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Calibration method for structured light 3D measurement system
having single camera and single projector

Geng Kaizhen,Gao Zhihua
(713 Research Institute of China Shipbuilding Industry Corporation,Zhengzhou 450015, China)

Abstract; Calibration of the system parameters is the basis of three-dimensional measurement
system of the structured light, and accuracy of parameter calibration directly affects accuracy of
the measurement, in which the projector still has the problems of complex calibration process
and low precision. In order to solve this problem, a calibration method is put forward, which is
done by projecting circles pattern to a flat with circular signalized points. Based on projective
transformation theory, projective corresponding relation is established between projector image
coordinates and camera image coordinates through error compensation method, and accurate
projector image coordinates of calibration points is obtained. Taking two groups of image coordi-
nates and world coordinates as initial value, nonlinear algorithm is used to optimize the whole
system parameters. Experimental results show that the maximum error of the system is less
than 0. 05 mm and the error root mean square is less than 0. 03 mm. The results show that the
calibration process is simple and can improve the calibration accuracy and has wide applicability.
Key words: 3D measurement;system calibration;projective transformation;all parameters optimi-
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Fig. 1 Structural diagram of structured light 3D

measurement system model
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Fig. 2 Structural diagram of system calibration process
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Fig. 3 Diagram of projective transformation error
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Composition diagram of measurement system
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Table 1 Structured light 3D measurement system calibration parameters
BB H TSR
R 280/ mm 95.661 5,549.279 4,—674.315 8 257.530 0,135.684 8, —820.557 6
i % 28/ rad 0.564 9,—0.005 2,0.002 9 0.009 3,—0.014 6,0.009 7
FE i/ (mm/ pixeD 6 020.0,6 021.0 2202.1,2 196.1
4% T 55 AR B/ pixel 2 008.1,1 311.2 507.879 0,865.189 7
1 5% e A Tk 2 2 2.664 8 —29.561 4
ky=4.67¢—9 ki =1.34e—8
ky=4.77Te—17 ky=23.34e—15
W AE 2 4 ky=—3.57¢—23 ks =5.98e—22
p1=1.00e—7 p1=05.16e—7
p:=7.79¢—8 po=—9.7le—7

Xt 2R G0 I AR 1R 25 E AT G0 15 B 45 AR T A
PLE R 25 B KAH R 0. 043 mm, B 7 HAE 2 0. 021
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Table 2 Statistical values of Z-axis component of planes

measurement result

P FME/ mm ARifEE/ mm 5 K AE/ mm ¥R {E/ mm

Z=130 0.023 0.029 0.132 0.037
Z=10 0.004 0.026 0.105 0.027
Z=—10 —0.011 0.025 0.102 0.029
Z=-—30  0.01 0.026 0.111 0.028
Z=-—50  0.002 0.023 0.081 0.023
SilE 0. 005 0.026 0.132 0.029
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