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Abstract: An adaptive interactive control system based on fuzzy rules for upper limb rehabilitation
robots is proposed to address the insufficient or excessive training intensity during active
rehabilitation exercises for stroke patients due to their individual differences. According to the
difference of muscle strength of patients with different conditions, a fuzzy adaptive impedance
controller is designed, which adjusts the damping and stiffness coefficients adaptively with fuzzy
inference based on human-machine interaction forces and system errors, altering the training
intensity to achieve on-demand assistive control for rehabilitation robots. Additionally, to ensure
accurate tracking of the motion trajectory during rehabilitation training, a GA-FuzzyPID
controller is designed to optimize the fuzzy rule membership functions and rule base according to
an improved genetic algorithm, thereby reducing the trajectory tracking error of rehabilitation
robots. Finally, trajectory tracking and adaptive impedance controlling simulation experiments
are conducted for the system based on Matlab/Simulink. The results show that in the trajectory
tracking experiment, the trajectory error of GA-FuzzyPID controller is reduced by 55. 9% and
34. 0% respectively compared with PID controller and FuzzyPID controller, which effectively
improves the trajectory tracking accuracy. Compared with the fixed impedance method, the
adaptive impedance control experiment verifies the effectiveness and feasibility of the proposed
adaptive interactive control system.

Key words: upper limb rehabilitation robot; impedance control; fuzzy rule; genetic algorithm;
adaptive control

W EHE: 2023-03-15
ESWMB: HEZRARFAELS T H (51905083).
EEBI: B R(1977-), B TTREMN N ZRAL K A28 B 5 R il 2% .



% 7 3

RE . EMEIMNEALEMGE N X ZEHTR 975

B2 N 1Ak e, P2 v s A A i A
T RETE I T Wi I, 2 v f o R S5 BE A
BIT IR T T2 T ARk BEE MLAS A A
()6 R, HAE B A ATk A 2 1)z L AR
WAL=, BEE ALAS A BERS 6 S B0
SR fE IR SR W S i R O B TR R
I B RCR RIS X PE . Zhang 257 WF 1 1) EULRR
AR e 51 31 R HLAR N, RE A [ st ot 75 ]
FREATHRE NS, M T REROR ; 15 50
il 1) 000 A S 5 LA N BB W8 X AR EAT 1 B
RGO EMEI LR, 4 T E R R I qs .

LY B, ML N 5 U1 5 32 B BB ol
PEAT B, BHATCEE ) F Hogan> T~ 1984 4R 42 1
HA o T WL N5 FRBE E] ) 38 B[R], 7
SEHLER N PRI Tz 0 . Akdogan %5 TR
AP S R T LR R LA A R G
Jamwal 553 4o BH AT i 52 B0 T BR OGN I AL
#r A9 F B s Khoshdel 4 48 1y T —Fh 3 T
SEMG FY BT E il 7 i, I3 3 52 50 46 30F 1 Hon]
Fivk AR o R iR S RS
H R [ R LT Dk, 3 8O AL G
BELHE 422 1 1) 3 2 e 42 D1 e wfie LA 3080 7 AS ) B
B AREB , JC 2 AN R TS B 1 22 5
SRR AR SORASORA RN 55 B A S A L i
THBORE B 3 N BE AT #4548 A BRI AR
Pt £8 WL 0 BT R BG4 T A 3 R, S
PR LS AT il B

AR, TR AL AN S ARA3E B, FE AR
R AL Gegs il et LA TE 28 B R bR i il . 2
TR 5% 2% B, B AR 0 00 5 4% 495 4 i) 7 1k AH 45
BN RERE A A = B AL N R RE
TR ISR F e R B . Jiang 5B X R
JRE A AL ANBETT T —Fh 56 TS0 PID F2 i Jy vk 1)
T il R G0, S B A I 2 i e A A
Wang 25 5| A S BEBR Tk EE ST A5 H 36 )V PID
Pl g, oo R G sh 4 Il O BRI T3%
PSR TPE AR, 3R R GR FH AR R £
SRR DA s 1 2 36 10, ELA i 00, 3
FERGMELLIR B R AP RO . it A SCR A
PRk 5 A SR A AL FuzzyPID # il %5 55 8 2 PR 4K
TR, 3 BRI AR A, AR PR iR 2%
SEELER R HLAS N R I Zriz sl s A v i R

1 BB MLy Nikit

1.1 ERERENSEAER
e SIS A N NS 8 | BS S )= b N D 9

JGiEB =43, AR SCHT RIS MILAS A 32 %
SEHLUE I 44 A B BRI ISR, Il 1 R, 43
A T T R SRR PR IS E N AZ B
AR 5 Jet /A i )

B1 BREXTHEHNREE
Fig.1 Schematic diagram of shoulder and elbow
joint movement

Shy kA R RRE A ML TR AT Bh R Lk
A1 BRSNS ek 8 1 BB 3 D1 B K0 3 9 BT
OB R E  FEUEAT 1 R A LA AR R
GEVLTEAF 5 43 B X AR T ISR R 2Lk
12 B9 R B s i B AR ML N1 e K e i 3
U 3T SCHk (14 13RI JE I 56T 3 shii il
W 1.

&1 BHXTENEE

Table1 Range of shoulder and elbow jointmotion
Ky 1z AA! FAIE/C)
Jth 0~180
o i 0~50
KT A e 0~60
I 0~45
sk 0~80
- TiEM 0~100
L Jath 0~145
i 0~5

R ML AN 2 TR, TS
BRI 532 Bl R o 4L A% . SF- 132 35343 £ R
AL R ERZZHT AR A T A 2 4G4l i, T
A SR Sy ] AR PR ML 3 A BB A 4 9K B0 VR BR 22 AT
FERHEL A W o sh AR AT s TR 8l R
A AR TR HEA TR ST e il /A A1
J /R AT HE S ME N R SN 45 s B s s oy
P EL Bh AT 2, T T B A 3 i AR H Bh AT
e (8 B 2 - 15 W I st Al s A A TR B 1 T



976 FAKFFHR(A A FR)

% 45 %

e SBUR OGS i th /R RE N 25 . L IBCRR AL
e NEEHL L 8B NS R AP 3 s

B2 LEERENRARE
Fig. 2 Upper limb rehabilitation robot model
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Fig. 3 Upper limb rehabilitation robot prototype and human-machine interaction demonstration
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Fig.5 Schematic diagram of the fuzzy adaptive interactive control system
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Table2 Fuzzy rule table of stiffness parameters
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Fig. 9 Simulation model of the adaptive interactive control system
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Table7 Controller performance indicators
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