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Abstract The adaptive fuzzy control for nonlinear systems with large working range and high order is
studied by using fuzzy dynamic models. The control law for the overall system is chosen through fuzzy
inference to be the state feedback control law of the dominant local linear model. The theorems to

guarantee the stability of closed-loop fuzzy systems are given, by adding a supervised controller which
robustly stabilized by the adaptive fuzzy control law under

disturbance. Simulation results show the validity of the design method.
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2 HIEMNERES RS :
u(t) = (1)
TS
l= arg m,zfix{uk(z(t)),k: 1,2, ,m} (2.5)
’ (2.5) (2.2) .
’ x(1) = Zuk(t)[Ak— BiK 1] x(1) =
A(u(r))x(1) (2.6)
R" IFz1is FIAND  AND zis F» A(u(n)) = i,,,,f(t)A,d
THEN x(¢) = Aw(t) + Bua(t) (2.1)
R" A m Au= Ar- BiK: (2.7)
, (A, By) k z(t) = [z, m :
z2, ,zp] ,Xx(1) R" Au
,u(t) R
pa— N k A » ) A} »
wl) = wg  F 3 Lyapunov € %1775
s F* = F! ur= 1
B o
’ Si={z(t)| m(z(t)) = m(z(1)),
k= 1,2, .mk*l1l}, [=1,2, ,m
x(1) = A(u(e))x(1) + B(u(r))u(r) (2.2) (3. 1)
A(u(r)) = lek( DA S
B (2.3) x() = (Au+ Mi)x(1) (3.2)
B(u(t)) = Zlﬂr(t)Bk M- Zuk(t)AAkl
(2.2) , (Ax, By B
k= 1.2, .m. Mu= Au—- Au (3.3
s Si
R IF z1is FEAND  AND z,is F' Au ;
THEN «' (1) = - Kix(t) (2.4) x(t) = Aux(t) (3. 4)
, K& k ’ L
St )
Xl [ | pen|—] mEAZR | TER] 2
JRIEBIERY 2 frsshiag x ,
| B r;lﬁﬂ?iﬁﬂiﬁl %ﬁ‘ﬂﬁﬁﬂ]i‘ﬁﬁﬂl ’ _ ‘
TErTIE Zu(t) = w(t) + u(1) (3.5)
; ‘ w(t) = ul(t) (2.5) (3.5)
K ae TR SR (2.2), ! S,
1 l x(1) = (Au+ Mx(t) + Bu(t) (3.6)
1 (3.4),
Qi
> P, Lyapunov
’ AiPi+ PAu= - Qi (3.7
’ , - V(x) = Sa'Pux !

Lyapunov , (3:0)
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Vix) = ;—(xTsz + x'Pix) =
- %xTsz+ x'PAMix + x"PBu. (3.8)
us(t)

P Al Hx 11’
Hx"PBII

— sgn(x'PiB)
u(t) = Hx"PB 1 %0
0, HNx'"PBN=0

(3.9

Vi(x) =- lesz

> (3.10)

l Si

(A, Br) Jk=1,2, ,m,
(3.5), us( 1) (3.9

4 ST

[6]

x(t) = A(u(t))x(t) +
B(u(t))u(t) + M(x,p,t) (4.1)
A(u(r))  B(u(t)) (2.3) , M(x,p,
t) x p
M(0,p,t) =0 (4.2)
HAA (x,p.t) I = 05lIxl (4.3)
l Sz’ (3.5

x(t) = (Au+ Mi)x(t) +
M (x.p.0) + Bu(r)  (4.4)

V(x) = %xTsz l

Lyapunov , (4.4)

V(x) = %(x"‘sz+ x'Pix) =<

- %xTsz + X' PIMx +

HP NSHxI’ + x"PBu.  (4.5)

us(t)
w(t) =
' NP (AL + &) Hx 11
- sgn(x PiB) Ix PiB Il
x'PBIl =0
0, Hx'"PBIl=0
(4. 6)
V(ix) =- %xTsz (4.7
l Si
l= 1,2, .m ,
2 (4.1)
(3.5),  u(t) (4. 6)
dp.t),
Hd(p.)y I <Y (4. 8)
V(x) =- %xTsz+ x'Pd(p,t) =
- (ollxll - B lix 1l (4.9
o= TM0) O B
=YHue.m  Hxll> Bl ,V(x)
lHxll < B/ ,  x(1)
lxll =<f/«

5 (iESp

[3]

X1= x2 (5. 1)
x2= — 0.1lv2— x1+ 12cos(t) + u(t) (5.2
u(t) =0,
ym(t) = sin(f) (5.2)
3 . ld(n=12
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R':TF x1is about — 3 10 10
THEN x = Ax+ Buu s / 5
— g g
R*1IF x1is about — 3 0 0 QJ
THEN x = A2x + Bau _s 5
; . 22 0o 2 4 22 o 2 4
R7:1F x1is about 0 x x
THEN x = Asx + Bsu
_ 3 4
R*IF x1is about 3
THEN x = Asx + Bau LX 1 R 4 ,
R*:1F x1is about 3
THEN x = Asx + Bsu . -
6 4 =]
| [ 0 1 ‘] | [ 0 1 ‘]
1= 2 = °
- 27 - 01" -9 -0
0 1 ’
As= , Asa= A2, As= A Lyapunov
-1 -01
0
Bi= B>= Bs3= Bs= Bs= )
X1 2
Ki= 1230000 - 3.900 0]
K>= [5.0000 - 3.9000]
1 ,1990
Ks=[- 3.0000 - 3.9000] ’
Ks= [5.0000 - 3.9000] 11990
Ks= 1230000 - 3.900 0] 3 o
1.0 ,1995
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design for a class of continuous-time fuzzy control
0T =%z o 2 4 systems. Int J Control, 1996, 64(6):1069 1087
-1 6 Cao S G, Rees N W,Feng G. Analysis and design for a
2 class of complex control system—Part : Fuzzy
xl(()) — xz(()) =2 modelling and ident ification. A utomatica, 1997, 33(6):
3 . 1017 1028
(3.9) R 4 ,
Ad (x.p.1) (42 (43), o
[2] ,
M(x,p.t) = M(p)x 35
0 0 ’ ’
M(p)= [ } .o =2 ,
p1 p2
0.5],p2 [- 0.05,0.05], (4.6) 1)
= 2.0006 \ (4..6)



