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QUADRATIC STABILITY AND DECENTRALIZED STABILIZATION
VIA STATE FEEDBACK FOR UNCERTAIN
INTERCONNECTED SYSTEMS
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(Northeastern University, Shenyang 110006)

Abstract In this paper, the quadratic stability for uncertain system x (¢) =

K
{AO—I— ZD,—F,- (O E, }x(t) 1s explored and the sufficient and necessary condition

=}

discribed by H .. small gain condition is given. Then, the problem of quadratic
stability and decentralized stabilizability for uncertain interconnected systems is
discussed. Two groups of necessary and sufficient conditions for quadratic sta-
bility and decentralized stabilization of the uncertain interconnected system
have been obtianed, which are H., small gain conditions for subsystems. The
decentralized controllers can be obtained by solving a group ot Riccati inequali-

ties on subsystems.

DEFXRERZ2ES EXNSHE L ARSI TEERR 222 TR
WH BRI 1997-05-12 YiEoidim B 1997-11-24




398

) 4

=

1t 25 &

2
431
A 5o H
o EZXTE G RENHRE
RURLITEE
H . T 3G

Key words

stabilization.

—-.

[1 2 155
N
N IR AR

_l"

el

CHKE
ZRZIH) L

TR 2 GX F
H_ {558

WEMX[(1—6DITIET A
B, i, 2 Py H.o /N
11 22 BT

ol

e
e

T A B

£ S

E N Bk &

R

AE.

FHT —

Fal

X e e

E [RIRAR B — 20 F R 2

LHY R ELRE

2 g RAMG|H

FIRARGL

e
r—m—

N

/

E':!#,Ig:aF (Z))

EZFTF <I. & RS IRFAE Y
SHTFEFGEQ) u=0),% D,= (D, D,-

X R”

SR

AN E

rrl

K
x(1) = {A, + ZD,-Ff<z>Ef}x<r> + Bu(t),

2 5%

T A A A
By B R R 0, X RV ISR R
T TaE
W22 R A 8] B R B
A RR W el MR E B R
MW, w R E T REGITEWFER. R CHF RIS b
TIRBREM T DEFZMG, R R
ME T LY,
e, B3 T H

il

S H

2
AL

H

E -

J“L

5

mémﬂtﬂf'

T
*Dg)

St
ok =)

2R ANEE

/NI RR AR 1H
. B B, T TS 4

i Zl| %) — BB F &R
ARG IR EM TR, XA LT
2 ) &, B B i) 1

n%_"

e/ ¢

Uncertainty, f{.. norm, quadratic stability, decentralized

R IR EE K E R, 3
N H P E R A E T
W) BB T A EERE 42, by
HWIFFR. A— 7 1H,

ENET, T ZIRZ 45
TR Ah 28 oK O AN s A T e A
Byt *%EF‘ IR OIRr
LR TARELXE RS
A

R,
LRAIVHE TIER 28—
MHITEEEN Ho. /D3 55 5%

BR R 90 Y 7 U 1 4

st Lharaixit.

A

—t

H

ERFTTH A

TR iR EEA

1
.

‘i'_

} l—t":}

(b}

—rry

AL

e &4

is

AHEN

(1)

>US R”, A, ER”X”,D cR*,F()CR",E,€R"™",B € R"",D,,E,
2 WE?E%

'R O FHYER Lebesgue 1] il K % H.

Bl

L.,.
HAE (R X

E; = (E[E;

Wz [1,5]) a5,
Ex)Hl F(¢t)= block-diag

(F1 () Fr®)) , MERETLLFER A
x(t) = (A, + D,F()E)x(t). (2)
I RTFEREOH - RKBEESHE TWTE RGP ERE2 7).

EE1. AR QOB TIXBE S B S TEFRH AL

DAZETRRER;

D E,(sI—Ay) 1Dy | . <1.

