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Abstract The stabilization problem of singular

problems in singular system theory. In order to

systems is one of the fundamental

study the stabilization of singular

system with saturating actautors,first of all,the decomposing theory of large-scale

system and algebra method are employed to synthesize the singular systems with

saturating actautors,and a sufficient condition for asymptotic stability of closed-loop

systems 1s given; secondly, the concept of E-

asymptotic stability is given and

Lyaponov’s method 1s employed to put forward the feedback control for the singular

systems with saturating actuators. A theorem for E-asymptotic stability of closed-

loop system 1s obtained.

DIBHETERBEARES T
WFHEH B 1997-10-13 WEEAFEH Ef:] 1998-11-29




1 3 RERTF AWMAEMHE ] XARRTHIEE 533

IH

Key words Singular systems, state feedback, stabilization, input saturating

actuators, asymptotic stability, E-asymptotic stability.

1 515

I XERRZRENRITS, T XEBERRAERCERAN T 2R FL B, JLF
BT B L2 R G, B FAE B T S B IF sl F, — By sttt l 172 —
MM EF, EXTEL T, AFEBEE AR SOT S, HAR R A EL e
HREAHFRIEN. EEE ZRPEMARIE FHEERBCHFAPHERS Y HTX
R AEN A FREE RS RS RICE D A XFREEmAMEAE FHIT X AR
SR E B, 56 —#0 o A R E i B IR E A R AR g . B E e M H
ZERE L IE ROTIRAL IR RS, Wit i, RIEE PR RS E-HNEfRE.

2 W RFRTHHL IR E M

ERM I AR

Ex = Ax -+ Bsatu,

(1)
y = Cx -+ Dsatu.
FRPE,AER™ ,det E=0,2ER" BIRT;u€R” B AER;VER;
satu = [Satul s SaATU- 4" ,Satum]T. (2)

£ X 1.

(u; yu, < u”

satu, == < u; i, << u; < u; .

usu; > ui

MFREDEMTRERE: DE,A,B)RBERH. 2) (E, A)ZENH. 3drankB=m,
rankC=/[,degdet GE—A)=r. ZHIEHH N FFEA SR P, Q F B AKX (DXRFMT

2 = A,z 4+ Az, - éBlu + B, (satu - ém, (3)
B 1 1
0 == Agl-ffl + Aggi‘g }* 2 Bgu “I_ Bg(satu Z u) ’ (4)
£
vy = CQ™’ + Dsatu. (5)
(L2,
A (DBBEEES, (DU B EEER , HT (A, B BT . B SIEHULFE
HiE FoA Au= (Ap+— BoFo) AT SRR w=Foxy+v, B2 (3 H () ] 18
: 1 u
x, =A,x, - > B.v + B,(satu > )
. (6)
0 =A,x, + A,px, + -—2--337,) -+ B,(satu Zzt ) s




534 = z] 1k F iz

25 %

1 A 1
AU — An T (A12 + _2_B1F2)A221A219 BG — "’2“"[31 T (Alz

U ‘_:szz-leI‘

XFE), (DWHH RERAE N

L

1

t

2

7 = (A, éBDFl):rl B, (satu — L),
0 = (A, ;BzFl)xl + Apa, + By (satu — ).
AR @K NI FIR ARG EHBEE R
D(t) = e 7B,
PNGEXCN o) TIE - ¥,
2, () = W)z, (0) + j;cp(z — DB, (satu(r) — —u(D))de.

XA FLL§1E
”@(t)“ < ke, ki, oy > 0,

— @y = maxRe{/L«(Ag éBGFl)}'
M
fsate — —ull < 5 lul,

o F=(— Flaf’z),Lﬁﬁ@UTE%%:E
1)(10), (11)—U§E_L;

2B =FlIB:IIAZ" | <2;
3)a1>-—HBH||Fl' ”Azfl(A“ BzFf)”
1= IE B, [ Az |

HEEH. B (R) YR E

B,F,)A3;'B,].
H (E,A aB)EEﬁE%E%D ’ (A{J 380)%%?%% !}Am] F’J’E‘%Eﬂﬁ*&)ﬁ 9HR U— _Flﬂ-’fl aﬂl'J

(7)

(8)

(9)

(10)

(11)

(12)

=a,, AR BE G (DHRBIETRE Y.

e, OIS, @+ | 18G=D B IFI (142 (2 e,

RHERE (O,
|Ag' (Ao — SB.FD| + 5
| < 1 2zl
1 - 24,
)

2l << ke, (O + @ e 2, () dr,

Bz, ) le <kl €O 1+ | €7l (o) de 35178
o, @l < byl (O e

Bl (O NSyl (O fle™ ™ ™"l B BRIHT AR F 50 » 24 t—>oo B, 1y (1) 0. FHE

(13)

1 (9) [ 1§ t—




4 RERF B AENMETH XAGEHEHE 535

oo}, a, (£ )05 FEIE EE.

