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Error compensation and parameter identification of
circular grating angle sensors

GAOQO Guan-bin, WANG Wen, LIN Keng, CHEN Zi-chen
(Institute of Advanced Manu facturing Engineering , Zhejiang University, Hangzhou 310027, China)

Abstract: An error compensation and parameter identification method based on sine function and parti-
cle swarm optimization was presented to improve the measurement accuracy of circular grating angle
sensors. The measurement errors of the sensors were calibrated discretely by a photoelectric autocolli-
mator and a metal polyhedron. By analyzing the calibration data with the Fast Fourier Transform
(FFT), it was found that the measurement errors of the sensors are composed mainly of the sinusoidal
signals with different frequencies. Thus an error compensation model consisting of seven constants to
be determined was presented based on sine functions. Furthermore, by taking these constants as the lo-
cation coordinates of particles and the average error as the fitness function, one identification model
based on particle swarm optimization was built to calculate the constants in the compensation model.
Finally, the compensation method was used to compensate the errors of the sensors in an articulated
arm coordinated measuring machine. The experimental results show that the average errors of the sen-

sors are reduced about 398~1 102. 5 times after compensation.
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Fig. 1  Error calibration of a circular grating angle
sensor with a photoelectric autocollimator

and a metal polyhedron
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Fig. 2 Error distribution of angle sensor 1
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Fig. 3 Angle error spectrogram of angle sensor 1
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Fig.4 Flow chart of adaptive particle swarm optimization
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Tab.1 Identified parameters of compensation model
KT C Al A2 A3 P/ P, /() Py /()
1 0.558 6 1.041 4 0.0011 —0.004 0 216.363 3 143.032 9 168.438 3
2 0.3417 —0.363 3 0.007 7 0.001 1 80. 239 3 93.506 1 245.362 1
3 —0.353 4 —0.615 4 —0.001 0 0.001 2 326.532 5 73.851 7 210. 606 6
4 —0.317 4 —0.2880 0.0151 —0.002 6 273.361 0 310.462 5 240.953 6
5 0.200 8 —0.303 6 —0.002 4 —0.001 5 105.492 8 158.290 0 235.118 3
6 —0.628 1 —0.677 5 —0.023 3 —0.007 1 64.934 3 264.632 7 69.528 3
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Tab. 2 Average errors of joint angle sensors

XTFE  AMEATEHIR2ZE/C) AMEEEERE/C)
1 0.734 2 0.000 8
2 0.119 4 0. 000 3
3 0.441 0 0.000 4
4 0.214 6 0.000 5
5 0.232 3 0. 000 3
6 0.2811 0.000 5
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