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On-line Calibration Technique of Robot Flexible Visual Inspection System

REN Yong-jie , ZHU Ji-gui , YANG Xue-you, YE Sheng-hua
(State Key Laboratory of Precision Measuring Technology and Instruments, Tianjin University, Tianjin 300072, China)

Abstract: A flexible visual inspection system based on industrial robot is designed for the car bodies of Jianghuai Au-
tomobile Corporation. By controlling pose transformation of the robot in space, the stereovision sensor can arrive at the
given measurement points to capture images of space feature points successively, and the 3D coordinate data are obtained by
computing the image data. The whole calibration of the robotic visual inspection system is carried out with two theodolites
and one precision drone. At the same time, the testing data is collected and calculated, and the measurement result is satis-

factory. The system can meet the requirements of multi-model vehicle measurement with the benefits of good flexibility and

measurement range without dead angle.
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Fig.1 Coordinate system of the measurement robot
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Fig.2 Calibration of robot visual measurement system using

middle tool coordinate
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Tab.1 Actual measured data of standard coordinate
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Tab.2 Coordinate values in theodolite coordinate system

il P, /mm P, /mm P; /mm
X y z X y z X y b4

8 T RINL | 2524.788 | 1849.223 | —785.93 | 2546.799 1770.58 | —779.763 2464.98 | 1787.945 | —796.922

10 5 /A7 | 2503.344 | 1846.304 | —467.26 | 2519.196 | 1766.237 | —460.696 | 2438.644 | 1789.723 | —476.126

12 5 /07 | 1101.244 | 2060.389 | —67.137 | 1089.775 | 2075.683 12.551 | 1021.835 | 2053.175 —33.876

16 5 A | 1032.354 | 2230.567 | 193.795 971.132 | 2224.283 247.861 991.088 | 2302.012 219.14

18 5 fifr 970.686 | 2591.311 | 201.507 909.844 | 2584.982 255.888 929.382 | 2662.778 226.978
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Tab.3 Transformation relation from drone coordinate to the 1st theodolite coordinate
T r 3 4 rs Te ry rg I ty ty t,

Ririotms 0.268 | —0.94 | 0.201 | —0.960 | —0.278 | —0.020 | 0.075 | —0.187 | —0.979 | —2524.78 | 1849.22 | —785.93
Rariotmio | 0.1935 | —0.965 | 0.174 | —0.977 | —0.204 | —0.045 | 0.080 | —0.162 | —0.983 | 2503.34 | 1846.30 | —467.26
Rariotmi2 | —0.139 | —0.974 | 0.175| 0.186 | —0.199 | —0.961 | 0.972 | —0.101 | 0.209 | 1101.24 | 2060.38 | —67.137
Ririotmis | —0.747 | —0.130 | —0.651 | —0.076 | 0.990 | —0.11 | 0.659 | —0.032 | —0.750 | 1032.35 | 2230.56 | 193.795
Rirotmis | —0.743 | —0.132 | —0.655 | —0.077 | 0.990 | —0.112 | 0.664 | —0.033 | —0.746 970.68 | 2591.31 | 201.507
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Tab.4 Transformation relation from theodolite coordinate to body coordinate
il P, /mm P, /mm P; /mm
X y z X y z X y z

BODY 457.447 | —637.942 79.214 | 3653.281 | —502.231 299.764 | 2143.451 582.452 14.707
THDI1 3266.96 | 3629.724 —903.74 111.666 | 3104.213 | —682.236 | 1743.019 | 2212.133 —967.752
THD2 1950.924 | 2080.368 | —1017.676 | 5141.402 | 2307.093 | —796.384 | 3601.359 3348.37 | —1081.577
THD3 3267.203 | 3629.761 —903.889 111.782 | 3104.204 | —682.363 | 1743.117 | 2212.169 —967.679
THD4 | —1780.792 | 3846.473 —902.282 | 1100.973 | 2458.412 | —681.147 281.546 | 4127.039 —966.367
THDS5 2750.281 | 3014.746 —829.31 | 2659.364 | 6211.709 | —607.703 | 1553.538 | 4717.481 —893.053
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4 REMELSR (Measurement result)
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Tab.5 Measurement data of car body

e X /mm Y /mm Z /mm
TV e | WO | R | B | WS | Rw | M | WA | e
8 1 1294.53 1294.36 —0.17 | 1068.16 1066.61 —1.55 | —235.74 —235.85 —0.11
10 &5 | 1329.87 1329.65 —0.22 | 1080.54 1079.02 —1.52 80.95 80.30 —0.65
12 55 | 2748.97 2747.54 —1.43 | 1087.86 1087.34 —0.52 | 1024.89 1024.33 —0.56
16 & | 3151.64 3151.70 0.06 518.43 518.53 0.1 851.84 848.93 —291
18 55 | 3170.67 3170.63 —0.04 153.2 153.96 0.76 857.29 858.50 1.21
®6 FH R E IR
Tab.6 Statistical data of body points by repeated measurement

e X /mm Y /mm Z /mm

A EME | T ez SFEME | TiZE Wz PEME | TiE | E

8 s | 1294.36 | 0.100 0.68 1066.61 | 0.2168 0.58 —235.85 | 0.0461 | 0.21

10 /5 | 1329.65 | 0.1045 0.3864 | 1079.02 | 0.0593 0.232 80.30 | 0.033 0.1546

12 £ | 2747.54 | 0.01763 | 0.0896 | 1087.34 | 0.1248 0.4394 | 1024.33 | 0.008 0.045

