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Abstract: In this paper, robust quadratic stabilization with integrity is explored for an uncertain time-invariant
discrete-time descriptor system. Firstly, a sufficient and necessary condition for an uncertain discrete-time descriptor
system to be robust quadratically stable is given. Then, in terms of generalized algebraic Riccati inequality, the state
feedback is designed such that the resultant uncertain discrete-time closed-loop descriptor system is robustly quadratically
stable. Furthermore, attention is focused on the design of state feedback which guarantees the resultant uncertain discrete-
time closed-loop descriptor system to be robustly quadratically stable even when part of the actuators failure, i.e. the
controlled descriptor system possesses integrity. Simultaneous, the problem of how to solve the generalized algebraic
Riccati inequality is also discussed. Finally, a numerical example is provided to demonstrate the effectiveness of the
proposed approach.

Key words: integrity; quadratic stabilization; uncertain discrete-time descriptor system; actuator
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1 3| & (Introduction)
R, XAGERM &% MRXMEY T

BREGURIRR) T Z MR, FWRE F KRB
MBS ERBRY. B RW—-MERY
J"MRLG, BB R 5 B 68 R GLIT AT
o A R R B . sk R AR R
EAERE - LATHHEER"  EELT R

WokE B 4 2003 — 11 —07; WAERCRE H #H . 2005 - 06 - 13.

T, E B R R AR KB ERETHR
BpERE. I R GRS s S R &
B B B SCRISE BRI R A o

BT, AR IE # 2 40 00 58 S L4 ) 2R 1A
TRBROMRIBBFEHEY. BhTFr LES

EeWH: HEARBF RS EAHFEIBE (50335020); WFHARFEE R HE (60574011); FEE LS HSEHAA
(2005038553) ; ML ITRIEIFFT B AT0 H £ & ¥ B A (2002204001) .
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SIEH AGH LA B E BBk X LR R
SRR 75 ) AR AR X T E B R e 4o
SCHRLS,6 ] RTIELE) L RS S B MR8 i 2 B T ] R
VBT —BEBIFFY , AR SORE X 4 (0] 15 368 488 42 i 48 {3 Y
BAFERN BB XRERA IR ER BN
B R,
2 FRZE9HIA (System description)
IR AEARAHEER LERK
Ex(t +1) = (A + Ad)x(t), ()
XH x(1) e REERFPRE. EFIARBAE Y4
W ERERE, JFH rank E < n. Ad e RV BEAH
ET, BAMEHIER N
AM =DFG,Fe = {FeR"™: FFF<I},
(2)
H, DM G RERAE LSRN ERER, F 2R
K (2) HIBAAR A .
| HEE T AT X Lyapunov BE%K
v(Ex(t)) = x"(t)E"VEx(t),
HipveR™,EX
A(v) = v(Ex(t +1)) -v(Ex(t)),
m
A(w) = x"(£) ((A + AA)"V(A + AA) - E"VE)x(t).
LIV

Al) rank(E D) = rank E.

EX T FHERR) XHEE() B KEE
. QN BRAEAE P XTRRAE B V AN IE SC o 48
AR
A(v) <-a|x(t) |2, Va(t) e R", E'VE = 0.
SHEZE R R (2) BT EIR AA L.

B, S BB RS () IR ER,
ARG MEIEN #ikEe HEAFERE iR
e B LR (D) 5 R F Ry

Ex(t +1) = Ax(t) + Dw(t),
z2(t) = Gx(t), w(t) = Fz(1).
M w B z 8% 3 R BT N
T(z) = G(zE - A)'D.
XNTARESH LELE(), T

(3)

311"
T F) i RS 1Y

a) NG BER XFESL () EN HEREE,
HEREMH |6E-4)'D|, <.

b) FrAEn] xR Vil R AR

A (V' —=DD"Y'A -E"VE + G'G <0,

1-D'VD >0, E"VE = 0. '

