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A Fast Adaptive Disturbance Rejection Control for Motor Servo Systems
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(School of Mechanical Engineering, Nanjing University of Science and Technology. Nanjing 210094, China)

Abstract: A fast adaptive disturbance rejection control method (FADRC) based on finite-time
parameter estimation is proposed to realize high precision motion control of motor servo systems
under the combined effect of parameter uncertainties and unmodeled disturbances. For parameter
uncertainties, a novel parameter adaptation law driven by a combination of tracking error,
parameter estimation error and system state estimation error is constructed by introducing first-
order low-pass filtering operations and auxiliary intermediate variables to realize the fast online
updating of unknown parameters. For unmodeled disturbances, an extended state observer
(ESO) is designed to estimate them and compensate them with a feedforward term. In addition,
the overall robustness of the system is ensured by the feedback robust term. Analysis based on
Lyapunov stability theory shows that the proposed control method can guarantee fast parameter
estimation performance and excellent tracking control effect. An electric servo experimental
platform is built to test its effectiveness and superiority. Test results and a comparison with the
traditional adaptation law-based control method show that the proposed novel control method
improves the convergence speed of parameter estimation by about 80% and reduces the maximum

tracking error by about 13.8%. This method can provide reference for high precision servo
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control and fast parameter identification of practical electromechanical systems.

Keywords: motor servo system; parameter uncertainty; unmodeled disturbance; fast adaptive;

extended state observer
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Fig. 1 Architecture diagram of motor servo system
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Fig. 2 Block diagram of fast adaptive disturbance rejection control system
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Fig. 6 Tracking errors under interference condition
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Table 3 Performance indexes under interference condition

i il M./ w/ o/ (")
FADRC 0.056 4 0.032 8 0.017 1
ADRAC 0.062 1 0.035 2 0.017 8
ARC 0.083 8 0.045 5 0.026 0
RCESO 0.099 3 0.048 4 0.0319
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25 B RTIA AR SO BT FADRC 42 1l 4% . AH &L
T A AL G4 ) A 0L R R A RS S R 22 IR 2k
SRR I SO 4 5 T AR AT T e HoA
o PR A A B L T 0 BRIk T A R AR L T
AT 0 7 5 g DA e

5 45 i

ARSCPE T —Ff B AR R 2 G Y PR 3 N BT
PFEH (FADRC) J5 ik . Fristitmy il 4 i 17 A
T N7 4 ] AR T I OL I 5 10 A R A L o S Ak B
ZRORHRE VERR AL T I R B T 0 b 22 W O vk
A RS s e T ENTAIPERE SBR[ . BT it /Y
ZRC G I T AN B R R 22 I R GRS A
THRZEDL B GIA T SSRGS THR A i DI,
BFERTE T RGP R SR M RSB A T 1Y
WSl . o T R G HIPERE. A Lyapunov
Tk AT T AN AR B8 0 A E e Il o S 0 A R X
FUIE 1 T £t % 42 ol 48 090 A 28 1k A0 0 B

e d

(1] Wwd, BHE2, W e, 4. 25 B BBk r Aat g b 42
B 7K B IR 20 g B Ot 1 A ) [0, VY & 30l R % 2
i, 2020, 54(6): 34-41.
ZHAO Feng, LUO Wen, GAO Fengyang, et al. An

[2]

[3]

(4]

[5]

[6]

7]

[8]

http: // zkxb. xjtu. edu. cn

improved sliding mode control for PMSM considering
sliding mode chattering and disturbance compensation
[J]. Journal of Xi’an Jiaotong University, 2020, 54
(6): 34-41.

W, R, M. — R AR REN =S
R BB AL E R EER R U] e
K224, 2020, 54(4); 85-92.

XU Huifeng, SU Shaoping, DU Qingcheng. A novel
direct torque control system with new zero vector for
two-three conduction brushless DC motors [J]. Jour-
nal of Xi’an Jiaotong University, 2020, 54(4): 85-92.
BT H, M, SKRAR . SE. AR B AL A S
B gt 5908 (1], V9% 3 K240, 2017,
51(9). 112-117.

GU Wanli, HU Yunfeng, ZHANG Sen. et al. Design
and experiments on the adaptive sliding mode control-
ler of brushed DC motor: assessment [J]. Journal of
Xi’an Jiaotong University, 2017, 51(9);: 112-117.
EAk, EXW]L AEFHM, . ZRAKIREWR
PERE € Funnel #2440 [J]. # 6 B 505 1. 2020,
37(3): 91-101.

