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Output feedback control design and stabil ity
of fuzzy tme-delay systans

TON G Shao-cheng, M aW en-ge, L uB ao-chun
(Department of Information, L isoning Institute of Technology, Jinzhou 121001, China)

Abstract: The problen of fuzzy modeling for uncertain time-delay nonlinear systems by fuzzy T-S
model is addressed On the basis of the fuzzy modeling, fuzzy feedback control and output feedback
oontrol are developed Sufficient conditions are derived for robust stabilization in the sense of L ygounov
asymptotic stability and formulated in the form of linear matrix inequalities (LM Is), which can be
efficiently solvedw ith LM | optimization techniques

Key words Fuzzy control; Robust control; Observer; Fuzzy tme-delay systans

L ; [5] 1
0 Wang ™ Tanaka @

[1,2] :
Ma ' Tanaka 2
T-S
[3,4]
, : Zl(t) M} Zz(t)
, [5] M % z.(t) M,
: 2001-10-15; : 2002-03-08
(60274019); (200110161)

(19¢0—), (),
(1960—), ,

’ ’ ’ ) ’



1

63
X(t): (Ai+ AAi)X(t)"’AdiX(t- h)+ ).(A(t):AiXA(t)+BiU(t)+
B+ 28)u(V @ Gy () - y()] (5)
y(®=cx(®, i=12 .q yA(t): cx(), i=12 ,q
‘M | yz()= [za(t), L,z ()] G R™ (5)
,x () R" ,u() R"
Ly (1) R' JA A G - B d . ."
R™"B, R™™ C, R""(= 12 x (1) = Zu.(Z(t))A.x (1) +
DA 08, S 2B () +
h A (6)
& (©,u(®), Y w6y - y©]
(1) 1
. ] y (1) = zlui(z(t))cix (1)
x (1) = Zlui(Z(t))[(Ai+ M )x (1) + (1)
@+ MB)u()]+ Ki G
M AB i
‘ (2)
Z ui(z())Aax (t- h)
q’l 116!
y (1) = Z pi(z (1))Cix (1)
" [AMi,ABi]= DiFi(t)[Eu, Ea]
a Fr(Fi(t) < 1
ui(z(@)) = Wi(Z(t))/ZIWi(Z(t)) :Di, Eui E2i
n F'(t)
wi(z() = lle}(zj(t)) 3
Mz () z(1) M| Wi (1)
wi(t) = 0, zqwi(t)> 0 a
1 X(t)zzlui(Z(t))[(Ai+ M)x (1) +
g Bi+ ABHu(t)]+
pi(z(t)) =2 0, z pi(z(t) = 1 a
e Y mlz®Aux(t- ) (7)
' T-S
20 Mi oz 0= 3 wl®KxW (&)
M 2 zo(t) Mo, 7 (©®
u(t) = Kix(t), i= 12 ,q (3) e q
Ki R™" (3 x (1) = Zl Zlui(Z(t))uj (z(1)) x
[(Ai+ M)+ Bi+ ABi)Kj]X(t)+
u(®) = 3 mlz®)Kx () Zqiui(Z(t))uj (A (t- 1) (9
: (9)
z1(1) ML z2(1)
M b zo () M,



64 18
Ki, [N+ (Eu + EZin)T(Eli + E2K;) +
Dy (En+ EaY)T AaX S+ PDDIP + PA4S AdPx(1)] (16)
Ei+ E2aY;j - 0 |<O
XA & 0 - Q Nij+ (Eu+ EZin)T(Eli + EaKj) +
Li= 12 ,q (10) S+ PDDIP+ PA«S 'A&P < 0 (17)
vV < 0, (9) X =
dj= XAT+ AX + YB/+BY +DD{+Q -1 (17), Schur
X=P"'Y Y= KX, Q=X 'sx* (10), 1 O
(8) (7
(1) : 1
V= x(0Px (1) +It_ x'(s)Sx (9ds  (11) (6)
V q A~
V =x()Px(t) + x(®)Px (1) + u(t) = Z wi(z (1)K ix (1) (18)
xT()Sx () - x"(t- h)Sx(t- h) (12) '
o a2 et = x(0 - x(v (19)
V= (), (6), (18) (19,

Z Zlui Z®) 1 z(O)x" (1) x

[((Ai+ AAi)"‘ (Bi+ ABi)Kj)Tp+
P(Ai+ M)+ Bi+ ABI)K;)Ix(t) +

qul quui ) z())x"(DPAax (t- h) +
Zl Zlui () ui (z())xT ()Sx (1) -

Z Zlui(Z(t))uj (z(®)x"(t- h)sx(t- h)

(13)
1 F'F< I, X
Y,
X'FYs XX + Y'Y
1 (13) 1, 1

2"(OP[A+ M)+ Bi+ MBIKIx() =
xT(ON ix (1) + x (1) [PD Fi(Eu+ Ea2K;j) +
(Ex+ E2K;))'FIDIPIx (1) <

xT(ON ix (1) + x"()PDD{Px (t) +

x" () (Euv+ E2K;)T(Eu+ Ea2K;)x(t) (14)

