Accepted Manuscript
"""" Applied
Mathematics
Letters

ternational journal of rapid publication

Generalized integral inequality: Application to time-delay systems

Eotorin Ot Ao Tocer

M.J. Park, O.M. Kwon, J.H. Ryu

PII: S0893-9659(17)30289-6
DOI: https://doi.org/10.1016/j.aml1.2017.09.010
Reference: AML 5338

To appear in:  Applied Mathematics Letters

Received date: 18 August 2017
Accepted date: 19 September 2017

Please cite this article as: M.J. Park, O.M. Kwon, J.H. Ryu, Generalized integral inequality:
Application to time-delay systems, Appl. Math. Lett. (2017),
https://doi.org/10.1016/j.am1.2017.09.010

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.


https://doi.org/10.1016/j.aml.2017.09.010

*Manuscript

Click here to view linked References

Generalized integral inequality: Application to time-delay systems

M.J. Park®, O.M. Kwon’* J.H. Ryu®*

¢ Center for Global Converging Humanities, Kyung Hee University, 1732 Deogyeong-daero, Giheung-gu, Yongin 17104,
Republic of Korea
bSchool of Electrical Engineering, Chungbuk National University, 1 Chungdae-ro, Seowon-gu, Cheongju 28644, Republic of
Korea
¢ Electronics and Telecommunications Research Institute,
176-11 Cheomdan Gwagi-ro, Buk-gu, Gwangju 61012, Republic of Korea.

Abstract

This paper investigates a stability problem for linear systems with time-delay. By constructing simple
Lyapunov-Krasovskii functional (LKF), and utilizing a new generalized integral inequality (GII) proposed
in this paper, a sufficient stability condition for the systems will be derived in terms of linear matrix
inequalities (LMIs). Two illustrative examples are given to show the superiorities of the proposed criterion.
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1. Introduction

Let us consider time-delay systems (TDSs) given by

t

z(t) = Ax(t)+ Aqz(t —h) + AD/t_hm(s)ds,

x(t) = (b(t)v te [—h,O], (1)

where x(t) € R™ is the state vector, ¢(t) is an initial function, A, Ag and Ap € R™*™ are known constant
matrices, and h € [h,, has] is a time-constant delay.

Here, because it is well known that the time-delay causes poor performance or instability of systems, a
great number of results on delay-dependent stability condition for TDSs have been reported in the literature.
In this field, an important issue is to find less conservative conditions guaranteeing the asymptotic stability
of TDSs. Here, the conditions are classified under two main perspectives that they are referred to Section
4 for further details. Naturally, various methods exist but the primary concern is a fundamental study
on a new bound of the inequality for the integral of quadratic functions (IQFs). In this regards, many
researchers have put their times and efforts on developments of IQF's such as the free matrix-based multiple
integral inequality [1], Jensen integral inequality (JIT) [2], Wirtinger-based integral inequality (WBI) [10],
the different varieties of Wirtinger-based double integral inequality [5, 12, 13], Bessel-Legendre inequality
(BLI) [11], and the auxiliary function-based integral inequalities (AFBIIs) [8, 9]. What all authors are
noticing is how tightly bounded the inequality for IQF's is. Moreover, Cauchy-Schwartz-like inequality was
addressed in the authors’ works [6, 7] as summation case. Even though the aforementioned inequalities have
different types of these, most of them can be derived from GII.

In line with this thinking, by applying Gram-Schmidt orthogonalization process and considering an
weighted function unlike the work [9], GII is established in form of the inequality for the k + 1 tuple IQF's

given by f: fsbl ~-~fsbk f(u)dudsy, - - - dsy, where f(t) is any quadratic function. The main advantage of the
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