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Structure and Interconnected Robust Stabilization
of the Multigroup Time-Delays Upcertain Nonlinear
Interconnected Large Scale Control Systems”
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(Department of Automation, South China University of Technology * Guangzhou, 510641,PRC)

Abstract: Some new concepts of structure for nonlinear constant interconnected large scale
control systems with multigroup time-delays are formulated. Based on the equivalent method of
robust stabilization given by Liu *Yongging'!, the interconnected robust stabilization of the multi-
group time-delays and parameters of structure perturbation uncertain nonlinear interconnc-+ed
large scale control systems with the time-delay control vector function is proposed. Meanwhile the
estimated formulas of bounds for delay and perturbed parameter and nonlinear terms are given.
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71 The Structure and Interconnected Robust Stabilization

Consider the nonlinear uncertain interconnected large scale control systems
N,

Ny ]
X (t): A(O)X(t) + B(O)U(t) + 2 A(r)Efr)X(t) + §;B(5)E§S)X(t . T(s))
r=1 s=1

N, N4
+ DIBPELU®) + D BLPEPU @ — ) + F(X (1), EVX(t),
d=1 f=1

EPX @ — ), U@ ,EPU@EPU @ — 1)) = Fi(+), 1. D

N5 NG
V@)= COX®) + D, CPEPX®) + > ,CPEPX (@t —t®) =F,(+),  (1.1)
g=1 h=1 .

where
AP = (@) xns A7 = (@ )axns AP = @) rsens BO = 6 )uxms BL = (B nsims
BP = (6 xms C© = () psins CP = (P yxns EP = (€Duxns EF = (€ nxns
E® = (efD)mxms EP = (e ) pxms EE = (¢8)) yins EP = (ef)pxns Ea = (ewy),

(¢ =1,2,3,4,5,6) which is generated by the fundamental interconnection matrix E, = (&)

(denoted by E, € E,), i.e. , &; = 0 implies e,; = 0, &,; = 1 where e,; is either 0 or 1.
(r=1,+,N;35=1,+,N,; d=1,---,N3;f=1,-~,N4; g=1,+,Ny;h=0,+,N,),
X@O=(x,@),2, N, U® = () s+, @))T, and Y (@) = (3, (&) s+, 5,7,

constant matrices A”, A®, BY, C ,BY,C®,C® are not known precisely but satisfy
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PP <AY <QP, PP <AV <LQY, P <BY < Q®, PP <CP <QYP,
PP < BY <QY, PP < CP<L<QP, PP <CP <P, , (1.2)
r=0,++yNy3 s=1,*yN,; d=0,+,N3; f=0,+,N;; g=0,,Ny5 h=1,++,N;

where P§, Q¥ (a=r,s,d,f,g,h; #=1,2,3,4,5,6) are the upper and lower bounds of

the intervals.

JA — S(PP Q) B= (PP +QP),
Let (1.3
lc — S PP + Q).

If the structure perturbation interconnected term, the delays perturbation interconnect-
ed term and nonlinear terms in multidelays system (1. 1) are not considered, then system (1.
1) becomes a linear constant control system without delays and structure perturbation pa-

rameters
X (t) = AX(@t) + BU @), (1. 4)
Y@&) = CX@®). (1. 4)
Where A = (a;)nxns B = (bi)uxns C = (c;)),x, are constant matrices, system (1.1), (1. 1)

can be written as the following W connection subsystems

w w
X = AX:(®) + BU, @) + >, AX;0) + >, BU,@

J=1,j#1 j=1,jF1

w
+ S AP — ApX,@) + Z (B — BpU(&) + ZZAf{’Ei:}Xj(t)
PRy ¥

Vil ¥k r=1 j=

N
+ ZZA‘”EQ;‘;X @) + ZZAWE;:; (X, — ) — X;@®]

s=1 j= s=1 j=
+ ZZBﬁ?E;ﬁU @ + VZBU‘)E&{?U ® + ZZB‘”E%’
J=1 f=1j= f=1j=
x [U,(t — ) —U,(0) ]+ FA(X@®),EPX (), EPX ¢t — ),
(J(t) E<d)U(t) E(f)U(t . (f))) (1. 5)

Y, ()= CX:(t) + Z CyX,;(1) + Z(c“” CHX,; @)
j=1,j7#i
N

+ ZZC“’E%’X ® + ZZC“’E&’X (t—t®), G=1,+,W). (1.5

g=1 j=

Definition 1 For a group of delays T§j> 2 0,2 >=0(G=1,2,,Ny5/=1,2,,N,)
and mutually connected matrices E® € Ef°(a = r,s,d,f,g,h; 8 =1,2,3,4,5,6), call the
system (1. 1) interconnected stabilization, if the trivial solution of closed-loop system of
nonlinear interconnected large scale control system with multigroup time-delays defined by
(1. 1) is asymptotically stable.

