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Post Processing to Reduce Wrong Matches in Stereo Matching

Hee-Ju Park* and Suk-Bae Lee**

Abstract

Although many kinds of stereo matching method have been developed in the field of computer vision and photogrammetry,
wrong matches are not easy to avoid. This paper presents a new method to reduce wrong matches after matching, and
experimental results are reported. The main idea is to analyze the histogram of the image attribute differences between each
pair of image patches matched. Typical image attributes of image patch are the mean and the standard deviation of gray
value for each image patch, but there could be other kinds of image attributes. Another idea is to check relative position among
potential matches. This paper proposes to use Gaussian blunder filter to detect the suspicious pair of candidate match in relative
position among neighboring candidate matches. If the suspicious candidate matches in image attribute difference or relative
position are suppressed, then many wrong matches are removed, but minimizing the suppression of good matches. The
proposed method is easy to implement, and also has potential to be applied as post processing after image matching for many
kinds of matching methods such as area based matching, feature matching, relaxation matching, dynamic programming, and
multi-channel image matching. Results show that the proposed method produces fewer wrong matches than before.
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1. Introduction

Stereo matching is one of the major subjects in the field
of digital photogrammetry and computer vision. Also is in
the field of remote sensing since high resolution imagery is
available. The major goals of it are DTM/DEM/DSM
generation, semi-automatic inner orientation, automatic inner
orientation, relative orientation, absolute orientation, semi-
automatic object detection, automaticobject detection, object
recognition, etc.

The cross correlation method is a simple statistical
method to determine the correspondence between image
patches based on correlation of gray value between two
image patches when there are enough contrast in both
image patches to be compared. It checks only the local
correlation between the reference image patch and the
target one. However, there are many image patch pairs that
have high correlation, but are not conjugate image patches.

Therefore many wrong matches are found in the results
of matching by correlation methods. When the search space
to find conjugate image patch gets bigger, the ratio of
wrong match becomes bigger. If the image patch size

(reference and target image patch size) is bigger, the ratio
of wrong match is reduced, but the results are not always
good. Many techniques have been developed to overcome
the weakness of this method. Searching along the epipolar
line is a good method to reduce the search space. It
reduces search space from 2 dimension to 1. The hierarchical
image matching or coarse to fine matching strategy with
image pyramid is highly recognized. It contributes to reduce
the search space at each pyramid level, and thus it saves
time and also reduces wrong matches. The least square
matching is highly considered method for precision
improvement.” It greatly improves the precision of image
matching when the approximate corresponding position is
known, and also the surface of the region is homogeneous
and has enough contrast. The relaxation, or relational
matching infers the relation among points, lines, and
objects.?® It considers not only local similarity but also
global similarity. However, many wrong matches for real
images are found in that results. Sometimes there are no
corresponding point to some points in real images, or the
effect of relief on geometric distortions is too big. But it is
not easy to know automatically whether a point has conju-
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gate points or not, whether similarity measure to a matching
entity is proper or not, whether a match is wrong or good.
Many methods were devised how to suppress wrong matches
after main part of matching is over. Relative orientation is
used to suppress them. But it is meaningless to epipolar
imagery, where geometric constraint is already used. If
multi-photo is available to a certain area, another geometric
constraint can be used. But it is not for stereo images.
Median filter was used to suppress the blunders of DEM
after image matching.” But median filter requires grid type
data. Also some wrong matches may play bad roles during
mnterpolation of DEM generation. How to efficiently sup-
press wrong matches after main stereo matching is the main
focus of this paper. Fundamental idea is to detect blunders
in the histogram of image attribute difference, and to detect
blunders of parallax difference comparing to neighborhood
candidate matches by Gaussian filter. This paper deals with
the case there are stereo imagery and its orientation
parameters are available, and main part of matching is by
correlation method or by least square method. Therefore,
searching on epipolar line, and hierarchical image with
image matching is assumed to be performed in main part of
matching.