16 & | 3151.70 | 0.0412 0.2156 518.53 | 0.0206 0.0937 848.93 | 0.0467 | 0.2021

18 55 | 3170.63 | 0.0333 0.1438 153.96 | 0.02104 | 0.0953 858.50 | 0.0606 | 0.2788




31 A 1

PG Hlas AR BRI RSB A bR g Bk 87

X bk 5 AN S AT 80 YRE A MR R, P
BIE - J7 2 Bt 22 WK 6.

W 5 K 6 AT LLE BIAN = R RE T
B, WAL T AR R AR I R B, AR E T A
(1 H ). AR R I RN %R 2, i 52 PRI R
BLAS N A PRI JSE TR 52, DU ) A 2 A R 1 7 %
K X5 K B (R o 75 24 v

5 Mg ANRE#MZE (Robot temperature com-
pensation)

LA F AL 2 Ak KR 150 L110-2 %Y KUKA
HLas N, B REK, EMCEE R PSR R I i i

T TR G665 B I 4 B B BR 12 5 R A e [ s 52
H, FEIBATH 3 AN L y Ty IR A R AT
0.43 mm iR, a@TRGE. B TS AT E A
W W THELZ b, DA BRI NIz s B R
AT R EAAR, W] LA DI B R B 2 th T LGS
NAZARARTE, W T s S0 2s, Wik 4 o
e RSB RCA R BEREAT AN, AT
TR L o) AT TIRAWTST, FARTs 2 n] AR H
T EE AT ML AL IR ZE A, AR S A2 AL
A e AR AR A, A HLE N iz s 2 B Bh 2
bR E LA NEAT S H. BARS % JATT S50 = (AT
IR, FEBEAFRUA.

2007-10-26 10:00:00 2 2007-10-26 14:30:49 125 i z=fh £ K

-1

10:56:18 11:06:44 11:17:10 11:27:21 11:37:19 11:50:15 12:11:07 12:25:50 12:36:11 12:47:13 12:58:31 13:22:40 13:44:12 13:56:46 14:09:09 14:22:46
NN
A I 1]
O x y X z

K4 BN AT A A

Fig.4 Temperature effect of measurement robot

6 %53i& (Conclusion)

ATCARIR T s NI A U 2 4 R R A AL
J8o R ) R GE R ST R AR G AL AN [ AR A AR )
B 40— I I B RIS IR SUT A I
AT T PN, 45T S B 0 4
ARRGAMETAE S AWE S Sy #RAE, i HAE R L
i YE VT LAE Y, RS LR e, I8 TS N
Ko KRR AR, K R A B L AR
FROChRE BRI, 9520 1 AR, (HR T8 25K
SR, SR BAT I A ZR G R D v
LA AL I 5K

S Z Ak (References)

[1] MottaJ] M S T, de Carvalho G C, McMaster R S. Robot calibra-
tion using a 3D vision-based measurement system with a single
camera[J]. Robotics and Computer Integrated Manufacturing,
2001, 17(6): 487~497.

(2] AR, JET S ARG IR I B a8 AR 2 BEHEST (D]
Kt RHNS, 2005.

Zheng Jun. The Study on the Calibration Mode of the General

Measuring Robot Based on Stereo Vision[D]. Tianjin: Tianjin

University, 2005.

(3] SREDHT. WH SLARML S BARTE DAL A I 1) 3 FH A5 [D].
Kt KR, 1996.

Zhang Jian-xin. Application of Binocular Stereo Vision Tech-
nology in the Industry Detection Research[D]. Tianjin: Tianjin
University, 1996.

[4] LiuC]J, Yang X Y, Zhu J G, et al. Flexible coordinate measure-
ment system based on industrial robot for car body-in-white[J].
Journal of Optoelectronics-Laser, 2006, 17(2): 207~210.

[5] Ren Y J, Zhu J G, Yang X Y, et al. The design and realiza-
tion of a sort of robot vision measure system[A]. Proceedings
of the SPIE (vol.6344) [C]. Bellingham WA, USA: SPIE, 2006.
634427-1~634427-6.

[6] LiuCJ,Zhul G, Yang S H, et al. Car body in white inspection
system with machine vision[J]. Automotive Engineering, 2000,
22(6): 373~376.

[7] TsaiRY, Lenz R K. A new technique for fully autonomous and
efficient 3D robotics hand/eye calibration[J]. IEEE Transactions
on Robotics and Automation, 1989, 5(3): 345~358.

EEEN:
fEARA (1975-), 53, )5, BFFTaE: Mt RmilH AR &
INAEE IR S YN RE 52 NS



