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H. robust control of discrete time-delay systems with

time-varying uncertainty
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Abstract: The problem of H, robust control for a class of linear uncertain discrete time-delay systems is studied. The
time-varying uncertainties are assumed to be norm-bounded and requires no matching condition. Based on linear matrix inequali-
ties (LMI) approach, a sufficient condition for the systems to be H,, stabilizable is presented. By solving a certain linear matrix
inequality, the H, state feedback controllers are obtained. A numeric example is given to demonstrate the effectiveness of the

meéthod.
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1 3] F (Introduction)
FER,FHENBEREN H. BEEHSIE
WEFENRANBHBRATALEERLGRI,
Riccati FBFTEC BRI Ho BRI AT ESESH—F
ARITE S ABBYE , PRBBRAHENIFERS
H. BHM XRBEAHRL> BREIRESHEN T
EUAHEENERER T IS SHEOBERER
Gt R T 1 T B 8 Lyapunov TR XA T A EERER
JERHMEBMELALBSBATE H, A, IR a3
KA, BT AX — k. X514/ Riccati J7
BT TREEE A FE R EENE R R
SR BRI, XA [6 1 EE XM (S ERE E 3t — 2
ZRTHRHER B OARBEE. X718 KL &
2B HERREB RN R IBERE
AT A R4, FIA LM i3t Ho M8 , B HAR
W g R — e i T AE &, TESE BRI
RETXRBER BN . FCE T IMI RS X

WO B H1 :2000 - 06 - 285 W4 B R H 1 .2002 - 03 - 13.

IS~ TIE—BHWAREHBHFRAN H. &

EHEE MAHEHLTHTHRRALCREAE . RA LM

PR —WHRAE H, EHIE, WAR T SC#k[S, 6]

K% Riccati FRNBERE AR - BSHMER

B R B .

2 REHRE5 E X (System description and
definitions)

TR THNEZEARHECBBHERS
2(k+1)=(A+AA) x (k) + (A, +AA ) x(k-7,) +
(B+AB)u(k)+(B, + AB))u(k-1,) +
Bw(k),

(C +AC)x(k) + (D + AD)u(k),
o(k), k < O.

z(k)
x=(k)

(1)
Hi z(k) € R" BREZER,u(k) € R BREHR
A,w(k) ER? RRT L[0,o) ZERIHTRAA,
Z(k) ERqﬂHﬁﬁﬂjy A9A19B,Bl’Bwyc,DEia
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HHBIEME, AA,AA,,AB,AB,,AC,AD BEXRHE =
THEHEERE,. EMNERT RERHEEEZE{LHS u(k) = Kx(k). (6)

BARBEE, 1, o BRAWERE, FHNERRRG
HREHEMERER . HFHEO< <" ,i =1,
2(c" BA), o( k) BVIRHFMF . AR KR—BHE,BE
REWSEAREEREBWMTERX

AA = E\F(k)G,, AA, = E,Fy(k)G,,

AB = E;F3(k) Gy, AB, = E,F,(k)G,, (2)

AC = EsFs(k)Gs, AD = E¢F¢(k) Gs.
HeE,6,(i =1,2,,6) REMBEZEE PER,
Fi(k) ER&EEBETREARAERAERM KA B
yiR 3

FI(R)F(k) < I, i = 1,2,-,6. (3)

Hob 1, B x g BB
BX 1Y EHEEMKEEER P, Q1. 0, M
BREEH « FHNFERE(2(k), k) ER* xR EE

ZIF AW E M, Lyapunov PR 3
V(x(k),k) =

k-1 k-1

R Pe(R)+ 25 &) Qux(i)+ 25 ") Qa2 (i),

(4)

XF EWRTREDHE
V(x(k + 1),k +1) - V(x(k),k) <- all (k) |2,
(5)

MAHEBBEHEL() (u(k) = 0,w(k) = 0)
BERKBEDN.
EX 2 XNFERGON), MBEFELERS R

H A, =A+BK+AA+ABK,C_=C+DK + AC + ADK,
WMAFRER KB EN, FHRA H.BER 7.

Ho K e R, B TIIREFHLE, WATHEERK
N#ERE(DERIEAER HLEBR v TEHED.

O AR RER ZKBEN;

Q@ BLEEFER v, ERWHFXET . HE H. 18
BAREZFH 20l < vl wlk)ll,, HAF
- 1, AbnAERy 1,[0, ) FEEK.

511l AEENERMEM E,G6,F, H
FTF < IS LRI’ 4 >0, F

EFG + G'FTE™ < pEE™ + 1 'G76.

5IE 2 HLEEBSNERNERE Y, E, G, HF
YRMWRE, WREFEEH 4,10 = 1,2,,N,
518

Y + EXE} + GX;'G, < 0. (7)
oo {XP = dfagimlpl,#zlpzy‘”,#NI,,Nf,
X, = diaglpi L, spal, s pnl, e
MXFEWE FIF, < I, B9 F, = diagl F|, F,,-,

Fyl,F; € R%*%,i = 1,2,-,N,6 = >,0;, FR
AL
Y + E,F,G, + GIFTET < 0. (8)

EXTFIHESIE 1 W— N EH B, B
MBE
3 FE 4R (Main results)

EE1 YHAS()RARESRBE R R6)
ML MR ENERR v REFHARABEER(2).R
Q) EFEERH o MHKRIEEEHR P,S5,,5, UK
MK, #18

- P! A, A, + AA, B, + B,
AT - P+ S+ K"S,K + al, 0 0
(A, + AA)T 0 S 0 }$ 0 ©)
L (B, + AB))T 0 0 - S,
[ - p! A, A, + AA, B, + AB, B, 0 |
AT - P+ S, + K'S,K 0 0 0 cT
(A, + AADT 0 -5, 0 0 0
(B, + AB))T 0 - S, 0 <0 (10)
B, 0 0 0 - 7’1,
0 C, 0 0 0 -1,

iE RGE(1) 786 £ %I AR (6) i, 48 B9 ¥ 35
REEH
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x(k+l) = Acx(k)+(A1 +AA1)x(k—T1)+
(Bl + ABI)Kx(k — T2) + wa(k),
z2(k) = C, x(k).

