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Absiract-This paper provides new stability criteria for a 
class of uncertain linear time-delay systems with 
time-varying delays. Based on Lyapunov-Krasovskii 
fimctionals combining with LMI techniques, improved 
delay-dependent robust stability criteria, which are given in 
terms of quadratic forms of state and LMI, are derived. Our 
results shown by an example are less conservative than the 
existing stability criteria. 
IndexTerms- linear matrix inequality, Lyapunov-Krasovskii 
functional, uncertainty. 

I. Introduction 
A major subject in the analysis of linear dynamical 

systems with uncertain time-delay is related to the stability. 
The criteria for asymptotic stability of such systems can be 
classified as delay-independent, which do not include any 
information on the size of delay, for example, [l]-[2], these 
results obtained via Lyapunov and Riccati equation approach 
independent of the size of the delays, or delay-dependent, 
which include such information on the size of delay, for 
example [3]-[5]. The stability criteria have been proposed 
[6]-[7] via LMI approach. The delay-dependent robust 
stability criteria, which are included some suppleementary 
conditions, are developed in [6] by Lyapunov function 
method, Leibniz-Newton formula and matrix norm. The 
delay-dependent criteria have also been addressed in the 
time-varying delay case in [S]. 

This paper deals with robust stability criteria for a 
class of uncertain time-delay systems with time-varying 
multiple state delays. The system parameter uncertainties are 
unknown but bounded, and the delays are unknown time 
varying terms. Based on Lyapunov -Krasovskii functionals 
combined with LMI techniques, we obtain new and 
improved delay-dependent stability criteria. 

II. System Description 
Consider the following uncertain time-delay systems 

described by 

i(t) = (AO + A AO (x, t))x(t> + 

~(A,+A~,(x,t))x(t-h,(t)) 
/=I 

x(t) = 4 (t), Vt E [-h,O] 

(1) 

(2) 
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where x(t) E R” is the state vector and 

A,, j = 0, I ,,.., k are known constant matrices with 

appropriate dimensions, A A,, j = 0, I ,..., k are matrix 

functions representing the uncertainties in the matrices 

A,, j=O,l,..., k, 

AA,(x,t)=D,F,(x,t)E,,j=al,...,k (3) 

where F, (x, t) E /$jxg, are unknown real time-varying 

matrices with Lebesgue measure elements bounded by 

F:‘(x,t)F,(x,t)ll,vt, j =O,l,..., k (4) 

h, , i = I,..., k are the unknown time varying delay terms, 

but bounded 0 < h, (t) I h, jr, (t) I d < 1, 4(t) is a smooth 

vector-valued initial function in -h <t I 0 . The main aim 
of this paper is to develop delay-dependent conditions for 
robust stability of the uncertain time-delay system (I). More 
specifically, our objective is to determine bounds for the 
time-delay by using different arrangements of 
Lyapunov-Krasovskii functionals and LMI methods. 

The following matrix inequality will be essential for the 
proofs. 
Lemma [6]: 

Let D, E and F be real matrices of appropriate 

dimensions with llFl/ < 1, then we have the following: 

DFE+E”F”D’ I~-’ DD7’+&E7’E, (5) 
for any scalar E > 0. 

III. Main Results 
In this section, we describe our method for determining 

the robust stability of uncertian time-delay system (I)-(3). 
The main results are given in the following theorems. 
Theorem 1: Consider the uncertain delay system (l), for all 

delays h, E [0, h] , this system is robustly stable if there exist 

symmetric and positive-definite matrices 

P > 0, R, > 0, i = I ,..., k and scalar, 6, > 0, j = OJ,..., k , 

such that the following LMI holds: 

rM GI 

M=(A,+czI)‘~P+P(A,+czI)+~~,+XD~D~P+J~ 
/=I 

k 

+ CX,eZah D,D; P 
/=O 

G = lab PA, eah PAk] 



L=--diug[(l-d,)R,-JI,. . .,(~-d~)~k-Jk] 

X=&p, x, = E;’ P , J,=E, El’E,, i = 0 ,..., k 

Remark I : 
If we let k=l, then the system (1) is a single state delay, 

the (6) can be transformed into (7) as LMI problem on a 
single state delay 

MO eahP A, 

ed~f’P -((l-d )R-J,) I 

co, (7) 

~o=(Ao+aZ)TP+P(Ao+a~)+R 

+XDoD;P+Jo 

+e&X, D, D:‘Peah 

EO >O,&,>O,P,R>O , Jo=~oE;E~ , J,=&,E;E, , 

x =E;‘P,X, =E, -’ P 

Theorem 2: Consider the uncertain delay system (I), for all 

delays h, E [0, h] , this system is robustly stable if there exist 

symmetric and positive-definite matrices 

P>O,R,>O,Q,,>O, i=l ,...I k and scalar 

E, > 0, j = 0 ,,.,, k , such that the following LMI holds: 

G [ 1 17! L <O, 

Ml =(A,+aI)“P+P(Ao+aI)+ 

iR,+XDoD~ P+J0+ 
,=I 

ieZah X, D, DI‘P+ ih Q,,. 
I=0 I=, 

G=ieah PA, . . oh PAN] 

L=-diq[(l-d,)R,-JI,. . .,(I-dk)Rk-Jk] 

x = 66’ p, x, = E, -’ P, Jk=&, &,,i=O,..., k 

Remark 2: 
If we let k= 1, then the system (1) is a single state delay, 

the (8) can be transformed into (9) as LMI problem on a 
single state delay 

A42 /‘PA, 

e$(‘P I 

CO, (9) 
-((l-d Y-J,) 

M~=(A~+~I)’ P+P(Ao+aI)+R+ 

XDoD;P+Jo+ 

e 2ah D,D[P+hQ 

P>O, R>O, Q>O, a>O, &()>O, E,BO,X=E~‘P, 

X,=E;‘P,JO=E~E~EO,J,=E,ETE, 

Remark 3: 
The delay term appears in (8), if a = 0 then the 

stability condition is still dependent on delay. Theorem2 
improves theorem1 with this a = 0 problem for not 

dependent on delay. 
IV.Example 

Consider the following uncertain time delay system 
provided in [6], [9]: 

i(t)=[Ao+AAo(t)]x(t)+[A,+AA,(t)lx(t-h(t)) (IO) 

Ao=[-; -;]tA,=[:d, my] 

and A ad and A I, are uncertain matrices 

satisfying 

I/A Ao (t)ll 5 0.2 > ))A AI @Ill 5 0.2 > vt (1’) 

Applying Theorem I to this uncertain time-delay system, it 
is found, using the software package LMI Lab, that this 
system is robustly stable for any time varying time-delay 

satisfying 0 I h(t) I 3.0073 , Theorem 2 then satisfying 

0 I h(t) I 3.0369 . We note that the result of [6] guarantees 

the robust stability of (41) when 0 5 h(t) < 0.0433, whereas 

by the method of [9] the time-delay is 0 I h(t) < 0.3 188 

This example shows that the method of this paper is an 
improvement of the previous results of [6] and [9]. 

V.Conclusion 

This paper deals with the problem of robust stability 
criteria for a class of uncertain linear time-delay systems. 
Based on Lyapunov-Krasovskii functionals combining the 
LMI techniques, new and improved delay-dependent 
stability criteria are derived. An example is illustrated to 
show that the criteria perform much better than existing 
stability criteria. 
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