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Stereo Matching Method Based on Improved Cost
Computation and Adaptive Guided Filter

Yan Li, Wang Rui”®, Liu Hua, Chen Changjun
School of Geodesy and Geomatics, Wuhan University, Wuhan, Hubei 430079, China

Abstract To solve the problem of low matching accuracy in textureless regions, a local stereo matching method is
proposed based on improved cost computation and adaptive shape guided filter. First, an efficient cost function
combining enhanced image gradient and enhanced gradient-based Census transform is introduced for cost
computation. Then, an adaptive shape cross-based window is constructed for each pixel, and guided filter
aggregation is implemented based on this adaptive window. The final disparity map is obtained after disparity
computation and multi-step disparity refinement. The experimental results demonstrate that the average matching
error rate of the proposed algorithm is 4.80% for stardard image paris on Middlebury benchmark. Compared with
traditional guided filter-based method, the proposed method has better matching results in textureless regions.
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Fig. 1 Diagram of proposed method

21 EEKRMNITE
VC BEAR A 2 22 A7 A i R 2 A5 25 38 PR 2 1 A1 X
PEREE B, 0] U — N K/ H XW X D 1 = 456 [

KL, Hh H W R D 73 5l 3R AR B89 & L 58 F
MEMRE . FET AD B UCECAR M 7 ik s Pt
SR A PR B AR DT IS A Y K JRE 22 LR X IR 7 RO TR

1115007-2



Es #

AR A AR W AEURR L AR 55 20 B X IO 8 25 5 B TR
AR AR PR AT DL R 25 S 3 B 1 X d 5 B
F Census 22 {4 7 32 X Mg A 16 HE BT 0 3 A A
{22, H A 55 SU 3 X B T E A0k SR A -, {EL A TR
QU A X R e 250 L O T 7 5 S0 X
FRAG T S BE L O L 2% 18 B 5 By 20 5% op W 7 OR 4
SRR AR A SR AN AT Sl A Y AR SO A G BR R (B
IR E Y Census 728 3ok #4) 2 VT B AR A R 2R,

T AR SR I S A5 B AR T 2 R
A7 G 38 5 A B, 43 590 % 26 A7 R 147 R 6 % 2
[ 36 N B 8 (CLAHE) 27 A8 . X T8 —4
BES p B Ed FIHEET B EAR B RN 4
T KT 1) RS B[] R
CEAE(pad) = |V, I (p) =V, Ix(p—d)|+

(VI (p)—V, I (p—d)]|, (D

LBV IRV I RIRRBR p S« Ay
T RS R LT T RAEARE,

4t Census 784 1% WA 0AR F 00 K BEHAE A
Z7% KI5 0O R AR AR R 0K B AT LA
JEH 0 1 Fm K/NK R, &3t I il — i il
it o XN 5 X T 45 2RI R M i ) LA M
T T4 e 1 55 . i LG 3 52 SO 45 # DT e sk R 2%
SRy Y HE B R AR R L R R AR R A S0 B Y DT TC RS
JE A SO RS T 1G5 AR B AR B 1Y Census A8 4k 11
BICHAC M. M T 548 Census 748 # ., 20tk 5 ()
Census 224 & X5 2R (08 E I BE E AT LU 3, B A AL
o T o B X Y DG DR B L 2RSS A Census 22

Ny S|
Cere (p) = QE[I%}%&%E(?),IEI&%E(Q)], (2
7€Ny
1. ¢<
ECpag) = ¢ (3)

0, otherwise
Kp . QRRILMEE: N, RRBE p L5
TG () A TGRADF (@) R p Ml g B SR AR R 15 L
X T Census 284 J5 15 3 19 26 R &R S0 Cora, (p)
A B R 2228 d BIRER KR Core (p) » FI I
W B B R T 5 3R B R AL 0 B
Cerg (p »d) = Hamming[ Cerg. (p) »Cergr (p — d) ]
9
V3 58 5 I A6 B A A A1 ek 2E 1Y Census A8 4 iE
AT IR RS A A5 3 e A I AR s BRRIB A X
C(psd) =2 —expl— Ciian (pd)/Acran] —
expl— Cer (psd) /Acre |5 (5)
A Aran M Acr J2 IE WAL S L
Y S i B HE AU ok BRI RS T R 8 B B Y

Census 78 it 1) A & %, X Middlebury %t 45 4
Tsukuba R BEAT XS L0 S2 5, 5256 2R AR ] 19 A8
RE Ik, B #1790 2 K46, 315 0 A 22 &
(B 2) NI 2 W] LU 385 5 1 6 BE AR A R B 1
UL JCANCR EORVESEVE RTINS N8 R ol R A
B TSR AR (19 Census 28 0 4CH BREUE T 2
SUHL 25 M X CHE B HE ) 1Y DT RS B TR 4

Census A8t ,

(D
Bl 2 HETRREARAM T 2: 19 Tsukuba ERHHI 45 AL
2. IR 6 B A SR (b 3R 5 19 B A
M R (o) SR Census AR 5 (d) 56 T 348 5 06 B 19
Census 2%

Fig. 2 Initial disparity maps based on different cost

methods for Tsukuba. (a) Absolute difference in
images gradients; (b) absolute difference in

enhanced images gradients; (c) traditional

Census transform; (d) Census transformation based

on enhanced images gradients
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Fig. 3 Schematic of adaptive window construction.

