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Abstract: To address the low efficiency of phase-based stereo matching in binocular structured light 3D re-
construction. This paper proposed a fast phase stereo matching method based on an intercept adaptive
search strategy. First, epipolar lines were described by the intersection lines between the epipolar plane
and the imaging planes of the left and right cameras. Also, the principle of the epipolar constraint was in-
troduced. Then, the horizontal intercept and vertical intercept of the right epipolar line were calculated.
Based on these intercept values, the position of the right epipolar line on the right camera image plane was
determined. Accordingly, the distribution of the right epipolar line was classified into four quadrants.
Based on this classification, the search range for phase stereo matching along the epipolar line was effec-
tively reduced. Furthermore, the monotonic increase of the absolute phase within a single row was exploit-

ed. Based on this property, a binary search strategy was employed to identify corresponding points be-
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tween the left and right images. Bilinear interpolation was then applied to achieve sub-pixel stereo match-
ing. Experimental results demonstrate that the proposed method provides both high accuracy and high effi-
ciency. For the reconstructed point cloud of a standard sphere, the absolute error of the sphere diameter is
0.011 mm, and the absolute flatness error is 0. 013 mm. In terms of matching time, the proposed method
reduces the computation time by 17. 074 % compared with the AD algorithm, and by more than 91% com-
pared with the AD-Census and SGM algorithms. In addition, three-dimensional reconstruction experi-
ments are conducted on a metal gear, a ceramic ornament, and a quartz glass workpiece. These objects
represent curved, planar, and discontinuous surface measurement scenarios, respectively. A dimensional
measurement experiment is also performed on the discontinuous-surface workpiece. The experimental re-
sults confirm that the proposed method can rapidly and effectively reconstruct objects in various measure-
ment scenarios. Meanwhile, it maintains high reconstruction accuracy and computational efficiency.

Key words: binocular structured light; 3D reconstruction; stereo matching; epipolar constraint; phase

matching
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A 25 AD, AD-Census . SGM Il A SC
e 5 = A #R #L (Coordinate Measuring Ma-
chine, CMM) il s {H # A7 LB /3 b TR 12—
AR TA R T 2 BAL, B LB 75,
[ 5 - T 2 [ R FE SR AR A8 Ak T 2 R & 2
G By, AN ) R R AR 5 56 T2 R AE A6 AS 5] i) °F-
1], BLAH 2 6] A7 76 B S 0 v B 22, AR AP T
A T B AN T S

TAF 1S (R RRAE (0 0 2 45 0 0 3 2 fir s, A
F2RA LA B2 20 mm, AD &
1 AD-Census &35 . SGM &3k 42 4o %) 15 25 8
A 515 (Mean Absolute Error, MAE) 43 % &
0.024 mm, 0. 025 mm F1 0. 030 mm, Ifij A< 3C 5 1k
X 0.012 mm, PY Yl & 26 XF % 22 78 0. 011~
0. 013 mm = [i], ] 4 25 S 5% 22 9 g/, R W A 3¢
VL EA RS R Bl G DU A DR R AR R
BB Cln 8 6 FE 7) , AD B %k (| AD-Census &
1 . SGM B3k FAS SCHE L 10 0 o5 4 % 152 22 39 A
B B Tb B X B AR 20 200 mm #4957 0 i
=R RN e 4 X 58 22 43 ) Ry 2. 761 mm, 2. 813
mm 1 3. 895 mm, 1ij A% 3CF 10 £ 4 %k 15 22 K
1.382 mm, & B A% 3C 5 vk A8 R RCSE i I 4t v 473
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(a) 529
(a) Physical object

(b) 3D reconstructed result

(b) AR (OFzE3ES

(c) Point cloud packaging
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Fig. 10 Visualization of multi-scenario 3D reconstruction results

Workpiece 1
B ANZELM a3 5 LA

Fig. 11  Workpiece in a discontinuous measurement scenario

Workpiece 2

Al PR G (I RS B o RSP TEDRRAE 9 L
AD 3%  AD-Census 5 7% . SGM &y 3 1 B2
a4 0 1R 22 SR BB 2300 0. 028 mm, 0. 031
mm 1 0. 044 mm , A S8V - T B 4 208 % 15 22

