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Robust mean square exponential stability of

uncertain stochastic systems with time-varying delay
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Abstract: The problem of robust mean square exponential stability for uncertain stochastic systems with time-varying

delay is discussed. The uncertainty is assumed to be of norm-bounded form. The robust mean square exponential stability

condition is then derived on the basis of linear matrix inequalities by constructing Lyapunov-Krasovskii functional. Finally,

a numerical example is given to illustrate the effectiveness of the proposed method.

Key words: stochastic systems; mean square exponential stability; linear matrix inequality(LMI)

1 5|3 (Introduction)

1E TRE AL SRSV 2 R4, B2 5k
b2 5% BIBEHLIR 2 1T, s7E 5T R G810 A A &
ISR R AFAER AL 22, R, 9 T S8 U s IR SE
ARG W R G BAAT g Fewe M AN il i) 850, A7
W XTI A R 40K H BEA LB AL [RII, £ 55 FR R G0 H
— AN T e b EL A B D S ISR, B (A7 A
i T BUR G FRE AR, PR AT I IR
BEAL 2 45 i & PR e P RT ST, HoAa s S
Vo T SRS B N AL, i v BE ML R S A e o
MR r ot e YNIIP ST

F5 b, RET05I NN 5, BEILR SR
SEMEHIR R T RE, Bl T HLyapunovid
S PR HLVR AU PR, BN R G fe e M BRI i R
SEE, R AT T I A BE AL R ZE A e PE I 5T S
kb, B %2 19984FHinrichsen 1 Y H I i £ M AE
B AN %5 SR 9% B WL R BEH o 12 1 LUK I Bl AL 2R ¢
(e A ) 5 R T2 5. MaoliF gt T
LR PERH ML 2 7 FE IR i BRS e TP, Yue FHHLMIFF
AREST T A AR E AN E VBN R S &

WeAe H 1: 2008 —03—05; & tiefie H #: 2008—11—14.

P AR M) B JS Chenfiff 5T T 22 IN i AN B o 55 1N
T B AL R G ) Fie e e . WufF B TSR T S 8
M A Ly apunov B 21 I i AN iff 72 BE AL & S8 1) AR 2
Z Bl AR SCHERT N A b 30 A AU B Y
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T ISR AR SR R R ST 1 /N B 7800 25
2 R HiIAR(Systems descriptions)
F R HIAN 8 AR IS B L R 4
da(t) = [A(t)x(t) + B(t)z(t — 7(¢))]dt+
g(t, x(t),z(t — 7(t)))dw(t), €0
xz(t) = @(t),t € [-T,0].
Hrp: REGURELFo(t) € R, 7(t) ARG AR H.
Wi LA S
0<7(t) <7,7(t) < p. 2)
b TR T HCH > B T ()T (E) EFE w(t)
s SCLEME R 2 0 (02, F {Fibiso, P) L1 — 4
I by AE 4E gl 1 FE, ()2 XAE I X
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L% ([—7, 0); R™) R SE ) 40 52 s 8. 4 FE A(¢)
= A+ AA(t), B(t) = B+ AB(t), 31 A, BA T
W FE, AA)FAB )R RGBT A 52
S H T B F A AT
[AA(t) AB(t)] = HF(t)[E, Es). (3)
Hr: H) By, By G B, F(t) 4 2 AT Lebes-
gue 1] TG 25 (1038 28 128 AR SN, 9
FYt)F(t) < I. 4)

g(t, x(t), x(t — 7(¢)) AR AHA I Pk, WAL
trlg” (¢, 2,9)g(t, 2, y)] < ||Gozl|* + |Gryl*. (5)

oo Go, Gyl LR HOE A B
EX 1 RGO R 10, 2547
{E% M > 0, 8> O > 045 F o
Ella(t, o) < ae™ sup Ellp(s)[|*,

—TSX

SIXB 1 WH, By & 4O NI S B, i
ARFEF (WL FT () F(t) < I, WA LL R 4hig:

1) AR IEE e > 0, f:

HF()E + ETFT({)HT < eHHT + ¢ 'E"E.

2) MR IEHPBEP, H22Ty < TP 'a+y" Py.
3 FE 4R (Main results)

FEARTT, B TR A 2 AR I A ML R G5 1) SR 38
Ji P ke ) .

