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Stability Investigation on Exponential Convergence for Neutral-Type Systems
with Nonlinear Perturbations Based on Parameterized Model Transformation
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Abstract
The stability problem on delay-dependent exponential convergence for neutral-type systems with nonlinear
perturbations is investigated in this paper. A linear matrix inequality (LMI) based exponential stability criterion is
derived by means of the Lyapunov-Krasovskii functional approach and a parameterized model transformation technique.
An example is used to illustrate the less conservative result of the proposed approach compared with the previous one.
Keywords : Neutral-type systems, delay-dependent exponential convergence, nonlinear perturbations, parameterized

model transformation.
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1. Introduction conservative than the delay-independent results.

It is well known that time delay is commonly Moreover, most results are concerning both retarded type

encountered in the behavior of many physical processes ~ delayed systems and neutral-type delayed systems
and very often is the main cause for poor performance without nonlinear perturbations. To the best of our
and instability of control systems. Therefore, stability =~ knowledge, few results have been reported in the
problem of time delay systems is a topic of great literature concerning the problem of delay-dependent
practical importance that has attracted a considerable  robust stability for neutral-type delayed systems with
amount of interest over the past years. Many methods ~ nhonlinear perturbations. In this paper, a delay-dependent
such as the Lyapunov-Krasovskii functional approach, criterion for guaranteeing the exponential stability of
matrix norm technique, matrix measure technique,  neutral-type systems with constant time-delay and
Bellman-Gronwall technique, etc., have been proposed in ~ nonlinear perturbations is derived by using the
the literature [1-11] for testing the stability of time delay =~ Lyapunov-Krasovskii ~ functional ~method and a
systems. Current efforts on this topic can be divided into ~ parameterized model transformation technique. The
two categories, namely delay-dependent stability criteria ~ Stability criterion is formulated in an LMI form. The
and delay-independent stability criteria. Generally ~ Proposed criterion can be applied to the delay-dependent
speaking, the delay-dependent results are often less ~ asymptotic stability testing and is shown to be less
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conservative than the existing results in the literature

[7,8,9,10].
Consider the following

neutral-type time-delay

systems with nonlinear perturbations
X(t)=AXt)+Bx(t —h)+Cx(t —h)+f(x(t),xt-h),xt-h)) (1)
x(t) =¢(t),te[-h, 0] )

where x(t)eR" is the state vector; A, B and

C c Rnxn
constant time-delay;

are constant matrices; h
o) is

vector-valued initial function;

is a positive
a given continuous

f (x(t), x(t—h), x(t—h))

represents the nonlinear perturbations satisfying

|| f(x(t),x@—h),x(t - h))|| £ﬂ0||x(t)||+/;’1||x(t - h)||+/32||>'<(t - h)|| 3)

where f,, S,and g, are positive constants.

Definition 1: The system (1) is said to have a stability
degree « (or to be exponentially stable), with « >0, if
the state of (1) can be written as  x(t) =e™*'z(t) and the

system governing the state z(t) is asymptotically stable.

In this case, the parameter « is called the convergence
rate.

To study the exponential stability of the system (1), we
introduce a model transformation [1] described by the
operator D: C,([-h, 0], R")—R" with
D(z,) = 2(t) +e"E[; , z(s)ds —e*"Cz(t - h) @)

where E is a matrix parameter to be chosen.

Remark 1: In view of [2], for the case where a =0, a
sufficient condition for the stability of operator D(z)
is h|E[+|[C||<1. Moreover, an LMI-based sufficient

condition is given by [1] as

—-1+C'C hET
[ he -1 }0

where | is the identity matrix. Besides, in order to
analyze the exponential stability of system (1), the
following lemma, which significantly reduces the
conservatism of the above two conditions, will be used in

the derivation of the main result.

