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Abstract: Considering the linear time-varying uncertain singular system, by using the analysis method of matrix inequality,
the concepts of robust stability and quadratic stability for the linear time-varying uncertain singular system are proposed.
Matrix inequalities for this kind of systems are established. The problems of robust control for this kind of systems are
transformed to solve the matrix inequality problem, so that the necessary and sufficient conditions of robust stability and

quadratic stability are obtained for the system, and the design methods for state feedback robust stabilization controllers are

presented. Finally, a numerical example is provided to illustrate the feasibility of the proposed method.

Keywords: linear time-varying singular system; robust stability; matrix inequality; quadratic stability

.

[=]

0 5l

I X RGBT 20 4 70 4R, BT
NARGRIE T RG R 2%, 2R 2 % K0,
FRASF T — RPN TR Bl A BT AN BR N,
J7SCE S RGFEAR B AR R T ik, (A AE SEBR
RGP 2B BRI AR R G, T k) SN A2
RGBT U552 B E N A= G, T H R H0E
W FLAT IS AR, 25 WF 90 A A R T AR K IR A, A5 (1)
R AR 2. Campbell ZE12006F 7 SCRS AR 22 48 11 fE W
PEREAT 20 #r, 192 17)7 SN AR R 48— ELRe WAL e
LI G ZR. Campbell ZE13165 W T T SCR AR 2R 45 g R
MBS B A e, K TSN T ) A R4 Re
FERBEUL ) L BEL A, RS ATAN T VRS R FE R,

Woie B E#A:
E&mHE:
EEE N

2014-03-07; &M= BHH#J: 2014-05-26.

SN S S B Su SRS ST 1) SO A2 R 4 1 4R
VPRI S A PR 5 e B 18 i) 2

LA BRI ROR T2 B AR A RS R
PERTRERLNE (9 208, LA A2 — € BRE 4 AR ) St
AR R GRS E PEANE P i) U T, Tt BUAE
TR 2R SN A2 R GE & B il 1) L AT 7, H
R0 WL BIAH SCARIE. A SCEE R SR E PR X
I 22 R %, SR AEBEAE XK 707 1%, 3 21%R A
GEAEAL RN 20 DTSRI ) 88 P AR A0 — RRUE Y
T W BN, TR B RS R B AR g 2>
BT TR RS E M IRRRUE IR AR, AR S LA T
ARG ARBOELE, SRR SEIE 7 5. B, il
RS BIRY] T Prdg th A ATk,

X AR REAEL G T H (61074005); 175048 WA T S TR H (IR0 (2014)1 45).
ENI(1980—), 55, PRI, fiit:, ™ UNAR R GE & g2 ihil s R0 AR 3 BT

FRIEII(1964—), T, #4%Z, 14

£, ) SR RGBT ] Hoo FEHISEHIT.



930 1= * * % 30 %

| ECIPE B U R S B RE T AN A
HHMBHAFENE XN RS EIB1 AWE XN RS (1) LB
E(t)a(t) = (A(t) + AA(t)z(t). 1y CERL U EACHAEAE TRV (8) € RY R B e

Hrp: z(t) € RPARGMIREZE; B(t). A(t) N
BT 0 A% R BB B, rank (E(t) = q < n, AA(t) AAS
fff e SR, H A2
AA(t) = MQ@)F()N(t), 2
M () FIUN (t) o f7 A7 () 16 28 06 BORE B, () 9 BAT
Lebeque 7] Wl 7G (1) AN ff 52 W) A% bR B004E B, H 3 2
FTt)F(t) < L.
T ARG (1), MAA) =0/, REE (1) AN
E(t)i(t) = A(t)z(t). (3)
ARG Q)M (1) kR RS
TE XA R GE (3) A — BOIE M L i A
SE oK, WIFR RS (3) S VR
EX 2 W BT 2 4 () 1 A AN Tk
AA(t), REGE(2) #BZAVEI, WIFRSHOATE ) X
AR R 40 (1) B bt
SIFB S R SO AR R 45 (3) AT T i, )
ARG Q) VI A o b E A F S W R Lyapunov A 5%
AR

ATV () + VI A@)+

ET®)V(t)+ ETt)V(t) <0,

ET)V(t) =V (t)E(t) >0,

ET®)V(t) > 0. 4)
HHE 2 A BT a] I, an R R 4 (1) B Ae e

I35 & Lyapunov A %52
(A(t) + AA) V() + VT () (A(t)+
AA) +ET )V (t) + EY(#)V(t) <0,
ET)V(t) =V (H)E(t) =0,
ET)V(t) >o0. S
138207 X TAER 2(t) € R A
max{(z" MF(t)Nz)*|FY(t)F(t) < I} =
(" MM ) (" NTNzx),
JEr MR N Ay 3 YA ) S B
5|38 307 WAEME MNP e R WEE M >0,
N > 0F P <0, #0 TAEREAEER M &= 2(t) € R H
(2T Px)* —4(x" MM z) (" NTNz) > 0,
WIAFAEH BN > 0, 75 T o
MM+ AP+ N <0.
2 BEREAEGHEEHERK
X TSR E ) LN A RS (1), fA1E

