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Abstract A feature-based two-step local stereo matching with high efficiency is presented to eliminate the ambiguity of
binocular stereo problem in medical optics. The local binary pattern/constrast (LBP/C) textures describing local features are
firstly analyzed for both stereo pairs, and the initial matching costs is constructed from the features. Two-pass aggregation
with adaptive support weight (ASW) for the costs is adopted only in the vertical and horizontal directions, which efficiently
resolves ambiguity in feature matching. Initial disparity map is obtained via local Winner-Takes-All optimization from
them. To solve the ambiguity from other aspects including textureless, repetitive patterns and occlusion etc., disparity
refining procedure consists sequentially of three steps: two-pass ASW-based disparity calibration, warping-based occlusion
detection and epipolar-line-based least square fitting to handle occlusion. The experimental results indicate that this
approach with texture cues and low complexity has high efficiency and concise structure, being easily implemented and

eliminting ambiguity, so that it can obtain comparably accurate and piecewise smooth dense disparity map effectively.
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Table 1 Results on the new Middlebury stereo evaluation

Avg. Tsukuba Venus Teddy Cones

Algorithm PBP Rs Ra Ry Rs R, Rp R Ra Rp Rs R Rp

AdaptDispCalib™  6.10  1.19 142 615 023 034 250 780 13.6 17.3 3.62 933 972

SegmentSupport’™ 644 125  1.62 668 025 0.64 259 843 142 18.2 3.77 987  9.77
AdaptWeight!”! 6.67 138 185 690 071 1.19 6.13 788 133 18.6 3.97 979 826

SegAggr&Calib® 699 1.78 228 7.00 046 074 274 806 135 18.4 591 119 111
PhaseBased!* 153 426 653 154 671 816 264 145 23.1 25.5 10.8 205 212

SSD+MF! 15.7 523 707 241 374 516 119 165 24.8 32.9 10.6 198 263
Our method 16.3 5.61 659 114 348 428 239 150 23.2 32.9 13.8 222 328
soP! 16.6 508 722 122 944 109 219 199 28.2 26.3 13.0 228 223
PhaseDiff!')! 18.8 4.89 7.1 163 834 976 260 200 28.0 29.0 19.8 285 275
STICA!® 19.7 770  9.63 27.8 819 958 403  15.8 23.2 37.7 980 17.8 287
Infection!"” 20.7 795 954 289 441 553 317 177 25.1 44.4 14.3 213 39.0
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Fig. 3 Dense disparity results for stereo pair from clinical colposcopies. From left to right, each column represents base image, initial
disparity, calibrated disparity and final disparity; from top to bottom, each row denotes base image [, and matching image 7,
respectively
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Fig.4 Rectified face stereo pair, face position, initial and final disparity via dense matching faces

(e) Matching image I |

051501-7



47,051501 (2010) BHMYSHBEIZFHE www.opticsjournal.net

FE AT WG N AR U3 R R T AR e T, DLk A 5l R (LB R LT A AR R A
Wi S AR BT 132N S AR S I I o B2 3 5t BRI IR B P ARTB Al v A DX
MV B CREUE[0~50]), A EMELAL, s 22 AR5 Ja KA R, NG g v ] A A st H.
FLA MALTE L B T UL REPERE, a4 s e NIRRT DB A RS AR S R SRR
JEOGER AT E XIRAEAE R VL RS B A (R 2 o8O ) ), MR AN EGRER . hil, 2R
VERECTT 2T 5 AT X H ASE 4 B Ze A NG R OB s AL 22 R g NI = 2 B R 2 7 PR A e s
KT EE VR SR e F) T 55

5 4 w

N T IEBREE DG P i B VG BC B SCPE, 38 DRt (1035 - Jg s — HE TR RSERS /) B SO0 B AT
ASW XUE AHA IR G IIHIAA VL BO AN T XOE S ZERHE L et/ I ZE e AL ZE A T AR G S i
VLT o FIARVGHEC, FIRT eyl — R AR X L BE S A+ AT SO PT AR Ty ik, T BRAEF AEARAL
BOPE, Rfdt MG VLR A, IR SRS, RRlnilzeE; STk, A RomiHkR 7R
SUH, RGN B, ISR ULAOR . SRS SRR, ASURMILAC %, AE3R1S7 B
T AR I RS R R OB LS s BRI IR AL ek BEA iy SE I PR T 55K, B DG 2 i i
IREEZ 2 WA AR R AR AU TR . PR ASE TS bl R AR 8 K = e S W sl T AR 5, JFadt—
AR VLSRRG RE,  [AI I ORFF S PRI THEE, T B AR T 1) o

