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Delay-range-dependent robust stability and stabilization for
uncertain singular systems

ZHANG Li-jun, ZHAO Jie-mei
(College of Automation . Harbin Engineering University, Harbin 150001 , China)

Abstract: This paper deals with the problem of robust stability and robust stabilization for uncertain singu-
lar systems with time-varying delay in a range. The parametric uncertainty is assumed to be norm bounded. The
information of the lower bound of delay is applied to construct Lyapunov functional. A new criterion for the
uncertain singular system to be regular, impulse free and stable is proposed in terms of a strict linear matrix ine-
quality for all admissible uncertainties. Based on this criterion, robust stabilization is solved via designing a state

feedback control law. Numerical examples are proposed to illustrate that the obtained results have less conser-

vatism.

Keywords: singular system; delay-range-dependent; time-varying delay; robust stabilization; linear matrix

inequality (LMD

0 51 &

AR AR ARG RN RS L A% N
AL L SR A BOR KRB TR AR Z S P52z
RN ARARE N ARR ARG LAL B RGE
B RS ARG ERBEARLER RAGEE 2B —%
HNRG . T ARG E VR A 8 T T8
F G 1E D AN TG bk wh P L BT L AR S AR G BEE BF 5T LE OE
ARG B PR B RGBS TS A R
TR b BIF TS I i AT S R G 0 R AR R T e R i 52 %
FHNTN R . X L E B P 5 BT N A — 7 T
S IR DR /N F 28 GEAR S P 114 5 ) ) A B I I SR A E
PSS AR SR AR RE ) s 75— T THT R 7 R I AR E PR O T
14 I i e KA TR AR SO T e

WFJE I i 28 GE A E P 1 R B2 Lyapunov BRI 3

TS EHE:2010 -06 - 13; {&E HEI:2011 -03 - 22,
EL2WB :EHEH KRB FEE 4 (G60704004) ¥ By i A

RO R A . k. — Bl B AU
{14 77 3 A5 I A 0% R G 1 BEAE B 98 oh BB % s
T IR A 25 U 2 BOR FE RT3 Lyapunov pR #0f7
K PRSFIE . SCERLT 38 A by ACHE [ J7 125 1L T 380 40F 90 3 25
A1 I i 2R 8 14 X6 JU A G Jk ot RRGE S A ] ALY 5 o, H
JIr DL SRR TS B I R R SRR
T LASCHRE8 14ty DX (1) i A2 I i 07 3 » 6 07 3 58 73 #1
I B 1% B B Lyapunov BREC BT DR SFIEE /. X
Tobt X[ B 5 35 AN UAE R R GE v - T HLAE 35 5 RGP AR
BT e sk [10] = E B4 6
Lyapunove& % . WF 5 IX. [0] I 35 A5G 224k 2 48 19 38 7€ 1 5 3C
HRC LT ]2 R A e 23 S5 6 i 2 48 X ) I AT S 1) L 4% 7l 1)
s SCHRC 12 DT R M R B AN 2 545 7 X Ji) 22 i 28 i
S ARG I W T s RAR SE 1R 8 3 A% 1 (EURE 9 A A U
ASTERE S A2 5 TS LS B

PEF B AT KA 4 (1973 - I B [ b, RRNERr W R AR RS H] A 5 RABIEHI 5. E-mail: zhanglj@hrbeu. edu. cn



+ 1866 -

AL TRSHETHA

433 %

A SCHIFGE T DX R) I R DG A AS 1 o B 8 RV AT R R A
B R M AU I 1R, e 43 R R B R T PGS B i
Lyapunov PR, 45 6 8 H AU BE 6 SV, ™ A% 19 4 BE
A AT 5B R G0 E LTS K b AR R E 0 TR A A O
ETFEAFMRORE R BEREER R G HBRE. B
() F B BT R 3R J7 vk N A RESE AR IE R 48 1 B AR
1 HLAE 5 5K R 48 1 I ¥ A 1R

