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Abstract This paper considers the control problan for delayed d screte T akag+Sugeno (T-S) fuzzym odelsw ith m ulti-

perfom ance constraints A tientbn is focused on the design ofa fuzzy contollerw hich can stabilze he systans and satis-
the sufficent conditons Hr the ex stence

fy theH , H,, perfomance M ak ing use of he Inearmatrx mequality (LM I),
of such contwl are obtained and te desied controller can be obtaned by solving the IM I given in the T heorem
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1 ) A

T-S s l
r
Ifx; (k) T} and...and x, (k) isT, then
x(k+1)=Ax(k)+Aux(k- 1)+ Biu(k) + Dw (k), (1)
2(k)=Ex(k) i=12 - (2)
| x(k) = ®(k), k=-T - T+ 1., Q (3)
T ,x(k)ER ;u(k) ER' ,w(k) ER
w(k)€ L[Q ) z(k)ER' LA, €ER™ ALE R E,ER™
B, € R"™ ,D, € R T
x(k) = ®k) k=-T =T+ 1 ., 0 ,T>0 :
. TS (1) (2)
x(k+ 1) = Z,h,-(x(k))[Aix(k) + Aux (k- 1) +Bu(k)+ Dw(k)] (4)
a(h) = 2ihi(x(k) ) (Ex(k) ) (5)
x(k) = ®(k), k=-T - T+ 1.4, Q (6)
ek = — O o ) = ] k) )
2o (x(k)) :
x(k) =[x (k). x2(h). - x.(k)].
LT (k) x(k) r; L @i(x(k))

O (k) 2 0i= 12 20(x(k) > 0

hi(x(k)) 2 Q Z}}hi(x(k)): L iz 12 s
(PDC), T-S
i
Ifx (k) T} and.-.andx, (k) isT., then

u(k) = Kix(k), i= 12 . (7)
,Ki ;
u(k) = ;h[(x(k) )Kx (k). (8)
x(k+ 1) = ZZth(k))h,-(x(k))[(AﬁBiK,-)x(k) + Aux (k- T) +Dw(k)], (9)
2(k) = ;hi(x(k))(Eix(k) ) (10)
H, 2= I;[x(k)TRx(k)+ w(k) Su(k)] . (11)
R S
H,
He
T-S (4) ~ (6), (8), (9). (10)

(D w(k)=0 (9
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() w(k)=10 ., (11)
( 1) He :
Nz(k)ll3 < Yl ok)ll; (12)
(k)2 = ;z(k)"‘z(k), lw(k)ll2 = ka(k)Tw(k),
¥Y> 0 Ho
2 FEGw
1Y X,ZY>0 XZ+ZXS<XWX+ZVY'Z
2 Myi=12 5 P>0 O0Sh<1 XDh=1
( ZhMJ TP( Zh‘M] < Z;hM?PM,-.
1 Q>0P> 0K, (13) 0 i< <0
(D (9) ;
(1 (8) (9) ~ (10) H, ;
(1D ) (8) (9) ~ (10) He ;
4Q + (Ayi+ Agi) P(Ay+ Agi) < Q (13)
¥y> 0 ,

) 0 0
Q== -Q 0 |,
* * Y

A= [A, +BK, Ay, D], N(k) = [x(k), x(k="T)", w(k)' ]
B = Q—P+R+—41L(K,;+K,-)V"S(K[+K,) +—411(Ei+E,-)"'(Ei+E,).
Lyapunov

V(k)=x(k) Px(k)+ __Zk_ltx(i)TQx(i), (14)

AV(k) = V(x(k+ 1)) - V(x(k)) =
x(k+ 1)'Px(k+ 1) +x(k) (Q-P)x(k)- x(k-T)' (Q-P)x(k-T),
1 .

X(h+ 1)'Px(k+ 1) = —i;;;;hi(x(k))h,-(x(k))hu (x (k) Jho (x (k) ) (k)" *
(Aai + Ai) P (Adw + Aua )0U(E) =
<2 20 2 2h(x (k) )by (x (k) Db (x() )b (x(k) ()

[ (A + Ayi) P(Auw + Aun) + (Adur + A ) P(Auy + A ) J0(E) <

0 2 Db (x() g (x(k) )UK (Auy + Ayt ) P (Aay + At )UK

2 :
u(k)TSu(k) = [ ;h[(x(k))Kix(k)] TS{ ;h,;(x(k))Kix(k)] =
2 D () Jhy (8(k) ) (k)" (Ki+ K)'S 20 Db (3 () (x (k) ) (K. + K )x () <



,] hi(x(k) )by (x(k) )x (k)" (K + K;)'S (K + K; ) x (k) *

=

=

z(k)'z(k) = (;hi(x(k))Eix(k))T(;hi(x(k))EiX(k)) =

20 Lot (x (k) )l (e () x ()" (oot )" 3 Yoh(x (k) (e (k) ) (o E ) (k) <

J

4 2 Dk (x (k) )by (x (k) )x (k)" (E.+ E,)' (E.+ E)x (k).

