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Abstract: Stereo matching plays an important role in the machine vision. One of the most important 
steps in the stereo vision process is to finding corresponding image points from two view of scene. 
This step called the stereo matching. In this paper, we propose a new method for generating accurate 
disparity map based on genetic algorithm. In our approach, the stereo matching problem is considered 
as an optimization problem. Genetic algorithms are efficient search methods based on principle of 
population genetics, i.e. mating, chromosome crossover, gene mutation, and natural selection. GA with 
excellent capabilities solves difficult nonlinear optimization problems. According to the phenomenon 
of chaos, the chaos operation will be added the searching process for the genetic algorithm in this 
paper, so can improve the performance of optimization procedure. In chaos, a small difference in the 
initial conditions may produce an enormous error in the final phenomena. The rank transform is 
applied on left and right images firstly. Rank transform is a form of non-parametric local transform 
which has been used for stereo matching problem. This technique is used to rank the intensity value 
replaced by its rank amongst the neighboring pixels.  Then we used the morphology to achieve the 
disparity map with less discontinuity. Mathematical morphology is a set of algebra used to process and 
analyze data based on geometric shapes. In this article, we used the morphological technique for post 
processing. We use RMSE to compare our results with other approaches. The Root Mean Square Error 
(RMSE) is a frequently used measure of differences between values predicted by a model or an 
estimator and the values actually observed. RMSE is a good measure of accuracy. In our experiments, 
we used image pairs Tsukuba to test the proposed algorithm. In order to testify the performance of our 
algorithm, the simulation result was compared with those got by a fixed-size window. The 
experimental results show that our approach can generate more accurate disparity maps than two 
existing approaches. 
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INTRODUCTION 

 
 Stereo vision is found in many animals including humans, monkeys, and cats. In addition to the use of a 
pair of stereo images as an active research area, it has been extensively studied in the computer vision and image 
processing. 
 In stereo methods, depth of the 3D models is extracted from disparities between two or more images taken 
by parallel cameras as inputs. One of the most important steps in stereo vision process is to find accurate 
corresponding images from two images. This step is called the stereo matching. Considering the stereo 
matching, it may divide into area based matching and feature-based matching. Feature matching technique is 
obtained from human vision studies. 
 In feature-based correspondence, low-level features such as signed zero-crossing and line segments and 
corners are detected and used for finding matching points. Generally, feature-based approaches act robustly, but 
the features are often sparse and hence, complex interpolation processes are needed to obtain a complete 
disparity map.  
 Area based stereo matching methods find corresponding points based on similarities such as sum of squared 
differences between areas in the left and right images. Area based methods have advantages of directly 
generating dense disparity map but these algorithms are including some drawbacks such as being sensitive to 
affine distortion and difficult to choose the appropriate size of matching window.  
 The small window sizes lead to avoiding projection distortion with short runtime causing the errors of 
matching position whereas large window sizes lead to more accurate disparity maps at the expense of runtime. If 
various window sizes are used to fine corresponding points, then for each point there will be several values of 
disparity. Thus, the number of candidate disparity maps is huge. The best choice of disparity map is one of 

 candidates where W is the window sizes, N and M represents the image resolution of row and column, 
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respectively. Generating algorithms are heuristic and randomized search algorithms based on natural selection 
and natural genetic mechanism in nature.  
 GA is often regarded as an alternative method for solving complex optimization problems whose 
derivatives cannot be computed numerically. Chaos is a universal phenomenon in the nature. Chaos, which is 
radically different from statistical randomness, can improve the performance of optimization process. Chaos has 
randomicity and ergodicity characters under deterministic conditions. 
 In chaos, a small difference in the initial condition may lead to enormous error in the final advantage. It is 
extremely sensitive to the initial conditions. It is referred as the instability in the so-called butterfly effect. 
Multiple elements with nonlinear interaction expressed the sensitive dependence on initial conditions. Having 
chaos characteristic, the system could be designed as an efficient process for establishing the population 
diversity in the problem of interest. 
 To enhance the accuracy of the stereo matching procedure, by using the sensitivity to initial conditions and 
system parameters of chaotic systems (Bobik, A.F., S.S. Intille, 1999), this article tries to synthesize chaotic 
dynamic search process with genetic algorithm. 
 In our algorithm, firstly a rank transform is employed to obtain the initial input images. Stereo matching 
problem can be solved by the genetic algorithm, and introducing chaos optimization operator into genetic 
algorithm. Chaos, being radically different from statistical randomness especially the inherent ability to search 
the space of interest efficiency, can improve quality and computational competence of the initial population. 
Finally, the morphology method is used to achieve the accurate disparity map. 
 

