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Abstract— Up to these days, there are huge amount of stereo 

matching algorithms and its improved versions. Not sufficient 

algorithms are proposed to be used in real systems like object 

recognition not considering time computing and complexity of 

the algorithm, but only for improving Pixel Error Rate (PER) in 

disparity image. We used some image processing methods for not 

only improving PER but also making disparity images good to be 

used for object segmentation. We used Trellis algorithm which is 

Dynamic Programming based stereo matching algorithm. Our 

proposed algorithm shows better results than original Trellis 

algorithm in qualitative and quantitative manner. Also this 

algorithm could be implemented in hardware system; it could 

work in real-time system. 

 

Keywords— Stereo vision, Stereo matching, Object 

Segmentation, Trellis algorithm, Occlusion ignorance 

I. INTRODUCTION 

The desire of the human always wants to make human-like 

robot or computer that can understand and recognize object, 

situation, and more. For this reasons, computer vision has 

been studied for a long time. Based on this, the areas related to 

segmentation, tracking, recognition, and detection has been 

studied from many researchers. 

Stereo vision is also well studied computer vision area. 

Unfortunately, the researches have been done only for 

improving quality of the depth map images. It is time to use 

stereo matching algorithm in another area which I already 

wrote above, and we need to mix them for practical usage. 

With the development of the stereo matching algorithm, 

gesture recognition or pose estimation is also developed. We 

could use 3D data for finding motion not just for left, right, up, 

and down, but also forward and backward ([14], [15]). So 

from this moment, we could recognize all directional gestures. 

In vehicle tracking, previous techniques only use 2D 

information, so it is not accurate and it makes errors several 

times ([12], [13]). If stereo matching is well improved, the 

distance between car and car is known exactly. It means that it 

is easy to use depth information in tracking parts, recognition, 

and automatic vehicle system. 

To do recognition or tracking, object segmentation should 

be implemented before we use those techniques. Object 

segmentation and background subtraction are basic techniques 

for other techniques. In our research we proposed some 

methods to improve stereo matching algorithm for object 

segmentation, such as block matching, left align for matching 

index, and occlusion ignorance. We explained original trellis 

algorithm first, after then we explained our proposed 

algorithm. 

 

II. TRELLIS ALGORITHM 

We used trellis algorithm to make real-time stereo matching 

system ([1]-[2]). Trellis algorithm could be changed into 

parallel architecture so it could be implemented in hardware 

system or GPU based programming so it can be implemented 

in real-time system. 

Trellis algorithm is improved version of DP algorithm ([3], 

[5]). It separates matching node and occlusion node unlike DP 

algorithm. If matching node and occlusion node are divided 

into each other, the whole system becomes stable and left and 

right image pixels are matched well. That is the reason for 

choosing trellis algorithm. 

Before we discuss our proposed algorithm, we should know 

about the original trellis algorithm, and how it works. In this 

section we deal with basic properties of the trellis algorithm 

and procedure of the algorithm. 

 

A. Model of the Trellis Algorithm 

Trellis algorithm uses raster scan-line procedure. Raster 

scan-line is a technique that extracts one line by one line. And 

the algorithm is applied independently in line by line. To use 

this raster scan-line technique we assume that left and right 

stereo images are well rectified. So we used rectified images 

for our experiments. 

What we say “rectified” is the geometric that focal length 

of the left and right, the two image planes have coplanar, the 

optical axes of the two images are parallel, and the epipolar 

lines are the same. All those conditions are satisfied, we could 

start implementing trellis algorithm. 

The purpose of the trellis algorithm is obtaining disparity 

between left and right matching points. Finding matching 
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point is key point in trellis algorithm and whole stereo 

matching algorithms. So in trellis algorithm it compares whole 

left image pixels and right pixels to find matching points. We 

used local line energy minimization to find the most similar 

pixels. In this case, the energy is defined as sum of the 

intensity difference between the left image and the right image. 

If the height and width of the image are M  and N , 

respectively, then the trellis algorithm is applied for M  times 

and it compares intensities !N  times for one line. We defined 

left x -th line ( )L xf  and right x -th line ( )R xf  as 

 

 ( ) ( ,1) ( ,2) ( , )L L L Lx I x I x I x Nf  

 ( ) ( ,1) ( ,2) ( , )R R R Rx I x I x I x Nf  

 

where ( , )LI x n  and ( , )RI x n  are intensities of left and right 

images, x is the index of column, and n is index of row. 

As we wrote above, trellis separates matching node and 

occlusion node. When we see trellis structure from left or right 

view, we couldn’t see the occlusion nodes. However, in case 

of the center view, there is occlusion node which is different 

from matching node. Unlike matching node which is intensity 

difference between left and right image pixels, occlusion node 

has no information about the left and right image. Because 

trellis algorithm uses center projection model, it can be 

possible to separate them. If we separate them, the algorithm 

becomes stable. So we used this center-view trellis structure in 

trellis algorithm. 

