F208E4 W
2004 ££ 8 H

= H 2L B A
Control Theory & Applications

Vol .21 No.4
Aug. 2004

XEHRE: 1000 - 8152(2004)04 - 0627 - 04

BREAHERE RENBRSHHNRIREE . SREEEETERTE
AKE, xeF, £ #

(RERTAY 8 SRMIFDL, T K 116024)

E : X—RATEIEL RO R AN T-S BRI AT AL B T B A L R I . I R 4
KET N th THER T-S AN E B i AR 00 T ok 0 250 L1 BUITRSELE MO S 40 51 M R B N S A Ak 1 5 b %

R RS2 (ILMID) |, 345 A8 R %

REBIF: APt RS BN R BRI RS AMEEA%SR (LM

hESES: TP273 NEAFRINEG: A

Static output feedback stabilization of uncertain fuzzy systems with
time-delay: an iterative linear matrix inequality approach
GONG Chang-zhong, LIU Quan-li, WANG Wei
(Research Center of Information and Control, Dalian University of Technology, Dalian Liaoning 116024 , China)

Abstract: The static output feedback stabilization problem is addressed for a class of uncertain fuzzy dynamic systems with
time-delay. The Takagi-Sugeno(T-S) fuzzy model is used to represent an uncertain nonlinear system with time-delay . Sufficient

conditions for static output feedback stabilizability are obtained in the form of matrix inequality. An iterative linear matrix in-

equality (ILMI) algorithm is also given.
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2 [B)E#iR (Problem statement)

AR T-S A TR AT 2 IR LR i
WAL R :
IF z,(¢) is M;; and -+ and z,(¢) is M,
THEN
x(t) = [A+ DA () ]x(e) + [Ag +

AAL () x(e—d)+[ Bi+AB;(¢) Jul(t),
y(t) = Cix(t),
x(t) = (), t€[-d,0], i=1,2,",r.
(1)
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He. M, REMES: 2(1) = [2(0), ),
(ORI ENT R ELTEx (1) e R
REME, u(r) € 2" BEFRIBAME, y(t) € =9
Tt g, r AR A 2E AN B NG AL, Ay, B,
EOHMNAE S ERAYEERE AA (1) AA; () I
AB;(t) REERE, (ARRZAE TR ZAHE S
d>0RMEEE, () 20 HAES W ERE
A SRR B A E S ERE 2 IEEAE # v E
BAEENX
[AA,(t) AB(t) AA,(t)]=DF (DLE, Ey E;l.
(2)
K D, E\, By M E,; REAE SERW K
SHERE, Fi(t) € IR
FI(CO)F (1) < I. (3)
SR R SR
x(8) = DA A + A4, ]x(t) + [Ay +

=1

Ay () ]x(e=d)+[B; + AB; (1) Jul )i,

y(t) = Zr:/\i(z)Cix([).

(4)

Hop

Ay = D)y o TT MG,
> wi(z(1)) =

i=1

w;(z(1)) = 0, Zwi(z(t)) >0,:i=1,2,",q.

B A1) 20,2 (1)) = Li = 1.2,1q.

[ A] P(Adi + DiFiEdL
(Ay + DFE;)™P -8

Az P(Adi + Ad} + DiFiEdi + D,F’Ed,)

(Ag + Ay + DFE, + D;FE,)'P

< 0,

B R A EBGE T AR RS R E B # S
i th B R RE SO

IF z,(t) is M;yand - and z,(t) is M,,,
| .
THEN u(t) = K, y(1).
SRR RS s R s R R
w(t) = DJA(2())K, y(1). (6)

=1
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K= 1,2, ), HRINTHARRE
2(.: x(t) =
N N A (A, + 4 +

BKC,+BK.C,) + D.F(E,; + E,KC)) +
DiF;(E\; + E3KC)1x(t) + (Ag + Ay +
DFE; + DFE;)x(t — d)} (7)
RER.
EX 1 MREEKG =1,2,-,r) FHREE
S ERERN,MFRRLE 3 ] LU o #5255 R R
AE.
sI3 11 T EAE YEBNIER O, H L E
MR, HF QFIREXFHAER > 0, WX AW E
FY(1)F(t) < RWIERE F(1),
Q + HF(1)E + ETF'(1)H" < 0,
HAMCHFEERED ¢ > 0#HF
Q + ¢*HH" + ¢ °E"RE < 0.
B 1 WMTERE S, WRFEALNER
P>0,8>0,K(i = 1,2,,r) BETIEEAEFRX

(8)