MATERIALS AND METHODS 
 
1) Rank Transform: 
 Rank Transform is a form of non-parametric local transform which has been used for stereo matching 
problem. RANK TRANSFORM relies on the relative ordering of local intensity. This technique is used to rank 
the intensity value replaced by its rank amongst the neighboring pixels. In fig1 the images sl(x,y)and sr(x,y)are 
RANK TRANSFORM to manufacture rank images sl(x,y) and sr(x,y), respectively. RANK TRANSFORM is 
not sensitive to image noise and brightness differences of stereo images. 
The RANK TRANSFORM can be expressed by Eq1: 
R(x,y)=R-∑[s(x+I,y+j)-s(x,y)] 
U (t) is the unit step, R is the number of pixel in the window of rank, (i,j) is a neighbor of window. 
Calculating of disparity maps   
Each disparity is acquired by calculating the sum of squared differences between a pair of stereo image with the 
following equation: 

SR(x,y,d)= 2 

 Where SR(x,y,d)represents the SSD of pixel (x,y) in the right image. D is the window shift in the left image, 
W is the window size, and IL and IR are the gray-level of the left and right images, respectively. Here we have 
employed an epipolar line which can be determined first. The value of d that obtains the smallest sr(x,y) with 
different window sizes is chosen to be the disparity at each pixel position(x,y). 
 
2) Chaos Genetic Algorithm: 
2-1) Genetic Algorithm: 
 The well-known genetic algorithms (GA) were introduced by Holland in 1970s as a special technique for 
the purpose of optimization. Genetic algorithm is a randomized search algorithm based in natural selection and 
natural genetic procedure in nature. To find a global or near-global optimal solution, the search by GA is used as 
a group-base instead of the point-to-point search. Many industrial applications have been improved by this aid. 
GA starts from an initial population of individuals or chromosomes randomly generated according to some 
probability distribution. Moreover, it usually uniforms and updates this population in steps called generations. In 
each generation, multiple chromosomes are randomly chosen from the current population based upon some 
application of fitness. Using crossover, it reproduces itself and, at the same time, by making use of some 
modifications which take place at the stage of mutation, a new generation comes into existence. 
 
2-2) Chaos Optimization of Initial Population: 
 Chaos is non-periodic, long term behavior in a deterministic system that indicates dependence on initial 
conditions. For extending the search range, chaos operation will be added to the searching process in the genetic 
algorithm. 
 On the search accuracy, the chaos genetic algorithm is better than the genetic algorithm and can converge to 
a global optimal solution. 
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 At the initial stage, a chaotic mapping operator is applied to the initial population generating a new chaotic 
population. In the well-known logistic equation (may, 1976): 
xn+1=F(µn,xn)=µnxn(1-xn) (1) 
in which µ is a control parameter, x and n=0, 1,2,… is a variable.  
 The variable x which is also called chaotic variable was determined with the arbitrary initial value 0≤ x0≤1 
(except 0.25, 0.5, 0.75 the fixed point of Eq1) 
 The variation of µ changed the behavior of system Eq(1). Moreover, [0, 4] has been defined as a domain 
area of control parameter µ. 
 Chaotic variable can travel ergodically over the whole space of interest especially under the condition of 
µ=4.  
 Then, very small difference in initial value of x causes large difference in its long-time behavior which is 
the basic characteristic of chaos. Chaos genetic algorithm possesses a joint advantage of genetic algorithm such 
as parallel search and advantage of chaotic variable such as population diversity. 
 Since the total number of candidate solution is very large, we reduce it by dividing the image of  
pixels into little blocks, and then determine the optimal disparity map by implementing Gas block by block, 
where each block is treated as multi-level chromosome string of   characters. 
 In our method, the block size set into   gives a block comprised of a  character with 8 levels. 
 To apply the GAs to determine the optimized disparity map from several possibilities, the map’ accuracy 
must be evaluated .To do this, we employ: 
1) The compatibility between matching pixels in stereo images  
And 
2) The continuity of obtained disparity map 
In stereo matching methods, one way to evaluate disparity map can be described as: 

 
Where d(x,y) is the disparity value of pixel (x,y). 
 
