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Light probe based large FOV 3D vision measurement system
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Abstract: To meet the requirements of large-scale equipment for large scope precise measurement in
advanced manufacturing industry, a light probe based large Field of View(FOV) 3D vision measure-
ment system based on the binocular stereo vision principle was proposed. The spatial distribution
mode of the character points on the light probe was determined according to the invariants of clockwise
direction and colinearity under a perspective projection, by which the character points were recognized
and the coordinates of the probe were calculated. By using a 3D measurement model based on perspec-
tive projection and the homogeneous coordinates of a binocular stereo vision sensor, the structure pa-
rameters of the binocular stereo vision sensor were calibrated through linearly solving the essential
matrix E, further following with nonlinear optimization by freely moving a 1D target with known pre-
cise length. A true large FOV 3D vision measurement system was constructed, which consists of a
light probe, a binocular 3D vision measurement system, a portable tripod, a 1D target and a set of
measurement software. The real experiment to measure the dense 3D data was performed on a robot
body surface in a field of 7 mX4.7 m and the accuracy better than 0. 2 mm was achieved. These re-
sults show that the designed system has improvement in the light probe structure, recognition meth-

ods of luminous points and the system calibration methods.
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Fig. 1 Configuration of light probe based large FOV

3D vision measurement system
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probe and part surface
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ular stereo vision system
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Tab.1 Parameters of flexible light probe
FEAE & PO AR AR /mm
FRAE
x v z
1 139.098 3 —0.000 1 0.000 0
2 0.003 7 0.002 3 0.000 0
3 —138.557 7 —0.308 9 0.000 0
4 1.779 4 139.159 9 0.000 0
5 3.572°5 277.513 9 0.000 0
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Tab. 2 Calibrating inner parameters of cameras in meas-

urement system
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Tab. 3 Calibrating parameters of measurement system and their accuracy estimation
4 mX2.7m 5mX3.3m 6 mX4 m 7mX4,7m
S
Initial Final Initial Final Initial Final Initial Final
r —0. 946 —0. 945 —0.944 —0. 945 —0.947 —0.945 —0.941 —0.941
7 —0.010 —0.014 0.013 —0.015 —0.012 —0.013 —0.011 —0.012
T3 0. 325 0.327 0.329 0.327 0.322 0.328 0. 339 0. 339
Ty 0.007 0.003 0.033 0.003 0.005 0. 004 0.003 0. 004
rs —1.000 —0.999 —0.991 —0.999 —1.000 —1.000 —1.000 —1.000
s —0.012 —0.034 0.133 —0.036 —0.021 —0.030 —0.026 —0.023
r7 —0.325 —0.328 —0.328 —0.327 —0.322 —0.328 —0.339 —0.339
g 0.010 0.031 —0.137 0.033 0.018 0.028 0.023 0.020
79 —0.946 —0.944 —0.935 —0.944 —0. 946 —0.944 —0.941 —0. 940
t, —0.987 —3 306. 796 —0.988 —3 105. 317 —0.984 —3 112.679 —0.985 —3 259. 183
t, 0.010 43.541 0.008 58.552 0. 006 28.164 0.010 —18.877
t —0.158 —436.925 —0.157 —427.507 —0.179 —423. 287 —0.175 —507.029
Pl B AR K 677 1 207 1543 1 803
b RMS/mm 0. 06 0.08 0.11 0.14
M & RMS/mm 0.08 0.12 0.15 0.18
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