
 

Accepted Manuscript

Finite-time stability of singular nonlinear switched time-delay
systems: A singular value decomposition approach

Nguyen T. Thanh, P. Niamsup, Vu N. Phat

PII: S0016-0032(17)30122-9
DOI: 10.1016/j.jfranklin.2017.02.036
Reference: FI 2929

To appear in: Journal of the Franklin Institute

Received date: 1 July 2016
Revised date: 6 February 2017
Accepted date: 26 February 2017

Please cite this article as: Nguyen T. Thanh, P. Niamsup, Vu N. Phat, Finite-time stability of singu-
lar nonlinear switched time-delay systems: A singular value decomposition approach, Journal of the
Franklin Institute (2017), doi: 10.1016/j.jfranklin.2017.02.036

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service
to our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and
all legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.jfranklin.2017.02.036
http://dx.doi.org/10.1016/j.jfranklin.2017.02.036


ACCEPTED MANUSCRIPT

ACCEPTED M
ANUSCRIP

T

Finite-time stability of singular nonlinear switched time-delay systems: A
singular value decomposition approach

Nguyen T. Thanha, P. Niamsupb, Vu N. Phatc

aDepartment of Mathematics, Hanoi University of Mining and Geology, Hanoi, Vietnam
bDepartment of Mathematics, Faculty of Science, Chiang Mai University, Chiang Mai 50200, Thailand

cInstitute of Mathematics, VAST, 18 Hoang Quoc Viet Road, Hanoi 10307, Vietnam

Abstract

In this paper, a constructive geometric design of switching laws is proposed for the finite-time stability of
singular nonlinear switched systems subjected to delay and disturbance. The state-dependent switching
law is constructed based on the construction of a partition of the stability state regions in convex cones
such that each system mode is activated in one particular conic zone. Using the state-space singular
value decomposition approach, new delay-dependent sufficient conditions for the finite-time stability of
the system are presented in terms of linear matrix inequalities (LMIs). The obtained results are applied
to uncertain linear singular switched systems with delay. Numerical examples are given to illustrate the
effectiveness of the proposed method.
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1. Introduction

Switched systems belong to an important class of hybrid systems arise in many practical processes
that cannot be described by exclusively continuous or exclusively discrete models, such as manufactur-
ing, communication networks, automotive engineering control, chemical processes [1, 2]. Many effective
methods have been proposed to studying stability and control of switched systems, such as the Lyapunov
function approach, the LMI approach, and average dwell-time scheme [3-5]. On the other hand, stability
and control problems of singular systems have been extensively studied due to the fact that the singular
system better describes physical systems than state-space systems [6-9]. Recently stability and stabi-
lization of singular fuzzy systems [10] have been addressed in [10] by using non-quadratic Lyapunov
functions and S-procedure. For switched singular systems without delay, the stability analysis was dis-
cussed in [11] by using piecewise Lyapunov function method and switching law satisfying an average
dwell-time constraint. For the systems with delay, because of the combination between the switching
and the time-delay and due to the algebraic constraints in singular models, the stability analysis of such
systems is much more complicated than that of singular systems without delays. Based on the average
dwell-time approach, the authors of [12, 13] proposed some sufficient conditions for robust exponential
admissibility of singular linear switched systems and the authors of [14] extended the existing results
on exponential stability of singular nonlinear switched systems with time-varying delay. It should be
noticed that most of the mentioned papers are focused on the asymptotic stability. In many practical ap-
plications, the main concern is the behavior of the system over a fixed finite time interval. In these cases,
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