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Abstract: The robust exponential H-infinity control and the exponential L-two-L-infinity control for a class of uncertain
Ito-type stochastic Lurie systems with time-delay are investigated. The uncertainties are norm-bounded and the delays are
time-varying. Based on Lyapunov-Krasovskii functional method and It6 differential formula, we formulate the sufficient
conditions for the existence of desired controllers in terms of linear matrix inequalities(LMIs). For all admissible uncer-
tainties, the designed memoryless state-feedback controllers ensure that the closed-loop systems are robustly exponentially
mean-square stable with prescribed H-infinity and L-two-L-infinity disturbance attenuation levels. Finally, the effectiveness
of the proposed methods is demonstrated by two simulation examples.
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1 5|5 (Introduction)
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2 A 3R (Problem statement)
2% &N IR AN 2 BEHLIN ¥ Lurie R4
dz(t) = [At)z(t) + Ai(H)z(t — h(t))+
B(t)u(t) + B,v(t) + Do (t)]dt+
[C(t)x(t) + Cy(t)x(t — h(t))+ W
Coo(t)]dw(t),

Hrp: z(t) € R, u(t) € R™FIz(t) € RYMHIH R
EHPIRAS A B e  v(t) € RPEE
XELQ[O 0o) B AMBAREIE T (1) A RAE Y]
U5 5 h(t) N R GER IR AR N, 36 20 < A(t) <
h < oo,h(t) < d < 1; w(t) & AL %=
[ (2, F, P) Lbr s Wienerid 72,
A() = A+ AA, Ay(t) = Ay + AA,,
B(t) = B+ AB, C(t) = C + AC,
Ci(t) = C, + ACy;
A, A, B,B,,D,C,Cy,Cy,, L HAAE [ YR E
A, AA, AAy, AB, AC, AC, & I 45 115
ANBEPE, W H R TRITR OC R A
[AA AA, AB AC AC:]=
MF®)[N, N, Ns N, Nsl.
HAP M, N; (i =1, ,5) & B A IE Y500 58 5
B, AR B B E (6) W2 FT (0) F(t) < 1.
R R G BAT AN 80 S i oI 2
o(t) =—9(t,n()),
n(t) =Ex(t) + E1x(t — h(t)).

L BB, € R™"N 8 B, o(t,nt) :
[0,00) x R™ — R™JEALT-45 FR A B3 T X A1 [0, A] P
(AR 2 e %, B

P (t,n(t) [ (t,n(t) — An(t)] < 0. (4)
EX 1 MR > 1G>0, 2
B{|a(t)]*} < ke " sup E{l$(0)["},

MIFRRGE() (u(t) = 0) /2 BFESREIY T FE 1.
EX 2  EXTEReEbR
J=B{[ 120 = [o@) Py, )
Ju=swpB{| 2(t) 7} =" [ [o(0) [ .

t>0

gy > 0, FEEHIAR AN T, X TPy A VF I A
EMEQ)FAERv(t) € Ly[0, 00), £ 71

2

3)

u(t) = Kz(t), (6)

Hh K e R™ 7, fH43(1)%F N A R G0t S e fi
T RGER, Ha < 0, WHRK@©)h RED&
PR HUH R Bz 8% 5340, AR KRR P 3
RGBT E, H, < 0, WERA(6) 4 F
GE(D A E BN Lo FREZ 5%

3 FEE4 8 (Main results)
3.1 H##Hl(Hs control)

EHE 1 AEbEy > 0, 05T 54 A
EMEQ), MBAFE A TEe, >0, €0 >0, FEFEY € Rm*
FEEXRAIEX, Z € RM>M§EHT < 0, Hp

(111 A1 X T3 B, XCT Tyg XNJ XLTT
¥ Too Toz 0 XCTXNFXNTI 0
* x —2I 0 0 0 0 0
o | xox -2 CY 0 0 0
* % * *  Txs 0 0 0 ’
* %k * * x —el 0 0
* ok * * * x —el O
T * * * -

