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Model Reference Adaptive Control of Piezoelectric Actuators with
Stochastic Disturbances under Gain Adjustment

Peng Hao, Chen Xuesong
(School of Mathematics and Statistics, Guangdong University of Technology, Guangzhou 510520, China)

Abstract: Piezoelectric actuators have the characteristic of high displacement resolution and are widely used as
actuators in precision positioning systems. However, due to the effects of hysteresis nonlinearity, creep, and
stochastic disturbance on piezoelectric actuators, the stability and positioning accuracy of the output are difficult to
achieve. In this research, a new model reference adaptive control method is proposed for controlling the output
displacement of piezoelectric actuators with external and stochastic disturbances. This method establishes a
stochastic nonlinear closed-loop control system with computational adaptive gain adjustment by introducing
Lyapunov function and adaptive update law. The proposed adaptive structure is innovative in terms of the
probability boundedness of the output of the piezoelectric actuator and the mean square convergence of the tracking
error between the output and the reference model output. In addition, the proposed method only requires an
understanding of the boundedness of uncertain disturbances and stochastic noise intensity. The simulation results
demonstrate the effectiveness and superiority of the designed adaptive gain regulator.
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Fig.1 Numerical simulations under the stochastic noise intensity
defined in Equation (25)
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defined in Equation (26)

1 BEHLER AR (26) T H &R 6 APIDEE S PP bR
XF e
Table 1 Comparison of evaluation indicators between adaptive
control and PID control for (26)

PN FRRR er Ess te
ALK T 04410 0.007 1 3.7826
PID#% | 0.556 6 0.7321

%, Bk 7 SCHR RO AR LS5 R o BB A R IGAIE T
AT T G R R A o AR SR AT FURE
BE— B ERR AT A ORI BEHL T PExT 5 s
SR IR, LRI R GTR BRI RE .

B3 -

(1] WMy, R, b, o o o 2 45 s 00 B e e
W5 IED]. H BB RS, 2022, 36(6): 955-962.

[2]

[3]

[4]

(5]

(6]

[7]

[8]

[91]

[10]

(1]

TAN J B, JIANG Z D, LUO J B, et al. Accuracy measure-
ment theory and method for high-end precision
equipment[J]. Bulletin of National Natural Science Founda-
tion of China, 2022, 36(6): 955-962.

BN, BB, W, & IR A A R 2 Sk o A
o AR B B AR IR B AT ()], HLB AR 4R, 2020,
56(17): 233-239.

XIAO Y, ZHANG W, WANG P, et al. Numerical simula-
tion and experimental research of micro-droplet generation
by directly actuated piezoelectric nozzle[J]. Journal of
Mechanical Engineering, 2020, 56(17): 233-239.

DENG J, LIU S, LIU Y, et al. A 2-DOF needle insertion
device using inertial piezoelectric actuator[J]. IEEE Transac-
tions on Industrial Electronics, 2022, 69(4): 3918-3927.
GAN J, ZHANG X. A review of nonlinear hysteresis model-
ing and control of piezoelectric actuators[J]. AIP Advances,
2019, 9(4): 040702.

fgE e, M, 5, & K SR AL RHE 5
SRS A SR (0], ) AR Lalk K223, 2024, 42(4): 14-
25.

SHIJ C, XIAO X L, L1 H, et al. Research progress on con-
trol strategies for nonlinear characteristics of piezoelectric
actuators[J]. Journal of Guangdong University of Techno-
logy, 2024, 42(4): 14-25.

FRC, R, WETT, & 5T A IGE AR A
HL BN F & BT i HI 0], B 5 5k, 2022, 44(6): 898-
900.

WANG B W, CUL'Y G, XIE QF, ef al. Feedforward con-
trol of piezoelectric micro-positioning stage based on rate-
dependent hysteresis model[J]. Piezoelectric & Acoustoop-
tics, 2022, 44(6): 898-900.

TR, X Eh, R, . HET Maxwell B2 (¥ 1 B 0K 5 &
TR T VE ], BT R R 4R, 2024, 42(5): 174-
183.

