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Abstract: This paper is concerned with the robust stability of a clddsear uncertain stochastic systems with non-
linear time-varying stochastic time-delay which is chéegzed by a Bernoulli stochastic process with given disiibn
probability in a given variation range. By constructing avieyapunov-Krasovskii functional, we derive for the system
the sufficient conditions of mean-square exponential Btali terms of the linear matrix inequalities(LMIs), whiccan
be checked readily by using MATLAB toolbox. The feature of oesults is the conclusion of stability conditions being
dependent not only on the probability distribution of thedidelay, but also on the upper bound of the its derivativeand
while, we also show that the allowable variation range oftiime-varying stochastic time-delay can be greater thanaha
a deterministic time-delay in ensuring the same stabititis demonstrates the less conservativeness of our regits
than the traditional ones. An example is given to illusttateeffectiveness of the proposed method.
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dz(t)=[A(t)z(t)+B(t)(z(t—7(t)))]dt+
g(th'(t)vx(t - T(t)))dw(t)a (1)
z(t) =€(t), t € [-7m,0].

He: 2(t) € RPARGRESEE,; 7(t) 0 I
AR, 20 < 7(t) < mv, N RGH KR,
A(t) = A+ AA(t), B(t)= B+ AB(t); A,B AE
SE T H 6 2

[AA(t) AB(t)] = EF(1)[H: H,], ()
XE: B H,, Hy B ANIE L ERERE, F(t)hiEH
B AR SR IR R ELiH 2
FT(t)F(t) < I, Vt e R. (3)
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h TR T, 4
y(t) = Az(t) + aoB(z(t — 11 (t))) +
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1 AEREN >0,7020,7v > 0,01 >
0, g > OB Eaopy < 1, RGL(6) NBEHUESE 1. T

REEEEHEREP >0, Q>0 =1,2,3), R, >
0, R, >0, 8 >0, S, >0, LLEIEX4YEHLHRE

M;, Ni(i = 1,2, -, 6) 843 LU M REFEASE ML
P+ 7'051 + (TM — 7'0)52 < )\*[, (8)



ENE ZP 7 BN A AR I i B R 8 B B A 1 1017
(v M M M N N ] NT'=[0 000N N 0o0oO0OOODO]
-5 0 0 0 O
tTo Uk EXﬁHTLyapunov-KrasovskﬁEEl:
#okox =5 000 ’ V(i t) = vahx
x % % *x =S, 0
[k ok k. k ok =5 Hor:
ﬁiW%ﬂﬁ1ﬁwﬁﬁ.EXWZWMOJ=1w~, Vi(2y,t) = x(t)T Pa(t),
)1 /\EP t T
= d
Ele = Ql + QQ + Qg + )\*GEGO + M1 + %($t,t) t—aoT1(t) r (S)le(S) S+
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1018 oA R w5 N M % 28%

1 froom(® g ) — y(t)] = 0. 21
To(1 — ayp) L—n(t) Y (s)ds x r2(8))) ~ (0] 1)

t—aom(t) X (16)~(21), #E— A LA 2|
By V085 —2CTOM [} glt)du(s) <
Tio t__:) Fs)dshy :()y@)ds— ¢()MST 1MT<<> STSZ,(22)
_ t—aoT1(t)

1 ft (s, It—‘ro J(s)ds — _QCT(t)MLﬁ(t) g(t)dw(s) <
T ® i P o COMSTI + 55 @
™ —To L—TM 4 (S) g 2L—TM y(s) s, (14) —QCT Mj dw( )
ﬁ‘/ﬁl(‘rtat) g T L~
trlg” () (701 + (Tn — 70)S2)]g(t) — ‘ (iMS M C( )+ 2S5, (24)
jt tr[g” (5)S1g(s)]ds — —20 Nf (t)dw(s) <
e NS N >+2T5224, (25)

T —
Jory trle"(5)Sig(s)]ds 208 [ gloydnls) <
t—71(t)
fHO tr[g” (s)S1g(s)]ds — CT(t)NSy 1NTc( )+2 Sy s (26)
b= XH:
Jo o, trla™()Sag(s)]ds - o =

