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Adaptive fuzzy control for a class of nonlinear uncertain systems
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Abstract: By employing fuzzy logic system with the property of approximating any continuous function with arbitrary, the
adaptive laws and controllers are synthesized for a class of nonlinear systems with uncertainties, the bounded functions of which
are unknown. The architecture of laws and controllers depends directly on the information from the construction of the nominal
systems of systems controlled and the fuzzy logic system. Under some simple conditions, the laws and controllers make the
states of systems controlled and parameter estimate errors uniformly ultimately bounded (UUB) . Finally, the simulation shows

the validity of the method in this paper.
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2 FRBGHIR (System description)

FIENMT RA A REEMNIELEH RS

2= fla,t) + Af(x,t) + glx,e)(u + Ag(x,e)).
(1)

HppRE+€ Uk, URR"PRIA RAE A

u € R f(x,t) BIESEHNMEREG g(x,1) BEL

B"J@ﬁiﬁaaﬁﬁlgﬁ;Af(x,t),Ag(x,t) BEEZZN A

EW;£(0,¢) = 0.

Big1 RAE()FHAFEERE T &4
D lTaf(x, ) Il < t(x), x € U; (2a)
2) llags,t) |l < 9(x), x € U; (2b)
3) |l glx,) |l < a. (2¢)

HF:0(x), n(x) BFRMAMAERZELRE; « REM
RIERHG || - || RARBREC TS

R 2 FEHR(DMEHRRE 2 = f(x,1) +
g(x,t)Ué—’éﬁﬁfifﬁu = qi(x,t),Ex = 0 B4R,
0 NEBHEE.
. BAR & B 2 L, W B CEk 6 ) B A FE— 1>
Lyapunov 5K¥ V(x,t) MIIEEE (i = 1,2,3,4),
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el 2l < Vet < el x I, -
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R: IF x;is 4 and - and x, is 4,

THEN y is B/, j = 1,2,---,N. (4)
G ZE RS KA
F(x) = 6"P(x). (5)

ﬁq]:rﬁj%a = (81502!“.!6N)T5 r&[%@ﬁ P(x) =
(pr(x),pa(x), -, pn(x))T; 2 BB B p(x) =

1T i/ S UTT 4 s i) RA BT AMSE

A RIRIR R0, = r?g(B"(y)(l <j< N) BEE.
EE 1Y R () RERAE U bW
BSR4 GHEMIES e, FA7EIE SN30(4) Fn
(5)HIEMIE B R
sup I h(x) - F(2) | <e. (6)
HEH 1 AT LA, B aR (4) Fz(5) MM
BRAGEA RAHFIRIE S 5 B8 Rt itk
B TIRE A4S B IR anst (4) 020 5) oA
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IR0 ()R (5) MAERLE B R G T oL
sup || £(x) + ap(2) - F(2) [l < e (7)

3 =88 F0 B i R #8118 it (Designing con-
trollers and adaptive laws)
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u=u®+ub, u = p(x,t),

s 8"P(x), S %0 (8)
lLb = ||S” ’ s ’

0 S =0.

He, S = aI/é,—’;’tzg(x,t),V(x,t),go(ac,t),lilﬁ

B 2HE; P(x) AE(T)HE.
XRG(), KB T BEMNE

O=-aB 4 eyl x|l P(x), (9a)

é:—ﬁé+c4l|x||. (9b)
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2 = f(x) + g(x)u. (11)
Hp:RE € U R u € Rif(x),g(x) A2
JEH e B R
EX 17 EERG (), MREHFLEREK
Alx) FI—PIEER - W R
LLiA(x) = 0, LLF'A(x) 0,
xre U, k<r-1,
WMHRARE(DE U L EBHIAEXE r A (x) BRH
RE(DHFEBE S .
B 3CHk(7,81%0, X F RS (11), IR 6848 & B
— M EEHE r=2%E
i) 444 D = span {g,adrg,,ad gl TE U L
RIEFFN G .90 rank D = 5.
i) [adi'g,adfg] ¢ D, 0< k<1 -2. B4,
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Big 3 RE()EAHBHELE n.
WIRAGE( D)W RERIER 3, HXHE[7, 8] RS
(1) AT LAZ B F 3R R AR .
7y = A(x), zp = Ld(x), 2, = LF'A(x),
(13)

(12)

ERINTFRHERE
:= (z 1’;)“)2 + (0‘"'1”*‘)u : (14)

v=al(z) + b{z)u, a( z) = L}I/\(S‘S_](Z))s

b(z) = LLYA($7'(2)).

BRAURF(HRT2EEN, Bk, 7 TL

R MERARM v = Kz {73 Lyapunov 5%
(A+BK)"™P+ P(A+BK) =-Q (15)

SNFELAENEEERE Q, FAM —WEEHEE
f# P.

R ATLUEBRBRERE(DHEEMR
AR v = u(x) Hl Lyapunov PREX V(x) WA,

Step A FHE RS (11) R EF B B EIE 3 M
A1 (12) AR 3 MEM(12) Fad gL, M#FTT
—3, ENILRE R .

Step B FIACE(B]P S BRHBRE (1) H—

ML A(x).

Step C &M FIE(13), 5 H ARG (14).

Step D RIELIMEAFERME R v = Kz W)
Wil K.

Step E X EMIEERAE O, K Lyapunov
TRE(T)WIEE B P.

Step F MBERENDFRERB u = ul(x) #
¥ Lyapunov B %X

u

1 n
- —_—LgL}"A(x)<— LA(x) + K$(x)),

V(z) = [#(2)]"PB(x).

Step G JPRERIR u = u(x) FIHE Lyapunov
R V(x), BEREIR 2 PR ERENL.
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4 {HEEHI(Simulation example)
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