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Improved Stability Criteria for Linear Systems with Time-varying Delay
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(Oh-Min Kwon * Ju-Hyun Park - Sang-Moon Lee)

Abstract - In this paper, improved stability criteria for linear systems with time-varying delays are proposed. By
constructing a new Lyapunov functional, novel stability criteria are established in terms of linear matrix inequalities

(LMIs). Two numerical examples are carried out to support the effectiveness of the proposed method.
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1. Introduction

It is well known that time delays may deteriorate
system performance or even cause instability [1-2]. Since
time delays occur in many systems such as networked
control systems, neural networks, chemical processes and
so on, the subject of stability analysis of systems with
time-varying delays has been received considerable
attentions during the last two decades. For examples, see
[1-11] and references therein.

In the field of stability analysis for systems with time
delays, an important index for checking the conservatism
of stability criteria is to enlarge the feasible region for
guaranteeing the concerned system to be asymptotically
stable with a given time-derivative condition of delays.
Therefore, how to choose Lyapunov-Krasovskii’'s
functional and obtain the bound of its time-derivative
along the trajectories of time-varying systems play
important roles to enhance the feasible region of stability
criteria. In this regard, He et al. [9] introduced
free-weighting techniques and the superiority of proposed
methods through numerical examples. In Wei et al. [10],
further improved method was proposed by extending the
method of free-weighing and consideration of cross
terms. However, the inclusion of free-weight matrices
increases the computational burden and time cost.
Recently, without introducing free-variables, Sun et al.
[11] investigated delay-dependent stability criterion of, the
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following linear systems with time-varying delays:
@(t) = Aw(t) + Az (t—h(t)) 1)
z(s) =¢(s), s€[=h;0,

where z(t)ER" is the state vector, A4, A,ER""" are

known system matrices, ¢(s)E G, n, is a given vector

valued initial function, h(t) represents time-varying
delays which satisfies 0= h(t) <hg, hy < nt) < hp, <1.
Here, C,, ((=h; 0),R") denotes the Banach space of

continuous vector functions which maps the interval
[~h,» 0) into R".
The contribution of the work [11] is the use of triple
integral form of Lyapunov-Krasovskii’s functional.
However, there are rooms for further improvement of
stability criteria.

Motivated by the above discussion, improved LMI
criteria to find maximum delay bounds for guaranteeing
the time-varying delay systems to be asymptotically
stable will be proposed based on the methods of [11].
The main contributions of this paper can be summarized

as follow:

e Unlike the method of [11], new augmented variables
1 ¢ 1 t

such as W/f—h(f):U(S)ds and 4h[f—h(t) /tih(t)x(s)ds
will be taken to utilize information about time-varying
delay. Therefore, the derived stability criteria contain
more information about time-varying delays such that the
feasible region of stability criteria are enlarged. To the
best of author’'s knowledge, this idea has not been
proposed. The detail explanation of this contribution will
be discussed in Remark 1.

e In this paper, we propose a new Lyapunov-



Krasovskii’'s functional

V)= @], "%

z(t—n)] | x P|j22 z(t—h(t))
10} By Py, :(t)
*hy—h(t)) x(tlfh(t))] i P;j :c(tlfh(t))}

(2)

P . P .
where { IRIRARE
* Py

nd [PQ'“PZ’”} are positive matrices.
* Py

To the best of author’'s knowledge, the Lyapunov -
Krasovskii’s functional of the form (2) has not been
proposed in any literature. The motivation of Eq. (2) and
some discussions will be introduced in Remark 2. The
enhancement of feasible region of stability criteria by
considering Eq. (2) will be shown in Section 4 through
numerical examples.

Up to now, many researchers have studied the
methods and techniques to improve the feasible region of
stability criteria as mentioned before. Therefore, these
new considerations discussed above will contribute to the
research of stability and stabilization for systems with
time-varying delays. With these considerations and by
utilizing convex-hull properties, sufficient conditions are
derived in terms of LMIs which can be easily solved by
various efficient convex optimization algorithms [12].
Through two numerical examples, improved results are
shown by comparing our obtained results with the recent
ones in [9]-[11].

Throughout this paper, * represents the elements below
the main diagonal of a symmetric matrix. The notation
X>Y, where X and Y are matrices of same dimensions,
means that the matrix X— Y is positive definite,/ denotes
the identity matrix whose dimensions can be determined
from the context. R" is the n-dimensional Euclidean
space, R™*" denotes the set of m Xmn real matrix.