Lemma 1[1]: Given a scalar p satisfying 0< p <1,

then for the case where a =0, the operator D(z) is
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stable if there exists a symmetric positive definite
matrix X such that the following LMI holds

T T
|:—pX+C XC hE X}<o

hXE - X ®)

2. Main Result

Now, we present a delay-dependent criterion that
guarantees the exponential stability of system (1).
Theorem 1: Consider the neutral-type time-delay system
with nonlinear perturbations in (3). Given scalars
a>0 , p satisfying O0<p<l, and ¢ satisfying
0< 6 <1, then for any constant time-delay h >0, this
system is exponentially stable with the convergence rate

« if there exist symmetric positive definite matrices P,

Q. Q,, W, Xand positive scalars ¢, &,, -+, & such

that the following LMIs are satisfied

M, 0 M, e™(A+al)'C he®APE P
0 -Q+Q, 0 0 0 o0
M 0 M;  e®"(B+C)'Che”B'PE 0
e"Cl(A+al) 0 e*'C'B+C) M, 0 0
he E'PA 0  he”"EPB 0 -hw 0
P 0 0 0 0 —gl
0 0 0 0 he”PE 0
0 0 e”"PC 0 0 0
0 0 e”"PC 0 0 O
A+ad 0 0 0 0 O
0 0 e™B+0) 0 0 0
0 0 0 e’'C 0 0
0 0 0 (Aral) 0O 0 |
0 0 0 0 0 0
0 eCPe’™CP 0 e"(B+C)' 0
0 0 0 0 0 e*"CT
he P 0 0 0 0 0
0 0 0 0 0 0
~hgl 0 0 0 0 o |<0®
0 -l 0 0 0 0
0 0 -gl 0 0 0
0 0 0 —sl 0 0
0 0 0 0 — &l 0
0 0 0 0 0 -gl |
-pX +e*"CTXC he“"ETX | _, @)
he?" XE - X
where

M, =PA+ATP+343U +(A+al)  (A+al)+Q+hW  (8a)
M, =PB -e“"ATPC +e™(A+a1)T(B+C)  (8b)
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M;=—Q+&B B+3e(8,+ 3,)?U +e*"(B+C)" (B+C) (8c)

M, = -1 +e’"(CTC +3p2U) (8d)
U=QQ+eg+hey, +e&4+65+55+7)] (8e)
A=A+al+e™E, B=e™(B+C-E) (8f)
Proof: Let x(t)=e *'z(t), where «>0. Thus, from
(1), we have
2(t) = (A+a 1)z(t) + e (B +C)z(t —h) +e™'Ci(t —h)

+ f(2(t), 2(t ), 2(t - h)) ©)
where

[T, 2t-h), 26-h)
e f (x(t), x(t—h), )'((t—h))“
< Bz +e“" (B, + Bzt - h)|+e"B, |zt -h)|  (10)

Furthermore, the system (9) can be written as

%[z(t) + e“th_h 2(s)ds — e*"Cz(t - h)])

= Az(t)+ Bz(t—h) + f (2(t), z(t - h), 2(t — h) (11)

Choose the Lyapunov-Krasovskii functional for system
(11) as

t t—oh
V(z()=D@)PD@) + [ 2(9Quze)ds+ | 7 Q2(8)s

+ f_h 2'(s)z(s)ds+ J‘:_h'[: Z"(OWz(@)dads  (12)

The time derivative of V(z(t)) along the trajectory of
system (11) is given by
V(z(t)=2D'(z,)P[Az(t)+Bz(t—h)+f (z(t), 2(t —h), 2t —h))]
+2'(t)Q,z(t) — 2'(t —5h)Q,z(t —sh)
+2'(t—oh)Q,z(t—oh) —z'(t—h)Q,z(t—h))
+2'()2(t)-2"(t-h)z(t —h)
+hzT(t)Wz(t)—J.:7h Z(s)Wz(s)ds (13)
Applying the following well-known inequality to (13)
+2a’b <¢*a'a +&bb (14)

for any vectors a, beR" and scalar ¢£>0, we
obtain

V (2(t) < jt t_h%{z Tt)[PA+ATP +& PP +342U

+(1+") A+ al) (A+al)+Q+hW]z(t)
+227(t)[PB +e*"(A+a 1) (B+C)
—e*"ATPC]z(t-h)

