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1 . 2
, 3 .
4 , .
1
1.1 H € ™™
H, H, .. Hy
Hv H:i ... Hy-1
H = , (1)
H, H; H,
H €R"™(i= 1,23 -4N) H;= Hy-ii2(i= 23, -4N), H
, scl[Hl, H>, .., HN] .
m; = (1’ Uj,l)?, Tt U?L I)T’j = 17 2’ "3N’ v = CXp[(ZJT(]— 1) N~ 1)/N:| > i
N=1 . Rv= N [ri,r, r], ri=m=L11, 1"
r,= 2 l/z(mp"' myso-p), e p = 2 v N= 1(my— my.>p),p= 23 -1, N
= (N+1)/2; N U= N/2,  rvar = myoe®
L1t Ry
Ei'= Ei (2)
Ei= Rv - I, - Kronecker ,Ii k , El Ex .

1.2%%  H= sl[H, Ho s HY],  H €R™(i= 12, ..N),  Hi=
E?"HEPa H;= block diag{Hdl, Hdz’ Ty Hdv B Hdi= H¢V+}i(i= 2,3 1), H; Hdi

) (H
1 m | m

= (INEy )" ]| ] = ﬁF/v(vf-Im) : (3)
Hy Hy

1L

N = ﬁ[ml m: mx] .

¥(t)= Axi(t)+ Bui(t)+ Zquj(t),

Zl_.{ J=Ly7 (4)
yi(t)= Cxi(t) (i= 1,2, - N)

{xi(k+ 1) = Axi(k)+ Bui(k)+ ;ZD,-Jq(k),
> j=1jFi

yi(k)= Gi(k)  (i= 12 -, N)*
,AER"" BER", CER™",D; €E R""(i Zj = 1,2, .., N)



789

X = (lea xg, -3 xX*')T, y= (y?,yg, . y}/)T, u= (u?, ug, .. uITV)Tj A = block diag( A,
A, .., A), B = block diag( B, B, ..., B), C= block diag(C, C, .., C), D= (Dj) € RNn,XNn’
Di= 0(i= 12 - N) 4 (9

ui(t) = Kixi(t) ( J(i= 1,2, -4 N), (6)
wi(k)= Kixi(k) ( J(i= 12 -4 N), (7)
K. € R"", K = block diag( K1, Ko, -+, Ky ), (4) (5
#t)= (A+ BK+ D)x(t) ( ), 8)
y(t)= Ce(t);
x(k+ 1)= (A+ BK+ D)x(k) ( ), (%)
y(k)= Cx(k)*
1.2 (4( (5) ., D= (D;) , D=
sd[0. Dy, ... D], (4 () ( )
: ( )
1.2 :
(A, B, C), D .
1.3 (A (9), 6 (1), (8)
( (9) ; (4 (9) .
( ),
. . : , D=
sd[0, D2, ... Dv)], (A, B) (A, C) . B> 0,
Ricatti
A'P+ PA- PBB'P+ Bl.= 0 ¢ ) (10)
P= A"PA- A"PB(I,,+ B'PB)'B'PA+ B, ( ) (11)
P( P> 0), P = block diag(P, P, ... P), (10) (11)
A'"P+ PA- PBB'P+ Bly,= 0 ( ) (12)
P= A'PA- A'PB(Inu+ B'PB) 'B'PA+ Bln ( )e (13)
, 1.1 1.2,

Ai=EVAE, = A = block diag(A, A, -, A),
B, éd'E‘nlBEm = B = block diag(B, B, --, B),
def

Ci= E.'CE,= C = block diag( C, C, .., C), (14)
D, = E,'DE, = block diag(Da. D, - D ).