T =AX + XAT+BY+Y"B"+Z+e6 MM,
To=—(1-d)Z Tis=D—- XE"A",
Yoz = —XETAY, Tys = —X + &eMM™,
Tie = (N X + N3Y)7T,
Nu(t) = Kz(t) = Y X 'x(t) J RG0) I &HEbE
FLH  FEE Hilds
UE 1) T RRTHE, SCPR TR AT
f(t) =Ax(t)z(t) + A, ()z(t — h(t)) + Da(t),
g(t) =C(t)z(t) + C1(t)z(t — h(t)).
HAg(t) = At) + B)K.
AR Fi4), 7
u(t) =a(t)o(t) + o™ () An(t) < 0. %
PEEUN T f¥)Lyapunov-KrasovskiiiZ B
V(t) =z (t)Px(t) +f T(s)Qz(s)ds. (8)

I 5 AR, v(t) = OB, L3RV ()W &
éff(l)ﬁﬁﬁﬁffﬂﬁlﬁj\ﬁ
AV (t) = LV (t)dt + 227 (t) Pg(t)dw(t).  (9)
Hrh g5 NS 1A
LV () =
xt(t)Pf(t)+g" (t)Pg(t)+x" (t)Qx(t) —
(1=h(t)2" (t—h(t))Qz(t—h(1)). (10)
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LV(t) < LV(t) —2u(t) < E'()OE(t). (11) ©1, 61, 613 PB, + CT(t)PC,
3o o=| 7020 GOFCG )

£ =="t) =" (t-hn1) o), % % CcTPC,

O11 O3 Oy Ty
O=| + O O, (12) *Wa’% T 10 =R 4 A AT AR e

* * =21 =
O = PAg(t) + AL ()P + Q + CT(t) PC(t), E{f [ 2(t) [ —v* [o(t) |* +L,V (t)]dt} <
@12 = PAl(t) —I-CT(t)PCl(t), E{f ‘Z t ( ) |2 +< ( ) ( )]dt} _
O =—(1-d)Q + ClT(t)PCl(t), =¢
T AT T AT {f C (t)=¢(t)dt},

@13:PD—EA,@23:—EA.

PRI B HUAS e 1 s BEOY R GE (1)WY () 13K R 4
@V\ﬁﬁlﬁi’]?ﬂ% ) — DR ZLV(E) < 0.
BMLV(t) <0, HFFO < 0.

4

X=P ' Z=XQX,Y=KX. (13)

FHldiag{ X, X, I} %O < 0847 & [ 2 4, 158 H
T ECA FEAN T PR A B VR SCL6]), FTAIO <
0SEMM T A EFR i e, > 0, 60 > Off75
(1, A1 X T3 XOT Ty XNT
Tao Tos XCT XNF XNT
x =2 0 0 0

*

*
0. (14

* ok x  Tss 0 0 < s

x ok % * —el 0

* % * * *  —eal |

WAk, 5T < 0, WG RA4)Hor, HHO < 0k
LV (t) < 0, RICOF IR R G SRty ke,

2) 5 SCHR[31ZACL 1) J5 32 AT LAAIE B (1)1 1A
W RGBS TR 1.

3) WEHEOMHRRGERLERTLHEN
Ho T30 By, ot A X, s FAEEEE
[Fo(t) € Ly[0, 00),

dV (t) = LV, (t)dt + 2z" (¢)P[g(t) + C,v(t)]dw(t).
o
L,V (t) =

20" (1) Pf(t) + By (t)] + [g(t) + Cov(t)]" -
Plg(t) + Cov(t)] + 0" (H)Qu(t) —

(1 —h()w" (t = h()Qu(t — h(1)).

SRS )

L,V () < LV(t) — 2u(t) < ¢ (H)OC(H). (15)

HH = = O + diag{L"L,0,0, —T}.

