CRVECHE BVE JesE R TR Vol.32 No. 11
2024 4E 6 A Optics and Precision Engineering Tun. 2024

TEHE  1004-924X(2024)11-1724-12
[EREEEZFIR /R 2085 5 o K5 Y50 2 5l

T E WO, AL Lmm, A REEL e
(1. EMAF BHAFE TR Z,F4 K& 130012;

2. ERMEAE TUHBERNENELEMEHATHE AL LR E,E K 400065;
.KkAEAF MFEEIRFR,FH K& 130022)

FEE g 7T e P A AR R M R X e L RO 6 ST R RE A S e A N7 S e s L R AR Bl AR AR 3R i
MR 1Y Hammerstein B8 . F) JHHE XS R Boue-W en B8 >k 37 i 45 38 iy 95 22 M FUR] ] 2l 28 48 P B B0 SRAE A5 5 A0 1Y
SEM X IR AME A R BE ST A R HEAT AME T AR TS0 B0 1 A%, SR 3T R K A2 0 U ) T A L 42 v R
e LT 5 B RGBT i o P F 90N 388 A 3 2 L R A 5 2 S A TR S M M A R D S R i D T Sk AR AR R
GRPIRASAGTHE . I AR BRI S E R E S T AR XS BRER 3R 22/ T 0. 6856 , = M I A5 5 N AH X B R 1% 22
INT0.70% o FER R AMEE 1 B Al T, 2R FH S 2R 2 il U 0 0000 4 1 3% 0 vk WT DA RCHE 58 IR B0 2 B Y v A R R
X # OR.TmER;FRZER; EEEEEFH Z ; Hammerstein £ A

FES %S TP273. 1; TN384 XHKFRIRAD : A doi: 10. 37188/OPE. 20243211. 1724

Kalman filter based output feedback predictive control for
piezoelectric ceramic actuators

YU Shuyou'?, TAN Li"*, LI Jianpu', FENG Yangyang',
LIU Dongmei’, LIN Baojun', SUN Shaoyu'’

(1. Department of Control Science and Engineering, Jilin University, Changchun 130012, China;
2. Key Laboratory of Industrial Internet of Things and Networked Control, Ministry of Education,
Chongqing University of Posts and Telecommunications, Chongqging 400065, China;

3. College of Electronic and Information Engineering , Changchun University,
Changchun 130022, China)

* Corresponding author, E-mail: sysun22@mails. jlu. edu. cn

Abstract: To mitigate the influence of hysteresis and nonlinearity in piezoelectric ceramics on the accuracy
of piezoelectric micropositioning platforms, the Hammerstein model is employed to describe the frequency-
dependent hysteretic nonlinearity of piezoelectric ceramic actuators. This model comprises an asymmetric
Bouc-Wen model and a dynamic linear model to represent static hysteresis nonlinearity and frequency-de-

pendent dynamic properties, respectively. Recognizing that the hysteresis compensator cannot entirely
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eliminate such issues and there is noise interference in experimental equipment, predictive control based on

a Kalman filter is used to enhance the control accuracy of the piezoelectric micropositioning platform. Mod-

el predictive control addresses model uncertainties like inverse compensation errors and modeling errors,

while the Kalman filter estimates the state of the system. Experimental results indicate that the relative

tracking error of the proposed controller is less than 0.68% for sine wave signals and less than 0.70% for

triangular wave signals. By incorporating Kalman filter-based predictive control alongside hysteresis com~-

pensation, the micropositioning platform effectively achieves high-precision tracking.

Key words: model predictive control; Kalman filter; piezoelectric actuator; hammerstein model
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Fig. 3 Hysteresis compensation with inverse hysteresis

model
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