19 5 2004 5
Vol 19 No 5 Control and D ecision M ay 2004

: 1001-0920(2004) 05-0490-06

( , 110004)

CSTR )

: TP273 DA

A novel robust control scheme for tme-delay systan

LIMing, ZHAN G H ua-guang

(School of Information Science and Engineering, Northeastern U niversity, Shenyang 110004, China
Corregpondent: L IM ing, Etmail: limingneu@263 net)

Abstract: A novel control scheme isproposed based on fuzzy performance evaluator (FPE) for a classof nonlinear
tme-delay systans described w ith fuzzy dynamicmodel The FPE isused to verify the validation of fuzzy model and
oontrol lav. Sufficient conditions for existence of fuzzy performance evaluator and fuzzy controller are derived
through finding the feasible lutions of Lome linear matrix inequalities (LM Is). The relationships betw een the
performance of FPE and the closed-loop system are analyzed, w hich means that it offers a nondestructive debug
method for fuzzy control systean. The CSTR systan isused to show the effectivenessof the control schene
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x () =A1(x (1) + A2(x(t- T(b))) +
B (Hu(t) + wo(t), M (x (), x(t- D) =

L

y(t) =Ca(x (1)) + Calx(t- T(1))), ) » »
x(t) =Hy,t [- B 0] A(x (1) Zlh.(x(t))Al.x(t)+

L

D A D) - Y nx A (- D,

cx (1) R™? ,u()  R™?
wo() R™* by R ; -
A (D)8 (0).CHO) D < AB (1) = B (Yu(t) - Zlhi(x (1))B (1),
T : () < B< 1, wi(t) = wo(t) + MA (x(),x(t- D)+ AB (Hu,
; Hb) ;o wa(Y) ;
; : AC(x (),x(t- D) =
L , Ci(x (1)) + Ca(x(t- T(1))) -

i : -
If x1(t) isFiand xa(t) iSFin, Zl G (O [Cax (1) + Cax (t- D]
then x (t) = A ux (1) + Aax (t-

(1)) + Biu(Y),

y(t) = Cux (t) + Cax (t- T(1)),

x() = Ht),t [- T,0] (2)
T Fij ‘A 1i,A2,Bi,C1, Ca
i= 1,2, L
(
),
x (1) = Zlhi(x (D) [A ux (1) +
Aax(t- T + Biu(t)],
. 3
y (1) = Zlhi(x () [Cux (1) + 1
Cax (t- T)] 3
Wi () = []Fx0). "
h(x () =
Zluj(x (1)
Fi(x (1) X Fi
Zlhi(x(t)) =1
0, 3 '

L

x (1) = Z hi(X(t))[AliX(t) + Aax(t- D+
Biu(t)]+ w(t), (4)

y(t) = Zlhi(x (t))[Cux (t) + Cax(t- D]+
AC(x (1), x(t- m). (5
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x(® = H),t [- 0] (6)

cv(t) = - Ku(x (1) - x (1) M
(i= 1,2, ,L);A1,A2,BiCu,Ca2

(2).
(2)

L

X (1) = 3 P O) (A (0 + Aax(t- T +

Bi(u(t) + v(D)) + Mily(t) - y(1))],
(7)

y (1) = Zl hi (x (1)) [Cuaix (1) + Cax (t- (1)) ]
(8)
3 (3 (7)

L

x (1) = 3 M)A () + Aax(t- D +

Bi(u(t) + v(1))]+ lelhi(X(t)) x

hi(x (1)) M Cy (x (1) - x (1) +
MiCy(x(t- T - x(t- )]+ d(b),

v, (9)
H o«
Y d(t) = Zlhi(x(t))M iAC (x (1), x (t- D).
e(t- 9 =x(t- 9- x(t- 1,
e(t) = x(t) - x ().
(9) (3,
3 L L
1) e(t) = Zl Zlhi(x (D) h; (x (1) [Ae(t) +
! A zje(t - 'l)] + w (1), (10
2)
3) A~1ij = A+ BIKv,Auj= Au- MiCy,
Azi= Azi- MCy,w (t) = wi(t) - d(t).
M i Kv, e(t)
© L H o :
; [ b, L
If x1isFaand  and x» is Fin, Ioe (De(idts %]’ow (Ow (e (1)
then>'< () = Aux () + Aax(t- T(b) + HM i ) Au- MG
Bi(u() + v(D) + unw iz
MGy () -y (1), | .
y(t) = Cux (1) + Cax (t- T(t)), (112) H o
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LM | Ku
1 (1), Y> 0,
P=P'=Q '>0T=T'>0
Yy,

A [AZQ Q]
'QA%] [T )(ﬂ
L 0 " lo

Ay [Az2i+ A2)'Q Q]

QA+ Azji)] [ZT O] ]< 0

LL Q i 0o X
i<, (13)

< 0, (12)

Aii:QAIii"' A1Q + BiY, + YiB1 +
-1 1
1- gt toyh
Ai=QAu+ Ay)'+ Ay+ Ayp)Q+ B+

VAN 1

Bi)Yv+ YUBi+ B) + T g

Y

ij= 1,2, L.
v(t) = - YP H(x () - x(1),
(10) , H e

I:eT(t)e(t)dtS ?ZWT(oW (1) dt
L yapunov :

V= d0pe) v Tf @ @se(@do
S=QTQ.

