Asymmetric post-processing for stereo correspondence
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Abstract

This paper presents a novel approach that performs
post-processing for stereo correspondence. We improve
the performance of stereo correspondence by perform-
ing consistency check and adaptive filtering in an iter-
ative filtering scheme. The consistency check is done
with asymmetric information only so that very few addi-
tional computational loads are necessary. The proposed
post-filtering method can be used in various methods
for stereo correspondence without any modification. We
demonstrate the validity of the proposed method by ap-
plying it to hierarchical belief propagation and semi-
global matching.

1 Introduction

The correspondence problem has been an important
issue in the field of computer vision, and many meth-
ods have been proposed to solve this problem. An ex-
tensive review of stereo matching algorithms can be
found in [1]. Several post-processing methods have
been proposed to improve the performance of stereo
matching. They detect incorrect correspondences with
cross-checking method, and then apply the interpola-
tion technique by using the disparities of the visible pix-
els. Mattoccia used two-step refinement process which
uses the estimated depth border information and mean
shift algorithm for the refinement of disparity maps [3].
Hirschmuller proposed the refinement method for semi-
global matching which uses intensity consistent dispar-
ity selection and discontinuity preserving interpolation
with color segmentation [4].

In this paper, we propose a novel approach to effi-
cient post-processing for stereo correspondence. The
refinement process is done through an iterative filtering
scheme with asymmetric consistency check and adap-
tive filtering. The proposed method can be used in the
various methods without any modification, when suit-
able cost function is used.

2 Proposed post-processing method
The proposed post-processing method consists of
two parts, which are consistency check and adaptive
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Figure 1. lterative filtering scheme

filtering. The reliability function of disparity map is
estimated through consistency check, and it is used in
adaptive filtering for the refinement of disparity map,
which is used for the consistency check again. We
can improve the quality of disparity map through the
iterative filtering scheme as shown in Fig. 1. In this
paper, we use asymmetric information for consistency
check with minimum amount of additional computa-
tional loads. Only the left disparity field needs to be
used. The adaptive filtering is done only with the pixels
referred to as reliable by the consistency check.

2.1 Asymmetric consistency check

The reliability function is estimated asymmetrically
by using consistency check in the proposed post-
processing scheme, while other methods use the sym-
metric matching scheme. If d;(p) # d.(p — di(p)) in
the symmetric consistency check, the disparity in pixel
p can be referred to as invalid. It is possible to classify
invalid pixels into occlusion and false matches by deter-
mining whether there are depth discontinuities in right
image or not, since the depth discontinuities in one im-
age correspond to occlusions in the other image.

In the proposed method, since the invalid pixels are
detected with asymmetric information only, the left dis-
parity map is used in the consistency check. We deter-
mine a candidate set of invalid pixels, and do not dis-
criminate occlusion and false matches from invalid dis-
parities. The same post-processing method is applied to
both occlusion and false matches. It is different from
conventional methods which handle the occlusion and
false matches in the different manner [3][4]. Although
some valid pixels may be contained in the candidate set
of invalid pixels, this problem can be solved by using









Figure 4. Results for (from top to bottom) ‘Tsukuba’, ‘Venus’, ‘Teddy’ and ‘Cone’ image pairs: (from left
to right) original images, HBP, HBP+post-filtering, SGM, SGM+post-filtering.

Table 1. Objective evaluation for the proposed method with the Middlebury test bed

Algorithm Tsukuba . Venus . Teddy . Cone .
nonocc [ all [ disc [ nonocc [ all [ disc [ nonocc | all [ disc [ nomocc | all [ disc
AdaptingBP [2] 1.11 1.37 5.79 0.10 0.21 1.44 4.22 7.06 11.8 2.48 7.92 7.32
DoubleBP [9] 0.88 1.29 | 4.76 0.14 0.60 | 2.00 3.55 8.71 | 9.70 2.90 9.24 | 7.80
HBP + PostFil 1.12 1.63 | 5.44 0.48 1.08 | 2.51 7.65 114 | 18.1 3.46 10.6 | 8.79
OverSegmBP [10] 1.69 1.97 | 847 0.51 0.68 | 4.69 6.74 119 | 15.8 3.19 8.81 8.89
EnhancedBP [11] 0.94 1.74 | 5.05 0.35 0.86 | 4.34 8.11 13.3 | 185 5.09 11.1 11.0
HBP 2.35 4.49 | 11.0 1.62 2.72 | 11.3 8.42 14.3 | 21.6 5.14 134 | 129
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