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A Disparity Search Range Estimation Method Using
Cluster Blocks

Taewoong Ahn and Byungin Moon*

School of Electronics Engineering
Kyungpook National University
Daegu, Korea
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Abstract—This paper proposes a disparity search range
(DSR) estimation method for stereo matching. For the DSR
estimation of the current frame, the proposed method uses cluster
blocks made from the depth map of the previous frame in
consecutive stereo frames. The method splits an input depth map
into several base blocks, and then analyzes them to find which of
them have similar disparities. A group of base blocks which have
similar disparities forms a cluster block. The method performs
DSR estimation separately within each cluster block, and the
estimation results are used for disparity calculation of the next
frame. The simulation results show that, when compared with the
conventional methods, the proposed one has smaller DSRs, which
result in reduction of matching operations, while maintaining
higher or similar matching accuracy.

Keywords—stereo matching; disparity; disparity search range;
disparity search range estimation; cluster block;

L INTRODUCTION

Stereo matching is an active research area in computer
vision. It extracts 3D distance information of objects from two
images which are captured by stereo camera. The 3D distance
information is used in broad areas, such as robot visions,
autonomous vehicles, etc. These areas need consecutive 3D
distance information in real time, so a stereo vision system
needs not only a high matching accuracy but also low overhead
of matching operations. To reduce the overhead of the stereo
matching, disparity search range (DSR) estimation has been
studied by many researchers because the DSR size is
proportional to the overhead of matching operations [1-3].

Reference [1] proposed a DSR estimation method in
consecutive frames. This method makes a disparity histogram
of the depth map of the previous frame and estimates the DSR
of the current frame by applying a threshold value to the
histogram. The DSR estimation method using the threshold
value is defined as

SR={n|nmingngnma.\;h[n]>7—'h}, (1)

where SR is a set of estimated disparities, 7m» is the minimum
value of the previous DSR, 7. is the maximum value of the
previous DSR, A[n] is the number of pixels which have a
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disparity value n, and Ti is a threshold value. Using (1), a
disparity » is eliminated from SR, the estimated DSR when its
frequency is less than or equal to 7’ . This method erases low-
frequent disparity noise, but when the DSR estimation is
performed consecutively, the matching accuracy deteriorates
because of successive shrinks of the DSR. To overcome this
drawback, a DSR estimation method was proposed which
applied a stretch function for widening the estimated DSR [2].
However, increasing the DSR size causes more calculations for
stereo matching. To solve this problem, the method splits the
whole image into blocks of the same size and estimates
separately the DSR of each block [2]. This method reduces the
matching overhead by reducing the DSR size, yet some blocks
have still large DSRs even though they are smaller than the
whole image. So, a DSR estimation method using multi-level
blocking was proposed in [3] to remove blocks with large
DSRs by splitting the whole depth map into blocks with
various sizes. In this method, blocks are split iteratively into
smaller blocks until the DSR size of the split block is smaller
than a predetermined size or the number of splitting levels
reaches a limitation. The method reduces matching overhead
by splitting blocks with large DSRs into smaller blocks with
small DSRs. However, it tends to cause too many noises
because some disparity noises can be dominant in tiny blocks
with small number of pixels and be included in the estimated
DSR.

II. THE PROPOSED METHOD

This paper proposes a DSR estimation method using cluster
blocks to reduce matching overhead. Fig. 1 is a flowchart of the
proposed method, and Fig. 2 shows a process of making cluster
blocks. The proposed method splits the whole depth map of the
previous frame into small blocks called base blocks, as shown
in Fig. 2(b). Then, the method makes disparity histograms of
the base blocks and generates mask values MB[n] of each block,
which are one or zero depending on whether n are included in
interim estimated DSR, using (1) with 73 of (2) instead of Tj.
In (2), 7B is the threshold value of each base block, HB is a
disparity histogram of each base block, a is a constant value,
and fis a size ratio of a base block to the whole depth map.
The method measures Fpq, dissimilarity between blocks p and
q using (3), and then determines whether they are included in



the same cluster block (Cpg = 1) or not (Cpg = 0) using (4),
where 7c is a constant value used as a threshold. Fig 3(c)
shows a result of clustering process. The cluster blocks have
various sizes and shapes. Furthermore, base blocks located
apart from each other can be included in the same cluster block.
After making all cluster blocks, the method makes the interim
DSR of each cluster block using (1) and (2). Finally, by
applying the stretch function, it generates the DSR estimation
results to be used in the depth extraction of the current frame.

_max(Hs) x o

Ts ©)
B
Fpq = ZMBp[n] ® Ma,[n] 3)
1, Fpq < Tc
Crg=1{""" (4)
0, qu >Tc

III. EXPERIMENT AND RESULT

We modeled the proposed and conventional methods by
MATLAB R2014b. Fifty frames of both the tanks and tunnel
images [4] were used for experiments, and the census transform
was used to make a depth map. The DSR estimation method of
[2] and the proposed method split the whole image into 4 x 4
blocks, Tc is set to 16 in the proposed method, and the
maximum number of splitting levels is 3 in the DSR estimation
method of [3]. To compare matching overheads of the proposed
and conventional methods, millions of disparity evaluations
(MDE) is calculated by (5), where W; and H; mean width and
height of block i, respectively, and D; is the number of
disparities in block i.

Wi x Hi x Di
MDE:ZT (5)

Table I shows experimental results. The proposed method
has less MDE value than the conventional methods except the
method of [1]. The method of [1] has the least MDE when it is
used with the tunnel images because it reduces DSR size
consecutively. However, this reduction of DSR size leads to the
worst matching accuracy in the method of [1]. On the other
hand, the other conventional methods and the proposed method
have better matching accuracy than the method of [1] because
they all apply the stretch function. Plus, Table I shows the
proposed method has the least MDE compared with the
methods of [2] and [3]. This means that, compared with the
conventional methods of [2] and [3], the proposed method has
the least operation overhead of stereo matching with higher or
similar accuracy.

Left Image Right Image

. Estimated Disparity Search Range
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Estimating Disparity Search Range of Each
Cluster Block
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Range
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Splitting Input Depth Map to Base Blocks
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Fig. 1. Flowchart of the proposed method.

(a) Input depth map

(b) 4 x 4 base blocks
Fig. 2. The process of making cluster blocks.

(c) Result of clustering

TABEL L EXPERIMENTAL RESULTS
Parameter Image 1] 2] 3] Proposed
Matching Tanks 0.8101 0.8215 0.8218 0.8239
accuracy Tunnel 0.6372 0.8463 0.8509 0.8496
MDE Tanks 4.1569 4.1012 4.0199 3.8292
Tunnel 2.1039 3.6075 3.5771 3.3197

IV. CONCLUSION

This paper proposed a DSR estimation method using cluster
blocks to reduce matching overhead of stereo matching in
consecutive frames. Experimental results show that the
proposed method leads to similar or higher matching accuracy
with less operation overhead of stereo matching when
compared with conventional methods. However, this paper
were simply focused on operation overhead of stereo matching,
so future work will cover operation overhead of clustering
process.
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