2. Method to Reduce Blunders

2.1 Epipolar Line Equation

The use of epipolar line in image matching is not a new
one. It reduces wrong matches greatly, and saves time. If
the orientation parameters for two aerial photographs are
known, it is possible to know where epipolar lines are for a
given point to be matched. The epipolar lines are straight
when there is no distortion during image acquisition, for
example, lens distortion and film processing. Say there are
two aerial images indices 1, and 2, and the centers of
projection and rotation matrixes of them are :

01 = (Xh Yla Zl)5 02 = (XZ’ YZ’ IZ)

a ayp ag bbby,
Ri=| ayapay p Re=| by by by
Qs A3 sz b3y b3y by,

S+ focal length of camera.
The vector of base :
9
B = (B, By’ B) =(X,-X,,Y,-Y,Z,-Z))

Followings are a pair of epipolar line equations for a
given point (x,, y,) on image 1.”
Epipolar line equation on image 1 for (x,, ,) on image 1 is :

Ax+By+Cf=0 ()]

T .
A andpap 0 -B, By | anapay Xp
B |=| ayanax B, 0 =B, | anyanay | y,
C Qs A3 A3z -B, B, 0 az apdan \ f
)
Epipolar line equation on image 2 for (x,, y,) on image 11s:
A'x+B'y +C'f=0 3)
T
A by by bys 0 -B, By, | anapas | x,
B |=| by by b B, 0 -B, | ananasy |y,
C b1 by, by _By B, 0 az axnas N\ f
4

Another method to generate epipolar imagery is found in
(Shenk, 1999).'”

2.2 Candidate Image Points to Match

If all points in image matching are used as candidate
points to match, it is time consuming. Furthermore, correla-
tion method requires enough contrast. The Interest Points
and edges are good candidates to match. Because they have
enough contrast, and are related with big changes in height,
and are useful to describe the shape of features.

2.3 Blunders in the Histogram of Image Attribute

2.3.1 The histogram of image attribute and blunder sup-
pression

The cross correlation method is to find the image patch
that has maximum cross correlation for gray values
between the reference image patch and the target one. Say s
& {s} is reference image patch, and < {r} is target image
patch. Then the correlation between the s< {s} and r& {r}
for gray values is represented as :

cov(s,t)

Cor(s,t) = o()o00)

3 {60 3.~ BV H G s v~ (D}

mo(s)o(t) )
here, G(x.i, ¥s;), G(x4, y;) are gray values of a i-th point in s
&{s} and in t=A{t}.

H(s), (), o(s), o(f) are mean and standard deviation of
gray values for the reference image patch s {s} and the
target image patch t< {1}.

In the above formula there is compensation for the differ-
ences in brightness and in contrast between reference and
target image patch. Surely for two overlapping images, one
image is brighter than the other, and also one image has
higher contrast than the other. Consider the histogram of all
U(s) — p(d and that of all ofs) — o(f) for all (s, 1); s E{s}, ¢
€ {1} obtained by matching. In normal distribution 99.994%
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of all u(s) — u(¢) are within 4 x standard deviation from the
median. Also 99.994% of all o(s) — o(t) are within 4 x
standard deviation from the median. The pair (s, ) which is
one of (6) or (7) case has high possibility of being a wrong
matches.

To reduce wrong matches, therefore, author proposes to
suppress all the (s, 7) pairs which are one of (6) or (7) case to
reduce blunders.

{uls)—pu(1)} —med{ u(s) - p(n) >4 o{ p(s) - ()}
©)

[{o(s)—o(1)} ~med{ o(s) - o(1) }| >40{ o(5) - o(1) }
0

here, o{u(s) — u(#)} is standard deviation for all cases of
U(s) — u(¢) obtained by matching. And c{o(s) — o(f)} is
standard deviation for all cases of o(s) — o(f) obtained by
matching. med{u(s) — ((n)} is median for all cases of p(s) —
J() obtained by matching. med{o(s) — o(¢)} is median for
all cases of o(s) — o(f) obtained by matching.

