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Abstract— This paper presents an entire scheme for the estimation of a sparse disparity map from stereo pair images. In contrary to
a dense disparity map, for which disparity values are calculated for
each pixel of image, the sparse disparity map is determined only for
some distinguished set of pixels from an image. The pixels belong to
this set are called features. Therefore, in the first stage the algorithm
for determining sparse disparity map has to be able to detect and
specify some pixels as the feature pixels. In this article a method for
specifying features is introduced. The core of the presented method
relies on a fuzzy edges detector. The algorithm of fuzzy edges detection, as well as a manner enabling determination of the features’ set,
are introduced. The disparity is calculated at the fuzzy domain based
on a similarity measure which is the correlation of fuzzy sets. The results of the obtained disparity maps for some benchmark stereo pairs,
and the comparison with the well known Marr-Poggio-Grimson algorithm designed for sparse disparity map estimation are presented.
Keywords— feature points, stereo matching, disparity map, edges
detection, fuzzy logic

scene. On the other hand, the methods based on features reduce the searching space from full image pixels set to the pixels which were recognized and assigned as the features. It
attracts reduction of calculation time and in a natural way, it
causes eliminating the ambiguity that may occur inside the
uniform regions of images, because in these regions there are
usually no feature points.
Each clearly distinct pixel from image can be selected as
the features considered for matching task. However, the most
popular features taken under consideration are corners [4, 5]
and edges [6]. The edges matching techniques are more popular for the reason that the disparity map estimated with dependence only on corners is too sparse. Matching the edges of
the images gives a lot of more dense disparity map therefore
matching edges is considered in this paper.

In another group of feature based approaches image segmentation is done as the first step. Later, they try to match the
segmented regions [7]. This group of methods is not consid1 Introduction
ered here, and the comparison of results would not give meanStereo vision is a vivid researched technique of machine vi- ingful results because the ability of estimation disparity map
sion area which allows to obtain a three dimensional image of depends mainly on the segmentation step, which is a totally
a scene observed. Its importance arises from its main char- different issue in machine vision research.
acteristics, hence, it is a passive method and the equipment
In order to improve results of features stereo matching there
which allows to use it is rather cheap. The estimation of disis
a
big group of methods which aim at matching piecewiseparity map is one of the central problems of stereo vision aplinear
edge segments [8, 9]. The matching of edge segments
plication.
has
advantages
that the error of isolated pixels in edges has
In spite of thirty years of research there is no good enough
very
little
influence
on the position and orientation of the edge
method which always gives a satisfactory solution. The stereo
segments.
There
are
different modifications in the descripvision and especially the stereo matching research could be
tions
of
edge
segments
[10] and the edges could be matched
divided into two main streams [1, 2]. One of them are algoas
edge
chains
[11].
This
group of methods is out of our interrithms which try to match all pixels from images. As a result
est
because
they
do
not
depend
on an edge detector and have
of this kind of algorithms the so called dense disparity map
a
different
philosophy
behind
them
than matching edges diis obtained. [3]. The ”dense” means that the disparity values
rectly.
are estimated for each pixel of the images. These algorithms,
however suffer from the calculation being time consuming and
The well known algorithm for matching features is the
the matching in uniform regions of images being almost im- Marr-Poggio-Grimson algorithm, MPG in short [12, 13]. This
possible. But doubtless the advantage of this group of methods algorithm is an implementation of the human stereo vision theis better model reconstruction possibility. This paper does not ory that was developed by Marr and Poggio [14]. Because the
consider the methods which produce the dense disparity map. MPG algorithm works mainly with reliance on the edge deAn alternative approach towards finding a solution to the tection it has been used here as the reference algorithm. All
stereo vision problem is a feature matching strategy. Al- the details of this algorithm are given in the Sec. 5.1.
though, the obtained disparity map has established values in
The paper proceeds in three stages: the first gives a formuch less amount of pixels, in contrary to the former group of
mal
statement of the stereo matching problem; the second part
methods, the result can be used in many real tasks as navigacontains
an algorithm based on fuzzy logic for edges detection of autonomous robots, manipulation of industrial robots
tion
and
a
manner for establishing feature points as well as a
or view morphing. Moreover, the disparity values could be
method
for
the calculation of a disparity map; the third part of
interpolated in the areas where the matching is not made.
the
paper
presents
evaluation results of the introduced method
The disadvantage of this approach is an insufficient amount of
and
the
comparison
with the MPG algorithm.
disparity values for visually good reconstruction of observed
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Figure 1: Depiction of the stereo matching problem

