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A fuzzy-control adaptive algorithm with variable domain
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Abstract: To deal with the nonlinearity, time-varying property, complexity and uncertainty in the controlled systems, a
variable domain for membership functions is introduced by adopting an adaptive algorithm for changing the domain based
on fuzzy control. The adaptive law is designed for input functions, and the stability is then analyzed through Lyapunov
function. Simulation results also show that the system output can follow the input variation even in the case of external
interferences. This algorithm has simple structure, high robustness and desired dynamic performance; ensuring the stability
of the system with low tracking error and eliminating the negative effect on stability caused by system parameter variations.

Finally, simulation examples illustrate the validity and feasibility of the results.
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Fig. 1 Structure diagram of fuzzy controller

B AR 25 5 2% 1 A N B e, o, B AR
FlyFeos. 2B s i 5 2 B S N (28 1k, B e
o] DUgEAT B R Wi AN NI w88 [— BB,
IS RO U, U] i

Xi(xi) = [=vi(w:) E, v B, ®)
Y(y) = [-b(y)U, b(y)U]. 9)

Py (w) (i = (1,2, ,n)) Hby) MR I
g5 R 1, M4 225 SCERBIT A0H B A 1) X R E;
2) WV 3) BT 4) PR E; 5) IE PRI PR
KH A 55y, () A
vi(w:) = (1 = Ce ), (10)

A k>0, ke T BRI R L, &R
S W) T8 A A T T, BB, T S PR, R &R
81D I 7 0 gl vy (ot /N TR SR IBC(EL Y R AR 4
0 < ¢ <1, 'BIRWET 324 R G M iR 1), Ix L
Bk =6,¢=0.9.

DAT-SEOMIZ 4 R GEAE N s BOE T s, @S2~

FRITE-Then BEA] 7 IR -
R:if a;is A; and ; is B;,
theny;, 1 =1,2,--- |k, (13)
s Ay, B Bk 2 R .

X T b R G, 15T R G T AT A0 S AT
A5 TS oR B, A P T-SASE 2R L o R K,
Ay TR L P AR 345 Ak T-S A AL P iy

k
_Z MY
y="=—""-. (14)
> M
=1
3mSR RLA.
3 B ¥ T (Controller design)
F &G O, nirAE et RG TN
" = f(z) +bu+ A,
{ Y =x.
K ARIR RGREHLTL.
gz as

5)

U = Ue + Ay,

A e A RO P2 1 i, A T R, g AR
AR W05

ue = a(t)o(t). (16)
A
o) = SALSIBE s 07
o(t) = (e (£ Pa(¢)- (18)
XFo(t)1E[0, t] LRI
o) =¢ [ (TP +0(0).  (19)

WP I RRIE B H B, P, P sE—51, b, =
(0,0, ,b), ATP 4+ PA+ Q = 0, QAAEREX 1 IE
SRRSO, 2 B AR A U O R RO R R



31

SCAEAP AR — PSR SO 42 1 11 3 A 267

_ 1l 1o 1
V=ge Pe+b(2%¢ O+ 50 ¥).  (0)
XV KT, 13
V= —%GTQe + jlqﬁT[%eTPnf(x) + ¢] +
ij[VQeTPnf(x) + 1] — e Pbw. (1)
2
FR 4 27 SCHR[101%0
b
%¢T[’71€Tpnf($) + @] +
b
%theTPn& (z) +¢] < 0. (22)

fapft B2, 19
. 1
V< _ieTQe — e Pbw(w = a(t)o(t) — u).

(23)
A5 22 ORI T A
m = max %{(%AQME%/(max €T Pb,| —
e+ K7e]]), 0, e
m < Jux] < 5 (5 Aqun’)/ (max|eTPh] -
|%[e" +k%e]|). (25)

WMV < —L1eTQe — €T Phow Ml TRSY, 13
t 1 ot 1 t
<—=| €T - = )
fo vt < —3 jo ¢"Qedt — 3 Pb, fo wdt. (26)

IS S g S
V(t) = V(0) <

1t 1 '
- fo ¢"Qedt — b, jo wdt. (27

APV VWM. R ZEAEX [0 2 LA A, HA
2 = {ele"Qe < (2V(0) — Pb. max(w))}, (28)

TS 52 78 R e A0 A M 5 R S 4 JR AR
4 i E 541 (Simulation and analysis)
RN AR RS, RETTTEN
L1 =T2,
Tog =—5cos xy; +4sin x1—
10tan xz; +A (29)

1—%81111:1

Yy =x.

0 ER FVEIAT 05 1K, A = O i &
PRIER e 27 HBENLTIA = 5sin t I, )y
LR B 26 a0 B3 ), Ferb: B A5 5 O TR 5%

LRI INZE D), 5 5 L £k2. i B2 R 3(a) T LA
G, P AR ARG ff R 2 R A AR
N, AR BOR) 2R 4006 2 B A AN UK, # g SR
GFE R H bR, 6 280032 AT BRI B, A
B3 (a) T LA HH 2R G A e Y o R e B AR E MR
ZEMCSAR AL, T ELER B2 1R 72 /)N, i N R, LT
WA IRE, AU E SR, B3 T FAR
FEHIRCR. E30) WA BENL T A = 5sin ¢ #21
ul g K.