Bust P PTAE A 0945 AR 9K B 45 A= 45 R @ T http:/vision.middlebury.edu/stereo, #F Daniel Scharstein
#= Richard Szeliski A 7&#; RIEEHTEHIEREFAGE, ko TF¥EAFRRIAGEAFTR
AYEFEER ARG FLESNHRR, ELBHFLL T fods . REWZARAREGS, £
k& B ARG AAER R0 TARAMSIE B http:/cvlab.epfl.ch/data/stereoface/, *FRik Fransens, Christoph
Strecha #= Luc Van Gool%F & 7~ &4,

2 ¥ X W

Boguslaw Cyganek, J. Paul Siebert. An introduction to 3D computer vision techniques and algorithms[M]. West Sussex: John
Wiley and Sons, Ltd. 2009. 366~397

Daniel Scharstein, Richard Szeliski. A taxonomy and evaluation of dense two-frame stereo correspondence algorithms[J].
International Journal of Computer Vision, 2002, 47(1/2/3): 7~42

Stan Birchfield, Carlo Tomasi. A pixel dissimilarity measure that is insensitive to image sampling[J]. /EEE Transactions on
Pattern Analysis and Machine Intelligence, 1998, 20(4): 401~406

Timo Ojala, Matti Pietikdinen, Topi Mienpdd. Multiresolution gray-scale and rotation invariant texture classification with local
binary patterns[J]. I[EEE Transactions on Pattern Analysis and Machine Intelligence, 2002, 24(7): 971~987

Kuk-Jin Yoon, In So Kweon. Adaptive support-weight approach for correspondence search[J]. IEEE Transactions on Pattern
Analysis and Machine Intelligence, 2006, 28(4): 650~656

Gu Zheng, Su Xianyu, Liu Yuankun et al.. Local stereo matching with adaptive support-weight, rank transform and disparity
calibration[J]. Pattern Recognition Letters, 2008, 29(9): 1230~1235

Gu Zheng, Su Xianyu. An algorithm based on adaptive support weight and disparity adjustment for trinocular stereo matching
[J]. Acta Optica Sinica, 2008, 28 (4): 734~738

B AE, TR, = A S NAUE A TR R AESTTA]. R 4R, 2008, 28(4): 734~738

Federico Tombari, Stefano Mattoccia, Luigi Di Stefano. Segmentation-based adaptive support for accurate stereo
correspondence [C]. IEEE Pacific-Rim Symposium on Image and Video Technology, 2007. 427~438

051501-8



47,051501 (2010) BHMYSHBEIZFHE www.opticsjournal.net

9 Liu Tianliang, Luo Limin. Segmentation-based stereo matching algorithm with variable support and disparity estimation [J].

Acta Optica Sinica, 2009, 29(4): 1002~1009
XK, BB, P& 0 ] AR RUE R ZE A ST ARICEL VL[], 52 524, 2009, 29(4): 1002~1009

10 Jong Dae Oh, Siwei Ma, C.-C. Jay Kuo. Stereo matching via disparity estimation and surface modeling [C]. [EEE International
Conference on Computer Vision and Pattern Recognition, 2007. 1696~1703

11 Gu Jia, Wolters Rolf Holger. Computer aided analysis using video from endoscopes: US, WO 2008/024419 A1[P]. Feb 28,
2008

12 Khambay Balvinder, Nebel Jean Christophe, Janet Bowman et al. A pilot study: 3D stereo photogrammetric image
superimposition on to 3D CT scan images—the future of orthognathic surgery [J]. International Journal of Adult Orthodontics
& Orthognathic Surgery, 2002, 17(4): 331~341

13 Rik Fransens, Christoph Strecha, Luc Van Gool. Parametric stereo for multi-pose face recognition and 3D-face modeling [C].
2nd International Workshop on Analysis and Modelling of Faces and Gestures (ICCV Workshop), 2005. 109~124

14 Sherif El-Etriby, Ayoub K. Al-Hamadi, Bernd Michaelis. Dense stereo correspondence with slanted surface using phase-based
algorithm [C]. IEEE International Symposium on industrial Electronics (ISIE), 2007. 1807~1813

15 Sherif El-Etriby, Ayoub K. Al-Hamadi, Bernd Michaelis. Dense depth map reconstruction by phase difference-based algorithm
under influence of perspective distortion[J]. International Journal of Machine Graphics & Vision, 2006, 15(3/4): 349~361

16 H. Audirac, A. Beloiarov, F. Nufiez et al.. Dense disparity map based on STICA algorithm[C]. Expo Forestal, Mexico, 2005

17 Gustavo Olague, Francisco Fernandez, Cynthia B. Pérez et al. The infection algorithm: an artificial epidemic approach for
dense stereo correspondence [J]. Artificial Life, 2006, 12(4): 593~615

051501-9



