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Abstract : This paper presents a direct adaptive fuzzy tracking control scheme for MIMO nonlinear systems with
multiple time delays. The scheme organically synthesizes adaptive control and H. control. A kind of adaptive time
delay fuzzy logic systems are constructed and used to approximate the unknown functions with multiple time delays.
An H« compensator is designed to eliminate f uzzy approximation errors and external disturbances. The adjusting laws
for parameters are derived by the tracking error. The L yapunov function with time delaysis constructed , and then it
is proved that the error closed loop system satifies the anticipant H. tracking performance. The smulation results
show the feashility of the control scheme.
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B(x) AF(x,x(t-T1),

Xx(1-T0)) =

[fa(x,x(t-T1), ,x(t-T.)),

fo(x,x(t-T1), ,x(t-T))]",

G(x) 2G(x,x(t-T1), ,x(t-T))) =

[G(x,x(t-T1), ,x(t-T:)),

Gn(x,x(t-T1), ,x(t-T))]".
G(x,x(t-T1), ,x(t-T.)) =
[gn(x,x(t-T1), ,x(t-T:)),
gm (X, x(t-T1), ,x(t-T0))]

(1)

9
Ho X = AX +B[R(X) + G(X)u+ d],
y = Cx,
2 x==(),t [-C,0]. (2
X1 = X2,
A = diag[ A1 A2, ,An],
Xe,-n = %, , B = diag[B:,Bz2, ,Bn],
B, = C= diag[Cl,Cz, ,Cn], .
fa(x,x(t-T1), ,x(t-T.)) + 0 1 2 0
iZgli(x,x('[-Tl), XU -T))u + di; A =1 ... .. . . R
. 0 O w1
X@ +) = XB,+2) o0 o o
‘ B/ = [0, ,0,1]7 R,
o C =[1.0, 0] R*,
fm(x, x(t-Ta), ,x(t-T)) + d=[di.cb, .dn]",
3o (x(t-T) L x(t-T)) u + dn; Fo () G () . VX
: Ux,Ux , G ()
Y1 = Xu, yi , Y
@ = ya- Y1, & = Ym- Ym,
Ym = Xobpen s yo=[ya, yml.y? = [y, Lyar'l,
x(0 ==, t [-{,0]. (1) Yo = [ya, ¥, ym, Lyw P17,
e=la, .Y, e, ,&m?T.
x =[x, P xe, xEP1T R, 1 u= w(x|OaP)
u=[w, ,unl"  y=I[y, ,ynl 1 OFg
, B +B2 He
+ +Bm= n; fi gij(i,j=1,2, ,m)
pdi(i=1,2, ,m = (1) 3
Ti(i=1,2, ,n 4 m
=max{ti|1<ic<r. w(x) , o, a
g, 0, :
ox(t) = x(t-T),i=0,1, ,r & (x| ©ad) =W (xnd)O. (3
To=0T:i>0. 0 =1[00 O a.],
Yo (x@ Q) =

diag v (x0:101), fw(x0mdm)],
e (x00) = €%, £%) R™,

WF,b(Xi Oy Oy)
jE]

EL’:M n )

Z(El-l b (i Oy ,5kj))

n

Heb (xi Oy Oy) = r'JFij(Xi(t-Ti) 0y Oy)),

iEO

To =0,T: >0,i=1,2, ,r,

© =P{P;, On]’,0 =dagd: 0, On],
6 = diag[51 ,62, ,6m], (4)
0, (o8 51
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O=0-0"=0-8")m, D2 20 >0,0Q
d =a-a = dag@: -a Om-0n), 1 MIMO (G
5=5-8" = diagh:-9d On-98 (6) , (7,
W (%) (100 (12) , H. (13)
(9) He
B(x|OAd) - w(x = .
(W (x) - aW2 (x) - BW5 (%)) + J'oeTﬁedt <
QWS (x) +0W5 ()0 + w. (5) -
e (0) Pe(0) + _ZI_T_ET(V)E(V)dV+
L|Jcr(X) :ch(Xﬂ,é), |
WE(x) = diagE% (xh Br) . E% (x0nBu) ], 'lGT(O)Gl(O) . tro (06(0) +
W (x) = diagf% (xa:81), % (x0ndm], A\ VIl
§ (kg B & (xa 1) S 7,767 0510 +p.[°(w W
y W Q=0-rl >0.
4 L yapunov
V =
U= (x| Oad) - om/ G(X). (6) ;
—‘2'~ +—;-ZJ' e’ (v) e(v) dv +
% (x] @ B) =W (xad)o; © B
Wwom  He , Lo tr@r a) + trm
N,
(7 B(x) G(x
H o . O
u=G(X - r(x) +y® + K'el, (8 °
KT , A - BK' "
Hurwitz o
q(y) + C(q,9q() + g(g =
w=-G[W(x]|O a"p") - u B(9 u(t) + zzi(t)q(t-ri) +d.
w=w-d, (6 2, (5) , ‘
e=(A- BK)e- BG(X[(W(x - C(q’q)_; " (G)_C(qiq)'
aWS (x) - BWE (x))O + [ ]?(;)(t)‘ - B(9 : (F_' (1“)2' )
= , i Lill = 1,2, , I
695 () +89 (9)0] + B + Buan. () T N Q- a
e, . .
~ . X1=0,X2 =q,X38 =0G,Xs =¢,Y1 = X,
@‘QJJéW“(Xz'?LP"(X)' Yy = Xs,r=271=0.8T.=1.2,d
%) (BTP), (10 0.1 =) =[04 0 -0.4 0],
o =n:(B" P W5 (xO7, (11) 2 2 0 0
d =ns:(B" P W5 (x0T, (12) K =[0 0 3 J
NiNz N Q = diag[12,12,12,12],
He Ueom p =0.1,0 =0.01,&: (1) = 0.5+ 10snt,
» He €2(1) = 0.5(1- exp(- )/ (1L +exp(-1).
Uom = - (L/0)B' Pe. (13) ya Ve
P Riccati Yu =- byn - 4Yr1 + (1),
(A- BK)TP+ P(A- BK) + Yo =- Sye - 4ye + r2(1)
2 1 r. (t) r2 (t) 1, at
Q- (3 - p)PBB P=0, (14) 1 2
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