect the best parallax )( pD  from a set of candidate sets and is shown in formula (4.3): 

 

                                               
arg min( ( ))A

d
d

D(p) C p
                                              (4.3) 

 

Disparity refinement: In the last step, through the left and right consistency check, 

select stable and effective pixels, post-process the generated disparity map D (·) to elim-

inate false matches and deal with the matching problem of the occlusion area. Stable pix-

els should pass the consistency check, and valid pixels should satisfy D (·)> 0, otherwise 

the new matching cost of each pixel p at each parallax level d is shown in formula (4.4): 

 

                                    

( ),     p  is stable and D(p) 0

0,                else( ) {new d D P

dC p  
                               (4.4) 

 

Then, an aggregation step is performed on the new matching cost to obtain a new 

aggregation cost, followed by a disparity optimization step to generate a final disparity 

map. 

 

4.1 Three-sided filter TF weight 
 

Color rules and space rules can solve most deep blur problems, but can not assign 

accurate weights to two nearby pixels located at different parallaxes. Therefore, this sec-

tion proposes boundary rules and introduces a new boundary intensity term eW  to solve 

the ambiguity problem. That is, if there is a boundary between two adjacent pixels, they 

are unlikely to be in the same parallax, so the weight should be lower as formula (4.5): 

 

                                                    e ( , )

E
pq

ep q eW 






                                                  (4.5) 

 

The parameter λe  is to adjust the boundary strength term, and the boundary strength 

distance pqE  is calculated using the local energy model. Specifically, the local energy of 

the image is a combination of energies in different orientations. Given the image I, the 

local energy at the pixel p is expressed as formula (4.6): 

: 

                                 

( )
2 2

,odd ,even
q

E p = (1(p)* F ) +(I(p)* F ) 
                        (4.6) 

 

Where * represents the convolution operator, the odd phase filter and the even phase 

filter are a pair of orthogonal filters in the direction θ, which calculates the local energy 

versus boundary by the difference of the offset Gaussian function used in largest response. 
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The position of the boundary of the even phase filter, the phase of the pixel p is defined 

as formula (4.7): 

 

                                          

max,

max,

1,    ( )* 0

1,  ( )* 0
( ) { even

even

I p F

I p F
p

 

 
 





 


                                        (4.7) 

 

Among them max  is the direction that gives the maximum response in formula (4.8): 

 

                                       

2 2

max , ,max ( ( ) * ) ( ( ) * )odd evenI p F I p F 


  
                         (4.8) 

 

For two adjacent pixels i and j, the distance of their boundary strength ( , )E i j  is ex-

pressed as formula (4.9): 

 

                                               

( ) ( ), ( ) ( )
( , ) {

0,                ( ) ( )
E i E j i j

E i j
i j

 
 

 
 

                                    (4.9) 

 

For any two pixels p and q, a line connecting them can be defined. Suppose there are 

N pixels on the connection line, then their boundary strength as formula (4.10): 

 

                                                
( , ) max ( , 1)

[1,..., 1]
E p q E m m

m N
   

                              (4.10) 

 

Where m and m + 1 represent two adjacent pixels. 

If there is no boundary between two pixels, the boundary intensity term is equal to 1, 

the stronger the boundary, the smaller the boundary intensity term. Then, the proposed 

boundary intensity term is combined with the previous color similarity term and spatial 

distance term to form a TF weight function as formula (4.11): 

 

                                       

( , )

                   

C D
pq pq

c d
t f

E C D
pq pq pq

e c d

p q e e

e e e

W  

  

 
 

  
  



                              (4.11) 

 

4.2 Recursive implementation 

 

Because the powerful implementation of the TF weight function proposed above is 

very time-consuming and cannot really meet the requirements of high performance, there-

fore, in this section, a recursive TF (RTF) weight function is introduced, which is subject 

to recursive BF (RBF) Inspired to improve its computational efficiency. This section 

briefly describes the recursive filter and the recursive implementation of BF.  
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Then, the recursive implementation of the proposed TF is further proposed and its com-

putational complexity is analyzed. 

Let x denote the 1-D input of the recursive system of order n, and y denote the output. 