[T g ()50 a5
SATRIE L EHOEREM,, Ni(i = 1,2,--- ,6), F

[T (6) M, + 2T (t — ooy (8)) Ma)[(t) —

w'(t = aomi(t)) — ft y(s)ds —

t*O{oTl(t)

f:ﬂ o 9(8)dw(s)] =0, (16)
mT(t — oo (b)) M3 + a:T(t — oy () My] -

x(t = aomi(t)) — 2™ (¢ = (1))
t,aon(t)y(s)ds_jtfomn(t)g(s)dw(s)] =0, A7)
t—71( = (®) |

[

[

J

[Tt — 7o(t)) M5 + 2 (t — 70) M| -
[2(t — () — 2" (t — 7o) —

Lt:: y(s)ds — Lt::(t) g(s)dw(s)] =0, (18)
[T (t — 70) Ny + 2" (t — To(t)) N -
[

Ji el

[

[

t—T10

z(t —70) — 2" (t — 7o(t)) — f y(s)ds —

t—T1o (t)
t—7o

s)dw(s)] =0, (19)

t—a(
2T (t — 1o(t))Ns + 27 (t — 7)) Ny -

ot — 1) — 2" (t — v) —

[ s~ [T gpduio) =0, 20)
[T () N5 + y" (t) Ng][Az(t) + o B(x(t —
(1) + (1 — o) B(z(t — m2(t))) +

(a(t) — ao)B(z(t — m(t) — 2(t —

t)
(t)
t) g
(

t—ag T t*‘l’l(t) T
Jo oy @ds [y (s)ds

—70

Lt—ro(t) yT(S)dS Lt_;: yT(S)dS],
f “35;@
71(t)
j Tl(t
%y = j g(s)du(s).
FIRMBR L. R B2 K X ()7 (8) AT A1 3
Ef{tr[g" (£)(P + 7051 + (1m — 70)S29(t))]} <
Amax(P)E{tr[g" (t)g(t)]} =

NaT ()Gy Gox(t)+ X oz (t —
n(t)GTGrz(t — () + X (1 — ap)x™ (t —

()G Gra(t — (1)), (27)
e
P P+ ’7'051 ( ™ — 7—0)52, A= )\maz{P}

Xﬁa@%iﬁﬁ%)ﬁﬁuﬁiu
B{f 95 [ gls)du(s)}=
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E{jt g% (s)S1g(s)ds}, (28)  DATHEFEARSERROL, MIARG(1)R & it s

t::ﬁ ((tt)) t (t) REI:

071 T —Q0T1 . - - ~ -

B{f, ., 0" edu)s [ gls)du(s))= G M T MON N 5

t=aom(t) -5 0 0 0 0 O
B{f, . 9 ()Sig(s)ds), (29) s 0 0 0 o

R t=n(t) _ « %« % =-S5 0 0 0 |<0, (35
E{ o (s)dw(s)S; Lim g(s)ds}= S *1_52 0

71(t)
E{ft " 7 (5)S1g(s)ds}. (30) £k k x % =8 0

tt o o [+ x % ok x ox —]|
B{f, 6" ()duw()S: [ als)du(s))= g

t—T10 —
B{J, 9 (5)S:9(s)ds}, By Y=

t—;(t) t—72(¢) !p+dia‘g{’yHlTHlv07’YH’2I‘H2707’YHI2TH2707"' 70}7
B " @du()S: [ g(s)du(s))= —

t—72(t) YT =[pE*NT 0---0 pETN{ 0---0],
E{],__ ¢"(s)%g(s)ds}. (32) e ¢

4 — 14+ 2_|_ 1— 27

FIFHLV (2,,t) = ZEV(a:t,) R (12~ (15N p=V1+ai+(l-a)

X (10)F, ,\“):ZEJQ(IO)EI’JEJZUJHJ:JQ(16)~(21)1=§
% A 27 (22)~(26) 24 J5 %of 2 (10)H 3 [7] i HX 3]
B, PR A (27)~(32)AT AR 21
E{dV (2, 1)} = E{LV (2, 1)dt} <
CHOE{ (), (33)
XH:
U =W+ MS;'M" + MS;'M™ +
MST*M™ + NS;'NT + NS;INT.
H1Schurh & B AT I EIK(9F N T < 0. X =
min Apin { —%1 }, X 3 (33)P4 i [/ I 1 T 7 BERR 20 2
BN EE
E(V(x()v t)) - E(V(x()v 0)) =
B{ [ £V (x.,5)ds} <—MB{ |, [lo(s)]*ds).
BT AR 2
¢ 1
B{J, lo(s)|Pds} < 5-Vi(a,0), >0

