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a b s t r a c t

This paper investigates the finite-time filter design problem for a class of switched linear
systems with parameter uncertainties and impulsive effects. The sensor failures with output-
measurement errors and mode-detection delays are taken into account. A filter mode-
dependent Lyapunov-like function construction approach is developed which can effectively
reduce the filter design difficulty induced by the mode-detection delays. Sufficient conditions
on finite-time boundedness and finite-time H1 performance are first derived for the aug-
mented switched error systems, upon which the mode-dependent finite-time H1 filter is
designed. Performance of the potential of the developed filter is illustrated by a numerical
example and an application to PWM (Pulse-Width-Modulation)-driven boost converter.

& 2016 Elsevier B.V. All rights reserved.

1. Introduction

Switched systems consist of a finite set of subsystems
and a logical switching rule that manages switching among
subsystems, which can be efficiently applied to model many
physical or man-made systems displaying switching fea-
tures. Extensive research has been recently conducted on
theory developments and practical applications for this
special kind of hybrid systems (see [17,25,18,7,29,3,27,
10,41,26,14,23] and references therein), and most results
are focused on the conventional Lyapunov asymptotic sta-
bility (infinite-time interval). In some cases, however, the
system behavior has been studied over an assigned finite-
time interval [42,1,8]. Finite-time stability (boundedness) is
a special stability concept, which assumes that the system
state stays below a certain threshold during a fixed time

interval [1]. Some early results with respect to the finite-
time stability (boundedness) for switched systems could be
found in [20,22,30,2,16,11,5].

In addition, abrupt changes in operated model struc-
tures of switched systems inevitably lead to state jumps,
which may cause oscillations and result in false filtering
outputs [19,36]. State jumps at switching instants could be
modeled by means of impulsive switched systems, for
which certain results have been obtained as well. To name a
few, the exponential stability with L2-gain condition for
impulsive switched nonlinear systems has been studied in
[32], a fault detection observer for uncertain switched
nonlinear systems with impulsive effects has been designed
in [31], and an optimal switching problem for a switched-
capacitor DC/DC power converter with impulsive effects has
been discussed in [21]. It should be noted that such existing
results related to impulsive switched systems are always
addressed in infinite-time interval. To the best of our
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knowledge, the investigations of impulsive switched sys-
tems in the finite-time sense have not yet been considered.

Moreover, filtering or state estimation for switched
systems has long been a hot research topic. The filtering
problems for the switched systems with and without
asynchronous switching have been both widely investi-
gated [7,29,3,23,38,15,6,40,13,24]. However, most of results
are concerned with the Lyapunov asymptotic stability (LAS)
over infinite-time interval, which are unpractical [2].
Sometimes, the filtering performance over the finite-time
interval is more important. Furthermore, for the switched
systems with asynchronous switching, the filter design is a
challenging problem owing to the mode mismatched
interval, especially in the continuous-time context. A com-
mon technique is to perform the calculations by two steps,
which is complicated and inevitably leads to conservative-
ness [27,38]. Taking the impulsive effects and sensor fail-
ures with missing/fading measurements into account, the
filtering problems will be more challenging [4,12].

This paper presents a robust finite-time H1 filter design
procedure for a class of impulsive switched systems with both
mode-detection delays and output-measurement errors. The
paper contribution is threefold. (1) A new filter mode-
dependent Lyapunov-like function is constructed to reduce
the filter design difficulty induced by the asynchronous
switching, and this technique can be extended to the asyn-
chronous switching controller design for switched systems
with both LAS and finite-time boundedness contents. (2) A
new filtering error model is established to address the impul-
sive effects and sensor induced faults. (3) The obtained results
can be applied to the LAS analysis over infinite-time interval.

The paper is organized as follows. Section 2 outlines the
problems statement and introduces a new augmented fil-
tering error switched system. Section 3 presents the results
of finite-time boundedness (stability) and finite-time H1
performance for the augmented filtering error switched
system. The mode-dependent filter is designed considering
the parameter uncertainties in Section 4. In Section 5, two
technical examples are provided to illustrate validity of the
obtained techniques. Section 6 concludes this study.

Notation: The used notation is fairly standard: Rn and
Rn�m denote, respectively, the n-dimensional Euclidean
space and the set of all n�m real matrices. N represents
the set of nonnegative integers. PT denotes the transpose of
P. P40ðZ0Þ means that P is real symmetric and positive
definite (semi-positive definite), λmax Pð Þ and λmin Pð Þ denote
its maximal and minimal eigenvalues.

