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Abstract

This article deals with the problem of stability of descriptor neutral systems with
multiple delays. Using Lyapunov functional and free-weighting matrix method, a
delay-dependent stability criterion is obtained and formulated in the form of linear
matrix inequalities, which can easily be checked by utilizing Matlab linear matrix
inequality toolbox. Finally, a numerical example is presented to illustrate the
effectiveness of the method.
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1. Introduction

Since the time delay is frequently viewed as a source of instability and encountered in
various engineering systems such as chemical processes, long transmission lines in
pneumatic systems, networked control systems, etc., the study of delay systems has
received much attention and various topics have been discussed over the past years.
Commonly, the existing results can be classified into two types: delay-independent
conditions and delay-dependent conditions. In general, the delay-dependent case is
more conservative than delay-independent case.

A neutral system with time-delays which contains delays both in its state and in its
derivatives of state is encountered in many dynamic systems and their presences must
be taken into account in real dynamic process such as circuit systems, population
dynamics, automatic control, and heat exchangers, etc. Due to its profound and practi-
cal background, much attention has been focused on the problems of stability analysis
for neutral time-delay system from mathematics and control communities [1-7]. Using
Lyapunov method, Park [1] presented new sufficient conditions for the stability of the
systems in terms of linear matrix inequality (LMI) which can be easily solved by var-
ious convex optimization algorithms. Some delay-independent stability criteria were
given in terms of the characteristic equation of system, involving the measures, eigen-
values, spectral radius, and spectral norms of the corresponding matrices [3]. Although
the conditions are easy to check, they require the matrix measure to be Hurwitz
matrix. The problem of delay-dependent stability criteria for a class of constant time-
delay neutral systems with time-varying structured uncertainties was investigated [4].
Han [5] obtained delay-dependent stability conditions for uncertain neutral time-vary-
ing system by model transformation method, due to cross terms of model
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transformation, results are less conservative. Zhao [6] dealt with the problem of delay-
dependent robust stability for delay neutral type control system with time-varying
structured uncertainties and time-varying delay. Some new delay and its derivative-
dependent criteria were derived. He [7] concerned the problem of the delay-dependent
robust stability of neutral systems with mixed delays and time-varying structured
uncertainties. A new method based on linear matrix inequalities was presented that
makes it easy to calculate both the upper stability bounds on the delays and the free
weighting matrices. Since the criteria take the sizes of the neutral- and discrete-delays
into account, it is less conservative than previous methods.

Recently, Li [8] studied the stability of the neutral-type descriptor system with mixed
delays, and derived some stability criteria, but the criteria are all delay independent
which do not include the information on delay, therefore have a some conservative in.
However, the descriptor delay neutral system stability and control have not yet fully
investigated, and their stability conditions are not given a strict linear matrix inequal-
ities, it is difficult to achieve through the LMI toolbox in Matlab. Particularly delay-
dependent sufficient conditions are few even non-existing in the published works.

In this article, the problem of stability of neutral type descriptor systems with time-
varying delays is researched. Using free-weight matrix method in combination with
Lyapunov-Krasovskii functional method is used to obtain the LMI-based delay-depen-
dent sufficient conditions for stability. And we consider parameter uncertainties both
in its state and in the derivatives of its state. Examples are given to illustrate the effec-
tiveness of the condition.

Notations: The notation in this article is quite standard. R” and R” * ™ denote, respec-
tively the n-dimensional Euclidean space and the set of all # x m real matrices. The super-
script X* and X! denote, respectively, the transpose and the inverse of any square matrix
X. I is the identity matrix of appropriate dimension. || - || will refer to the Euclidean vector

norm. The symbol * always denotes the symmetric block in one symmetric matrix.

2, System description
Consider the following uncertain neutral type descriptor time-delay systems:

Ex(t) = Y (Di+ ADy)i(t — hi(t)) = (Ao + AAo)x(t) + Y _ (Ai + AA)x(t — di(t)) O
i=1 i=1

x(t) = ¢(t), te[—max{h d},0]

where x(t) € R” is the state, ¢(f) is a continuous vector-valued initial function,

0 <hi(t) <hy(t) < - <hu(t) <hO0=do(t) <di(t) < - <dm(t) <d 0 <
. . ’ AO) Ai: Di
ht) <tu(t) <tu<t<1,0<di(t)<pi<pn<l
€ R”, A, D; are known constant matrices with appropriate dimensions. Where AA;,
AD; are the constant matrices which denote time-varying parameter uncertainties and
are assumed to belong to certain bounded compact sets. The parameter uncertainties

are assumed to be of the following form:
[AAo(t)  AAi(t)  ADi(1)] = HF(t) [Eo Ein En] @

where H, E;(k = 1, 2) are known real constant matrices with appropriate dimensions,
and F(¢) is the uncertain matrix satisfying F' (H)F(t) < I, V¢, 1 is unit matrix with appro-
priate dimensions.

Remark 1. When E = ], the system (1) reduces to the traditional uncertain neutral
system with time-varying delays.
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Remark 2. Li [8] considered the stability of neutral type descriptor systems with con-
stant time-delay, and the system did not include parameter uncertainty in the deriva-
tive of its state. So the system (1) is more widely in our article.