2. Problem Statements
The objective of this paper is to develope a
delay—dependent stability criteria for system (1) which
was introduced in Section Introduction.
For the condition 0<h(t) <h,, let us define 4, in the
following set

o, A4l i, A 3
where Co denotes the convex hull and A!=0 and
Ar=h,. Then, there exist parameters o;(i=1,2) where

2
o, >0 and Y,a, =1 such that h(t) can be expressed as a
=1
convex combination of the vertex values as follows:
2
= ZaiA;L' (4)
i=1

If the elements of matrix G(h(t)) are affinely dependent
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on h(t), then G(h(t)) whose elements include h(t) can be
expressed as a convex combination of the vertex values
2
= Yo, (5)

Before deriving the main result, we need the following
fact and lemma.

Lemma 1 (Finsler's Lemma). [13] Let
CER", 6=0"ER""", and BER™"" such that rank(B)<n
The following statement is equivalent:

i) ('P¢<0,VE=0, (=0,

i) (BYH)%eB* <0

where B* is a right orthogonal complement of 5.

Lemma 2. [11] For any constant matrix Q= Q7 and a
R(t)>0 such that the
integrations are well defined, then

1) —\/tihm:UT(s)Qx(s)ds

—(1/h(t>>( i ihwm(sms)yé( / :}hm“(”d‘“’)

/t y / w)duds
—@2/n (¢ (/, o / duds) (/, o f duds)

3. Main Results

scalar  function following

For simplicity of matrix expression, let us define the
following notations.

x(t)
z(t—h(t))
z(t—hy)
x(t)
x(t—h,)
C(t): t ! 5
) [* wls)as
t—h(t)
t—h(t)
A/ g=n@) [ als)as
t—hy
(1—=h(t)x(t—h(t))
SO=[5), ) m=1,..8 n=1,...8,
El(zl)l :]?“l +]?’1 +Ml+ql+(72+h7'1Aﬁ)Q1+hUQ272Q3y
21(8,2) =Ry, —(=2+hy IAZ)Ql 113 R13+%37
21(84 =R+ Ny + Gy, 2110 =R, 21(16 A;LR55+2QJ,
21(21)‘7) :(hU_A )Ry, Elf 1s) =Ry
El(aa): 7(17hw1)6;11+( 2+hy 1A1)Q1 +(= 17}1;!147,)@1
—20;
Efé%,:z) :7}357(717}";14’ )le Z‘1 4) :leTw 21(22),5) :Rzzv
21(8,6):0’ Z 7 ) =20, 21(38 =R, — Gy,
21(23)‘3 — Ry — R23 Nﬂ (717}‘2/1&)@ 21(2;.4) :Rq]z-7
21(2;,5) Ry — Npy, E A]?%’ *7(]1'747)1?337
21(2)58 =R, X 144 N22+022+h21/Q1 (hz//2)Q;, 145 ) =0s
21(2-)10 _AI s 21(1 =(h U_AI )Ru’ Ef 18 =0
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21(52.5) == Ny, 21(@6 A;IRZ; 157 =(n I/_A§7 )Rzza.
El(fg,s):o’ El(ébb = AZ @20 X 107 ) =0,
Zlies) = 4B Bt = ( 040, —2Q,

i)

(7,

e == )Ry Di ) == 1/ (1=hp)) Gy,

r=[4 Ado—loooo]. ®)
Then, we have the following theorem.

and hp <hp, <1, the

Theorem 1. For given },>0,

system (1) is asymptotically stable for 0<h(t) <h, and
hy, <h(t) <h,, if there exist positive matrices R=[R, ilsss
N=[N,ly0: G=1G 155, Q(i=1,2,3), such that the following
LMIs hold

(r)7s0r <o (i=1,2) @)
and I are defined in (6), and I'" is the right
orthogonal complement of I

Proof. For positive matrices B=[R I;.;, N=[N, ],

G= [G;'j]2><27 @& (i=1,2,3),
Lyapunov function defined by

zﬁivﬂw (8)

=1

where 5"

let us consider the following

where

2(t—h(2))
t ()Y Jx(s
Vz(“:f,,,h,gggs NL;E?
t z($)7 [z (s)
V‘(”:f, o] Gab(s)}’

=h / - / . u)duds,
/ / w)duds,
t—hy
/ s / / v)dvduds. )

