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Abstract: In this paper,the problem of robtls§ stability for large-scale time—delay’ system
made of several nonlinear perturbed subsystems is considered. By making use of the Lya-
punovk stabi]ify criterion , the method of the diagonally dominant matrix and combining with
the matrix Riccati equation,the results of the exponential stability for uncertain large-scale
time-delay dynamical system are derived. The conditions obtained in this paper improve and
extend the main result of {4,6].
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1 Introduction
The robust stability problem of dynamical systems in the presence of uncertainty
_ has been r‘ecékivihg considerable attention, because in many practical control problems,
uncertainty often occurs in dynamical systems due to raodelling errors smeasurement er-
ror%,lmearwauon apprommatxons,and so on. Many design techniques for uncertdm dy-
‘«'namlcal systems have been developed to guarantee a required degree of robustness. Slnce
 time- delay is frequently a source of mstab111ty and encountered in various engineering
systems such as chemical processes ,long transnnsmon lines in pneumatlc systems,etc. s
the problem of the stabihty of the time-delay systems has been explored over the last
_decade.
Many methods to check the stability of time-delay sysfems were proposed by
[1~4]. Additionally, the problem of the stabilization of uncertain time-delay systems
has also been explored over the last year. Many approaches to solving the problem have
been proposed by [4~6]. Hence,in this paper,it is intended to derive the conditions of
the stabilizability independent of delay of a class of nonlinear large-scale system with de-
lay. Following the idea of [1,3],the results of exponential stability of delay differential
systems are derived. The conditions obtained in this paper improve and extend the main
result of [4,6].
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. . . % .
R real vector space of dimension n; A” transpose of matrix A;R™"real matrix spacq
of dimension 7 X m;A,, (A) minimal eigenvalue of matrix A;AM (A) maximal eigenvalue of

=

matrix A; ||z || Euclidean norm of vector z = [y szzsoeesxa] iy Tzl =

(zx?)l/z; I Al norm of matrix A € R™",which is compatible with the VeCtOr,xlE

i=1 . :
Euclidean norm G.e. | Az || << | All < [l [l), may be one of the following forms,

[All =V A4aTa), Al = ,/ZZa,,

i=1 j=1
2 System Description and Preliminaries ’
Let S be the uncertain large-scale time-delay system composed of N interconnected
subsystems S;,i = 1,2,+-,N. Each S,is described by the following differential-difference
equations _ , , o
Sii @@ = Az, () + Bt — ) + fiz@®,) + gilx@ — 0)s1), |
t>0, i=1,2,"N, W
;@) = ¢;(t), t€ [~ 1,0], 5
where z; € R*is the state vector ,matrices A, and B; € R"*",r, 2> 0 is a constant,;x(¢) =
L2l (@) 52T (), oee, 2B () T" € R, 2t — 1) = [2] (¢ — 7)) 23 (8 — 13 wan@—)]T E
R Let h = max{r },¢:(2) is a continuous vector-valued initial function, ¢l =

max{ sup { (|| }}. The uncertainties fi and g; are unknown and represent the

nonlmear parameter perturbations with respect to the current state z(z) and delayed

state z(z — 7) of the subsystem S,,respectively. In general it is a%sumed that'

I f(x(t) )| and || gi(xt — ), || are bounded,l e. ’ ' ’
N , ; ; :

. ” Filx(@),t) ” = 2 Q;; " xj,(t,) “ s 1= 1,240, N, ¥ (2)
j=1
N
I gz — ) | < 25 Bl — 15
where ¢; > 0,8, > 0 are given.

A system is said to be robustly stable if it is allowed to change in certain specific
bounds of perturbation. Here,let us derive a sufficient condition such that system S is ro-
bustly stable with a prescribed stability degree. In the followmg,we first state defini-
tions and summarize those results which we will require. ' , :

Definition 1) The system S is said to have a stability degfe’e B > 0 if there exists
% > 0 (depending on initial conditions) such that any solution x(z) of S satisfies.

lz) | <klz@) lexp[— B —22] @
for all ¢,,2, € R* and ¢, />, t;. '

Lemma 1% If '

2(2) = ez (2). ‘ W
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ce z(t) is the solution of system S and z(¢) = 0 is asymptotically stable,then the

;Whe
stern S 18 robustly stable with a stability degree .

