
7th Asia-Pacific Workshop on Structural Health Monitoring 

November 12-15, 2018 Hong Kong SAR, P.R. China 

A Stereovision Measurement Method Considering Epipolar Constraint 
 

 

B. H. Shan 1, 2, 3*, X. Y. Huo 1, Y. Liu 1 

 
1 School of Civil Engineering, Harbin Institute of Technology, Harbin, P.R. China 

Email: shanbaohua@hit.edu.cn 

 
2 Key Lab of Structures Dynamic Behavior and Control (Harbin Institute of Technology), Ministry of 

Education, Harbin, P.R. China 

 
3 Key Lab of Smart Prevention and Mitigation of Civil Engineering Disasters of the Mining of  

Industry and Information Technology, Harbin Institute of Technology, Harbin, P.R. China 

 

 

KEYWORDS:  Stereovision; Stereo matching; Epipolar Constraint; DIC; Correction 

 

ABSTRACT 
 

To improve the accuracy of stereo matching of DIC method, a correction method based on epipolar 

constraint for 3D-DIC stereo matching is proposed in this paper. The initial stereo matching result is 

obtained by DIC method, and then the initial results are corrected by epipolar constraint. The point on 

the right pole line, which is nearest to the initial result of DIC method, is regarded as the new 

matching point on right image. In addition, this method is also used to match right sequential images. 

The tensile test of 304 stainless steel specimen is conducted on material testing machine. Compared 

measurement error of the proposed method with that of stereovision method without correction, 

experimental results show both the maximum error and average error of the proposed method decrease 

through correction by epipolar constraint, this testifies that the proposed method can improve the 

measurement accuracy of stereovision method. 

 

 

 

1. Introduction 
 

In stereovision field, the camera calibration and stereo matching between left and right images are two 

core issues. In a certain sense, the development of camera calibration technology and stereo matching 

algorithm determine the development of stereo vision method [1]. Stereo matching mainly researches 

how to determine the corresponding point in one image of a point in the other image. Stereo matching 

algorithms can be divided into two categories: the global matching algorithm[2, 3] and the local 

matching algorithm[4, 5]. Global matching algorithms mainly includes dynamic programming algorithm 
[2], graph cut algorithm[3] and so on. Although the belief propagation algorithm and graph cut algorithm 

are good global matching algorithms, the two algorithms take a long time, which are inefficient. Under 

the condition of without affecting the matching accuracy, scholars have turned their attention to the 

local matching algorithms. Local matching algorithms mainly includes feature matching algorithm, 

phase matching algorithm and regional matching algorithm. The shortcoming of feature matching 

algorithm is that only the discrete matching of images is achieved, but the continuous disparity map is 

not obtained. There is a problem named phase singularity when using phase matching algorithm[5]. In 

civil engineering, the digital image correlation (DIC) is a region matching algorithm. In recent years, 
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with the development of DIC method, the advantages of DIC method in stereo matching method have 

become more and more obvious. 

 

In 2009, Sun Wei[6] researched the application of DIC method in the civil engineering test field and the 

tensile test of the rubber band was used to verify the measurement accuracy of the DIC method. In 

2010, Ye Nan[7] proposed fragment displacement transfer method FDT on the basis of DIC. He applied 

FDT to stereo matching and timing match under large deformation. In 2014, Liu Cong[8] applied 3D-

DIC method to do the FRP wrapped concrete column compression experiment. His stereo matching 

algorithm was second order shape function. In the same year, Zhu Feipeng[9], etc. applied three-

dimensional DIC method for measuring the tensile properties of GFRP bolt specimens, whose stereo 

matching algorithm was DIC method. 

 

It can be found that epipolar constraint did not be considered in the above DIC method, this may bring 

about the measurement error. The epipolar constraint is a very important constraint relationship for 

stereo matching. To solve this problem, this paper proposes a stereovision method considering 

epipolar constraint, and a test is conducted to testify the proposed method. 

