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Abstract This paper 1s concerned with the problems of stability analysis and stabiliza-
tion for discrete-time systems with multiple state delays and polytopic parameter uncer-
tainties, A delay-dependent stability is first proposed by defining a new Lyapunov func-
tion. This criterion is further improved by introducing de Oliveira's parameter-depend-
ent stability idea, which is less conservative than previous results for polytopic uncertain
systems., The problem of state-feedback control is then investigated upon the proposed
stability condition, where the complementary linearization idea proposed by El Ghaoui is
employed to convert the controller design into a nonlnear programming problem with

linear matrix inequality constraints.
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AR E NS R TR E PR TAE . W FRINRAERSH G
ZRAREENE BN E RS, HAlATBABHRARERERAEBRNRTE, XEEEHR
ETFRBATE. D FREBHNFRERE N ESNHEILRPSY. TESHBERAXHRER
HFHEREHEN BB E MBI R A, AMMBERKREZEPFEENEIARSE, EH
TEAEERENRRBRE NRE. 2) Lyapunov RPSRAFTWAHESH LR, &
TR, APFEBYT T ZEAKBR Lyapunov REUMIBEFE, Dl /hitit W RFHS. HEH
THHRAENSBRKBERBERGHARBURERE .

A XA LB FE, FRMTRAEZERESHE AT E BB B R

x(B+1) = Agx(k) + ZA x(k—d;) + Bu (k) (1)

He x(B) ERHRETE, u(k)eijbﬁ?ﬁﬂﬁ‘A, d; >0, j=1,,qg BREHKENE. |

ERGREBENAREERER, Bl UREIFLEENTRLEEN LS. B
M:= [A;,A,,A,,B]lE R (2)

= { (A, A )+, 4,0, BQ) ] = ZE]A,. [Am,A“,---,Aq“Bi];i).i — 1,4, >0
WENTRRANRER MEMHE -
u(k) = Kox(k) + EK x(k—d;) (3)
St Ky K,y =1, g SRS A 0I5, BT R SRS B

x(k+1) =A x(k)+EAx(k d;) (4)

ﬁﬂl:' ;{0 =A,+BK,, H A +BK; » J=1,° **y(q. JF!UPHH‘%%(&I)H‘J%%[M ?Al 9 """y q]B]'*?
Al — Y ZEAEHR, KT S ERER

A =Agf+BiKgg Kﬁ =Aﬁ—|—Bi-Kj,j=1,'",q,5:1,"',5‘ (5)
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H ISLVF A 2 BRI i 3 AR R 3R R 48 (O B RRE .
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20T NY < ral'r X Y —NITa’ 6)
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o —b-— l..YT'—‘"'NT Z _ll_b_

X y-
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TEBENFE X EBEP>0,Q>0,X,.Y,,Z,>0,j=1,.q, AL
— P PA, PA, 0
* —*P+2::(def+Y}+Yj+QJ,) —Y, (A, —D'HA
=1 < 0 (7)
% * - Qq AllA
% ¥ ¥* — A
rX. Y,
B Zj_;?:’;O, Vi=1,"",q (8)
He x B NRKER . HA, :=[A, A ], Y, =LY, Y, ], Q, i=diag{Q, .
Q). Mi=[1 I, Ai=diag{d. Z,,,d,Z,}.

iEBE. B (4)A]15

E—1 k—1
x(k—d) =x(k)— > [x(m+ 1D —xGn)]=x(B)— > 9(m) (9)
m:k—di mzk—di
Hep nim) ==(A—@—I)x(m)-i-ZKjx(m—dj). # (DX AHHRG (L) AT 15
x(k+1) = Agx(k) + Z A, | x(k) — 2 n(m) |= (A + DA )Jzk) — D) D) Aqm
m-=k a' =1 J#lmzk——dj
(10)

& BY LLyapunov R Vx(k)) 1=V, +V,+V,
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1
E ZIT(I-)Q_;I(f), V3 : —

j=1i=k-d.