FESCH AT KR A G E P>0(P=0) KR PR IE
E CEIER) X FRIE R s R FR 52808 E o >Xn SEREZSTA] 5 || x ||

%mm%x%&ﬁﬁﬁﬁwxﬂzﬂ?{X)q%

x 74
%P'qo
Y Z

1 ()@ iR 5 & J iR

F AT I B AN E A T RS .
Ex(1) = (A+ M) x(0) + (A, + 2A)x(t —d () +
(B+ AB) u(t) ¢})
x(1) = (), t € [—h,,0] (2)
K .x(D) ER FBRE M ;u(0) ER" FEHIHAdD)
AR B i s EC€ R R AT A M H rank (E) =r<<n;A A, il
B J2 38 24 2 B B RO B 5 (o) S R I A A0 BR PR B
R TSR EBE R AA U TR,
Ri& 1 BIAERTH 2 ) <d (D) <h, ,0<<h, <<h, ,0<C
d (D<e<<1.Hp hy by F1 o B2 TR B
RiZ 2 SEATHED AL AL, F1ABFWTFIBER
[AA AA, AB] = MF(s)[N, N, N,] 3
K, MUN, N, N, S8 B HE 2 2 500 H 508 B 5 A 0 e JH
B4 F (o) 23l 2
F(o)F" (o) <1 4)
HIRFHPE R o€ S, 5 B—MEE, WRAG MKW
BT R AALAA, T AB JERVERY .
E)‘( lLK*lJ
(1) JH BE X CE, A J2& 15 W i, dn 5177 78 3 8 s i 7e
det (sE—A) NE NZE .,
(2) JFEFEX(E,A)ZTT Kk oh iy, S 1E W I H deg (det
(sE—A)) =rank (E),
(3) HFEXT (B, A JZ AR E /Y W R 1E W I H. det (sE—
A) =0 I i R E(E A 795,
RE (DR RS

Ex(0) = Ax (1) + A,x(t —d (1) 5
MFRGEG) A TFHE .
E)\L ZUBJ
(1D 5 R G5 (5) A& B TG bk ol 9, G SR 56 B 5 (L AD
JEIE TG bk b i

(2) AR RGE(E) R E B, WER XL B >0, /778

00 >0 (LR IHARIA A oW sup [ o) || <

0 REGMH x(OWREMEERN =04 || x(») || <e,
B lim x(£) =0,

AT X AN R A S A AR AT (D A AR B R E

A PR E 1 E X
TEX 3 ANHE A SR R G (D) 2 B R AR E 1

Fu() =0 B RGEDOX A EZVFATHE AA Fl AA, 2 IE
)G Jik o R AR E

EX A R E A R G (D R e E L
RAFTELR MRS R B u() =Kx (), KE R {15 %)
BE R AR R G AR X3 T T B RREN

513 17 4l MM Q. D M E, Hd Q&
Xof R R L ]

Q+TF()HE+ TF()E" <0
Xt AT 13 L F(o) FT (o) <<I AR BE F (o) 87 24 HAY S 47
TE— W >0, i 15
Q+c'ITT"+eE"E<0

AL R EH SRR B AR R R A AR X

(] B i R OGS 1 S A - R R B RS N .

2 FEHZR

T e X TA] B A G B AR B A R R SR (5) IE
TG ik R AR A 1Y) T A A A

EEL ST EREUE 0<h <h, ., 0<c<<1, R 5 (5)
R ED TRk o FR o 0 AN SRAETEAEBE P>0.0, 20,0, =
0,0:=>0,2,>0,2,>>0 M §.8,.8, \M; N, :=1,2),
(G

r AN hS hM A
x  —hZ 0 0 0
=1« Sz 4z) 0 o |=°
M M M —hwZ, O
* * * * —U_
(6)
=K
v, ¥, ME —SE
r—|* v, M,E —S,E
X X —Q] 0
* * * —QZ
N, S, M, AT
_ T
N= Nl s= |5, M= M|, 4= |A
0 0 0 0
0 0 0 0

