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Abstract Stereo vision is the process of recovering 3D spatial 
information from a pair of 2D images. It is very difficult 
problem due to the fact that stereo matching problem tends to 
produce as large number of plausible solutions. Thus we need to 
restrict the solution space in some manner. Trellis-based stereo 
matching algorithm places hard constraints on the solution by 
considering the geometry of stereo imaging and by making 
assumptions about the real depth shape. In that algorithm, 
permitting the use of the highly parallel Viterbi algorithm (a 
special case of dynamic programming), real-time stereo vision 
system can be realized. However, by using a single scan-line for 
matching, there are too many stripe noises in the result. In this 
thesis, a new method which can reduce the stripe noise is 
proposed. Using the disparity information of the upper scan-
line, the proposed algorithm achieves more exact disparity map. 
The proposed algorithm uses Average of Squared Difference 
(ASD) instead of Euclidean distance in calculating matching 
cost in order to alleviate the horizontal stripe noise. The 
experimental results show more precise disparity map 
compared with the existing algorithm, especially, at low-to-
moderate SNR range. Random dot stereogram (RDS) is used to
evaluate the quantitative experiment.
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I. INTRODUCTION

In early vision, stereo matching has been one of the most 
important problems. The goal of stereo matching is 
reconstruction of 3D geometry from two images with 
different view point. Comprehensive survey is done by 
Scharstein and Szeliski [8] and by Brown and Hager [2] 
about stereo correspondence algorithms. In the taxonomy of 
[2], stereo matching algorithm can be categorized into two 
parts. One is local method and other is global method. A step 
of local method consists of matching cost computation, cost 
aggregation and disparity computation. In global methods, 
disparity optimization step is used instead of cost 
aggregation and disparity computation steps. 

There are several matching cost calculation methods. 
Squared intensity differences (SD) and absolute intensity 
differences (AD) is the most common pixel based matching 
cost calculation method. Other methods are Normalized 

cross-correlation (NCC), sum of-squared-differences (SSD), 
and binary matching cost. 

Local and window-based methods aggregate the matching 
cost by summing or averaging over support region in cost 
aggregation step and simply choose the disparity at each pixel 
which has minimum cost value. To improve the result of 
window-based Local method, some techniques are used such as 
adaptive window [6] or shiftable window [9].

Global methods use bayesian methods which models 
discontinuities and occlusion. There are two methods 
depending on computation model; MRFs-based and dynamic 
programming (DP)-based. As the early work, DP is used by 
Baker and Binford [1] and Ohta and Kanade [7].

MRFs-based global matching methods get optimal disparity 
using optimization methods such as belief propagation or 
Graph Cut. These methods show good performance, but need
much computation. 

In classical DP method, the algorithm is suffered from 
"streaking" noise because optimization is done only in 1D scan-
line structure. To solve this problem, several algorithms are 
proposed. For example, in 2-pass 1D DP approach [4], a 2D 
optimization is done enforcing piecewise smoothness constraint 
in the horizontal and vertical directions. In [3], advanced stereo 
algorithm is proposed which combines the strengths of region-
based stereo and dynamic programming on a tree approaches 
using image segmentation such as mean shift algorithm.

The global methods show good result, but not much fast to 
get disparity results in real time. Therefore, Trellis-based stereo 
matching algorithm [10] is proposed to get disparity result in 
real-time. Trellis-based stereo matching algorithm suggests 
hardware architecture which is based DP algorithm. This 
algorithm is fast enough to get disparity image in real-time, but 
"streaking" noise problem is still remained. This paper suggests 
advanced trellis based algorithm to reduce "streaking" noise 
problem. In our paper, new method is proposed upper line scan 
method.

This paper is organized as follows. In Section II, we describe 
a brief review of the matching algorithm in form of trellis. In 
Section III introduces a technique to reduce stripe noise in DP. 
The experimental result is showed in Section IV. Finally, 
Section V concludes our algorithm and result.
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II. TRELLIS-BASED STEREO

First, we brief the trellis-based stereo matching algorithm 
in [10]. Trellis-based stereo matching algorithm uses center 
referenced disparity geometry. Center-referenced disparity 
geometry has focal point in center of the focal points of left 
and right camera. Also, by new projection line, new nodes, 
called occlusion node, are created. Geometry of center 
referenced disparity is shown in Figure 1 and modified 
architecture in Figure 2. Filled circle is match node which 
denotes the correspondence of left and right point pixel, and 
white circle is occlusion node which represents the lack of 
matching point.  In trellis algorithm, disparity changes only 
in occlusion node and matching node only represent data cost.

In the center-referenced disparity, there are some 
limitations to apply. First, disparity is larger than zero 
because of optical axis are parallel and zero disparity means 
infinite point. Second, only one disparity level change is 
allowed in occlusion node and, finally, the present and next 

matching node.

Figure 1. Center-reference disparity

Figure 2. Modified trellis architecture of disparity

Trellis-based stereo matching is a maximum a posteriori 
(MAP) problem. Let gr, gl is camera image pair which pluses 
additive white Gaussian noise (AWGN). Estimation of 
disparity is represented as follows.
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By negative logarithm computation, (1) is represented as 
follow,
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Two probability distributions, Conditional Uc and prior Up, 
must be known in order to solve this problem. The expressions 
of probability distributions are solved in [10]. Final form of 
energy function is
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where g is pixel difference of left and right image used in 
matching node and is occlusion node cost.