Lemma 1 (Schur-complement) For any matrix S = [g%l 212 }, with

12 922
Si = SL,, S12 = SY,, then the following conditions are equivalent:

(I)S < 0, (2)811 < 0, 822_8’-{281_]1812 < 0, (3)822 < 0, SH —Slzs;;SFfZ <0

Lemma 2 [9]If there is symmetric matrix X, |:P1 +X Ql] >0, |:P2 +X Q2:| > 0if

Ql Ry Q) R,
and only if
P1+P> Q1 Q
QY R, 0 |>0
Q) 0 R,

Lemma 3 [10]Given matrices Q = Q*, H, E with appropriate dimensions, we have
Q + HFE + E'F'H' < 0,
for all F(t) satisfying F'F < I if and only if there exists a constant ¢ > 0, such that

Q+eHH" + ¢ 'E'E < 0.

3. Main results

Theorem 1 The nominal system of the system (1) is asymptotically stable, if there exist
nonsingular symmetric matrix P, and positive-definite symmetric matrices Q, S, R; and
any appropriate dimensional matrices Ny, Ny, My(i, j = 1, 2,. .., m), such that the fol-

lowing LMI holds:
E'P=P'E>0 (3a)
QrTST'R —N
* =S 0 O
3b
* * —R O <0 (3b)
* * % —R
where
Q00 -+ Qom Qome1 -+ Q02ms1 [ Nio
. Qmm Szmm+1 e Qm2m+1 N Ni
Q-= N =
¥ Quitmel 0 Cma12mel ! Mi
L * - * * Q2m+12m+1_ _Mim_

§=[S81S -+ Sul,R=[diRid2Ry ... dwRy], T =[Ag Ay ... AuDy ... Dyl,
N =[diN1 daN; ... dwNy], S = diag{S1,S2, ..., Su}, R = diag{diR1, daRy, ..., dwRu},

m m m
Qoo = P"Ag + ASP + Y [NiE + E'N] + 3 Qi, Qo = PA, — NioE + Y E'N,
i=0 i=1 i=0

m
Qo = PD+ ) E'Mj, Qe = —(1 = i) Qi — (NwE+E'Ng),  k=1,2,....m,
i=0
Qs = —EMJ, Lk=1,2,...,m Q= —NyE—E'NJ, 1=1,2,...,m, l<k<m,
Qunskmske = _(l - Ti)ETSkE/ k=1,2,...,m,



Zhao and Ma Advances in Difference Equations 2012, 2012:15 Page 4 of 7
http://www.advancesindifferenceequations.com/content/2012/1/15

Proof: Constructing a Lyapunov-Krasovskii functional as follows:

V(X, t) =Vi+V+V3+Vy (4)
in which
m t
Vi =x"()E"Px(t), Vo = Y / X (5)Qix(s)ds,
=0 a1
m t m 0 t
Vi=>) / i (s)E"SiEx(s)ds, Va = Y _ / / «(s)E"R;Ex(s)dsd6,
=0 hi) =0 _ (1) 146

The time derivative of V(x, ) along the trajectory of system (1) is given by
V=V1+V7_+V3+V4

V1 = 2x"()PEx(t) = 2x'(t)P (on(t) + Zm:Aix(t —di(t)) + i Dik(t — hi(t))>

i=0 i=0

Vs = 3K (0Qux() = Y (1 — i) ( — di(0))Quix(t — di(1)),

i=1 i=1 (5)
Vs = > & (OE"SEX(t) — Y (1 — w)a" (t — hi(1) E"SiEx(t — hi(1))
i=1 i=1
Va=Y dix"()E"REX(t) = ) / &' (s)E"R;Ex(s)ds
i=1 i=1 t—d;(t)

According to Newton-Leibniz formula, apparently for any appropriate dimensional
matrices Nyo, Ny, M;; (i, j = 1, 2,..., m), then

2 i |:xT(z)Nig + Xm:xm — di())Nj + i;ﬂ(t — h]v(t))M,-,-:| |:Ex(t) — Ex(t — di(t)) — / Ex(s)ds | =0, (6)

i=0 j=1 j=1 t—d;(t)

As for any appropriate dimensional matrix X; > 0, (i = 1, 2,..., m), then

t

m
doxan- [ duxands|-o %
i=0 t—di(1)
where
[ Xioo ... Xiom Xiome1 -+ Xioome1 ]
X = 'Ximm Xmm+1 Xim2m+1
' % Ximeimel -+ Xims12me1 |
ook * o Xome1omel |

1) = [N~ dr (1)) X0 — ()~ () - 51t — i (0)]
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from (6),(7) and (5), lead to

V=£l(1) <Q Y diXi+ Y TS+ diRi)F) (1) — / £ (L, s)Wiga(t,5)ds  (8)

=0 =0 t—di(0)
in which
09 - [OmE)], w0
If
(Q + Xm:dixi + Xm: ri(s; + diRi)F> <0, ¥>0 9)
i=0 i=0