First, the time derivative of V;(¢t) along the solution of
Eq. (1) is obtained by

z(t) :
' z(t—hy) :'c(ﬁt;)l |
““):Zl/i)x@ﬁk B o) —altony)
2 ) (1—h‘<t>>a‘c<t—h(t>)
(x(t) ) r x(t)
| =lt=hy z(t—h, )
A oww | ew-z—n,)
w=hE)] |1 ht)at—h)

:U(t)
:L'(t*h[;)

70 0

L[ 07 0 0

=2 (h(t) /t—h(t)x(S)ds) 00 ht)I 0

1 t—nh(t) 00 0

Lw*h@%/hm,x“m% 00 I
z(t—h(t))
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z(t)
z(t—h,)
A r0)-2tn,)
(1—h(t)z(t—h(t)) (10)
where
n @)= ( lt / s)ds|h(t
U t—hy
Second, differentiating V,(#) leads to
y _ I(t) r I(t) _ x(tfhy) r l‘(tfhl;)
va0=[50) M) m_h,,)} ”L;;@—h,)}
(11)
Third, the upper bound of Vg(t) can be obtained as
o [T Je @], [eE—RED]T J2E—h(1)
hlt)= ab(t)}”"'{i’(t) a=-k0[Z Zey) ia—naon)
_ I(t)r{gn Gy {Jf(t)
Cla@)] [ Gyl lalt) '
l‘(t*h(t)) T (17}1(75))6’11 GIQ
7[U*h&)i&*h@D L _a,
(t—n(t) o
r\t—n
. [(1—h<t>>5c<t—h<t>>}
z()]7 Gy, Gy [=(t)
= Lb(t) [* G} #(t)
7[ (t—h(t)) ]’( hou) Giy f%z
(1= h(t)x(t —h(t)) * T
DI
z(t—h(t))
. [(1—ﬁ(t)):§c(t—h(t))]
(12)

Fourth, the time derivative of V4(t) leads to

V,(t) = R —h (13)
4 UI /t .
Note that

¢ . .

—h / xT(s)Qx(s)ds (14)
t—hy
t=hy - .
/z h( o h(z)x $)Gets

With —h,=— (h,, h(t))—h(t), O Sh( ) <h,, and Lemma

2, an upper bound of the first integral term in the right

side of Eq. (14) can be estimated as
t

—hy, 2 7(s) Qu(s)ds
t—h(t)

= f(h,,—h(t))/l 5 )x"‘(s)cglm(s)ds

,h@X/t’(fJ@)@iEﬁk

t

<~ g =h @) [ T(5)Qils)as

t—h(t)
t .
—h d v(s)ds
oy mx (5)@ii(s)
< (=24h,'h) [c(t) =2t —hE))]TQ [x(t) —z(t—h(1))].
(15)
With the similar method in (15), an upper bound of the



second integral term in the right side of Eq. (14) can be

obtained as
t—h(t) -

—hy xT(s)QI:i(s)ds

t—hy

= —tnyn@) [ a6 Qias)as

—hy

—n) [ ) Qs )as

t—hy
~gne) [0 Qats)as
—h(t) -

hy
O, —h) [ a6 Qis)as
< (1= hp h) [zt —h() —2(t—h,)]7Q,
X [a(t=h(t)—z(t—h,)],
(16)

where —h, <—(h,—h(t)) and Lemma 1 were utilized in
(16). Then, from (15) and (16), an upper bound of I};(t)
can be obatined as
V,(t) < KT (6)Qalt)
+(— 2+h () [2(t)
><Q1[x() z(t—h(t))]
+(=1=hy"h()) [z (E—h(t))
[t —h(O) =2l —hy)]

—a(t=n()]"

71‘(t7hy)] TQl

a7
Fifth, by calculating I}})(t), we have
0= he" 0@ [1 275 Qurls)ds
t—hy
= hyx (t)sz(t)—‘/tihmx (s) Q@ (s)ds
t—h(t)
—/ rT(s)sz(s)ds
t=hy
1 ¢ r
< h,uxf(t)gﬁ(t)f(m/hhmx(s)ds) (1) Q)
1 t
X(W/tih(t)x(s)ds)
1 t—=h(t) T
(S, ] rina)
1 t—h(t)
. h,fh,(t)ft,h,, x('s)ds)
(18)