However ofu(s) — w(®} and of{o(s) — o(t)} obtained by
matching should be smaller than those for non-correspond-
ing pairs, where s {s} has no correlation with t < {¢}. If
olu(s) — u(®) and olo(s) — o)} is similar to those for
non-corresponding pairs, it is meaningless to suppress (6),
(7) case.

2.3.2 A method to get high possibility of corresponding
image patch

Regarding standard deviations and medians of (6) and
(7), it is highly recommended that they should be similar to
the actual corresponding (s, £) combination. If we compute
such values using the pairs that have many wrong matches,
itis useless. Following step will give a set of (s, #) pairs with
few wrong matches.

Step 1 : Generate Interest points both in image 1 and
image 2 by Interest Operator such as Foerstner Interest
Operator. Then we will get image patch set {s} on image 1,
{¢} on image 2 which has enough contrast.

Step 2 : For each s ©{s}, find the matching position in
search space on image 2 by correlation method, and check
if the matching position is within 1 pixel from the interest
point. If not, suppress it.

Step 3 : Check if vice versa of Step 2 is true : For a t
whose center is the matching position to a s < {s}, find the
matching position in search space on image 1, and check if
the matching position is within 1 pixel from s & {s}. If not,
suppress it.

While processing above 3 steps, image matching with
epipolar images (searching on epipolar line) and hierarchi-
cal image matching is highly recommended.

Vol. 1, No. 1/ December 2001 —45-

2.3.3 Time considerations

If image attributers such as u(s), u(r), o(s), o(¢) are stored
in memory or in a file, it doesn't take a long time to check
the cases (6), (7). Step 3 takes additional time. However, it
is possible to reduce the number of Interest Points to check
in Step 3. Then the additional time is not so much.

2.3.4 Use of other image attributes

It is possible to extend this concept to other kinds of
image attributes, and to multi-channels of color and multi-
spectral image. In that case, it is recommended to check
whether the standard deviation of a image attribute differ-
ence for corresponding image patch pairs is far less than
that for non corresponding ones or not.

2.4 Blunders in Parallax Difference Comparing to
Neighborhood Matches

The processing described in 2.3 doesn't consider relative
position among corresponding image patches. The parallax
difference of a candidate match is linearly proportional to x-
disparity difference of it. For potential matching pairs which
are obtained by above matching using epipolar images, the
weighted mean of relative disparity difference of a point i to
its neighboring points can be represented as following:

m
2 (X5 = X=X + X)W a55,(1, )
=0
dX; = g

@ ®
Z Wdi:t(i5j)
j=0

-[min{d, (., d(i.)}]

Waisi(i,]) = € 2 ®
here, {s} is the reference image patch, {¢} is target one of
each matching pair.

dy(i, j) , d(i, j) is the distance between i and j on image 1
and image 2.

C is constant, and it determines the size of this operator.

m is the number of s; & {s} within a certain range from s;
E{s}

X , X, are x coordinates of centers of image patch 5,& {s},
and ,={t}.

Xy, X; are x coordinates of centers of image patch s;E {s},
and ;& {r}, which are neighboring image patches to s5; &
{s}, and ,E{1}.

Pixel size in each pyramid level could be used as C. In
normal distribution the possibility of following case (10) is
less than 0.006%. So to reduce wrong matches, the author
proposes to suppress following case of pairs.

(10)
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here, n is total number of potential matching pairs on
images. '

The form of weight function of (9) is similar to Gauss
function, and the background of threshold is normal
distribution. So the author calls filter (10) as Gaussian
blunder filter. It can be applied to irregular points. Iteration
gives better results. Weight to (10) case is assigned 0
during the iteration. Above processing works successfully

where the surface is smooth, and wrong matches are not
concentrated at certain places. However, there are many
break-lines, and occluded regions in real image, and
sometimes blunders are concentrated at certain places.
Therefore, above formula cannot detect wrong matches in
all situations. The problem areas are near the break-line of
high building and high tree. Nevertheless, it reduces wrong
matches.
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Fig. 1. Example 1 : Image Atiribute Difference for not Corresponding Image Patch Pair Sand for Nearly Corresponding Image

Patch Pairs.