Corresponding to (1.4), (1.4)', the isolated subsystems are

X.(t) = A, X, (&) + B.U,(®), 1. 6)
Y,-(t) == CiiXi(t)’ (1 - 19“' 9W) (1 6)’
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of z(¢) and «(#),F'(+) is a continuous function of x(#) and «(¢) satisfying
| Fi(z1(2) o2, (2) selia, (2) 500 e, () yeSha (b — 1) yoee ez, (t — ),
u1(t)s"',un(t),esnu1(t)9 &%u (5)934117"10)9 73227" (t))|

n

<R {“ |2, () | +22|€§3|!$(tﬂ+ZZ|e§fj!|x(t——r“> )|

r=1 j=1 s=1 j=1
N m
+2|u<z>|+22|e§:ﬂ>uu<t>[ ZZ le | u, (e — =)}, (1.7)
=1 j=1 f=1 j=
Ry = max(R;,t = ny + =+ + Ny + 1yoteong + oo +n,0 =1, , W),
Let
l.=n1+19"'3711+712 X
1= 1, ,m i i=n—ny+ 1, ,n
lai |y ‘ 37 =1,00m S
J=mnp A+ 1ye,m J=1,"n — ny
E, = max< i=n +n,+ 1, ,n ’

1 [¢ (s) )

Sl — P 1 12 1 g s 1p8] s laso |,

2

ivj=T1yem; r=1,,Ny35=1,,N,
i:n1+17'"’n1+n2

P= 1,0 ,m ' i=n—ny+ 1,
‘bz’,'l» . 37 7= 1yeeeomy F R I
J = ny "JF 1”"' s 1 J = 1’". T My

T =m; + my -+ 1, ,m

E, = max<

1
oo lash = @1 A1 g 1pR ] 1|

i= 1y ,m; =1, m;d=1,,Ny; [ = 1,:,N,
1 D (oG s :
.J;Ipf?} +a@1s 1210 1951 16815 198 }
a; = max s

lr=1,,Ny; 5= Ty yNys iy = 1,%,n

blzmax{ 650 + a1, 121, 1891, 1651, 16 }
[ = 1,...,,1; j=1l,m;d=1,,Ny; f=1,,N
pl=max{|p"”|, s =nyt e F e F Lyeeny e oy, v=1,,W)},

i=m e e Ly e o,
j:n1+"'+nv_1+1,-",n1+"'-i—nv}
v =max { |t ], 122 3i,j = L= mza = 1,\ssmss = 1,0, Nys f = 1,,N,}, Dy = max{Es,E,},
By =min{[fy, i=1,+W,1}, B, =max{[fu, i=1,,W]}. (1.8

K, = max{ [K® |5 v=1,,W,

For system (1. 1), the parts of system without delays, perturbation structure parameter
and nonlinear terms are with the same form as (1. 4). For the other parts, if the perturba-
tion a;, b, and the delay 7 and nonlinear term are very small, then it works as the perturba-
tion term. In this case, we take the optimal negative feedback vector function of the system
(1. 6) as the suboptimal negative feedback vector function of system (1.1). Now, we take

the sum of Lyapunov V -function of system (1. 4)
w
VX)) = D> V(X:@) (1.9

=1
as the positive definite symmetric quadratic form Lyapunov V -function of the multigroup

time-delays nonlinear constant large scale control subsystem (1.5) (1.5)', we can obtain
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following theorem.

Theorem 1 Suppose (A;, B;) (G = 1,++,W) is controllable, (A;, CHG=1,-,W)is
observable. Eq. (1.7) is satisfied with nonlinear terms, if there exists constants 4, > 0 and
A, > 0, A, > 0, such that

D, <4, t<4, R <A,
the asymptotical stabilization of the trivial solution of closed—loop system of uncertain linear
large scale control system (1. 4) without delays and structure perturbation parameters im-
plies the interconnected asymptotical stabilization of the multigroup time-delays uncertain
nonlinear interconnected large scale control system (1. 1) with the time delay control vector
functions for any ES° € ES (a=r,s.d,f,g:h; B=1,2,3,4,5,6). Where, A, 4, A;are de-

fined as

A, m1n<,8%/[4p (1+ K m)( Z ni+n,(n—n,))+Gn, <n+ﬂﬁ 1) Jsv=1,°" }, (1.10)
J=1,7#1
. f 4321/

4, = mmﬁ[ﬂw/[élpinan(n + g m Yo =1,-,Wy, (1.1
lv

4Py
B

By =min | B/ C4p, LN, + (N, KN Ot Kim (4N Gran-tnt G20 Joo=1, - Wi,

(1.12)
G=[14+N,+Nmnm+Km(d+N;+NpJ,
H = (a,N, + 5K mNO[a,(1 + Ny + 5,Kym (1 + Ny 1,

where Bro = Aun(P)s Bro = Auax(P) s B3y = Anae (C'C + PBR™'B'P), p is the unique symmetri-
cally positive definite solution of Riccati matrix algebra nonlinear equation AP + PA —
PBR'B'P 4+ C"C = 0.

The proof of Theorem 1 is omitted here.

Theorem 2 If the trivial solution of closed-loop system of system (1. 4) is asymptoti-
cally stable and there exists A, > 0, A; > 0, A > 0 such that

D, < A, t<A, R <5

then for any E§® € Ef*(a=r,s,d,f,g,h; 8=1,2,3,4,5,6), the trivial solution of closed-
loop system of (1.1) is robust interconnected asymptotically stable, i.e. (1.1) is intercon-
nected robust stabilization. ‘

The proof of this theorem is similar to Theorem 1, we omit it,
2 Conclusion

This paper at the first time considered the problem of the structure and interconnected
robust stabilization for the multigroup time-delays uncertain nonlinear large scale control
systems with the time delay control vector functions. The estimated formulas of bounds are
given for delay, perturbed parameter and nonlinear terms.

If (1.1) is a constant or time-varying neutral nonlinear interconnected control large
scale systems, the structure and interconnected robust stabilization similar to that of Theo-

rem 1 may be obtained by “robust stabilization equivalent method”.
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