The general recursive system as formula (4.12): 

 

                                                  

1

0 0

n n

i l i l k i k
l k

y a x b y


 
 

  
                              (4.12) 

 

According to the above formula, the output of the first-order recursive filter can be 

simplified as formula (4.13): 

 

                                                0 1 1i i iy a x b y  
                                                 (4.13) 

 

So 1-D BF can be aggregated as formula (4.14): 

 

                                            0

( , ) ( , )
q

q c s p
p

y w p q w p q x


 
                                  (4.14) 

 

Where x represents the scan line of the 2-D image and q is the pixel on the scan line. 

In the recursive implementation of the BF weight function, the color similarity is rede-

fined as formula (4.15): 

                                               

, 1
1'

c
i i

q
c

c
i p

W e 









 

                                                (4.15) 

 

Where i and i + 1 represent two adjacent pixels. The spatial distance term is redefined 

as formula (4.16): 

                                                   

, 1
1

'

d

d
i i

q
d

i p

W e 









 
                                           (4.16) 

 

The spatial distance between two adjacent pixels is constant.  

Using the new color similarity term and spatial distance term, the first-order bilateral 

recursive filtering weight function is obtained by slightly modifying the coefficients (a0 

and b1) of the first-order recursive system as formula (4.17): 

                                             
0

0

( , ) ( , )
i

i c d k
k

y a W i k W i k x


 
                                  (4.17) 

 

The final 2-D bilateral filtering result can then be calculated by performing the above 

1-D recursive implementation horizontally and vertically. 
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The TF weight function proposed in Section 4.1 consists of two parts, the BF part and  

the increased boundary strength part. Using the new color similarity term and spatial dis-

tance term, the first-order bilateral recursive filtering weight function is obtained by 

slightly modifying the coefficients.  

These two parts can be calculated separately and then added together. Let x denote 

the scanning line, and then the 1-D TF value of x at pixel q is formula (4.18): 

 

                                    

0

0

       

q

q c d p
p

q

c d e p
p

y W (p,q)W (p,q)x

' ' '
W (p,q)W (p,q)W (p,q)x





 

 
                              (4.18) 

 

The recursive implementation of the BF part is given, and the boundary strength term 

is redefined as formula (4.19): 

 

                                                  

, 1
1

e

'
E

i i
q

e

i p

W e 









 
                                              (4.19) 

 

The color similarity term and the spatial distance term are the same as defined in the 

RBF weight function.  

Using the new boundary strength term, it can be obtained by mathematical induction 

as formula (4.20): 

 

                                   
0

0

' ' '
( , ) ( , ) ( , )

i

i c d e k
k

y a W i k W i k W i k x


 
                            (4.20) 

 

In the proposed three-sided recursive filtering weight function, four pairs of orthogo-

nal filters are used to detect the boundary. 

 Cost aggregation: The ASW method is used to aggregate the original matching costs 

in the support window, and use an asymmetric strategy to calculate the weight mask. 

These filters are pre-calculated and are constants for all test images. The convolution op-

eration can be divided into three steps: 

1. discrete Fourier transform (DFT); 

2. multiplication;  

3. inverse DFT (iDFT). The computational complexity of DFT and iDFT is 

O(Nlog2(N)) where N represents the image size.  

Therefore, the computational complexity of boundary detection is O(Nlog2(N)).  

Then, the recursive implementation of the bilateral filtering part and the boundary 

strength is O(N) performed separately, and the computational complexity is O(N) both. 

Therefore, except for boundary detection, the complexity of the recursive implementation 

of the trilateral filtering is that it is independent of the support window size. 
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4.3 Experimental results and analysis 
 

4.3.1 Experimental settings 
 

The proposed TF-based method and RTF-based method were tested, and evaluated on 

the Middlebury benchmark and real-world stereo sequences. All the experiments below 

use a high-performance computer with 3.4 GHz, Inter Core i7 CPU and 8 GB memory, 

to build the VS2015 + OPencv3.0.0 development platform, and use C ++ programming. 

The experimental parameter settings are defined as follows. The parameters for match-

ing cost calculation are {θ, τ1, τ2} = {0.11, 7, 2} in (1); RTF parameters are {γc, γs, γe} 

= {0.13, 0.03, 0.05}; and TF The parameters are {γc, γs, γe} = {0.03,0.02,0.02}. For all 

data sets, the above parameters remain unchanged. The test samples were from Tsukuba 

(384 × 288, maximum depth 16), Teddy (450 × 375, maximum depth 59), Venus (433 × 

383, maximum depth 19), and Cones (450 × 375, The maximum depth is 59) Four sets 

of binocular visual image pairs. 

