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Robust stabilizing control for uncertain singular systems
XIE Xiang-sheng, LIU Hong-wei
(Institute of Systems Engineering, Guangdong University of Technology, Guangzhou 510090, China}
Abstract: The stability of linear time-invariant singular systems is discussed first and some criteria are established in terms
of Hy, norm. Based on this, a design of the robust stabilizing controller for linear uncertain singular control systems is obtained

by using LMI approach.
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1 5|3 (Introduction)

I” X RGEHE B 0 R SRR A s R S PR 3
R, RERFRZA ZHXE, ZEHTmFS
AT EHERENGERBOCEET AT XEK. &
FLRFEERE T B AN SR FERE, BHkitie
ERRESENST L RGEHERBEHIT XREN
EHFENAHRBNEEN . X RENEWT EE
REEH BAMEAEAEAS TERANEGBEH
A8 T 7 BB B 2 L IR ZE W B SR (B an e[ 1 ~
3)) bR — By AU —RRUEET XARE
MG B e, BN XSS R TrREE
BEMNEEZEN, AETERFEZRSEN
W, R EIERE —E MR . AR CRALME
BAZRX(IM) T ERRTSARESHM LE
i g e E AR BB R B, BT R B i O ik R A
THEEMTE, B8R T EANSH0R%, AT %
PR R T .

2 FAREME S #7(Stability analysis)
EHEAHET X EEBEEER— MRS,
XERABMTERNT XERE

Ei = Ax. (1)

Wt H B $9:2000 - 05 - 295 U 2R B 392001 - 05 - 28.

K E, A€ R AEBUER, A XEBERLE()
RIEME B det(AE - A) RMESTF ;R —MtE,
WIEE E,A REHHIER
I 0]’ Ao [Au Alz].
0 0 Ay An
B LErxrBUERE HEFREHEENER.
ERHE() R rrag, B detAn;eO["],m'J?r‘\gﬁgﬁ
Ok B OE B R S OL E KX B E
Al - Ay - Ap .
det ];e 0,Red = 0. AT+ BE 7]
-~ Ay - Ap
HOBRAERFEN T det(AL - Ay + ApAziAy) =0,
Red = 0. FHEMH, X—FAEXXEMHT
det[1, + (Al - Ay)"ApAR'A5] £ 0, Red = 0.
(3)
BEEAEFEMNREER M Jordan FR ¥R, A 5
IEH T T3,
51E1 MEBEBHMc CINEC. FH
I, ~ MN W 3%, 0 [, - NM @A,
512 WREBFEMEC"™,AECE A
p(M) < 1,00 det(1, + AM) 5 0, HF p(-) ZRE
(i h R

E:[ (2)


http://www.cqvip.com

772 EHELSNA 19 #%

REFMUBRIAFTHIESLER.
EE1 REKLQ) LKW, &
| AR A (AL - Ay)'Apll = < 1. (4)
Hf |l - || « F™ Ho WEL, W RS (1) B EHTE
BE.
it EBIFMTEMNGR, RAE) XL
AORETIE L, G)RENT
det{I,_, + AR An(Al - A1) 'Ap) 2 0. Red = 0.
Hi%s| M 2, BHEX—FRERXHL, AT
| A%'An (AL - Ay)'Ap |l < 1, Rea = 0.
XE| - | HEEMKREEE. % H. BB E
MLEERT | AR Au (AL - Ay Al < 1.
HEEE.
51 30 XA EHBABMER M, N, Q B
FEEZERE P HAM Riccati A% R
PM + M"P + PNN'P + Q"Q < 0
RRAz, W
1-N"(-jwl -M™)'QTQGwl - M)IN >0, w € R.
EE 2 HAH Riccat FER
XAy + ATLX + XApADX + AL (AR )TAZAn < O
(5)
FEMNKRETHE X, MRAK()RFHIMEREE.
i BHEHELL,AFTEEH@)XBLBIE . A
5 W Ho BRI E X, ()X LAFR K
I, - AD(= jol, - A}) ' A5(A% )T AR An (ol -
A)'Ap > 0, w € R.
TR 55 3, HCH Riccati AER (5)FEEMKEE
By, ERAERR. .
3 FEL R (Main results)
ERETHEBENT NEHESR
Ex = Axr + AAx + Bu + ABu. (6)
Hpz e R, u € R"DHIRGHIRS S EHBA
TE,EABNREAS LA LTHEEEMS,
AAAB RNV AHESHERE. MR E,ARE
(2) ¥EX R, B,AA,AB BHER