ZHANG M, LIUY W, WU Y, et al. Feed-forward control
method of piezoelectric drive system based on Maxwell
model[J]. Journal of Shanxi University of Science & Tech-
nology, 2024, 42(5): 174-183.

GAN J, ZHANG X, WU H. Tracking control of piezoelec-
tric actuators using a polynomial-based hysteresis model[J].
AIP Advances, 2016, 6(6): 065204.

ZHANG X, WANG Y, WANG C, et al. Adaptive estimated
inverse output-feedback quantized control for piezoelectric
positioning stage[J]. IEEE Transactions on Cybernetics,
2019, 49(6): 2106-2118.

TKAR. s MLV ) 8% B0 AR 4 MR @A R 4% ) 7 VAR SE[D). WA
IR V&RV HE T ORE, 2022.

WANG Z, HOU B, HU C, et al. Trajectory compensation
based adaptive control for high-precision piezoelectric actu-
ators[J]. Sensors and Actuators A-Physical, 2024, 375:
115541.


https://doi.org/10.3901/JME.2020.17.233
https://doi.org/10.3901/JME.2020.17.233
https://doi.org/10.3901/JME.2020.17.233
https://doi.org/10.1109/TIE.2021.3073313
https://doi.org/10.1109/TIE.2021.3073313
https://doi.org/10.1109/TIE.2021.3073313
https://doi.org/10.1063/1.5093000
https://doi.org/10.12052/gdutxb.230134
https://doi.org/10.12052/gdutxb.230134
https://doi.org/10.12052/gdutxb.230134
https://doi.org/10.12052/gdutxb.230134
https://doi.org/10.11977/j.issn.1004-2474.2022.06.014
https://doi.org/10.11977/j.issn.1004-2474.2022.06.014
https://doi.org/10.11977/j.issn.1004-2474.2022.06.014
https://doi.org/10.11977/j.issn.1004-2474.2022.06.014
https://doi.org/10.3969/j.issn.1000-5811.2024.05.021
https://doi.org/10.3969/j.issn.1000-5811.2024.05.021
https://doi.org/10.3969/j.issn.1000-5811.2024.05.021
https://doi.org/10.3969/j.issn.1000-5811.2024.05.021
https://doi.org/10.1063/1.4953597
https://doi.org/10.1109/TCYB.2018.2826519
https://doi.org/10.1016/j.sna.2024.115541
https://doi.org/10.1016/j.sna.2024.115541
https://doi.org/10.1016/j.sna.2024.115541

