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D ecentralized Robust Stabilization for L inear Uncertain
Interconnected Systan s Based on L inear M atr ix Inequality

GU | W ei-hua, X IE Yong-fang, CH EN N ing, WU M in
(College of Information Science and Engineering, Central South U niversity of Technology, Changsha 410083, China)

Abstract: The decentralized robust stabilization problen for large-scale uncertain systems is studied by
meansof linear matrix inequality (LM 1) gpproach The uncertainty is bounded and may not satisfy the
o-called matching conditions A sufficient condition for decentralized stabilization feedback control
lav s is derived This condition is expressed as the lvability problan of linear matrix inequalities
(LM 1s). A convex optimization problem with LM | constraints is formulated to design a decentralized
state feedback control w ith snaller gain paranetersw hich enables the closed-loop system asymptotical-
ly stable

Key words decentralized control; robust control; uncertainty; linear matrix inequality

1 :
o |a] < E, A
E

: 2000-04-24; : 2000-08-09
(69274005) ; 863 (863-511-9845-003)
(1950—), v : LM | ; (1963—),



330 2001
, i [ ol YTJ
YY< <0
Y -
,LM | |
Q '< B [Q }> 0
: | Pl
(2 4 LM | : 4 nx m M | | <
D!
, QD)= MMT, TD)= MM
) LM |
[5] Riccati LM | QD) = Iop™ 1, IDD'I I < ndiagDD")
~ | ndiagoD "),
ID DIl I, IDD'Il I < mdiagD D
ro) = _ ! gD D)
mdiag(® D),
2 ,diag(R) = diag(ru, r2, ,rm),R= (rj) n
N 1 M M
’ ; Il all a 2
xi(t) = [Aw+ Malxi(t) + [Bi+ ABiJui(t) +
- 3
[Ai+ MG (1) (1)
I kN
,Xi (1) R" ui (t) R™i
: Aij B , Ai,BY) (1) '
,Aij(j¢ |) ;AAij ABi
|AAij|<Dij, |ABi|< Ei 3,
ii= 1,2 N (2) Xi = [ANii+ Miilxi+ [Bi+ ABi]Kixi+
D i Ei ) Dy .[A i+ DA G]X (4)
M AB |A|<A_ :|aj|£ =
— - — L yapunov
€j, 1, = 1,2, ,N , € €ij A A N
i V (x) = x'Px = X1 PiXi
ij (x) Zl
V (x) (4)
N
\Y = TPixi+ XIPixi) =
(x) Zl (x )
ui(t) = Kixi(t) (3 N
K. R™"M Z{XiT(AﬁPi‘F PAi+ MIPi+ PM i+
i 3 —
KBIPi+ PBKi+ KIABIPi+ PiABK)x;+
N
.
1 AB R™A>B, CTAC > 2Xipij: ,j#i(Aij + AAij)Xj} (5)
cBc,Vc R™X 1, 2 4
2 X Y &PPi+ o 'TOw) 2 PAM+ MIP  (6)
, x> 0, BiPiPi+ ﬁlKTF(Ei)KiZ PABKi+ KIABTP;

XTY+ YX £ XX + of Y'Y

' Q> 0ux B ,

(7)
2 = 1

N

i12xiTPiv Zj¢'(Aij+ AAij)XjS
j=biz i



16 3 : 331

N N

1 1
Z [XiTPi(AiinTj"' AAijAAiTj)PiXi+ ZXJ'TXJ']S W
1 j=bami# i y
N
Z (XiTPiFliPiXi+ XiPiF2Px: + F3iXiTXi) (8) '
— ]
6]
Fu= AAT, Fa= Z QDy), Fa= 2N - 1)1 !
i < Yivi< @1, Xi'< Xl (12)
(6) (SZ (5), 8> 0,¥> 0
V (x) < Z XI[ATPi+ PAi+ PP+ KIKi= 8Xi'YlYxit< @y
N 6 ¥
o6 ' TO#) + KIBIPi+ PBiK;:+
BiPiPi+ [)rilKiTF(Ei)Ki'i' 3 (12)
PiFuPi+ PiFaPi+ Fa]xi [_ al Y.T] [xi |]
L yapunov , v, - < 0 Yi > 0 (13)
AfPi+ PAi+ GPPi+ o 'TDu) + , (D
KiBiPi+ PBKi+ BPPi+
B KT (E)Ki+ PiFiPi+ PiF2Pi+ Fa< 0 _[N q " yj
min + i
(9) 2.9 2,
= (1) (11) (13
LM Is , LM I
- (7]
4 ,TO:) T() M incx '
, roOy) = TOHNYTO)Y,
1/2 1/2 4
TC(E) = T(E)"T(E) (9
Pi', Xi= PilYi= KXy, , (1)
AfXi+ XA+ &l + o6 X TOuw)X:+ ’
YIBI + BiYi+ Bl + BYIT(E)Yi+
Fi+ Fa+ XiFaXi< O (10) A= [- 3 4}, B,= [ﬂ
Schur @ , (10) 19 -2
Q5 Q2 1 Q2
M| A”:[oz OJ' Dnz[os 017}
A XiT D) V2o yir (Ei) vz i
1/2 Q4 Q04 Q01
NI E.E - ol 0 0 Ei= , D=
r ey oy, . 8 ol <O Q03 Q0
' ' ' 1 Q2 o 5 0
X 0 0 Fal Az = a = a
(11) - Q Q3 o0
Axn= |: } D 2= [ }
_ Q2
A|:A-|F|X|+ XAII+ (0‘1+ BI)I+ 02 008 004 001
YB! + BiYi+ Fiu+ Fa 2= [Q 07 Qli| 2= [Q 06 OOL-|
, LM 1(11) :
: , LM ITOOL
1 (2)
(1), X, Yi, 0 ul(t) [- 20107 - 1 3523]xui(t)
B, LM 1(11) , (1)

8 7852 Q 202 8
Xz(t)

0=
= uz (1) Q05445 - 5920



2001

332
LM Is,
LM ITOOL : ,
, [5]
5
LM Is

LM | )
LM | )

[1]M ehdiD, HamidM A, Perrin F. Robustness and opti-
mality of linear quadratic controller for uncertain sys
tens[J]. A utomatica, 1996, 32(7): 1081-1083

[2] Boyd S, Ghaoui El, Feror E et al. L inear matrix in-
equalities in system and control theory [M ] Philadel-
phia SAM, 1994

[3] wasaki T, Skelton R E A Il controllers for the general
H . oontrol problan: LM | existence conditions and
state gace formulas[J] A utomatica, 1994, 30 (8):
1307-1317

[4] , , .
HoMH o [31
263-266

[5] , , .

[J] , 1998, 27(5): 342-35Q

[6] M akarand S Phatak, S Sathiya Keerthi Gain optimiza-
tion under control structure and stability region con-
straints[J]. IntJ Contr, 1996, 63(5): 849-864

[7] Gahinet P, Nanirovski A, Laub Jet al. LM | control
toolbox[M ]. N atick: TheM athW orks Inc, 1995

, 2000, 26 (2):

CSTR