2

Problem statement

The stereo vision problem relies on establishing the correspondence between physically the same points in two different images representing the same scene. However, these two
images have to be taken under some geometric restrictions in
order to ensure they constitute a proper stereo pair [15, 16]. If
two images constitute a proper stereo pair then there is a horizontal shift between these two images called disparity. Finding this shift is the main aim of almost every stereo matching
algorithm. This task is illustrated in Fig. 1 which shows, that
the same physical points (x1 , x2 , x3 in the Fig. 1) in the left
and the right images have different abscissa in the image coordinate system. The matching task is usually posed as the
problem of finding points in the right image Ir corresponding
to the selected points in the left image Il . The value of abscissa
shift of the determined point, called disparity is here refereed
to as d. The task is to find the proper values of disparity d
which correspond to the same physical points.
Usually, the epipolar constraint [15] restricts the search to a
horizontal line of images. A further simplification is attained
by limiting the maximum possible value of disparity d, for
which a good estimate can exist. In this paper we restrict
our considerations to a parallel rectified pair of cameras. This
means that the searching is done for each line of images and
the lines of the left and right images correspond to each other.

3 Features detector

the fuzzy relation in the triangular form (1). The shape of
the triangular similarity relation is shown in Fig. 2(a) and its
strength depends mainly on α value.
Formally the triangular fuzzy relation between the pixels
I (i, j) and I (k, l)) is expressed:


1 − |I(i,j)−I(k,l)|

α

if |I (i, j) − I (k, l)| < α
(I
(i,
j)
,
I
(k,
l)
,
α)
=
µRT

0


if |I (i, j) − I (k, l)| ≥ α
(1)
In the edge detection stage the distinctions between one dis-

(a)

(b)

Figure 2: The shape of triangular fuzzy relation used for the
edge detection (a) and the neighborhood (b) of distinguished
pixel.
tinguished pixel I (i, j) and its neighbors are calculated. If
the differences are big, there are likely big changes in image,
and there could be an edge present. The algorithm for edge
detection is described as follows:
1. The determination of the differences between the distinguished pixel and its small established neighborhood.
This situation of the distinguished pixel and its neighboring pixels is shown in Fig. 2(b). In this case we use the
window size eight but many different sizes of this neighborhood can be used [19].
The vector of homogenity description hv is defined. The
length of homogenity vector hv is equal to the size of the
neighborhood. For each pixel of the image the values of
the vector hv are calculated by (2):

Edge detection is a well known problem for the machine viρ

sion community. There are many more or less popular algo=
µRT [I (i, j) , I (i + k, j + l)]
(2)
h
v
rithms in the literature considering on image processing tasks
k,l=−ρ
[17, 18]. In this paper we used some new kind of an edge detector. This edge detector is based on fuzzy relation and with
2. The final response of the edge detector is defined as the
its characteristic feature being rather fat edges obtained as the
sum of the homogenity vector values:
detection results [19]. The thickness of the detected edges

could be a disadvantage in some applications but in the matchhv
(3)
he (i, j) =
ing problem has become an advantage, because the edges have
more information about themselves and about their neighbor- If the region is uniform, the response of the edge detector
hood.
would be big because all of the pixels have big similarity close
to one. If the region is diverse, and if a strong edge is present in
3.1 Edges detection
the region, the response of the detector is smaller. The results
The principle behind the presented algorithm is the fact that of the detector working for two images are shown in Fig. 3 and
for the pixel which belongs to an edge, the neighboring pixels 4. We reverse the colors of the edge images in order to get the
have different values. Therefore if the edge is strong then in better presentation in black in white background. Originally
the determined small neighborhood of the pixel under consid- the colors for the edges are brighter, the bigger response of the
eration there are numerous pixels with the big difference of edge detector while the background is black.
value.
Moreover, the values of the edge detector response called
The distinction between these pixels is made by using the ”edginess” could be considered as values of some memberfuzzy relation [20]. As it is pointed in [19] a lot different ship function. The bigger the response, the bigger the pixel’s
shapes of fuzzy relation can be used. In this paper we used membership function value.
ISBN: 978-989-95079-6-8
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3. Vertical non-maximum suppression: The last step is practically the same as the previous step, but it is done in the
vertical direction of the image:

if
pe (i, j) > p (i, j − 1)
 pe (i, j)
and if pe (i, j) > p (i, j + 1)
pe (i, j) =

0
if
else
(7)
(a)

(b)

(a)

(b)

As the result the images with the edges of one pixel thickness
Figure 3: The left of stereo pair image called ”Tsukuba” (a) are obtained. In these images the positions of the remaining
pixels determine the locations of the features which are to be
and the result of detected edges (b).
matched.
The examples of the results obtained by the edge thinning
algorithm and the locations of the feature points for the images
considered earlier (see Fig. 3 and Fig. 4) are shown in Fig. 5.

