CHAPTER 1
INTRODUCTION

The researches on the time-delay systems have been the interesting issues
because the existence of time-delay is an important source to make system unstable.
Uncertainties shoud be considered for it can make a differrence to the dynamics
of system. Stability analysis of systems with norm bounded and time-varying
uncertainties can be found in literature, for examples, in [7], [12] and [13].

In many practical systems, models of system are described by neutral
differential equations, in which the models depend on the delays of state and
state derivatives.Heat exchanges and population ecology are examples of neutral
systems. Therefore several researches have studied neutral systems and provided
sufficient conditions to guarantee the asymptotic stability of neutral time delay

systems, see [10-13] our references cited therein .

In 2006, X. Jiang and W-L. Han [7] studied the delay-dependent robust

stability for uncertain linear systems with interval time-varying delay described by
2(t) = [A+ AAD)]x(t) + [Ar + AA ()]t = 7(1)),
a(t) = ¢(t),t € [-7u, 0], (1.1)

where z(t) € R"™ is the state vector; A, Ay € R™™ are constant matrices; AA(?)

and AA;(t) are unknown real matrices of appropriate dimensions and satisfy
AA(t) AA(D]=DFWIE B, (1.2)

where D, EF and E; are known real constant matrices of appropriate dimensions,

and F'(t) is unknown matrix function with Lebesgue measurable elements satisfying

FT(t)F(t) <1, (1.3)

¢(t) is the initial condition of system (1.1). 7(¢) is a continuous time-varying delay

function satisfying

0 S Tm S T(t) S TM, (14)



where 7,,, and 7; are two constant. The following result are obtained.

Corollary 1.1 [7] For some given scalars T, and Ty, system (1.1) is robustly stable
for any 7(t) satifying (1.4), if there exist a scalar € >0, some matrices P > 0,

Q>0,R>0,8>0 and N;, M;(i = 1,2,3) of appropriate dimensions such that

© 6, 6,
x  —el 0 < 0, (15)
* *  —el

where
0, =[D'N; DTN, DTN3 0 0],
Oy =1[eE €E; 0 0 deky]T.

In 2004, J. H. Park [10] studied the delay-dependent criterion for asymp-

totic stability of a class of neutral equations given by

%[:z:(t) +pax(t — 7)] = —ax(t) + btanhz(t — o), >0, (1.6)

where a,b, 7 and o are positive real numbers, ¢ > 7 and |p| < 1. With each

solution z(t) of equation (1.6), Assume the initial condition:
z(s) =¢(s), se€[—0,0, where¢peC,.
The following theorem is the main result in his study.

Theorem 1.1 [10]For given o > 0, every solution x(t) of equation (1.6) satisfies
z(t) — 0 as t — oo, if the operator D is stable and there exist the positive scalars

€1, €9, €3, and 3 such that the linear matrixz inequality holds

—2a4+a+ocB+eb Vb Vb b —ap —oab
* —€ 0 0 0 0
* *  —e 0 0 0
Y(a, B, €1, €2, €3) =
* * x  —€3 0 0
* * * x  ebp® —a 0
* * * * * €3

<0,



In 2006, Y. G. Sun and L. Wang [11] studied the asymptotic stability of a

class of neutral differential equation given by

%[m(t) +pr(t —7)] = —ax(t) + btanhz(t — o), >0, (1.8)

where a,7 and ¢ are positive constants, b and p are real numbers, |p| < 1. For

each solution z(¢) of Equation (1.6), assume the following initial condition:
x=0¢(t), te[=06,0], whered=max{r, o}, ¢ € Cs.
The following theorem is the main result in their studies.

Theorem 1.2 [11] For given a > 0,7 > 0 and o > 0, equation (1.8) is asymptotically
stable if the operator D is stable and there exist a constant o with 0 < |a| < 1,

and positive constants 3,7,0 and n such that the following linear matrix inequality

holds:

Qi1 Q1o b a—a bla—a)
x  —0—2p«a pb -« —ba
0= * * o> —n b v’ <0, (1.9)
* * * — 0
* * * * —0

where

O =2(a—a) + B+97%+n, Oy = pla —a) — a.

In 2008, B. Wang, X. Liu and S. Zhang [12] studied the stability analysis

for uncertain neutral system with time-varying delay given by

#(t) — Ci(t —d) = (A+AAWD)2(t) + (B + AB@))a(t — (1)),

z(to+0) = p(0), 0 €[—h,0] (1.10)
with
AAT(H)AA(t) < pal, vt >0,
ABT(t)AB(t) < pgl, vt >0,
AA(t) = E\Fy(t)Gy, vt >0,
AB(t) = BEyFy(t) Gy, vt >0,



FT(t),Fy(t) <1, Vit > 0,
FT(t),Fy(t) < I, vt >0,
where x(t) € R™ is the state vector, 0 < d < h is a constant neutral delay,
0 < 7(t) < h is a time-varying discrete delay, ¢(.) € C}, is the initial condition,
C e R, B € R, A € R™" are constant matrices. Ei, Fy,G; and G4 are
known constant real matrices with appropriate dimensions. The following lemma

is needed:

Lemma 1.1 [12]Consider uncertain neutral system, for given positive scalar h, the
operator D(zy) is stable if there exists a constant matriz L > 0 and positive scalars

€1, €2, 31 and By such that

CTLC — 3L hCTLB hCTLE, 0

* A 0 h?BTLE,

Q= <0, (1.11)
* * —el 0
* * * —eol

Pi+P2 <1, (1.12)

where

A= hQBTLB < 62L + €1G{G1 = €2GgG2 + thQL.
The main result obtained in [12] is the following.

