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Abstract−− This paper describes the design of an 

algorithm for constructing dense disparity maps us-
ing the image streams from two CMOS camera sen-
sors. The proposed algorithm extracts information 
from the images based on correlation and uses the 
epipolar constraint. For real-time performance, the 
processing structure of the algorithm was built tar-
geting implementation on programmable logic, 
where pipelined structures and condensed logic 
blocks were used. 
Keywords−− Stereo vision, disparity map, pro-

grammable logic. 

I. INTRODUCTION 
Researchers have been giving especial attention to com-
puter vision systems capable of delivering accurate 3D 
information of an observed scene, which leads to the 
construction of robust intelligent vehicles. Using low 
cost sensors, it has been possible to develop stereo vi-
sion systems capable of extracting 3D features by pas-
sive sensing of the environment. 

Most stereo vision implementations are based on a 
two camera configuration setup, where each camera 
delivers a two 2D representation of a given scene, as 
show in Fig. 1. Stereo vision is achieved by extracting 
3D information by processing two or more 2D images 
of a given scene. The processing for extracting the 3D 
information creates a map that describes which point in 
the 2D images corresponds to the same point in the 3D 
scene. Detailed description of the stereo vision problem 
has been widely studied in past and it is not presented. 
Refer, for instance, to Grosso et al. (1989) and Grosso 
and Tistarelli (1995) for a detailed study of this subject. 

Several stereo algorithms have been proposed in re-
cent years to solve the problem of finding the corre-
spondence of the right and left image. Simple methods 
employ the measure of absolute or squared differences 
of the pixels intensities, to measure the similarity be-
tween the images (Sunyoto et al., 2004). Other methods, 
in order to increase accuracy, employ window-based 
matching, where a cost function is evaluated around the 
pixel of interest to find the best match. These methods 
usually do not consider occlusions and present problems 
in regions displaying little or repetitive textures, leading 
to similar cost functions and being unable to find the 
proper match (Darabiha et al., 2003; Silva et al., 2003; 
Cox et al., 1996). 

Birchfield and Tomasi (1998a, b) employed dynamic 
programming to solve the matching problem, where 

each scanline –and in some cases in-between scanlines– 
are described as a dynamic cost function and evaluated 
with addition of some penalties criteria, like occlusions 
and large jumps in disparity. 
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Figure 1. Typical Stereo Vision problem: two cameras, ac-

quiring images of the same scene, have two different 2D rep-
resentation of a common 3D point. With proper processing, 
the position and depth of the 3D point can be extracted from 

the images 

II. PROPOSED METHOD 
The proposed method employs a windows-based match-
ing technique to find the disparity map on a pair of ste-
reo images. Similar solutions were proposed in many 
past papers and represent a simple solution to the 
matching problem. Although it presents some known 
limitations, as being unable to process occlusions and 
large disparity jumps, the windows-based matching 
technique was chosen and used as base for this study 
due its potential of being ported to a small Field-
Programmable Gate Array (FPGA) device. 

For the proposed system, eF  and dF  denote the left 
and right frames from the CMOS camera sensors, lo-
cated respectively at right and left sides of the scene. 
The source frame is w  pixels large and of h  pixels 
height, with 8-bit grayscale intensities. 
 The video frames 

e
F  and 

d
F  are addressed as vec-

tors, e  and d  of ( )w h⋅  length, where the first vector 
position stores the intensity of the upper-left pixel and 
the last position stores the bottom-right pixel intensity. 
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I k  is the intensity of a given pixel k  

located respectively in vectors e  and d , 
where ( ){ }0,1, ..., 1k w h∈ ⋅ − . 


