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o) (M0 otz

LM+ 2(Mij + M) <0, 1<i#j<r

Lemma 3[10]: For matrices Y, D, F', thereunto Y is symmetric and FTF < T,
then, for any a scalar ¢ > 0

1

(11) Y +DFE+ETFTDT <Y +e¢DDT + ZETE
€

3. Main Results

Theorem 1: For fuzzy system (1) and guaranteed cost performance index (6)if
the following inequalities

min  Trace(S)
5,X:,K;

(12) s 1],
I X,
(13) Miil < 07 7l a T
ﬁMiil'i_ ( + ]Zl)goa 1S7'?é7§ra 121,2,"',7"
have a feasible solution (5, X;, K;), then u} = Z xy, is guaranteed cost control

law for the system , where

-G -GT + X; * * * *

AZ‘}‘BlK] —X; +eDDT * * *

(14) M = K; 0 —R™1 * *
I 0 0 —-Q' x

Eii + EyK; 0 0 0 el

Proof: Select the Lyapunpov function as:

ks

(15) V(zk, h(k)) = = th ) Piy

P; > 0, then
AV = V(xk+1, h(k+1)) = V(z, h(k)) k41
‘Tk+1 Z hi(Ckt1) Pizgyr — af Z: i(Ce) P

’I‘

= af im@w<@m4+BK+D&@m+&z>>i {(Ge1) P

i=1j=1
x Zjl é hs(G)y (G)(As + BiK; + DFy(Bvi + BnK,)rs — o 32 hi(G)Pery
and
(16)

™=

AV +2T[Q + (X hiK;)TR(Y hy K)o

= 1% 3 ha(Ghy (G A+ Bl + DF(Fy + Buk) Y i(Gesn)P
Xéé (G0 (Go) (i + Bi; + DFy(En + BaiK;)) = ; ha(Ge) Pt
Q+ (i:l hiK;)TR( i:l hiKj)}xk

<0 ”
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if
(17)
'21 21 hi(Ck)hj(Ck)(Ai + BiKj + DFy(Ev; + B K;))T 121 i (Crt1) Prx
i=1j= =
; ) hi(Cr)hj (Cr) (Ai + BiK;) — ; hi(Cr) P + Q + (; h;iK;)TR( ; hiK;)

A
o

Then (15) is satisfied. Using Schur complement

—-P; * * *
Ai+ BiKG+ —-p! * *
(18) DFk(Eli + EQZ‘K]‘) ! <0
Kj 0 —R_l *
1 0 0 -Q!
It can be rewrite
B —P; * * * 0
A, + B;K; —P! * * D
Kj J 0l _p-t . + 0 Fy, [ Eli—|—E2in 0 0 O ]—1'
i 1 0 0 -Q! 0
(Evi + Ey K ;)T
v FT[0 DT 0 0]<0
0
By Lemma 3the above inequality is equivalent to
(19)
—P; 4+ 1(Eyi + ExK;)T (Evi + By K;) * * *
A; + BiK; ~-P7'+eDDT * “0
K; 0 -R7! *
I 0 0 Q!

Using Schur complement again, we have

—F; * * * *

Ai+BiK; —P '+eDDT * *

Kj 0 —R_l * *

(20) I 0 0 Q'
Eli + EQin 0 0 0 —el

<0

Pre- and post-multiplying GT and G, respectively, then by using Lemma lwhere

G * * % x*
0 I * % =x*
G=|0 0 I x x
0 0 0 I =«
0 0 0 0 I
(21) -GTPG<G+GT - P!

Let X; = P71, if
(22) Mijl <0
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Then by using Lemma 2, if (13) is holdthen (19) is satisfied, by (15)

(23) X Q+ O_hiK)TR( hiKj)ay, < —AV
i=1 i=1
and
a2t Q+ O hK)"RO hiKy)ak < af > hi(Co)Piwo = 2§ > hi(Co) X Mg
k=0 j=1 j=1 i=1 i=1

Using (12)such that
(24) J < Trace(S)
4. Numerical example

Consider the following nonlinear system]7]

Tyyr) = (1 — %E +0.3sin(vt - k))z1x + ”T{uk
(25) To(k+1) = T2k + %_3611@ )

T3(k41) = T3k + VT sin(xox + %xlk)
The nonlinear system (24) can be exactly represented by the two rules discrete T-S
fuzzy model:

vt

— 9 0 1-%% 0 0

_ . . T
A=] %1 0 A= ¥ 1 0|.B=B=[% 0 0],

v2¢? i 9”9{2 F

ST vt 1 ST, gut 1

D=[10 0] " En=FE3=[03 0 0],Ey =Es=0,
1=28,L=550=—-10f=20

Using the toolbox in MatLab[11] with R = 1,Q = 1, by Theorem 1 we have

K1=1[0.0930 0.0148 —0.0111 |
K2 ={0.1048 0.0237 —0.0000 |
0.1001  —0.2956  0.0963
S =1.0e+003% | —0.2956 1.1309 —0.3547
0.0963  —0.3547  0.2377

corresponding bound on the performance of the system J* = Trace(S) = 1468.7.
Moreover, using single Lyapunov function approach in [7]one gives J* = Trace(S) =
4340.8.

4.1. Conclusion. The guaranteed cost control for discrete-time T-S fuzzy systems
based on fuzzy Lyapunov function approach, which can find some matrixes for
replacing a common matrix that will reduce the conservation controller designBy
matrix transformthese conditions can come down to LMIFinally, the validity and
applicability of the proposed approach are successfully demonstrated through a
numerical example.
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