¥, = E'PA+A"PE +SR"A+A"RS" + Q, +
Q. +Q0; +NE+E'N/
¥, = A"RS! +SR"A, + E'PA, + E'N] —



A 7Sk - DX IR B A S A B AT S AR G R R R E PR AN BUE T

+ 1867 -

N.E+S E—ME
¥, =— (1—0)Q; +AIRS} + S,R"A, +
S,E+E'S; —N,E—E'N} —M,E— E"M/
U= h,Z, +hyZs, hyy = hy — h,
It H R B2 ETR=0 4T 2 51 i Bk 5 FE .
IR ¥ rank (BE) =r<<n, | —EfFAEE A7 ARG M
M N flif5

E = MEN = [I' OJ N
0 0
D'JJR:MI‘[O]OGR‘“ D LT A % S
e
é\
A=maN = [An Av ]
s Ay
i) —M'PM ! = 1 P,
P, P,
N1 = M"'N,N = o Niw .S=N'S = 11
1.21 Nl.f_’l_’ 21

(8)
T v<0.0,>00G=1,2,3), )
E—=EPA+A"PE+SR"A+ A"RS™ +
N, E+E'N! <0
EZERMEENT AT NI B A GORA

ZE=N'EN =
E'PA+A"PE+SR'A+-A"RS" 4+ N, E+ ENT =

AL ®S! +8,0"A,, <0 €))
FrLL Ap, AT, 5 A NA 3, W — E A EIEFE & EC
R " ffif3 A, E=0, M| &' (AL @S}, +8,0"4,,)E=0,5
(D& I L Ag, AT, TR [ ) (B, A T TE ik oo AR
P S 2, MRS IEN Tk,
THERSE (D) REREN.
F9 3 T Lyapunov B4 .
V(x) =V, (x) +V,(x) +V,(x)
Vi (x) = x"()E"PEx (1)

2

V,(x) = EJ[

1 Jeh

t

XT(S)Q.%x(S)dS

1—=d(1)

xT(s)Q,x(x)derj

V. (x) :J J[ X" ($E"Z, Ex(s)dsdo+
—h, J 0

—h) ('t

J J ¥T(HE"Z,Ex(s)dsdo

—hy J 40

m

V. (x) = 2[Ax () +Ax(t—d ()] "PEx(¢) (10)

V,(x) = x" (), +0)x() —x"(t—h DO x(t — ) —
X" —h)Qox(t—hy) +x" (D0, x(1) —

A—dDx"G—dD)Qsx(t —d() an

V,(x) = " (ODE " (h,Z, +h,Z)Ex (1) +Q, +Q, + Q.
(12)
K

Q, :—J x"(HE"Z Ex(s)ds,

t—d (1)

M—d (D)
Q, :,J X" (HE"(Z, + Z,)Ex (5)ds,

t—h,
Q, :_ﬁ,:] X" (E"Z, Ex (s)ds
14 Newton Leibniz A2
1) :fJLMx’f<s>E'leEx<s>ds+
20x" (ON, +x"(t —d())N, ] X

[Ex(t)*Ex(tfd(z‘))*Jl Ex(9)ds] =
t—d(1)

E (D@ ED +f [ (ON+ X (DE'Z, 17" %
t—d (1)
[E"(ON+X"(ODE'Z, ]"ds < " (D2, & (13
v

0, = h, NZ,'N; fJ NEXx (s)ds

t—d(1)

t—d (1)

\Qz _

t—h,

2[x" (DS, +x"(t—d)S, ] X

X' (HE'(Z, +Z,)Ex(s5)ds+

M—d (D)
Ex(s)ds] =

t—h,

[Ex(t—d()) —Ex(t—hy) ,J

d

t—d (1)
EN(D0EW —j [E" (DS + ¥ (DE"(Z, +2,)] X

—h

(Z, +Z) ' [E" (DS + X (DE"(Z + Z,)]"ds <
E(DED (14)
X

“—d(

)
Q, = h,S(Z, +Z,)'S" *J SEx (s)ds

t—h,

1—h - =
-(23 :*J xl(\)EIZZEX(\)dS+

t—d(t)

