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Abstract Problems of stability and H control for discrete-time T-S fuzzy systems with
state delay and uncertainties are discussed. A new delay-dependent stability criterion is first
proposed by defining an appropriate Lyapunov function. Then, the sufficient conditions for
the existence of Ho fuzzy state-feedback controller is investigated in terms of linear matrix
inequality(LMI). Finally, an iterative algorithm is provided for the optimal design of the Hoo

controller.
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X FESERT ] RGHE T —HBUR, 1 Li” %M Guan™ 45145 T 3 SLHMIBHIF RS0
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Plant rule i: IF & (k) is M;; and -- - and &,.(k) is M, THEN

{ x(k+1) = (A + AA;(k)x(k) + (Ag + AAgi(k))z(k — d)

+ (B; + AB;(k))u(k) + Bryw(k) (1)
z(k) = Cixz(k), i=1,2,---,q

o g HEBUEL, €)= [6(k) - &))" KRR, My(i=1,---.r) WEHIE
&, x(k) € R* RRGRS, u(k) € R™ RFEHEAN, wk) e R FIEA, z(k) e R Ky
T, d>0 ﬁa’ﬁlmﬁ’ﬁﬁﬁ x(k) = 0,Vd < k < 0. REHIIFERHESBE LN -
[AAi(k) AAgi(k) AB;(k)] = DF(k)[E; Ea Ewl, X5 D, E;, Eq; f1 Ey; K B 5B 35 4
SLHME,  F(k) RHShEERE, HWER FT(k)F(k) <1,V

M 3& AT AT AME (PDC) JE PR AS St il v, BRI LU g -

Controller rule i: IF & (k) is M;; and -- - and &, (k) is M; THEN

u(k) = K;x(k), i=1,2,---,¢ (2)
Hop K € Ry RORPERIE AR, G563 (1) X (2), ol sl sepiiE
ARG EIE AL T, ATAR BRI I 25 RS 0 &2 R i A

z(k+1) zq: k)| Az (k) + Aga(k — d) +Buw(k)}

g
- Lo

XH Aj; = A + BK; + DF(k)E; + DF(k)Ey;Kj; Agi = Aai + DF(k)Eai; hi(€(k)) =
)/Zwi(é(k)); w;(&(k)) = H M;;(&(k)), 0 < wi(€(k)) < 1.

A SCERF IR B S X B R 48 (1), )t PDC #£#4% (2), MAFHKR RS (3) B
Tasg, HiE Heo PLBIHNHIMERE [2]2 < vlwl

2 WA SRR RE A

138 1. Xt TEAERME XY MIEEEME R A XY +YTX < XTRX +YTR Y.

5|3 2[8]. WEBEREE Q=QT,D,ERM R=R" >0, M THAaMLE FTF <R F,
2 HAUCYTETE € > 0878 Q+ e 'DDT +¢ETRE < 0 {{>iAt, H Q+ DFE+ ETFTDT <.

BWANRIIEAN w =0, SHHAKRRSE (3) WiaE M.

FIE 1. X T AHESHEBEEE RS (1), X RS (3) B fa e i 7o 54 o 178 & 4
HgEP=PT>0,5=5T>0,T=T">0, My, My, M3, N1, Na, N3, K;(i =1,2,---,q), i
jies

lpii<07 i:1727"'7q
!pij+!pji<0, 1<i<j<q

(4)
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A Ay Ay dNy
x Ay Aoz dN3 .
W'L': B 5 :1527"'5
J * * A33 dN3 ) ¢

* * S
X« FRRHFEXTFROLE ST REEE; A= N+ N — Mi(Aiy — 1) — (A — )" M + 5;
A12 = —Nl —|— N; — Mlzdi — (ZZJ — I)TM;, A13 = P + N?:F + M1 — (ZZJ — I)TMz;F, A22 =
—S—NQ—NE—MQZdi—ZEZ—M;; A23:_Ng+M2_Z§;Mg; A33:P+dT—|—M3+Mg.
WA, & B y(k) =x(k +1) — (k). MRS (3) WiEEHiAH AL Lyapunov 2§

k—1

0 k—1
V(k) =2 (k)Px(k)+ > ="O)Sz)+ Y. Y.y (OTy() (5)
=k

l=k—d O0=—d+11=k+6—-1

1117 (k) = [wT(k) ( -d) y (kﬂ, MT = [Ml M2 Ms] NT = [Nl N2 Nz;ﬂa
Hrp My, Ni(1=1,2,3) R EAGEAERN B BAUERE. 803 8,9] ik, &