Utilize (4) to transform (1) into
S 2 = (A + BID2@) + B — 1) + Fix(@®) ) + gz — 1)0). (5)
BY using (2),we have

N N s
i f 1@y 0 “ I '&f (@@, | < z“ﬁeﬁt I Zz; H = zaij I z, Iy (6)
i=1 J=1
i N
“ Zs;i(z(t — T),T) ” = “ eplg:‘(x(t — T),t) H é Zﬁi}-em ” .rj(t - fj) H
j=1 '
N i : ‘ .
z | z;(¢ — r) [[ o L D

: 3 Main Results

" Theorem 1 If we can select a set of parameters (&;,f3;) and symmetric posmve

:‘defmrte matrices Q; such that

@A, (P + A (Q) > Zta,,nP I+ el Pl o+ By o+ 0 I B; |

+<ﬂ,,+a,,uB l‘)IlP 23, i=1,2,N.  (®
en the large-scale time-delay dynamlcal system S is exponentxally stable,where

symmetnc positive definite matrices P; is the solution of

A @I+ PiCA -+ l) + 26Q = 0 W
: 0, =]

Proof Let , . . ,
5 ;
Ci(B) Lla; — PA, (P + BiA, Q) — 22[%‘ WPl + el Pull + B
= :

+ &l Byl 4+ By + 8, 1 B I I Pill*1, = 142,++,N. (10)
ls obvious that C;(p) (i =1, 2, -, N are continuous functions with respect to §, and

: ‘using (8),we have

C(0)> 0.
there exists f > 0 enough small,such that ,
C(B >0, i=1,2,~,N. - an
Let us take the positive definite function as follows - |
Vi) = 2Pz, i =1,2,,N, o a»

jﬁ:;f\”(ﬂ”’here P; is a solution of (9).
By (6), (7),and (9),we obtain the derivative of V;(¢) along the trajectory of the
i;SYstem (5) as follows.

; dt =z [(A; + B )TP + Pi(A; + PIDJz; + 22T PefiBzi(t — )
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+ 22TP,Fi(2(t) ) + 22TP.g,(2(t — 1) 52) , _
<[~ 2(q; — PP, — 2BQJz: + 26" /P, | | Bill 2 || 22— )|
N . N . oo
+ >2a; 1Pl Nzl =0l + Zze"?ﬁﬁ (P E N AR DY
Jj=1 =1 : . o

N

N .
<2{_ 2 = AP + pA@) — (B + PRI EAREY

j=1

— 2y || Pl :| Pzl = |+ & ClLB | 8 + i) | ;¢ — 2 | 2}- (

By using the Theorem 2 in [2] and (11),we get that system (5) is asymptotically sta

ble. By Lemma 1, this prove that the large-scale time-delay system S is exponent;

stable. et s
Remark 1 When B, = 0, I B:ll =0,Gs7=1,25,N), condit’iovn‘j(/S) b:e,comesz‘

QM(P)+BM(Q)> Z[az] ”P i +aj,' HP_,“ ]‘, i:’I’ZVi"aN

which is a sufficient condition for exponentlal stability of the uncertain lareg-scale dy
namical system in the absence of time- delay
Remark 2 When N = 1, condition (14) becomes
k ’ a1/1n;(P)+ﬂ1'lm(Q1)>Qn “ Pl ” ) '_ ' (:
We can select Ar=1— EBBTPJ, o
Fiz,e) = (AA - %ABBTPI}x(z),
then | i | <[a+ R I BL P ] la) =anlal s
condition (15) becomes ' ' '

k(P + 8@ > [L+ LI BN 1P 1P,

qondltlon (16) is a sufficient conditon for robust stabilization of the smgle sy%tem d

cussed by [6]. However the condition given by [6]is
@k (PO — BiA (@) > L+ R B I P 1P

which is obviously a special case of (16).
Theorem 2 If we can select a set of parameters (a;,8;) and symmetrlc positiv

deflnlte matrices Q,; such that
(a; — ,B”)Am(P;) -+ B{Am(Qz') >‘%‘Z[a{j “ P, H - A ” P;” -+ (.Bij H 'Pi ” -+ ’Sij ” PiB" "
=1

+ Bl Pyl + 6, B, | )e”], i=1,2,,N, (7

then the large-scale time-delay dynamical system S is robustly stable with a stabil
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ree P In (17) symmetric positive definite matrices P, is the solution of (9).
The proof of theorem 2 is similar to the proof of Theorem 1.
Remark 3 When N = 1, condition (17) becomes
— BA(P) + BiAn Q) > ay | Pl + Bull Pull + || P.B, H e (18)
dmon (18) is a sufficient condition that the single system discussed by [4] is robust-
ple with the stability degree . However,the condition given by [4]is
BiA Q) > ay || Py |l + ae®™(By || Py Il + || PyBy ), (19

' . Au(P)
Where a= Am (Pl)

y sta

= 1, which is obviously a special case of (18).
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