> 0, A5 N A FEANRE ST

G e WT#)M(t) eNT(t)
e IMT )V (t) —I 0 <0,
eN(t) 0 -1
G=AT®)V )+ V()AL +
ET()V () + ET(t)V (1),
ETt)V(t)=VT()E(t) >0,
ET®)V(t) > 0. (6)
EB X T ANEE (6), B Schur 51 #E, Al #32X
(6) 5 T &
ATV () + VT ()AR) + ET(0)V(1)+
ETV () + 2V MM (6)V()+

E2NT()N(t) <0,
EY V() = VI()E() >0,
ET®)V(t) > o0. (7)
1) 7o k. ABBEAT AE AT IR B V() FRS B e, A
AR BEAN R 2 (7) B, WIS 2 451 (2) IR BT R
etk AA®), B
(A(t) + AA®) V() + VT () (A(E) + AA(1)+

ETV () + ET )V (1) =
ET()V(t) + ET(6)V(t)+
(A(t) + M()F ()N () V(t)+
VE)(A() + M () F()N(t) =
ET®)WV )+ ET@)V () + ATV (t)+
VI®A®) + NT ) FT () MT(t)V (t)+
VEQM)F(H)N(t) <
ET®)WV )+ ET@)V () + ATV (t)+
VI A®) + e 2VT ()M @) M™ )V (t)+
E2NT(t)N(t) <0

A
(A(t) + AA®) V() + VT (1) (A(t) + AA(1))
ET)V(t)+ ETt)V(t) <0,
ET V() =VI®)E(®) >0,
ET )V (t) > 0.

FITEAZREE (1) KGR ARE 1.

2) WA EE. RBCARGE (1) B HRRUE, DT A2 4%
fF Q) T A e e AA(L), AR nT I RE V(¢) A
1320(5) 1, B



555 1 I R &

AT KM T ARG EFE T o R FE T 931

ET)V () + ETV(t) + ATV () + VT () A+
NY@FT () MY (#)V(t) + VE()M () F(t)N(t) < 0.
,/:(\
P=EYt)V(t)+ ET )V (t)+
ATV () + VEA®R),
WA ER R 2(t) € R A
2t Pr < =22 VT ()M (t)F(t)N(t)x.
vEmA
2T Px <
—2max{zT VT ()M @)F(t)N(t)x|FT (t)F(t) < I} <0.
SYliEs
(2T Pz)? >
4dmax{(zTVT(t)M
H1 513 2 I A
(T Px)? >
4 TVTEMEOMT )V (t)2) (2T NT ()N (t)z),
H 513 A4S, AEAEHE N > 0, {45 Uz
NT@ON®E) + AP+ VMM )V (t) < 0.
LR FIBREL A, JF2 X =72, W {3
ET)V () + BTV () + ATV () + V() At)+
e 2VIME)MY )V (t) + e 2NT(t)N(t) < 0.
Fﬁﬁﬁ Schur 7H‘ |28, n[ 15X (6) Wiz, U
B E A, Bk B THE A E
Séﬁﬂzf%éﬁ%' PREE 0. %R RS
E(t)i(t) =
(A(t) + AA(1))x(t) + (B(t) + AB(t))u(t), (8)
For AA(t) F1AB(t) A AN AR, HLi 2
[AA(t) AB(t)] = F(t)M(t)[N:(t) Na(t)],
FT(t)F(t) < I.
MAA(RL) =0 HAB(t) =0, REE () &N
E)&(t) = A(t)z(t) + B(t)u(t). 9)
RYE(9) FRH (B) MFRFR R L.
FIAARAS St

(OF (N ()x)?[FT () F(t) < I}

u(t) = K(t)z(t), (10)
I 45t (10) R SE (8) H4 1A R 458
E(t)a(t) = (Ac(t) + AA(t))x(t). (11

Hrp
Ac(t) = A(t) + B(t)K(t),
AA(t) = AA(t) + AB(H)K(t).
EX 3 FE R A K5 (10), AT A R G

(1) EHRE, W) K (1) B R EE (1) s e 1
7.