513 21 R Y.M AN BAE MR,

o >0, FHETRAWEAA < ol Y + MAN +
N'A™" < 0 LT E SR e > 0 2
Y+eMM" + ¢"'oN'N < 0.
5i3 3V HEEEXT( E,A) TEW #iTkaE HAE
A R R R R AETE T O PR V (ER
A"VA - E'"VE <0, E'VE = 0.
S 4" XTFAEHr >0 FTHRMMAESM .
i) Ml A RRIEEN TR0 R &P (R A #ik
f25E) B
|C(zI -A)'B +D]|, <r
it) FEAEIEEXFREERE P I RS
ATPA-P +C"C + (A'"PB + C"D) (I -
B'"PB - D'D)'(B'PA +D'C) <0,
1 -B"PB -D'D > 0.

3 ThEEYSZ)REEF (Quadratic stability
and quadratic stabilization)
THBRIAHERR XEHK() —KRBES

&3 REERE T(2) 1 H, 0 BB R,

TE 1 WPAMESHT XERO), HRE

Al) LB, T A A S Y
) AHEER LEFE()RTRREEM.

i) REEBEBT XEL(3) ZIEN  BiLfa

EHAERE, B

IG(zE - 4)7'Dl, < 1.
iE i) =i). HEIHE L, fEAE R X RRER R V i
BAER
A"V -DD") 'A -E'"VE + G'G < 0,
S:=7-D"VD >0, E'VE =0.

A

A"VDFG + G'F'D"VA < A"VDS™'D'VA + G'F'SFG,

Fr LA
(A + DFG)"V(A + DFG) - E'"VE =
A"VA - E"VE + A"VDFG +
G"F'D'VA + G'F'D'VDFG <
A"VA — E'"VE + A"VDS'D'VA +
G'F'SFG + G'F'D"VDFG =
A"VA - E'"VE + A"VDST'D"VA + G"F'FC <
A"VA - E"VE + A"VDS'D"VA + GG =
A™(V +VDS'D'V)A - E'VE + G'G.

FREFEEREANAE

(A + DFG)"V(A + DFG) - E'VE <
A"(Vv'' =DD")'A -E'"VE + G'G < 0.
TE X
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W=-(A"(V'-DD")"'A -E"VE + G'G),
HA A (W) TR WRIB/NEEE, W A (W) >0.
TR

() ((A + DFG)"V(A + DFG) - E"VE)x(t) <
~ A (W) | 2(2) |*,VF € 02.
mAa E'VE = 0.
FRUARBE BB LRZE() BRI ER.
D=il). AARERB XREE() KEE
51, FEEE AT BRAE RE V RS
(A + DFG)"V(A + DFG) - E'VE <0, (4a)
E'VE =0 (4b)
B BB AL FELRE DS o, > 0 F15
Q,:=al+D'VD > 0.
mA
(A + DFG)"V(A + DFG) - E"VE + a,G"F'FG < 0,
(5)
4 H+A"VA-E"VE -A"VDQ;'D"VA ,(FRA(5) %
#rr
H = (A"VD + G"F'Q,)Q,'(D"VA + Q,FG) < 0.
FIFA Schur #b, E XX HFEMT
[ H ATVD] L 0
D'va -9Q,1 loFc
TR

G'F’
01] <0,
0

[ H A"VD;

VA +[0]F[G 0] +

-9, 1o
([3 |Fle 0])T < 0.

B2 M, EXRST SN THAAE S e > 0 #1715
[H + .:"GTG A'VD 2] <ol 6)
D"VA - Q, + &0

FRFA Schur #b,K(6) HM T

A"VA - E"VE + £7'G'G +

ATVD((Q, - £Q1) ™' - Q")D'VA <0,
B

(Q -0 -Q' =(&71-0Q)7,
53
A"VA -E"VE + £7G'G + A"VD(¢'[ - Q,) 'D"VA =
A"V =8DD")'A - E"VE + £7'G"G < 0. (7)
KBS =(s"-0)" THIEHS >0.HEE,H
X(6)F