2. Preliminaries and problem statement

Consider a class of continuous-time impulsive switched
systems given by

_xp tð Þ ¼ Aσ tð Þ tð Þxp tð ÞþBσ tð Þw tð Þ;
y tð Þ ¼ Cσ tð Þ tð Þxp tð ÞþEσ tð Þw tð Þ;
zp tð Þ ¼Dσ tð Þ tð Þxp tð ÞþGσ tð Þw tð Þ;
Δxp tþ

� �¼ Lσ t �ð Þxp t�ð Þþh t� ; xp t�ð Þ� �
; t ¼ tk;

xp tþ0
� �¼ xp0;

8>>>>>><
>>>>>>:

ð1Þ

where xp tð ÞARn denotes the state vector, Δxp tð Þ ¼

xp tþk
� ��xp t�k

� �
with xp tþk

� �¼ limh-0þ xpðtkþhÞ, xp t�k
� �¼

limh-0þ xpðtk�hÞ ¼ xp tkð Þ, which implies that the solution of
the system (1) is left-continuous, zp tð Þ is the output signal to be
estimated, y tð ÞARm is the measurement signal, andw tð Þ is the
disturbance input, which belongs to L2 0;1½ Þ. The switching
signal σ tð Þ selects one and only one subsystem at every time
instant t, which is described as σ tð Þ: t0;1½ Þ-I ¼ 1;2;…; l

� �
,

where l41 is the number of subsystems. The switching
sequence σ: t0; σ t0ð Þð Þ;�

t1; σ t1ð Þð Þ;…; tk; σ tkð Þð Þ;…g is con-
tinuous from left everywhere.

Throughout the paper, the following assumptions are
satisfied.

Assumption 1. The parameters Aσ tð Þ tð Þ, Cσ tð Þ tð Þ and Dσ tð Þ tð Þ
in (1) are respectively defined as Aσ tð Þ tð Þ ¼ Aσ tð Þ þΔAσ tð Þ tð Þ,
Cσ tð Þ tð Þ ¼ Cσ tð Þ þΔCσ tð Þ tð Þ and Dσ tð Þ tð Þ ¼Dσ tð Þ þΔDσ tð Þ tð Þ, where
Aσ tð Þ, Cσ tð Þ and Dσ tð Þ are exactly known matrices, and the
uncertain parameters ΔAσ tð Þ tð Þ, ΔCσ tð Þ tð Þ and ΔDσ tð Þ tð Þ are
time-varying but norm-bounded and satisfy the relations

ΔAT
σ tð Þ tð Þ ΔCT

σ tð Þ tð Þ ΔDT
σ tð Þ tð Þ

h iT
¼ MT

1;σ tð Þ MT
2;σ tð Þ MT

3;σ tð Þ
h iT

Oσ tð Þ tð ÞHσ tð Þ;

where M1;σ tð ÞM2;σ tð ÞM3;σ tð Þ and Hσ tð Þ are known mode-
dependent matrices and Oσ tð Þ tð Þ is an unknown matrix
with appropriate dimension, satisfying OT

σ tð Þ tð ÞOσ tð Þ tð Þr I:

Assumption 2. (Xu and Teo [32]). h t; xp tð Þ� �
is bounded

and satisfies

h t; xp tð Þ� ��� ��2rη xp tð Þ
�� ��2;

where η is a known positive scalar.

Assumption 3. (Cheng et al. [2], Xu and Sun [34]). For a
given interval Tf, the disturbance input w tð Þ satisfiesZ Tf

t0
wT tð Þw tð Þ dtrd2w:

Remark 1. Assumptions 2 and 3 are two common condi-
tions of the related investigations respectively for the
systems with impulsive effects and the finite-time per-
formance analysis, see, e.g., [32] and [2,34]. Impulsive
effects widely exist in many practical engineering, which
are usually nonlinear and globally Lipschitz continuous,
therefore, Assumption 2 is rational. Besides, the studied
performance of the underlying systems in this paper is
over finite-time interval. It is well known that the dis-
turbance input w tð Þ over finite-time interval is general
bounded, which guarantees Assumption 3.

The sensor-induced random measurement errors are
described by

yF tð Þ ¼Uσ tð Þy tð Þ; ð2Þ
where Uσ tð Þ is a sensor error matrix defined for any
σ tð Þ ¼ iAI:

Ui ¼ diag ui;1;ui;2;…;ui;r ;…;ui;m
� �

;

0rui;rrui;rrui;r ;

r¼ 1;2;…;m
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