2 HAAEA WM V(L) € R A H e
> 0, AFAF AN BE AN A5 2 (BT 28 i I ) A o, {H 2%
SR BEATS by AR (1) BT

H V2e M VTN, T
V2 TMT T 0 <0,
eN1V 0 -1
H=VTETV W4+ VTVT f AV + VvTAT-
B(I +*N,"N,) ' BT,

ET)V(t)=VT)E(®) >0,

ETt)V(t) > 0. (12)
VU7 65 AL 28 1 4 (10) 45 P FR R 458 7 B R A
SE M. 72X (12) BT, DT SR 6 45 il

K(t) = —(I+2N,T(ON(1) BT®).  (13)

WEB AR AE AT IR V (¢) R H e > 0, A
3320 (12) or, K(t) st (13) 4. 4
vyt oo

0 I0
0 01
SHARBE AN 3 (12) Ze 3R MRE Y (1) " AT SRAEFE Y (1),
FFHA X (¢) = V(¢) ", HEPI TS (45 W I 1) AR 5 ¢)
I V2e 1 XTM eN,T
V2e TMTX -1 0
eNy 0 —I

Y(t) =

<0,

I=ATX +XTA+E"X + E"X—
XTB(I +2N,"N,) 'BT X,
E'X =XTE >0,

ETX > 0. (14)

s

S

TWA®R) + ETY )X (t)+
e 2XTHOME)MT ()X (t)+
— X1 (t)B(t)(I+
)TIBT()X (1) < (15)

[\~

= AA(t) + AB(t)K(t) =

ey vy | O Y [Nil)(f?(t)] )

0 F(t)

M()F(£)N(1),
Irh



K

932 F 1 5 V'S * %030 &
M(t) = [M(t) M(t)], (1) ke PR Bt A .
_ F(t) 0 _ N (¢ UEB 1) DEEVE. R 4, W RS (1) IR
Fay— | FO N@) = 1)
O=1"0" roy | Y7 | myry |© R AR V(1) € RO RIE GRS W (1)
FUOF(®) < 1 e R (19), iy
FIOE FY (O F(t) < I T2 (A(t) + AAM®)) V(1) + VT (1) (A®)+
Q- AA() + ET()V () + ET(6)V (1) <
ATOX (1) + XT (1) A(t) + EY ()X (1) + - W) <0,
£ g e
ET(t)X( )—|—62NT(t) (t)+ ?\%(1) %%
2% Ty DX (1) = 2) 783k ARG (1) BRRARUE, W E B 1 e
| “T<)< o HELE TR V (1), A
ATY)) i i . XTE ))Ath )+ E< )( o ET)V () + ET(V (1) + AT()V () +
EF- )X+ K X(t T —21,T T
XT()BK() + 2e 2X T ()M ()M (1) X () + :2(;;;3;)];; :; OOV
SN (ON () + KON (ONOE.  (16) E OV - VEOE® > 0
¥ K () AR 16), BHHQ + KT()K(t) = Q. BTV > 0 0)
ik (15) 1 (16) 1173 Q < 0, 45 o ~
AT(HX (¢t +XT At+ET X(t)+
&_—2XT( V() I () X () < AA(t) + ET(OV(2) + T(t)V(t) =
i1 Schur 43 58, T4 (A(t) + ME)F(H)N(#) "V () +
J e LXT()M(t) eNT(t) VI(t)(A(t) + M(t)F(t)N(t))+
eI MT(4)X(t) —I 0 <0, ETV () + ET )V (1) =
eN(t) 0 I ET®)V () + ET®)V(t) + ATV () +
J=ALM)X(1) + X T () Ac(t)+ VEA®) + NT O FT ()M )V (1)+
ET()X(t) + ET ()X (1), VEOM()F()N(1) <
dyse B 1 R4, IR SURR R 46 (16) B tae. U ET)V )+ ET)V(t)+
3 KRR ATV () + V(1) A(t)+
XHFRLE (1), BT X Lyapunov b8 4L e VT)MEMT )V (t) + 2NT ()N (¢).

V(t) =2 () ET )V (t)x(t),
V(t) € R e (17) ot ¢ ok T, nl 4
V(t)=
TfE
A(t) +

an
v

OV + BTV )+
AAWD) V() + V() (A) + AA()) }a(t).
(18)
R™™ Rl

8

—~

EX 4 NT ARG ), ARV () €
IEERPEW (1) € R AT RS (1) Wi 2

(A() + AA®) V() + VT () (A1) + AA))+
ET(OV(t) + ET(0)V (1) < W (1),

ETt)V(t)=VT(@)E®) >0,
ET)V(t) > (19)
EIE3 E?\?ﬁ(l)ﬁﬁiﬁﬁﬁé%%# ), WAS

20 (20), T3 W (t) > 0, 3 (19) B, RS (1) ik
fae. O

4 BAHE B
1 XFRSEQ), & RBOEE N
_|{to |-+t 0
E(t)—loo » Alt) = .
-t 0 0.1
B@—[l J’D@_l4mJ’
My(t) =[e™" 1], Ma(t) = [0.1¢ 0].

