Accepted Manuscript

Chaotification of a class of linear switching systems based on a

Shilnikov criterion

Yuping Zhang, Peng Shi, Cheng-Chew Lim, Hong Zhu,
Jiangping Hu, Yong Zeng

Pll:
DOI:
Reference:

To appear in:

Received date:

Revised date:

Accepted date:

S0016-0032(17)30282-X
10.1016/j.jfranklin.2017.06.003
F1 3021

Journal of the Franklin Institute

15 June 2016
2 June 2017
2 June 2017

Journal
of The Franklin Institute

ENGINEERING AND APPLIED MATHEMATICS

2014 2026 Awards Specal oo
Ebied by: Jmes Lam

Please cite this article as: Yuping Zhang, Peng Shi, Cheng-Chew Lim, Hong Zhu, Jiangping Hu,
Yong Zeng, Chaotification of a class of linear switching systems based on a Shilnikov criterion, Journal

of the Franklin Institute (2017), doi: 10.1016/j.jfranklin.2017.06.003

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.2017.06.003
http://dx.doi.org/10.1016/j.jfranklin.2017.06.003

Chaotification of a class of linear switching systems based on a Shilnikov
criterion

Yuping Zhang®?4*, Peng ShiP¢, Cheng-Chew LimP®, Hong Zhu?, Jiangping Hu?, Yong Zeng?

2School of Automation Engineering, University of Electronic Science and Technology of China, Chengdu, Sichuan 611731, PR China
bschool of Electrical and Electronic Engineering, University of Adelaide, Adelaide, SA 5005, Australia
€College of Engineering and Science, Victoria University, Melbourne 8001, Australia
theji(mg Tianhuang Science & Technology Industrial Co., Ltd., Hangzhou, Zhejiang 310030, PR China

Abstract

This paper proposes an approach for constructing and generating chaos from a/class of three-dimensional linear
switching systems via a heteroclinic loop based on the Shilnikov criterion. First, the existence of a switching rule
for the system is derived by utilizing the Shilnikov heteroclinic criterion<Then a general design philosophy and its
procedure of switching rule are provided to ensure that the proposediapproach is applicable to engineering. Two
numerical examples are presented to validate the main principle and the implementability of the scheme. Theo-
retical analysis and numerical simulation are used to demonstrate the feasibility and effectiveness of developed
techniques.
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1. Introduction

Switching dynamical systemssconsist of a finite family of subsystems and are controlled by a switching rule.
These systems are characterized as)"1 + 1 # 2" [1] for their variety of dynamic behaviors raised by different switch-
ing rules. Considerable interest in research on switching systems has emerged during the last two decades. Many
nature or man-made systems with a switching nature are modeled by switching systems [2, 3]. Furthermore, since
switching controlis easytoimplement in real systems, many engineers are interested in its analysis and applica-
tion in numereus.control systems [3-5].

Chaos and chaos-like dynamics have been researched for more than 40 years since the first chaotic attractor
was discovered by Lorenz. With the development of research on chaos, there has more attention on effectively
generating chaos, especially in specific fields such as mechanical engineering, biomedicine, flow dynamics, power

systems, and data encryption [2, 6-11]. Indeed, chaos is important for achieving certain performance level.
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