2[x"(OM, +x"(t —d(D)IM, ] X
t—h

D E(9)ds] =

t—d (1)

[Ex(t—h,) —Ex(t—d(1)) —J
ey n B R
Er(t).Q;;E(t)*J [E"(OM+ X" (HE"Z,] X
—d(D)

Z,) [E"(OM+¥"(DE"Z, "ds < E" (D0, &) (15)
H

T ME$(s)ds

t—d ()

0; = hlzm;lMT *J

T E'R=0, T LIfFTEf 4 S F S, flifT



+ 1868 -

AL TRSHETHA

433 %

0=2x"(OE'R[S"x(t) +Six(t—d(t))] (16)
X (10> ~ 2 (16) 22 47 19 35 43 B A A0, )
V() < EWII+A"UA + h,NZ'N' +
h.S (Z, +2,) 'S8T+ h,MZ,' M ]E(D) < E"(DTED)
A
EW =[x"Wx"—d)x"(t—h)Dx"(t—hy)]"
AR (6), 17753 V(0 <0,
i F
Al x [[2—Vix0)) <
x"(DE"PEx (1) —V(x(0)) < V(x(1)) —V(x(0)) =
J V(x(s))ds <—AZJ | x(s) | 2ds<< 0
Ep
Al x(o H2+AZJ | x(o) || 2ds < V(x(0))

A = (E"PE) >0,0, = = 2, (W) >0,
it

0< [Ix(o |l g%wx(o)),
1

0 <J | x(s) || 2ds < %V(x(O))

7. 7. 7., ME —SE
x 7. X'Al 0 0
x % 7. ME —SE
* * * —Ql 0
r=1x % % * -0
x % * * *
x  x * * *
x  » " * x
[ * = . x .

A
7.=AX +X"AT +BL+L"B"+Q, +Q, +
Q; +EN{ + N E",
7.,= EP+SR" — X" + AX + BL,
Zr="X—X",
7= X"A} +EN;, —N,E'"+S,E' —M,E",
7s=—0—00, +S,E"+ES; — N,E" —
EN] —M,E" — EM;
U Rl b2 31 H e S, I B R 2 AR 2050 W6 Bk 40 B L i
B ER=0.REREEREA u(H)=LX "x(1),
EB RGEAD R LIRAR I FIEL:
Ex(t) = Ax(0) + A, x(t — d () a9

E:[E o]&:[o o]
0 0 A, O

X

o | [ o |1 AR AT | 5o | AT

t
0

0 xCeo) || 2 —% 7% 2E, R 3% Barbalat 3] ¥, {8 limx () =0,
M L 2,8 St in REE (5 2R E . jIE 54

F1 A b E=LL RSB SCEs e #E 1.

E2 XERL12]MHER 6 1,2 o0 B, I LMI 45 1
RS (5) IE L TC ik vh A AR E 14 38 43 S R {RE LMI AN 2 ™
K AR SCERE 1T A —A 4% LMI %t R 58 (5) 15 L JG ik
AR E AR 5 T RIS .

3 EH1H,5M=M,=8=8S,=0,h, =0,z=0,
0 =61.0,=e.1,Z, =¢e; 1,6, e, M es LT /DIYIES, 7]
13 3CHRC16 I i e 2 1,

2 AALABLAA, = 0 I, S 2 AT S I AR I 3R 58 (1)
ERE S w(oO =Kx(OMERTHHAA RGN

Ex(t) = (A+BK)x(t) +A;x(t —d(1)) 17

XA RGA R E R

EIE2 X T4 EMEBIE 0<<h <h, ,0<e<l1, 7 B AR
A R L (1D 2 B B e 1Y W R A TE 6 M P>0,0, =0,
0.>0,0,=>0,2,>>0,2Z, >0 FIHi % X,S,L,S,.M,,N, i=1,
AR A SR T

h,N, h, S, hi, M, 0
0 0 U
hy N, hi, S, his M, 0
0 0 0
0 0 0o |<<O (18)
—hyZ, 0 0 0
—hi,(Z, +Z,) 0 0
* —hwZ, 0
* % U

SINRA T
A+BK —1 y()
MR EH 1 EER, RGO P E,AA,.P.Q,.0, .