Pi 2 E.'PE. = P = block diag(P, P, -, P),
Di=Di, (i=23 i)

p

5 )‘max( P) }\mm(P)
, A Il = ( Ma(ATA) )%
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1.4 QD)= Ma(D'D), QD) (4( (9) .
1.3 QD)= llDp;II*= max 11Dy, || %

1R ”Ddz I”= 12‘%\*)"““(1)5; Dd;,) = }\““(DTd Dy) =
}\!’I{!X(Ejl IDTEn E_nlDEn) = }\max(E;L II)TDEn) =
Mx(D'D) = P(D)e

2
2.1 B> 0, Ricatti (10) P
B> llPI*+ oD, (15)
ui(t)=- B'Pxi(t) (i= 1,2, ...N) (16)
: (8) ) (4
(16) (8)
¥ft)= (A- BB'P+ D)x(1)* (17)
v(x) = x' Px (17)  Liapunov ; v (17) t ,
(12) (14
Xx)= x'(A'"P+ PA- 2PBB'P+ D'P+ PD)x =
x'(- Bly,- PBB'P+ D'P+ PD)x <
x'(— Bly,+ D'P+ PD)x =
x'E,(- BIx,+ E,'D'E.E,'PE,+ E,'PE,E,'DE,)E,'x =
~ 2'(Blva— DuPs— PiDy)z =
~ 2'(Blva+ (Pi- Da)'(Pi— Di)- Pi- DiDi)z S
- 2'(Blv.— Pi- DyDy)z,
.z= E.x,  .x #Z0 2 Z0, (14) lpll= llpll= lIPI,
1.3 (15) (BIva— Pi- DuDi)> 0, ., x Z0 fx) < 0 x=
0 ,uXx)= 0, X x) \ (17) : 1.3, (4)
(15), (D), : P(D)
; A(D) %) (15) (Y
o(D)-
2.1 P> 0 , (D) <P, Ricatti ~ (10)
P
B> IlPII*+ P (18)
(16) . (8) ; (4)

2.1 2.1
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1 P(D) P D Ricatti (10) , B
P (A, B) s
D (A,
B), (15) (18)
2 (16) Ki(i=1,2 ..,N) ,
(15)
(13), (16) , , 2.1
3 Ricatti (10) B8 P , (15)  (18)
B . Ricatti (10) , B (15) (18
, B ,  Ricatti (10) P
(15)  (18) , B
. (4,
1 1.4 (4) P(D) D) P;
2 B s Ricatti (10) ;
3 (15)  (18) ., 6, \ 4;
4 3 B, 2;
5 B( B2M, M ), (15)  (18) ,
1 2 ; (A, B), 2;
6
ui(t)=- B'Pxi(t) (i= 1,2 ...,N)*
, D , (15)  (18) B
. (4)Il]
Di= BL.C,
Li= Ly,»; €R™  (i= 23 ...N)* (H)
L= sdl0. Ly, Ls, -, L],
Li= E'LE, = block diag(Li, L, -, Li), (20)
Li= Li (i=23 1)
2.2 (19) (4) ,
Ki
A'"P+ PA- PBB'P+ BC'C= 0,
Ki=- B'P (i= 12 -..N) (1)
, B
B> max Il L [[% (2)
(199 D= BLC, v(x) = x'Px (17)  Liapunov ,

Xx)= x'(- BC'C- PBB'P+ C'L'"B'P+ PBLC)x =
x'(- BC'C- (LC- B'"P)'(LC- B'P)+ C'L'LC)x*
G= LC- B'P, z(1)= E; (1),  y(1)= Cx(1),
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fx)=-y (Bv- L'L)y - x'G'Gx =
- y'E(Bly,- E;'L"E.E,'LE, E,'y - x"G"Gx =
- Z'(Bly,- LiLi)z- x'G'Gx <