 

4.3.2 Boundary strength term 

 

Three experiments were conducted to compare the RTF algorithm with other binocu-

lar stereo matching algorithms. In the first experiment, we evaluated the method proposed 

in the Middlebury benchmark using 37 pairs of stereo images. In order to better compare 

the cost aggregation steps of each method, the matching cost calculation, cost aggregation, 

and Winner-Take-All (WTA) optimization steps were selected to run without being af-

fected by pre-processing and post-processing. The original disparity map was created by 

WTA the optimization strategy is passed directly, so there is no post-processing, such as 

median filtering. The parameters of the matching cost calculation step are set to the same 

value. For the cost aggregation parameters, more than 20 parameter settings were tested 

for each method and the best parameters were selected to ensure the minimum average 

error on the image set, where RTF: {λe, λc, λd} = {0.08, 0.7, 0.04 }, RBF: {λc, λd} = 

{0.4, 0.06}, TF: {λe, λc, λd, r} = {0.06, 0.08, 0.02, 0.06, 17}, BF: {λc, λd, r} = {30,7,17}, 

the error threshold is set to 1, in order to better observe the original disparity map calcu-

lated by each method, in figure 4.2, figures (1)-(5) represent the original image, The RTF, 

RBF, TF, and BF disparity maps mark the error pixels as red, and the blue box marks the 

areas where pixels with similar colors but different parallax are located.  

 

(1)                      (2)                      (3)                       (4)                     (5) 

 

Figure 4.2 – Edge distribution of different areas with similar color parallax 
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4.3.3 Noise processing 
 

In the second experiment, in order to test the robustness of the proposed algorithm, 

salt and pepper noise with a density of 3% was added to the image set, as shown in the 

second image of FIG. Matching rate, to verify the effectiveness of the increased boundary 

strength, visual comparison and quantitative comparison of experimental results are 

shown in figure 4.3 and table 4.1. 

 

 

 

 

 

Original image   Add noise        RBF              RTF 

 

Figure 4.3 – Add noise matching diagram 

 

Table 4.1 – Mismatch rate with added noise  

 

 Tsukuba Venus Teddy Cones Avergae 

RTF 2.36 1.92 8.79 4.85 4.48 

RBF 12.59 11.48 17.15 10.36 12.90 

 

Quantitative comparison shows that RTF performs better than RBF in dealing with 

noise, and its average error rate is 4.48%, which is lower than the RBF 12.90% mismatch 

rate, because this is based on local energy edge detection, isolated noisy pepper and salt 

pixels on the border The term has no effect, so the algorithm in this paper has good ro-

bustness to noise. 

 

4.3.4 Precision analysis 
 

Through experiments one and two, it is verified that the three-sided filter has higher 

accuracy than the two-sided filter, and the effect is particularly obvious in regions with 

similar colors but different parallax. In experiment three, the matching result of the three-

sided recursive filter adaptive weighting (RTF) algorithm Compare with bilateral filtering 

adaptive weighting algorithm (BF), trilateral filtering adaptive weighting algorithm (TF), 

bilateral recursive filtering adaptive weighting algorithm (RBF), and recursive edge-

aware filtering algorithm (REAF) algorithm. Figure 4.4 lists The matching results of five 

binocular stereo matching algorithms on Middlebury samples are presented. The first line 

is the left-eye image of the binocular stereo vision test set. The last few lines are the RTF 

binocular stereo matching algorithm, BF binocular stereo matching algorithm, TF binoc-

ular stereo matching algorithm, RBF binocular stereo matching algorithm and The dis-

parity map calculated by the REAF binocular stereo matching algorithm.  
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It can be seen from the disparity map that the boundary intensity term proposed in this 

paper is effective, and the matching effect of pixels with similar colors but different par-

allax is better than other algorithms. In addition, since the guide image is represented as 

an undirected graph G= (V, E). 