- Q] + 30? <0,

BT O, BRUMFRIEEEN,

0>Q' (-0 +£0)Q" =-0Q" +4l,
Bl o] + D'VD < g7'1, 8§
6'I = (&' -a)>D"VD =0.
Hit#E 6 > 0 L. MmAE
(¢'1-Q,) =e¢'1-a,I-D"VD =
5'1-D'VD > 0. (8)
iz (4b) (7) FIX (8) , MAES (38 1, R B

SRS £, 8D, -C) T Wi L PR

e H %cuE ) BD| <1 EmRmEEs
£ ®

MESGG) FM, HiERE AEEER, B

lG(zE - A)'D|, < /1 -8 < 1. NN
1 ME = I8t BRI A AR, XEERE 1]
UEERAHE  ERBERRA KR EHCH— .
MFAWEEB LAR), 4 BWHE
AR, RS (1) Al R BN T R
Ex(t+1) = (A+AA)x(¢) + Bu(z). (9)
XE u(t) e R"ERRAWBA, B A EHER
BB B
EX 2 AHEBB LRAR(OHAIRER
WYER T ZIREBIE R, MARAEAAR SRR
u(t) = Kx(t),
Horh Kl R SRAERE , AT RS
Ex(t+1) = (A + AA + BK)x(1) (10)
“HRRE.
TE2 AHESBS AR 9) RERME
AT W RERRE , I SRAFAE r] X FRAE BE V RN IE 3K
B e HEAFL

Q <0, (11)
E'VE =0 (12)
HaL. Hodp
Q = A"VA - E'VE + A"VDG;'D'VA + G'G - 6,60,
(13a)
6, =1-D"VD >0,
{ez = g1 +B"VB + B'VD6'D"VB > 0,
6, = B'"VA + B"VDg,' D"VA.
S, R A SR
u(t) = Kx(1) ,K = - 6;'6,. (14)
E WEEER 1, AT T RRAE R V
WA
(A+BK)" (V' -DD") '(A + BK) -
E"VE + GG <0,

(13b)

(15a)
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E14
I-D'VD >0, (15b)  FIzt(13b),3EH

E'VE 0. (15¢0)  H, = (D,0B"™) (B¢ QB#™) ™ (B QDY) - D,QDY,

aF

(A+BK)"(V' -=DD")"(A +BK) -E"VE +G'G =

(A+BK)"V(A + BK) —-E"VE +

(A +BK)'VD6;'D'V(A + BK) + GG <

A"VA - E"VE + A"VD6;'D"VA +

G'G+K69, + ,K + K'6,K =

Q+ (K+6;'6,)"6,(K + 6;'6,).

¥R (14) RA LXBE

(A+BK)™(V' -DD")"(4 + BK) ~
E'VE+G'G=<Q <0.

it (152) ior, XX (15b) (15¢) AR o
TR EH 2 1HE. HEEE.

4 ZTEMHEE_XTEE (Robust quadratic
stabilization with integrity )
TEFHEAHE B #) LRGENAT S L BUs &

BT RERSRIR T ZIREERERIE. X FIRFTE87]

BB AR AEREMEIE , 5] AR AT IR TR ) 0

23

L = diag(!,,l,,---,1 ),

He, L e [0,1]. 51 = 188, 5% i MUMTRIE

HiML =08, ZAH I MPITHR LR Y,

(0,1) BY,®RAE i M HATREES —EBRE IR

BE,i=1,2,,m.FEH
Ex(t +1) = (A + AA)x(t) + BLKx(t). (16)
T2 UHREELIMTELe[0 I ERTHREI

ANPAT AR PR i = 1,2, m AN R L = 0.5,

FAETHEIDE | MITRERERN 50% . ERERSK

BRI SIIE R L= diag(l,, L, L,) RAVIRERE. 4

T RGEITER T — I, RO B F — 0 8 1 U] 0 48 1

L 3 TH m MRATHAEHT LR (16) , 2 XHITRE

FEEE MR T, 80 R A 0 8 M ) 48 0 a1 .

