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a b s t r a c t

Absolute stability of Lurie direct control systems with time-varying coefficients and multi-
ple nonlinearities is studied in this paper. Depending on the related methods, relative mag-
nitude of the norm-unbounded coefficients was estimated. By knowledge of nonsingular
M-matrix, the Lyapunov function was constructed, and some absolute stability criteria of
this kind of systems were obtained. In addition, some simple and practical corollaries were
derived from the theorem of Taussky. The main contribution of this paper is that the crite-
ria which we introduced allow for the situation that the norms of coefficient matrices are
unbounded. At last, the example shows the availability of the criteria.

� 2012 Elsevier Inc. All rights reserved.

1. Introduction

Lurie control system is an important kind of nonlinear systems, and the absolute stability of this system has been exten-
sively studied [1–3]. In [4], absolute stability of a class of Lurie indirect control large-scale systems was studied. Chen et al.
[5] promoted the results of [4] and studied parametric absolute stability of interconnected Lurie systems. In [6], the absolute
stability of Lurie system with multiple time-delays and nonlinearities has been considered, based on the approaches of
decomposing the matrices and adding modulatory matrices, a novel delay-dependent sufficient condition for the absolute
stability was proposed. Nam and Pathirana [7] studied absolute stability of Lurie control systems with multiple time-delays,
by using extended Lyapunov functional, they derived improved stability criteria, which were strictly less conservative. In [8],
the Lurie nonlinear systems with time-varying delay was considered, by employing an augmented Lyapunov–Krasovskii
functional and retaining some useful terms which were used to be ignored in the derivative, new free-weighting matrix ap-
proach to represent the relationship among the time-varying delay has been introduced. As a result, some less conservative
delay-dependent stability conditions were obtained in terms of linear matrix inequalities (LMIs). By using a new Lyapunov–
Krasovskii functional, which splits the whole delay interval into two subintervals, some new delay-dependent robust abso-
lute stability criteria of Lurie systems with time-varying delay and norm-bounded parameter uncertainties were obtained in
[9].

However, the researches of Lurie control systems mentioned above are still in constant coefficients or norm-bounded
coefficients, the absolute stability of Lurie control system with norm-unbounded coefficients is still not involved. Liao et
al. [10,11] discussed the absolute stability of Lurie indirect control systems with norm-unbounded coefficients by an inge-
nious method, some criteria of this kind of systems were obtained. Nevertheless, owing to the dependencies between vari-
ables [1], the difficulty of the study in direct systems was increased, and there have no criterion to determine the absolute
stability of the Lurie direct control systems with norm-unbounded coefficients until now. This paper will study the absolute
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stability of Lurie direct control systems with time-varying coefficients and multiple nonlinearities, the criteria, introduced in
this paper, can not only be used in the direct Lurie control systems with norm-unbounded coefficients and multiple nonli-
nearities, but also can be used in the direct Lurie control systems with norm-bounded coefficients.

Notation: Throughout this paper, kðAÞ represents the eigenvalue of the Matrix A ; Let vector x ¼ ðx1 x2 . . . xmÞT , and
y ¼ ðy1 y2 . . . ymÞ

T , x 6 y means that xi 6 yiði ¼ 1;2; . . . ;mÞ; ||x|| represents the Euclid norm of a vector x , that is

kxk ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiPn

i¼1x2
i

q
; ||A|| represents the Euclid norm of a matrix A which induced by the Euclid vector norm ||x||, i.e.

kAk ¼maxkxk¼1kAxk, and it can be easily proved that kAk ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
kmaxðAT AÞ

q
.

2. Problem statement

Consider the following Lurie control system with time-varying coefficients and multiple nonlinearities:

_x ¼ AðtÞxþ
Xm

j¼1

bjðtÞfjðrjÞ;

ri ¼ cT
i ðtÞx; ði ¼ 1;2; . . . ;mÞ;

8><
>: ð1Þ

where x e Rn is the state; bi(t), ci(t) e Rn(i = 1,2, . . . ,m) are vector function, bi(t) continuous and ci(t) have first-order derivative
in (s,+1), there s e R or s = �1; A(t) is an n � n matrix function, and continuous in (s,+1). The nonlinearity fi(�)(i = 1,2, . . . ,m)
are continuous function, and they satisfy:

fið�Þ 2 K½0;þ1� ¼ ffið�Þjfið0Þ ¼ 0;0 < rfiðrÞ < þ1;r – 0g:

The system (1) is said to be absolutely stable if its zero solution is globally asymptotically stable for any nonlinearity
fi(ri) e K[0,+1) [12].

3. Main results

The following basic assumptions are needed for our main results.
A1: We assume that there exists T satisfies T e (s,+1) , and for any t > T, there exists positive definite symmetrical

constant matrices P such that

kðATðtÞP þ PAðtÞÞ 6 �dðtÞ 6 �d;

where d > 0 is constant.

Remark 1. The condition A1 can ensure the global asymptotically stability of system _x ¼ AðtÞx according to the Krasovskii
theorem [13].

A2: For any t > T, we assume that

cT
i ðtÞbiðtÞ 6 �hiðtÞ; ði ¼ 1;2; . . . ;mÞ;

where hi(t) > 0 (i = 1,2, . . . ,m) are a known function.

Remark 2. In [12], we know that cT
i bi < 0 is necessary conditions of the absolute stability in the case of Lurie direct control

systems with constant coefficient. So the condition A2 is exceedingly weak, but it is the essence of this paper.
A3: For any t > T, we assume that

2kPbiðtÞkffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
dðtÞhiðtÞ

p 6 fi;
kcT

i ðtÞAðtÞ þ _cT
i ðtÞkffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

dðtÞhiðtÞ
p 6 gi; ði ¼ 1;2; . . . ;mÞ;

where fi, gi (i = 1,2, . . . ,m) are constant.
A4: For any t > T, we assume that

jcT
i ðtÞbjðtÞjffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
hiðtÞhjðtÞ

p 6 lij; ði; j ¼ 1;2; . . . ;m; i – jÞ;

where lij (i, j = 1,2, . . . ,m; i – j) are constant.
As we all known that the norm-unbounded and time-varying coefficients in system (1) are difficult to deal with, but using

the d(t), hi(t) in conditions A1, A2, and placing them in denominator, the relative magnitude of the norm-unbounded coef-
ficients in system (1) can be estimate in conditions A3, A4. That is the ‘‘unlimited’’ nature can be expressed by the ‘‘limited’’
form, which makes feasibility for the study of absolute stability of system (1). Therefore, we have the following results.
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