L2 X289 R G LA Frobenius B R ZI XA @A 48 H T RIFERY 4512 (O
(2] ER2R13). T ik Do ETES 24 K B KA 56 Eo(sT— Ay "D B 2
R, A HA M TE T ER H o ESBORRE M. SEhr ERMRIA 6P E X2. 1%
SIFE2. VA MEUEBR T T RE FE R B 62X Fi R ME.




3 ] R R R I R A U R R A B L 399

1. & DE R, DD = ZDDT,?ILGR*XW ETE = ZET JUEG (DR
KIRE T VB AR T EF L

1)Aﬂf£i%xﬂl3;£;

D EGI—A) 'D]..<1.

R E,D MM EGI—A)'D B EANE K k. X —4ier 4 T EELE
==
3 FEGR

EELNHENKERES

x(t) = [A+ H@) Jx() + Bu), (3)

g

A €R™",B,€ R ,H,;(t) € R, HIL &
oo yIN G x = (o
RGN BRI
P COLICL7 1. T

1,2

i
N

Eig

1

DLANTE. [

THRANRRARH IR E
i, 4 g(t)=DF (t)E,]
TRR 91T B Z A0 T 4
AT AR

T

2yt

N

tyj=1

1y ]

|

FE |2

N
( (Dz‘j)ij) ( (Dij)ij) l = blOCk‘diag( ZDUDFIFJ"

1

iy

A =Dblock-diag(A,+Ax),
B =block-diag(B*++By),

H(Q) =

f

i

1

H o, (£)
H,, ()

H oy (2)

cxn)su ()= (u;
NFZ LR RKRARE MBI RZFE)PT R
R RARNNE H, P ERERRAIET, G REEREE
b, KGR R TIEF R — LR,

e

- ]

+ D CWD,) (

¥

H o, (@) Hin@)
H oy (2) H,ny ()
H oy, () HNN(t)_
ErELESE FEUE

Un) X ER U ER™i=1,2,

SR o} 5
(P DERERE LR, BHiE—nXn R
- — Bk 9 1 HY B AT Ao A8 A
: DF(OE ®M. AT EITR g) =DF @) E,
AXER i ATHE jIIN R nXn W HFE M ERTE RN nXn WERE. F),
WA S R e R A

((H;@®)) ;)
= ARG (3 RIEH

x(t) = [ A

( (Dij)ij) ( (Ffj(t)J jj) ( (Efj)jjJ ’

F:’j(t))

j 7] 5 2 FH.

i) CCEGD ) ]x(t)

T BT

(9] = 1,2,

N
. EDNJ‘

N N
2 (E )i (B ;) = block—diag( ZE;I{ . ZE E,N) .
- i=1

YK EH 2 M. 1R g (1)

Bu(t),

T
Njfl *

G2 8 B BRI AY A

<3 s

#] Lebseque AU pK 2T, ¢, 5=
N Z LA E

2[5

AR

.
B

::__.Egéé

2

VAT DA A R AN R o
-— g (1) B8] UL 5 AY
UMD BER—N NXN 3

s V.

13X F:

H

&

(4)

(5)

(6)

(7)



400 £ ) . = fix 25 &

N N
ST F;@),) T((F,(6)),;) = block-diag( D FL@)F.( () ZF OF @], (8)
— - .

=]

N
& D,ER™ i D,DI= ZD DY,i=1,2,++,N;4 DER™™ {E DD = > ((D;);)*

teg==1]

((D;‘j)z‘j)T! iit(E?) : D:blOCk—dlag(Dl"'DN);/%\E;GRHXH,#{EE EIE}:—_ EIE,T}EH& ]:1!