AV (k) = V(k+1) - V(k) { k)Sz(k) + 22" (k) Py(k) — 2" (k — d)Sa(k — d) + y" (k)-

k—1 q q
(P~ 3 g OTY0) ¢ 2131 { a0+ 1) = 3 5 (R €0

I=k—d i=1 j=1

E

—1

A0 + Aaa(l — )+ Busw(®)] | + 207 ()N [ah) ~ 2l - @) = 3 ()]
l=k—d
©)
RS 1

e
|

—

e

—1

20" (k)N > y( KNT'NTn(k)+ > yT(1)Ty(l) (7)
l=k—d l=k—d

q q
<> halél (k)™ () Zim ()
=1 j=1 (8)
[Zhi 123 hiel B)(Es + Ep) | (k)
=1 =1 1<j
He
All A12 A13 _ _
Eij = [ * /122 /123] +dNT_1NT
k *k /133
1 Schur #hBH " FERK (4) KoL, W AV(K) <0, FIFRES (3) B, 0

3 Hoo BUMIG BRI 25 BT
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 EB 2 MTRE () MAEE W p2,05, HEFABGREY P=PT>0,5=5">0,
T=T%>0,Ny, Nay N3, Yi(i = 1,2, q) MR FAWE X, 50T R4 BA #

Hopt = 52’8“ Subject to LMI(10) (9)
{ 0, <0, i=1,2,-,q
(10)
0ij+0;;<0, 1<i<j<q
Hor
(¢ $12 G135 -By dNy D D XEI YFEL Hy
¥ By By3 —paBy; ANy paD oD XE] 0 0
* x @33 —p3Bu dNs psD  psD 0 0 0
* * * —ul 0 0 0 0 0 0
o _ | * o+ = x  —dT 0 0 0 0 0
Y * * * * * —I 0 0 0 0
* * * * * * —I 0 0 0
* * * * * * * I 0 0
* * * * * * * * I 0
L % * * * * * * * * —1I |

K j=1,2.q 4511 = N1+ NI — (A XT + BiY; = XT) — (XAT + Y'Bf — X) + S;
By = —Ny + NJ — Ag; XT — pa(XAT + YTBT X); @13 =P+ XT 4+ NJ — ps(XAT +
YIBT — X); @ =-5- N, — Nf — P AGXT — pXAT: @y = pXT — pyX AT — NI
¢33 =P+dT +ps X" + psX; Hyj = X[((CFCz + CFCH 20V B AFFHEARES AR
B Q) KM M K =YX T, fEANRRS 3) #irfae e He MALERER IR
Y = /Hopt-

JEBA. CATE TR, BH BB My = poMy, Ms = psMy, HHt po F1 ps S %EIJ
WH. HIE Hoo BERITERE |12]I3 < 7|lw(3, 55 1 IEHIBAR ML, FFAIAA S X = M,
Y; = K X%, Ny=XNX"(1=1,2,3), P=XPXT, §=XSXT, T=XTX"T, 5|5 1.
SIHE 2 f Schur #p5|FE 240 M52 0] S ) LMI(10), FE40S FR B

TEEH 2 H, 3 MAUERERIB SR REL p2 F1 ps RSB TS E, HIFESGH v &
AARREMME. TEHASCEH—FR v R R

Stepl. ¥IAG Ak H i AU BE SRR R B po F ps, FEBEEMRIKEL i = 0, A Hoo PHEREHE
By, A REAR IS5 0 < e < 1, BRIERIREL L.

Step2. XT? G REHT po F ps, SRARETE E LMI(10) B9 AR M (9), 12 v R Ir S s .

Step3. & i =14+ 1, EETE Step2 FIRMAIFERE X F1 V(i =1,2,---,q), ¥ p2 A1 ps 1E
R, ﬁﬁ%ﬁﬁ LMI(10) B AR AL T3 (9), i v M4 ﬁuﬁﬂéﬂiﬁtﬁﬁ, Gilings: =l €S
ﬁﬁﬁ%éﬁ P2 il P3-

Stepd. # i > Imax, B (vi — vie1)/% <&, B v <o, WA LB, FitSE il He #
RPIRZS R BRFE l #v i s M M K = YX T(i=1,2,---,q); K ME Step2.
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ARICHFFE T —RIEET T-S BOBIL B B9 A 00 5 B AR R YRR i R 4L, il T HER R
48 B B AR SRR E MR FE T AR F A Hoo BERPIRZS BB 2] a8 B9 B O 58 e SR A — AT
A& LMI Y525 AR R DU AL DB BRI AT 453 A & BT BEoR B 2l 2, 7 (.
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