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Vision automatic positioning system of ruby bearing
in a coordinate measuring machine
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Abstract: To improve the positioning accu@f small objects a direct positioning scheme was proposed based on machine
vision. Besides relevant theoretical analysis and experimental verification were carried out. By analyzing the optical features of
ruby bearings a vision automatic positioning system was designed and image algorithms were used to get the center of the hole.
The top of the probe on coordinate measuring machine was used as an ideal target for camera calibration so the coefficients of
coordinate transformation between camera system and the coordinate measuring machine was calculated. Experiments show that
the positioning accuracy of the system is up to 0. 0lmm which fulfills the requirement of positioning.
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Table 1  Repeatability of system calibration
coefficients 1 2 3 4 5 maximum difference /mm
@y /mm 289.2896 289.2887 289.2899 289.2904 289. 2889 0.0017
a, /( pm/pixel) —-6.5837 —6.5846 -6.5831 -6.5839 -6.5831 0.0015
a, /( pm/pixel) -0.0062 -0.0030 -0.0073 -0.0100 -0.0022 0.0078
by /mm 228.9605 228.9610 228.9608 228.9609 228.9608 0. 0005
by /( pm/pixel) 0.0017 0. 0005 0.0014 0.0012 0.0032 0.0027
by /( pm/pixel) -6.5842 -6.5843 -6.5861 -6.5846 -6.5885 0.0043
3.2 9
0. 0lmm
2,
T@ Positioning error of the system
CMM value/mm vision value/mm position error/mm CMM value /mm vision value/mm position error/mm
(288.2231 226.9712)  (288.2264 226.9673) 0.0051 (288.1136 227.4516)  (288.1159 227.4481) 0.0042
(287.1134 226.9753)  (287.1153 226.9708) 0.0049 (288.1896 227.9570)  (288.1912 227.9651) 0.0082
(285.6675 227.0349)  (285.6627 227.0391) 0. 0064 (286.8980 227.9569)  (286.8953 227.9573) 0.0027
(285.6492 227.5155)  (285.6419 227.5128) 0.0078 (285.6228 227.9778)  (285.6157 227.9773) 0.0071
(286.9558 227.5678)  (286.9530 227.5656) 0.0036
_ \/ dY; g 2 dy; : 2
4 A= (2 (e + (2] (an)® (6)
ox, Y,
(1) (2) Ax, = Ay, = 1.8um (7)
X = (byx, —ayy,) = (ayh, = ab,) (3) (3) (4) (7) (5) (6)
: a,b, — a,b, Ax; =Ay; =0. 273 umo
_(ay, —bix,) = (ab, - apb)) (4) AM =3.5um
ns ab, - a,b, ’ AP =7.5umo 4
(% %) 4
(Ax; Ay) (Ax, Ay,)

U= /(Ax)? +(Ay)” +(AM)* + (AP)’ =
8. 3um (8)
0.0l mm



230

2013 3

0. 01lmm o

ZHANG G X. Coordinate measuring machine M . Tianjin: Tianjin
University Press 1999: 14-45( in Chinese) .

WANG B ZHI Q Ch  ZHANG Zh X et al. Computation of center of
mass for gray level image based on differential moments factor J .
Journal of Computer Aided Design & Computer Graphics 2004 16
(10) : 13604364( in Chinese) .

LUO J LIU X J. Application for inspecting the irregular round and

thin jole of parts by using image template measurement J . Aviation

Precision Manufacturing Technology 2007 43 ( 3): 1822 ( in Chi-
nese) .

ZHANG YL LIUGX CAOD et al. Basic operators of mathemati—
cal morphology and application in image preprocessing J . Science
Technology and Engineering 2007 7(3) :356-359( in Chinese) .
CHEN T WU H. Space variant median filters for the restoration of
impulse noise corrupted images J . Circuits and Systems Part [I:
Analog and Digital Signal Processing 2011 48( 8) : 784-788.

CHAN V H BRADLEY C VICKERS G W. A multi-sensor approach
for rapid digitization and data segmentation in reverse engineering J .
Journal of Manufacturing Science and Engineering 2000 122 ( 4):
725433.

ZHANG ] ZHUDY JIAXD et al. Camera lens distortion calibra—
tion with codine points J . Laser Technology 2006 30(2):221-
224( in Chinese) .

SHEN T S HUANG J B MENQ C H. Multiple-sensor planning and
information integration for automatic coordinate metrology J . Journal
of Computing and Information Science in Engineering 2001 1(2):
167479.

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 Manu—
facturing Technology 2001 17(4) :263271.