Ql% 957§d 92, 9N, 9M sg,(lzlqz)'ft%ée EquA(/ 9P9Q1 7Q2 ’Q;; )
S.8,.Z,sN;»M, .S, i=1,2) , I RG A9) FEHRuE i, Hd

p:[P O]R:[R o]g:[s I]
0 ol 0 X 0 I
|:Q1 Oi|’Q2:|:Q2 O},QSZ{Q:; O}’
0 al 0 ol 0 al
Z’:[Z, O]MI:[M, O]S’:[S, o]
0 ol 0 ol 0 ol

N — [Nf 0]51, —0.i=1.2, E'R— 0
0 al

Hob X B, AR Schur b, % o0,



A 7Sk - DX IR B A S A B AT S AR G R R R E PR AN BUE T

+ 1869 -

%5 8 1
Ay A, A ME —SE h,N
x 7, X'A, 0 0 0
x % Ay ME —S,E h,N,
* * * —Ql 0 0
* * * * —QZ 0
* * * * * —hzzl
* * * * * *
* * * * * *
* * * * * *
Ay = (A+BK)'X+X"(A+BK) +Q, +0Q, +
Q. +E'N{ +N,E
A, =E'P+SR"— X"+ (A+BK)'X
Ay = X'A, +E'N; —NE+S E—ME
Ay =— 1 —0Q, +S,E+E'S] — N,E—
E'N} —M,E— E'M}
2 8T TH ) A S IR AR N RS
E'g(t) = (A+BK) ' g(v) +Aln(t —d()) (2D

L (o) ER R E &,

RECOIEN. . L REMESLEXMNZERSE
ADIEN JEhk b FaE L FHIRRFE D, 1R 20)
Ty E.LA+BK.A, il ET . (A+BK)" A} % 31 B 7 45 4 At
uD=LX "x(OERT WEXAO W RFEAD BEHEaE
. UEXE

T4 fEEM2t, A M =M,=8=S5,=0,h =0,
7=0,0, = 1.0, =, 1.Z,=¢; 1,6, (i=1,2,3) B 0/MY IE
B AT B SCERC 16 ] i 1 2,

T4 S IR AT S R A (L) R EE 1 T
a3 A

EE3I FERAWMEMNEHETFRED N THTE
BBE 0<Sh, <h, , OSe<<1, MR FHEM 4 P>0,0, =0,
0,20,0,2>0,2,>0,2Z,>0,% S,X,L,S; \M;,N, =1,
2) FH E €1 veo >0 i 45

7 Fl I, €1E'11‘ E_HEZ]

x  —el 0 0 0

% * —e I 0 0 <0 (22)
* * * —e 1 0

* * * * —e 1

K UMA BEMLHELR.Z 70 T 057
SRR 2 o L. MFEE S w(o =LX 'x(OFEH
T A AT AT E AR RS R EHRREMN.
iR XA A+MF ()N, ,A+MF ()N, ,
B+MF()N, %% A .A,.B. hi [ Schur %}, %5 #r F
7+ F(E + (M F@E)" + I, F(O)E, +
(ILF(oE,)" <0

hi, S, hi, M, 0
0 0 U
hy, S, hy, M, 0
0 0 0
0 0 0 <0 (20)
0 0 0
—h, (£, +Z,) 0 0
* —h,Z, 0
* * —U
K
r=[M™M o 00000 0 0],

E =[NX+NL NX+NL 0 0 0 0 0 0 0],
r,=[[o o M 0o 0 0 0 0o 0],
E=[NX NX 0 0 0 0 0 0 0]