BORE AL N 0.013 mm, B AR T H Al

A 2 A [R) RRAE 0 45 5 3¢ 3 i, A
& 3T AL, 7 B RREAE DU, AR SRR ) 4
Xif 5 22 W & A T H = R T AR
10, SGM B3k 46 X 5 22 4 0. 506 mm, [fif 4% 3¢
Y NP IR 2 R 0. 179 mm RS BB B AR TE .
LR AED & p I 1R EN & 458 ,AD R
B AD-Census B3 . SGM B 5kl 5 46 X} 1% 2% 73
M 1.343 mm, 1. 349 mm 1 1. 897 mm, A L&
2 0 2 15 2% 9 0. 673 mm 3 FTE 15 B I 4
L =Rh B I A X R 22 43 5 R 0. 665 mm,
0. 674 mm A1 0. 913 mm, A% 3C & 2 I 446 X 152 22
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Tab.2 Measurement results of workpiece 1 (mm)
AD-Census AE of SGM mea- Propose meth-  AE of
AD measure- AE of AE of
Feature CMM measurement AD-  surement val- od measure-  propose
ment value AD SGM
value census ue ment value method
Circlel  20.116 20. 091 0.025 20. 141 0.025 20. 154 0.031 20.128 0.012
Circle2  20.114 20.093 0.021 20.137 0.023 20. 150 0.029 20.125 0.011
Circle3  20.117 20.090 0.027 20. 144 0.027 20.159 0.032 20.130 0.013
Circle4  20.115 20.092 0.023 20.139 0.024 20. 151 0.028 20.126 0.011
Circle5  50.028 49.945 0.083 50. 113 0.085 50. 147 0.119 49.985 0.043
Circle6  179.919 181. 636 1.717 181. 655 1.736 182. 233 2.314 179. 098 0.821
Circle7 249.988 252.749 2.761 252.801 2.813 253. 883 3. 895 251. 370 1.382
Planel 0. 009 0.036 0.027 0.039 0.030 0.061 0.046 0.022 0.013
Plane2  0.007 0.035 0.028 0.038 0.031 0.056 0.042 0.019 0.012
MAE 0.524 0.533 0.726 0.258
R3 IH2MWEER
Tab.3 Measurement Results of Workpiece 2 (mm)
AD-Census  AEof SGM mea- Propose meth- AE of
AD measure- AE AE of
Feature CMM measurement AD- surement od measure-  propose
ment value of AD SGM
value Census value ment value  method
Circle8 30. 164 30. 205 0.041 30. 206 0.042 30.219 0.055 30.183 0.019
Circle9 49.998 50. 071 0.073 50. 074 0.076 50. 116 0.118 49.956 0.042
Circle10 100. 090 99.733 0. 357 100. 455 0. 365 100.596  0.506 100. 269 0.179
L.:149.801 151. 144 1.343 151. 150 1. 349 151.698  1.897 149.128 0.673
Rectanglel
W:129.812 129. 147 0.665 130. 486 0.674 130. 725 0.913 129. 486 0. 326
1.:199.999 198. 148 1.851 201.872 1.873 202.626  2.627 200.931 0.932
Rectangle2
W :200. 059 198. 213 1. 846 201.916 1.857 202.685  2.626 199. 106 0.953
Plane3 0.005 0.031 0.026 0.033 0.028 0.051 0.046 0.018 0.013
Plane4 0.007 0.034 0.027 0.036 0.029 0. 056 0.049 0.021 0.014
Planeb 0.011 0.032 0.021 0.036 0.025 0. 059 0.048 0.024 0.013
MAE 0.625 0.632 0. 889 0. 317

0. 326 mm; A5 JE 20 i 45 5K b, AD Bk (AD-
Census 5 15 F1 SGM 82 I & 4 % 152 22 4 (H A0
i 1.8 mm, A SCE LW a4 xR 22 W E N
0.942 mm, FE5 AR I o v, AD B8R 4
X5 22 Y (H 29 4 0. 032 mm, A 3C 54 k) 2 4 %f
mEWH L N 0.013 mm, M T AD & 2% 5 >

T ECRARAE , ) R 25 AT i B OR, (HR (R B AR
E L R WA SCT7 18 H AT BUF BOR JEE R L B Y
%’l‘io

2k

&2 w

5

58.513% .
LR AR 2 RN 3R 3 45

T3 ¥R AR AN 38 S i 5T BE RS SE B X 1

A R A

Xt T RS /N B

Al LU A 3L

HIIEZIREN

S AIE A T R

fiE, AR S5 % 0 B R 2 AR R AR B/NE L 5 0 T R

AN v W 454 O = 4k T
ARV NN S T#ﬁ%ﬁhﬂﬁﬁ‘ﬁﬂ?ﬁi?%
W% ) PR S AR 37 DE TR 7 125 , O % T XU H S AL 8 A
FARS B A B PR T AT E & 1‘@7"6

) = 2 )

Y. HA X RE MR

o AR A

/—‘—»/E]

REAT
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SIS, I LT B R s SR AR TS A 2k 2 3R
JOBE R SCHE BRI IS N I R SR S, 1T 45 /A
7 37 A DT e B 4 4% 3 L 38 i = A T A AIOR I
J& R FH BAAT ot %k R S R 3k 1 04 PR BT, SR T
A39EVEAT AR AL U B, I X6 DG JE 45 SR XLk M 3 1k
WARZ 4 v =4 d dERE B . X AR 25. 465
mm A5 3R FIF 18 B8 5 pm (9 bR S BEAT T
YR A, A SO R vk T @ AR R AR B AD
LR T 17.074% , # B AD-Census 5 1 il
SGM 5943 5 46 % T 91. 113% 11 93.792% ; 1F
BRI E AL 158 25 b AR SR 224 0. 011 mm, A
W OAD B ¥ 1 AD-Census & B 4 % W 2> T
52.173% 1 54.167% , #1 % SGM 5.k W 2> T
64. 516 0 5 16 br M BT T BE 26 % 1R 25 b, AR SR
#70.013 mm, #H# AD B 2 il AD-Census 5k
43 5 /0 T 51.851% H158.065% , # % SGM #
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