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Abstract
In this paper, we propose an adaptive stereo matching algorithm to encompassing stereo
matching problems in projective distortion region. Since the projective distortion region
can not be estimated in terms of fixed-size block matching algorithm, we tried to use
adaptive window warping method in hierarchical matching process to compensate the
perspective distortions. In addition, probability theory was adopted to encompass
uncertainty of disparity of points over the window in this study. The proposed stereo
matching algorithm has tested on both disparity map and 3D model view. In this paper,
new stereo matching algorithm and reliable 3D view generation technique are presented.
The proposed algorithm is evaluated using aerial stereo images. The simulation result
shows that considerable improvements are obtained especially in projective distortion
region, and 3D modeling result demonstrates the enhanced performance of stereo matching
algorithm.

INTRODUCTION
Stereo images are obtained from the different perspective position as shown in Figure 1. In
a pair of eyes, each eye receives slightly different images of the world due to its distinct
position. Differences between the left and right images create binocular disparities. The
human visual system (HVS) can detect and use these disparities to recover information
about the three-dimensional structure of the scene being viewed. The stereo correspondence
problem makes the explicit disparities of all points common to both images. A great deal of
computer vision research has addressed this problem, because disparity contains useful
information for various applications such as object recognition, inspection, and
manipulation, etc.
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Figure 1: Projective distortion.
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Such active illumination can be disadvantageous in an outdoor or hostile environment. In
these situations, this method may also fail because of the specular reflectivity of the objects
appearing in the scene. Passive techniques for range sensing typically require a simpler and
less expensive setup than active approaches. The binocular stereo approach falls into this
category. Yet the disadvantages of this approach are that it requires many photometric
assumptions and has a high computational cost.

Each image has the effect of projective distortion as shown in Figure 1. Since the surface of
real object is projected on the right and left cameras, each projected-image has different
viewing characteristics. A central problem in stereo matching lies in selecting an
appropriate window size. However, same window size, reference window and searching
window, does not appropriate for projective distortion region. Due to these characteristic, it
is necessary to consider projective distortion in stereo matching process. There has been a
renewal of interest in the effect of projective distortion, especially among the many
researchers (Kanade and Okutomi, 1994; Wang and Ohnish, 1994; Belhumeur and
Mumford, 1992) in recent years. Kanade and Okutomi presented an adaptive window
method to reduce the effect of projective distortion.

This paper proposes a new stereo matching strategy using an adaptive window warping
algorithm to improve the depth reconstruction method in a binocular stereo system. In order
to find the proper warping point for stereo matching, the statistical modal is defined and
used. The statistical model is composed of two constraints such as uniqueness and modified
smoothness constraint.

The algorithm we propose is based on wondow warping technique. Furthermore Fant’s
algorithm (Wolberg, 1994) is used in order to warp a local mask in hierarchical block-
matching process.

WINDOW WARPING ALGORITHM
We use the Fant’s algorithm (Wolberg, 1994) so as to warp local windows in hierarchical
BMA process. First, local window in low reliability region is warped to candidate windows.
Second, we evaluate matching possibility between reference window and warped window.
Fant’s algorithm treats the input and output as streams of pixels that are consumed and
generated at rates determined by the spatial mapping. It is assumed that the input is mapped
onto the output along a single direction withdrawal folds. As each input pixel arrives, it is
weighted by its partial contribution to the current output pixel and integrated into an
accumulator. The main benefit of this separable algorithm is the lower complexity in 1-D
resampling. The fittest window among the candidate window can be represented as Eq. (1)
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where Ω is window warping size, and w is a local window in a block matching. We warp a
local mask to the horizontal direction under the assumption of epipolar geometry on an
input image.

PROPOSED STEREO MATCHING WITH AN ADAPTIVE WINDOW WARPING
ALGORITHM
The proposed matching algorithm consists of four steps. The first step is an object
extraction. In the second step, hierarchical block matching is performed to avoid local
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minima. The multi-resolution images are used in hierarchical block matching because the
upper disparity result has the disambiguate characteristic. In the third step, the reliability-
map with two disparity-maps (left-to-right and right-to-left) is obtained. Reliability includes
bi-directional consistency checking and local disparity variance. The last step is the block
matching process such that the warping window is used in a low reliable region and the
normal window is used in a high reliable region.

Since Fant’s algorithm is faster than conventional re-sampling technique that uses low-pass
filtering and sub-sampling, his algorithm is used as a warping procedure in this study. Also
Fant’s algorithm has one step process comparison with conventional re-sampling technique
(two step). In particularly conventional method has a complicated process (low pass
filtering or interpolation) in the re-sampling process

Block matching
First process is a block matching process. The result of this process is used to generate
reliability function. The matching process is performed in parallel sequence.

Distance-measure (D(x,y,d)), we used, is Mean-Absolute-Distance (MAD). Each disparity
map is obtained by calculating the MAD between a pair of stereo images for a particular
window size as Eq. (2).
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where d is the window shift in the right image, m and n are the mask sizes, w is the window
size, and IL and IR are the gray-levels of the left and right images, respectively. Here we
employ an epipolar constraint to reduce computational cost, assuming that an epipolar line
can be determined first. The value of d that minimizes the MAD is considered to be the
disparity at each pixel position (x,y).

Reliability generation
In order to estimate reliability of matching points, we use matching constraints: uniqueness
and smoothness. Other constrains are considered in matching process.

Uniqueness constraint
A given pixel from one image can match no more than one pixel from the other images.
However, bidirectional check shows that each disparity value has small difference. And the
bidirectional check distance is defined as

. )),((),( yxDxDyxD RLL +−=δ (3)

The uniqueness condition can be tested for each sampling position (x,y). The deviation δ
can be seen as measure of the perturbation.