2,0 N; & EER™"" f§ E'E= Z (E)D;)T(ED,;) . R (HEH E=block-diag (E,

N

N
Ex), Bt (8)% Z Fo)) ) T((Fu@) ) IS F ;F;gma_f(ngzn,j:l,z,
+y N. ‘iF‘!Tuéﬁ LjﬁH—FfE};I:

% FE3. x#%%é}‘im(u:m,%;P“3;<t)Ffj<t>glﬂ, j=1,2,, N, MERKTEE
7o S A8 T M S AL

DA G=1,2, ,N)ERTE

2)||E,-<51—-A5)*1Dfnm<1,z—l 2,00y N,
nERH. Kl A=Dblock-diag(A,*Ax) B} A BRIEEMREFEN T A, A, Ay REE. M
E(sI—A) 'D=block-diag(E, (sI — A;,) "D, Exy (sl —Ax) ' Dy, MWTEVFEH: 1
|EGI—A) "'D| . <15 T |EGI—A)7'D | . <1(G=1,2,,N). HEMF LI
R W0 2 i 250 A AUk BR 79 4538 =& iR

THFRERFGOP TR _IREE . HEH3, KNTE TR L.

EIRY. AR O DBHENE R ZREEN B ZHEFE Kisi=1,2,, N,
2k AL

DA —BK, B E%;

D |E.(sI—A+BK) 'D,|l.<1,
T E,Di(i=1,2,  N)IMEHE3IFFE L.
T ER4IRIT K BRA 718, T Raccati F 12 (A FER) AIEXN T L4 R A o075 1 X
REER T, PEAA Riccati AFF 25 kit K BT IE.

FIHS. EHAE >0, i=1,2, N, Riccati AR

LBBI P +EIE <0 G=1.2.+.N) (9

I-i

AP, + P.A; + P, DD/

ﬁX‘TWIEE% .. é?\ Kf:—l—'B?P,-,mUﬁ}gﬂjﬁ{ﬁ u,=—Kx;(t),i=1,2," !N!EJ‘:D/L\'%E%

2€,;
Z5(3).
HERH. SO R A E AL

~~B.BIP)"P, + P,(A, — :-BBIP) + P.D,DIP, + ETE, <0,

B[ 6] E| 2. 1,48F i=1,2,, N FRXEZEhHF

1)A,—5-BBIP, RFER;

(A;

— 1

2 || sI— A5 BBIP.| Dy <1ISSL, o1 A% FRakiE# B




3 #H ERARF AWENBRARY T IRBEEM R B EHE 401

=

Qm 1/\

ALK AN AN EET T EHEE T E G T —REREAHERERN KR
B —RAENBRERAY KR EMSEHESH IRBEMN & 5l KD T
RAEBRHNEKRAZER _RBEWN TR EH T U TER TR 98U 5] H#HE /W

FLor AR BB ) Riccati AFER. 2 EAE TNV AT
Z F X W

1 Khargonckar P P, Peterson 1 R et al. Robust stabilization of uncertain linear system: quadratic stabilizability and

ilr

H .. control theory. IEEE Trans. Autom. Control, 1990, AC-35(3):356— 361

2 Lee]H, Kwon W H ¢ «f. Quadrtic stablity and stabilization of linear systems with Frobenius norm-boanded uncer-

tain, IEEE Trans. Autom. Control, 1996, AC-41(1):453—456

3 Peterson I R. Notions of stabilizability and contrallablity for a class of uncertain linear systems. Int. J. Control,

1987, 46(2);409—422
4 Peterson I R. A stabilization algorithm for a class of uncertain linear systems. System &. Control Letters, 1987, 8;

351—357
Barmish B R. Necessary and sufficient conditions for guadratic stabilizability of an uncertain systems. Jowurnal of

N

Optim. Theory and application, 1985, 46(4):399—408

6 Xie Lihua, Fu M et al. H. control and quadratic stabilization of systems with parameers uncertain via output feed-

back. TEEE Trans. Autom. Control, 1992, 37(8):1253—1256

7 Jain S, Khorram F et al. Decentralized control of large-scale power systems with unknown interconnections. In:.

J. Control, 1996, 63(3):591—608

R, B 2. R 07 W A B 4 RS 454 S HE .

It

A& 19594

AL B PR TN E AR S S 3R REH

43

o

ALEE 1949%

a

H A B, PEB SRR L. 507 [ 8 B AR R G Ry 450 S T

SR 1925%