B, Ay DAp AB,
B = , AA = s AB = .
B,

AAy DAy AB,
(7
FEMY T EEMAPRT RN, REZXEBAIER « =
a7, 237
WMRRRESL

Ei = Ax + Bu (8)
BB A8, 0 rank [ A2, By) = n - 4 Elt#F
HETRERE P,0Q, € R{m-mx(n=n) & QAx P, =
blockdiag(/, ,0),r; = rankAp. i€ @B, = [Bj,
BLI", By € RW™,By € R 7" H M H
rank[A»,By) = n—-r, BlTH By BHT®E n - r
-r. B
u(t) = Kpxp(2t) + v(t), K, = [0, BL]Py,
(9)
I (8) KA R 4L
iy = Ay + (A + B1Ky) %, + By,

{0 = Ayzx; + (Ap + ByKy) %, + By
ToBkrh, BD det( Ay + B2Kp) = 0. MEBEIREH v
= Kz FBAGG) EEH v = (K, K27, 217
= Kiz; + Koy THRIHIA RS

2, = (A + Ay + B K, + ABK)x, +
(Ap + Ay + B K, + ABK)) x5,
0 = (Ay + AAy + ByK; + ABK )%, +
(Ap + My + ByK, + AByK) %y
(10)
HEREILREN.
BRE A,AB RAER:A4 = LSF,,AB =
LSF,, () FRAR BTSSR
L L ZF, L,3F,
AA:[ ]E[Fa FJ:[ ‘ 2],
L, 1% L,3F, L,5F,

L L SF,
I P i

L, L,SF,
Ha S AhRAMSPEKEHRS €02 = {01070 <
5Ly, Ly, Fy  Fy  Fy HERE SR B AERE ;
FEXNAO) RELKER K, TRHELE:

Lo [ F, + FK |l < 67" (11)
HAF s = | (Ap + BKp) ' I . B
[ 8n + ABK, | = || Ly2(F, + FiKY) || <

I Ll Fo + FEQ Il < 871,
oy
| (Ap + B1Ky) ' (AAp + ABK,) || < 1.
MRS 2 Bl Al det(Ap + BoK; + Ady +
AByK,) = 0.3XFRHAME (9) RE XK K, FEEH
DT, AFRG(10) 2Tk HH) .
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ETFEMITRFRNBBRE:

i) PRER RS (8) Ik AT 8

ii) [An, By] BREFTEEN;

i) XTE(9)RE XA K, (1R BL.

513 4(6) IHEE o > OFLE LBERMER X,
YURBEBYEHOERES,S™S < I, 7% X'3Y +
Y"'3TX < a®X"X + Y'Y 3L

THERINAL RS (6)THEHAEH RN

EE3 ®EMD, DR U)MWE.EFTHEHHE
A%

AT QAT <0 (12)
FEMKREEH X, WRG()RTEBHAEN, X
LS

XAL + Apx P

0 = ,

pT R
P = [XF; XAL L An+ BiK],
R = blockdiag(- (1 +28)7', - 12,

- (1 +2a)7 1, - (289)°'D).

K, B1(9) ;A & A = [B],F},B},0,0]" WiE
T, Ba=(IL18)28= LI

i BAHX(12) FEXNKEEHE X, NBE
B O MHRERTA, FEER K FInTHAFRR
32[7]

0 + TTKTAT + AK,T < 0.

Her =[x,0,0,0,0], tBp
XAT, + AnX + XKTBT + BLK1X P,

< 0,
Py Rl]

P1=[X(F,,1+F5K1)T X(Any+B:K))" L Ap+BiKp),

R, = R.
WY& Schur #M SR, BT A £ X HM T
[1‘111 Pz]
< 0.
P R
;]

Ay = AT Y + YA, + KTBTY + YB,K,,
P, = [FT (An+B:K\)" F' YL, 8Y(Ap+BiKp)],

: 1 1, -1, 1
R2=bolckdxag(—1, —21, —2‘31,1 +2a1’ —21),

Y=X' F= F, + F)K.

EEF
DAy + ABK; = L12(F.;2 + F,Kp),

DAy + ABy Ky = L3(F, + FiKy),

H#EB LI, < .BI;(F.;Z + Fsz)(F.,z + F,K)T < al.
FHRI RS 4 F Schur #MER, BT LB B
(An + DAy + BiKy + ABK)TY + Y(Ay +
AAy + B1Ky + ABKy) + 82Y(Ap + DAy +
B\K, + AB\K;)(Ap + Ay + BiK; +
ABLKy)TY + (Ay + DAy + ByK; +
AByK()"(Ay + AAy + ByKy + AByK,) < 0.
HihEE 2, ARARZ(I0)NEREHIREN.

IEEE .

