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Stereo Matching Based on Improved Cost Calculation
and a Disparity Candidate Strategy

Song Wei ', Wei Xinyu, Zhang Minghua, He Qi "™
College of Information Technology, Shanghai Ocean University, Shanghai 201306, China

Abstract Matching difficulty and the occurrence of large errors in the weak and repeated texture areas of an image
are the problems associated with the stereo matching algorithm. To solve these problems, this paper proposes a
stereo matching algorithm based on improved cost calculation and a disparity candidate strategy. First, the improved
Census transform and adaptive weighted bidirectional gradient information are combined to estimate the initial
matching cost, improving the reliability of cost calculation. Here, inner circle coding is added to the traditional
Census transform for improving the utilization of neighborhood information while reducing the impact of noise. The
adaptive weight function is used to combine the horizontal and vertical gradient costs for reducing the mismatching
rate of the object edge areas. Second, after cost aggregation with an adaptive cross-window, the initial disparity can
be obtained by establishing candidate disparity sets and introducing neighborhood disparity information. Finally, the
disparity is optimized via two-round interpolation. Experimental results demonstrate that the proposed algorithm
can improve the stereo matching of the weak and repeated texture areas and that the average mismatching rate on
four standard stereo image pairs in Middlebury is 5.33% .
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Fig. 4 Illustration of the effectiveness of the adaptive weighted combining strategy of bidirectional gradient cost
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Fig. 5 Disparity maps obtained by different horizontal and vertical gradient costs combining methods. (a) Original image;

(b) real disparity map; (c) disparity map obtained using Eq. (3); (d) disparity map obtained using ABiGrad
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Algorithm 1 Disparity Candidate Strategy

Input: matching cost volume V,
Output: initial disparity map d ©
1: for each pixel p do

V,(p) < find the candidate elements of p from ¥, according to Eas.(12) and (13);

N (i) < the total number of occurrences of d; in V,(p) and V,(p,).p, € 45(p);
F (i) < the total matching cost of d; in V,(p) and V,(p,),p, € 4(p);

2:
3: end for
4: for each pixel p do
5: n(p) <—the number of elements of V,(p);
6: if n(p)==1 then
7: d(o)(p)ed(l)(p);
8: else
9: V! (p) < clear outliers of V_(p);
10: if V. (p)==2 then
11: fori:1ton(p)do
12: d; <—the disparity of elementiof V,(p);
13: gieminldi—d(o)(pa),paeA4(p);
14: end for
15: d(o)(p)<—dx,x<—argm;mg,-
16: else
17: m <—the number of elements of p in V] (p);
18: fori:1tomdo
19: d; <—the disparity of elementiof ¥, (p);
20:
21:
22: end for
23: x(—argmlaxN(i);
24: if X is unique then
25: d(p)«d.;
26: else
27: d(o)(p)<—dy,y<—argr¥1ei§1F(i);
28: end if
29: end if
30: end if
31: end for

9 W2 LD

Fig. 9 Pseudo code for disparity calculation
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Table 2 Experimental parameter setting
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Fig. 10 Effect of parameters changing on error rate. (a) Variation of error rate with A, ; (b) variation of error rate

with A g 3 (¢) variation of error rate with M; (d) variation of error rate with z.; (e) variation of error rate with 7,

3.2 KMHEFERIE
R 58 E AR SC T $E AR TH 53 U7 1L (R R LCen-
ABiGrad) ) 7 %% . % # AD-Census'” fl AD-
Gradient"'" (43 1 F 7R A AD-Cen fil AD-Grad) #E47
Xt B S5, 50 diE % ) Middlebury i 16 %t 57 #4
B G T A X R IC B S, 5k 3
7~ 0] LLE #), LCen-ABiGrad #Y % VT Bt F /£ Aloe