EX AV :=V{(x(k+1))-V(z(k)), MIEEFK(Q0EF

AV, = xT(r’e)[(Kg - EKE)TP(QHO + ZEI-) — P:Ix(kj} 4

g —1 k1
DI > I (mdZn(m)

j=li=—d m=kti

Vl ::xT(k)Px(k)a ‘/rg § =

Jn<m>] P[Z Z A}n(m)]—Zi Z‘ [xT(k)(AQJrEA YTPA 1 (m) |

;1mkd jlmkd

(11)

g
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EXat=x(k), bi=n0(m), N:=(A,+>A,) PA,, Wl H 1A

1 =1

—2x" (B) (A, + Zﬁii)'fpﬁjn(m) <

xR X, x (B + 207 (m) [ YT —ATP (A, + EA ) [x (&) + 0" ) Zm(m) (12)

He X €ER", Y,€R"*", Z,€ R""H R (BR. I,
AV, = E[x'r(k)ij(k) —x"(k—d)Qx(k—d,)] (13)
j=1
q q k—1
AV, = > dn"(Zmk) — D) > 0" (DZn0) (14)
j=1

j=1 1:k—dj-

ME(11)~14)a[1§ AV=AV, +AV, +AV, <& (xR, K
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i=1
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i=1

Re—

p, 1= ATPA, — P+ E(dx +YT 4, +Q>+Ed (A, —D"Z;(A, — D

B Schur ¥M3| HH, zm){%ﬁi’n-@, mﬂﬁﬂbﬂfﬂfi%%mm:&ﬁﬁ
HeEBE 1E MAMEBIAIASNREERNBRAEZWNBEHXEERESRN.
il FREGZD, T MERREAMERERAERE, WARKRERELWEERENE

N3-23

ARBERNTFEnXn EE P>0,Q,>0,X;,Y;,Z,>0,j=1,°,q, i A2 (8) A
— P PA,; PA ., 0 )
« —PEDWX, Y Y, +Q) —Y, A, —D'm |
— <0, VYi=1,e,s
% X — Q, ALIIA
| % * X — A _
(15)
Hp A, :=[A A,

1 BRI ARET - REEBMESNEERESRHE. THEHSIAXEKLI7TINSEKB R
Lyapunov g€ B A8, n]8 40T #18.
L 2. ZFBARGE (D), WMeRKEFEAHERGERE, NARKREZZ(LDEEEREHNRS

RN nXnEEG,P,>0,Q,>0,F;, X, Y,y Z;;:>0,j=1,,q,i=1,,5, H R
_Pi T G - GT GTA{]I* GTA,:-H O B
x ~ P+ D, dX +Yi+Y,4+Q) —Y. (A,—D'IF — 0
=1 ’
* * _"Qdi KE:‘HF
o« x x A —F—FT_
Vi= (16)
eri in“
;Oa V]-:l?"'!Q! Vi-:ls‘",s (17)
L * 7,4
ﬁEF'F=:di3g{Fu'"an}a Yo :=1[Y, Y. |, Qu ‘——-diag{Qm"',qu},A —

dlag{dl Zl,; s *°° 1dqzqi }.
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HEw 1A, ARIEAFRRZEDOBERHEHGO MO ABRMEEEEARAER
H, BJ, i=diag{P ', I,I,A )5 #FTLETH I X EG) R 4E

3.1



> ¥ B4 AMAEEDZHEMAGEHN A HXEFEHE 793

— P Ay + BK, Ay + BiK, 0 i
x P+ D> (X, +Y +Y,+Q) —Y, (Al + Ki Bf — DII oy
;=1 ’

X * * —A™ )

Vi=1,",s (18)
He K, :=[K, - K,]. WHWTEH.

T2 ZEAEARZ (D, RMcRREAHERGEERE, MRS (D MEEEE RS R
EHSGFENETREIFEXnEBEP>0, Q>0.X,,Y,,Z,>0, MimXnHEK,,
K,.j=1,",q, R (8)F(18).

EHR2HERBSFENRTRESABEEZEEEASFRAH, B EEXRHA TR T IE
HERBzEw . THHESKBZEEAFNANRBIE.

