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Direct adaptive fuzzy control

for a class of nonlinear discrete-time systems
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Abstract: A new design scheme of direct adaptive fuzzy control for a class of nonlinear discrete-time systems with delay
is proposed in this paper. Firstly, the Takagi-Sugeno (T-S) fuzzy model is used to represent the systems. Secondly, the basic
idea of the so-called Parallel Distributed Compensation (PDC) is employed to design the fuzzy controller with unknown
parameters. Thirdly, the parameters of the controller are identified by gradient descent algorithm on-line. Furthermore,
by Input-to-State Stability (ISS) approach, the error between the system output and the reference output is proved to be
bounded and to satisfy some average performance. Finally, simulation results show the effectiveness of the proposed
scheme.
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b 2 (k)EARGURE, u(k) W RGN,

N H RGN RR SR E I E X

E X 30 X R Z10), A7 AEK R R Hy,
K LMK, i
lz(k)Il < B([|x(0), k) +v([lurllo), Yk =0, (11)

U"J*’J@%%‘E{VﬁEISS Horhy RSt Lo 3 2.

EFE 10 RG(10)EISSIF, R G 4 NI
WL, Han A u(k) G5 MARFGRES (k)
A 4 (bounded-input-bounded-state).

EX AL EEREV e OVl LR 4t

1) ﬁEKooﬁl%lﬁabazﬁﬁE
o ([[z(k)]) < V(z(k)) < ax([lz(k)]), Vo € R™

2) fAAEK TR %ﬁag,aﬁﬂ%/ﬂ
AV (x(k)) < —as([lz(k)]]) + o (u(k)).

MR %LV € CLIEISS-Lyapunov pfi 4.
A FHISS A7 v B
EH 2 AR RA D)WL, SR

HEAFAELCHRIL, IR G615 5 M5 5 1032

A5, Hii e rERg

en(k) = /m(k)e(k+ 1),
T(k) = AM(max (1 4 sup[[¢(k)[[*)) "
@ = sup,w?(k),
lim 7~ EARER, sup Fon B At
ik Hal@®)E

Ok +7) = 0(k) — a(k)p(ke(k + 7).  (12)

HXISS-Lyapunov i 20V (k) = Z_: 16(k + 512,

AV (k) =
V(k+1) = V(k) =
160k + 7)1 = 16(k)]| = N
16(k) —a(k)p(k)e(k +7)[2 = [10(K)||* =
(a(k)e(k +7))2[lo(k) |12~
2a(k)e(k +7)¢" (k)0(k) =
(a(k)e(k + 7)) ¢(k)|I*—

a(k)e(k +7)((1/n)e(k + 1) — w(k)).

)
EEO < Nk g TImax > 0<A < min(l/nma)u 1)»'/{%‘
2/nk - A 2 2/77max - >\ 2 1/nmax-

N2ab < a® + b2, W

AV (k) <

( (k)e(k +1))2llo(k)[*—

2a(k)e(k+7))? /i +2a(ke(k+7)w(k) <

(a(k)e(k+T7))*|p(k)[]* —2c(k)e* (k+T) /mict

(a(k)e(k + 7)) + w?(k) <
—(a(k)e*(k+7)(2/m—
(B)lo(R)[|* — a(k)) + w?(k) =
—a(k)e*(k +7)(2/m, — A) + w?(k) <
—a(k)e2(k + 7) /Nmax + w? (k).

L(k) = AMNmax (1 + supy [[¢()[?)) ", W
AV (k) < —m(k)e*(k+7) +w?(k). (13)

B2 3%, es(s) = 8%, au(s) = s HTV(k)E
mw(k)e(k + 7)) K, R wE)ER “FANT,
e(k+ 1A “Ht” , Wk XA3)%, REEZISSIH.
FH JE BT 2R 420 £ BIBO. W) Hw(k )ﬁ?%%u i
m(k)e(k + T)H . M0 < /7 < 1/Nmax
Me(k + 7).

~— ] ~— ~—

Q



952 oW s N M

23 4%

HI(13) %% .
V(T) — V(1) < =S w(k)e2(k + 1) + Tw?(k),
k=1
Rl .
Sow(k)e*(k+7) < V(1) + Tw?(k). (14)
k=1
Len(k) = +/m(k)e(k+ 7),0 = sup, w(k),
Tlgrgofgle]v(k) <w. (15)
R

5 {iE 45 % (Simulation results)
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IF y(k —1)is M*

THEN

y(k) = lny(k — 1) + Loy(k — 2)+
prti(k — 1) + &(k);

IF y(k — 1) is M?
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y(k) = lay(k — 1) +122y(k — 2)+
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0.3, pr =p =1, £(k) = 0.5 sin k.
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Fig. 1 Tracking responses and control input of system
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