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Modified square-root unscented Kalman filter and its application
to speed sensorless control of bearingless permanent
magnet synchronous motor

XU Bo, ZHU Huang-qiu, JI Wei, PAN Wei, SUN Xiao-dong

(School of Electrical and Information Engineering, Jiangsu University, Zhenjiang Jiangsu 212013, China)

Abstract: The square-root unscented Kalman filter (SRUKF) algorithm handles the problem of filtering divergence
caused by non-positiveness of the error covariance matrix in conventional unscented Kalman filter (UKF). However, prob-
lems of low robustness to model parameter variation, slow convergence, and undesirable tracking ability to abrupt state-
changes remain unsolved. We propose an improved SRUKF by introducing the time-varying fading factor and the diminish-
ing factor to adjust gain matrices and the state-forecast covariance square-root matrix, in order to realize the orthogonality
of the residual sequences and force the SRUKF to track the real-state rapidly. The vector control system for the bearingless
permanent magnet synchronous motor (BPMSM) without a speed sensor is set up based on this approach. Simulation
results show that the proposed method improves the nonlinear approximation accuracy and raises numerical stability and
filtering efficiency; it achieves high robustness to the abrupt state-changes and the load disturbances; it provides precise
estimates of the speed and the space position, and ensures the stable operation of the rotor suspension.

Key words: square root unscented Kalman filter (SRUKF); modified SRUKF; bearingless permanent magnet syn-
chronous motor (BPMSM); speed sensorless
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2.1 SRUKFHZLH#iA (Description of SRUKF)
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2.2 Ui SRUKF & & ¥ it 5 43 Hr(Design and
analysis of modified SRUKF)
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force model of the motor)
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R AL G 3 A Sk 8832 AT 47 L 58 56 (Simula-
tion of speed sensorless control of BPMSM
based on modified SRUKF)
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Fig. 1 Configuration of the vector control system based on modified SRUKF
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Fig. 3 Space position estimation error of w = 1000 rad/s

T T T T
800 | fur
s .
1i i
o~ 600 | I
w i ii {i
2 i b i
Bl H —
£ 400 i e
S ! b i == UKF
200 15 i | — st
1 SRUKF
0 1 “.I 1 1
0.00 0.02 0.04 0.06 0.08 0.10
t/s

4 B GARIN B A 2k

Fig. 4 Speed estimation of speed step response
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Space position estimation error of speed step response
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Fig. 6 Speed estimation of load disturbance
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Fig. 8 Rotor radial displacement of speed step response
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Fig. 9 Fading factors of speed step response

5 %58 (Conclusion)
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