Se =1, G5

V()

et 0
0 —t|’

WA TP ANE S (12), BE 1M AT AARAS BB PR ERE 12



5% 5 1] E A RAR T LA R R R G e R 933
Tl A 4 2 (Xu S Y, Niu Y G, Yang C W. Robust Ho, control
te”! tt for singular systems with parameter uncertainty[J]. Acta
_ 2 2
K(t) = | 1+ %Olt L+ 01.0115 ; Automatica Sinica, 2001, 27(3): 397-400.)

W RS (11) 2 EHRUEN).

5

& ®

AT I R B AN SE X TTVERT T T AN E )

PN A2 AR S8 B A e A RRUE 1R 1 i, 4521 T

25N

ARG RUE N A 1AM, JF 4 TR

R BEEFEBUE IR 0 Bt 7 ik, b T8 He R
EH IRRGER R AR, it D0 N AR
GEIAH ORI 4 il il R T DR

£ % ik (References)

(1]

(2]

(3]

[4]

(5]

(6]

(7]

Haidar A, Boukas E K, Xu S, et al. Exponential stability
and static output feedback stabilisation of singular time-
delay systems with saturating actuators[J]. IET Control
Theory and Applications, 2009, 9(3): 1293-1305.

Zhu S, Zhang C, Cheng Z, 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.

Zhou Jian-ping, Xu Sheng-yuan, Zhang Bao-yong, et al.
Robust exponential stability of uncertain stochastic neural
networks with distributed delays and reaction-diffusions[J].
IEEE Trans on Neural Networks and Learning Systems,
2012, 23(9): 1407-1416.

Xu S, Van Dooren P, Stefan R, et al. Robust stability
and stabilization for singular systems with state delay
and parameter uncertainty[J]. IEEE Trans on Automatic
Control, 2002, 47(7): 1122-1128.

JRBEN], EN, B IR, T SO E FEUIIN AR 2R 45 1 A
BUE BRI ARAER 240 B ARBLA IR, 2006, 27(7):
716 -719.

(Su X M, Wang G, Lv M Z. Robust stabilization for
generalized periodically time-varying uncertain descriptor
systems[J]. J of Northeastern University: Natural Science,
2006, 27(7): 716-719. )

Kwang Ki, Kim K, Richard D, et al. Robustness analysis
of uncertain linear descriptor systems: Unified approaches
using gLFTs, LMIs and p[J]. American Control Conf,
2013: 5857-5862.

IR TT, W, B . 2 EOAN I E BT R G
i Hoo EHII]. ASIL-EAR, 2001, 27(3): 397-400.

(8]

(91

(10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

Duan G R. Analysis and design of descriptor linear
systems[M]. New York: Springer Verlag, 2010.

SRBER, B IBR. T SOANH s S TN AR R G R A
PEHTIL. A EIEAEAR, 2006, 32(4): 481-488.

(Su X M, Li M Z. Analysis of robust stability for linear
time-varying uncertain periodically descriptor systems[J].
Acta Automatica Sinica, 2006, 32(4): 481-488.)

Xu S'Y, Yang C W. An algebraic approach to the robust
stability analysis and robust stabilization of uncertain
singular systems[J]. Int J of Control, 2000, 31(1) : 55-61.
Ma Shu-ping, Boukas E K. Stability and robust
stabilization for uncertain discrete stochastic hybrid
singular systems with time-delay[C]. Proc of the 47th IEEE
Conf on Decision and Control. Mexico, 2008: 3415-3420.
Campbell S L, Terrel W J. Observability of linear
time varying descriptor systems[J]. SIAM J Matrix Anal
Applicat, 1991, 12(4): 484-496.

Campbell S L, Terrel W J, Nichols N K. Duality,
observability and controllability for linear time-varying
descriptor systems[J]. Circuits, System Signal Process,
1991, 10(4): 455-470.

FRATUE, TRICR. RAVEN A2 SCR S Red= 1R 5 REM A
i) 7], A B LAER, 2009, 35(9): 1249-1253.

(Zhang X F, Zhang Q L. On controllability and
observability of linear time-varying singular systems[J].
Acta Automatica Sinica, 2009, 35(9): 1249-1253.)

Su Xiao-ming, Meng Fei. Finite time domain robust
stability analysis of time-varying descriptor systems[J]. J
of Computational Information Systems, 2013, 22(5): 572-
575.

EW, FRBe R, kL R N ARG A VR Ik
ZEVFHED. 4251 5 YUK, 2014, 29(2): 221-225.

(Wang G, Su X M, Meng F. Admissibility and quadratic
admissibility for time-varying general singular system[J].
Control and Decision, 2014, 29(2): 221-225.)

&M, SKIRR. 7 LR SEMI. dbat: BHEEH HARAL,
2004: 9-10.

(Yang D M, Zhang Q L. Singular system[M]. Beijing:
Science and Technology Education Press, 2004: 9-10.)

(FrAE% 48 FRBLE)



