
Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

International Journal of Innovative Technology and Exploring Engineering (IJITEE) 
ISSN: 2278-3075 (Online), Volume-9 Issue-3, January 2020 

   1560 

Retrieval Number: C8602019320/2020©BEIESP 
DOI: 10.35940/ijitee.C8602.019320 
Journal Website: www.ijitee.org 

Abstract: This paper presents an approach that use 
combined cost method and disparity refinement for stereo 
matching.  Here disparity is obtained using the intensity, 
gradient, histogram of gradients for cost computation. Later 
disparity refinement is performed using Weiner filter. The 
correctness of matching is enhanced in the proposed method. 
The combined use of cost measure ensures the effective 
evaluation. The proposed approach produces good quality 
disparity map. 
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I. INTRODUCTION 

Stereo matching finds its application in 3D 
reconstruction. It is one of major topic that is researched in 
computer vision [1]. Stereo matching uses camera which 
contains two or sometimes more lenses. It generates images 
that are similar to human vision and find 3D position of 
objects. The gap between the lenses is same as the gap that 
exists between the human eyes. Vision lets us to perform 
certain basic tasks such as inferring shape and depth of the 
objects by finding the differences of the projection on our 
two eyes. Apart from these simple capabilities our eyes can 
also perform complex tasks such as identifying and also 
interpreting the context of our natural surroundings. Stereo 
matching tries to obtain 3D information from 2D images. 
The stereo matching aims at computing the disparity  at each 
individual pixel. The change in positions of pixels between 
matching pixels is known as disparity. Using camera 
parameters depth of the pixels can be calculated. Apart from 
stereo matching, several other methods are available for 
finding such as laser scanning [2]. These methods need a 
large setup. Stereo matching is challenging because of poor 
or repetitive textures, illumination differences. Further, 
quick calculations are needed for real-time applications. 
Stereo methods are classified into local approaches and 
global approaches [3]. Local methods tend to be simple but 
less accurate. Global method use energy function to find 
disparity map. The proposed method uses a novel technique 
by combining the measure of intensity, gradient, histogram 
of gradients (HOG) for the disparity computation. 
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Disparity refinement is performed using wiener filter. 
The resultant disparity map shows an improvement over the 
conventional method.  

The rest part of the paper is summarized below. Section 
II includes literature survey. Methodology is given in III 
section. The results obtained are demonstrated in the section 
IV.  Section V shows conclusion. 

II.  LITERATURE SURVEY 

Several stereo matching algorithms are proposed in the 
past. The local methods generally use certain measures such 
Sum of Squared Differences (SSD). Apart from this measure 
the measure such as Birch field Tomasi is proposed. The 
correctness of local methods depends on correct widow size 
selection. [4] Used variable sized windows. [5] Proposed 
multiple windows to improve accuracy at depth 
discontinuities. Adaptive weight [6] is used recently to 
obtain good disparity map. These are computationally 
expensive. Segmentation based stereo matching is proposed 
by [7, 8].Their performance depends on accuracy of 
segmentation.  Fast stereo matching method based on area is 
proposed by L. D. Stefano [9].  Here searching is performed 
in single direction. Hence it is called as Single Matching 
Phase (SMP). It discards previous matches when better 
result is found. It uses SAD technique for error calculation. 
This method generates a dense disparity map. The method 
used in [10] proposes zero mean normalized cross 
correlation. It uses neural model .Correct window size and 
shapes are selected by the neural network for each 
considering region. The results obtained by the network are 
better but they are expensive in terms of computational 
power. So it is not applicable for real time applications . 
Matching based on shape is proposed in [11]. It tries to show 
the relevance of the horizontal and slanted surfaces. Here the 
researchers replaced the uniqueness constraint which refers 
to pixels by uniqueness constraint which refers to line 
segments along the given scan line. It calculates interval 
matching rather than pixel matching. It uses absolute 
intensity difference for the matching factor.  Several global 
algorithms are proposed in the fast like belief propagation 
[12], dynamic programming, graph cut[13]. Intensity is the 
common measure used for cost computation, but they fail to 
perform at the object boundaries. To overcome this problem 
authors in [14] used gradient information. Weighted sum is 
used in [15].Here the gradient information may be 
susceptible to noise. The proposed method uses combined 
cost measure 
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III. METHODOLOGY 

The steps followed in the paper are given in Fig. 1. 

