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Optical and contact probe for industrial measurement
of 3-D points
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Abstract: To accurately obtain the 3-D coordinates of key points of large-size industrial products or
some work pieces with deep holes, two kinds of optical, contact and portable probe systems were
studied and implemented based on the theory of close-range photogrammetry and stereo vision technol-
ogy. The key technologies applied in the systems were studied, including probe design, probe calibra-
tion and 3-D point reconstruction. Two kinds of probes, dot-matrix and hand-camera, were designed
to apply to different industrial product measurements. Then, for the dot-matrix probe measurement,
a point cloud registration method was proposed to solve the relationship beween probe coordinate sys-
tem and world coordinate system. Besides, a method of fitting the virtual ball was used to calibrate
two probes. Finally, four standard balls were measured in an accuracy test. The comparison results
from three-coordinate measuring machine show that the measurement accuracy of the system can be up
to 0.1 mm/m. It suggests that the system has met the general accuracy standards of the three-dimen-
sional point measurement of medium and large sized products.
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Fig. 1 Measurement principle of dot-matrix probe
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Fig. 2 Measurement process of dot-matrix probe
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Fig.3 Measurement principle of hand-camera probe
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Fig. 4 Measurement process of hand-camera probe
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Tab.1 Results of probe calibration (mm)
PREF A Cx Cy C,
SFE 236.302 9 0.603 8 —3.405 8
FReAHPL 1.489 4 —23.723 4 205,218 7
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Fig. 10 Standard balls for accuracy testing
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Tab. 2 Measurement results of diameters of four standard balls (mm)
BRI FrHE(E SHG W2 {H I 2% i 22 - 247 e 2
1 22,395 1 0.159 5
A 2 22,455 2 0.219 6 0.044 3 0.163 4
A 22.235 6 3 22.346 8 0.111 2
1 22,325 2 0.089 6
Tt 2 222,428 3 0.192 7 0.049 5 0.122 7
3 22.3215 0.085 9
1 22.356 2 0.128 3
R 2 22.440 5 0.212 6 0.044 9 0.148 1
B 22.227 9 3 22.331 2 0.103 3
1 22.352 1 0.124 2
FHr 2 22.486 2 0.258 3 0.067 4 0.163 5
3 22.335 8 0.107 9
1 22,402 1 0.164 7
SR 2 22.458 2 0.220 8 0.049 4 0.161 8
C 22.337 2 3 22,237 4 0.099 8
1 22. 408 3 0.170 9
Tt 2 22,4515 0.214 1 0.050 5 0.159 1
3 22.329 6 0.092 2
1 22,415 5 0.177 7
=Y 2 22.511 2 0.273 4 0.064 9 0.188 9
D 22,237 8 3 22,353 4 0.115 6
1 22.375 6 0.137 8
FHr 2 22. 405 2 0.167 4 0.022 9 0.138 8
3 22,349 1 0.111 3
£3 HKOEEMNELR
Tab.3 Measurement results of distance between stardard balls (mm)
Bl FrHE(E SHG W2 {H s 2% b 22 - 247 g 2
1 208.167 4 0.051 9
R 2 208.178 6 0.063 1 0.004 6 0.057 7
AD 208, 115 5 3 208.173 5 0.058 0
1 208.159 8 0.044 3
FHr 2 208.195 3 0.079 8 0.027 3 0.045 7
3 208.102 6 —0.012 9
1 100. 458 2 0.029 0
Jrgiiny 2 100. 475 6 0.046 4 0.010 3 0.034 8
. 100, 420 3 100. 451 1 0.029 1
1 100. 469 8 0.040 6
Tt 2 100. 495 7 0. 066 5 0.026 4 0.036 5
3 100. 426 9 —0.002 3
4.3 MHAXE T3 X — AU A 0 TR B 43 BEAT T A i [

T B UEAS F G0 % TR AL LM S5 AL A4 B g 1. FERRE H=20 mme%l‘EﬂEE D=6
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