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Application of miniature optical encoders to
angular rate identification of motors
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Abstract: A signal processing method for encoders based on stationary Kalman filter technology is im-
plemented to satisfy the requirements of angular rate prediction of a servo control system. Firstly, the
typical structure of a motor system and the composition of an optical encoder for measuring noises are
analyzed, and the parametric mathematical model of the motor system and optical encoder is built for
stationary Kalman filter design. Then, the uniform parametric design results of stationary Kalman fil-
ter are presented by using the model. Under the Matlab/Simulink environment, the simulation model
of the motor system, optical encoder and Kalman filter is completed and the universality and filtering
effect of parametric stationary Kalman filter are predicted by different parameters. Finally, an experi-
mental platform is built to verify the simulation conclusion, and the filtering performance is measured.

The simulation and experiment results show that the parametric stationary Kalman filter is universal-
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izable for motor systems and the adaptive stationary Kalman filter can estimate the angular-rates by u-

sing optical encoders. Obtained data indicate that the standard deviation is 0. 021 (°)/s and the maxi-

mum error can be controlled under 0. 06 (°)/s, which can satisfy the requirements of motor control

systems for the angular-rate precision.
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Fig. 2 Block diagram of Kalman filter simulation
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Tab.1 Results of Kalman filter simulation
No 1 2 3 4 5
L/mH 0.31 0.36 0.22 0.28 0.18
R/Q 3.65 7.28 4.27 1.61 0.97
K. (N + m/amp) 0.024 3 0.006 2 0.006 6 0.007 6 0.007 9
K.(V/(kr/min)) 2.544 7 0.65 0.68 0.81 0.83
Ju/kg + mm? 1.279 4 1.353 1.494 0.212 0. 82
K, 139.5 145 120 85 98
WV /v 0.013 2 0.001 0. 002 0. 005 0.001
V72 0.010 7 0.02 0.03 0.03 0.012
T/ms 1 1 1 1 1
P 0.027 6 7.2eX 1077 4.5eX 10" 0.0529 9.3eX 10"
oart/((°)/s)  step 0.849 6 1.050 8 1.588 1 4,383 9 2.056 0
sine 2.009 4 1.077 8 1.748 0 10.735 9 7.607 2
Okatman / () /) step 0.003 8 0. 000 48 0.001 4 0.004 9 0.000 48
sine 0.003 9 0. 000 52 0.001 3 0.005 0 0.000 47
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(d)Curve of angle rate error from decelerator in motor
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