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Abstract: The problem of guaranteed cost control for a class of uncertain discrete-time Markovian jump systems with
mode-dependent time-delays is studied. First, by representing the system in the equivalent form of descriptor system, a new type
of stochastic Lyapunov functional for the equivalent descriptor system was constructed. Then, using this new Lyapunov func-
tional, a novel delay-dependent sufficient condition for the existence of memoryless state feedback guaranteed cost controller was
derived based on linear matrix inequalities. Finally, a numerical example was presented to show that the proposed method can
produce a lower guaranteed cost than the existing methods.

Key words: guaranteed cost control; Markovian jump system; discrete-time system; delay-dependent criteria; linear ma-

trix inequality

1 5|5 (Introduction)

BIRA R ERRE - LEFENRE AR, H
TFZARTHRREEHHRATH, BAmMZB T
N LR RS i o p LA NG S
Pl R A BB ST B EE TR RHE R -6 Bk, Scik
[4)8F5T T S H8AT [B] /R °] K ) e B i 3R 8 O A
A B AHREENR, RECH 4 RANES
A TR BT i BIS BI ALA b 4K 8 T o
WX/, X AN AER BRI Sat
AR BRI AR AT eSS R/ A B R

AIGEFRREDE T, WG T AR
P/l Lyapunov ¥Z ifi , 15 3| T B i AT [8] /K B] K Y]k B
i R GRS R R A 1R 1 88 AFTE A S R XY
o5 BHEG T Bon  AEX FOCER 4 ik &
SCHI 5 o] LAE A B n S B/ LA £

ok H#E:2002 - 11 - 04; HefEhs B #9:2003 - 10 - 30.

2 EE4 R (Main results)
I8 {n, k=0t A —S/RAIRGE,IREENS =
{1, NI, %BHmKE P = (p;),i,j€ S, B
Prir, =jlrn=il=np,ij€ES.
EFEAEA NV MEXWEBNERS ZR, RREL
BRI DR K, k=0l &H8 BHER
SSPEANEARNAREE. REEHAN
= ACk, rp)x + Ad(k,rk)xk_r(,k)+B(k,rk)uk,
{xs =¢(s), s =-7, -7 +1,, -1,0,
(1)
XB x € 3" HRGERE, () WIEBE, RFRER
GAERE r, AR, 7 = max {2(i), i € SI,
w € 2P HRFEFWMARR. BN i€ S, Ak, 1)
= AG) + DAk, 1), Ag(k, i) = Ag(i) + AA,(k, i),

LW H . BFARPIERE ST H (60274004, 10162001 ) ; B F BRLFE HFEHINI H (EYTPI78) .


http://www.cqvip.com

600 = # A

5 M H ®olk

B(k,i) = B(i) + AB(k,i), X8 A(i),4,(i) 5§
B(i) ACHM AR SEEBMNEER, Ak, i),
AA (K, 1), AB(k, 1) ARFMERGER, RREHKEW
A, RE[AA(K, i) A (k,i)AB(k,i)] =
E(D)F(k,i)[H (i) H:(i) Hy(i)], EG), Hi(i).j
= 1,2,3, AR A @S B, F(k, i) RERM
HEREEBL HWR F'(k,i)F(k.i) < I. EXLRE%
(1) B A BB

J = E[SxIO(rk)xk + wR(r) ], (2)

X B E[- | RTAEEBE, 0(i0),R(i),i € SHAE
A I T2

AW H bR 2 R Eid iR E B 2%
we = K, BB H R R G ED R A

PRE(2) MEDNTEASLER Jo.
RAFEERRL, EMNFIATAICES:
p = min {pi,i € S§i,
r=minlz(i),i € S, 7,(i) = > pr(j).

p=1+0-p)z-1),

o = (i) + (1 = ;_))(f - )T + 7-1)/2.
BEAWESE()Y w, = 0BTSNS,
EE1 EEAHWENHRLE), X = 0.

ENEBA i€ S, BEE asn x n HEP, > 0,
PPy, Wiy Wy, Wa, , My, , My, XS, > 0,5, >0,
845 T S A S T

[ Qy; 0y PLAG) =M+ 0 HIG) Hy (i) PLE(D)
* Dy P3A.(i) - My P3E(i) <0
S HOL AORE? 0 |
L 0 - o
[ Wi W My,
Wi Wi My |=0,
| M, M}, S,

X8 T RN EE,BA

Q= PL(AG)-D+(A"(i) =D Py +aHI (i) H (i) +
(i)W + My, + Ml; + P, — Py + ¢S, + Q(i),

Q5 =(A"(i) = )Py +P, - Pl +7(i) Wa+ M3,

Q3 = - Py = P3; + P+ c(i) Wy + 0S4,

N

o Po= X py Py MURHHTA AR, RG(1) B

=1

-

PUASAE H A s B0(2) W 2
J sJO(PrO’Sl’SZ) =

0 -1
POIP #(0)+ > X yISy +
6=—r(r0)+ll=—l+5
-1
20 D) S(k) + (1 -
I=-1lry)
-r -
}_))02 ‘?_;[}"}‘Slyl(l - 8 + 1) + ¢’}‘52¢l]’
=-7t+l 1=