1 XA ERTA L, A AR BENL &R
GR(1) 2 B WY T PR B 8 10, 5 A7 AR FRE 3 B P,
Ry, Ry, Q,U, X, FEFEX;, Niy My, T;, (i < §,4,5 =
1,2,3,4), IEHHpy, po Hle (WEEU\TLMIS

(¢, TH N M |
* —l 0 O
b, =
! * * U 0 <0, ©
| x * * —U_
X N .
@2: NTQ] 20,@3: MTQ] 207 (7)
Horr:

D1y = (Xij)axa + 17X,
Sh=R + R+ TV A+ ATTF + N, +

N + pGy Gy + cE Ey,
Yio=—Ni+M,+N} +ATTS +T\B+¢ELE,,
Y3 =M, + Ny — A'Ty,

214:P+NT+ATTT T,
Yoo = —(1 = )Ry — Ny — N + My + MJ +
TyB+ BTT) + ,onG1 +eEy B,

Yy3 = —My — Ny + My + B™T},

Yoy = —Nj + M} + BT} — Ty,

gy = —Ry— My — My, X3y = =M, — T,
244:TQ—T4—T4 y P= P17+ TP2,

N =[Ny Ny Nj N/]", T =
M = [MT MF MY MT]".

[ T T T

Uk 5741 R Lyapunov pR %L

Vi(xe) = Vi(ze) + Va(ze) + Va(xe) + Vi), 9)
o
Vilw) =2 (OPa(t) + | a"(s)Ra(s)ds,
Va(z,) = jt ( ) Ry (s)ds,
j 1V (9)Qu(s)dsdo,
L Le (s)]dsd®.

HP, Ry, Ry, Q, U R FRIEERE. Ayt W, 4
y(t) = AQ)z(t) + B(t)x(t — 7(t)),
g(t) =g(t, x(t), z(t — (1)),
IIENCOLIRETH'%
da(t) = y(t)dt + g(t)dw(t). (10)
Wit RGO, 18 FTeom om0l 5 =0 HE:,
1520505 R U 1L,
LV, =a"(£)[2Py(t) + Rz (t)] + trg" (1) Py(t)] -
(1 — 7))z " (t —7(t)) Riz(t — 7(t)) <
o' (O)[2Py(t)+ oz ()i [ (1) Gy Gox () +
e (t = 7(t)Gy Gra(t — 7(1)] -

(1= p)a™(t — (1) Rua(t - 7(t)), (11)
E%—x() () — 2"t — )Ryt —7),  (12)
Vs =7y (HQu(t) - Lﬂy Qu(s)ds =

Lt s)ds —
f: : "(5)Qy(s)ds (13)

£w:ﬁ@<WM@FL:HW@WMM®<
T2zt (t — 7(1)G Giz(t — 7(t))+
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2N ()G Gox(t)] — Lt_m) tr[g™ (s)Ug(s)]ds —

t—7(t)
f trlg”
t—T1

H110), X TAEES

(s)Ug(s)]ds, (14)
GBI EN, MAIT, 15

2T (ON[a(t) —at = 7(0) — [ yls)ds -
[, s@du()] =0, (1)
267 (1) Ma(t—7(1)) ~a(t—7)[ " y(s)ds -
[ as)aw()] = o, (16)
267 ()T [—y(6)+ A (1) + Bt)a(t— (1) =0,
(17)
SOPET(E) = [ (1), (¢ — 7(0)), " (¢ — 7). 57 (1)

ARANDLL N a(t), HEIHL, ST Re, A
a(t) <ETH)[TA+ A™TT + e 'THH'TT +

eETEJE(t), (18)
HH: A=[ABO0-I),E=[FE,E,00].
FIRE 5 HL L, ST G E e UM X, A
—2¢" () Nf du(s) <

E@ONU 1NT5< )+

N 9 ()du(s Uj

—2¢(¢ Mf dw()

€ (MU 1MT£< )+

[T gt @aws [

0= XMW - [ €T WXEWds -
[0 e wxeas, e

Elﬁ(mw(zl) BBV PSS

g(s)dw(s),  (19)

Lg(s)dw(s),  0)

Ef aw(s)U [ gls)duls) =
Bl tr[gT(S)Ug(S)]dS,
Ej:::(t) QT(S)dw(S)UJ:::(t) g(s)dw(s) =

B[ty (s)Ug(s))as,
GG
BALV} < B{E (D PE (1) —

Lt—T(t) E{¢"(t,5)D2&(t, ) ds—

me E{€T(t, s)B4E (8, 5)}ds. 22)

