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Series Introduction

Many textbooks have been written on control engineering, describing new
techniques for controlling systems, or new and better ways of mathemati-
cally formulating existing methods to solve the ever-increasing complex
problems faced by practicing engineers. However, few of these books fully
address the applications aspects of control engineering. It is the intention
of this series to redress this situation.

The series will stress applications issues, and not just the mathemat-
ics of control engineering. It will provide texts that present not only both
new and well-established techniques, but also detailed examples of the
application of these methods to the solution of real-world problems. The
authors will be drawn from both the academic world and the relevant ap-
plications sectors.

There are already many exciting examples of the application of con-
trol techniques in the established fields of electrical, mechanical (including
aerospace), and chemical engineering. We have only to look around in to-
day’s highly automated society to see the use of advanced robotics tech-
niques in the manufacturing industries; the use of automated control and
navigation systems in air and surface transport systems; the increasing
use of intelligent control systems in the many artifacts available to the
domestic consumer market; and the reliable supply of water, gas, and
electrical power to the domestic consumer and to industry. However, there
are currently many challenging problems that could benefit from wider
exposure to the applicability of control methodologies, and the systematic
systems-oriented basis inherent in the application of control techniques.

This series will present books that draw on expertise from both the
academic world and the applications domains, and will be useful not only
as academically recommended course texts but also as handbooks for prac-
titioners in many applications domains.

Professor Mahmoud is to be congratulated for another outstanding
contribution to the series.

Neil Munro



0.1 Preface

In many physical, industrial and engineering systems, delays occur due to
the finite capabilities of information processing and data transmission among
various parts of the system. Delays could arise as well from inherent phys-
ical phenomena like mass transport flow or recycling. Also, they could be
by-products of computational delays or could intentionally be introduced for
some design consideration. Such delays could be constant or time-varying,
known or unknown, deterministic or stochastic depending on the system un-
der consideration. In all of these cases, the time-delay factors have, by and
large, counteracting effects on the system behavior and most of the time
lead to poor performance. Therefore, the subject of Time-Delay Systems
(TDS) has been investigated as functional differential equations over the
past three decades. This has occupied a separate discipline in mathematical
sciences falling between differential and difference equations. For example,
the books by Hale [1], Kolmanovskii and Myshkis [2], Gorecki et al [3] and
Hale and Lunel [4] provide modest coverage on the fundamental mathemat-
ical notions and concepts related to TDS; the book by Malek-Zavarei and
Jamshidi [5] presents different topics of modeling and control related to TDS
with constant delay and the book by Stepan [6] gives a good account of clas-
sical stability methods of TDS.

Due to the fact that almost all existing systems are subject to uncer-
tainties, due to component aging, parameter variations or modeling errors,
the concepts of robustness, robust performance and robust design
have recently become common phrases in engineering literature and consti-
tute integral part of control systems research. In turn, this has naturally
brought into focus an important class of systems: Uncertain Time-Delay
Systems (UTDS). During the last decade, we have witnessed increasingly
growing interest on the subject of UTDS and numerous results have appeared
in conferences and/or published in technical journals. Apart from these scat-
tered results and the volume edited very recently by Dugard and Verriest [7]
however, there is no single book written exclusively on the analysis, design,
filtering and control of uncertain time-delay systems. It is therefore believed
that a book that aims at bridging this gap is certainly needed.
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viii PREFACE

This book is about UTDS. It is directed towards providing a pool of
methods and approaches that deal with uncertain time-delay systems. In
so doing, it is intended to familiarize the reader with various aspects of
the control and filtering of different uncertain time-delay systems. This
will range from linear to some classes of nonlinear, from continuous-time to
discrete-time and from time-invariant to time-varying systems. Throughout
the book, I have endeavored to stress mathematical formality in a way to
spring intuitive understanding and to explain how things work. I hope that
this approach will attract the attention of a wide spectrum of readership.

The book consists of ten chapters and is organized as follows. Chapter
1 is an introduction to UTDS. It gives an overview of the related issues
in addition to some systems examples. The remaining nine chapters are
divided into two major parts. Part I deals with robust control and consists
of Chapters 2 through 7. Part II treats robust filtering and is divided
into Chapters 8 to 10. The book is supplemented by appendices containing
some standard lemmas and mathematical results that are repeatedly used
throughout the different chapters.

The material included makes it adequate for use as a text for one-year
(two-semesters) courses at the graduate level in Engineering. The prerequi-
sites are linear system theory, modern control theory and elementary matrix
theory. As a textbook, it does not purport to be a compendium of all known
results on the subject. Rather, it puts more emphasis on the recent robust
results of control and filtering of time-delay systems.

Outstanding features of the book are:

(1) It brings together the recent ideas and methodologies of dealing with
uncertain time-delay systems.

(2) It adopts a state-space approach in the system representation and
analysis throughout.

(3) It provides a unification of results on control design and filtering.

(4) It presents the material systematically all the way from stability
analysis, stabilization, control synthesis and filtering.

(5) It includes the treatment of continuous-time and discrete-time systems
side-by-side.

Magdi S. Mahmoud
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