 
Fig.1. Steps of  proposed approach 

A. Stereo Matching 

Stereo matching that are local based uses cost 
computation for matching. The matching cost is found for all 
pixels. Typically matching cost between corresponding 
pixels are found based on intensity differences.  Color 
intensity is very sensitive to illumination differences .Image 
gradient preserves structural details present in image. Hence 
it is less sensitive to change in illumination. Gradient of 
images are obtained using convolving filter.  Sobel filter is 
used in the proposed approach.  Gradient images in x and y 
direction is calculated using the following equation.  
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 Gradient information is sensitive to noise. To overcome 
this issue HOG descriptor is considered in calculating 
disparity map.   HOG is invariant to photometric 
transformations. This calculates the total count of 
occurrences of orientation of gradient in a part of image. The 
image is arranged as tiny connected regions which are 
known as cells. For each and every connected region 
histogram of unsigned gradient orientation is calculated. All 
the histograms of connected regions are combined to form 
the HOG descriptor. 

 

The cost based on intensity, gradient, HOG is calculated as 
follows 
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Here  yx,Il , Ir(x− d , y )  is the intensity values, 

Gl(x , y)  , Gr (x− d , y )  is gradient information . 
Hl(x , y )  , Hr (x− d , y )  are the HOG values of pixel 

(x, y), d  denotes value of disparity. w   is the window . 
       

The minimum difference over the window gives the best 
matching pixel. This pixel location gives the optimal 
disparity. The disparity map using intensity, gradient and 
HOG feature is found. The disparity map is obtained by 
combining the weighted sum of these three disparity map. 
 
       

     321∝ dγ+dβ+d=d                   (5) 
 
Here d1, d2, d3 are the disparity map obtained based on 

intensity, gradient and   HOG respectively. 1∝ =γ++β   . 
0.4∝=  , β= 0.4  and γ= 0.2 . 

B.  Disparity refinement 

Disparity refinement is performed with the help of 
wiener filter. This filter is applied in frequency domain. It 
can filter the noise from the corrupted image. It tries to 
minimize the mean square error by keeping the variation 
between the original and reconstructed image as low as 
possible. It helps in deblurring the image. The commonly 
used filter to restore corrupted image is inverse filter. But 
the inverse filters are sensitive to additional noise. Wiener 
filter removes noise and helps in deblurring at the same time. 

IV. RESULTS AND DISCUSSIONS 

The proposed system uses images taken from Middlebury 
dataset as the input .Here rectified images are considered to 
evaluate the performance. The images like Cloth, Baby, and 
Flowerpot were used.  The performance is evaluated using 
qualitative and quantitative measure. The Qualitative results 
are depicted as below 
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(a)                       b)                        (c)                         (d) 
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Fig. 2 Results for images Cloth, Baby, Flowerpot . (a) 

Left image, (b) Right image (c) Ground truth image (d)  
Disparity Map 

 

 Root Mean Square Error (RMSE) is used for 
quantitative measure. RMSE is computed between the 
ground truth and disparity map. Lesser the resultant value of 
RMSE better is the quality of the image. The following 
equation is used to calculate RMSE.                                 

RMSE=( 1
M *N

∑ ∑ (dc (x,y )− dg (x,y))2)
1/2

 

                                                                                    (6)                                             

Here dc is disparity map generated and dg is the ground 
truth image. M represents rows and N represents columns 
present in the image. 

Table I gives the value of RMSE of disparity map 
obtained by  the proposed system and disparity map using 
gradient. The RMSE value of the disparity map of proposed 
approach   is lesser than that of the disparity map using 
gradient method which ensures better performance. 

TABLE I RMSE values 
Input Image Gradient method Proposed method 

Cloth 9.95 8.91 

Baby 11.09 10.51 

Flowerpot 13.56 13.40 

V. CONCLUSION 

In this paper, disparity map is generated using the combined 
cost measure of intensity, gradient and HOG features. 
Disparity refinement is performed using wiener filter. The 
proposed system is tested using the images from Middlebury 
dataset. The results obtained shows that this method 
produces better quality disparity map. 
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