In the RTF algorithm, the vertex All image pixels, and edge E is all edges between 

adjacent pixels. All pixels are connected by a four-connected grid, and the weighted cost 

of each pixel is first aggregated horizontally (from left to right, then from right to left), 

and then vertically aggregated (from top to bottom, then from bottom to top). This causes 

the cost of each pixel to propagate to other pixels through the four-connected grid path, 

which guarantees a smooth continuity at the edge of the image. 

    

 

 

Left 
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BF 

 

 

 

 

TF 

 

 

 

 

RBF 

 

 

 

 

 REAF 

 

 

 

Figure 4.4 – Comparison of disparity maps of different algorithms 
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4.4 Efficiency assessment 

 

In this section, the computational efficiency of RTF, RBF, TEAF, BF and TF are 

compared. These methods are implemented in C ++ and tested on the same PC using a 

single core. By comparing the four provided by the Middlebury benchmark Standard, 

calculate and evaluate the running time of the cost aggregation step of each of the above 

methods, and the following statistical chart can be obtained. 

It can be seen from the above figure that the recursive cost aggregation methods RTF, 

RBF, and REAF algorithms run much faster than the non-recursive bilateral filtering BF 

and trilateral filtering TF algorithms. In the above analysis, the calculation complexity of 

RTF is RBF and the complexity of the REAF algorithm is also that the algorithm com-

plexity has nothing to do with the supported window size. Therefore, recursive filtering 

method is very effective for cost aggregation. On the other hand, RTF is more time-con-

suming than RBF because RTF requires boundary detection operations compared to RBF. 

The average execution time of boundary detection is about 90 ms, and RTF includes op-

erations that increase the boundary strength term. Therefore, cost aggregation based on 

RTF is slower than cost aggregation based on RBF, but the matching accuracy has been 

greatly improved. 

First, RTF (174 + 90 ms) is almost 3 times slower than RBF (80 ms). This can be 

explained for two reasons. First, compared with RBF, RTF requires boundary detection 

operations. The average execution time of boundary detection is about 90 ms; second, 

RTF includes a boundary strength parts; therefore, RTF-based cost aggregation (174 ms) 

is more cost-effective than RBF-based cost aggregation (80 ms) about 2 times slower. 

Secondly, recursive implementation significantly improves computational efficiency. 

The computational complexity of TF and BF depends on the supported window size, and 

these two methods are very slow. From the figure, it can be observed that RTF (RBF, 

corresponding) is 100 times faster than TF (BF, corresponding), which proves the effec-

tiveness of the recursive implementation. 

Specifically, cost aggregation in RTF and RBF requires four scans, namely two hori-

zontal scans and two vertical scans, while non-recursive cost aggregation requires two 

full scans, from leaf to root and then from root to leaf. This greatly increases the running 

time, reduces the matching speed, and the recursive implementation significantly im-

proves the calculation efficiency. The calculation complexity of TF and BF depends on 

the size of the support window. These two methods are very slow, it can be observed that 

RTF and RBF are nearly 100 times faster than TF and BF, which proves that the efficiency 

of recursive implementation. 

 

4.5 Summary of this chapter 
 

In this chapter, a three-sided filtering cost aggregation method is proposed. By intro-

ducing the boundary strength term to extend the bilateral filtering, on the basis of the 

three-sided filtering cost aggregation method, a three-sided recursive filtering adaptive 

weight cost aggregation method is further proposed, the calculation is analyzed from the 
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perspective of theory and actual running time. The experimental results show that the 

method has more accurate matching results and faster calculation speed than other stereo 

matching methods. It proves the effectiveness of the boundary strength term and the high 

efficiency of recursive implementation sex. 
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5 USE OF RESULTS IN THE HEAT POWER INDUSTRY EQUIPMENT 

 

5.1 The combustion in boilers of large power plants SWOT matrix constitutes  

 

SWOT matrix principle. SWOT is composed of the first four letters of Strengths, 

Weaknesses, Opportunities, and Threats [28]. The guiding principle is: First, the formu-

lation and selection strategy should make full use of its opportunities and advantages, and 

strive to avoid threats and disadvantages; second, the formulation and selection strategy 

can be long-term, attacking opponents, and can attack and effectively defend [29]. Third, 

the formulation and selection strategy can make full use of its own opportunities, play its 

own advantages, overcome disadvantages and avoid external or internal threats. Combin-

ing the opportunities and threats of the external environment of the enterprise with the 

advantages and disadvantages of the internal conditions of the enterprise can form four 

alternative strategies, namely, SO strategy, WO strategy, ST strategy, and WT strategy.  

