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Abstract For structured light measurement system, parameter calibration is the key technique of measurement.
However the accuracy of projector parameters calibration is low. A simple, convenient and accurate method is put
forward, which is done by projecting circles pattern to a flat with circular signalized points. Fundamental
corresponding relation is established between projector image and camera image based on projective transformation
theory. After that accurate corresponding relation is established by using bivariate quartic function to fit and
compensate error. It is obtained for the accurate projector image coordinates of circular signalized points on the flat.
Then, projector calibration is accomplished. Simulation and experimental results demonstrate that the proposed
method can get better precision, and experiments verify that the maximum value and efficient value of projector
calibration error is less than 0. 1 and 0. 03 pixel respectively, and the system measurement precision is about
0.06 mm.
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Table 1 Projective transformation error in simulation experiment

Error /pixel

Error after revised by BF /pixel

Position
Average SD Max Average SD Max RC
- u —0. 3651 0. 9959 2.073 0 0.00053 0.00276 1
7= v —1.553 1.096 3.516 0 0.00075 0.00433 1
. u —0.2783 0. 9803 1.943 0 0. 00057 0.00313 1
£ v —1.549 1. 089 3.498 0 0. 00080 0.00461 1
- u —0.1900 0. 9655 1. 8286 0 0. 00065 0.00363 1
Z=0 v —1.546 1. 081 3.480 0 0. 00087 0.00496 1
- u —0.1002 0.9523 1.712 0 0. 00097 0.00426 1
Z= 0 v —1.542 1.073 3.463 0 0. 00077 0. 00539 1
- u —0. 0087 0.9412 1.595 0 0. 00095 0. 00501 1
= v —1.538 1. 065 3. 445 0 0.00109  0.00590 1
o u 0.08484 0. 9320 1.617 0 0.00117 0. 00585 1
Z= v —1.534 1.058 3.428 0 0.00124  0.00647 1
u —0.1429 0.9615 2.073 0 0. 00084 0. 00585
Al v —1.5437 1.0771 3.516 0 0.00094 0.00647
Note: BF: biquadratic function; SD; standard deviation; RC: related coefficient.
# 2 ARG RS IE S 1R %
Table 2 Projective transformation error after corrected by different fitting functions
o Error after revised by CF /pixel Error after revised by QF /pixel
Position Average SD Max RC Average SD Max RC
. u 0 0.01464 0.06143 0.9999 —0.00057 0.02743 0.19401 0.9996
Z=40 v 0 0.01147 0.0511 0.9999  —0.00074 0.03921 0.27626 0. 9994
- u 0 0.01337 0.05762 0.9999  —0.00050 0.02509 0.17706 0.9997
Z=20 v 0 0.01070 0.04877 1 —0. 00073 0.03862 0.27207 0.9994
- u 0 0.01210 0.05383 0.9999  —0.00043 0.02277 0. 15995 0.9997
Z=0 v 0 0.00993 0.04644 1 —0. 00071 0. 03801 0. 26780 0.9994
- u 0 0.01087 0. 05015 0.9999  —0.00036 0.02048 0.14275 0. 9998
= v 0 0.00916 0.04415 1 —0. 00070 0. 03740 0. 26346 0.9994
. u 0 0.00971 0.04667 0.9999  —0.00029 0.01826 0.12552 0. 9998
S v 0 0.00842 0.04196 1 —0. 00068 0.03679 0. 25911 0. 9994
- u 0 0. 00869 0.04349 1 —0.00022 0.01612 0. 10830 0.9999
Z= =80 v 0 0.00774 0.03992 1 —0. 00066 0.03619 0. 25478 0. 9994
u 0 0.01174 0.06143 —0.00039 0.02203 0.19401
All v 0 0. 00966 0.0511 —0. 00070 0.03772 0.27626

Note: CF: cubic function; QF: quintic function; SD: standard deviation; RC: related coefficient.
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Table 3 Projective transformation error in experiment

Error /pixel

Error after revised by BF /pixel

Position
Average SD Max Average SD Max RC
=10 u 0.2369 1. 0245 2.047 0 0.02643 0. 08805 0.9997
v 1.118 1.103 3.090 0 0. 03090 0.07162 0.9996
7—120 u 0.1104 1. 030 1.977 0 0.02488 0.07978 0.9997
v 1.175 1.127 3.175 0 0.02809 0.07057 0.9997
7—0 u —0.0196 1.152 2.0312 0 0.02440 0.06138 0.9998
v 1. 283 1. 249 3. 485 0 0.03084 0. 08357 0.9997
PR u —0.1687 1.1796 2.082 0 0.02637 0.07250 0.9998
v 1. 3256 1. 2858 3. 6084 0 0.02637 0.0725 0.9997
7= 40 u —0.3377 1. 3190 2.4898 0 0.02142 0.06052 0.9999
v 1.5074 1.4429 4.1203 0 0.03055 0.10001 0.9998
7= 60 u —0.5103 1.4978 3.0143 0 0.02706 0.07425 0.9998
v 1.7136 1.5977 4.5597 0 0.03106 0.07536 0.9998
Note: BF: biquadratic function; SD: standard deviation; RC: related coefficient.

F A4 LA E S 0.08f

Table 4 Projector calibration result 0.06}

- 0.04+

Projector parameters
0.02+
258.9808, 136.1336, B
Translation parameters /mm E 0f
S -0.
. 0.0057, —0.0058, _0.04}
Rotation parameters /rad
0.0072 -0.061
Focus /(mm/ pixel) 2207.8, 2205. 4 -0.08; , a , ,
Principal point /pixel 858. 60, 520. 54 -0.10 -0.05 0 0.05  0.10

Nonnormality parameter
of coordinate axes

—0.9247
ki=1.47X10"",
p1=8.86X107",
p,=1.17X107
%5 TR Z M52 5

Table 5 Statistical values of Z-axis component of

Distortion parameters

planes measurement result

Position Average /mm SD /mm Max /mm RMS /mm
Z=30 0.0144 0.0186 0.0611 0.0234
Z=10 0.0027 0.0168 0. 0487 0.0169
Z=—10 —0. 0069 0.0165 0.0473 0.0179
Z=—30 —0. 0060 0.0164 0.0516 0.0174
Z=—50 —7.335X107°0.0144  0.0374 0.0143
Statistics 0.00083 0.0166  0.0611 0.0182
Note: SD: standard deviation; RMS: root mean square.
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Fig. 6 Projector calibration error
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