#0495 H10 M B ORE AR (A R R R D) Vol.49,No.10
2022 4 10 ] Journal of Hunan University (Natural Sciences ) Oct.2022

XEHS:1674-2974(2022)10-0147-10 DOI: 10.16339/j.cnki.hdxbzkb.2022187

EHFiHd LuGre EEIRBIAgHLIEFE AT
¥ =B Eg A dea ki |

Bt rn 12 AR 2 A L H R
(1. PR DU o S SE R 2, T K 400044
2. PR MU 5B 8 TR B, F K 400044)

i EAFAMBALY EERBEERIIFT R TIRAEFEZ 0T o4 fo A
F A2, 8L B LuGre B4R A R 3438 R 4o dE &M B M R R B & 0 ok 3k AT B AR AR
12 R 18 3L BRI Ty 0 TAC, IF RN BEMIAY 22 M 45 18 AP K S TR A SEXT R AR m . TINE
1% 33 F 532 X (Lyapunov) & 8 3 i B 415 5 24749 R 3% ZAR PR A2 2R B Z A A A
Sy JE 55 T HOIR IR 38 AR T R AN 5 AL R R KE e — R R BB AR R £ LA
FaEpiedl ks R b b S B T —Frar BRI AME G RO B & 8 R 42 H
% . A A Lyapunov F| 3E4ER] T F 2R R 4009 PT B 3% £ & —SOR X, St ad 45 A3 R SUPT4R
g 32 8] 7 ik AR T AR 4% PID 5 AY 2 W 24 3h & & 42 4 (Radial Basis Function Dynamic Surface
Control, RBFDSC) , 4% B SR IRIR £ 5 A 423 T 2£7.5% #2 3%; % LuGre BEA S Ak TACHT, B 1 5 5
AL T UK A ST AR ) BEATIRIZAME AT B8E T A SUPT AR i 69 35 ) SRk o9 A 2ot fe Gk

KA - it LuGre BRHEAEAY  EE Py A7 B0 -538 K Jo 3 B & ROF 44 s B Ay 2 M 4%

HE 5 %S . TP273 SCERAREAD : A

Adaptive Fuzzy Backstepping Control for Robot Joint Based
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Abstract: In order to achieve precise and stable control of the robot joint under the influence of nonlinear fric-
tion and unknown external disturbance moment, the LuGre friction model is modified to describe the nonlinear fric-
tion characteristics of the system, and an adaptive algorithm is used to compensate the friction to approximate the
change of friction. The fuzzy neural network is used to approximate the influence of unknown external disturbance mo-
ment on the system. In this paper, the tangent barrier Lyapunov function is introduced to constrain the output signal,
so that the error is limited within a given range. A hyperbolic sine function tracking differentiator is used to solve the
“differential explosion” caused by virtual input differentiation and the poor accuracy of the first—order filter. A fuzzy

adaptive backstepping control method with friction compensation is proposed by combining the adaptive control
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method with the backstepping control theory. Lyapunov criterion is used to prove that all the errors of the closed—loop

system are uniformly bounded. Simulation results show that, compared with the traditional PID control and RBFDSC,

the position tracking error of the proposed control method is improved by nearly 7.5% and 3%, respectively. More-

over, when the parameters of the LuGre model are changed, the adaptive algorithm can accurately track and compen-

sate for the friction force, thus verifying the effectiveness and robustness of the proposed control strategy.

Key words: modified LuGre friction model ; tangent barrier Lyapunov function ; adaptive backstepping control ;

fuzzy neural networks
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Tab.2 LuGre friction model parameters
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