Tk + DPx(k +1) + "(k)(- P+ S +
KT52K)x(k) - xT(k — rl)Slx(k bl Tl) —_

(11) xT(k - 1) K"S, Kx (ke — 75). (12)
B Q1 = S1,Q2 = K'S:K, 4 Lyapunov BE(4) 3zt A w(k) = 0, FEH
BHRRGEODKEDH AV(x(k), k) = xT(k)R x (k). (13)
Hrh
2 (k) = [2T(k) x(k-17) 27k - 7)K']T,
R, ATP(A, + AA)) ATP(B, + AB))
R =| (A, + AA)TPA, Ry, (A, + AA)DTP(B, + AB)) |,

(B, + AB))TPA,
R“ = AIPAC - P+ Sl + KTSZK, R12

Ris =- S, + (B, + AB,)"P(B, + AB,).

% 3R(9), F A Schur #1048 3]
AV(x(k), k) <- all x(k) |2 (14)

HEX 1 JAARRGER-KBEN.
ATUHEHRSG H. BHMWERE.SIA T =

Z[zT(k)z(k) - Yw (k) w(k)]. EF &M

T MEBMEFTFHN wlk)(w(k) € L,[0,=)),
EX (D, (12), FESE

< Z&"T(k)U{-"(k)- (15)
o )
(k) =[2"(k) x™(k-7)) 2T(k-7)K" w"(R)]T,
Up Up Us ATPB,
U Uu, U, Us; U ,
uy, U Uy Uy

BLPA, Ujs Ul - 7*I, + BLPB,

Uy=APA.—P+5,+K'$,K,+ C] C,,
Up=ATP(A +0A), Uy=AlP(B,+AB)),
U=-5,+(A+A)TP(A, + AAY),
Uys=(A,+0A)TP(B,+AB,), Ug=(A,+AA,)'PB,,
Uy =- S, + (B, + AB))'P(B, + AB)),
Ug = (B, + AB,)"PB,.
#R1E Schur 2MER MK (10)7T18 U < 0,834 J <0,
BREk 1 z(k) . = v Il w(k) |l 5. UEEE .

ER2 HKEEHH v, MEFEEEEH ¢,
i=1,2,- 6 MIXFRIEEERE Z,V,,V, UREH
W {E8 T A LMI B 52

0 =

(B, + AB)TP(A, + AA)) R
- Sl + (Al + AAl)TP(Al + AA]),

Q¢ H, H, H, H; 0 0
HS -J, 0 0o 0 H, 0
H 0 -], 0 0 0 Hs
HI © 0O -J, O 0 0 Hg

o O O

o _ 0 < 0.
0 H{ 0 0 -J, O
0 0 H! O 0 - Js
Lo o 0 Hf 0 0 - Jed
(16)
Ha

Qo=-Z+e,E\ET+e, E,E]+e3EsEY +€,E, ET,
Hy= AZ + BW, Jo = Z - V,,

H = AZ, ], =V, Hy = B\V,,

Jo =V, Hy = B,, J; = V1,
[ZzC"+W'™DT W' ZzZGT W'GY ZGY

=
Il

wiGEl,
Jy =
diag{ I, —es EsE} -4 EsEj , Vaserlg se3lg seshy seel, t,

H5 = ZG'{, ]5 = 621 H6 = Vch, JG = 641

MEAF(RREE H PR v WTEERN, MR R
REWER w(k) = WZ7'2x(k).

iE AP ASIEE 2 T 1 F Schur &b R B AT 3
UEAS E B, A RE .
4 & (Example)

EZERAERBHHRREQ), KSPUERS51h
4 [0,5 1 ]’ AA o [O.ZSinxl(k) 0 ]’

0.2 0.2 0 0.2sinx,( k)
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[0.2 0‘1] [0.1cosxl(k) 0 ]
“loa1 o317 7717 0 0.2cosx, (k)1

B = [(1)] , AB = [0.2sin(x, (k) + x,(Kk))],

[0 2contenCireacin)
» BB = 0.2cos(x; (k) x,( k)1’

n=[oal e - L)

T
AC = [O'ZCOZ’”(")] , D = 0.3, AD = 0.1sinx,(k).
By =1, MA LM &H4EKE
i [ 0.6286 —0.1785]’
~0.1785 0.3953
W= [-0.2032 -0.2112].
At H, RE& R R EH 3%

u(k)=WZ'x(k)=[- 0.5450
5 #51& (Conclusion)
XM AARESHMEREEHRERHESR
BRE . ET - KBENESAET HoEHMBE
A IMI F ik REMR— LML I REBLiEf2 R &
RREMHE ZEHBANEARREEGE K
BEW MEHWRE—EMN H. B BAE BEBME
BT H. 5881807 s 08 Rk SR md

-0.7804]1x (k).
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