V < Z hf (x (1) [e (1) Wie(t) ] + 2w (t)Pe(t) +

L

» Z hi(x () h; (x (1) [€" () Wie(D) ],

1- B

Wi= A+ Ay) P+ PRy + Agi) +
P@A2+ Azi)(29) 1(Azij +

2

1- g

W, =ATiP + PAwui+ PAzS AP +

A 2ji)TP +

J =I:['g‘,eT(t)e(t) - W T (Ow (t)J dt
(2) (6) Vv (0) = 0,

oo 'S i (t))[[;((tt))] qm[;((tm d+

J.:i A_Z%k,hi(x (1) hi (x (1) x

e( ]’ [ e(t)”
HW (tJ a2} w (® dt (14)
W +

_%}l PM:|
P -
(14) , d;< 0
H » :
I:eT(t)e(t)dts ﬂ’sz(t)w (1) dt
i Schur

CDJ‘:

i=

1

Wi+ I+ yPTP <Q (15)

Y
(15) Q,
Q=P"
QANIH + A~1iQ + A2QT" 1QA i +
1
1- B

Yv= K\Q,ANlii: Aii + BiKy

T + ':;7QQ+ ‘},|<0

1
1- B

TP 0
1 [A 2iiQi| [A 2iQ:|
yl + o [ 0 _:;_/I] 0 < Q (16)

(16) Schur , (12)

QALi+ AuQ + YIB! + BiYy + T+

EN O

2 () T

u(t) ur (t)
v (1)
u(t) = ur (1) -
v ()
ur (t) L , [
If x1isFiand

v (1). (17)

and Xn iS Fin,
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then ur (t) = Kix (t). 1
2 4
L 5 (17)
ur (t) = Zlhi(x (1)) Kicx (t). (18) _
hi (x (1)) (3). 6 (22)
(18) (M,
’ 6
XL(t) - (CSTR)
z hilx () [Aux () + Aax(t- T) + (3]
' i) = f1() - | ~- 2 xi(t- D,
B:S hi(x(0)Kax (0 + Mily (@ - y(0)] A
1 _ 1
() = y(t)— y(t),Gij=A1i+Binc, x2(t) = f2(x) - 'S 1 x2(t- D+ ﬁu,
y () = x2
. _ Lot :X(t): [X1(t) Xz(t) ]T,OS X1('[)S 1
x (1) = Zl Zlhi(x (1) hi(x (1) x %o (1)
[Gin (t) + A 22X (t- T)] + [3]
\ 3 , (6)
Zlhi(x (0)IM i6(1). (19) (17 u() = ur(t) -
2 (19), p> 0, v (t).
T=T'>0P=P =0Q !> 3
0 Yi, 1) M,
CY [AQ Q] 3 - 10+ 7i,
"OA L T oll<o (20) Mi:= [- 86 2514, 17 628 4]",
il Q] - [0 pJ ' M.= [- 17 1158, 19 566 0],
- 8, [(Aa+ A)O0 O] Ms:= [- 26938, 16 4558]".
_Q(A2i+ Az)' 2T 0 ] <0 2) 1 Kv, ¥Y=01,
L 9 Lo n (12) (13,
i< (21) K.= [- 323290, - 119 885 7]
3) 2 Ke, P=Q2
@ =QAIL+ AiQ + BiYi+ YBI + (20) (2[1)' |
K= [- Q 1983, 1 024],
1- gt }E‘V'MT' Kax= [- 173 9, 50 977],
@sz(Ali+ Alj)T+ (A1i+ Alj)Q+ Ka = [- 1455 7, 49 884 1].
YBT + YIB] + BiY; + B,Y, + [3] ) FDC
2 1 T
1- gt pMiEMIMiE M) Ki= [- 84129, 2 3021],
ihi= 1,2 L. K= [- 35455, 2 976 6],
Kie= YP 1, Ks= [- 18 2132, 3 627 2]
(19) u(® = u (0 - v (3]

Ix @I 2< Pl ol 3+ Yl w @ 3+ v (0).
(22)

(@ 4,3) . oxhx5x® 3
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