I AUE B 251038 70 10 7 ¥ aT 5T < 056
T= < 0, Bl6)h R GE(D)IM & BEHLH . 75 £%
il #y. HCA3)%0, BHlaRE RV K = Y X1

ke
4 Lo-Lo ¥ #il(Ly-Lo, control)

T2 AEbrEy > 0, 6 TIrE BV AR
EVEQ), MR Ebr e, >0, 6> 0, FEEY e Rm*»
FIEEMNAEX, Z € R il

[T, AL X T3 B, XCT T XN

x Yoo Yoz 0 XCF XNJ XNS

* x —2I 0 0 0 0

x o« x —1 CF' 0 0 <0,

* * x  x Ly 0 0

* * * ok *x —gl O
| x * * % * *  —egl |

17

r T
_ 5?52[ <0, (18)

Wu(t) = Kx(t) = Y X 'z(t)h REEDK & R
WLLo-Lo a4 Hilds

i B, RA7BAE R 14) ko, BRI
(1) P 2R & 40 & F Fi B0 ke, R e BELIE B
%3)*%13@75/27%&&%ﬁ(ﬂ)ﬁkﬂﬂfiﬁ(l)ﬁﬁ|‘7ﬂ
WRLM LT, = B{V(t)} — j |v(s) |2 ds < 0.

78 X8 321 73 ) A 3fe Fi A+ a’@dlag{P, I},
LT < v2P. #4
B (1) Pa(t)) <BV()} < [ |v(s) [ ds,
E{| 2(t) [’} =E{] Lx()!}<72E{x (t)Pz(t)} <
’yj[ ]2ds<fyf s) | ds.

A T, < 0. X R BI(8) R TR(1TE(6) NI
IR R G HAT 45 5 1 Lg-Lioe T-HLAM Iy, AH N ()22



1066 oW s N M

25 4%

TS A AK = Y X1 iFEE
5 B{HH ¥ (Numerical examples)

AR Sk A A A A R U A ST T 1 s
FHHE.

Bl 1 HpEan R A e B LI Lurie R 4

1 —01 05 —0.2 0.5 0.5]
A=|1 -1 02|, A= 012 1 |,
01 01 —2 —1  0.20.1]
1 0101 —0.5 —0.1 0
C=101-0202],C=| 1 02 0 |,
0 0208 01 —1 0.5]
-1 02 01 1
B= 0 1 |,D=|01 05/,
05 1 0 —0.2
0.1 02 0 02 1 05
E‘[o 0.5 0.3]’E1_[0 0.2 0.5}’
0.1
A:[8'5 ?],By: 0.2,
0.5
0.1 0.1
C,=102|,M=102],
0.1 0.1

L=1[05108],N, =[0.1 0.1 0],
N, =1[0.2 0 0.1], Ny = [0.1 0.2],
N, =[0.1 0.3 0.5, N5 = [0.2 0.1 0].

FHFIMATLAB LMI TOOLBOX K fi 5 i1, 7] 45
Md=0,d=0.5d= 0.9, T < 0f &N THH0
1 Vi 20 1 240.0820, 0.1069410.2893. 4K, /s
TP B A d P KT

gy = 0.5,d = 0.5, WA & HREHLH . 541
248 2 A

14.2466 11.5360  0.9696
[ —5.4580 —17.4768 —12.0613

5l 2 FHEEHIN R RGN Ly-Lo I,

#id = 0, H & #2013 5 7 0 Lo-Lo, T P04 1
JE Ymin = 0.9045. ~ = 1.2, AH N (¥ € 4 b 1 Lo-
Lo faEda i a8 h

u(t) = { 5.4265 0.8393 0.6019
—2.3109 —3.5742 —0.9006

} . (19

] z(t). (20)

6 %518 (Conclusions)

AR SCWEFT T ASH E BE AL HifLurie R 48 1) & b
H o FLo-Loo F5 208 2 1n) . JE T 2 1 0 B AN 25 5

(LMD J5 ¥k, 19 8] T RGBS A7 AE 1K 7873 464 P
BEVE 28 1 4 DR ALE PR 28 00 8 e 4 B0 T A e
(¥, 1 FLEAT 45 58 I H oo F1Lg-Lo TN By, E T
BUE G 7 RE 1 PR 52 3.
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