According to Lyapunov-Krasovskii stability theorem, the system (1) is asymptotically
stable. According to Schur-complement,

(Q + Xm: diXi + Xm: FT(Si + thl)F> <0

i=0 i=0

m - -
Q+>Y diX;TTSTTR

i=0
< * -S 0 <0
* * —R
" i i (10)
—Q - > dX; TS —-I'"R
i=0
< * S 0 >0
* * R
U > 05 dXi diNil (11)
diR;

According to Lemma 2, from (10) and (11), if and only if

m
—-Q->dX; -T'ST'R —N QTrTSTTR —N
i=0
*x =S 0 O
* S 0 O >0<% <0
* x —R O
* * R 0
* x % —R
* * * R

Then, we can get the theorem easily.

According to Theorem 1 and Lemma 3, it can be generalized to its structure uncer-
tain neutral generalized time-delay systems, we have the following theorem:

Theorem 2 The system (1) is robustly asymptotically stable, if there exists constant &
> 0, nonsingular symmetric matrix P, positive-definite symmetric matrices Q,, S;, R; and
any appropriate dimensional matrices Ny, Ny, My; (i, j = 1, 2,. .., m), such that the fol-
lowing LMI holds:

E'P=P'E>0 (12a)
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Qr'STR 0, O —N
x-S 0 0 0 0
*

¥ —R 0 0 O
12b
* % x —el 0 O <0 ( )
* % % % —gl O
* ok % x % —R
in which
@1 =[H'P... ... H'SH'R],©; = [Eo E1 ... Epnt Eva ... Eno]

Proof: Replacing A;, D; in (3b) with A; + AA;, D; + AD; respectively, we find that (2)
for (1) is equivalent to the following condition:

QTrTSTTR —N
* =S 0 0
. » _Rp o |TOFDO2+ elF (el <o (13)

* % % —R

By Lemma 3, a sufficient condition guaranteeing (13) for (1) is that there exists a
positive number ¢ > 0 such that

QUTSTIR —N
* =S 0 O _
. . R 0 +e0,07 +¢71010, < 0 (14)

* % x —R

Applying the Schur complement shows that (14) is equivalent to (12b).The proof is
completed.
Remark 3. In the proof of the theorem, it is worth noting that the method taking the

relationship between Ex(f) and Ex(t — d;(t)) — ftt_ ai(0) Ex(s)ds into account is suitable or
deriving LMI conditions of the stability.

4. Numerical examples
Consider the system (1) described by

10 103 2 1 05 0 0103 020
E:[oo]’ Aoz[l—z] Al:[—o.so.s] Az:[ 0 —0.2] Dl:[ 0 0.2] Dz:[o.aoi]
0.1 0.5 —0.20.1 010 0.1 03 0.2 03
H= [0.2 —OJ’ E":[ 0.1 03] b :[ 0 03] B = [—0.15 042]’E’3 - [—01 oz]

02 0
E4=|:_0-150A1:|, d =12, dy=15 1,=03, 17,=04 @ =06 pwu =08 =001

According to the theorem, form (12a), (12b) by LMI toolbox in Matlab, lead to

_ [-0.3494 3.7287 Q1 = 10° 3.0945 —0.0510 Qs = 10° 4.7370 0.0538
P=1 37287 —4.6081 |’ 1= —0.0510 —3.1127 |’ 2= 0.0538 4.7511 |’

S - 10-3] 02771 —0.3533 s, - [ 0:0010 —0.0016 R = 103 [ 0-0558 —0.1204
1= —0.3533 0.6516 |’ 27 |-0.0016 —0.0031 |* "' 7 —0.1204 0.3384 |’

R, - 10-3 | 0-0446 —0.0963 N 10-3 [ 70-0575 0.2862 0.0018 0.0010
2= —0.0963 0.2707 0= —0.0725 —0.0215 |’ 0.0006 0.0006 |’

Niy = [700001 0.0001 ] My = 10 [7041552 70.1066] My = 10,8[ 0.2665 0.2039 }

u=

—0.0013 —0.0007 0.2627 0.1663 —0.2238 —0.1461

—03006 ~0.0287] _[~0.0011 ~0.00047  ~_ 5[0.2400 ~0.0615
0.0327 —0.0163 |" 27| —-0.0005 —0.0002 |* "2~ 0.5240 0.2985 |’

0.7342  0.4191 Mos = 108 [ ~0-2313 —0.1270
—0.9933 —0.6986 |" 7 0.0793 0.0460

Ny = 1073 [

My =107 [
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5. Conclusion

The stability of neutral type descriptor systems with time-varying delays has been
solved in terms of LMI approach. Using Lyapunov-Krasovskii functional method, and
free-weight matrix method, a criterion for stability of systems is given. In the criterion,

the relationship between Ex(t) and Ex(t — di(t)) — ftt_ (1) Ex(s)ds is taken into account.

The criterion is presented in terms o linear matrix inequalities, which can be easily
solved by Matlab Toolbox. Finally, a numerical example is presented to illustrate the
effectiveness of the method.
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