Where δ describes the difference given by the relation. In order to consider how much input
image satisfy the uniqueness constraints, the following reliability function is employed:
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where fR1 represents the uniqueness reliability, δ is bi-directional check error, and Tbc is
minimum threshold.

Smoothness constraint
The matching pixels must have similar intensity values (i.e. differ lower than a specified
threshold) or the matching windows must be highly correlated. Thus, the next probability is
proposed by using this characteristic. We calculate a variance in a disparity map that
satisfies uniqueness constraint, note (Eq. 4). Each value is extracted from weight-function:
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Consequently, we define local variance in the extracted disparity map:
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Using these conventions, we define the smoothness reliability:
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where ξ is an damping parameter to control the decreasing velocity of fR2 . The function
value of fR2 is large if σD

2 is small, whereas fR2 will take small value in opposite case.

Reliability gerneration
The final reliability function is defined as a linear combination of fR1 and fR2 :

, 2211 RRtotal fff λλ += (8)

where λ1 and λ2 are weight coefficients satisfying the relation λ1 + λ2 =1.

Here, we consider local intensity and smoothness constraint. The number of upper disparity
vectors is 9 and that of current state vectors is 4. Each disparity map is obtained by
calculating the mean absolute difference (MAD) and smoothness of upper disparity vectors
between a pair of stereo. In the modified hierarchical BMA, we define cost functions Di and
Si as:
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and we can compose our cost function as
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, 21
iii SDE γγ += (11)

where Di denotes the cost function at level of the ith pyramid, the other parameters are the
same as Eq. (2), γ1 and γ2 are weight coefficients satisfying the relation γ1 + γ2 =1.

3D MODEL GENERATION
To generate the 3D model from real scene, generally, we need to compute the depth of
vertices of model. The depth, however, is computed from the dense correspondence map
over whole images. It takes much time and is also very difficult to get accurate depth. It is
not necessary to obtain the dense correspondence map. We only need to find the
correspondence of some feature points. To generate a 3D model of object without dense
correspondence map, we propose a new structure to generate 3D model.

The proposed method consists of two parts, which are the extraction of feature points, and
the hierarchical 3D modeling using classified feature points. Here, two tasks are
considered: object segmentation and approximation of segmented regions. The corners of
approximated regions become feature points as nodes of model. These points represent well
smooth regions of object as well as edge regions. The last part, the hierarchical 3D
modeling using classified feature points, uses the connection method of the classified
points. The process that connects the classified points is based on Delaunay triangulation.
The 3D modeling using this triangulation method is generated and updated iteratively as
many as classified levels. The proposed 3D modeling method has been successfully
demonstrated in the context of 3D modeling and virtual-view generation. 3D model
generation procedure from disparity map is shown in Figure 2.

wire-frame generation Texture mappingDEM extraction

Disparity Map

Figure 2: 3D model generation form disparity map.

Although the evaluation of 3D modeling is subjective, the proposed technique using
hierarchical modeling is effective to synthesize images with virtual view, and to express the
smoothness of plain regions and the sharpness of edges. To push the method forward, it
will be necessary to develop and introduce more sophisticated motion-disparity
relationship.

EXPERIMENTS

Synthetic, “stripe” images with warping and white Gaussian noise (σ=30), and real scene,
such as “pentagon” image is used to evaluate the proposed algorithm. The images are
shown in Figure 3 and 4. Table 1 shows each factor of the proposed algorithm. The size of
the “stripe” images were 128×128, the range of the actual disparity was from 0 to 10, and
the search range was -10 to 10. “The pentagon” image pair was an aviation image whose
size was 512×512 and disparity range about -15~15. The search range was -25~25. Figure 5
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and 6 show the disparity maps of the proposed matching algorithm without window
warping and the proposed matching algorithm throughout. Figure 7 show wire-frame and
texture mapped 3D model from “Pentagon” stereo images. Therefore, the error with the
proposed algorithm was less than many times that of the proposed algorithm excluded
window warping. Moreover, the disparity edge was well preserved.

Table 1. Parameters for correspondence estimation.
                                    Image
     Items “Sripe” image “Pentagon” image

Image size 128×128 512×512
Noise type 20% Gassian None
Actual disparity 0~3 About –15~15
Searching range -4~8 -25~25
Block size 3×3 9×9
Tbc 2 4
Weights (λ1 / λ2) 0.5/0.5 0.5/0.5
Weights (γ1 / γ2) 0.3/0.7 0.3/0.7

         
(a)                                             (b)

Figure 3 : “Stripe” images. (a) Left image, (b) Right image with warping and white Gaussian noise (σ=30).

         
(a)                                             (b)

Figure 4: “Pentagon” image pair. (a) Left image, (b) Right image.

         
(a)                                             (b)

Figure 5 : The proposed matching results for the “stripe” image. (a) without window warping (b) Including
window warping.
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(a)                                             (b)

Figure 6: Disparity map of “Pentagon” stereo image. (a) Block-Matching algorithm with fixed-size window, (b)
Proposed algorithm without object extraction.

(a) (b)

Figure 7: 3D model from “Pentagon” stereo images. (a) Wire-frame, (b) Texture mapped 3D model.

CONCLUSION
A new stereo matching approach using probability-based window warping algorithm was
presented to improve conventional stereo matching method. Since the projective distortion
regions can't be estimated with any fixed-size block-matching algorithm, the window
warping technique is used in block matching process. The position of a reference window
to warping is adaptively obtained according to the degree of reliability calculated by
estimates disparities in the previously. In order to reduce noise sensitivity and reach higher
efficiency simultaneously, we used a modified hierarchical block-matching algorithm.

The experimental results show that considerable improvements are obtained especially in
projective distortion region, and texture-mapping result demonstrates the enhanced
performance of proposed algorithm.
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