- 2'(Bly, - LiLq)z* (23)
(22) BIv— LiLi> 0, x) <0, (4) (17) ,
, x(0) = xo 20 (17)
x(t)= exp{(A— BG)t}xo, Xx(t)) =0, Vi 20 , (23)
x'G'Gx = 0, v >0
(B - L'Lijz = O, P (%)
,Gx(t)= 0,z(t)= 0, Vi 20, z(t)= E;Y(t), y(i)= Cx(1),
X0 y(t)= 0, Vi >0, X0
(A, C) ; .
(4) (5)
3.1 B> 0, Ricatti (11 P
Bl,- A"PA- D\ (2P+ PBB'P)D; > 0  (i= 12 -,N), (25)
ui(k)=- (I.+ B"PB) 'B"PAxi(k) (i= 1,2 --.N) (26)
: (9 , (5 .
(19 (5, :
3.2 B> 0, Ricatti (11 P
Bl.- Li(I.+ B'PB)L; > 0 (i= 12 ... N), (27)
(19 (5 : (26)
2.1 2.2 ) :
1 (25) D . ,
(D) : (A, B)
(5 .
2. 2.2, (19) (4) .
3.2 , .
3 :
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J

{xa(t) C- (0 Bu(t)+ LDy (1)

yi(t) = Cxi(t) (i= 1,2 ...N),

., 8>0,BB'=1,.D= (Dj) . Ricatti ( 10)
P+ 28P- H.= 0
P=(J5+ B- 5L, , B
B> [1+ %L P(D)
, (15 . , §> 0 D, (28)

wi(t)=— (J &+ B— 8§B'xi(t) (i= 1,2 -N),

. B (30)
2 N 2
{xa(t) - [8 é]xi(m [?] w(t)+ SDyx(t).
j= 177
yi(t) = Cxi(t) (i= 1,2 «..N)*

, VB> 0, Ricatti
0 0 0 1 0
[1 O]P+ P[O (J— PH[O P+ Blo= 0

P:[JBZ+ 28,/B /B J.

NNV
B< P2 ; 2.1 (15)
(31) . (A, B)
0 a 0
A: B:
[0 0] [J_a]
,a> 0 , B= q Ricatti
0 0 0 a 0
P+ P - P P+ al,= 0
L o S e R ER A
-[2
13
P II*= 74641, B= a> 7.464 1+ Q(D), 2.1
D
a B
= Ya, Yy o, Ricatti

2 e 2 ] Tt 1 e

(2)
()
(30)
(31)
B> 0
(A, B),
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Py, B> P II°+ (D), a= B/v AD)=1
abB v ( 1)
1
Y hpl? B a
0.25 1.918 2.918 11.967 2
0.5 3.6730 4.6730 9.346
1 7.464 1 8.464 1 8.464 1
2 17. 1247 18.124 7 9.062 4
4 44.784 2 45.784 2 11. 446 1
1 , Y , [SEENY A , Y ,
Y B 1Pl

qe

(4]

(5]

(7]

(8]

(9]
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On Decentralized Stabilization of Linear Large Scale
Systems With Symmetric Circulant Structure

JIN Chao yong', ZHANG Xiang wei’
(1. College of Applied Mathem atics, Guangdong University of Techn ology ,
Guangzhou 510090, P.R . China;
2. College of Electrom echanical Engin eering, Guan gdong University

of Technology , Guan gzhou 510090, P.R. China)

Abstract: The decentralized stabilization of continuous and discrete linear large scale systems with
symmetric drculant structure was studied. A few sufficient conditions on decentralized stabilization of
such systems were proposed. For the continuous systems, by introducing a concept called the magni-
tude of interconnected structure, a very important property that the decentralized stabilization of such
systems is fully determined by the structure of each isolated subsystem that is obtained when the mag-
nitude of interconnected structure of the overall system is given. So the decentralized stabilization of
such systems can be got by only appropriately designing or modifying the structure of each isolated
subsystem, no matter how complicated the interconneded strudure of the overall system is. A alge-
rithm for obtaining decentralized state feedback to stabilize the overall system is given. The discrete
systems were aso discussed. The results show that there is a grea dfference on decentralized stabi-

lization between continuous case and disarete case.

Key words: large scale system; decentralized stabilization, symmetric circulant structure; magnitude

of interconnected structure; Ricatti equation