LR WX m MPATER R RS L =0, E%RFHAR

" XRGE(16) P RA MG Tt M3 RE L bR

ERIFER, B WX AR EE , RO AF R
EE3 MERSTHARECHEB AR

(16) TERER MO EHT ZRERE . MRF

FER X FREERE V AIESER &0, 6, HRETERX

6, < &l < H,, (17a)
B QB," <0, (17b)
E'"VE = 0. (17¢)

KRR Q AR 0, (i =1,2,3) il e (132)

D, = (B,B")*B; B, = (6;'6,)".
o 55/ B, 1TiRk, 6/ B, FIIRRE, S B, = B,B] -
B! /R B, B Moore-Penrose . 4i[% By WI1TEH
By 873 (R — 2 ) B A L (X PRSEE BB, = 0
B ByB;" >0).

iE BT
(A +BLK)" (V' =DD") ™" (A +BIK) —-E"VE +G'G =
(A + BLK)"V(A + BLK) - E"VE +
(A +BLK)"VD8;'D"V(A + BLK) + G'G <
A"VA - E'"VE + A"VDG;'D"VA + G"G +
K'Lo, + 6;LK + K'L§,LK =
Q+ (LK +6;'6,)"6,(LK + 6,'6;). (18)
B (14) A (18) ,
(A +BLK)"(V' =DD") " (A + BIK) - E'VE +G'G <
Q +(6,'6,)"(1 - L)g,(I - L)(6;'6,) = Q + B XB;,

;iqnh<1—L>e2<1—L>,ExT=[Zj],ﬁ

T(Q + B XB)T" =
D,QD; + D,B,XB,D, D,QB*"
B QD; By oB&"] '
R (172) ]
6, = &l + B"VB + B'VD6;'D"VB < &,l, ?
X=U-L)g(I-L) <g,(I-1)" < gl
Bt
D,QD] + D,B,XB;D; —
(DyQB,") (B QB ") ' (By QD;) <
D,QD} + (B,B") "B, (£,I)B!(B,BT) % -
(DyQB,") (B QBy") ™ (By QDy) = &1 - H,.
Xk (172)F
D,0D; + D,B,XB;D; — s
(DyQBy ") (By QB;") (By QDg) < 0. (19)
B2 (17b) (19) , FI A Schur 4G
Q + B,XB) < 0,H]
(A +BLK)"(V'-DD")"(A + BLK) -E'VE + G'G < 0.

PRULB B S T R B E B U™ L RS (16) 1K ;1
BRI ()RR F K BERE. 2
3 e, FHRO7) ML, XA Q <O

E4 BTAEXT) RRET URER L. XK,
SFRBEER LRLEO) WL MR EEE, REFE
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AT ATFRAERE VRIE LR 2.6, BRK(17) , £H(16) 4R
BRM(4)ERATHR KERE.

EE 4 MPTFEBNFREE VRIELK
80,6 WRARFERT). MAHEEBT LEH(9)
ERSRBOOERT REERE. YRS H PR
R, BOIRZS BURA RE B R AR A T AT BT
I"YREZRBE. W BRATHEHB) LRE
(D RATZBHEBE_KBE.

S THAAMTIMESHT XEKO)ERS
RBOOHERTEAZRAEBE - REEN AT &0, 1L
B o B FRIR A S B S 1R 28 ( 14) BEGE B S AR AE P AN 5 2K (17)
B3 . TR AT E SR LRFEERRU, B
A R ERTEBRROT) BB PR V AR L
&g, 8, M. HRZAE R X TR AHE B8 L RGEH
BRI, B THEMEARER(17) PREH R4 #, 5K Moore-
Penrose B SFia B X RE(H A I ol RN B S b, Rk, In
IR — AR B, N7 s R R X MR R
BAER, MRESEREA —SWMRMMNE.