 

B. Energy Minimization Problem 

As we wrote that trellis algorithm is used for solving local 

energy minimization problem. However, images which will be 

used for experiments are not clear enough to be used for trellis 

algorithm. That means there is noise in the images. So we 

assumed that there are noises and the noises are Addictive 

White Gaussian Noise (AWGN). Images with this noise are 

defined by ( )L xg  and ( )R xg  which is corrupted version of 

the ( )L xf  and ( )R xf , respectively. 

The purpose of the trellis algorithm is to estimate disparity 

between left and right images. Disparity d  is estimated using 

Maximum A Posteriori (MAP) and estimated disparity is d̂  

defined as, 

 

ˆ arg min ( | , )L R
d

Pd d g g  

ˆ arg min ( , | ) ( )L R
d

P Pd g g d d , 

 

where ( )P   is the probability function and ( , )L RP g g  term is 

removed by Bayes rules. Because there is exponential term, 

we used logarithm function which doesn’t affect for energy 

minimization. The energy function is defined by 

 

 ˆ( ) log ( , | ) ( )L RU P P d g g d d  

   log ( , | ) log ( )L RP P  g g d d  

( ) ( )c pU U d d  

 

where ( )cU d  and ( )pU d  are conditional energy function and 

prior energy function, respectively. 

If we assume that energy functions are Gaussian function 

then we could get following easily, 

 
2

1

1ˆ( ) ( ) ( )
2

N

i i i

i

U g d o i d d


 
     

 
d  

 

where   is the real positive constant value for threshold and 

 

( ) | ( ( )) ( ( )) |i L i R ig d g a d g b d   , 

1
( ) ( 1)

2
i ia d i d   , 

1
( ) ( 1)

2
i ib d i d    

 

where ( )ia d  and ( )ib d  are left and right image indexes, 

respectively. 

 

C. Procedure of the Algorithm 

Trellis algorithm is Viterbi-based energy minimization 

algorithm. It has forward process and backward process to 

find path which makes energy function minimum. In forward 

process, this algorithm adds all intensity difference between 

left and right images and finds the minimum cost. In backward 

process, it finds optimal path which makes energy function 

minimum using computed minimum cost in forward process. 

Whole procedure is based on what we wrote above, 

however, according to the sort of nodes, how to compute the 

node cost and find optimal path is different. Following 4 steps 

are whole procedure of the trellis algorithm. ( , )U i j  is the 

accumulated costs where i  is the site of the ( , )U i j  and j  is 

the disparity of the ( , )U i j , and ( , )P i j  is the optimum path. 

First, in “Initialization” step, set up all cost to infinity value 

except for the first cost 
0d . 

 

0 0
(0, )

. .

j
U j

o w


 


 

 

Second, in “Recursion” step, compute the matching cost 

and find the minimum cost and the path of the each nodes for 

1i   to 2i N . 

In case of the matching node when i j  odd, 

 

( , ) ( 1, ) ( )iU i j U i j g d    

( , )P i j j . 

 

ISBN 978-89-5519-162-2 977 Feb. 19~22, 2012 ICACT2012



In case of the occlusion node when i j  even, 

 

[ 1,1]
( , ) min ( 1, )U i j U i j


 

 
     

[ 1,1]
( , ) arg min ( 1, )P i j U i j


 

 
    . 

 

Third, in “Termination” step, finish computing and finding 

the best path 

 

(2 ,0)U U N  

2
ˆ (2 ,0)Nd P N  

 

Fourth, in “Backtracking” step, find the optimum path for 

energy minimization. 

1
ˆ ˆ ( , )i id d P i j    

 

III. PROPOSED METHODS TO IMPROVE TRELLIS 

ALGORITHM 

In this section we will suggest some methods to improve 

trellis algorithm for object segmentation. We used block 

matching for computing matching cost, we used left align 

system, and we used occlusion ignorance for making stereo 

matching system more convenient to be used object 

segmentation and background subtraction. 

 

A. Block matching 

The original trellis algorithm only compares one left image 

pixel and one right image pixel. Of course when left and right 

images are perfectly rectified to each other, it is possible to 

use only pixel by pixel matching. However, in real situation it 

is impossible to rectify stereo images perfectly to be used in 

real situation. So we should use not pixel by pixel matching 

but another method. 

There are two kinds of solving this problem. One is 

improving rectification technique; another one is finding 

solution in other parts like trellis parts. We proposed block 

matching for overcome this problem. Pixel matching 

compares only one pixel to another one pixel. It means that 

pixel matching compares line by line independently so it is 

cause of streak noise. 