AXBEHERNFERRIAR, L&
WHAREHT,E—%, FARORXFIT K, HBERK
B ERMASER(12), RAsEHE A5
(12) B ff W AR ZE PR BT R A S0 R0 O B 3 B 36 R R
(BRIA T ZHBN TREKM), lHME R Ivasaki %
SHE T ET AR HER K, H
Ky =- pATEI(CETT)' + S2WV(P ETT) 12
REE=(AAT-Q/p) o HEYEY, FH/E >
OEMEVHE VI < p3BS=1-A"E-5
'(rer"-'rgla. 4 Q)X BB MHHAR
ZGE(0) XM EZHRH IR ENEREAETER
& BRTFRE, BEBEE .

4 45 (Conclusion)

FEXFENRTHARESHENT LEENE
BEEEHBORTEE, AAKEEREARERS
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R o B R T 34 B, T AR L A 4 Y Bt R M B

AREHEEAEARRIRED BWEATE

ABES B LR G &8 S £ H S 18t
o,

$ % Uk (References)

[1] Liu YQ, Wen X C. Theory and Application of Large-Scale Dynamic
System Vol .6; Variable Structure Control for Singular Systems [M] .
Guangzhou: South China University of Technology Press, 1996

{2] Vamga A. On stabilization methods of descriptor systerns [J].

Systerns & Control Letters, 1995, 24():133 - 138

(3] Zhamg QL, Dai GZ, Xu X H, e al. Asymptotic stability and

stabilization of singular systems [J]. Acta Automatica Sinica, 1998,24

(F&L 776 ®)


http://www.cqvip.com

776 ERHELSNA 19%

BRGEKBOERBEN, § 4 T HIEMR 81 SR g
T RIERSEFHEBEXNWN RS KE. BEX m
= 2 IRGEHITTHEITE HERBIET II#
RMERARE, NTTR G THE R RS ERE
R

£ % 3Lk (References)

[1] Xie Guangming, Zheng Dazhong. Controllability and reachability of
linear switching systems [J]. Control Theory and Applications,
1999, 16(Suppl.):135 ~ 140 (in Chinese)

[2] Narendra K S, Balakrishnan J. A common Lyapunov function for
stable LTI systems with commuting A -matrices [J]. IEEE Trans. on
Automatic Control, 1994,39(12):2469 - 2471

[3] Shorten R N, Narendra K S. A sufficient condition for the existence
of a common Lyapunov function for two second-order linear systems
[A]. In Proceedings of the Conference on Decision and Control
[C]. San Diego, California, USA, 1997,3521 - 3522

(4] Branicky M S. Multiple Lyapunov functions and other analysis tools
for switched and hybrid systems [J]. IEEE Trans. on Automatic
Control, 1998, 43(4):475 - 482

[5] Peleties P, DeCarlo R A. Asymptotic stability of m-switched systems
using Lyapunov-like functions [ A]. In Proceedings of American
Control Conference[C]. Boston, MA, USA, 1991, 1679 - 1684

ALEE WA

BN 19704 4 2001 FERIGKERI¥EL¥6, A%
WEXEASUANERLEHRATIHE FRTIARERE. Ui
FENBEEFR AR EREFENGEHTHREY. Email. x1@
cims. tsinghua. edu. cn

NESL 196354201 FHERIEKRERTF BT %0, R%
TENZEEHAGEFTAEBLERRALE R AAIREER
%R ARENBERTRE, AU R RS,

B E O17FEE R AEERRFESIBERAR B+
ERM AATEHEHAFRBEHBREACER . TEHR T ERY
ERFRUREEHUTE BERK, IR RER TR,

(LBE 173 R)
(2):208 - 211 (in Chinese)

[4] DailL. Singular Control Systems [M]. Berlin: Springer-Velag, 1989

[5] Shen T L. Theory and Application of H.. Control [M]. Beijing: Ts-
inghua Univessity Press, 1996

[6] SuHY, Wang J C, Chu J. Output feedback stabilizing controller for
linear time-varying uncertain systems with delayed state [J]. Control
Theory & Applications, 1998, 15(6):939 -~ 944

[7] Iwasaki T, Skelton R E. All controllers for the general H, control
problem: LMI existence conditions and state space formulas [J]. Au-
toratica, 1994,30(8) :1196 - 1199

[8] Hom R A, Johnson C R. Matrix Analysis [M]. Cambridge, UK:

Cambridge University Press, 1985

A A E A

WRE OTSE I FEEHBIRYERBRSNAS
WHE LN AR FRIVRFRETRHEFHE. B EH
FMERES XRENEAE R BHEHNA RETRESH
FEPERA .

NHE RQFEE 99 FEERBIAXEHARSNAY
W20 AR R IV R RETRBHRFTHER. AEE
FIS:-HREEABR BEHSNA FAHRESHEE TR
REF .


http://www.cqvip.com