  1.Strengths - Opportunity (SO) strategy. This is a strategy for business decision mak-

ers to leverage their internal strengths and leverage external opportunities. Enterprise de-

cision makers very much hope that enterprises are in this state, the external environment 

provides a good opportunity for enterprise development, and enterprises also have the 

internal advantages of making full use of external opportunities, so that enterprises can 

conditionally develop development or enhanced strategies. In general, before implement-

ing the SO strategy, companies can first use the WO, ST or WT strategy to overcome the 

disadvantages of the enterprise, avoid threats, and create conditions for implementing the 

SO strategy. 

  2.Weaknesses - Opportunity (WO) Strategy. Companies can take advantage of exter-

nal opportunities to reduce internal weakness strategies. 

3.Strengths -Threats (ST) strategy. Companies use their strengths to evade and reduce 

external threats. 

  4.Weaknesses - threat (WT) strategy. A strategy for companies to overcome internal-

weaknesses and heat up external threats. Designed to weaken disadvantages and threats, 

it is a defensive strategy. In this situation, the survival of enterprises faces a serious threat, 

and only major changes, contractions, and even bankruptcies and liquidation strategies 

are adopted [30].                            

SWOT matrix application steps: 

1.Analyze key external opportunities for your business (O); 

2.Analyze the company's key external threats (T); 

3.Analyze the key internal strengths of the company (S); 

4.Analyze the key internal threats of the enterprise (W); 

5.Develop a SO strategy by rationally combining internal strengths with external op-

portunities; 

6.Develop a WO strategy by rationally combining internal disadvantages with extenal 

opportunities; 

7.Develop an ST strategy by rationally combining internal strengths with external 

threats; 
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8.Develop a WT strategy by rationally combining internal weaknesses with external 

threats. Specifically, as shown in table 5.1.     

 

Table 5.1 – SWOT matrix analysis of the combustion in boilers of large power plants 

 

 

Conclusion: Combustion in boilers of large power plants is a very complex physical 

and chemical process. Early warning of abnormal operating conditions and timely corre-

sponding measures on the basis of accurate diagnosis of their combustion conditions are 

of great significance to ensure the safe and stable operation of the unit. At present, the 

furnace detection part of the unit operating parameters includes several parameters such 

as oxygen mass fraction, negative pressure, and fire detection, a set of furnace combustion  

monitoring system installed on a 300 MW power plant boiler is used to detect the multi- 

         Internal factor 

 

 

 

 

 

 

External factor 

Strength Weakness 

1. Enterprise ownership structure; 

2. Policy subsidies such as electrical prices 

and environmental protection; 

3. Sound management system; 

4. Convenient transportation area; 

5. Personnel skills stock; 

6. Unit heating market; 

7. Strong the debt repayment and develop-

ment capabilities. 

8. CCD is used to capture images in coal-

fired boilers, and extensive research has 

been carried out. 

1.The flame blackness de-

tected by the color CCD 

camera only represents 

the radiation characteris-

tics of the visible light re-

gion.   

 2. For the radiation of 

CO2, water vapor and 

other gases with obvious 

infrared radiation capabil-

ities. 

opportunities SO WO 

1.Combination of image 

processing and thermal en-

ergy is a new method 

2. The new unit and new 

energy project will start 

construction soon; 

3.Urban heating demand is 

growing 

 

1. Accelerate the expansion project and new 

energy projects by taking advantage of the 

ownership of the owned enterprise group's 

issues; 

2. Take advantage of regional advantages 

and fully develop the thermal market； 

3.Improve thermal energy usage 

1.Improve accuracy; 

2.Combine the stereo 

matching and the   boilers 

of large power plants 

Treats ST SO 

1. Environmental protec-

tion policies are becoming 

more stringent and envi-

ronmental protection costs 

are increasing; 

2. The competition is fierce 

and the utilization hours of 

small unit equipment are 

reduced. 

 

Improve the level of technical management 

and resist external threats. ARDS. 