/ﬁ\:l:':l Y = X1 — %
E R (g = 0) BRAEMMARE

5
Xkal = X + Vi» (3)
Oz_yk+(A(k,rk)+Ad(k9rk)_I)xk_
k-1
Adk,r) Ny, (4)

I=k-t(s,)
XNERF(3), (4) &Rl Lyapunov 12 b
V(Xk, Yk,rk) =

k-1
NY T A T
o Yy, D) 25 +

Y4ll=-14+6 I=k-1(

0
VO(Xk,rk) + S
g=—-1(r

3 k)
- k-1 .
(1-p) D MlySiy(l—k-0+1)+ %],
T f=-z+11=9¢

Heb Vo(Xpon) = 2P, X = (m s 5iee(n) s

Yi = (vpom s oo ) AERTTE] & RGN 4, BD

o= i, BTTERE k + 1, RER] G FEB B L4

A, = Js e

E[ Vol Xis1s Yistsmin ) 1 Xi, Yo mio = 0] = Vo( Xy, 1) =
E[(xk+yk)TP,M(xk+yk) | X, Yi,ri = 1] —x}Pag =
N

Spy(xk + yk)TPj(xk + yk) — x};Pl-xk =

201G LyE O] + x{(P; - Py + ¥i Py
P, 0
st gl = (a1 5106 = | |. s
Pli P2.i
Tk, HagE A ke T T AT LI SERLE T 1 80

JEBH .

EE 1, AT LU BIANT R4 (1) R A T i 25
peyig - SLo)

EE 2 EEIHENHRAE(). EXFEN

1€ S R ENIE e, FEEEH a;,n xn
¥REX; >0,Y,Z,,N\;y Ny u Ny, Vi (U > 0,0, >
0, B FHRPEE R RSN


http://www.cqvip.com

FEaly Bl He S5 R W A8 B A 1] 5 JR T U B 8 2 e 4R B A 1 1 601
(2 Ex 0 Ly, pX; Ly, pZ] X 4
*  Ey o Ly 0 0 Ly, pY! 0 0
0 * -U, UHI(i) 0o 0 0 0 0
0 0 x — ol 0 0 0 0 0
x 0 0 0 - uls 0 0 0 0 <0,
x % 0 0 0 -X 0 0 0
x % 0 0 0 0 -pl 0 0
* 0 0 0 0 0 - QD) 0
L * 0 0 0 0 0 0 - R7M(i)-
Ny Ny; 0 Q(2) =1.51, R(2) = 1.2, ry = 1,
[N’{,- N3; etAd(i)Ul}; 0, x(-2) = [0.4 0.5]7,
0 &l AT(D) U, x(-1) = [0.8 0.7]7, x(0) = [0.3 —-0.6]".
Ho HEM2, M e =, = 0, BIRBAEHE v, =
Z;=- X+ ()N, Kz, i € S, H

Sy = X (AT +eANG) -1+ VIBY() = ZV 4+ 2 (i) Ny,
By =-Y, - YT+ «EC)ET(D) + (i) Ny,
X = diag | X, X5, Xp!

Ly = [\/P_“(Xi + ZT)s""m(Xi + Z;T)]v
Lp; = [\/PT, YT,“',\/—;TWY,T-],

Ly = XHI (D) +VIHI(D), Ly = (1-e)A(i) Us,
W EREAEH SR v = VX, n, BARAE(2)
WR T < Jo(X; Ut uh.
3 ¥{E 51+ (Numerical example)

X RGE(1D)FERERRTR(2), 8 S = 11,2], (1) =

1]

Le@ = 2. smR e = 0] =gt
BHRERWT

N R B !
sy =[] s@ =[]

A1) = 0.11, A4(2) = [0(')2 (:)‘.011],

mw = (o1 ol @ = [ ol
mw = [0 gm0 0
mn =[] m@ =[]

EQ(1) =1, E(2) = 0.8, (1) = I, R(1) =1,

Ky = [-1.3440 -0.3223],
K = [-0.6067 -0.1875],
R R AR 1.6216. SR, s FSCER (41892
4.1 26, BRI EAE R 58.0343. LAl
W, ARG T 32T LABE A B AR
4 £5i£(Conclusion)
iiﬁﬁﬁﬁﬁfﬁ( Bt 3455 B AN S S R [
LRAT R R G0, 12 10 T S 65 i AH X AR iR A B
T AT ENEARE, 2ERRG TR
HEMMBFRRE M TREZGWE L F BB
Lyapunov & ¢, B it Lyapunov 12 8R, 2 TR tE M &
AEXBARAERABHSHFEEN SR
SR BTHARRESE, AR &
FURCR, bR T 8K . BB FhRH,  BE
B ST R B AR L, AR SO R BT LA
AR BUS BN RA R

£ & Lk (References ) :

COSTA O L V,FRAGOSO M D. Stability results for discrete-time
linear systems with Markovian jumping parameters [J]. J of Mathe-
matic Analysis and Applications, 1993,179(1): 154 - 178.
BOUKAS E K,LIU Z K.Robust H,, control of discrete-time Marko-
vian jump linear systems with mode-dependent time-delays [1]. IEEE
Trans on Automatic Control ,2001,46(12):1918 - 1924,

CAQO Y Y,LAM J, Robust control of uncertain Markovian jump sys-
temns with time-delay [J]. IEEE Trans on Automatic Control 2000,
45(1):77 - 83.