Figure 4: The left image of an another stereo pair called
”Venus” (a) and the result of edges detection (b).
(a)

3.2

Edges thinning

The edges detected by the presented edges detection procedure are rather fat therefore we need to further reduce the number of points which are subject to match-making. In order to
obtain the reduction of the edge points, a thinning algorithm
is executed at the edge images. The thinning is done in three
independent steps.
The full thinning algorithm proceeds in the following way:
1. Thresholding: The first step of the edge thinning is attenuation of small values by using the global threshold Pth
with the value given by:
Pth = ath × Emean

(4)

where ath is an arbitrary chosen empirical threshold
value. In this work it was set at the value equals 1.25. The
term Emean determines the average value of the edges
image:
Emean =

−1
N
−1 M


1
e (i, j)
M · N i=0 j=0

(5)

where e (i, j) is the pixel value of the edge image.
2. Horizontal non-maximum suppression: This step has
similar idea to the non-maximum suppression algorithm.
But in this step, it is made only in the horizontal direction
of the image, as carried out:

if
pe (i, j) > p (i − 1, j)
 pe (i, j)
and if pe (i, j) > p (i + 1, j)
pe (i, j) =

0
if
else
(6)
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Figure 5: The feature points after edge thinning applied for
the images in Fig. 3 (a) and Fig. 4 (b) respectively.

4 Feature points matching
A typical algorithm for finding a stereo matching solution
works for an arbitrary range of disparity values from dmin to
the dmax . There are two windows established, one of which,
called a reference window is set at a stable position in one
(usually left) of the images constituting a stereo pair and the
other called a search window moves along the horizontal line
in the other image (usually right) within the established disparity range. For each position of the search window some kind
of matching measure is calculated. The value of d for which
position of the search window the value of measure attains its
supreme is taken as the proper value.
The presented algorithm works in the mentioned scheme,
that is reference and search windows, but during the matching
stage the feature image and the edges images are used. The
feature image determines the position of the feature points received after using the edge thinning. It is used for establishing
the position of the reference window in the reference edge image exactly at location of the feature point. After establishing
the position of the reference window the matching is carried
out by moving the search window in the other edge image.
The measure of matching is calculated based on the edge
images. For each point which have determined as the feature
point in the feature images, the calculation of matching score
in the edge images is done. As it was mentioned earlier the
values of the edge detector can be interpreted as the values
of the membership function which gives the degree of pixel
belonging to the ”edginess” variable. For this reason the calculation of matching score is done in a fuzzy fashion.
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The matching measure used in this algorithm is the correlation between fuzzy sets [21]. Let us assume that there is a
sequence
of
paired
data
((µA (x1 ) , µB (x1 )) , . . . , (µA (xn ) , µB (xn ))) which corresponds to the grades of the membership functions of fuzzy
sets A and B defined on X. The correlation coefficient, fA,B ,
between the fuzzy sets A and B is calculated as:
n


rA,B =

(µA (xi ) − µ̄A ) (µB (xi ) − µ̄B ) / (n − 1)

i=1

(8)

SA · SB

where µ̄A and µ̄B denote the average membership grades of
the fuzzy sets A and B according to the dependence:
n


µ̄A =

µA (xi )

i=1

(9)

n

and SA and SB are the standard
deviations of fuzzy sets A and

2 , where S 2 represents the degree
B calculated as: SA = SA
A
of variation of the membership function determined by:
n

2
=
SA

2

(µA (xi ) − µ̄A )

i=1

n−1

(10)

The measure of correlation (8) is simply adapted to the measure of correlation between ”edginess” in the reference window and ”edginess” in the search window. As in a typical
matching algorithm the score is calculated for each shift from
the chosen range and the value dk for which the correlation attains its maximal value is taken as the proper disparity value.