3 WHRGH E-Anfa e vk

ZR-B XFERERSA
Ex = f(t,x), (14)
H A EGR““,IER 1 R'XR'>R" detE=0. FTHENRIEZRZZE QO EHEENYLE
= W) A B ME—
E M 2. ﬁﬁx%ﬁ(mﬁ E-FaEH IR FEEN 0, 157E 60,824 || Ex, |l
<8 B} HF | Ex ) || <e, HF 2 () B B R Ex(0) =Ex /.
EN3. FRAOE E-BafaEs, R D QR E-F2EW,2) H limEx=0.

oo

51381 B HEEXH —PMRE VG, ) :RTXR >R ,yv=Ex, ZL BRI T &M
I)V(ta()):o;

Da(|[Ex|D<V G Ex), HF a(r) B ELEB R IE KL ,a(0)=0;

il

3>d——V (M)<'—C(V(tsEI))aE;E::' CWVHYRXTFV HELZENMIERZ, H C0)=
0, M Q1) ERE E-#ril 2 E 1.
HEBH. (BE )
EETYEF(DOBSEEASR
Exr = Ax + Bu (15)
232, R ARG (15) 8 R-BERaM  HL T Bk sk, T4 B o — ;R‘IBTVE.:;:
i, IR R % Ea= (A é BR'B'VE)z 7EAR i & P (A ; BRB'VE) fh B 4E M fa 2

B, XEBEV NIEERE.
T H SR8 JAFFTEIE € W, 815
E'VA + A"VE — E'VBR 'BVE = — E"WE.
T2 BB EAZ(DOWSWESK A5 R-Eefany, H Lk, %
Auin (W) > [VB|*[[RT] 5
MRS (DEESH u=—R'B'VEx WER T , G HF RGRE E-#riffa g 1.
EAA. & u=—R 'BWVEx,u 5Q)FFHBRHIAREL N

Ez = (A %BR-IBTVEMJr B(satu — 4), (16)
AW T U EREEERKYV @ Ex)=(Ex)'V(Ex),
‘ill  (Ex)"WEz+2(Ex) "V B(satu— -2y~ Lon WD ZIVBITIR 7Dy,
ol 1e / Amax (V)
% a(r) = huo (V2,0 v = e IEBEIR. Doy oo s mo o 2 e @ 31 2

M AT R 35 2R 42 (16) 2 E-#iiris i 1.




536 : z/) ik, “F S 25 A&

4 BilF

TR TFEMAMMEFYT XER
(1 0 O 1 0 0 ° (1]
0 0 1|lz=10 1 0 |x-+ |0]satu,
2 (17)
0 0 0 4 6 —1 1

\y = Cx + Dsatu.
ANESWIE(E,A,B)EBEERE, (E, A)EIENH, Bl

1 0 0O 1 0 0
0 0 1 0o 1 0]
BRASRMu=—U —Dx 2z, B5KE
(31
A 7 / .3 I . /21 .
A =1, 4 = 4 _I_’BDH(’? 14)’ P = 7 2 =0
7 7
R ERINFFEAFHE , MOADOPHARFRERERIHEREY.
2 £ X B

1 Dai L Y. Singular Control Systems. Spring Velag, 1989

2 Nicalescu S I,Dion J M. Dugard L. Robust stabilization for uncertain time-delay systems containing saturation actua-
tors, IEEE Trans. Autom. Control ,1994,41(5) ;742—747

3 Chen B S,Wang S S. The design of feedback controller with nonlinear saturation actuator . Time domain approach. in
proc. conf. Decision. Control, Athens. Greece, 1986 :2048——2053

4 Chen B S, Wang S 8. The stability of feedback control with nonliear saturating actuator; Time domain approach.

IEEE Trans Autom. Control. 1988,33(5):483—487

E. Hille. Lectures on Ordinary Differential Equatons. Reading ,MA : Addison-Wasley, 1969

XK BEER. | XRENREHES. 7N EEE T REH A, 1997

KIRR. | ARk R ARG 8 o il iz m]. 655K, 1995,10(1) : 7074

KRR, | NARGHRERERANOERZERFTE. R 2 554,1994,14(2):117—120

o -3 o

RFRE F, 1966594, 1987TF L FRPITERELF K. 1994FEE TG KE KM
TN 1998 F4 A ERM B TR¥ HhEHR TERARE LA, AN " RETELR
FRBEE. TREBCGEBMIR AT LRGSR BB RS2 ) 5 &1,

WER 5196794, 1998FEHEHE T A% B3l K H ZRE 20 HAE M
IR B LR, RGBT LRS, FHE LEM AR & R4,

XU7kH\ 55,1931 4 LB TRFHohEH RER, ELAE T, EE RIS
EaRARGRATAE.