EAESIAEBEEE S, R, j=1,,q, MAKAER K

| — S AD:’ ‘i‘ B:'KO Adi BJ{d 0 I
x — P+ > (dX;,+Y+Y,+Q) —Y, (AL, + KIBT — DI 0
j=1 ’

% % * — ) B

V-’:Z—_ls"'as (19)
Hod Q:=diag{d'R,,*+,d;'R,}, S=P ', R,=Z;", j=1,-,q.
Hy . AT RUKEE B 3 9 JE ¢y AT A7 o R R 5 AL S — > TR 2R B R0 A% oK A al R

Min Tr(PS + > ZR;) Subject to (8), (19) and (20).
=1

R 1“>0 4 I_>o V=1, (20)
DA A I B -

MR FARREHBRE (g+Dn, WEH 2 PN, o, 3T ERIEZLEH
Rl R, afRASCE6 I LI BEHITENAKRR. RTEER, BEREEEHE K,
a] 2% CER( 5 .
3.2 SR BmBBEREHFL T
H#EEL 27 H, AR RS (DO RER— Aﬁﬁi‘%‘ﬁ%(lfﬁ)?ﬁ(”)iﬁﬁii Fﬁ J: ¢
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diag{G ', I, [, F "} 3 A6)Xi#HFT 252, WA Schur 45| EX W : LY =
F, ' nl 1%
’____P!—_-l W O ) 0 O
* — WT — W Ag,‘ + B,'Kc] Adi _!' Bfof 0 O
¥* * —P,+Z(djsz+yﬁ _"-in+jS) ““_‘Yda' (AJI+K§B;T_I)H 0 < 0
* * * — Qu (Ay + KiBHIT 0
* * * % —V -V V'
% * * X * _ﬂl.lﬂl
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HeVi=diag{V,,-,V,}. WHWT & H.

R 3 FEARGED, BMERREPIHERSAER, AKX (DNEGEHERES R B
E%‘Jﬁﬁgﬂgﬁﬁ%ﬁ:%ﬁﬁ nXn E% W’Vj !P,->05Qj:‘>0!xji ’ij !ij>0 FlmXnih
Ko K;s j=1,5q, i=1,,5, HEATDM(ZD).

H5EM 2K, " EN 3 AT B N T T IEL HERL R 0] &

Min Tr EPS s ZZ R;:) Subject to (17), (22) and (23).

=1 ;=

P, I 7 P4 B

=0, = 0 Vi=1,°-, Vi=1,",s (22)
T S,:Jf g RJI-.J#’ ’ J ’ g
_'—*Si W 0 § 0 0 7
* —W'—W A, + B;K, Asi + BK, 0 0
* * — P; + E(djxji+yjri +Y; 4+ Qi) — Yy (Ag; + Ki B — DI 0 <0
1=1 ’
.3 >* A X ___V_VT VT
L * * * ¥ * — {). .

iq:[ {1; ==diag{di_1R1,- y *°° !dq—quf }
MR ERBIEAFRRE s(g+Dn, WEH 4 PHTES KL

4 BUEE DG
gl 1. /%I‘Eﬁfﬂ:ﬂﬁ BRI BY H B9 AN B8 5 B WY B8] R &
(k+ 1) = X O3] (k) R (k—1) 0 b (k—2)
* + - .— 0. 2 0 ...Ix +_0 1 B.Lx N _'_LO 0. 1+ﬁ.ﬂx B

HP oMBARHESH, EM|B<0.1, |0, AHMEBNRHEHRENEERTE
O, MR EXRERA Y THEXREREN O HBKEN 0.6178. HAXHEIR 1 AT 4
RRARBREN OB KMERN 0.6281. ML 2 ARG ER O B KR 0. 7146, ] ILA
3CHY 2 UK B B A X B8 E SR BB B/IMRSFHE.

gl 2. FEMTRAERENHNARHEFUERS:

0. 95 0.78 T ~0.12 0,097 1 7

(k+1) = (% (B —1) (k
xR T 0.76 0.87+8 P o 11 o007 1o, 25 4R

HP O AR ESHE. AEH 2B AAGBEEERS N RENBEENBRKOGEHAN
0.81, MHAEMINBHEKGMEAN0.875, HHAI N ETSEEKBERERHN EHM 3 7]
WE T _RXKBEFMGFNEH 2 KBEEFBRIEATHENEIT4R.
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