3) Morphology: 
 Mathematical morphology is a set of algebra used to process and analyze data based on geometric shapes. 
In this article, we used the morphological technique for post processing. 
 Morphological techniques probe an image with a small shape or template called a structuring element. The 
structuring element is template called a structuring element. The structuring element is positioned at all possible 
locations in the image and it is compared with the corresponding neighborhood of pixels. Some operations test 
whether the element fits within the neighborhood while others test whether it hits or intersects the neighborhood. 
 A morphological operation on a binary image creates a new binary image in which the pixel has a non-zero 
value only if the test is successful at that location in the input image. 
 Through processes such as erosion, dilation, opening and closing, binary image can be modified to the 
user’s specifications. 
 
3-1) Dilation/Erosion: 
 First, A is defined as the reference image and B is the structure image used to process A. Dilation is defined 
by the equation: 
A⊝B= {Z І[(Bˆ)Z A]  A} 
 Where B is b rotated about the origin. Dilation has many uses but a major one is bridging gaps in an image 
due to the fact that B is expanding features of A. 
 Dilation on the other hand can be considered a narrowing of features on an image. Like before, A is defined 
as the reference image and B, as the structure image. 
A⊕B= {Z І [(Bˆ)Z A]  A} 
Many times dilation can be used for removing irrelevant data from an image. 
 
3-2) Opening a Closing: 
 The process of erosion followed by dilation is called opening. It has the effect of eliminating small and thin 
objects, breaking the objects at thin points and smoothing the contours of the objects. 
 Given set A and the structuring element B, opening A by structuring element b is defined by: 
AΟB= (A⊝B) ⊕B 
 The process of dilation followed by erosion is called closing. It has the effect of filling small and thin holes, 
connecting nearby objects and smoothing the boundaries of the objects  
 Similarly, the closing of a set A by structuring element B is defined as: 
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A•B= (A⊕B) ⊝B 
 
Results: 
 We applied our method to 1) stereo images synthesized by computer simulation and 2) stereo images 
obtained from a CCD camera. 
 In our experiments, we used image pairs Tsukuba to test the proposed algorithm. In order to testify the 
performance of our algorithm, the simulation result was compared with those got by a fixed-size window. 
Figure 1, (a), (b) is the left and right  image of stereo pair of Tsukuba, 1(c) is the ground truth and 1(d) and a(e) 
shows the simulation result of genetic algorithm and our algorithm, from (f) to (h) are the result got with 
window size 17 17,7 , 9   and genetic algorithm, respectively. 
 

 
Fig. 1                                            (a)                                                                   (b) 

 
                                                                                         1(c) 

 
                                                                                            1(d) 
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                                                                                          1(e) 

 
                                                     1(f)                                                       1(g) 

 
                                                                                     1(h) 
Discussion: 
Root Mean Square Error: 
 The Root Mean Square Error (RMSE) is a frequently used measure of differences between values predicted 
by a model or an estimator and the values actually observed. RMSE is a good measure of accuracy .The 
individual differences are also called residuals, and the RMSE serves to aggregate them into a single measure of 
predictive power. 
 In our method, RMSE is the difference between the ground truth disparity map and the computed disparity 
map. 
This measure is computed by the following formula: 
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RMSE Error=  

 Where, N I the total number of pixels in the image, dc is the computed disparity map and dt is the ground 
truth disparity map. 

RMSE method Size of window 
14.44 SSD 17 17 
10.453 SSD 7  
7.068 SSD 9  
2.986 Genetic Algorithm - 
2.32 Our method - 

 
Conclusion: 
 This paper presents a novel algorithm of stereo matching with rank transform and morphology. This 
technique employs chaos genetic algorithm and so can obtain good simulation result compared to those obtained 
by correlation calculated with a fixed-size window. Results also confirm that our method can effectively analyze 
real stereo images. 
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