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Abstract— This paper explains various cost aggregation 

methods used in stereo vision systems and does comparison 

between these methods to find out optimum method for a given 

cost and for a given set of resources. The paper also throws light 

on optimum method for implementation of stereo vision system on 

FPGA’s and SOC’s. The paper concludes with the fact that 

though methods like NCC and ZNCC offer higher accuracy but 

they are computationally heavy for embedding into real time 

systems. SAD and SSD are suitable choice for embedded systems. 

However applications requiring higher accuracy should use 

correlation based method. 

 
Index Terms— Stereo Vision, 3D Reconstruction, Disparity, 

Cost Aggregation. 

I. INTRODUCTION 

Stereo Vision systems are recently being used in consumer 

electronics which has resulted in much research in this field 

and introduction of new algorithms and cost aggregation 

methods. Most of the research is now being concentrated to 

make the algorithms more efficient and less time consuming 

so as to embed it in real time systems like mobiles and 

surveillance systems. 

Stereo vision systems basically consist of three processes. 

The first is of the cost computation which finds out the 

required features between two images which may be intensity 

based features or colour based or other structural features like 

the edges and gradients across the image. The first step may 

vary according to various algorithms as distinct algorithms 

may use different approach to find correspondence between 

two images. However most of the algorithms use the same 

second step of cost matching function which may be pixel 

based or window based. Usually the cost is aggregated over a 

window. This aggregation of cost is the most important part of 

any stereo vision algorithm. The final step is of proper 

disparity selection based on the cost aggregated over the 

entire image. The output of this step is the disparity map 

which gives us the depth information of the two input images.              

 
Fig 1: Steps in a stereo vision algorithm 

This paper deals with the second step which is cost 

aggregation. The paper is an analysis of each method and 

finds out advantages and disadvantages of the methods over 

one another. All the methods have been implemented on 

matlab and the images used are the standard set of images 

provided by the Middlebury website [1]. 

 

II. COST AGGREGATION METHODS 

There are many cost aggregation methods listed in 

literature but this paper deals with more widely used and easy 

to embed algorithms. [2], [6], [8] 

Some of the notations used are 

  –Left Image Intensity at point (x, y). 

  –Right Image Intensity at point (x, y). 

  – Mean Left Image Intensity over window W. 

  –Mean Right Image Intensity over window W. 

A. Sum of Absolute 

Difference(SAD) 

In SAD method the correspondence is achieved by 

selecting a window of required dimension within the two 

images or the cost matrix and adding the difference between 

the elements over the entire window. This method is less time 

consuming but generally is susceptible to outliers.  

SAD =  

B. Zero Mean Sum of 

Absolute Difference(ZSAD) 

It is similar to SAD but the mean of the window is 

subtracted from the aggregated cost. Due to this the cost 

aggregation is immune to linear intensity variations between 

the two images.  

 
C. Sum of  Squared 

Difference(SSD) 

In Sum of Squared Differences (SSD), the differences are 

squared and aggregated within a square window. This 

measure has a higher computational complexity compared to 

SAD algorithm as it involves numerous multiplication 

operations. 

 
D. Zero Mean Sum of  

Squared Difference(ZSSD) 

In ZSSD method the cost is determined as in SSD also by 

subtracting the mean of the match area from each intensity 

value. However, subtracting the mean from the squared 
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intensities adds to the computational complexity of the 

aggregation method. 

 
 

E. Normalized Cross 

Correlation(NCC) 

In NCC method of cost aggregation a window of suitable 

size is determined and moved over the entire image or the cost 

matrix. The correspondence is thus obtained by dividing the 

normalized summation of the product of intensities over the 

entire window by the standard deviation of the intensities of 

the images over the entire window [3], [5] 

 
F. Zero Mean Normalized 

Cross Correlation(ZNCC) 

ZNCC is similar to NCC with the only difference of 

subtracting the local mean value of intensities. Thus the 

computation technique remains the same and correspondence 

can be obtained in the same way as NCC [3], [5] 

 
 

III. IMPLEMENTATION 

All the aggregation methods have been implemented on 

MATLAB and the image used is the standard image Tsukuba 

which is provided by [1]. The codes for the methods were run 

on a machine with Intel Core i5 processor with inbuilt 

graphics. The codes for the listed methods were optimised to 

run efficiently in MATLAB environment. We have 

extensively used operations on matrices avoiding loops. This 

resulted in faster and efficient execution of methods.  

 

IV. COMPARISON 

SAD is the simplest algorithm and can be easily embedded 

into FPGA or SOC. SAD is an ideal choice for real time 

systems but it is more prone to intensity variation among the 

two images. SSD method has a higher computational 

complexity compared to SAD algorithm as it involves 

numerous multiplication operations. Normally, two areas 

which consist of exactly the same pixel values would yield a 

score of zero. However, these measures will no longer yield 

the correct results in the case of radiometric distortion, i.e., 

where the pixel values in one image differ from those in the 

other image by a constant offset and/or gain factor. The ZSAD 

and ZSSD have been devised to deal with this problem. 

However, the improved performance of the ZSAD over SAD 

and the ZSSD over SSD is offset by substantially increased 

computational complexity. 

NCC algorithm is robust to the linear variation in the 

brightness due to different illumination conditions to the 

cameras. But it can be seen that due to more complex 

calculations of division, multiplication and square root its 

computational time is more than SAD, SSD. Hence it could 

only be used for real time application only if we are able to 

develop more efficient algorithm to speed up matching 

process. ZNCC algorithm has the advantages of NCC 

embedded into it. Like NCC, ZNCC gives good results as 

compared to other methods. ZNCC is immune to intensity 

distortions which is an added advantage over NCC. But it is 

computationally more expensive than NCC. 

NCC and ZNCC give very good results with smaller 

windows whereas all other methods give proper results but 

with salt and pepper noise added to it. Therefore, NCC and 

ZNCC are proper for smaller windows and SAD, SSD, ZSAD 

and ZSSD usually give good results with larger windows 

which add to computational time. 

A.  Image and its Ground Truth 

 
Fig 2: Tsukuba Image and Ground Truth [1] 

 

 

 

 

B.  Disparity Maps using different window sizes 

 

 

Window size = 3 

 

Window size = 11 

 

Window size = 25 
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Fig 3: Comparison of Disparity Maps 

C.  Computational Time of the results 
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Fig 4: Time Comparison 

 

V. CONCLUSION 

It is clear from the result that NCC and ZNCC perform 

better with lower window size whereas the other method 

(SAD, SSD, ZSAD, and ZSSD) perform well with larger 

window size. NCC and ZNCC have higher accuracy as 

correlation is used but has limitation of high demand on 

computation time. As shown in the table1 time required for 

NCC and ZNCC is compensated by its improved performance 

over other methods. SSD and SSD would be the ideal choice 

for implementation on FPGA. 

 

VI.   FUTURE SCOPE 

This paper only deals with the methods of aggregation 

which forms the backbone of any stereo vision algorithm. But 

along with method of aggregations the steps of the cost 

computation and disparity selection are equally important. 

These steps can also be improvised to make the stereo vision 

system more efficient. Also, occlusion handling techniques 

can be developed to improve the results. By improvising the 

stereovision system we can implement it on FPGA or SOC for 

real time applications such Face Recognition [7], 3D Face 

Reconstruction and 3D Terrain Mapping.  
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