5 Results evaluation and comparison
For the testing purposes we used some benchmark stereo pairs
made public accessible [3] from the Middlebury Stereo Vision
Page [22]. The big advantage of these stereo pairs is that they
have the true disparity map available. This allows to make a
reasonable comparison of different algorithm in reference to
the true result which should be obtained.
5.1

Reference feature matching algorithm

As the reference algorithm the Marr-Poggio-Grimson (MPG)
has been selected. This algorithm is very popular, easy to
implementation and gives good results. The implementation
which is used here was based on the scheme described in
[12, 13].
The MPG algorithm works in the coarse to fine scheme. In
the description of this algorithm the word ”channel” is used
and it refers to image filtering with a specific filter window
with established size w. The coarse channel means the filtering with the bigger size of filter window and the finest channel
means that the image was filtered by using filter with smaller
size.
The typical scheme of the MPG algorithm consists of six
steps. The steps are outlined below:

image signal and assumes the following form:
2

∇ (G (x, y)) =
2

x2 + y 2
σ2

exp
2



− x2 + y 2
2σ 2
∂2
∂x2





∂2
∂y 2



 (11)
and

+
where ∇ is the Laplacian ∇ =
G (x, y)) is the Gaussian function, which acts as a lowpass-filter to the image:

− x2 + y 2
2
G (x, y) = σ exp
(12)
2σ 2
where the width
√ of the channel ”w” is related to σ as
follows: w = 2σ

2. Zero crossing extraction: In the filtered image the detection of zero crossing is done by scanning the image
horizontally for adjacent elements of opposite sign or for
three horizontally adjacent elements, where the middle
one is zero. Also the sign of zero crossing is searched.
The located position of zero crossing with their signs are
remembered.
3. Matching: For each scan line in the left image is centered
reference window at the founded zero crossing point as
the possible candidate to matching. In the right image the
search window is moved in established disparity range. If
in the right image is a zero crossing point on the search
window and has the same sign as the left point, then this
zero-crossing point produces a match. The disparity, difference between locations of zero crossing points in the
left and right image, is stored in a dynamic buffer.
Based on the matching process, the left zero crossing is
marked as:
• unique match, if only one right image zero crossing
is matched with the left one
• multiple matches, if more than one match is found
• no match, if no match is found
4. Disambiguation: In this step the disparity map is checked
for possible double matches. This kind of ambiguity is
resolved by checking the disparities within the same region of the representation at the previous channel. If
there is no coarser channel, or there is no a disparity value
within this region in the coarser channel, or the disparity
is not consistent with coarser level disparity, then the disparity is discarded. The disparity can be approximated
by taking the average of the multiple match.
5. Loop: When the final map disparity for the current channel has been completed, the process return to the convolution to the next finer representation.
6. Consistency: After calculation of disparity in each channel has been completed, there is one final test done. Each
disparity value at the finest channel is tested for consistency by checking its value with values at the coarser
channel. If the values are inconsistent the matching is
eliminated.

1. LOG filtering: Started from the coarsest channel the left
and right image of stereo pair is convolved with LOG In this paper we used, as in the Grimson [12] implementation,
filter. The LOG is a smoothed second derivative of the four channels with size of 5, 9, 13 and 17 pixels respectively.
ISBN: 978-989-95079-6-8
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5.2

Results evaluation

The algorithm proposed here and the MPG algorithm were
applied for two different stereo pairs. The Fig. 6 presents the
estimated disparity maps for ”Tsukuba” stereo pair. Similar as
in the edge images the colors were reversed for better visual
presentation. If the color at the disparity map is darker the
original disparity value has bigger value, and the element has
bigger disparity value. The second image Fig. 7 presents the
disparity maps obtained for the ”Venus” stereo pair images.

(a) The result of the proposed algorithm

(a) The result of the proposed algorithm.

(b) The result of the MPG algorithm

Figure 7: Disparity maps for the stereo pair ”Venus” (a) estimated by the proposed fuzzy algorithm and the MPG (b).
(b) The result of the MPG algorithm.

some more deep manner the second experiment was done. In
this case their behavior in the presence of noise in images
Figure 6: Disparity maps for the stereo pair ”Tsukuba” (a) was investigated. For this reason some amount of Gaussian
estimated by the proposed fuzzy algorithm and the MPG (b). noise was added to the both images consist of stereo pair. The
amount of added noise is determined in the logarithmic scale
Visually these results are not so different. In the ”Tsukuba” and was established at 30dB value. The value denotes the
stereo pair can be seen that MPG algorithm gives some dif- amount of noise and is calculated by using expression:
ferent matching but the comparison is very hard to done. Just
Pimage
comparison of numerical statistic given in the Tab.1 gives bet(13)
SN R = 10 · log10
Pnoise
ter view at obtained results. It can be seen that the amount of
points classified as the features points is similar in both algoFor discrete image I with size M × N and intensities I (i, j)
rithms but the proposed algorithm based on fuzzy edge detecof pixels the power Pimage is expressed as following:
tion gives much more true matches. During generation of the
M,N
results enclosed in Tab. 1 a point was classified as the proper