 

2. Stereovision measurement method corrected by epipolar constraint 
 

2.1 Stereovision principal  
 

The stereovision model is shown in Fig. 1, 3D coordinates of the measured point P  can be given as 

follows[10]. 
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3D coordinate of the spatial point at any moment can be calculated by Eq. (1). The difference between 

the three-dimensional coordinate at any time and the three-dimensional coordinate at the initial time is 

the three-dimensional displacement of the spatial point. 
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Figure 1. Binocular stereovision model 

 

2.2 Stereo matching correction using epipolar constraint 
 

As shown in Fig. 2, if you know the position of the projection point l
p

 in the left image plane l
I , then 

the corresponding point rp  of the point lp  must lie in the epipolar line rl in the image rI . That is to 



say, the corresponding point rp of the point lp
 must locate on the straight line rl . Similarly, the 

corresponding point lp
 
of the point rp

 must lie on the epipolar line ll . In stereovision field, this 

mutual corresponding constraint relationship is called as epipolar constraint. 
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Figure 2. Epipolar geometry 

 

The stereo matching of DIC method is a process that the known coordinate lp
 of the projection point 

in the left image solves the corresponding coordinate rp  of the projection point in the right image 

through relevant operation. Theoretically, lp
 and rp

 should satisfy the epipolar constraint 

0T

r lp Fp   (2)

However, when the coordinates of lp
 and rp are substituted into Eq. (2), the left side of the equation 

is not exactly equal to 0. This shows there is error in the calculation of the corresponding projection 

point coordinate in the right reference image, which is obtained by DIC matching. Therefore, the DIC 

matching result needs to be corrected to satisfy the epipolar constraint. 
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Figure 3. Correction of stereo matching on right image 

 

As shown in Fig. 3, rp
 is the matching point of DIC method in right image, 

rl  is the right epipolar 

line, rp  is the foot of the perpendicular from the point rp  to the right epipolar line rl . rp
 is located 

in the right epipolar line and the nearest point from rp , and satisfies the epipolar constraint. The point 

 ,
r

p x y is exactly the matching point on the right image corresponding to the point 
l

p  after epipolar 

constraint correction. Solving the point r
p  ,x y  through epipolar constraint correction is a 

mathematical computation process in essence, which is not given detailedly in this paper.  

 

3. Tensile test  
 

A tensile test of 304 stainless steel specimen is performed in universal testing machine. The specimen 

sprayed speckle is shown in Fig.4. Before test, an extensometer was mounted on the specimen to 

record the elongation of specimen. The cameras could record images with a pixel resolution of 



1000×1000 at 10fps, two cameras were kept 1m away from specimen. A 6W LED light was employed 

to implement the lighting in test. Before test, the stereovision measurement system was calibrated by 

Zhang’s calibration algorithms, and the intrinsic and extrinsic parameters of stereovision system can 

be obtained accordingly. 

 

As shown in Fig. 4, two measured points on the clamped position of extensometer were selected to 

calculate the displacement by the proposed stereovision method. Then the distance between two 

measured points can be obtained through subtracting the displacements of two measured points, which 

was compared with the measurement results of extensometer. 

 

For two specimens, the displacements obtained by the stereovision methods before and after the 

epipolar constraint are compared with that of the extensometer. The displacement curves and the error 

curve are given in Figure 5. 

 

Figure 4. Extensometer and position of measured point

 

From Fig. 5, two displacement curves measured by the stereovision methods have the same trends 

with that of the extensometer. Compared with the traditional stereovision method, the displacement 

curves obtained by the stereovision method considering epipolar constraint are closer to that of 

extensometer. The measurement results of extensometer is regarded as the true value in this paper, the 

displacement errors obtained by the proposed stereovision method is less than that of the traditional 

stereovision method which does not employ epipolar constraint. 
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Figure 5. In- plane displacement curves 

 



4. Conclusions  
 

To improve the accuracy of stereovision method, the epipolar constraint is used to correct the stereo 

matching results of DIC method on right image in this paper. The nearest point on the right epipolar 

line to DIC matching result is selected as the new matching point, and this correction method is also 

adopted in sequential matching of right images. A tensile test of 304 stainless steel specimen is 

performed in lab. Results show that the measurement error of the proposed stereovision method is 

decreased through epipolar constraint correction, indicating that the accuracy of the proposed 

stereovision method is improved through epipolar constraint correction. 
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