W 3 T AD-Cen( .3 7£ Babyl b A% {2 VLR
3

SAR D, 4 2 P81 th 9 0 5T F AD-Cen A1
AD-Grad, 1fii H.F ¥ % UC fi % b 3% B8 4 1) AD-
Cenflk 2. 9 ©~H % 5., Aloe 1 Babyl ¥ f£1E 1R
KIICEMFE S X, AD 75 £ & g # X f9 2 3
T Census AL BE I B (H N Z5 2R &, T e 55
BRI 4G ADHEA I AD-Grad ¥ FE i
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Table 3 Mismatching rate of different cost calculation methods unit: %
Algorithm Tsukuba Teddy Art Moebius Books Woodl Cloth2 Laundry
AD-Cen 4.48 15. 20 31. 80 20. 80 24.40 26. 20 18. 20 32.80
AD-Grad 4,35 17.70 32.00 22.00 25.00 26. 60 18. 80 30. 30
LCen-AbiGrad 4.06 15.10 30. 50 18. 20 21.50 24. 80 18. 00 27.90
Algorithm  Bowlingl  Babyl Aloe  Lampshadel Middl  Rocksl ~ Wood2  Reindeer  Ave(all)
AD-Cen 31.90 15. 00 16. 50 23.40 42. 60 13. 90 15. 60 30. 10 22.70
AD-Grad 35. 80 16. 60 18. 90 23.60 43. 30 13. 30 15. 20 30. 20 23.40
LCen-ABiGrad 26.00 15. 00 17.10 20. 00 24. 30 13.00 14.50 26.70 19. 80

B 11 s i & = F AL Lamp shadel,
Reindeer, Bowlingl FI Midd1 F A= j (19 #0122 &, M
HI 3 A7 P b T8 AE B B A9 38 43 T DL & 1, LCen-
ABiGrad 75 55 ZUBE X A R AL T AD-Cen Hl AD-
Grad, 55 4 17 Middl H 5% 1 & Jo g0 # X, LCen-
ABiGrad 7E 1% X AT fig A4 iR 22 80 my o 22 & i
AD-Cen Hil AD-Grad W= T REHYIRICEL X, 42
£ X} LCen-ABiGrad B LA AW R R #H4T T 287 .
Census 72 4 FIBH FE S /2 X Jmy 5 45 #4) (0 1 348 , 15 5 4
R ELR 5 H AR LN, FES X R ER
J R B (2 22 AR /N (OG0 B IX 1) s A7 A8 B0 22 )

A2E R /N FUR S A5 2 % 5 BE 25 CAD) 4T
R T 2 7 AR AR H R I S, 3% 2 PR 75 0 2240
Fl NAFFE R 2 AL, M R G BN 2 80 iy L
2R BAT B SCHER R A I B AN EDR R A i 4R
Census BEAE R FIR 3R A 18] 5/ (9 0 €4 22 S A5 1 H
B 10 SR 0 25 48 1T 12 Je) 38 25 A A B SO ) TR
SR EE L T LL Census A A X 55 S0 B K AR #
LCen-ABiGrad X} Census @t #4779 7 . H 5 H
SEA R RE T e — 20 WG ik, B A T 0 55 S0 B XY
SRR B EE Y R IR A R AR B A H AR S
Voo S B3 T N 12 g e NS R A AL S S e
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S /N BRI Jas 78 5 #0555 S0 PR IXC A4 220 AR TH AT
28 (5] I X 4T i ) ok B2 AR SR 3 O o A 5
A AU R A AR 2 B AL IR RS SR AT

Lamp shadel

Reindeer

Bowlingl

Midd1

(a)

s '\l R
(b)

22 F TR, LCen-ABiGrad 8 13 45 4 ok 3 19 Cesnus
A5 4 (L-Census) A A9 86 AR M CABiGrad) 315
TN 55 2 B IX A R g DT ECAC A

(d) (e

11 ARE TR R ZE . (2 FE; (D ESLMER; () AD-Cen; () AD-Grad; () LCen-ABiGrad
Fig. 11 Disparity maps obtained by different cost calculation methods. (a) Reference image; (b) real disparity map;
(¢) AD-Cen; (d) AD-Grad; (e) LCen-ABiGrad

3.3 HEITEREEWIE

T IR A 2% i SR g (R oR Sl DO) YA A
PELEEPE WTA F 3R Sk [ 10 ] rp i 43 i 2 A Ak 35
B (SO HEAT XS H g2 56, Horp, SO Sy 036 4% 8 L
M4 AT 1) AT B 25 R0 SR AL 5 4 i B X (e
A S B R A SCHE AR S T

2 8l 1 Middlebury S7ARECE £ i 13 X 37
RE R g5 Rk 4 FroR, o] LB F]L SO BUS 1 F
PR VCFL R AL DC AU G H 0.1 AN A 4 o5, 75 2L
eSS SO MU T2 2R B, m DC RAM T
8 ANABEE AR B TR E R EHAL, DC ¥R
PERCAR L WTAAK 0. 42 DA SF AL

