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Some Control Problems for Symmetric Circulant

Composite Systems
Huang Shoudong and Zhang Siying
(Department of Automatic Control, Northeastern University * Shenyang,, 110006, P. R. China)

Abstract; In this paper, we study the output regulation for symmetric circulant composite systems and the quadratic stabili-
ty and the quadratic stabilization for uncertain symmetric circulant composite systems. It is shown that because of the special
structure of the system, the output regulator problems for such a system can be transfered to the output regulator problem for sys-
tems with lower order. The quadratic stability for such a system can be simplified by considering the quadratic stability of several
independent systems of lower order. And the quadratic stabilization controller of such a system can be constructed by the quadrat-
ic stabilization controller of systems with lower order.

Key words: composite system; symmetric circulant structure ; output regulation; quadratic stability; quadratic stabiliza-

tion

1 5|5 (Introduction)

WEE AN R GEA A B B0 % Bk AR )
P, S0 P2 G 0 3oF R AR 0 R 165 1k R 55 B 40
MR BB, B —MEB R AT 8 e ]

A0 B — KRB R
HAGRLE XRREHREEGERIIBETR L, X
R IRE I RERAEREEE B2
BB E KL R R R S5, B PSS
NEGEER) NTFRERSE, X 2IRE T &M
— BRI, A BB R R R E MR, [ 3]
PR T BRI H, M H, #6158, (4185 T e
Riccati 75 725K fft e — YR B A 25 41 1) B

AR SCRFFERNS FRUG R4 A 28 G Fo iy HE 37 = i) S8
A EMN TG A A RAW KRB E R ks
IR EE . 6T — R R GE b0t V5 DA S0 — i RS
Eéﬁ‘ﬁgij’ﬁﬂﬁ:ﬁ(%%ﬁﬂl:b‘(%ﬁ%ﬁ@,jC[S,

N 2

61 3C[ 7,854 4 I HEAT T RS . 2E A S0 op, AT H

PRI £ 7 55 5 0 O MR TE 0 2 B i 0

BRI NN

2 %75 8 (Output regulation problem)
A5 B 58 X FRAE TR 4 A 2R 5 i 4 1 R DB

%%B"J«lﬁ?ﬁ?ﬁzlﬁlﬁﬂ%:

= Ax + Bu + Pw,
w = Sw, (1)
= Cx + Qu.
BEE % = (af 0", (5, € RY,i = 1,,N),
= (uf, o u) N (g ER™, i = 1, ,N) ,w = (w],
wy) (w € B,io= 1, ,N) fl e = (eF, o,
en)’, (e €R',i = 1,0+, N) 435I Nn 4ERZS, N

YERIA , Ns 4E T T30 F0 Nr ZE1R 25 Wi A €
RNann’ B € RNanm’ = R[\’ran’P c RNans’S c
RNSXNS’Q e RerNs E‘ﬁ%*@

* ERARPHFES (69774005) S X H 2B K ETAFES RIT T4 BB AR EE 4 (972201) B BY T H

AT 1997 F S A 21 BRI 1998 4E 7 A 29 EH eI v



n XBRARTRAL £ 5 5640 LA T 479

Ayl, P=scl[ Py, P,, -, Py],

Sy), B=scl[By,B,, -, By],

CN]’ Q=SCHQI9QZ""9QN];
(2)

A—_—SCN:A];A29.“9
S=scll S, 82,
C:SCI[ Cl’ CZ’“"

Bl A,P,S,B,C,Q ¥RITFRIGERHE .
, ST P FRUEER S 1 1 8 UM, 2 03 (4]
X 2.1 FI5 | H 2.1,
E1 NHRERAERGRE N MR TR
g5 DI R IR T R R B R R G o, 7

(2,4, = A3 = = Ay, Py = Py == = Py, 5,
:53:"':SN,B2=B3:"':BN=O,CZ:C3
= =Cy=0, Qz—Qs—"-QN— JURSG(1)

2 30 [9) RO 4T R S (parallel
systems® ) (X [10] AR Z W M A & & &
symmetric composite systems). T A XT FR1E R 4H & &
HZRUFITREEE R HW—KRE.

