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Linear State Feedback Stabilization for a Class of
Large— scale Systems
with Similar Composite Structure

Zhang Yingwei, Wang Jian, Zhang Siying

(Northeastern University)

Abstract The stability problems for similar composite systems are dissussed. The conditionrs of

quadratic stabilization and/or decentralized quadratic stabilization are giren, and the method of design—
ning state feedback control law is presented- The proposed method sim plified the design of controller.
Only two lowerOorder Riccati equations re needed to be sdved in the decign procedure.
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x= (A+ H)x + Bu (1)
| Riccati x()= x= [x0 xi an]’
xo= xo(t) R, xi= xi(1) R
o [7] , w(t)= u= [u ul "
wo= wo(t) R™, wi= ui(f) R"
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[Ao Lo Lo Lo] Y(A,P, =A'P+ PA - P(BB' - d)P+
Mo A1 H. H ?diagHT+ el (5)
A= |Mo H:i A H (2)
L , [ 7]
LMo H:1 H: A 1 :
B = diag| Bo B BI] (3) 1 € 0 P,
[0 Fi F Fi] Y(4.P.9 =0, 2 )
Ui 0 H H v ’ ,Z.L:_B,P.x
H=|U Hx 0 Ha| (4 2 X R7, Y R7.e> 0,
LUy Hwvi Han 0 XY+ Y'X=e&X'X + LEYTY
3 A< B, A'A <ndiag(B'B)
| (Fiyu| < (Ev)s, | (U)s| < (E2)s
| (Hi)u| < (Es)s 4
7i: 17 9N;j: 1’ 7N’ l: 17 S5 S = ]l 0
T(Lf.1) = [ ] R
. .n (Lf,1) 0 I
EO,ES T(l,f,S) -
[Eo Ei1 E: E1] I, 0 0 0 0
E: Es Es E4 0 Ir -Ir - 1Ir - Ir
E=|E Es Es E 0 I I 0 0
' : ' - 0o I 0 Iy 0
LE: E4 Ea EAl : : : . .
Lo Iy o0 0 I
R(Hf) >+ f) ( 6)
Am= A1 - H1, Bp= diag[Bo B1] T=1[T(0) T(1) T(N - 1)]
Qp = diag[lno N[n] N Ap() = A1+ (N - 1)H| R("0+ N,,)X(”Q*' N,l) (7)
o [Ao NLo ]
"TIMo A+ (N- DH T(i) = diag[ T (no,n, (N = i)) 1n 1]
o [Eo NE: J TAT = diag[A, An Al
"7 LE: Es+ (N- DE T 'HT = diag[E, En En]

Ew= Es—- Es, Ep= Es+ (N - 1)E4
(D Yu
1 2 u(t) = 0)
s P o>
0, (x,1) R"" "+ > RLyapunov
V(ix)= x' Vi(ix,t) =
- ollx I1P
e (1)

T'HT = diag[E, N(N - 1)En  6Ew 2Eu]
T'BT = diag[Bo N(N - 1)B:1  6B:1 2Bi]

T™'BT = diag[Bo ]%Bl %Bl %Bl]
T(no,n,(N - i)) (6)
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Yr(Av,Pr, € =
ApP,+ P,A, — P,(B,By, — €)P, +

%diagE;pr + €, (8)

Ym: (Am’Pm’E) =
AVIII‘IP”I+ PmAm - Pm(BlB}— E[)Pm"l‘

%diagETnE” €0, (9)
1 (1) 2,
e> 0, Pn R,
=[] e
{Ym(Am,Pm,e) =0
(10)
Yo (A, Pr,6 = 0
Z .
u=- B"Px
_goo gor  got g01_
g g gn g1
P=|gwo g gn g (11)
Lgio g2 g g g
_1 _1
go = Po, go = NP g0 = NPo
Pui+ N(N - 1)Pn Pi— NP
g1 = N? 812 N?
IEH P (11) P ,
4 T,
T'PT = diag[P, N(N - 1)Pu 6P 2P
1 Py, Pu> 0, P
2, 4
T'Y(A,P)T =

T'AT) 'T'PT + T'PTT 'AT -
T'PTT (BB' - d)(T ")'T'PT +

%TT(diagETE + €e)T =

diag[ Yo (A,,Py) N(N = 1)Yu(An, Pn)
2Yu( An,Pu)] = 0
, Y(A,P) = 0
1 % ( )

2 (1) Y

n,>n

€> 0, P. R Py R,

Ym(A me Pm, €) SO
(12

Y]?(Ap,Pp,e) SO
,P, = diag[Po NPu], X

K = - diag[BoPo B'Pn BiP.] (13)

1
1 X , €
> 0, Pn R™ P, R,
Ym(Am,Pm,e) = O
Ym(ApO,PpO, 6) = O (14)
Ap,= A1+ (N - 1)H 1, Y
, u= - B'Px
ht  h» ha
h2  hi h2
O
h2  h» hi
. 1
'T N[P,, + (N - 1)Pu]
1
ha = N (P, — Pun)
1
2 2 , €
> O, Pm R"xn,
YY"(AYH,PYH,E) SO
(15)
Ym(ApO,Pm, E) SO
A[)0:A1+ (N— 1)H1, Eu
K = — diag[ BiPn BYP.) (16)
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