In pixel matching case, matching cost ( , )D i j  is calculated 

by 

 

( , ) | ( , ) ( ', ') |L RD i j I x y I x y  , 

 

where i  and j  is site and disparity of the trellis structure 

respectively. 

Block matching compares left image block and right image 

block. Block is group of the pixels so it means that block 

matching compares left pixel group and right pixel group. 

In block matching case, matching cost ( , )M i j  is 

calculated by 

 

( , ) | ( , ) ( ' , ' ) |
n m

L R

a n b m

M i j I x a y b I x a y b
 

        

 

where n  and m  are the width and height of block. Block 

could be both isotropic (when n m ) and anisotropic (when 

n m ). It depends on images size, resolution, the 

characteristic of the image, and so on. 

Also it is possible to allow weight in block matching cost. 

If the distance a  and b  are nearer to ( , )x y , weight function 

( , )w c d  is larger than far one. 

 

B. Left Align for Matching Index 

There are two ways to use depth information in recognition 

area, one is only using depth information for the feature, and 

another one is using both depth information and 2D 

information in the same time for the feature. Actually when 

we use only depth information, we assumed that depth 

information is very accurate enough to be used, that means 

that stereo matching algorithm is very powerful and robust in 

various situation. However, we used dynamic programming 

based algorithm, improved version of the trellis algorithm, it is 

not accurate enough but can be implemented real-time system. 

So we have to use both 2D information and depth information 

simultaneously. 

To do that we need to align 2D information index and depth 

information index because trellis algorithm is center-

referenced model which is different from index of the 2D 

images. We changed depth information index into 2D 

information index form. The index of the 2D information is 

( i , j ), so we changed depth information index into ( i , jd ), 

then we could change depth information index into 2D 

information index easily. 

 

C. Occlusion Ignorance 

Not like DP algorithm, trellis algorithm uses both matching 

nodes and occlusion nodes. Matching nodes are computed 

based on the left and right image intensity difference. On the 

other hand, occlusion nodes are computed using uncertain 

values so it makes the depth result poor. 

For the stereo matching algorithm parts, it is very important 

to improve PER which means that making accurate depth map 

image for whole image parts. However, we are focused on the 

application of the stereo matching area. In our case we want to 

use depth image for object segmentation, it is not that 

important to improve the depth result. In this reasons we could 

ignore the occlusion parts. 

DP-based algorithms have huge weakness which is called 

streak noise (also called stripe noise). We could remove most 

of them using occlusion ignorance because most of the streak 

noises are created because of the occlusion parts. And it is 

very effective for object segmentation. When we use DP-

based algorithm, the maximum disparity difference between 

neighbour pixels is 1, so wrongly matched parts and the streak 

noise are placed mostly on boundary area. If we ignore 
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occlusion parts, not only we could remove streak noise but 

also we can segment objects more easily. 

 

IV. EXPERIMENTAL RESULTS 

We used Middlebury images which are widely used in 

stereo vision area. Those images are already rectified so we 

could only focus on not the rectification part but stereo 

matching parts. 

We used Tsukuba, Map, Teddy, and Venus images for this 

experimental result. Of course we need check the PER of the 

original trellis and proposed algorithm, but we more focused 

on the usage of the object segmentation. How well it can be 

separated from the background or other objects is the most 

important part of our research. This fact is hard to convert into 

the numbers like PER. We could only depend on the 

quantitative manner. 

The intensity difference between object that we want to 

segment and the other object or the background is larger than 

the original trellis algorithm. It means that it is easier to 

segment the object from the messed up images. When we use 

both 2D information and depth information, it is easy to 

separate object boundary because it uses depth information 

which have separable information. 

 

 
Figure 1.  The map result image from the original trellis alglrithm 

 

 
Figure 2.  The map result image from the left-aligned trellis alglrithm 

 

 
Figure 3.  The map result image from the proposed algorithm 

 

We showed just example of the map result images using 

original trellis algorithm (Figure 1), left-aligned algorithm 

(Figure 2), and the proposed algorithm (Figure 3). As we 

could see that original trellis algorithm makes too much streak 

noise and it is hard to segment the objects in the images, left-

aligned algorithm makes index of the left image and index of 

the result image, and proposed algorithm makes more 

convenient for the segmentation. 

It is better to use other algorithms like median filtering 

because there are many holes in one object. Hole makes 

segmentation difficult because the fact that the depth in one 

object is different is bad for segmentation. In future work, 

filtering is needed like median filtering. 

 

V. CONCLUSIONS 

There are not much stereo matching algorithms for real 

world application system. We used trellis algorithm for 

making robust real-time stereo matching algorithm. We used 

block matching, left align for matching index, and occlusion 

ignorance. We did our experiments using middlebury images 

which are widely used in stereo vision area. Our proposed 

algorithm shows more accurate results than the original one 

and it is better to use our proposed algorithm for object 

segmentation. 
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