5 f5|F (Example)

THEHAE N IFHRREHAREHTHRERT
ST, PSR A R

Bl ER—A3NAWERR AL, HA
i ey
| 10 0 1.000 0. 2000-
E=]0 1 0], B = |:0.3000 0. 2000

-

0 0 0 0.3000 0.0100-

- 1.1000  0.5000 0 7
A =|-0.2000 -0.9000 0. 4000 |,

- 1.0000  0.8000 -2.000 -
D =1{2.000 0.4000 0]",

G =[0.1000 0.1500 1.0000] .
RS, A E B L RGEATRE (FIE
BAFH 2, = 115z, = 1.076 ). BAER (172)
(17b) F(17c) 5

g =14>0,g =114 >0,

1.2000 1.0000  0.5000
V'=11.0000 2.0000 O
0.5000 0 ~ 1. 0000
TEHL A W, MO BRI
X - [1.3247 0.4575 - 1.5476] _
0.5078 0.2775 - 0.6297

FRA T BTIERE L = diag(L,4) 4,4 e
[0 11, Hi 54 RREKH0, URKRR(2) 7
W F SERE

((A + DFG + BLK)"V(A + DFG + BIK) - E'VE) <
Q + &,B,B; <-0.24241,.
Ho L For 3 W B o =0. 2424, XHERE
E'VE 2 0,A(v) €-a«(t) ||?,V2(t) e R
WAL . BZRGERA SRS E _IRRE.
6 %5t (Conclusion)
AIHE T AHEN A TEHT LRRERS
RSERTHARRERACBRENSBE KRBT
ML AT RERASEBHEMNEE KB ENT
&M BISRBITFOREAE T AR

$ % 3CHk (References)

[1] CAMPBELL S L. Singular Systems of Differential Equations
[M]. London;Pitman, 1982,

[2] DAIL. Singular Control Systems [ M]. Berlin; Spring-Verlag,
1989.

[3] FRERMS,FREKR, B, % X RE H, ATEEHI]. &
BRI SR ,2005,22(3) 1407 - 412,

(CHEN Yuepeng, ZHANG Qingling, ZHOU Zude, et al. H-
infinity reliable control for descriptor systems [ J] . Control
Theory & Applications, 2005,22(3) ;407 -412.)

(4]  &@t IMES. BHEEHRLENSN S5EIM]. PN 3
VLR AT , 1994,

(GUO Jianhua, SUN Youxian. Analysis and Synthesize for
Fauli-Tolerant Control Systems [ M ], Hangzhou: Zhejiang
University Press,1994, )

[5] FRERES, KR BbH T X AZRATBUENE B _KEE
[T]. BalfkzIR, 2002,28(4) ; 615 -619,

(CHEN Yuepeng, ZHANG Qingling, YAO Bo. Robust
quadratic Stabilization with integrity for descriptor systems[J].
Acta Automatica Sinica, 2002, 28(4): 615 -619.)

[6] CHENY P, ZHANG Q L, LIU W Q. Fault-tolerant control
about integrity for descriptor systems[ C1// Proc of the 39th
IEEE Conference on Decision and Control. Sydney: IEEE
Press, 2000:4359-4360,

[7] XU S Y, YANG C W. Stabilization of discrete-time singular
systems; a matrix inequalities approach[J]. Automatica, 1999,
35(9):1613 - 1617,

[8] XUSY, YANG C W. H, state feedback control for discrete
singular systems[ J]. IEEE Trans on Automatic Control, 2000,
45(7) ;1405 - 1409.

[9] PETERSEN I R. A stabilization algorithm for a class of uncertain
linear systems[J]. Systems & Control Letters, 1987, 8(4): 351 -
357.

[10] SOUZA CE, XIE L H. On the discrete-time bounded real lemma
with application in the characterization of static state feedback H,,
controllers[ J]. Systems & Control Letters, 1992, 18(1) . 61 -71.

(THZE 59 [)



http://www.cqvip.com

LR

pooo http://www.cqvib.coml

T — AT K IR R Y S R R 59

[7] RYU S H, PARK J H. Auto-Tuning of sliding mode control
parameters using fuzzy logic[ C]// Proceedings of the American
Control Conference. NY ,USAIEEE Press, 2001 :618 -623.

[8] MON Y J, LIN. Hierarchical fuzzy sliding-mode Control[ C1//
The 2002 IEEE World Congress on Computational Intelligence.
USA: IEEE Neural Network Society Press,2002:656 - 661.

