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Calibration Method for Trinocular Stereovision System Comprising
Projector and Dual Cameras
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' State Key Laboratory of Precision Measuring Technology and Instruments, Tianjin University, Tianjin 300072, China ;
* Science and Technology on Electro-Optic Control Laboratory, Luoyang, Henan 471009, China

Abstract After the parameter calibration of a projector, it can be considered another camera and combined with a
binocular system to form a trinocular stereo vision system. In contrast to the traditional calibration method using
high-precision plane targets, the proposed method only needs a simple and unmarked white paper target to obtain
the world coordinates of the characteristic points provided by a binocular system. The linear model and distortion
correction model containing the distortion coefficient of a thin prism are used to complete the preliminary parameter
calibration of a projector, and an improved beam adjustment method is used to estimate the global optimal
parameters of the projector and a dual camera. Results of calibration verification experiments show that the
proposed improved beam-adjustment method can achieve parameter optimization. A measurement comparison
experiment on a standard plane showed that the resulting trinocular stereo vision system could enhance measurement
accuracy.
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Table 1 Comparison of system parameters before and after optimization
k 0]
Parameter
Before After Before After Before After Before After
[1680. 92 [—0.054] -
0.264 0. 245 107. 01 110. 05
1680. 41 0.107
Left camera — — 0.197 0.196 3.06 3.04
633.15 —0.001
0.024 0.022 —12.35] 1.73
| 516.35] | —0.003]
[1678.97] [—0.055] _
0.267 0. 246 —70.88 —72.09
) 1680. 72 0.104
Right camera — — —0. 187 —0.190 2.56 3.30
635.00 —0.001
—0.022] [ —0.020] [—21.49] —9.22
L 516.45] L—0.002]
[—0.079] [—0.054]
[2336.48] [2257.90 0.163 0.169 0 0
. 2334.51 2253.08 —0.001 —0.004
Projector 0 — 0 —
972.78 928. 00 0.001 0.002 0 0
11216.83] [1150.92 0.025 0.017
L 0.019] L 0.034
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Fig. 7 Statistical results of deviation distance between coordinate of characteristic point and corresponding polar line.

(a) Unoptimized new projector model; (b) globally optimized traditional projector model; (c) globally optimized

e

new projector model

i B 22 A5 DR 3R BT 5 RS 4 7 B A 3 A 4% A XY
AR 22 L MR Y e Ty ORI A A TS
SEAE A i 22 9T H S 7 B iR 22 . S b il B9 b o

1115001-8



HRiIEX

F 415 F11H8/2021 F£6 B/ ¥R

w H R E 8 B R &I S N 10 pm, RSFZY R
120 mm X100 mm,

Pl 8 B8 E 5 56 I A FH A A o i R
Fig. 8 Standard gauges used in verification experiments
T TR 1P2C A5 o Jr 1 AH X H Al 75 v
AR B 23 i) el P A% 9 B9 00 H 7 3k i 1L 4 AR
A S BORRAC I 1P2CTr 1 B G B AU Y 42 )

200

YA JE B9 1P2C J7 ik 7 B £ 58 AR I 2 B Ak )
B 1P2C Jr ki M M B e s . B,
3 9K A A7 1 AT A B RSP T AT AR T
TR A B 5 805 1 10 Y R 22 L 1R 22 03 AN L
LR NIE 9 B L D A AR — Ak Sr A R
FAIT L BT LA R R B A AR B O AR ER . 4 Bh T IR Y
N0 Xk 48 - T R 7 AR IR 22 23 Bl 0. 052,
0.057,0.033,0.021 mm,

ST LR R A TR H W RGO
L SRR 1P2C KLY RS B2 B A $2 71,
BB AR O 28 5 2R A B9 1P2C A5 1 4 3
RS AR B TR T, U AR D 8 0 5 G A B
AR R W] B Ry 1P2C i R g K H AR
ZRAALTT 1k RE RS P 5 a0 5 B I BERS 2

I 0.10
- 1005

100
200

300
400
500
600
700

v /pixel

0.10
! 0.05

0

Error /mm

-0.05

-0.10

— 300

]

£ 400

<500
600
700

800

0

Error /mm

-0.05

-0.10

400 600 800

u /pixel

1000

100 0.10

200

— 300

]