FoA4 AR 2E T S A R VT R

Table 4 Mismatching rate of different disparity calculation strategies unit: %

Algorithm Teddy Dolls Reindeer Baby?2 Bowling?2 Cloth2 Aloe
WTA 15. 10 18. 00 26.70 17. 20 24.00 18. 00 17.10
SO 14. 40 17.50 24. 80 20. 00 24.00 17. 80 15. 00
DC 14. 80 17.90 26. 20 16. 70 23.70 17.50 16. 90

Algorithm Flowerpots Midd1 Midd2 Plastic Rocks?2 Rocksl Ave(all)
WTA 23.70 24. 30 23.90 34. 90 13. 20 13. 00 20.70
SO 25. 60 21.50 19.10 36. 70 12.90 13.00 20. 18
DC 23.20 23.10 23.00 34.90 12.90 12. 80 20. 28

Sy ik — B DC #YA4EH] K DC il WTA AR
A0 25 P AT 5 e bR, an il 12 Fras . N B R AR
K & Teddy, Aloe, Middl, Reindeer, Rocksl, M
Kl 12(DH A LLFE I HAHE R IR0 5 2 sr il X
DC AL WTA A 555 A9 1F 6 F) W 52 . 7 8% /Y
SUHLIX OBUEZRAE) , DC L AEHR A Bl 18 IE WTA
BIEE R, 3 4h. FE 55 8CHE X (i ZE HE) ., DC A L
WTA R HE 4, [ B &, % 5% W7 7E R

H L B IE 22 O dee /MR I 22 B S R T R
FRAMUNT L 22 . 8 23 R ) K A A W R i R Ak 5
B RIS HD 1y 5 XA — il D 2 5 a0 B X
S DC AR A AT RE AR 5 B A 22 3 LN AR 40
455 WAL ZE 15 B R ek I TR S IR A 22 {H
AL 2285 R A K. Y IR N ARt A R & AL (H
WRFVECH /N TSGR R H , HAEE i 22 5 Ak P D B
KA IE.
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Reindeer Midd1 Aloe Teddy

Rocksl

@ (®)
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Fig. 12 Advantages of DC over WTA in the repeated texture area (straight frame), weak texture area (dotted frame)

and untextured area (double straight frame). (a) Reference image; (b) disparity map obtained by WTA;

(c) disparity map obtained by DC; (d) marked disparity map

3.4 MREE SRS
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= VCBCAS B 5 Assw-Grad #2H —FPh ek b i)+ F &
13, I T A 3 1 (RS R R R A i A 55 S0 B
DRI 22 A8 3% 22 XU AR 4P A e | AR . N3R5
REUEE 1, R CH L AE Teddy Kl I 1 32 UE BT 2% B
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Table 5 Mismatch rate of different algorithms on standard stereo picture pairs unit: %
Tsukuba Venus Teddy Cones Average
Algorithm

N-occ  All Disc  N-occ  All Disc  N-occ  All Disc  N-occ  All Disc error
Ours 2.12  2.50 8.23 0.25 0.62 2.24 4.97 11.00 12.50 2.78 8.68 8.04 5.33
SO-+borders 1.29 1.71 6.83 0.25 0.53 2.26 7.02 12.20 16.30 3.90 9.85 10.20 6.03
Assw-Grad  1.57 2.00 7.32 0. 89 1. 00 3.18 7.20 12.40 16.10 3.68 9.18 8.62 6. 10
GradAdaptWgt 2.26  2.63  8.99 0.99 1.39 4.92 8.00 13.10 18.60 2.61 7.67 7.43 6.55
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Tsukuba

Teddy

Cones

B 13 A SRR bR o S AR R X b i 45

o (DB FRE () KI5 (o) A SR B A 22 B 5 (D TR VEC

Fig. 13 Results of our algorithm on standard stereo image pairs. (a) Reference image; (b) real disparity map;

(c) disparity map generated by our algorithm; (d) mismatching map

AdaptAggrDP 1.57  3.50 8.27 1.53  2.69
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Table 6 Running time of different algorithms on standard

stereo image pairs unit: s
Algorithm Tsukuba  Venus Teddy Cones
Ours 0.9 1.4 3.5 3.3
Assw-Grad 1.7 2.8 4.2 3.9
GradAdaptWgt 24 39 59 59
4 = %
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