Lastly, calculating the time derivative of V(¢) leads to

Vy(t)

= (B2/2)2" / ] / w)duds
t—h” s

(h2 /2)z / / w)duds
t—h(
t—nh(t
— / / u)duds
t—hy s

< (R2/2)2"(t / / u)duds
t—h(t

t—h(t t—h(t
/ ) / Qe (u)duds
< (2270 0)
h2(1)/2) ((h(t%/t h(f)t(s)ds)
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XQS(h(t)x(t)*/i) ( )x(s)ds)
—((hU—hu))/zr‘((hg—hu))x(t—h(t))— [

(hy=h @)l —ne) - [ x(s)ds)

t—hy

T
T (s)ds)

xQ,

< (h2/2)27(t) Qalt)

,Q(I(tfh(t))fh_;h(t)/ti:(t)x(s)ds)
1% t—hy

“Q :v(tfh(t))fﬁ/lt::mx(s)ds).

(19)

6

From (7)-(19), an upper bound of Wt)= Z

7)< ({2, () }(b)
where
2 (h®) =12 ]s m=1es

can be

8 n=1,..,8,

Dy =y +RJ+1V11 +Gy, +(_2+h;/lh(t))Q1 +hy@—20;,
2 :R347(72+h;/1h(t))Q1, Zias) == R+ Ry

L) =B TN+ Gy, 2y =By 21 =h(t) Ry, +20;

g = hy=h@) By Sy 5) = Ry

Lo = —U=hp )G +(=2+h;'n(t)Q + (1= 'h(t) @
—20,

Ly == By~ (1= )@, Do) =Bl D) =B

Y06 =0 Do) =2 Yo =y~ Gy

Yi(3.3) = fg Rz; Ny +(E1=0'h() Q) Sy =R,
D) =Ry = Nigy (5.5 =—h(t) Ry Xy (50 = (hy—h(t)) Ry,
D) = By Zig) = Nop + Gy ThLQ + (h2/2)Q3, 115 =05
Yo =h) Ry Ziyry=(hy—h{t)Ry Xy, =0

21(.5,5) == Ny, Xy, =h(t )st 105.7) = (hy—=h(t)) Ry,
L8 =0 e :_h( )QQ —2Q; Y47 =0
21(6,8) :h’(t)ng Z :7(]7/ rih(t))Q272Q31

i) :(hv_h( ))Rw s, _(1/(1_h01))G§2'

(20)

Note that 0=1¢(t) where I' was defined in (5).
From Lemma 1 and the properties of convex-hull, if LMI
(6) holds, then system (1) is asymptotically stable for

0<h(t)<h, and hy <h(t)<h,,. This completes the

proof. |

t
Remark 1. In [11], by taking z(s)ds and
t—h(t)

t—h(t)
/ z(s)ds as augmented vectors, the time-derivative
t—hy

of V,(t / }//

v)dvduds was estimated as

2287
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Vi(t) < (h2/2)a” / ) / w)duds
< (B /2)a"(t )623 (t)
@,

2/h ( . h[/ w)duds Qj(\/t h[\/‘ duds)

< (12/2)07(0) Qalt)
t T
- (2/h%,)(h[,x 0 [ a:(s)ds)

t—hy
hya(t)— ‘/tfh,[;I(S)dS)
< (1K2/2)2"(1) Q(t)
5 t t—h(t)
,(Q/h[;)(hUx(t)*‘/hMl)x(s)dS*/l N x(s)ds)

t z—h(;)
Ul‘( ) /Lih(”l'(s)dsf'/lyihl’ $(S)d§)
(21)

However, unlike the method mentioned above in (21), before

taking the upper bound of — / /

t—h,

—(2/n2) (/t h/ duds) QS(/t . / w)duds |,

divide the integral term / /

t—h,

*‘/ / w)duds
t—hyY s
t—h(t)
= *‘/I / Q3 dudS*'/‘ / u)duds.
t—h(t) t—hy

(22)
t—h(t
In the integral term / /
t—hy s

t—hy<s<t—h(t) and s <u<t, it can be estimated as

_f:::,(‘)f‘ ' T(u) Qu(u)duds

s

_ _/tihm/tih(t):p.T(u)Q;;:'v(u)duds
t—hy
J

() Qi) duds

X @y

Ve

X Q3

Qur(u)duds as

Qur(u)duds as

Qyr(u)duds, since

xj(u) Qsi(u)duds.
(23)