[9] HSUYC, CHENGR, LI HX. A fuzzy adaptive variable structure
controller with applications to robot manipulators[ J]. IEEE Trans
on Systems, Man and Cybernetics-part B. Cybernetics, 2001,
31(3); 331 -340.

[10] RV, DHE. —RIERE RGN B 5 DR MR

B3k, 1997,23(3) 361 - 369,
(ZHANG Tianping, FENG Chunbo. Adaptive fuzzy sliding
mode control for a class of nonlinear systems [ J]. Acta
Automatica Sinica, 1997,23(3) :361 -369. )
[11] WANG LiXin. Analysis and design of hierarchical fuzzy systems
[J]. IEEE Trans on Fuzzy Systems, 1999, 7(5) : 617 -624.
[12] YI Jiangiang, NAO Youshi, HIROTA K. Anti-swing and
positioning control of overhead traveling crane [ J ].
Information Sciences, 2003,155(1 -2) . 19 -42,

[13] WANG LX, MENDEL J M. Fuzzy basis functions, universal
approximation and orthogonal least-squares leamning[J]. IEEE
Trans on Neural Networks, 1992 ,3(5) :807 -814.

{14] SUH, CHEN T, WANG C. Adaptive fuzzy sliding mode control
with GA-based reaching laws[J]. Fuzzy Sets and Systems , 2001,
120(1) ; 145 ~158.

& WA

F # 5B,(1977—) ,2005 FEPREK A ST 20, B
EIARATRPERFEAENELIETR, DRl Ak e
(LIS PR U F0 B BB 3% 4] 4% , E-mail : w. wang@ mail. ia. ac. cn;

BwiE FB,(1963—) ,1992 FIR B AN _Llr K2 LR
B EA 0 H ST R AR T 0, A S0, EEHM AR H WA
B A HE—kL%;

BEE 5,(1972—) ,2000 FHG RETTLRFE B %0, 0
A ER R SRR A, FEHE R A AR R L
A ML — KL

BN 5,(1976—) ,2003 FIRMU KWL 200, P E
B p E SR AT LRI, B ATREST A R IR SN R AL L R
IguiE in I E r R

(L% 18 1)
UENUENE
PRERNS  (1971—) 53, $0HF, 7e I TR F MO+ o BT 5

FEMFITE RN RE I EL W 5 F 4154, E-mail: chenyuepeng @
etang. com;

BHEE  (1946—) B, RINE T KR, VIR FEREHEE . E
o S0, BN SR LI 5 A A R T R
LB HEEAL S AL EHRE RS EEHE SR
G EHEF M HHE;

MW (1956—) B, HRIMEFERRBIB K, fE REHE, £
EHFST I A BB GEL  ERLAE R

WHER  (1956—) 5B, RALKEIBAE BT B IC, 42 ) Mg
TR G ESE, TR AN BEN, SRy
I XREMIE%,;

BOW (1963—) 5B, WM RSB, FEHE A
LRGBS S B .

(L% 37 /)

(1] X%, %IK, BUESE. —R_FHRREBRERREGR
Ptk I]. P, 2004, 19 (8) ; 872 - 876,
(LIU Tao, ZHANG Weidong, GU Danying. Analytical design
for a class of open-loop unstable cascade control systems [J].
Control & Decision, 2004, 19 (8) . 872 -876. )

[12] DOYLE J C, FRANCIS B A, Feedback Control Theory [M].
New Jersey; Macmillan Publishing Company, 1992.

UENCEDE

Mok (1974—), 5, RELBLEREASILARIEE L

i, EEHRMES T BEEEH IS 5 H AL, E-
mail: liurouter@ ieee. org;

WBFE  (1967—), H, B LECHEREREE, LA S,
HEREESREE, EEWRTOE AR G R
5N A REYHA, E-mail; wdzhang@ sjtu. edu. cn;

B (1980—), &, B RIGEEREE SRR A
i, FEBFTEH AR L NRE TR RS
#| M 58, E-mail; oulinlin@ sjtu. edu. cn.


http://www.cqvip.com