Xt b7 MOBITHUK B, AT ANAF7E [EdRE e > 0fF18]
T
tim B{ [ [la(1)]?} <
0—T 0
c s E{lE(s)*}, t € [0,ma]. (34)
BRI I p S SCART PATE 21 R 42 (6) 2 FEATLAS SE 11).
UFEE.
M2 BEFEN > 0,79 >0,7m > 0,0 >
0, ag > 0W Baour < 1, RE(LBFR A BENLEHf
SEM, MRAFEIERHEREP >0, Q; >0 =1,2,3),
R, >0, Ry, >0, S, >0, Sy >0, Fi& 445540
MEM;, Ni(i = 1,2,---,6)FIEbR &Ry, #5R(8)HM

XEM, M, M,N, NiRgE#H1H R E X.
EAREROQ)FHA, B, #HANA + AA, B+ AB,
X7 (9) AT LAEEH7 5 Bk
N+ 0T +T170%PT <0, (36)
XH:

o=1[dT 0---0 & 0---0],
N—— N———"

5 10

@1:[N5E 0 Oé()N5E 0 (1—@0)N5E 00],
12

@y = [NeE 0 agNgE 0 (1 —ag)NgE 0---0),

12
O = diag{F(t)7F(t)7"' 7F(t)}1
T = diag{H, 0 H, 0 H, 0---0}.

HSchuih 5| B, AEXBE)EN T U T AE:
24+~ 'odT + 47T < 0. (37)
B 51320 DU, XHhr gy > 0, A ERG7EN T
AN (36), MR 2 B LAAE B ik, S B 243HE.
it 1 URFEQ)EAREVLTIE, REEHN
{i(t)Z[A(t)x(t)+B(t)(x(t—7(t)))]dta (38)
x(t) = £(t), t € [—mm, 0]

R RS 1S e fe e 1t 1) BR 2 SOk 2R
i, L SCHR[A] & BT 228 SR, T T A 34
R G R E MR

EE 3 AEREN > 0,70 =0,7y >0, >
0, ap > 0Wi Bagu < 1, RE(I8WER A BB T
RN, MBAFEEEEREP >0, Q; >0 = 1,2,
3), Ry >0, Ry >0, 5, >0, S, >0, LA RiEY 4k
BSLAEMEM,, N;(i = 1,2,---,6), iR @)FMLLF
FEREAN RO
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Bl1 REQRAW TSR
-2 0 -1 0
4= { 1 _1} B = {—0.5 —1}’

02 0 02 0
Hl_[o 0.2}’H2_{0 0.2]’

10 VOI 0
E:[o 1}’G0:G1:{ 0 \/0_1}
F A B AEMATLAB F1LMI T E48 K #1548 R 5%
58 I B R I Vi Sk 2.3347 . HoAth STER A /) 77 v T 3K
P B KB i LR LT,

% 1 R 7 ik Pk 1369 & K ati
Table 1 The maximum delay obtained by
different methods
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Bl 2 WREAQL), AR, a, HEERG
Fa e I B K Iy W82, 2T LAE H, Y4 =
0.41F, ANV, LA IR S0 A g, # AT LAAEAS
ARGy EHEWHERGE, FIAREE 0GR, Tk
T SCHER[O]H I 5 Hr ey < THIPRAL.

% 2 oo R FE) RF8g LS4
Table 2 The different upper value for differemg

EH2
2.3347

2.1411  2.1406 2.1402

ZER =02 =06 pu =11
ag =0.5 1.0974 1.0972 1.0971
ag =0.8 1.6699 1.6582 1.6581
ap =099  2.3347 2.3095 2.3091

% 3 %18 R 4(38), FI H ER ] ¥ 1R # 1 S 4K,
73 Z1 1) B vty B K AELER LAt SCHR ¥ E 3 WL AR 3T 7R

3R] LUF H A SO R SR (38) A T 45 AR
M ESCHR[S, 12)).

& 3 TR F FHPT kT8 & KAt
Table 3 The maximum delay obtained by
different methods
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5 #5i(Conclusion
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A AE R BE L TR R G BT E M, BIAZR RS
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LePR A, BE 7 R W 5 I AR T R AR
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