Niy=AlP+ PA+ K/BIP+ PBK; (15)
(14) (15 (12)

V < Zl Zlui(z(t))uj (z(0)x" (1) x

e(t) =
zl Zlui (z())ui (z (1) x
Ai- GCj+ MBiKjel(t) +

Zl Zlui(Z(t))uj (z()) (MAi+ MBK)x (1) +

Zl le (z (D) i (z(1))Aax (t- h) (20)

x (t) =
Zl Zlui(z(t))uj (z(1) x
[Ai+ M)+ Bi+ MB)K]Ix(t) -

Zl Zlui(Z(t))uj (z()) B+ MBK)e(t) +

Z Zlui(Z(t))uj (z())Aax (t- h) (21)
x' ()= [x(1),e(®)] (22)
(20) (21
<) =

Zl Zlui () w2 (1)) @5+ M) X (1) +



65

zl zlui (z()) mi (z(1))Aax (t- h) (23)

- |:Ai+ BiKj - Bin]
A =

0 Ai- GiCj
ABiKJ]

- |:AAi+ ABiK; -
AB iK

AAu':
Mi+ ABK; -

- Ad O
A gij =
A qi

1, AANij

M = DF (t) gij (24)

5209 a5 g

~ |:Eli+ E2K; - EZiKi]
e Eui+ E2K; - E2Kj;

(23) ,
2 Pu,P2x
Ki Gj,

S11, So,

B (A i + Bdin)T X 11A di
Adi+ BaiYj - Q 0

i A X 11 0 - _thl

(25)
[ W, PuaD PsAa Pl
DiP2 - | 0 0
AiP 0 - Su 0
LTP2 O 0 M 1

(20),

<0 (26)

(References):

[1]Wang H O, Tanaka K, GriffinM F. An gproach to
fuzzy control of nonlinear systans Stability and design
issues[J] IEEE Trans Fuzzy Syst, 1996, 4(1): 14-23

[2] Tanaka K, Sugeno M. Stability analysis and design of
fuzzy control systans[J]. Fuzzy SetsSyst, 1992, 45(2):
135-156

[3]MaX J, Sun ZQ. Analysis and design of fuzzy con-
troller and fuzzy observer [J] IEEE Trans Fuzzy
Syst, 1998, 6(1): 41-51

[4] TanakaK, lkedaT, WangH O. Robust stabilization of
a classof uncertain nonlinear systen s via fuzzy control:
Quadratic stabilizability, H “ control theory and linear
matrix inequalities[J]. 1EEE T rans Fuzzy Syst, 1996, 4
(1):1-13

[5] Tong Shaocheng, Zhou Jun Fuzzy output feedback
oontrol for a class of uncertain nonlinear systems[J]
Control and D ecision, 2001, 16(5): 540-544

[6]LeungFH F, Lan H K, Tan PK S Fuzzy control of
a class of multivariable nonlinear systans subject to
paraneter uncertainties M odel reference gpproach[J]
IntAppr Reas, 2001, 26(2): 129-144

[7] Takagi T, Sugeno M. Fuzzy identification of systems
and its gpplications to modeling and control[J]. IEEE
TransSystM an Cybern, 1985, 15(1): 116-132

[8] Tanaka K, Ikeda T, WangH O. Fuzzy regulators and
fuzzy observers Relaxed stability conditions and LM [-
based designs[J]. |EEE Trans Fuzzy Syst, 1998, 4(2):
250-265

[9] LeeH J, Park JB, Chen G Robust fuzzy control of
nonlinear systams with parametric uncertainties[J ]
IEEE Trans Fuzzy Syst, 2000, 9(2): 369-379

[10] FengM , HarrisC J Feedback stabilization of fuzzy

systen's via linear matrix inequalities[J]. Int J Sci-

ence, 2001, 32(2): 221-231

( 61 )

[9] FungR Y K, TangJ, TuY, etal Fuzzy financial opti-
m ization in product design using quality function deploy-
ment[J] Int Produc Res, 2002, 40(3): 585-599

[10] Kim K, M oskow itzH, DhingraA, et al Fuzzy multi-

criteria models for quality function deployment[J]
Euragp J Oper Res, 2000, 121: 504-518

[11] TangJ, WangD W, IpA, etal A hybrid genetic

algorithm for a type of non-linear progranming prob-
len [J] CamputM ath Appl, 1998, 36(5): 11-21
[12] , , ..
[J] , 2000, 26 (3): 401-404
(TangJ F, WangD W, Gao Z, et al Hybrid genetic
algorithm to =lve nonlinear progranming problens
[J] ActaA utan Sinica, 2000, 26(3): 401-404 )



