2006 2 2

:1000-6788 (2006) 02-0102-06
H2/ Hoo
( , 410083)
H/ Heo . H/ He
LMI : LMI LMI, 2 .
, Hy/ Heo
Ho/ Ho i ; (LMm1)
TP13 A

Decentraized Robud H./ H. Sate Feedback Gontrol for
Va ue Bounded Uncertain Large-scde Interconnected Sygems

XIE Yongfang, GJI We-hua , JIANG Zheo- hui
(College o Irformation Science and Engneering, Certrd South Universty , Changsha 410083, China)

Abdract : The problem of robug decentrdized H,/ H. date feedback control for large- scale interconnected sysems
with value bounded uncertainties exiding in the gate, control input and interconnected metricesisinvedigated. Based
on the bounded red lemma, the parametrization theorem for a decentraized robug H,/ H., daefeedback controller is
addressed and two LMI methods are proposed to solve the problem: the direct LMI gpproach and iterative LMI (ILMI)
goproach. At lag an example is gven to demondrate the df ectiveness of two LMI methods. The theory and Smulaion
shows that the controller obtained has the block diagond sructure, enables the closedtloop larger scae interconnected
sydem asynptoticdly sable and dffers an optimized Hy/ H. peform index.
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2
N
N
xi() = (Ai +AAH) xi (1) + Biwi(t) + (Bai +ABy) ui(t) +jzlz¢i(Aij +AAy) x (1), (1a)
z1i (1) = Cpixi(t) + Du@;(t) + Duui(t), (1b)
22i(t) = Coixi(t) + Daxjui(t), (1c)
yi(t) = xi(t), (1d)
i=1,2, ,N,x() R%wi () Ri,u(t) R% z;i(t) R,z (1) Raz,y(t) R i
H e Hy
Aii, B1i,B2i, Cii, Du1i, Do, Cai, D2 ;A i [
AA; DBy AA,
| AAj| < Rj,| ABy| <SS, i,j=1,2, ,N, (2)
Rj S : AA; ABy | E| <E eyl <eyi
=12, ,N.g g E E (i)
x = (A+AA)x + Biw + (B, + ABy) u, (3a)
z1 = Cix + DuW + Dpu, (3b)
7z = Cx + Dpu, (3c)
y = X, (3d)
A = LA xn,Bi1 = block _ diag{ B11, ,Bin},
B, = block _ diag{ B, ,Bzn},Ci = block_ diag{ Cu1, , Cuin},
Dy = block _ diag{ D11i, ,Dun},Dw = block _ diag{ Dyi, ,Dmnn},
C» = block _ diag{ C, , Con},D2 = block _ diag{ D»i, ,Dazn},
AA = AA; yun,AB, = block _ diag{ABx, ,ABa},
x = ool{ x1, ,x} @ =col{w,, Wy}, u=ool{u, ,u},
27 = ool{zi, ,zin},z =o00l{z, ,zn},y =col{yr, ,W}.
Ho/ He
U= Ky = Kgx, (4)
Ks = block _ diag{ Ki, K, ,Kag @, (5)
@ JKi RN (i=1,2, ,N).
: (D (3 (4 (5)
Tw(s)  Tiw(s) W 7z
Tw(s) = (CL+ DKy (sl - A-AA- ByKy- AByKy) *By + Du, (62)
Tiw(s) = (Co+ DKy (sl - A- DA - ByKy- AByKy) "B (6b)
Ho/ Ho : (1) (3, (4) , (5
Ka,
(a) :
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© Tw(s) H . minl Too(s) I 2,
Y , , y =1.
A,B R™"A2B, c'Ac=cC'BC, VC R"™k
X Y , a>o0,
X'Y+ YIX csax'x+a tyly
3 nxm AA |AA] <D,
Q(D) 2 AAMATT (D) =2 AAAA
Q(0) :{II DIZ-)Tll |,||T DD'Il I < n*diag(DDT),
n *diag(DD") ,
r (D) [ DT.D [ |,T|| D'DII < m *diag(DTD),
m *diag(D D) ,
Jdiag(R) =diag(ru,rz, ,rm),R=(r) n
I wmll M lall o 2 ,
3 Ha/ He
31 Ha/ He
1 (D 3, a>08 >0
Kd
I A Bi X(Ci+DpK)' X (KX
B - D1 0 0
(CL+ DzKg) X Dn - 0 0 <0,
X 0 0 - al 0
L KaX 0 0 0 -B1
I Y Co X + Dy KX
L (CoX + DpKgX) " X >0
Ky block_diag{ K1, ,K, Ky}
Hol Heo , (M (9) (Xd,Yd, Kg), Kqg

H, JTrace( Yq)

A= AX + XA + BoKgX + XKIB2 +0Q (R) +BQ(9),
,N,Q(S) = block_ diag{Q (S1), ,Q(Sv)}.