. 1 t
With the new augmented vectors ol / z(s)ds and
t—h(t)

1 t—h(t) .
7/ z(s)ds, au upper bound of V,(¢) can be
hz/*h(t) t—hy

Vi6)
< (1h2/2)z"(t) Quz(t)

1 ¢ r 1 ¢
72(x(t)*mjtihmx(s)ds) Qg(x(t)*h—”/tihmx(s)ds)

1 t r
7hv*h(t) '/z—h,,I(S)ds)

ey :L'(s)ds).
v t—hy

fQ(I(tfh(t))f

Xy

(24)
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This consideration may lead to less conservative stability
region of system (1). Through numerical examples, we
will show the improvement of stability region of system

.

Remark 2.
mentioned in Section Introduction, an important index for

In delay-dependent stability analysis, as

checking of conservatism of stability criterion is how to
choose Lyapunov-Krasovskii’s functional and derive its
time derivative upper bound to reduce the conservatism
of stability region. Therefore, the utilization of information
of time-varying delay plays a key role to increase the
stability region of time-delay systems. Also, the proposed
method utilizes the convex-hull properties of time-varying
delays h(t).
which is dependent on h(t) enhance the feasible region of

Can a Lyapunov-Krasovskii’'s functional

stability criterion for time-varying systems? With this

regard, the authors propose the following new

Lyapunov-Krasovskii’s functional which has not been
considered in other literature

_ () 7P Pae :(t)
=06 "hey) | R.ZJ o)
: (t) TP,HP.I :(t)
+(hy, h(t)){ (t::h(t)) [ 2* Pz;] {m(t{h(t))]
(25)

With the new Lyapunov-Krasovskii’s functional in (25), a
new delay-dependent stability criterion will be introduced
as Theorem 2.

Before introducing Theorem 2, let us define the following
notations for simplicity.
= 11]}2><2 P= [Pz.,ij]zxw

H:[[OOOOOOO]H:[OOO[OOOO]
1 07000000) 00000O0O0I7

22(” = HlT(’}f[hjl_Dl_hDIIDz)Hl _JFUIT[A}iPﬁ(hU—AZ )Pz)]ﬂz
+I[A) Pt (hy— 4,)B) | 1T,
(26)

Theorem 2. For given >0, and hy <h,, <1, the
system (1) is asymptotically stable for 0<h(t) <h, and
hy <h(t) <h,, <1 if there exist positive matrices
B=lP)s BEB ) B, NN
G=1G,l,.,, Q(i=1,23), such that the following LMIs
hold

(r' (2 4 SN <o (i=1,2) 27)
where I'" and El“') are the same ones in Theorem 1, and
2P is defined in (26).
Proof. For positive matrices P=I[P ;],.5, B=[F;]y.s
R[R). NN, GGl QU=123),

ij
consider the following Lyapunov function defined by

—Y ) 28)

i=1

let us



where V(t)(i=1,....,6) are the same ones in (8) and V;(¢t)
is in (25). By taking the time-derivative of V,(¢), we

have
Vi (t)
J:(t) TPII]P]I J:(T)
20 W | 8
z(t) r Pl,nPl 12 Jl(t)
#2003 [ x P} [(1—h(t>>a‘c<t—h<t»]
z(t) r Py By z(t)
0] I B P} o]
x(t) [Py 1y Py z(t)
2=, ) | PMHU h(t))f(t—h(t»}
z(t) P, Py z(t)
< o, ") | ij cenen]
z(t) r P1,11Pl,12 ac(t)
£0],,") [ N P] (1—iz<t>>:;c<t—h(t>>}
x(t) TPy 11 Byps x(t)
~hal,, ") [ * Py et hie)
:I(t) TP,I]P.I‘ :L(t)
#2001, ") [i PZQH(Hm i(t—h(t»}'
= O (hp, P~ iy By) 41T [Pyt (hyy = h(£) By |,
+ 1T () P+ (hyy—h(0)By) | 11 JC(t)
(29)

By using the similar method of the proof of Theorem 1,
it is straightforward that if LMI (27) holds, then system
(1) is 0<h(t)<h, and

hy <h(t) <h,, <1. This

asymptotically stable for

completes our proof. W
As a special case, when h(t)=h,, Theorem 1 is

simplified as Corollary 1. Before introducing Corollary 1,
we define the following notations.