AR HRRFRRL () KRS8 &
TR, R 2 S R T ] RN & e 9 T )
BRLS6]
m3C[4] RT3 2.1, RATVA (T, B 03
[4]) ’
(T.'AT, = diag[ A, Am, ) Aay ],
Ay = Aayer-y, (i = 2,3,-,N),
T,'PT, = diag[ Py, Psps+, Pay],
Py = Pyniz-iy, (i =2,3,--,N),
T7'ST, = diag[ Sy, S5, Sav],
Sa = Sawsa-i) (i'= 2,3,,N),
T;BT, = diag[ By, Bp,", Byy],
By = Bynia-p, (i = 2,3,,N),
T;'CT, = diagl Cy1, Cppp o, Cay ],
Ci = Caniay, (i =2,3,,N),
T;'QT, = diagl Qui> Qs+, Quv],
Qi = Qavsa-iy> (i =2,3,-,N).

':ﬁédi:, [Adi - LyCy — ByF;
o - LsCy

Xdy

X
u = - deiag[Fi,'“,FN} 42

XdN

A5 IFSC[6]H KT — B RS H 5y R
TFa R 5 i 01 [ R A S 45 SR A B B o R AU
FRALFE R P, R 5 3 (9 1A e[ 11 126l 7 s,
A LAIEBA T T B P e B

EHE 2.1 Ei%

Al 6(Sg) c C*,i = 1,2, k. (XH 5(S) &

A S IS, C RRARETE. 4 N HEK

Bk = g+ 1% N sk = ED),
A2 T?Xf(Adi,Bdi) RAIREH,i = 1,2, k.

A3 Xt

{( ( Ay P d;) }
Cdi Qdi ) ’ 0 Sdi

CORATRIA, = 1,2, k.

AJ%%(I)H’J'HP“EL i H VR T (] R R 22 R
U5 L VRV TR R A Y B A AR S E IO, RO T,

Frﬂ

ISy = Agll; + Byl + Py,
Cill; + Q4 =0. i = 1,2, ,k.
LB PR 75 B 45 42 S AR T DA A B B
X i=1,,N,BF,ffiA, ~ ByF; 3 Hurwitz 58
B, &
u =— T,diagl Fi,~,Fy]T;%x +
Tndiagl (FiII, + I'y) o+, (Fplly + Ty) 1T .

TR Z S5 R VT DA SORE R B

Xi=1,,N,BF, Ly, L; A, - ByF; Fi
(3) Ay — LyCy Py — LyQy
- LsCy Sy — LsiQy
eq1 €1
e - 71 €2
€qn ey
Py — LyQa + By (FII; + T )] [xdz] [LAi’
€4
Sai — LsiQu Wy; Lg; ’
[ war
| P
+ Tndiagl (FyIIy + IT'y) oo, (Fpdly + Ty) ]
-de

EE 2.2 R AL, A2H AR WAL (1)7 |4,B,C, P, Q' IbFFAES FR s R A8 2 B Y%t 4



480 EHELSNA 16 %
k o .
= 1,k BBIA€Ud(Sy) = o(S). 4k BEIMT 4,
e A iz dB G SIE 3.1 RG(4)R TREER Y E ALY
[ L di] BT E A &0
Ca 0 Cl)o(A) c C (XBC FREXETH);

HIAT AR R I S Y
3 RFSZE )R (Quadratic stable problem)
Xof— BN 5 R R 4, Barmish £ [ 7] 4

C2) | E(sT - 4)7'D, |l o < 1.
3.1 ZRISEM (Quadratic stability)
B AR ENHRBEFRES RS

CTRBEEM KRR A ES. E8]H, i = (A + M) (5)
Khargonekar S HF5% T T HIM A B & L&k R 4% B E
x = (A, + Dst(t)EQx‘- (4) x = (a6 (s, ER",i = 1,,N)
CEH F.(0) BRABMEMEEL FIOFW) <D, gy, WIRES AR RE A F1 AA BLAT4EH
A= SCII:AI,AZ,"',AN:I, Ai 6 Rnxn’(i = 1,""N)a (6)
rok k, ky Ey 7
ZAljdllj<t) ZAZdeIj(t) ZAg,jdg,lj(t) ZAN}dNIj(t)
Jj=1 j=1 j=1
Fy ky Ey_y
A = ;AMszj(t)' ZA dip;(¢) ;A2jd22j(t) ;A(N—l)jd(N—l)Zj(t) . 7)
k, kg ky
ZAzdeNJ(t) ZA3 3Nj(t) ZA4]d41\/j<t) ZAljle](t>
L j=1 j=1 -