In trellis algorithm, Viterbi algorithm is used to find optimal 
path that minimize energy function. There are two different 
nodes; match node and occlusion node. Therefore, we have to 
use different cost calculation in each node. The algorithm is 
represented as:

1) Forward Initialization: At site i=0, all node costs are set to 
infinity except for disparity j=0.

0 0
0,

otherwise
j

U j

2) Forward Iteration: At each step i N., find the best 
path and best cost into each node or disparity j.

(a) i+j even (occlusion node):
2

1,1

2

1,1

, min 1,

, arg min 1,

U i j U i j

P i j U i j

(b) i+j odd(match node):
2

1 11 1
2 2

, 1,

,

l r

i j i j
U i j U i j g g

P i j j
3) Backward Initialization : i=2N and  j=0
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4) Backward Path Reconstruction: Find the optimal disparity 

path by tracing back the decisions.
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Result disparity image of trellis algorithm has "streaking" 
noise problem because of single scan-line matching methods. 
In section 3, we propose new algorithm to reduce "streaking" 
noise problem.

III. PROPOSED ALGORITHM

In trellis-based algorithm, "streaking" noise problem is 
generated because this algorithm uses single scan-line 
information. Motivation of our algorithm is using more 
information which comes from upper scan-line. If relation of 
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current pixel and upper line pixel is defined, we can use 

Relation of current pixel and upper pixel is defined using 
pixel intensity. We assume that adjacent pixels which have 
similar intensity value represent the same object and same 
object has similar disparity values. Using this assumption, 
we can use upper line disparity information to decide current 

Let k is number of current scan-line. Our algorithm uses k-
1 disparity information according to relation between upper 
and current line. If k-1 scan- i pixel value is similar 
with k scan- I
are same. 

(a) Occlusion node (b) Match node

Figure 3. Modified structure in occlusion and match node

In occlusion node, match nodes image pixel intensity is 
compared in previous stage to compare relation with upper 
scan-line because there is no image pixel. After comparison, 

same. There are three paths reached in occlusion node and 
cost calculation formula in occlusion node is modified as
follow,
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Where is weighting constant and is Dirac-delta 
function. The first delta function means difference of 
disparity of upper line and occlusion nodes, and second term 
means difference of pixel intensity which means 
correspondence of upper line and current line.

Modified cost calculation formula in match node is similar 
to occlusion node. Difference is match node has its pixel 
intensity. Modified formula is described as,
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Where first delta function means difference of disparity of 
upper line and matching nodes, and second term means 
difference of pixel intensity which is similar in occlusion node. 

disparity, is reduced. 
Instead of using absolute square difference of left and right 

pixel in single scan-line at second term of (4), we can use 
average of square pixel difference include k-1, k+1 scan-line. 
This reduces influence of pixel noise. The method called 
Average of Squared Difference (ASD) and us formula as 
follow, 
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The algorithm is represented as:

1) Forward Initialization: At site i=0, all node costs are set to 
infinity except for disparity d=0.

0 0
0,

otherwisek
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2) Forward Iteration: At each step i N., find the best 
path and best cost into each node or disparity j.
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IV.EXPERIMENTAL RESULT

Since the performance of this algorithm was tested on a 
variety of Middlebury test images [5] and synthetic images. 
Qualitative Evaluation is done using Middlebury test image; 
Baby and Aloe. PER ratio cannot used because there is no 
center referenced ground truth image to compare with. The 
result image is shown in Figure 5, 6. Our algorithm shows 
that "streaking" noise problem is reduced compared with 
existing algorithm.

RDS is used for Quantitative Evaluation. RDS image have 

RDS. Test was done with various images SNRs. Figure 4. 
shows the fraction of center-referenced disparity sites that 
are incorrectly estimated, pixel error ratio (PER), at various 
SNRs. PER is computed as follow. 

1 1

, ,
0 0

1PER= 1
M N

i j i j
i j

d d
MN

Figure 4. Error perfoemance verses SNR

We can see graph show that PER is half of existing 
algorithm especially in low SNR.

In result of test image, it still shows the noises in image, 
but compared with the existing algorithm, performance is 
quite improved. In baby test image, background of existing 
algorithm result image has streaking noise which do not 
occurred in proposed algorithm. Also, boundary point of 
object has same result at boundary of result image.  RDS 
result and test image result show that proposed algorithm is 
much reliable than existing algorithm.

V. CONCLUSIONS

A Stereo vision is used in many areas such as distance 
measurement area to robot-vision. But it is hard to apply in 
real-time because stereo matching method need much 
computation. By trellis-based algorithm, it is possible to get 
disparity result in real-time. A hardware implementation 
using a large array of simple PES is currently under 
development for real-time stereo matching. Using FPGA 
chip, trellis based DP algorithm can calculates 320x240 size 
image in 30 fps and 128 disparity level. In spite of this 
advantage, existing algorithm had lower matching accuracy 

compared with MRF-
problem. Our algorithm is proposed to reduce such noise and
improve accuracy by using the upper line disparity information. 
PER ration of our algorithm using RDS image shows much 
more good performance rather than existing algorithm. 

Figure 5. Result of 'Baby' test image

Figure 6. Result of 'Aloe' test image
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