(a) Cross-based support region construction;

(b) adaptive window in Ref. [17]; (c¢) adaptive

window in Ref. [14]; (d) adaptive window in
proposed method
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Fig. 4 Disparity maps under different illumination conditions for Aloe and Babyl. (a) Left image; (b) right image;
(¢) ground truth; (d) SAD+ Grad; (e) AD+Cen; (f) AD+Grad+ Cen; (g) proposed cost computation
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Fig. 5 Disparity maps with different exposures for Aloe and Babyl. (a) Left image; (b) right image; (c¢) ground truth;
(d) SAD+Grad; (e) AD+Cen; (f) AD+ Grad+Cen; (g) proposed cost computation
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Table 2 Error matching rates of various cost computations under different illuminations %
Algorithm Aloe Babyl Bowling1 Clothl Flowerpots Rocks1 Avg
SAD+ Grad 32.175 16.882 40.900 10.829 53.528 27.238 30.259
AD—+Cen 32.274 25.055 46.147 13.212 56.000 18.732 31.903
AD+ Grad+Cen 37.149 23.175 46.658 12.690 72.106 32.375 37.359
Proposed 22.034 11.115 26.946 11.333 34.185 13.849 19.910
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Table 3 Error matching rates of various cost computations under different exposures %
Algorithm Aloe Babyl Bowling1 Clothl Flowerpots Rocksl Avg
SAD+ Grad 52.510 50.672 46.434 50.178 87.562 79.773 61.188
AD+Cen 16.173 11.118 20.022 11.096 41.021 15.329 19.127
AD—+Grad+Cen 31.012 30.182 31.374 13.543 77.590 44.218 37.987
Proposed 15.205 10.658 22.782 11.060 29.834 14.094 17.272
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Table 4 Error matching rates of various cost computations without radiometric changes %
Algorithm Aloe Babyl Bowling1 Clothl Flowerpots Rocksl Avg
SAD+ Grad 12.409 12.009 26.122 9.619 20.697 10.598 15.242
AD-+Cen 13.610 11.811 23.859 10.475 22.676 12.766 15.866
AD+ Grad+Cen 15.349 12.350 24.563 11.236 21.832 12.586 16.319
Proposed 14.478 9.749 18.663 11.085 18.644 12.008 14.104
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Fig. 6 Disparity maps of different cost aggregation algorithms for textureless images. (a) Left images; (b) ground truth

maps; (c) results of local stereo method based on guided filter; (d) error maps for method based on guided filter;

(e) results of the proposed method; (f) error maps of the proposed method
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Table 5 Error matching rates of different algorithms for different images %
Tsukuba Teddy Cones
Algorithm Avg
n-occ all disc n-occ disc n-occ all disc n-occ all disc
GF 2.21 2.59 8.56 0.32 4.31 4.77 8.62 13.1 2.53 7.90 7.67 5.27
Proposed 1.74 1.95 8.35 0.23 3.17 7.88 10.8 2.80 8.11 8.25 4.80
6 A XA A 55 1k A a5 DG i 52
Table 6 Error matching rates of different algorithms in all regions %
Algorithm Aloe Babyl Baby2 Baby3 Bowlingl Bowling?2
GF 7.407 2.575 5.534 5.981 7.940 12.184
Proposed 8.626 4.092 10.635 6.197 14.636 14.794
Algorithm Clothl Cloth2 Cloth3 Cloth4 Flowerpots Lampshadel
GF 2.960 8.613 3.940 8.393 12.405 11.223
Proposed 3.225 10.418 4.332 8.454 12.696 9.540
Algorithm Lampshade2 Midd1 Midd2 Monopoly Plastic Rocksl
GF 15.729 37.653 35.381 22.803 32.666 4.183
Proposed 8.570 13.857 16.270 7.335 25.724 4.968
Algorithm Rocks?2 Woodl Wood2 Avg(al)
GF 3.587 3.829 0.965 11.712
Proposed 3.973 8.574 0.484 9.400
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Fig. 7 Experimental results on different parameter settings
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Table 7 Error matching rates of different algorithms for textureless images %
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