RIETIHE 1, XE B F(oO) FT (o) <I, i 7 H 8 e »

e >01{fi1%

7+e' ' +eEE +e&' T +e.EE <0 (23)

3 HEHFF

R A4 A AN 60 R B i BT
eI

BIL 8 I 0% S R

E— {1 o]A: [0.5 0 ]A(,: [—1.1 1 }
0 0 0o —1 0 0.5
WP R=[0 1]" . RIFEEMM 1R 1 MK 2 4GB T =
0,070 B hy RVFRIIRAE . 385 3T LLAE AR S0 o7
PR T IR
R m=0,1=00/,h LENRKE

Vs [17] [13] [18] [16,19] ¥ 1
h, 0.5567 0.9860 1.0423 1.0660 1.0 660
*2 XMNARW AT B,k RFHRAE
z 0.3 0.5
SCHKL16]h, 1. 013 0.9 816
hy =0, K1 h, 1.0 263 1.0 204
hy =1, K h, 1.0 621 1.0 621
Bl 2 R EN AT R RS
1 0 0 0.2 0.1 1
E=1p 1 o|A=1]-1 0o 1
0 0 0 0.5 0 1
—0.5 0.5 0 0.1 0.3
Ar=1 1 1 o05[*B=1]0|-M= |03
0.7 0.5 1 0.5 0.1



« 1870 -

AL TRSHETHA

433 %

N,=0.2, N, =[0.2 0.4 0.5]
N, =1[0.3 0.1 0.5]
XA FH .k R=[0 0 1] R4EcH 3.5K 3 4 M
THER T B B3 25 KT W AR ir 09 e 04 S5 R fH S 4 B 1Y
g TR R 55 K
£3 AFREM o, R ()R EHIE b 2R
oK (A RS R (B 25 K

T 0 0.3 0.5
hy =0, KM h, 1.362 5 1.303 6 1.259 2
K K, K, K;
hy =1, KH hy 1.362 5 1.309 4 1.304 5
K K, K, K;
Hrp
K, =[—15.0619 —8.5677 —16.0915],
K, =[—13.7327 —8.9374 —15.177 9],
K, =[—12.9723 —9.0485 —14.057 7],
K, =[—15.0647 —8.5695 —16.0951],
K; =[—13.7825 —8.8310 —15.1880],
K =[—13.5775 —8.5185 —14.754 4]

4 LERIE

A SCWFFE T DX [8] s i AH G AN i 2 I A% ) 5 2 52 R SR
PR TE A BUE P L 58 23 FITT IR R S5 B A IE Lya-
punov BRI, FHRPERLFE A AR 048 T R G0 P A 1 40
AN HR R TN TGk v R BT R A L O HL P R B AN
SRR . SRS L R T R BT TR A RO R
ARG RRRE . e a  BUE B 58 20 U BT A 40 IR
TR

CEpdE

[1] Rosenbrock H H. Structural properties of linear dynamic sys-
tems[ J]. International Journal Control ,1974,20(2):191 —202.

L2 XK. WA, RESS) ) R R BIE SR 8. T X A&
SRR E BUE SES LM 7N AR Fg B A% AL L 1998,
(Liu Y Q, Xie X S. Theoryand application of large-scale dynamic
systems (8) : stability stabilization and control for singular large-
scale systems with delay[ M. Guangzhou: South China University
of Technology Press, 1998.)

[3] Lewis F L. A survey of linear singular systems [ J]. Circuits
Systems and Signal Processing .1986,5(1) ;3 - 36.

[4] Dai L. Singular control systems[ M]. Berlin: Springer-Verlag, 1989.

[5] kiR, BiL 5, XAk, —2ubniar 5 R G000 Ho SR yhil]. 4
53, 2004,19(3) ;342 — 345, (Zhang Y Q, Ma C G, Liu F L.
H._. robust control for a class of singular systems with time delay[ J].
Control and Decision s2004,19(3) :342 — 345.)