£ 400

<500
600
700
800

400 600 800 1000 1200 1400
u /pixel

0.05

-0.05

-0.10

Error /mm

400 600 800 1000 1200 1400
u /pixel

100 0.10

200

— 300

[}

£ 400

500
600
700
800

400 600 800 1000 1200 1400
u /pixel

0.05

o
Error /mm

-0.05

-0.10

P9 ORI SRR I i 5 S 06 IR 22 MRS L . () AR GE R E MG 5 () B8 AU 8 5
(O MEALT 1 1 G802 DAY 5 (D A AL T 148 B 455 AN A Y

Fig. 9 Comparison of fitting plane errors of different stereo vision measurement schemes. (a) Traditional binocular vision;

(b) new projector models; (c¢) optimized conventional projector models; (d) new optimized projector model

5 4 §7

ANTR] T R 5 52 A8 Bl (80U BIL 7 AR B 5
ARG AR B AE AT — AL T = H
SEARBLE R GE . 1 eIl I WU BILEY 15 GEbm i O 1k
ARATAHL S B R 3 2o 14 58 XU H & 48 4 43 9 ik
B Ale b A R] 44 5 VT TS Py £ 146 1) 4552 A0 AR A o,
ok S BUX B AL S B0bR R 5 e Jm R i OB IR
- 28 WX 5 AL DURE BIL A 2 B0k AT 42 TRy B A Al
o 3 I 2 2 R o A R 6 G 6 R T
A G TRF 22 1 BE 8 S BlAR E SRR A o i X vy

R JRE S T A XoF L 0 6 52 6 R T i A B0 AL
FHALET AR = H Sz AR5 I i 2R GEARN T S Y
XUH SEARBLSE B T 1 I B RS BE

& & X #t
[1] Tong S, Xu X G, YiCT, etal. Overview on vision-
based 3D reconstruction[J]. Application Research of
Computers, 2011, 28(7): 2411-2417.
B, IRBENT, 5k, 55, BT = 4k A
AREZGRT]. AR A BTIE, 2011, 28(7): 2411
2417.
[2] Bing P. correlation for surface

Digital image

1115001-9



[3]

(4]

(5]

(6]

7]

(8]

[10]

[11]

FRILX

deformation measurement: historical developments,
recent advances and future goals [J]. Measurement
Science and Technology, 2018, 29(8): 082001.

Xie Z X, Wang X D, Gong H L.
measurement of thin-walled parts based on binocular
vision[J]. Chinese Journal of Lasers, 2019, 46(12):
1204004 .

AN, TR, B, T XCH 5 i BE &

Round-hole profile

B L 56 B M w [J]. b B ook, 2019, 46 (12):
1204004 .
Wang P, Zhang Y Q, Sun C K, et al. Fringe

projection measurement method based on polar line
and fringe order double constraint [J]. Infrared and
Laser Engineering, 2020, 49(4): 0413001.

FMG, A, MO, AL R AR RO L RO
WS W By ik (0], 40405 o TR, 2020, 49
(4): 0413001.

El-Etriby S, Al-Hamadi A K, Michaelis B. Dense
stereo correspondence with slanted
phase-based algorithm [C] /2007 1IEEE International
Symposium on Industrial Electronics, June 4-7,
2007, Vigo, Spain. New York: IEEE Press, 2007:
1807-1813.

Lee H, Kim M Y, Moon ] I.

sensing methodology combining stereo vision and

surface using

Three-dimensional

dynamic

2017, 56

phase-measuring profilometry based on
programming [ J]. Optical Engineering,
(12): 124107.

Faugueras O D, Toscani G. The calibration problem
for stereoscopic vision[M]//Casals A. Sensor devices
and systems for NATO ASI
Heidelberg: Springer, 1989, 52: 195-213.

Tsai R. A versatile camera calibration technique for

robotics. series.

high-accuracy 3D machine vision metrology using off-
the-shelf TV cameras and lenses[J]. IEEE Journal on
Robotics and Automation, 1987, 3(4): 323-344.
Zhang Z. A flexible new technique for camera
calibration [ J].
Analysis and Machine Intelligence, 2000, 22 (11):
1330-1334.

Yang ] H, Liu W, Liu Y,
binocular vision measurement system[J]. Optics and
Precision Engineering, 2016, 24(2): 300-308.