1.Stereo matching algorithms are various 

and easy to compare ARDS. 

2. Utilize the advantages of physical fitness, 

increase communication and coordination 

with governments at all levels, and acceler-

ate the construction of expansion projects. 

1.Maintain safety and sta-

bility and ensure the 

hours of equipment; 

2. Use existing personnel 

to maintain business op-

erations 
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layer radiant energy signals of different heights in different corners of the furnace in real  

time, which can comprehensively reflect the furnace combustion status. 

 

5.2 Gantt's schedule of actions for implementation of boilers power plants  

 

  Gantt chart (Gantt's schedule) is also known as horizontal chart, bar chart (Bar chart). 

It uses a bar chart to show the internal relationship between project, progress, and other 

time-related system progress over time [31].  

 The Gantt chart shows the order and duration of specific items through an activity list 

and time scale. Gantt chart is also known as Bar chart and Bar chart. It uses a bar chart to 

show the internal relationship between project, schedule, and other time-related system 

progress over time. It was named after the man who proposed it, Henry Laurence Gantt. 

Define the activities and projects involved in the project [32]. 

The content includes the project name (including the order), start time, duration, type 

of task (dependent/deterministic), and which task to depend on. 2. Create a gantt sketch. 

Mark all projects on the gantt chart according to the starting time and time limit. 3. 

Determine the project activity dependencies and order the progress in a timely manner. 

Use sketches, and connect projects by project type, and schedule them. Determine the 

implementation personnel of the activity task and adjust the working hours timely and as 

required. 

A line chart, the horizontal axis represents time, the vertical axis represents the project, 

and the line represents the planned and actual completion of the period. Intuitively indi-

cate when the plan is going, and compare progress with requirements. It is easy for man-

agers to understand the remaining tasks of the project and evaluate the progress of the 

work. The Gantt chart is one of the earliest tried tools that link activities and time for the 

purpose of job sequencing, helping companies describe the use of resources such as work 

centers and overtime work. 

The Gantt chart contains the following three meanings: 

1. Display activities in the form of graphics or tables; 

2. A general method of displaying progress; 

3. The calendar day and duration are included in the construction. Weekend holidays 

are not included in the schedule.  

In this paper , we include these parts in our Gantt's schedule: Abstract; Introduction; 

Review of references; Related theories of binocular stereo matching; Research and anal-

ysis based on stereo matching algorithm; Improved trilateral recursive filtering stereo 

matching algorithm; Use of results of a research in the heat power industry equipment; 

Conclusion and Outlook; References; Graphic part: preparation of slides; Coordination of 

a final version of the text of work; Registration of the explanatory note; Compliance as-

sessment of the explanatory note; Obtaining the signature of the head of the department; 

Development of the additional materials SUSU and Registration of SU TV. 

In this part chapter 5.2, we use Gantt's schedule to shown the process of our work and  

make notes and the performers in every process, it can make the process clear. In addition,  

the following table updates the task process directly in the schedule. Table 5.1 shows the  
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project stage and participants at each time of the paper. Specifically, Gantt's schedule as  

shown in table 5.2. 

 

Table 5.2 –Gantt's schedule of actions for implementation of boilers power plants 

 
Research and  

Project stages 

Performers  Period of implementation of the project  

2019 - 2020, month 

9 10 11 12 1 2 3 4 5 

1 2 3 

1. Abstract  Undergraduate  

Head of work 

         

2. Introdaction student Du Xu          
3. Review of references  student Du Xu          
4. Related theories of binocular 

stereo matching 

student Du Xu          

5.Research and analysis based on 

stereo matching algorithm 

student Du Xu          

6. Improved trilateral recursive fil-

tering stereo matching algorithm 

student Du Xu          

7. Use of results of a research in 

the heat power industry equipment  

student Du Xu          

9. Conclusion and Outlook student Du Xu          
10. References  student Du Xu          
11. Graphic part: preparation of 

slides  

student Du Xu          

12.Coordination of a final version 

of the text of work       

student Du Xu          

13.Registration of the explanatory 

note  

student Du Xu          

14.Compliance assessment of the 

explanatory note  

student Du Xu          

15.Obtaining the signature of the 

head of the department  

student Du Xu          

16.Development of the additional 

materials SUSU  

student Du Xu, 

Professor A. Ala-

bugin. 

