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Fuzzy guaranteed cost control for uncertain systens
with tme-delays

GUAN X in-pingl, CH EN Cai-lian’, L IU Yi-changl, DUAN Guang-ren2
(1 Institute of Electrical Engineering, Y anshan U niversity, Q inhuangdao 066004, Ching;
2 Department of Control Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract: Based on T-S fuzzy model, the fuzzy guaranteed cost control problem is studied for a class of
uncertain systansw ith tme-delay. Sufficient conditions are presented for the existence of robust guar-
anteed cost control lav. A nd a nev design method for state feedback fuzzy guaranteed cost controller is
proposed by using theLM | approach The simulation exanple show s the effectivenessof the presented
m ethod

Key words T-S fuzzy model; uncertain system with time-delay; guaranteed cost control

6201 Takagi  Sugeno T-S
, Riccati 1 If-Then .
(WY H)) (]

[6]

: 2000-12-26; : 2001-04-19
(69925308)

(1962—), (),
(1979—),



179

[7.8]
T-S
T-S

M atlab LM |

T-S
, i
R If z+(t) isMiand  and zg(t) iSM g
x(t) = [Aio+ Mio(t)]x(t) +
[An+ A (t) ]x(t-

Then
h) + Bu(t)
x()= ®, t [- ho0],i=1 m
(1)
,m yzi(t),  ,ze(Y)
M x () R"u() R"
JAio,Ai1,Bi
aAAiO(t),AAil(t)
,h> 0 , &)

Mio(t) = DiFi(t)Eio, Mu(t) = DiFi(t)En
(2)
, Di, Eio, En , Q= {Fi(1):

ha(Fi(t)) < 1,t= 0}

n

x (1) = Zlhi(Z(t)){[A o+ M oo(t) Ix (t) +
[An+ AAil(t)]X('[- h) + Biu(t)} (3)

z(t) = [z:(1),z2(t), ,ze(t)]

hi(z (D) = ui(z(t))/zlui(z(t))

mi(z (1) = I:LM i (2 (1)

M i (z; (1)) z; (1) M ij

(1),

R If z1(t) isM iz and
Thenu(t) = Kix (1),

and z4 (t) isM i
i=1 m (4)
K
1 T-S (1)
(4)

x (1) = Zl Zlhi(Z)hj @) {Aux (1) +

ANin(t- h)} (5)
x() = o(t), t [- h0]

A_ij= Ao+ Mio+ BK;+
Ao+ DA+ BiKi) /2
A= A+ Mu+ A+ M) /2
P> 0Q>0S>0,
R = 0,
2X"P[Ax + Aix(t- h)]+
X' Rx - x'(t- h)Rx(t- h) <

(x"Qx + miin(uiTSui)), i,j= 1,2, ,m

(6)
(4) (1)

J :I:{XTQX + miin(uiTSui)}dt (7

1 1
P,Q,R,S K,
[ Q PM]< 0 ®
M'™P - R

Q=Q+ U+ N

U=R+ WIiP+ PW+ WP+ PW;)/2
N (KTSKi+ KJ[SK;)/2

Wi=Ai+ BiK;+ DiFiEio



180

17

M = Ai+ DiFiEs,

(5) (7)
J

3< X (OPx(0) +J'i)th(s)Rx(s)ds

(5), L yapunov
v ((9) = x"Px +J’ X (ORx(9ds  (9)

V(x (1) =

121h|h]|:x(t h):| *

[u PMH X ]_

MTP - x(t- h)Y

m [ } [W..P+ PW i+ R PM]
Zl x(t- h) M P - R *
o J -
x(t- h .<,2hihj x(t- h *
L )
MTP - x (t- h)

[8]
vV (x(1)) <

mhz[ X ]T[WEP+ PW i + R PM]
Zl Lx (t- h) M TP - R

X "o, X T
[x t- hJ+ m - 1)i,jZi<jhi[X(t h)] 8

3

(
U PMH X J
10
[MTP - RILx(t- h (10)
i=j (8)
[Q+ KISKi+ WP+ PWi+ R PM} 0
<
MTP - R
Z/2+ © A, LiET
* L, L2E]
* * EI
* * *

ij=

V (x (t)%’sz’- f hx'@Q + KISKi)x -

(m - 1)_i RXTQ+ N)x  (11)
[8] o , ui = Kix,
(11)

il Zmlhihj [XTQX +

(uSui + UjSUj)/Z]

Zl Zlhihj = l, Zlhi

VvV (x (1) < -

hi  h;,

< 1,zmlhi= 1, 0

V (x (1) <

ox + L% husu+ L5 husul =
- [x Qx + 2Zlh.u.Su.+ 221hJuJSUJ_

n

z hi(x'Qx + ulSui) <
(x'Ox + min (usu)) < 0 (12
(4) (7

I:{XTQX + miin(uiTSui)}dts

V (x(0) - V (x())
V(x (o)) =0

3 < X" (0Px(0) +J.f)th(s)Rx(s)ds o

2 (8
LjG,j= 1 m), e> 0
L.L2LsS,Q,
L3 La L1
0 0 0
0 0 0
<0 (13)
- 25t 0 0
* L2 0
* * Q [
B = [B B], D= [Di Dj]
Li= L= R %Y Ls= KP*!
Z =