543 W5, S Gt AR E R EEh ds FOR 225 1 & S 95
[12] LIUY, CHANG K, LI W. Model reference adaptive control trol, 2006, 51(2): 355-360.
for a piezo-positioning system[J]. Precision Engineering, [17] VAFAMAND N. Adaptive robust neural-network-based
2010, 34: 62-69. backstepping control of tethered satellites with additive
[13] SUN J, CHEN W, CHEN X. Model reference adaptive con- stochastic Noise[J]. IEEE Transactions on Aerospace and
trol with adjustable gain for piezoelectric actuator[J]. Electronic Systems, 2020, 56(5): 3922-3930.
European Journal of control, 2022, 67: 100712. [18] LIU Z, WANG F, CHEN C. Fuzzy adaptive quantized con-
[14] ZHANG J, ZHAO C, GUO L. On PID control theory for trol for a class of stochastic nonlinear uncertain systems[J].
nonaffine uncertain stochastic systems[J]. Journal of Sys- IEEE Transactions on Cybernetics, 2016, 46(2): 524-534.
tems Science and Complexity, 2023, 36: 165-186. [19] BEHESHTIPOUR Z, KHALOOZADEH H, AMJADI-
[15] LIY,ZHANG J, TONG S. Fuzzy adaptive optimized leader- FARD R. Model-reference adaptive moment control of un-
following formation control for second-order stochastic mul- certain nonlinear stochastic systems[J]. Asian Journal of
tiagent systems[J]. IEEE Transactions on Industrial Inform- Control, 2020, 22(1): 266-277.
atics, 2022, 18(9): 6026-6037. [20] W®AEHE, EIR, AR BENL D T FE(M]. LR B
[16] JIH, XI H. Adaptive output-feedback tracking of stochastic tHiFRAE, 2008.
nonlinear systems[J]. IEEE Transactions on Automatic Con- (FTAERE: MHRIE LW RRRR)
A1 AT 0>
(EEFE78W) learning via shielding under partial observability[C]//Pro-
[21] FUJIMOTO S, MEGER D, PRECUP D. Off-policy deep re- ceedings of the AAAI Conference on Artificial Intelligence.
inforcement learning without exploration[C]//International San Jose: AAAL 2023: 14748-14756. .
Conference on Machine Learning (PMLR). Long Beach: [27] LIU Q, DANG F, WANG X, et al. Autonomous highway
PMLR, 2019: 2052-2062. merging in mixed traffic using reinforcement learning and
[22] BAI H, CHENG R, JIN Y. Evolutionary reinforcement motion predictive safety controller[C]//2022 IEEE 25th In-
learning: a survey[J]. Intelligent Computing, 2023, 2(1): ternational Conference on Intelligent Transportation Sys-
0025. ' tems (ITSC). Piscataway: IEEE, 2022: 1063-1069
[23] BODNAR C, DAY B, LIO P. Proximal distilled evolution- [28] TREIBER M, HENNECKE A, HELBING D. Congested
ary reinforcement learning[C]//Proceedings of the AAAT traffic states in empirical observations and microscopic sim-
Conference on Artificial Intelligence. New York: AAAI, ulations[J]. Physical Review E, 2000, 62(2): 1805.
2020: 3283-3290. [29] KESTING A, TREIBER M, HELBING D. General lane-
[24] HAARNOJA T, ZHOUS A, ABBEEL P, et al. Soft actor- . )
critic: off-policy maximum entropy deep reinforcement chang.mg model MOBIL for car-following models{J]. Trans-
learning with a stochastic actor[C]//International Confer- portation Research Reccr)rd, 2007, 1999,(1): 86-94.
ence on Machine Learning. Stockholm: PMLR, 2018: 1861- (30] POLACK P, ALTCHE F, D'ANDREA-NOVEL B, ef al.
1870. The kinematic bicycle model: a consistent model for plan-
[25] SIGAUD O. Combining evolution and deep reinforcement ning feasible trajectories for autonomous vehicles?[C]//2017

[26]

learning for policy search: a survey[J]. ACM Transactions
on Evolutionary Learning, 2023, 3(3): 1-20.
CARR S, JANSEN N, JUNGES S, et al. Safe reinforcement

IEEE Intelligent Vehicles Symposium (IV) . Los Angeles:
IEEE, 2017: 812-818.

(AL A EARMF ELFH: R4


https://doi.org/10.1016/j.precisioneng.2009.03.006
https://doi.org/10.1016/j.ejcon.2022.100712
https://doi.org/10.1007/s11424-022-1486-9
https://doi.org/10.1007/s11424-022-1486-9
https://doi.org/10.1007/s11424-022-1486-9
https://doi.org/10.1109/TII.2021.3133927
https://doi.org/10.1109/TII.2021.3133927
https://doi.org/10.1109/TII.2021.3133927
https://doi.org/10.1109/TAC.2005.863501
https://doi.org/10.1109/TAC.2005.863501
https://doi.org/10.1109/TAC.2005.863501
https://doi.org/10.1109/TAES.2020.2985276
https://doi.org/10.1109/TAES.2020.2985276
https://doi.org/10.1109/TCYB.2015.2405616
https://doi.org/10.1002/asjc.1955
https://doi.org/10.1002/asjc.1955
https://doi.org/10.1103/PhysRevE.62.1805
https://doi.org/10.3141/1999-10
https://doi.org/10.3141/1999-10

	1 预备知识与问题表述
	1.1 预备知识
	1.2 问题表述

	2 模型参考自适应控制
	2.1 自适应调节增益的设计
	2.2 稳定性分析

	3 数值仿真
	4 结论
	参考文献