L—T

Hrp:
Go=P1+e ' THH " TT+NUNT+ MU MT,
§h(t,s) = [€5(t) ¥ (s)].

i Schurh 4 5T, 7] %12X(6) 55 T < 0, i I
ﬁ(7)ﬂ§u@2 = 07¢3 P> 0. /?\)\ = >\min{_¢0}, m\[JEE
KQ2)n 14

E{LV} < =XE{||z(t)]]* + ||=(t — 7())|]*}. (23)

PLF I BH 38 77 48 B0RS e PR b R w] SR A SCR[91+ U7
VR FREARAIE, #hoss 25, Wi DA E WGk 72 mT 200, AN
& BEAILAR Iy R0 A S0 1 T7 Fa B0k ).
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FE ERIA I TR E A BN R S (1) B R
JrYaAR R MR o 4, BLUAZR MR PEASE e 4 i,
i+ A FIMATLABSK AR, [7) i v 3@ it sk fiit =X (6)(7) 15 2 R 48
R IR IR IR B KA. LM LR AN A AR AR PR AR B
ANEE NS, AN FF B2 PG PR AEAT o) 2 H00R0 1E 58 R FR AR B mT LA
FHIET M AR N S SRS LMI v 47 i

E 2 ERZHEEST, NS S R A, )
4Ry = 0, N 15 2 I A RO E AR 3BT R A R 4R

L 1 X2 e T, A e B HLAS N R
GE(1) /2 PRI FR BRI, F A EX FRIE E B P,
Ry, Q,U, Xu, WiBEX,;, Ny M, Ty, (i < §,i,7 =
1,2,3,4), IE% %1, po e 2R (7) (8)F1LL FLMLI:

¢, TH N M

* —el 0 0
. . —U 0 < 0. 24)
* * * U

Horp:
), = (Eij)4x4 +7X,
5= 21,5 =1,2,3,4,(3,7) # (1,1),(2,2)),
Yu=Ry+ N+ N +T A+ ATTT +
pGy Gy + eE| By,
Yyy = —Ny— N + My + My +T,B +
BT} + pG G, + eE; Es.

4  F{HH)F (Numerical example)
H AT RS, RASHWT:

-9 —
0 B 1 0 ’
1 -1 —-05 -1

AA(t) = AB(t) = 0.1sin(10t) L,

A=
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9(t,z,y)=Vv0.05diag{zsin(z1y:) + zosin(zay2),
y1€08(T1y1) + Y2c08(T2y2) } o

MR G830 2 GRS WAH NS B, = Fy = 011,
H=1,G,=G, =0.1L.

SRARLMIS(6)~(8), H 2 B 1 AT 15 1] ) AH Y. B
KT, WKL Mu=0, BIH BUNAFN, Alf5240 < 7
< 1.4022, ARG B # 3 5 FRHOR e 1. 1 3
BR[S~7115 241 R Ge(1)F e 11 d5c K I i WL 322, &
SR LE A ST/, B BAAS ST 45 21 1 45 5 08 55 P b S
BR[5~7,11]7).

F 1 AR pbriF e i KB ik

Table 1 Maximum 7 for different p

M 0 05 09 1 2

Yuel'™ 1.1812 0.8502 04606 —  —
31 1.4022 0.9805 0.9241 0.9212 0.9212

R 2 AR 7 ik FrAF 69 5 K AT i

Table 2 Maximum 7 for different methods

Fik  Maol®l  Yueld  Chenl? 21

T 0.175 0.8635 1.1997 1.4022

ARSI, B HES R AFLMIS(7), (8)F1(24), W
310 < 7 < 0.9212, R EEHEL TR E
().

BB RGUREWI M tixe = [3, —3]7, Hlr =
1.4022, MM 45 B Bon R & TR, WKL

4 . ; ; ;
J— X(l)—
e 1(2)
) _ ]
. 1
B 1 > 3 2 5
t/s
K1 RRES

Fig. 1 Sate of the system

5 458 (Conclusion)
ARSCFFE T — AN 2 A% ] iy B AL 28 48 1) 65

¥R e v, B8 T M R G E MR Fe R e
7o 4, HLER PR BE AR 2 0 2045 e, AT LAAY)
FIMATLAB J7 {8 SR fift. 3 52 47 3¢, 364 7 jrde
ORI R
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