(a) test image 1 (image size : 640x640), (b) The distribution of mean difference for non-corresponding image patch pairs (image patch
size : 5X5), (¢) The distribution of mean difference of for nearly corresponding image patch pairs, (d) The distribution of standard devi-
ation difference for non-corresponding image patch pairs, (€) The distribution of standard deviation difference for nearly corresponding

image patch pairs.

— 46—

Korean Journal of Geomatics



Post Processing to Reduce Wrong Matches in Stereo Matching

3. Experimental Results

Tests were conducted for several images, and two sample
results are shown here. Fig. 1, Fig. 2 are examples to show
the histogram of {(s) — u(®)}, { o(s) — o)} for non-corre-
sponding pairs, and for nearly corresponding pairs. In these
examples, o{u(s)—w(»} and for nearly corresponding

pairs is 1/3 of that for non-corresponding pairs, and o{ o(s)
— o(9)} for nearly corresponding pairs is 1/2 of that for non-
corresponding pairs. In these examples, the nearly corre-
sponding pairs are generated by the method described in
2.3.2 step 1, step 2, and step 3. The size of image patch is
5x3.

Fig. 3(a) and Fig. 4(a) are prior to the processing pro-
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Fig. 2. Example 2 : Image Attribute Difference for not Corresponding Image Patch Pairs and for Nearly Corresponding Image

Patch Pairs.

(a) test image 2 (image size : 1800x1800), (b) The histogram of mean difference for non-corresponding image patch pairs (image patch
size : 5%5), () The histogram of mean difference for nearly corresponding image patch pairs, (d) The histogram of standard deviation
difference for non-corresponding image patch pairs, (¢) The distribution of standard deviation difference for nearly corresponding

image patch pairs.
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posed in this paper, and Fig. 3(b) and Fig. 4(b) are after the
processing. Wrong matches are reduced. For these exam-
ples, the size of image patch for correlation is 5 x 5, and
back-matching'” is applied. In addition, 5 levels of an
image pyramid for the image Fig. 1(a) (size 640 x 640), and
7 levels of an image pyramid for the image Fig. 2(a) (size
1800x1800) are used. Reduction ratio between each level
of image pyramid is 1/2. Epipolar line equations of (1), (2),
(3), (4) are used to generate epipolar images. Interest Points
generated by Foerstmer Operator'” are used to match.
w > mean{w}, g= 0, where w = 2detN/trN and g = 4detN/
t’N, and mask size of operator is 5 x 5. If the distribution
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Fig. 3. The Comparison of DEM Results by Image Matching
for the Image of Fig. 1(a)
(a) DEM result before proposed processing, (b) DEM result
after proposed processing.
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of points is enough, and the points are a little far from the
high building, it works well.

Near a high building, many points have two correspond-
ing points, and relief displacements are big. Therefore, the
image matching problem by correlation method happens. It
is more difficult on a high tree. These cases are not easy to
solve.

The comparison between matching with the grid points,
and matching with interest points was conducted. The
matching with interest points generally gives better results,
but not always. It was also tested for the case of image
patch size 7 x 7. The results are better than in the case of
image patch size 5 x 5.
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Fig. 4 The Comparison of DEM Results by Image Matching
for the Image of Fig. 2(a).
(2) DEM result before proposed processing, (b) DEM result
after proposed processing.
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4. Conclusion

In this paper following two methods are proposed to
reduce after the main part of image matching is over.
Although these cannot remove every wrong matches in
every situation, they are proved to work efficiently for real
images.

1) Suppression of suspicious matches in the image
attribute difference by histogram analysis of other's.

2) Suppression of suspicious matches in the parallax
difference by Gaussian blunder filter.

These can be applied to most of point matching such as
correlation method, least square method, interest point
matching, relaxation method for stereo image and multi-
photo images.
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