P
(A|O+ A]O)Ll+ Ll(A|O+



181

AjO)T+ BLa+ LB
(13) (6L 1,L2L53S,Q),

Ki= [I
(8)

[PD?__ _
G+ FIE Ei]+
0

3 ETF[PﬂT< 0
[ 1] 0

ojLd:t, i=1 m

IO, K'sK _
G:[Q+ R + 2+ > PA.1]
AP - R
_ |:Fi O]
F =
0 F;

M= A+ Ajo+ B_K_)TP+
PAio+ Aj+ B__)
[3] 1,

€> 0,

(L) e ErE &
G+ + € [E E:] [E Ei]l< O
0 0

(14)

Schur ,
T,
(13) T
1,1} O

4

X1= X2+ Q 025(m + M )x2(t- 1)

gsin(x1) - amlix3sin(2x1) /2 +
Q 12am x> (t- - _aos(xq)u
41/3- amloos (x1)

a= 1/(m+ M),

X2 =

2

T = diag{P "R ', I,

[10]
T-S
If x1(t) isabout 0
Thenx(t) = Aw+ Miw)x () + Au+
Mu)x(t- T + Bwl(t)
If x1(t) isabout = /2

Thenx(t) = A2+ Mo)x(t) + A+
Ma2a)x(t- T + Baul(t)
0 1
Am:[ g .1
41/3- aml
!o Q 25 ]
Aun=Ax= Q 12am|
O 4/ am |5
0 0
Blzl a ;|, BZ:[ aﬁ _]
41/3- am S A/3- amlf
0 1]
Azo:[ 2q ]
m(41/3- amlf) 0
Dw=Dz= [Q1 Q15]
Du=Da= [Q2 Q23]

Ew= [O 24 04],
En= [120 Q 23],

Ex= [Q 14 Q 05]
Ex= [Q 34 1 03]

F = sin(t), M o= DioFEio, M i
= DuFEu(i= 1,2 B
,  B= 00s(88°)
pr(x1(t)) =

)
1+ exp(- 7(x:(t) - T/4))

1+ exp(- 7(1x1(t) + T/4))
pa(t) = 1- pa(t)
m= 20kgM = 8 Okg,2l= 1 Om,
T= 2 2
Ki= [217 662 4 56 940 2]
K.= [25Q 892 2 68 804 7]
x1(t) = 65° xa2(t) = - 1,
1

Xz(t- 2) =- 1

7s



182

17

Xl(t) = 65°,X2(t) =- 3
2

1y Xg
2
\
/

I
o

0 5 10 15 20
t/s

Tisdy
-
L

0 5 10 15 20
t/n

T-S

(References):

[1] Petersen IR, M cFarlaneD C. Optimal guaranteed cost
filtering for uncertain discrete-time linear systems[J].
IEEE Transon A utom Contr, 1994, 39(9): 1971-1976

[2] M oheimani SO R, Petersen | R Guaranteed cost con-
trol of uncertain systenswith a timemultiplied qua-
dratic cost of function: A n gproach based on linear
matrix inequalities[J] A utomatic, 1998, 34 (3): 651-
654

[3] GuanX P, LinZY, Duan GR. Robust guaranteed cost
oontrol of a class of uncertain time-delay systens[J]
IEE Proc Control Theory A ppl, 1999, 146(6) : 598-602

[4] ChoiH H, ChungM 1 M amoryless stabilization of un-
certain dynamic system sw ith time-varying delayed state
and controls[J]. A utomatica, 1995, 31(11): 1349-1351

[5] YuLi AnLM I goproach to guaranteed cost control of
linear uncertain time-delay systens[J] A utomatica,
1999, 35(6): 1155-1159

[6] Takagi T, Sugeno M. Fuzzy identification of systems
and its applications to modeling and control[J]. IEEE
Transon Syst, M an & Cybern, 1985, 15(2): 116-132

[7] 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]. IEEE Transon Fuzzy Systems,
1996, 4(1): 1-13

[8] Kang H J, Kwon C, Lee H, et al Robust stability
analysis and design method for the fuzzy feedback lin-
earization regulator [J ]
tan's, 1998, 6(4): 464-472

[9] Joh J, Chen Y H, LangariR. On the stability issuesof
linear T akagi-Sugeno fuzzy models[J]. IEEE Transon
Fuzzy Systems, 1998, 6(3): 402-41Q

[10] ChenB S, Tseng C S, Uang H 1 Robustness design
of nonlinear dynamic systems via fuzzy linear control

[J] IEEE Transon Fuzzy Systans, 1999, 7(5): 571-
584

IEEE Trans on Fuzzy Sys

( 177 )

[9] Hwang CL, Yoon K. M ultiple attribute decision mak-
ing: M ethods and applications [M ] Berlin: Springer-
V erlag, 1981
[10] Zeleny L. M ultiple criteria decision making[M ]. N ewv
York: M cGraw -Hill, 1982
[11] Steuer R E M ultiple criteria optimization: Theory,

computation and application[M ] Newv York: John
W iley & Sons, 1986

[12] Yu PL. M ultiple criteria decision making: Concepts,
techniques and extensions[M ] New York: Plenum
Press, 1985