[6] Wu M, He Y, She J H, et al. Delay-dependent criteria for
robust stability of time-varying delay systems[]]. Automatica.,
2004,40(8) :1435 - 1439.

[7] Zhu S Q. Zhang C H, Cheng Z L, et al. Delay-dependent robust
stability criteria for two classes of uncertain singular time-delay

systems[ J]. IEEE Trans. on Automatic Control ,2007,52(5) ;

880 — 885.

[8] He Y, Wang Q G, Lin C, et al. Delay-range-dependent stability
for systems with time-varying delay[J]. Automatica, 2007, 43
(2):371-376.

LT RN, st e Bh, REME. S I 0 2R 29 1 IXC ) e i A OC 6 1 4
E[]. RETRSHR THA, 2008,30(12):2451 - 2454. (Chen J,
Shi Z K, Tang W. Delay-range-dependent stabilization for uncertainty
systems with time delay[J]. Systems Engineering and Electronics ,
2008,30(12) ;2451 — 2454. )

[10] SunJ, Liu G P, Chen J, et al. Improved delay-range-dependent
stability criteria for linear systems with time-varying delays[]].
Automatica,2010,46(2) :466 —470.

[11] WuZ G, SuH Y, ChuJ. Improved results on delay-dependen H-.
control for singular time-delay systems []J]. Acta Automatica
Sinica ,2009,35(8) :1101 — 1106.

[12] Haidar A, Boukas E K. Exponential stability of singular sys-
tems with multiple time-varying delays[J]. Automatica,2009,
45(1):539 —545.

[13] Fridman E, Shaked U, H.. control of linear state-delay descriptor
systems: an LMI approach[ ]J]. Linear Algebra and Its Applica-
tions ,2002,351(1) : 271 — 302.

[14] GBS, RIRR. AHE AT LRGSR o =0,
#Hl 5%, 2005,20(2):629 - 633. (Shu W R, Zhang Q L.
Robust and non-fragile H.. control for uncertain singular sys-
tems with time-delay in state[J]. Control and Decision ,2005,
20(2):629 -633.)

[15] Xu SY, Van D P, Stefan R, et al. Robust stability and stabili-
zation for singular systems with state delay and parameter un-
certainty[ [ J . IEEE Trans. on Automatic Control, 2002, 47
(7):1122 -1128.

[16] Wang H J, Xue A K, Lu R Q. et al. Delay-dependent robust
stability and stabilization for uncertain singular system with
time-varying delay[C] // Proc. of the American Control Con-
ference ,2008.:3626 —3631.

[17] Zhong R X, Yang Z. Delay-dependent robust control of descriptor
systems with time delay[ J]. Asian Jowrnal of Control ,2006,8(1) :
36 — 44.

[18] Yang F, Zhang Q L. Delay-dependent H.. control for linear
descriptor systems with delay in state[J]. Journal of Control
Theory and Application ,2005,3(1) .76 — 84.

[19] Wu Z G, Zhou W N. Delay-dependent robust stabilization for
uncertain singular systems with state delay[J]. Acta Automatica
Sinica »2007,33(7) ;714 - 718.

[20] BEfRE, BE R, H 81, AW E 4 57 R G Terminal 3 4 4
H0I]. ARG TRSHETHAR, 2010,32(1):158 - 161. (Fan Z G,
Liang J R, Xiao J. Terminal sliding mode control for uncertain sin-
gular systems[ J]. Systems Engineering and Electronics, 2010, 32
(1):158 -161.)

[21] Xia Y Q. Zhang ] H, Boukas E. Control for discrete singular
hybrid systems[]]. Automatica,2008,44(10) ;2635 — 2641.

[227] Xia Y Q. Boukas E, Shi P, et al. Stability and stabilization of
continuous singular hybrid systems[ J]. Automatica, 2009, 45
(6):1504 = 15009.

[23] Petersen I R. A stabilization algorithm for a class of uncertain linear

systems[ J . System and Control Letters,1987,8(4):351 — 357.





