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LI Xing-fei'* , YAO Wang', ZHAO Xin-hua®?, TAN Wen-bin', WANG Xing’

(1. State Key Laboratory of Precision Measuring Technology and Instruments ,
Tianjin University ,» Tianjin 300072,China;
2. College of Mechanical Engineering , Tianjin University of Technology , Tianjing 300191, China;
3. Institute o f Mechanical and Electrical Engineering , Beijing 100074, China)

% Corresponding author, E-mail ; yaowang@tju. edu. cn

Abstract: In combination of a coordinate measuring machine and a monocular vision measuring sys-
tem, a multi-sensor joint calibration method was proposed by a flip-over probe and a vision probe. A 4
mm smooth ring gauge was used as a calibration part and a rotary table, a precise sliding table and a
vision system were taken to adjust the imaging plane of the gauge. Then, the vision measurement sys-
tem was used to extract the inner hole center image coordinate of the ring gauge, involving in setting
the Region of Interest(ROI), binarization, morphologic denoising, sub-pixel edge detection and the
extraction of cycle center image coordinates by the least square method. Furthermore, by fitting the
inner cylinder of the ring gauge to obtain an axis line, the coordinate under the instrument coordinates
of the same point was extracted by a trigger probe. Finally, joint calibration was completed by solving

the equation using least square method. The experiment results show that calibration error is within 6
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pm, which is better than that of existed other calibration methods and can meet the need of joint

measurement for measuring accuracy.

Key words: monocular vision measurement system; touch trigger probe; multi-sensor; joint calibra-

tion; Coordinate Measuring Machine(CMM)
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Fig.1 System construction
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Fig. 3 Normal vector of gauge ring
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Tab.1 Results of joint calibration coefficients

(VY BAE

a,/mm 269. 258 6
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by /mm 220.934 612
by /(pm + pixel ") 0. 000 02
by/(pm « pixel ") —0.004 468

¢o/mm 118. 086 999

SR I B PR L E T 0 9 REAL LA 7
FHAIL 6 I 4 2R 40 25 0 42 AL 0 A B L 5 38 3 Bk A B
JE [ R B A br RN IZm bR, 255
A R I AL A5 118 L O A A HE AT LL B L A5 H BR
W2V INER 2 R . NSRS R W] LLE L 6

TG PN 7 A FLAL bR E R E N T
6[4m°

x2 BEBEZHER

Tab. 2 Results of calibration accuracy experiment

MoE R A bR AL RS 2
/mm /mm /pm
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A 115.947 401 7 115.951 225 —3.823 322
Y 219.542 653 1  219.543 225 —0.571 899
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A 116. 360 842 116. 365 —4.158 038

IR e R R WA R S E T AR ) IR
AT 3 B S BLAR RE R 22 E BRI T LR LA
Ji M.

(I fioh 2 20 Sk 7 2R BUCER KL IA AL A0 SCARR 2
PRAELIHFRA B BR 22

(2) 62 R GEAR WO 1 25 ML A AL Ao [ 5 Ak
PRIFACA B BR 22 . 20 L0 7 BG AL  vh o 37 4
FER N R AVF 2 - 32 2060 4 0 i 2 0 1 i B A
SR R 22 M B AR Y 1R 22

R TAC AT O B R 22 A8 LT JLAS T T - B
A B 2R THRRAE B AR G L L Ol R A L L BE
SR I B AR E P i A BRI ) IR 80 A 4

RE SR S W R (LK SIS TRFAPN
B ANBECRIETE ff1 0 S 0, 5% A M1 A0 51 A IR 2
AR I B IR 22 2 —

17 V] B BE A 3k 1) 3 22 o 1 3 R AR Rk LT
SRR AR B 0 R 07 B 0 A K R 3
[A] PR 5E

ObrERLIRE.

e 3 g TR S VA S T | S



2882 b

5 TR

521 &

AR RRZE . W T AR R R GER Y IOt
e AR LTk D 1) i B S TR A L4507
2 5545 T A AR O B IR AR AR R R MR AR
AR AR 22 AR AGCT T — AR L X B T b A
JER 5 — AR

5 & ®»

ARSCHR T — o 4 fih A5 Rl AR 5 £ S

SE UMk

[1] SANTOLARIAJ, PASTOR J J, BROSED F J, et
al.. A one-step intrinsic and extrinsic calibration
method for laser line scanner operation in coordinate
measuring machines [ J]. Measurement Science and
Technology »2009.20(4) 045107,

[2] SONS. HYUNPUNG P, KWAN H L. Automated
laser scanning system for reverse engineering and
inspection [J]. International Journal of Machine
Tools and Manu facture, 2002, 42(8) .:889-897.

[3] SLADEK J, BLASZCZYK P M, KUPIEC M, et

L.. The hybrid contact-optical coordinate measur-

ing system [ J]. Measurement, 2011, 44 (3):
503-510.
[4] CHEN G, GUO Y, WANG H, et al.. Stereo vi-

sion sensor calibration based on random spatial
points given by CMM [ ] ].
Journal for Light and Electron Optics, 2012, 123
(8):731-734.