B sess, XU8E, XU, 4%, BUE L0 R g
biE L], 6% K54 TR, 2016, 24(2): 300-308.
Zou P P, Zhang Z L, Wang P,
camera calibration based on collinear vector and plane
homography[J]. Acta Optica Sinica, 2017, 37(11):
1115006.

AN, sk A, EOF, . BT m P m
NP X AR BLAR 7 vk LT JesE 2, 2017, 37

IEEE Transactions on Pattern

et al. Calibration of

et al. Binocular

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

1115001-10

413 5 11H/2021 F 6 B/kFER
(11): 1115006.
Zhang J, Zhu J, Deng H,
calibration method based on a multi-plane stereo
target[[J]. Applied Optics, 2019, 58 (34): 9353-
9359.
Li W, Shan S,
binocular camera calibration with a distortion model
[J]. Applied Optics, 2017, 56(8): 2368-2377.

LuCY, Li T T, Liu Y, et al. Binocular camera

et al. Multi-camera

Liu H. High-precision method of

calibration based on three-dimensional reconstruction
error [C] // 2018 IEEE 3rd Advanced Information
Electronic and Automation Control
Conference ( IAEAC ), October 12-14, 2018,
Chongqing, China. New York: IEEE Press, 2018:
1690-1694.

Zhang S, Huang P S. Novel method for structured

Technology,

light system calibration [J]. Optical Engineering.
2006, 45(8): 083601.
Li Z W, Shi Y S, Zhong K,

algorithm  for the

et al. Projector

calibration structured light

measurement technique [[J]. Acta Optica Sinica,
2009, 29(11): 3061-3065.

Zpf, RETE, BEL, . SO EOR PR
SEAKR E B [T] . a2 %4, 2009, 29(11): 3061-
3065.

Yang S R, Liu M, Song J H, et al. Flexible digital

projector calibration method based on per-pixel

distortion measurement and correction [ J]. Optics
and Lasers in Engineering, 2017, 92: 29-38.
Juarez-Salazar R, Diaz-Ramirez V H. Flexible

camera-projector calibration using superposed color
checkerboards[J]. Optics and Lasers in Engineering,
2019, 120: 59-65.

Sutton M A, Matta F, Rizos D,

progress in digital image correlation: background and

et al. Recent
developments since the 2013 W M Murray lecture
[J]. Experimental Mechanics, 2017, 57(1): 1-30.

Fryer ] G, Brown D C.
photogrammetry [ J .

Lens distortion for close-
range Photogrammetric
Engineering and Remote Sensing, 1986, 52(1): 51-
58.

Tian Y Y, Yang H, Liu S Y. Research on thin prism
distortion of CCD camera[]J]. Journal of Northeast
Dianli University, 2010, 30(6): 64-68.

MR, %0, XUE . CCD HERALEE 3k 9 45w Ar
BIBRESE (T, b Hl Jp K224k, 2010, 30(6): 64~
68.

Zhao H J, Wang Z, Jiang H Z, et al. Calibration for
stereo vision system based on phase matching and
bundle adjustment algorithm [J]. Optics and Lasers
in Engineering, 2015, 68: 203-213.



[23]

[24]

[25]

FRILX
Furukawa Y, Ponce J. Accurate camera calibration
from multi-view stereo and bundle adjustment [J].
International Journal of Computer Vision, 2009, 84
(3): 257-268.
Wang Z, Huang ] H, Gao J M, et al. Calibration of
the structured light measurement system with bundle
adjustment[J]. Journal of Mechanical Engineering,
2013, 49(8): 32-40, 48.
EWE, EEM, AR, % OETOURET 2145
Jel ik RGEARE [J]. HLAR TR 244, 2013, 49(8):
32-40, 48.
Zuo C, Feng S J, Huang L, et al. Phase shifting

[26]

[27]

1115001-11

%41 % %11 8/2021 £ 6 B/FER

algorithms for fringe projection profilometry: a
review[J]. Optics and Lasers in Engineering, 2018,
109: 23-59.

Ding Y, Xi J] T, Yu Y G, et al. Recovering the
absolute phase maps of two fringe patterns with
selected frequencies [J]. Optics Letters, 2011, 36
(13): 2518-2520.

Gao H W. Computer based binocular vision [M].
Beijing: Publishing House of Electronics industry,
2012: 66-68.

A FEALCE AR (M. dE st BT
Ak, 2012: 66-68.



