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Abstract

This paper focuses on the problem of robust Hoo filter design for uncertain systems with time-
varying state and distributed delays. System uncertainties are considered as norm-bounded time-
varying parametric uncertainties. The delays are assumed to be time-varying delays being
differentiable uniformly bounded with delay-derivative bounded by a constant, which may be
greater than one. A new delay-derivative-dependent approach of filter design for the systems is
proposed. A novel Lyapunov—Krasovskii functional (LKF) is employed, and a tighter upper bound
of its derivative is obtained by employing an inequality and using free-weighting matrices technique,
then the proposed result has advantages over some existing results, in that it has less conservatism
and it enlarges the application scope. An improved sufficient condition for the existence of such
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a filter is established in terms of linear matrix inequality (LMI). Finally, illustrative examples are
given to show the effectiveness and reduced conservatism of the proposed method.
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1. Introduction

The H oo filtering problem is to design an estimator to estimate the unknown state com-
bination via output measurement, which guarantees that the L,-induced gain from the
external disturbance to the estimation error is less than a prescribed level [1-12]. The Hoo
filtering problem has been extensively studied over the past few decades and its applica-
tions in a variety of areas such as signal processing, signal estimation, pattern recognition
and many practical control systems have been discussed. Considerable efforts have been
devoted to analyzing the Hoo filtering criterion without a time-varying delay [4-6].
However, time delays are frequently encountered in many dynamic systems such as
chemical or process control systems and networked control systems [13], and thus recently
considerable researchers have been attracted to study for various system with time-varying
delays, for examples, switched systems [11,12], Markovian jump systems [14,15], singular
systems [16], neutral systems [17], stochastic systems [18], nonlinear or linear systems
[3,8-10,17,19-28], and uncertain case of the above systems, etc. The stability criterion for
the existence of a suitable filter or controller can be classified into delay-independent [8,19]
and delay-dependent [4,9—18,20-29]. The delay-independent approach has been generally
considered to be more conservative than the delay-dependent one, especially in situa-
tions where delays are small, and then much attention has been paid to the delay-depen-
dent type.

System with distributed delays will arise when the number of summands in a system equation
is increased and the differences between neighboring argument values are decreased. It is often
applied to the modeling of feeding system and combustion chambers in a liquid monopropellant
rocket motor with pressure feeding [5]. The existence of distributed delays in a time-varying
delay system may make the problem of filter design more complicated and difficult to be solved
by traditional method. For instance, Zhao et al. [15] investigated the Hoo guaranteed cost
control problem for mode-dependent time-delay jump systems with norm-bounded uncertain
parameters with both distributed delays and input delays. Xu and Chen [5,6] concerned the H oo
filter design for uncertain systems with distributed delays when the delays have been assumed to
be bounded by a constant. Wu et al. [9], Yu [26] and Tang [27] dealt with the same problem at
the time-varying delay case. However, there have been the restrictions that the time-derivative
of time-varying state delay or distributed delay must be less than one, which limits the applica-
tion scope of the existing results. On the other hand, when estimating the upper bound of the
derivative of LKF, some useful terms are ignored. For example, the derivative of ff " ft[+0 xT
(5)Zx(s)dsd0 is often estimated as hx” (1)Zx(f)— ff_ d(t))'cT(s)Z)'c(s)ds in [4,22,30,31] and the
term — ftt__; (')XT(S)ZX(s)ds is ignored, In [22], — ftl_th(s)Rfc(s)ds was magnified — f:_m)
xT(s)Rx(s)ds. Therefore, there is room for further investigation to reduce the conservatism of
the filter design. This motivates the present research to develop a new method for robust Hoo
filter design problem with less conservatism and to enlarge the application scope for the upper
bound of time-derivative of time-varying delays.
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