+2e*"2T(t) (A+ a1)TCi(t - h)
+2e2"7T(t—h)(B +C)'Ci(t — h)
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+2he?"z7(s)[ETP Az(t)+ETP Bz(t —h)]
—27(t-oh) (Q; - Q,)z(t -5h)
-2(t-h){Q, ;BB

—e*M[3(8,+ ,)°U + (53 +£,1) C'PPC]
—e®"1+£Y)(B+C)(B+C) Jz(t—h)
—1Tt-h)[1 -3e**"p2U

—e* "1+ &hHCTCl2(t-h)

—77(s) ("W —he;e®*"ETPPE)z(s)}ds

:J-tt—h % [ZT(t) ZT(t -oh) ZT(t -h) ZT(t -h) ZT(S)] H

{20 7't~ Z'¢-h) 2't-H)2'e)| ds(15)

where
M+ PP+ (AralJA+al) 0 M,
° “rQ 2ah 10 I ~T
He M 0 Mat+e™ (5+6,)CPPC
+&"(B+0)(B+C)
€CT(At+al) 0 e?"CT(B+C)
i he“"EPA 0 he*"E'PB
e*"(A+al)'C he“"ATPE
0 0
e’"B+C)'C he*"BTPE
M, +e* e icTe 0
0 —hW+ he;'e?*"ETPPE

and M, M,, M, M, are defined in (8a), (8b), (8c), (8d),
respectively. It is easy to see that V(z(t)) <O if
H <0. Obviously, H <0 if and only if (6) holds.
From (7) and lemma 1, the operator D(z;) is stable.
Therefore, we conclude that the system (9) and the
system (11) are both asymptotically stable, i.e., the
system (1) is exponentially stable with the convergence

rate « . Thus, the proof is completed.

3. Numerical Example
Example 1: Consider the following neutral-type

time-delay system with nonlinear perturbations
. |-3 0 0 04 01 0],
X(t) —[ 0 _S}X(t){o' 40 }x(t—h){ 0 0Jx(t—h)
+f (x(t), x(t = h),x(t = h)) (16)

where

| (x(@) x(t—h) x(t — )| <0.9Jx(t)|+0.2Jx(t — h)| +0.5x(t —h)]
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First, we shall compare our delay-dependent stability
criterion with those in [7,8,9,10] for checking the
asymptotic stability of the system (16). Applying
Theorem 1 with «=0, by setting =05 and
choosing E =C, using the Matlab LMI Toolbox, it is
found that the system (16) is asymptotically stable for
any constant time delay h<2.6238. If we choose
E =0.1C, the upper bound of time delay h is 4.3615.
On the other hand, the maximum values of time delay h
obtained in [7,8,9,10] for guaranteeing the asymptotic
stability of the system (16) are 0.5871, 0.7325, 0.9168,
and 1.1732, respectively. Thus, for this example, the
delay-dependent stability criterion of this paper gives a
less conservative result than those obtained by the
methods in [7,8,9,10]. In addition, this example also
shows that choosing an appropriate parameter E can
maximize the allowable delay bound for guaranteeing the
asymptotic stability of the above system.

Next, we consider the effect of the time delay h on the
convergence rate « . Again applying Theorem 1, we can
find the fact that the convergence rate « decreases

when the time delay h increases (i.e. h=0.2,
a =0.6021; h=0.8, a =0.2328; h=1.5,
a =0.0715; h=1.8, a =0.0316; h=2.5,

a =0.0139). Furthermore, the result of [11] guarantees
the exponential stability of system (16) with time delay
h =0.2 when convergence rate « =0.0135. Hence, the
Theorem 1 in this paper significantly improves the result
of [11].

4. Conclusion

This paper has considered the stability problem for
neutral-type  time-delay systems with  nonlinear
perturbations. Based on the new Lyapunov-Krasovskii
functional approach and a parameterized model
transformation  technique, a less conservative
delay-dependent robust exponential stability condition is
established. By comparing the proposed result with the
recent published papers through a numerical example, it
is shown that the derived criterion is less conservative
than several recent results.
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