(1]

(2]

(3]

(F#% 606 ®)


http://www.cqvip.com

606 SO I

it

5 M H 2%

HEAGWAFEN B EMETEY, BRX 3
FhEE ISR R R E AR OR L RE 5.
B, A SCER B 4 ] B 0T a2 L 18 B A
LRI T BRI MR

6 53R i1E (Conclusion)

AR R SRR SN THESHERER
SEba A A BB, B P B 75 R 1 B 5 0 e R A
AORE A T R ] A SCRH R NS L
&R G ERIR S H/He B 2% R S S
R SR AR B s, BRI il (B2 RO % ot
1T S R IR, A TS B 44 58 W 19 B0 75 4 s R 15
EHS w R EE RS EHSRRIER A R
A n IR S H/H fEEI2 FEET IS
B HR S HY Riccati 77F2 1 Lyapunov /772, T 12
BB IR X RSB IR SO A T RS
VLR R R ik

B, H—A 0 Fut il 1A E M S it
Tk XAEFRE, PR KW BRERARY, #
BT BRI E W i 28 1 Rl RE

£ 2 3K ( References) :

[1] DOYLEJ C,GLOVER K, KHARGONEKAR P P, et al. State-space

solutions to H standard H, and H., control problems [J]. IEEE Trans

on Automatic Control ,1989,34(8),831 - 847.

DOYLE J, ZHOU K, GLOVER K. Mixed H; and H, performance
objectives Il : optimal control [J]. [EEE Trans on Automatic Con-
trol , 1994 ,39(8) , 1575 - 1587.

PAPANINI F. Convex methods for robust H, analysis of continuous-
times systems [J]. JEEE Trans on Automatic Control,1999,44(2) .
239 - 252

STOORVOGEL A A. The robust H, control problem: A worst case
design [J]. IEEE Trans on Automatic Control ,1993,38(9):1358 -
1370.

ANDERSON B D O, LIU Y. Controller reduction: concepts and ap-
proaches [J]. IEEE Trans on Automatic Control ,1989,34(8),802 -
812.

GODDARD P J, GLOVER K. Controller approximation: approaches

(2]

(3]

(4]

(5]

for preserving H,, performance [J]. IEEE Trans on Automatic Con-
trol ,1998,43(7),858 - 871.

IWASAKI I,SKELTON R E. All centrollers for the general H,, con-
trol problem; LMI existence conditions and state space formulas [J].
Automatica ,1994,30(8),1307 - 1317.

MOHEIMANI R § O,PETERSEN I R. Optimal guaranteed cost con-
trol of uncertain systems via static and dynamic output feedback [J].
Automatica ,1996,32(4) :575 - 579.

UE AT

it (1963 —), B WY R TRS A ¥R,
2001 4 HAL FRAL T K¥ AR, KT ¥ B30, FEH
TR AR R Ha S S

(4% 601 ®)

[4] BOUKAS E K, LIU Z K. Guaranteed cost control for discrete-time
Markovian jump linear system with mode-dependent time-delays [A]
// Proc of the 41th IEEE American Conf on Decision and Control
[C].Las Vegas,Nevada, USA:[s.n, ],2002:3794 - 3798.

BRE e, SLipEt, F/ME . SRR M D /R A R A4 oy BB R
Bk Ho ()] FEm B SR A ,2003,20(5): 776 - 778 .
(CHEN Wuhua, GUAN Zhihong , LU Xiaomei. Robust H,, control of
neutral delay systems with Markovian jumping parameters [J]. Con-
trol Theory & Applications , 2003, 20(5): 776 - 778. )

CHEN Wuhua, XU J X, GUAN Zhihong. Guaranteed cost control
for uncertain Markovian jump systems with mode-dependent delays
(J]. [EEE Trans on Automaric Control, 2003, 48 (12}: 2270 -
2271.

(7] CHEN Wuhua, GUAN Zhihong, LU Xiaomei. Delay-dependent
guaranteed cost control for uncertain discrete-time systems with delay
[J]. IEE Proceedings-Control Theory and Applications, 2003, 150

(4): 412 -416.

HHE BN

BRRE (1967 —). 5. BHABR NFHBERRSHEILAREG#
¥4 H I BFF , E-mail : wuhua-chen @ 163 . com;

XigE (195 —), 5 . HL HE ELESW, BIRERR
RAZHBERHEBIL SN K hEH B aMEMEEERN%, B
mail ;: guanzh @ public. wh. hb. cn;

AR (1969 —), &, UHi , FE A BETH R 8 R H T
HKIBF 7T , E-mail ; lu-xiaomei @ 126 com.


http://www.cqvip.com