H2/ Hoo

Q(R) =Q(LRij TN ERY
Shur )
A+0a 1XX +B IXKIKgX Bi  X(Ci+ DKy
T(X,Kga B) = B - Di < 0.
(C1 + D Ky) X Du -

)
M = AAX + XAAT + AB, KgX + XKIABJ,

N =0Q (R) +0 XX +BQ(S) +B *XKLKX,

(7)

(8)
(9)
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1 2 3
AAX + XAAT < 0AMAAT +0 XX <aQ(R) +0 1XX,
AB, KgX + XKIABS < BABLAB) +B Y XKLKgX <BQ (R) +B I XKLKgX,

M O N O
J=10 O -1 0 O <0
0 0 0O O
On B: X(Ci+ Dp Ky
O = BI - Di : (10)

(Ci1+ DKy X Dp S
On = (A+AA) X+ X(A+AA)T + (B + ABy) KgX + XKg(Bz +ABy) T,

O = T(X,Ki a0 B) +J.
T(X,Kg,0 B) <0 J<0

® <0 (11)
, 1) T (s) 1w <1
I T, (s) Il 3= Trace( CuaMCua2) | Caz= Co+ DKy, M Lygpunov
AaM + MAL + BuBl = 0
(10T Aa=A+AA+B,Kg+AByKg,Ba=B1) f(X) = Ax+ XA + BB' X
, AaX+ XAL + BaBhL <0 X>0 I T Il 5 < Trace ( Cuz XClzo)
, X Y
AaX + XAl + BuBL < 0, (12)
e ]
T >0, (13)
XCh X
v Trace( Y) Ho . Shur , (7) , (12) , (13)
(8, 1
3.2 LMI
1 Ha/ He ,
Kg , LMI , Ha/ He , L
= KeX, 7 (9, , Ha/ Hoo LMI
2 (1) (3, a>0p>0 Xd
Y Ld
I A Bi (CiXg+ Dld' Xg¢ LG
BY - D1
CiXg + DplLg Dn - 0 0| <0, (14)
Xq 0 0 - al
L Lq 0 0 0o -BH
Yq Cy X4 + DLy
> 0, (15)

(C2Xq + Dlg) " X
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Ly block_diag{L:, ,Li, ,Ln}, (16)
Xq block_diagl X¢, X, X}, (17)
, Ho/ He , (14) (17 (Xdg,Ya,La), Kg=Lg(Xq)?
Ho/ Hoo H, JTrace( Yq) ,

A = AXg+ XAT + Bolg+ LB; +0Q (R) +BQ(S),

Q(R) = Q(LRj nxn) ,ij =1, ,N,Q(S) = block_diag{Q (S), ,Q(Sy)}.
2 1 1 L = KX, L X
(16) (17), 1 2
2 Ho/ He (149 (17 Yq
J(Tyw(s)) = irf{Trace( o) : Xa, Y4, L4 (149  @an}. (18)
(18) LMIs LMI mincx
3.3 LMI(ILMI)
LMI L X X L
Lx ! , 1 X Ky
KaX,
Kg @, (7 () (X,Ya B) LMI;
2 X=X">0, 7 (9 (Kg, YO B) LML
X=X">0 Ky @, LMl Y Ky
X. Ha/ Heo LMI
Y LMI Y
Sepl Ko, Ko Kg,Ka:={ Kg| Ky P, (A + B2 Kyg)
}, i=0, € (0<e <1).
Sep2 Ke= K, mincx (7 (9 Y
C X X .
Sep3 X=X mincx ) Y Tr
Tr, Tr , Ki Tr, Ky , 1, i=i+1.
Sep4 Tri.1- Tr <€ Tri.1 J Ha K
Sep2
A11=[ 0 1.6J ,Bﬂz[o.zs OJ ,321:[ﬂ ’Au:[z j,cn [1 j |
-8 -1 0 0.2 8 0
0.1 0 20 0 1
Dm:[o 0.l—|’ le[ﬂ,c21-_12 1&J’D221:[0.J’
Azzz[-s o.j,BD:[o.zs OJ :[o.i,Aﬂ_[-as Sj,clz:[l ﬂ
2 - 0 0.2 1 -

5 _[0_1 Ol—| 5 [ co = 27 _|:0.]E|
112 — 0 0 ] 122 — [ 22__0-25 - 1 3
. _[0.1 o.o% . _[0.05 0.2J < _{o.ﬂ
" lo1 020 "™ Llo2 ool Tt Lo



2 Ho/ Heo 107

. _[0.1 o.ﬂ o _[0.1 o.oj Sg_[o.oﬂ
2" loor 008 * Lloos 008 "2 Lol

) LMI ,
Kq
< _[-34.8061 0. 3426 0 0 J
‘7 0 0 -12.9054 - 16.975
, Ho 9.7517, He 0. 3788. Ky Ko, ILMI
, € =0.005, 11 , ) ,
. - [ - 30.1069 0.6201 0 0 J
t 0 0 - 216156 - 25.538
, Ho 7.3586, He 0. 3692 LMI . ,[IMI
H2/ Hoo
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