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Hysteresis Modeling and Compensation Control Based on Gradient Adaptive Lattice Joint Processing Filter
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Abstract: A gradient adaptive lattice joint processing (GALJP) filter using orthogonal structure and Backlash
operator was proposed for hysteresis modeling and inverse compensation control of piezoelectric ceramic actuators.
This filter combines the advantages of the gradient lattice filter and the adaptive transversal filter, and a good control
performance can be achieved when the order is low. A GALJP-based hysteresis model was first established under a
decaying sine wave signal. It can be known that when the order is 2, the model has the smallest root mean square
error, only 0.010 4 um in the study. Then, the hysteresis compensation control experiment of the piezoelectric
ceramic actuator was carried out on the semi-physical simulation experiment platform using the second-order
GALIJP filter. It can be found from the experimental results that the control method has a good tracking effect under
the excitation of the random triangle wave and random sine wave signal. The root mean squared error is 0.023 8%
and 0.026 2% of the total stroke.

Key words: gradient adaptive lattice joint processing(GALJP) filter; adaptive control; piezoelectric actuators;

hysteresis nonlinearity

2021 Vol.51 No.5

Jie Fi Bl B Eh A 2 — FRRE R L AL, B
JIR EEE TR AR E VG AR B R A A, B
JZ N T B AR B AL S R G,
RN T ALK B9 33 sh i o 28 G2 PR AR
PR R RBEAE o (EJR AR SR H]
P 85 02y v A7 8 IR T 2 M 1 R A 23 5 e 4 1
R EE T LABIE S H FeL B 8 42 o 45 A A 28 AR 42 ol Dy

A EENE X,

PUAXoF e v Pl ) 3R v B AL T 5 A
IR I 2 i B 1Y Preisach #5114 Prandil-Tshlin-
skii (PI) #& 4P Bouc—Wen 5 116 it 28 ] 2% 45
AU S5/ 3 SRR 1) S AL ALY, D K Be AR AR
RUCIZE IR 36T Wy B i PR R AT A R B Maxwell
AR . Presisach 45 A5 U3 1o % e AL PR 2 114 3R

ESWE: EHE A RFIERES (11572035,51707009) ; L 5UTH [H /R 54> (4122066)

TEE BT IMNELE(1996—) , 5, fili -, Email : dzssw2008@126.com
52



FREY S AT GALIP JB 3B 09 AR il e A 5 AME 2 )

wAEF 2021F F51% FS5H

i REE P AR RIS AT R O HLIBRAS TR Y
PUEROR, BBz B o 7R s A 14 JE il
b, AT RN R HA, B B S A R AT R A A
il A5 - B i A O B R 4
ROR o SR, AL Brfs i b, P i) 3R G822 52 3 36
S5 728 A RIIE 20 25 (42 e, ol P [ ) 30 A 2 42 o)
o 1 45 1 ASOR o Ak B T DAL SRR (11142 4
T FIR U R 52 B 3 0L A 3 Aa R BT X R GE
BB SRR TP AT A R, A5 3] 1A
SOE NN A EPENE K 2 NS PUIA/$)'E tSUE
il B8 25 RAT AN R BEAR, i DA SCHR (1248 3 5E T
Backlash [ [ & 1 % % %% , 38 i 8 ] Backlash 5
FARBERF T, t1 T Backlash B+ HA L1
S ARIRE S S TR ERRE )

(B2 IRAT 1 1 345 308 8 4 A R 3 e 4
HlAFTERE R 5T 2 iz S B 18 | S BI04 17 [
U, R I AR SCHR B T Backlash % F A9 GAJLP
U e A ST I R AR AR R A T A o
R R T E A R i, 2R TR AR AL
UE U AR 5 O IE N FIR U8 9 4 A A5, B LA
GALJP U P 4 AW Fe B it 5 | i A2 e 1 0] i
JF HARE T 2 M | 38 N FIR U8 0 % , 1% U8
e oS A 3 GALIP JE P % & th 277 M
[F) {1 1E 52 BRI B , L2 ) ey BE AL A, 7R 52 BR
AR T, RE A% AR H 75 (8 L I8 B GALIP 3§ %
a5 B AR, B AR 8 B Bk B0 AR S 1) A
FIFE 28R
1 X T Backlash 85 GALJP J8 )k 3338

i i
1.1 Backlash&EF

Backlash 5. F A& 5 R ULIAT 1,

plu]

AL
A,

1 Backlash 35T 1155 F5 0k

Fig.1 Transmission characteristics of the Backlash operator
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Fig.2  Basic unit structure of the gradient lattice filter
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Fig.3  GALJP filter structure based on Backlash operator
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Fig.4  Structural block diagram of experimental

device for piezoelectric actuator
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Fig.5 Attenuates the sine wave input voltage signal
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Fig.6  Block diagram for modeling the hysteresis characteristics of
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piezoelectric actuators based on GALJP filters
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Tab.l  Modeling error of piezoelectric actuators

with different order GALJP filters
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Fig.7  Modeling error of piezoelectric actuators

with different order GALJP filters
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Tab.2  Comparison of root mean square error of hysteresis

modeling methods for piezoelectric actuators
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Fig.8 Block diagram of piezoelectric actuator

control system based on GALJP filter
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Fig.9 Experimental results of GALJP filter compensation control of

piezoelectric actuators under random triangle wave signal
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Fig.10  Experimental results of GALJP filter compensation control

of piezoelectric actuators under random sine wave signal
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Tab.3  Comparison of tracking RMSE of control

methods for piezoelectric actuators
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