<0, (9)
- 28

A, = ATP + PA, - PBB™P + (BP + K.C))"(B'P + K.C)) + [DiFi(Ey; + E;KC)]"P +

PDF(E, + E2KC,) + S,

A,

ATP + ATP + PA; + PA; - PBBIP - PBBIP + (BIP + KC))"(BIP +

KC;) + (BP + KC)T(BIP + KC;) + [DiF,(E\; + EyKC) )P +
[D,F‘,(Elj + EZI'KL'CL')}TP + PDL-FL'(E” + E2LK}CJ) + PDJI'—‘J(II_':']J + EZjKiCi)9

MRS > 7] LA B A R PHEE
iF 3B Lyapunov eR¥H

Vix(t),t) = x7(¢)Px(t) +Jl de(r)Sx(r)dr,

-

(10)
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W V(x (o), o) ()X (8] By 3 H0Ch

DA (D] - CKKC (1) +

V(x(t),t) =
2T ()Pe(e) 42 () Pe()+ ") Sx(e) - x"( 1 - SA X ()] = CKEKC -
ror T <y
D$:(-)+ Y] J,\;axz(z))aj(zm)[x("f_‘zi)] . CIKIKC,)x(1) < 0.
A, - CKKC, - CKKG, x i Lyaponov 38, R4 2 eRareh. /
[(A,n v Ay + DFEy + DFE)'P - 28] . Eiﬂ 2 XNFERE Z,Yiﬁ\iiiﬁm\mrﬁﬁfﬁﬁ«%
AL (10) (1) Bor, YA EFAEER
e euli < ) (48T ERERE RS SR
x(t - d)/
[ATP + PA, - PBB'P + S PA; (E| + E2KC)" (B'P + KC)" eiPD;]
ATP -5 ET, 0 0
(E\; + E;KC)) Ey - &l 0 0 |<o0, (11)
(BP + KC)) 0 0 -1 0
L e;D'P 0 0 0 — gl
r I * * * * * * * 7
(Agz + AP -28 = * 0 0 0 0
(E\i + E5KC) E; -¢d 0 0 0 0 0
(Ey+EKC) E; 0 —¢l 0 0 0 0
(B'P+KC) 0 0 0 -1 0 0 o |<° (12)
(B'P + KC) 0 0 0 0 -1 0 0
e;D'P 0 0 0 0 0 -—¢f O
L ¢,D'P 0 0 0 0 0 0 e
Her, » Rxiirf BB E. 1L EBUGEHRER e > 0,5 > 000 <
F=P(A; + A) + (A, + A)"P - i) R AR
PBB'P - PBB'P + S. AP + PA, - PBB'P <0, i = 1,2,--,r,
REFISIFE 1 A H Schur ¥ E T, A% (8) F (13)
(OEHFARZEXADH(12). RN IEERERE P, MBR (13) T, 2T 5

3 HRBEMEHERSRE L (lerative linear U8 Riccui 78
matrix inequality (ILMI) algorithm) ATP, + PA, - PBB'™P, + Q =0, i = 1,2,,r.
FATF IR ER T, TR Ty PR PP P IRRA. 1 = 1.4, = .

EREHEEREAEX (LMD FE: B2 BTIXT PLK, o WL
min q;
[ I PAy (E,; + E,KC)" (BP, + KC)"  e;PD, ]
AL P, -5 E", 0 0
s.t.| (E|; + E;KC,) Ey - el 0 0 (<0, (14)
(B'P, + K.C) 0 0 -1 0
L DR 0 0 0 — el |
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i 1112 % * * * * * % ]
(A + A)"P -2S8 & * 0 0 0 0
(Eyi+ E2KC) Eyi - 0 0 0 0 0
(Eij + E;KC.)  Ey 0 -l 0 O 0 0
(BP+KC) o0 o o -1 0 o o |%" (15)
(BJP + KC) 0 0 0 0 -1 0 0
e,D'P 0 0 0 0 0 -—ef O
L ¢, DIP 0 0 0 0 0 0 -egil
o of uncertain nonlinear systems via fuzzy control ; quadratic stabilizabil-

iy =A'P, + PA, - X,BB'P, - PBBX, +
XBB'X, + § - a)P),

I = P(A; + A4) + (A + A)"P, - XBBP, -
PBBX, + XBBIX, - XBB[P, -
PBBTX; + X;BBIX, + § - a/P;.

B34 MR o) <OMK(G=1,2,,r)
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F4a MTIIXT P AK MILLEIR, o

=]
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min tr ( P;)
s.t. 2(14) K&K (15).
M P! %R P, IBRILHE.

g5 MRNX-P I <8, 0 8R—TR
ERR,MERFEeL. EMLSi=i+1,X, = P,
B35 2 4.
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4 Z53RiE(Conclusion)
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