T=|2"@) 27(t—hy) 27¢) 27(t—hy) % ihra:T(s)ds},
=[Z )]s m=1,...5, n=1,....5,

Zc( )y =1H FREAN, —Q thyQ 20,

L) = Ay +RT+Q1 3 :113114’]\7127 ) =Ry

Yo.5) = hopllyy 1205 Yo 71?2 — Ry — Q1

Ye2) :Rgv =Ry =My Zeas) _7hszsav

Ze(3.3) = Mo +(h2’/2)Q5 3.4) =0 X35 =hyfs

2(44 ]\722+h2QI
L=[4A4,-10 0}.

=hply Xos) = hp@y =26,

(30)

Corollary 1. For given k0, the

2(t) = Az(t)+ Az(t—h,) is asymptotically stable if there

exist positive matrices B=[R l;. 5, N=[N,],., Q(i=1,23),
such that the following LMIs hold

()" (z )1 <o (3D)

where X, and I, are defined in (30), and I" is the right

c

system

orthogonal complement of I.

Proof. Let wus consider the following Lyapunov-

Trans. KIEE. Vol. 59, No. 12, DEC, 2010

Krasovskii’'s functional

LOEDIRADE (32)
where
I(t) r x(t)
Vl(t)— l‘(t*hl B l"(t* ¢

t Jz(s)] 7 Ja(s)
VQ(”:/ {()} NE@J“’
h[,/r ) / (u) u)duds,
/t h[\/‘ w)duds,
o=f S )

With the defined augmented vector ((t), the time
derivative of V(t) can be estimated as

UORSHODIAON (34)
Therefore, by Lemma 1, ¢ (t)2.((t) <0 with 0=T1((t) is
equivalent to (31). Therefore, if LMI (32) hold, then
system i(t):Ax(t)+Ax(t—hL,) is asymptotically stable.

v)dvduds. (33)

This completes our proof. ||

4. Numerical Examples

Example 1. Consider the following systems

a'c(t)f[ o 0029] (t)+[_fd11 f)fl]x(t—h(t)) (35)

When —h,, <h(t) <h, <1, by applying Theorem 1 and 2
to system (35), maximum delay bounds for guaranteeing
system (35) to be asymptotically stable are listed in
Table 1. For different h,, obtained results from Theorem
1 are larger than those of [9]-[11]. When time-varying
delay dependent Lyapunov-Kraosvskii’s functional shown
in (25) is included in Theorem 2, one can see further
improved results are obtained from Table 1. Therefore,
our proposed method gives larger delay bounds than the
ones in [9]-[11].

Example 2. Consider the following systems

g;;(t):[*og _gig]x(t)+[7_ll 01} (t—h(t)) (36)

Assume —h, <h(t) <h,<1. Table 2 contain maximum
delay bounds obtained from Theorem 1 and 2. Except the
result comparing with the one in [11] when h,=0.1, the

results of Theorem 1 gives larger delay bounds than the
ones in [9]-[11]. However, the results obtained from
Theorem 2  provide
h,=0.1, 0.5, and 0.9.

improved delay bounds for
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Table 1 Upper bounds of h, for guaranteeing stability in
Example 1 with different &,

hp, 0.2 0.4 0.6 0.8

Ref. [9] 1.6070 1.4119 1.2430 1.1077
Ref. [11] 1.6412 1.5124 1.4264 1.3640
Ref. [10] 2.1150 1.8663 1.6666 1.4951
Theorem 1 |2.1770 1.9855 1.8538 1.7573
Theorem 2 |2.1804 1.9869 1.8553 1.7603
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Table 2 Upper bounds of h, for guaranteeing stability in
Example 2 with different h,,.

hp 0.1 0.5 0.9

Ref.[9] 3.6053 2.0439 1.3789
Ref.[10] 3.6224 2.2038 1.6064
Ref. [11] 3.7304 2.5021 2.0982
Theorem 1 3.6998 2.5167 2.1276
Theorem 2 3.7454 2.5184 2.1313

5. Conclusions

In this paper, new delay-dependent stability criteria for
linear systems with time-varying delays were proposed.
By introducing new augmented vectors including
time-varying delay functional and utilizing convex-hull
properties, improved stability criteria were proposed in
Theorem 1. Also, new Lyapunov-Krasovskii's functional
which contains time-varying delays was introduced in
Theorem 2 and its improvement was shown through two

numerical examples.
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