         

17. Registration of SU TV student Du Xu 

and the Senior 

lecturer R. Ala-

bugina. 
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6 CONCLUSION AND OUTLOOK 

 

6.1 Summary 
 

This article takes stereo matching in binocular stereo vision as the core. In order to 

solve the problems of insufficient matching accuracy and fast matching speed, the four 

steps of stereo matching cost calculation, cost aggregation, parallax optimization, and 

parallax refinement are deepened. Research, compared a variety of existing stereo match-

ing algorithms, analyzed the advantages and disadvantages of different algorithms, im-

proved the bilateral filter stereo matching algorithm, proposed a three-sided filter stereo 

matching algorithm, and compared the algorithm implementation and experiment, from 

Comparative analysis of algorithm complexity, running speed and other aspects to verify 

the effectiveness of the algorithm. The main work and innovations of the paper are sum-

marized as follows: 

1. Master the basic principles of the binocular vision system by reading the literature, 

and compare the existing multiple binocular stereo matching algorithms from multiple 

angles. The study found that these algorithms cannot effectively solve the problems 

caused by pixels with different parallax but similar colors Fuzzy matching problem, and 

poor real-time performance. 

2.On this basis, a new TF-based ASW method is proposed to solve the above fuzzy 

matching problem. This is achieved by extending the BF to a third boundary intensity 

term and extending the bilateral filtering by introducing a boundary intensity term that 

uses a local energy model to measure the intensity of the possible parallax boundary be-

tween two adjacent pixels. 

3. In order to improve the calculation efficiency required for high-speed applications, 

an ASW method based on recursive TF is further proposed. The proposed three-sided 

filter stereo matching algorithm will be implemented recursively, and its calculation com-

plexity will be calculated from a theoretical perspective and actual running time. For anal-

ysis, the complexity is O (N) of the cost aggregation step, and O (NLog 2 (N)) of the 

boundary detection. Therefore, this complexity is independent of the supported window 

size. 

4. Through experiments on the Middlebury benchmark test set, the proposed algo-

rithm and other algorithms are comprehensively compared in terms of matching accuracy, 

algorithm efficiency, algorithm complexity, etc. The experimental results show that this 

method has more matching results than other stereo matching methods Precise and faster 

calculation speed proves the validity of the boundary strength term and the efficiency of 

recursive implementation. 

5. The analysis strong and weaknesses of technology based on the research on stereo 

matching algorithm based on binocular vision, opportunities and threats of its application 

6. In chapter 5 introduce use of results of a research in the heat power industry equip-

ment and the description of the SWOT-analysis, SWOT matrix, a conclusion about a pos-

sibility of use of results of a research in power and the description of actions for carrying 

out a research and realization of its results in power. In chapter 5.1, analysis the weakness, 
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strengths, opportunities and so on, and in Chapter 5.2, showed the schedule of the TW, 

Gantt's schedule of actions for implementation of technology based on the research on 

stereo matching algorithm based on binocular vision in the heat power industry equipment. 

Finally, we get a conclusion that by experimental research was carried out on two coal-

fired boilers of power stations, and the flame black distribution along the height of the 

boiler was detected online. We have applied stereo matching algorithm in heat power 

equipment. 

 

6.2 Outlook 

 

Stereo matching is problems in stereo vision. Although the current researchers have  

conducted research in this field for nearly 30 years, there are still many challenges in 

stereo matching technology, and some problems (such as occlusion and lighting) have not 

yet been it has been completely resolved, affecting its application in the actual system. In 

response to this situation, this thesis can be further studied from the following aspects: 

The three-sided filtering stereo matching algorithm proposed in this paper (Chapter 

5) focuses on the matching value accumulation method. The matching value calculation 

has not been fully studied. In the future research work, we can study and design the light-

ing, perspective transformation, etc. Better matching value. 

Hypothesis testing method is adopted in parallax optimization. There are currently 

many other optimization methods, such as cut, confidence propagation, etc., you can try 

to add such methods to the framework of this paper. 

The stereo matching methods studied in this paper are aimed at static binocular im-

ages, and most of them are obtained in actual applications. You can consider researching 

video-based stereo matching technology, and use this technology to heat power field. 
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