[6] Fh&Fak, 28, F 9. KJEFR R RGN RS
(J]. &% #% T4, 2012,20(1); 157-164.
SUN Z L., WANG Z, LI M. Image test system for

Optik-International

gun stabilization accuracy [ J]. Opt. Precision
Eng., 2012,20(1) . 157-164.

[6] CARBONE V., CAROCCI M. SAVIO E. et al..
Combination of a vision system and a coordinate
measuring machine for the reverse engineering of
freeform surfaces [J]. The International Journal
of Advanced Manufacturing Technology, 2001,
17(4) :263-271.

[7] ASME. Methods for performance evaluation of co-
ordinate measuring machines[ S]. New York,1990.

[8] AATF. ML EAHAAER LT Z F o5 A H
ZID]. KE . KHEK, 2012

A IR 5 S H A S B AR DR AUE T 26 A kAR A i
Ao 808 il I B vE B A . bR 2 R0 AR SR DG 1H 3R
WL PR — b LA 3o AR 8 T A IR
Py J5t (CRMD . 17 HL %48 4 GE [ B 356 A2 P 28 1% SR A
X AT R BoR A M 2R . 20U 6 E . AR E A
JEET 6 o CRIOK A 20 o A 3CHRC 4 T45 € 4
FERR . bR AE 7 5 BAT B0 Y 38 I R AT o
P UBUH B3 0 1 28 48 -5 A b I AL AR 0 2 15
SRS I R e DR g BT AR e Y S AN (R

LI CH Y. Research on the application of vision po-
sitioning technique in the measurement of inertial
parts [ D], Tianjin: Tianjin University, 2012. (in
Chinese)

(9] HzE.,EZWA . 4% % F. BHREREA 3)E

LR ERT] L % T8, 2010,18(6):
1361-1366.
CHEN L G, WANG M Y, YANG Z L, et al..
Fast autofocus method for microscopic computer vi-
sion [J]. Opt. Precision Eng. , 2010,18(6): 1361-
1366. (in Chinese)

(10] #EHL , ZAS, 2R T RIMGHGRES-E

SEUERTAI R EE)]. A M A, 2011, 19
(3):501-507.
FAN ZH H, WANG CH H.JIANG W H. Accu-
mulator-based wavefront slope processor for
Shack-Hartmann sensor [ J 1. Opt. Precision
Eng. . 2011, 19(3):501-507.

(117 Rwek 4h a5, 2 BAL, 5. S0 BRI & R 5%
[J]. % # % 142,1995,3(1) . 28-33.

WU X B, ZHONG X X, LIU H Q, ez al.. High
precision vision measurement system [ J]. Opt.
Precision Eng. » 1995, 3(1): 28-33. (in Chinese)

[12] 3k E .35 & mg, AR A& A 2 6 rb i 8 8]0 8
BT[], B A K. 2008,29(6) : 905-911.
ZHANG H. DA F P, XING D K. Algorithm of
centre location of ellipse in optical measurement
[J). Journal of Applied Optics, 2008, 29 (6);
905-911. (in Chinese)

(18]  F B, 4k R & SRR R Gebn o b OB [ 7 1 45
FELT] XA 5 A T 4,1995.8(3) : 248-254.
TAO CH, LIN ZH J. The robust determination of
scale factor in camera system calibration [J]. Pat-
tern Recognition and Artificial Intelligence,

1995,8(3): 248-254. (in Chinese)



11

11 KL SRR E RGNS E 2883

[14]

SHEN T S, HUANG J, MENG C H. Multiple-
sensor planning and information integration for au-
tomatic coordinate metrology [J 1. Journal of

Computing and Information Science in Engineer-

ing ,2001,1(2):167-179.

EER T

ZHE K (1966 —) . BLWIIL KT AL #

2184 B, 2000 4F T Rk 2 Ak
5112 031, 2003 b 38 [ 25 B K F
‘ M TAE, EENFE ARG A

'VII R R U % O £

i

BF3% . E-mail: lixf@tju. edu. cn

Bk BEC1988—), 5B KEA M LATST
Az, 2011 AR T R HER 4R A3 2 122 4L
2N PR AL RGBS O T
B WF 9%, E-mail: yaowang @ tju.

edu. cn

BFTLE (1962 —), B, HFHRLT WA,
B AR 90,1985 4F T AR JL T A AL
W B AR A 2% A 2 A, 1988 4F F LN
KRG L 2 i . 2000 4E T R K
SEPAT I 2, EE A H LA AR
HLH — AL AR J5 T 1) 58 . E-mail

xinhuazhao@tjut. edu. cn

[15]

CHAN V H. BRADLEY C, VICKERS G W. A
multi-sensor approach for rapid digitization and da-
ta segmentation in reverse engineering [J 1. Jour-
nal of Manufacturing Science and Engineering ,

2000,122(4) :725-733.

B (1984 —), 5 i m A BN L 1
J5 2006 4 .2008.,2012 4F F R K2
IS R e e o e = A
AR o] AR R R A R
457 T BF 58, E-mail: twb @ tju.

edu. cn

- TOREVASRE NCE SiE= YNR
TR A L B BT AR W, 2010 4F T KR
REFEFRAG A0, 2013 4F F RHA
FPAG I A2 AL, N LA
T 1 ik 45 Jr 1 B 5. E-mail.
wangxingtju@126. com

(BT REWT FEHH)