WANG Minlin, DONG Xueming, RENXuemei, et al.
Optimal robust guaranteed cost funnel control for
multi-motor driving system [J]. Control Theory and
Application, 2020, 37(3): 91-101.

YAO Jianyong, JIAO Zhongxia, YAO Bin. Robust
control for static loading of electro-hydraulic load sim-
ulator with friction compensation [ J|. Chinese Journal
of Aeronautics, 2012, 25(6): 954-962.

FARR, XN, R, Sk R AL % 04 K # W)
AL TC AL A% SR [T, VE %520l R FoE i,
2016, 50(6): 104-109.

WANG Hanxiao, LIU Ling, WU Huawei. A sensor-
less permanent magnet synchronous motor control
strategy for improved sliding mode observers with sta-
tor parameters identification [J]. Journal of Xi’an
Jiaotong University, 2016, 50(6): 104-109.

B0, EWT, ERE. ~RELUELZLRAEHEZK
B R (D0, 4 e 5 6 . 2020, 37 (4)
829-836.

HUANG Shuai, WANG Xin, WANG Zhenlei. Multi-
ple model adaptive control for a class of nonlinear mul-
tivariable systems [J]. Control Theory and Applica-
tion, 2020, 37(4) . 829-836.

DENG Wenxiang, YAO Jianyong, MA Dawei. Adap-
tive control of input delayed uncertain nonlinear sys-
tems with time-varying output constraints [J]. IEEE
Access, 2017, 5. 15271-15282.




o2 o% o @ Kk ¥ ¥ R 55 55 %
[9] YAO Bin, TOMIZUKA M. Smooth robust adaptive [J]. IEEE Transactions on Industrial Electronics,
sliding mode control of manipulators with guaranteed 2017, 64(10): 8023-8032.
transient performance [J]. Journal of Dynamic Sys- [16] GAO Zhigiang. Scaling and parameterization based
tems Measurement and Control, 1996, 118(4): 1176- controller tuning [ C] /2003 American Control Confer-
1180. ence. Piscataway, NJ, USA. IEEE, 2003. 4989-
[10] YAO Bin, TOMIZUKA M. Adaptive robust control of 4996.

[11]

[12]

[13]

[14]

[15]

SISO nonlinear systems in a semi-strict feedback form
[JT]. Automatica, 1997, 33(5): 893-900.

GAO Zhigiang, HUANG Yi, HAN Jingqing. An al-
ternative paradigm for control system design [C] //
40th IEEE Conference on Decision and Control. Pisca-
taway, NJ, USA: IEEE, 2001. 4578-4585.

GUO Baozhu, ZHAO Zhiliang. Active disturbance re-
jection control for nonlinear systems: an introduction
[M]. Hoboken, NJ, USA. John Wiley & Sons,
2016 1-50.

RAR, F—R, R, % T NESO K #F £
HLPLIR A [ o il (0. #eilil TA. 2019, 26(1).
50-54.

HOU Limin, REN Yifu, XU Yue, et al. Sliding mode
active disturbance rejection control of PMSM based on
NESO [J]. Control Engineering, 2019, 26(1). 50-
54.

YAO Jianyong, DENG Wenxiang. Active disturbance
rejection adaptive control of uncertain nonlinear sys-
tems: theory and application [J]. Nonlinear Dynam-
ics, 2017, 89(3): 1611-1624.

YAOQO Jianyong, DENG Wenxiang. Active disturbance

rejection adaptive control of hydraulic servo systems

[17]

(18]

[19]

[20]

http: // zkxb. xjtu. edu. cn

ZHENG Qing. GAO L Q, GAO Zhigiang. On stabili-
ty analysis of active disturbance rejection control for
nonlinear time-varying plants with unknown dynamics
[C]//46th IEEE Conference on Decision and Control.
Piscataway. NJ, USA. IEEE, 2007. 3501-3506.

NA Jing, MAHYUDDIN M N, HERRMANN G, et
al. Robust adaptive finite-time parameter estimation
and control for robotic systems [J]. International
Journal of Robust and Nonlinear Control, 2015, 25
(16): 3045-3071.

P, X SN, Barbalat 5] ¥ K H A 5 40 K 1k o
Prep @A LI AR R 2 2 4 CT 22 D - 2007, 37
(1): 51-55,114.

MIN Yinyin , LIU Yungang. Barbalat lemma and its
application in analysis of system stability [J]. Journal
of Shandong University (Engineering Science), 2007,
37(1): 51-55,114.

BHAT S P, BERNSTEIN D S. Continuous finite-time
stabilization of the translational and rotational double
integrators [J]. IEEE Transactions on Automatic
Control, 1998, 43(5): 678-682.

ik I #)