Xt R GE(S) M TR

1) dy(¢) = Lebesgue FII R ¥ H | dy(t) 1< 1,(i, 1 =1

"“’N;j = 19"'7ki)-

2) ki = kviasis Ay = Avaa-ijs (i = 2,54, N,j = Ly k)s Ay B 1 E
Aj=azaf, aj,a; €ERY, (i=1,+,N,j=1,,k).
AT, RATE _
N .
k= Zki, a; = [ail,aiz,"',aik_] S Rnx,ci, ai = [ail,a,iz,"',a,-k'] Ebﬁnxkh(i =1,*,N).
i:l 12 z
'al aj ay 0 0 ot 0
L 0 0 0 0 0 0 a a3z °°° a4
[a; ay as
Eg = 62 61 63 6 RNanfc’
L ay ay_1 a
Dm = [al,az,"',aN] 6 RnXE, E(Tx‘) = [61,62,”',(1]\/] 6 RnXI}.
) 2 E 7R Gk RAESERREY He JE5, BTDAR B AE. T, 3 A14
% = (A+ DoFo(t)Ey)x. (®)  —MHBRL(8) BE RKE N — M RIBR I %

iiﬁﬂ:?%(S) X H Fo(r) € RMWxM Iﬁ;@

F§(2)Fo(1) <
E%,TE%%‘J}%’%IE&M@@J%%(S) ZIRB

ER—NREEME. BX MK EHRBEETE 4

EE31 REB)EZ
[ ST A

)o(Adg) cC,i=1,-,k. .

i) || Eo(sl - Ag) Do ll = < 1,i = 1, k.

KREMNEHMNYT



48 XEFRIE I & R G LA ] R 481

i B TAT, = diagl Ay, An, A ], B
1 () = Uo(Au) = Us(4a) 5 o (4) C O
WHY 0(4) C C i = 1, k.
MR Eo Ml Dy MEMBEZF L, FEWIE
B 81, S, € R™%, {175
S1Ey = diag[EOO,“',Em] =Iy® Ey,
Do S, = diag[ Deo,*, Dol = Iy ® Doo-
% B @ #FE B Kronecker R .
[ Ay %A o 22 e s e — > T AR R AR B AR
BB He, T, B
| Eo(sI = A)™'Dy Il o =
| SiEo(sl = A)'DoSy || w =
| (Iy @ Eo) (sl = A) Iy @ Doo) Il w =
| T5' (Iy @ Eoo) T,T7' (sl — A)7" -
T,T.'(Iy @ Do) Ti || = =
| diagl Eq(sI — Agy) 'Deg, Ego(sI = Ap)~" -
Doo»**» Eoo(sl — Agy) ' Dop] || & =

max{ | En(sl - Ag) ' Dyl = : 1 < i < N} =
i< k.

max!{ || Eo(sl — A3) ' Do |l » : 1 < i < ki
Bl - A) Dol e < 1
B HALY

| Eo(sI = Ag) "Dyl & < 1,0 = 1, k.
H5IHEE 3.1, IE B 5E .

HTREG)SEATRLEGS),FIUE

EI 3.2 MREKM D )R, MRS R
“RBRER .

2 EH3MERE3 2 WU BR()
FHIFERE A RIEAE GRS, BT 45080,
EiR PN
3.2 XRTE (Quadratic stabilization)

RAERNE BFRARN AT EXHRIERAE R
G, B HRAZS MR A

2= (A+A0A)x + (B +AB)u. (9)
XH % & Nn 4R, w i Nm 4E3 15, T 45 1%
A, A BAREE(6),(7), 4 B,AB BAHH
B = diag[ By,***, Bol, By € R™™,

kO kO
AB = dlag[zijlj(t>,Zij2](t)"”9
j=1 j=1

B fy(0)].

X EARHE SR f; (1) #R Lebesgue AT I 6K £ H
L) 1< 1, = 1,7, N5j = 1,0, ko)
M B 2R 18 H
Bj = bb], b € &", b;, €ER™, (j = 1,7, ko).
ic
+ ko, b = [bl’bZ’""ka] € Rk,
1’52’...,[,%] € Rmxk

DO ]N ® b] e R[anNic’

o=t It
1 1
[ X

Dy = [Dw,b] = [a1,a5,,ay,b] € B™F,
EY = E§ = [@1,a,,ay] € B
W EIER S
i = (A+ D F(:)E)x + (B + D{F(¢)Ey)u.
(10)
HRTES%(9), XB F(1) € MM 3 B
F'(e)F(t) < I.

P& rank(d) = io. BV, € Ro*™ i8] rank(V,) =
ig, BL VIV, = bbT. #4% @, € R(m- i (18 &, VI =
0,5,07 = I(# iy = m M B, = 0).

it

W, = Vi(v, VD)2V, € Rmm,
@ = diag[ Dy, +, D], W = diag[ W, -, W,].
NXTRGE(0)FIRGE(9) B ke, RITE

THE 3.3 RFEe > OFNFRIEEER Py
€ R"(i = 1,-,k), 1% .

