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Preface

Readership

Firstly, this book is set at a level suitable for senior undergraduate and
postgraduate students who wish to understand the fundamentals and applications
of adaptive array antenna systems. Array fundamentals are described in the text,
and examples which demonstrate theoretical concepts are included throughout
the book, as well as summaries and questions at the end of each chapter. We
also consider this book to be useful for researchers, practising engineers and
managers alike, especially where an accessible text on adaptive array fundamentals
and applications is required. A complete chapter on implementation aspects
highlights the challenges a designer may encounter during the development of an
array system. The book contains explanations of fundamentals, description of
algorithms and presentation of research-based case studies making it appeal to a
wide readership.

About the Book

This book aims to provide an accessible text on adaptive array fundamentals.
Although the book considers a wide range of applications, including wireless
communications, radar, sonar and bio-medical, the focus is predominantly wireless
communications. This reflects the research interests of the authors, but it should
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be noted that many of the techniques introduced throughout the text can be
applied to other branches of engineering such as bio-medical.

The book is structured as follows. Chapter 1 (Fundamentals of Array Signal
Processing) introduces antenna and sensor terminology and then discusses common
antenna elements and reviews the characteristics of each. The chapter concludes
by reviewing the array system concept. In chapter 2 (Narrowband Array Systems),
the behaviour of narrowband antenna arrays is analysed. The function of phase
and amplitude weights and beamsteering is explored within the context of a
narrowband array, and the phenomenon of grating lobes is introduced. The chapter
concludes by characterising a number of common window functions that are used
to control the sidelobe levels of array beam-patterns. Chapter 3 (Wideband
Array Processing) then introduces and analyses several wideband beamforming
techniques and compares the performance of each. The focus of chapter 4
(Adaptive Arrays) is on algorithms, where a range of adaptive algorithms and
direction of arrival algorithms are presented and discussed. The chapter concludes
with a review of several blind beamforming algorithms and a comparison of
direction of arrival estimation performance. Chapter 5 (Practical Considerations)
contains a wide variety of topics that relate to implementation aspects of adaptive
arrays. These include hardware implementation aspects, circular arrays, channel
modelling and transmit beamforming. Finally, chapter 6 (Applications) discusses
the application of adaptive array systems through several detailed case studies on:

e wideband arrays, radar, sonar and bio-medical imaging;
e second- and third-generation terrestrial wireless systems; and
e satellite communication systems.

Several texts already exist on adaptive arrays as it is a topic that has undergone
significant research and development over the last 50 years. These texts can be
broadly classified as follows:

e rigorous mathematical treatment;
e emphasis on radar; and
e emphasis on wireless communications.

In contrast to many of these texts, we have tried to make this book readable and
accessible to the uninitiated, with a broad range of applications considered and
full chapters covering wideband beamforming and implementation aspects. We
have also included research-based material making it appeal to the experienced
researcher as well.

Some consider adaptive antennas to be a mature technology with little research
left to tackle. Contrary to this belief, we consider there to be an ongoing interest
in adaptive antennas for future (3G and 4G) mobile communications systems,
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ultra wideband (UWB) wireless systems where the signal bandwidth is very
large, and satellite communication and navigation systems. In particular, UWB
presents many research challenges in the area of communications and bio-medical
engineering and the applications of antenna arrays can provide performance gains
to both.

We consider this text to be unique because it covers array fundamentals for a
wide range of applications, as well as specifically covering implementation aspects
and applications through detailed case studies. Examples are included throughout
the text which illustrate the concepts under discussion and we have attempted to
write the text in an accessible and appealing way.

Prerequisites

In order for the most to be gained from the contents of this book, it is
recommended (but not essential) that the reader has a firm grounding in the
principles of:

s engineering mathematics, including Fourier analysis and matrix algebra;
¢ signals and systems;

e electromagnetics;

e radiowave propagation;

e radio frequency circuit design; and

e communications engineering principles.

Course Design

This book has been designed in such a way that it forms a complete semester’s
course on adaptive array systems. We suggest that such a self-contained course
consists of four-hours of lectures and a two-hour tutorial for each chapter, with
actual times being adjusted according to ability. In particular, chapters 1 and 2
present the fundamentals of radiation, antenna elements and beamforming suitable
for taught courses, and chapter 4 contains fundamental signal processing concepts
for adaptive arrays. These topics can be complemented with implementation
issues and case studies in chapters 5 and 6. In contrast, chapter 3 is particularly
suited for the research-active readership, as is substantial sections of chapters 5
and 6 where novel developments are reported, especially with regard to wideband
beamforming algorithms and channel modelling.

As an extra resource, the companion website for our book contains a solutions
manual, Matlab m-files for the examples and problems, and a sample chapter.
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Also, for those wishing to use this material for lecturing purposes, electronic
versions of some of the figures are available. Please go to the following URL
and take a look: ftp://ftp.wiley.co.uk/pub/books/allen.

We hope that you find this book useful both as a reference, a learning tool
and a stepping stone to further your own efforts in this multi-disciplinary field of
engineering.

B. Allen
M. Ghavami

London
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