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Self-calibration of probe tip center for 3D vision coordinate
measuring system in portable light pen
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Tianjin University , Tianjin 300072, China)
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Abstract: As the measuring accuracy of a light open 3D vision coordinate measuring system depends on
the accurate center position of a probe tip, this paper proposed a novel and simple approach based on
the model of measuring system for calibrating the center position of probe tip for the light pen. Based
on position invariant principle, the objective function was established according to the control point in-
formation of every image. Then, the general inverse method for least square solution of nonlinear
multivariable equations was employed to solve the object function and to obtain the center position of
probe tip. Finally, average theory was used to improve the stability and convergence speed and to im-
plement the calibration with a reference standard cone. The experimental results demonstrate the ef-
fectiveness of the proposed approach. Under a satisfied convergence speed, the repeatability of the system
reaches 0. 033, 0.030 and 0. 043 mm in x, y and z axes, respectively. A comparison on the measured circle
diameter of a workpiece and a reference shows that the system measurement accuracy has met medium preci-
sion industrial measurement requirements with the calibrated probe tip center.

Key words: coordinate measuring system; probe tip center calibration; light pen; position invariant

principle; reference standard cone; general inverse method
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(a) Establishment of measurement system
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Fig. 1 Light pen 3D vision coordinate measuring system
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Fig. 2 Image collection in different postures
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Tab.1 Results of probe tip calibration ~ (mm)

HURFR/ €1 x il v b = il

1 —1.278 —90. 429 —23.903
2 —1.329 —90. 388 —23.754
3 —1.339 —90. 401 —23.842
48 —1. 343 —90. 333 —23. 866
49 —1.311 —90. 383 —23. 890
50 —1.330 —90. 372 —23.877

Mean —1.318 2 —90.409 5 —23.854 8

RMS 0.033 0. 030 0.043
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Tab. 2 Results of single point measurement (mm)
- 1 0 i
RS R7
w il o Bl w- Bl w il o Tl - Bl
1 —38. 801 244. 829 1 089.108 —38.031 244. 326 1 088. 141
2 —38.762 244. 828 1 089.115 —37.758 244. 381 1 088.176
3 —38.774 244. 827 1 089.103 —37.988 244.263 1 088. 148
18 —38.793 244.776 1 088.948 —37. 746 244.037 1 087.967
19 —38.791 244.788 1 088.972 —37.742 244.015 1 087. 945
20 —38. 766 244. 780 1 088. 969 —37.704 243.978 1 087.976
RMS 0.014 0.022 0. 054 0.115 0.108 0.135
3.2.2 IMBRMNEER CMM 4 )42 390 31. 751 mm. B fH

P 3 It 78 B8 T b T e R L 1 G T 48 5
— AN 230 AR 5 CMM R 28 3000 2 58 %05 1
DR FEAT 8 Y 45 UCR 4R 20 A i EAT e/ T
3Pe 159 0L 15 B A 19 ) A28

&3 Bl T
Fig.3 Measured workpiece
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Tab. 3 Results of circle measurement (mm)
M xR WEE AxfiR2E MEXRZE 0D
1 31.763 0.012 3.8
2 31.773 0.022 6.9
3 31.776 0.025 7.9
4 31. 767 0.016 5.0
5 31. 757 0. 006 1.9
6 31.758 0. 007 2.2
7 31.772 0.021 6.6
8 31.776 0.025 7.9
Mean 31.768 0.017 5.4
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