AGPy + PyAg + Py(Dy DY, — BoW,Bf -

%BOQ?QIBE)P& + E}‘IEII + el = 0.

MARZ(10) (RL(9)) AT F L MRS R A5 — R
REAL, MO, B AL S R ZS R SR P ) A T g F A
2]

w = [207® 4+ WIB™Px(4).

2e
;\(XE P = SCI[P),P29“'9PN]’ ﬁﬁ
Pl Pdl
P, 1 Pp
=—(F In) . .
JNe® :
P[V PdN

W FA4)PHGI B 2.1 8] PHER 2.3



482 BEHELSNA 16 %

RS FH UL, 40 DB

5 % STk (References)

1SR AR R GRS B AR5 R B S A,
1994,11(2) :231 - 237

2 Brockett R W and Willems J L. Discretized partial differential equa-
tions; examples on control systems defined on modules. Automatica,
1974,10(4) : 507 - 515

3 Hovd M and Skogestad S. Control of symmetrically interconnected
plants. Automatica, 1994,30(6) :957 - 973

4 Huang Shoudong and Zhang Siying. The solving of Riccati equations for
large-scale systems with symmetric circulant structure. Control Theory &
Applications, 1998,15(1) ;75 - 81

5 Francis B A. The linear multivariable regulator problem. SIAM J. Con-
trol and Optimiz. ,1977,15(4) ;486 - 505

6 Hans W Knobloch, Alberto Isidori and Flockerzi Dietrich. Topics in

Control Theory. Basel: Birkhiuser Verlag,1993,5 - 36

Barmish B R. Necessary and suffcient condition for quadratic stabiliz-
ability of an uncertain linear systems. J.Optimiz. Theory Appl. ,1985,
46(4) :399 - 408

Khargonekar P P, Petersen I R and Zhou K. Robust stabilization of un-
certain linear systems: quadratic stabilizabitity and H* control theory.
IEEE Trans. Automat. Contr. 1990,35(3):356 - 361

Liu Xiaoping. Output regulation of strongly coupled symmetric compos-
ite systems. Automatica, 1992,28(5) 1037 - 1041

10 Lunze J. Dynamics of strongly coupled symmetric composite systems.

11

Int. J. Control,1986,44(6):1617 — 1640
BSTAR, B TRRTR . R A R AR BB B RAER
R4 (A ARBI2ER) ,1997,18(4) 1408 — 412

ASAEH B A
FIFE AT 1999 45 1 8155 99 1.
MR AT 1999 4E55 1 I 99 TT.

H [ 2000 FHL2§ AF K2 (CCR’2000)
—— s E AR LR AR K & e AP R BLES A AR &
fE X & A

EHEA FEASLES FEIB LRSS FEET¥4 PEREFILEZ2S PEFNFS FEATE RS S FEN
ALY & HEK 863 HHHIH MBI AT R A B R 863 it = HHlas AL R4

AL, FEALERESHBILSARS
T A s N

At [ ; 2000 4£ 10 A

o A MEKY

— JEXEE

WS ABRAR R BEH S KBRS YIS PRI KB 3% 3 3 Pl AIERIBOR M8 Refhl - A T8 REFERL
AT P — LRGSR AN AL P AR RIEMEAEEEAR - AP A—NBRZEEARKLED Pl
NEFRERTE BERE SR RPOT ARV A PR R VLS AEHEE S -1 m =+ — O s 8 sedlas A
ARG BRRGEOR A% S8 el BRI LEEAEYSRAREP R Pl AR50 - BHERERAR SIS
A S BEE RS AL RR SRR -PLE ASKEL - TURHUESARB B0 I Mg i - AR sk e A

ZEXER
1. REHAMSWRTIY - & RS HLIC.
2. RBRVLER A RIS BOR BB RS BLAR
3. RS ERITED ;R AR SCH R F SURE .

4. BRIWSCREA BT 6000 7 (&5 3ECH B R EIA)  JE M 50 FZE A REERA-

=.X$HH
1. WXk 20004E3 B 31 H
2. R @M. 200044 A 15 H
3. IREBL: 20004£6 A 15 H

MO ORMIER: 410083 KUTHEIIREFEERIGAZSDLE XIHIK

E: RARSCETER LTI EUEBIER AR,

BRARPAL, PR T KEEETEER (WA KV, 410083) BREA.ZE X
HL3E . 0731 - 8876677 BX, 8879628 45H. ;0731 — 8876677 FEmail; x — info@ cust. edu.cn