Theorem 1.3 [12] Suppose that there exist positive scalars 1 and [ satisfying (1.11)
and (1.12). For given positive scalar h, the system (1.10) is stable if there exist
positive scalars ey, es and constant matrizes Py > 0,Q > 0 and N > 0, satisfying

the following LMI:

0 (A+B)TPC (A+B)TP PE, P E,

* ~N 0 C"PE, C"PE,

* * —-h71Q P E; P, Es <0, (1.13)
* * * —erd 0

* * * * —eol

where

=P (A+B)+(A+B)IP,+ hBTQB + N + ¢,GTG} + e2GI Gy + pphQ.
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In 2008, K. W. Yu and C. H. Lien [13] studied the stability criteria for
uncertain neutral systems with interval time-varying delays defined by the following

state equations :

i(t) =Ag + Arz(t — h(t)) + Asi(t — 7(t)) + Afo(t, z(t)) + Afy(t, x(t — h(t)))
F AR EE—T{), >0, (1.14)
I‘(t) :¢(t)7 te [_H7 0]7 (115)

where € R", z; is state at time ¢ defined by z;(0) = z(t + 6),V0 € [—H,0],

0 < hm < h(t) < hp,0 < 7(t) < 1ap,h(t) < hp, ™ < 71p < 1,hpy > 0,73 > 0,
H = max{hy, Tar}, Ao, A1 and Ay € R™™ are constant matrices and the initial
vector ¢ € Cy, Afo(.), Afi(.) and Afy(.) are some perturbations in system (1.14).
There are two cases of perturbations.

(A1) Nonlinear time-varying perturbation:

[Afo(t, z(O)] < aollz(@I, [ASE2(E =R < anllz(t = h(D))];
[AS2(t, & =) < azll@(t —7(1)]], (1.16)

where a;,i € {0, 1,2} are given nonnegative constants.

(Ay) Parametric norm-bounded perturbations:

Afolt,z(t)) = AAg(t)z(t), Afi(t,z(t —h(t))) = AAi()z(t — h(t)),
Afa(t,2(t —7(t))) = AAx(t)a(t — 7(1)),
[AAo(t) AA(t) AAy(t)] = MF(t)[No N1 Na, (1.17)

where M, N;,i € {0,1,2}, are some given constant matrices, F'(t) is an unknown

real time-varying functions with appropriate dimension and bounded as follows:

FT()F(t) <1, VYt>0.

The main result [13] is stated in the following.

Theorem 1.4 [13] System (1.14) with (A;) is asymptotically stable, if || As||+aq < 1

and there exist some n X n matrices P; > 0,i € {0,1,...,5}, matrices Q1,Q2, Q3 €



R™ ™ and some positive constants €y, €1, €2, such that the following LMI conditions

holds:

Yo Yip Xz Yig s Xie Xir Xag
kMg X3 00 0 0 O
* * M3z Xgq M35 236 237 238
* * * Mg 245 O 0 0

N= < 0, (1.18)
* * * *  Mss  Xse 257 258

* * * * % g O 0
* * * * * * Yo 0
* * * * * * * 0 Ygg

where

Sit =S +eodl, Yy =PoAo+ AT Po+ QAo+ AL Qo+ P+ P~ Py, Sip = P,
Yis = PoAL + Q3 A1 + A Qs, Y= RAs + Q7 Ay, Y15 = AJQ1 — Q3
Yig=Y1r =15 =P+ Q3, Yn=-P—P;—P, Y¥y=F,

Y33 = 233 + e1621, ZA333 =—(1—=hp)P,— P, + QgTAl + ATQs, X31=QF Ay
Yigs = Ang — an Ygp = M3y = M3g = an Yaa = 2A344 + 62043—77
Su=-(1—7p)Ps, Sis=AYQ1, Zs5=P5+h3 P+ (har—hm)*Pi— Q1 — QF,
Y56 = Lp7. = Ysg = Qip, Yoo = —€ol, Xgr=—e1l, Xgz = —€al.

Theorem 1.5 [13] System (1.14) with (Ay) is asymptotically stable, if there exist
some n X n matrices P; > 0,1 = {0,1,...,5}, matrices Q1,Q2,Q3 € R™", and

some positive constants € and n, such that the following LMI conditions hold:

A, —I M | <0, (1.19)
0 MT —pI



%k ox Ny Ny 00 Ny | <0, (1.20)

* * * * * x D7

where 311, Y33, S, Yij i, =1,....5, are defined in (1.18), Sie'= PoM+QT M, Sy, =
eNT S35 = QT M, Ba7 = eNT, Sg7 = eNJ , 856 = QT M, S5 = 77 = —el

In summary, from [10-13] authors gave sufficient conditions for asymptotically
stable of neutral system. In this thesis, we propose to study asymptotic stability
of neutral system. In Chapter 3 we give sufficient conditions for delay-dependent
criterion for asymptotic stability for uncertain neutral system. Numerical exam-
ples are illustrated to show the efficiency of our theoretical results. Conclusion is

provided in Chapter 4.