1.5 T T T T T

0 5 10 15 20 25 30

2 BRI EREEE(A = 0)
Fig. 2 Simulation graph of sine curve(A = 0)

1.5 T T

21

1
6.5
6

o)

t/s

Kl 3(a) IFSZHIZ i ELERERE (A = 5sin t)
Fig. 3(a) Simulation graph of sine curve(A = 5sin t)

1 T T T T T

0.5

u(?)
—_—_——

K 3(b) il EuZ (A = 5sin t)
Fig. 3(b) Graph of control variable u (A = 5sin t)
5 #5i8(Conclusion)
AR Ve R [ 3 W ASORY 8 T A RSO 1 I A )
fih b, SIS IR IEAR, I 7 A AR & g i



268

EC I U T A

06 %5

7 A 1 7 ARSI AZ R ) H . iﬁﬁﬁiﬁ
Uk P2 42 4 ELAT B (0 R 1 T

W
|4 N

SIS AR B PR3 RS L, Xﬁ*’J“ﬂEéﬂ%ﬁ%éﬁﬂ%%
FAT 5 1 .

£ % CHK( References):

[1]

[2]

[3]

[4]

[51

[6]

WANG L X. Stable adaptive fuzzy control of nonlinear systems[J].
1EEE Transactions on Fuzzy Systems, 1993, 1(2): 146 — 155.
TN BRSSPl —Be 5 RE PR A M. B
FE 55 Tl ik, 2002.

(WANG Lixin. Adaptive Fuzzy System and Control-Design and Sta-
bility Analysis[M]. Beijing: National Defence Industry Press, 2002.)
ZE D, AR R Ak & RO 5 2R ). b R 22 B, 1999,
29(1): 32 -42.

(LI Hongxing. Adaptive fuzzy controller based on variable uni-
verse[J]. Science in China(Series E), 1999, 29(1): 32 —42.)

a8 L. AR 28 9 28 s S5 5 TR P M. W R TR/
T TR H i, 2004.

(ZHANG lili. Fuzzy-Nerve Network Control Principle and Engineer-
ing Control[M]. Harbin: Harbin Institute of Technology Press, 2004.)
SKRJANC I, BLAZIC S, MATKO D. Direct fuzzy model-reference
adaptive control[J]. International Journal of Intelligent Systems,
2002, 17(1): 943 —963.

i%ﬂ(ﬂlz TR, B AR ML R GRS E I R4
FLU). A UES), 2007, 37(3): 44 - 48.

(PAN Yongping, ZHANG Hui, WANG Qinruo. Research on a stable
adaptive fuzzy control of nonlinear liquid system[J]. Electric Drive,
2007, 37(3): 44 —48.)

(7]

(8]

[10]

[11]

TAROKH M, BAILEY S. Adaptive fuzzy force control of manipu-
lators with unknown environment parameters[J]. Journal of Robotic
Systems, 1997, 14(5): 341 — 353.

YOUSEF H, MADBOULY E, ETEIM D, et al. Adaptive fuzzy semi-
decentralized control for a class of large-scale nonlinear systems with
unknown interconnections[J]. International Journal of Robust Non-
linear Control, 2006, 16(3): 687 — 708.

AN, . — AR AN R G AR
IS 5 R, 2004, 21(2): 271 - 274,

(WANG Yinhe, DAI Guanzhong. Adaptive fuzzy control for a class
of nonlinear uncertain systems[J]. Control Theory & Applications,
2004, 21(2): 271 - 274.)

K58, . RRSE PR I 2 T SRR k(D). A
Bk AR, 1997, 23(2): 160 - 166.

(ZHANG Naiyao, JIN Hui. Study and mod on stable adaptive fuzzy
control[J]. Acta Automatica Sinica, 1997, 23(2): 160 — 166.)
MY, T3 e, S0 e, BTR 1 E AR S (BT 7 SR 00, A B
& 5N F, 2007, 24(2): 289 - 293.

(ZHU Liye, FANG Yuan, WU Tihua. New scheme of adaptive fuzzy
control[J]. Control Theory & Applications, 2007, 24(2): 289 —293.)

SERLRBII.

Y B

XA (1966—), T3, L, EIHER, RS T 1R fg

a5 25 1b B R, E-mail: shpwen@scut.edu.cn;

G BRI,

BEF (1982—), B, Wi, 3BT oMU e 6 &

E-mail: Zhaogp1982@126.com;

BRRRE  (1984—), B, Wik, BT o R IR R g

PR S % v, E-mail: caikangxiong@163.com