1
Pimage =
I 2 (i, j)
(14)
matching point if the difference between its disparity and the
M · N i,j=1
true disparity taken from the true disparity map was equal zero
or one. In this case the small mistake equal one was allowed. For the purpose to produce the image with assigned SN R to
If the difference between estimated disparity value and the true the image the Gaussian noise was added iteratively and the
value was bigger than one the matching point was classified as power of noise was calculated for the noise image:
wrongly matched point.
(15)
Inoise = Idistorted − Ioriginal
In order to check the characteristics of these algorithms in
ISBN: 978-989-95079-6-8
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Table 1: The quantitative results of comparison for matching
algorithms.
Image
Points Right
Bad
Right % Bad %
Results obtained by the fuzzy matching
Tsukuba 11579 10392 1187
89.8
10.2
Venus
18588 16479 2109
88.7
11.3
In the presence of noise in image; SN R = 30dB
Tsukuba 11898 2629
9269
22.1
77.9
Venus
19269 3313 15956
17.2
82.8
Results obtained by the Marr-Poggio-Grimson algorithm
Tsukuba 11579 9549
2030
82.4
17.6
Venus
19143 12449 6694
65.1
34.9
In the presence of noise in image; SN R = 30dB
Tsukuba 12345
582
11763
4.7
95.3
Venus
22705
564
22141
2.5
97.5

[3] D. Scharstein and R. Szeliski. A taxonomy and evaluation
of dense two-frame stereo correspondence algorithms. Int. J.
Computer Vision, 47(1/2/3):7–42, 2002.
[4] F. Tiesheng, N. Bing, W. Qingsong, W. Tao, and Q. Dapeng.
Novel stereo matching method on multi-scale harris corner
points. IEEE Proc. of the Int. Symposium on Comp. Science
and Computat. Techn., pages 167–170, 2008.
[5] D. Zhao, D. Liu, and Y. Yang. A new stereo matching method
based on sub-pixel corner detection. In IEEE Proc. of the Int.
Conf. on Comp. Science and Soft. Eng., pages 899–902, 2008.
[6] X. Su and T.M. Khoshgoftaar. A progressive edge-based stereo
correspodence method. In Proc. of the Int. Symposioum on Visual Comput. (ISVC), volume 1, pages 248–257, 2007.
[7] K. Kyung-Yoo, K. Sung-Yeol, and H. Yo-Sung. Stereo matching using global and local segmentation. In Proc. of the Int.
Technical Conf. on Circuts/Systems, Comp. and Communicat.
(ITC-CSCC’07), pages 1225–1226, 2007.
[8] H. Bay, V. Ferrari, and L. Van Gool. Wide-baseline stereo
matching with line segments. In Proc. of the IEEE Comp. Society Conf. on Comp. Vision and Pattern Recogn. (CVPR’05),
2005.

where the power Ioriginal had been calculated (13) before
adding noise and the Pnoise was calculated for the noised image. The amount of noise had been increasing to the moment
[9] A. Luo, W. Tao, and H. Burkhardt. A new multilevel line-base
for which the SN R attained the value equal to 30dB.
stereo vision algorithm based on fuzzy techniques. In Proc. of
As it is shown in Tab.1 both algorithms have very small rethe Int. Conf. on. Pattern Recogn. (ICPR’96), volume 1, page
sistance at the noise. The number of features does not decrease
383, 1996.
but the the amount of the proper matching is decreasing very
[10] X. Shenghua, L. Jiping, P. Jianping, and W. Yong. Straight line
significantly. But the proposed fuzzy approach still give better
extraction for stereoimage feature matching. In IEEE Proc. of
results.
the Congress on Image and Signal Processing, 2008.

6 Conclusion
In this paper the full scheme for features stereo matching
based on fuzzy edge detection has been presented. The application of fuzzy logic allowed to obtain results better than
the good and stable MPG algorithm.
However, both of these algorithms are very sensitive to the
noise present in the images under matching consideration. It
seems that the most sensitive stage is the edge detection. This
aspect of these algorithms should be researched more deeply
because the noise is very important in the real applications of
stereo vision. In the real world numerous kind of distortions
should be considered and this topic should be examined more
carefully.
The obtained results are probably also image depended. In
the case where the image is more complicated and there are
many more edges in an image, as in ”Tsukuba” stereo pair,
the number of properly matched points is always bigger. In the
”Venus” stereo pair, in which long straight edges are present,
both algorithms found much more points classified as the feature points but the matching in both cases was worse. In that
kind of images probably the algorithms based on segments
edge matching would give better results. But when the image encloses a big number of short edges algorithms presented
here should have better properties. This is probably a clue for
further research but it is out of scope of this paper at this moment.
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