= Jj=

AV(E)+ z(k) z(k)+ x (k) Rx (k) + u(k)' Su(k) - Yw (k) w(k) <
o 2 2k (e (k) )y (x () ) (E) @1 (k) <

=1 j=1

—l;h?(x(k))n(k)"‘ ©,1(k) + —;;/_;lhi(x(k))h,(x(k))n(k)"'(ag.n(k).

@; = 42+ (Ay; + Ay ) P(Ay + Ay ).

(13)
AV(k) + z(k)'z(k) + x(k) Rx(k) + u(k) Su(k) - ¥Yw(k)'w(k) < Q (15)
3 , H, He
(15), w(k) =0 , §> 0
AV(k) <= 8llx(k)ll? (16)
(16) k0 N -
VN + 1) - V(0) < - 6;‘6 lx(k) Il (17)
N : ng lx (k) 117 < —éV(O) = _é[x(O)TPx(O) n .__Z;Tx(i)TQx(i)] < gup, (i),
o= A (P ) M (0, wik) =0 . (9 ()
w(k)=0 , (15 k0 N

J = AZ(;[x(/ls)"‘liex(k) +u(k) Su(k)] < V(0) = x(0) Px(0) + iZTx(i)TQx(i)] =7J.

H, . (1D
(15), c2(k) z(k) - Yw(k)'w(k) <- AV(k).
k0 N : ]Z;z(k)Tz(k) < szz;w(k)Tw(k),
lzk) 15 < Yllok)lls (110)
Hy
H.
2 X>00>0VY, (18) 1<i<;j<r
(9) ~ (10) H, H o .
[-4&X 0 0 XA, +XA, + Y.B, + B, Y. +Y, XE +XE X
* - 40 0 XA + XAy 0 0 0
* L e D! +D; 0 0 0
* * % X 0 0 o | < 0 (18)
* * % % -5 0 0
k k £ * £ _ 0
L % % % % * % _ Ril-
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cKi=YXLi=12 .1
P=X'.0=Xx"0gx" diag/ X "X, ..., ] (18)
(40 -4 0 0 Ai+A +KB +KB K +K E +E 2]
* -40 0 Ay + Ay 0 0 0
* -4y D+ D, 0 0 0
* * * - P! 0 0 o [<0
* * * * . 0 0
* * * * * - 0
L % % % * % % _R’l_
Schur :
(4 - 4P+ 4R O 0 A+A +KB +KB. K +K E +E|]
* -49 0 A+ Ay 0 0
* o _ 4y D;+D; 0 0 | g
* * * -P' 0 0
% % % * - 5! 0
I » » » » » _
w0 0 A +A +KB + KB/
o Ais+ Ay <0 (19)
ok 4y D+ D;
* * * _p’1
,W=40-4P+ 4R+ K. +K,)'SK.+K;)+ (E:+E;) (E:+E;),
Schur (5.3.6) (5.31)
40 + (Auj+ A ) P(Ay+ Agi) < Q
1 (8) HyH o
1 (18) : ,
2 He , 2 (  H,
) : L
1 X>00>0Y, IMI 1<i<j<r
[40-4 0 XA +XA + YB +YB Y +Y X
* - 40 XAl + XAy 0 0
* i -X 0 0|<20
* * * -5 0
L * *# * _ R
(9) (  H ) s
cKi=YX ' i=12 . r
3 H, , He 3.2 He( He
) , 2
2 X>00>0V IMI 1<i<j<Sr

10, —
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[1]
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[4]
[5]
[ 6]
[7]

[ 8]

[40- & 0 0 XA, +XA + YB, + VB, E;+E]
k — 4Q 0
* * — 4y <0
* * -X 0

L k k k k — m

(9) He ; : He
KL = YLX7 19 L= ]; 2 s I
/NG
T-S , IMI
H, He
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