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Foreword

As president and CEO of the Italian industry holding FINMECCANICA,
I am elated to introduce this book on wireless communication, which
collects the edited lectures of a summer school sponsored by FINMEC-
CANICA in the beautiful frame of the Capri island, Italy, in the fall
of 2004. The book chapters are authored by prestigious names in the
realm of the pertinent scientific arena.

As testified by its title, the book is characterized by an integral
vision of wireless communication, from the physical layer to com-
munication, computing, sensing, and control. I believe that this is
the modern, right approach to present this material for the benefit of
all the readers, spanning the academic world to the industrial envi-
ronment. Information transfer is a key element in the structure of
our society. The next step is its full integration with remote sensing,
data access, real-time processing, and up to the final stage of far-away
physical actions implementation.

The modern science was born with the experiments performed and
the mathematical models developed by Galileo and Newton. The phys-
ical science emerged as a very important component of our society.
Physicists were developing theories and models of natural phenom-
ena, and a new segment of the civil society, the engineers, made
use of above results and accomplishments to construct machineries,
build up products, and provide services, thus usually rendering peo-
ple’s life more productive, rich, and enjoyable. But in the middle of
the last century a novel and unique happening took place: engineers
and not physicists created a novel branch of scientific knowledge, the
communications discipline, and subsequently exploited its practical
implementation. The first accomplishments were made by Shannon
in the United States and Kotelnikov in Russia, creating the Infor-
mation Theory and developing its implications and measurements
concepts. Then, a full array of hardware components and software
codes were developed and installed to synthesize wired and wireless
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xvi Foreword

communication networks, vessels of the information blood of our
society. As an electronic engineer myself and president and CEO of
FINMECCANICA, with its over 8,000 engineers and 10,000 techni-
cians, we are all very proud of all this.

We are now at the step of a further quantum leap: the integra-
tion of communication with computer processing, sensors data, and
far-away actions. This is the academic and industrial answer to the
new impelling demands raised by conventional traffic jams, homeland
security, and life quality: it is the Global Village dream made true.

The book I am presenting is organized in this spirit, moving
a small but significant step along this modern vision of wireless
communication.

Dr. Ing. Piero Guarguaglini
FINMECCANICA President and CEO



Preface

This book collects the lectures held on the beautiful island of Capri
during the fall of 2004. A great advantage of books resulting from
short schools or specialized symposia is that they present the latest
information on the subject, usually in a very readable form. At the
same time, these books may lack an exhaustive full treatment of the
matter, and some duplication of the material presented in different
chapters may be expected. It is the responsibility of the editors to
minimize these shortcomings without possibly impairing the freshness
of the presentation by changing a collection of lectures into a formal
textbook. This is what we tried to accomplish with a careful revision
of all chapters provided by the school lecturers, but without enforcing
our style, viewpoint, and perspective upon their writings.

The book consists of seven chapters that, except the first one, are
derived from the school lectures. Each one of these chapters coincides
with the revised (by each author) version of the school notes with a
final (soft) touch by the editors. The chapters derived from the lecturers
are presented first.

Chapter 2 outlines what makes radio communications distinct from
wired communications at the physical layer and highlights current
trends in radio design. An overview of radio wave propagation and
its impact on communication system design is given. The issues of
fading and path loss and their impact on the range and reliabil-
ity of communications are presented. Modulation and coding tech-
niques commonly used in wireless communications are considered.
The importance of diversity in achieving reliable data communications
is stressed, and an overview of techniques used to achieve diversity is
provided. Radio architectures used in modern communication systems
are discussed.

Chapter 3 is devoted to the receiving element of the wireless
channel: the handheld, wearable, and implantable antennas used in
personal communication technology. This is a very important issue,

xvii



xviii Preface

because their design should account for the electromagnetic interac-
tion between the antenna and the human body, a key factor to be
considered. A full array of results on this subject is presented: pop-
ular antenna designs (such as monopole, inverted F, reconfigurable
patches, etc.), numerical techniques for antenna performance eval-
uation, electromagnetic exposure of people to handheld receiving
devices, Specific Absorption Rate (SAR) for adults and children, etc.
The chapter is characterized by a large amount of first-hand experi-
mental results on innovative realizations and related tests performed
at the UCLA Electrical Engineering Department.

Chapter 4 consists of an overview of the models of the wireless
channel, including both numerical procedures and analytical results.
The former can be used for the analysis of a specific built-up scenario
and can lead to the generation of electromagnetic solvers, where ray
tracing techniques, including reflected, diffracted, and creeping rays,
are implemented. Solvers complexity is discussed, highlighting their
advantages and limitations; details and results related to a particular
solver are presented also. On the analytical side, the latest statistical
techniques are introduced, ranging from random walk theory to inno-
vative percolation models of the urban scenario. Applications to the
evaluation of expected values of electromagnetic quantities of interest
(as, for instance, the path loss) are presented, with analytical, numer-
ical, and experimental results.

Chapter 5 presents an overview of ad hoc wireless networks, the
kind of wireless technology that enables untethered, wireless network-
ing in environments where there is no established wired or cellular
infrastructure (e.g., battlefield, disaster recovery, homeland defence) or
where it is not cost effective to use an existing infrastructure (e.g., per-
sonal networking, collaborative computing). All their characteristics,
such as mobility, multihopping, self-organization, energy conserva-
tion, scalability, security, etc., are introduced. The challenges of the
network layer — routing and multicast — are discussed, providing all
the necessary details with reference to the areas of sensor networks,
automated battlefield, and collaborative computing. The MINUTE-
MAN (Multimedia Intelligent Network of UnatTEnded Mobile AgeNts)
project, developed at UCLA, is presented as a case study, including
simulation experiments and their discussion.

Chapter 6 deals with acquisition, processing, compression, com-
munication, and reconstruction of real-world signals, like sound and
video, in a distributed environment. A unified treatment of data rep-
resentation, routing, and node placements in a sensor network is
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presented, which sets in the right perspective the optimization of var-
ious metrics of interest, particularly energy efficiency and accuracy
of data reconstruction. Challenging questions, including fundamen-
tal, algorithmic, and practical issues, are addressed, with reference
to lossless and lossy coding, optimal node placement problem, data
gathering, and total distortion assessment. A relevant feature of this
chapter is the treatment of the tight connection between data struc-
ture and transport mechanism, considered as the central challenge in
the design of operational sensor networks.

Chapter 7 describes the latest results in wireless networks, pro-
viding an overview on the possible future scenario. Scaling laws are
discussed, both with respect to current technological efforts and to the
ultimate information-theoretical capability. Optimal architectures for
information transport, protocol design, power control, medium access
control, and routing are addressed. Nodes that can sense, compute,
and wirelessly communicate are examined in detail. For such networks
the problems of communication, sensing, and data fusion are insep-
arable; this next phase of the information technology revolution —
the convergence of control with communication and computing —
is examined. Even the implementation of far-away actions is briefly
touched. The architectures of these widely integrated network systems
and the prerequisites for their proliferation are addressed.

Examination of the content of the book shows that all the tra-
jectories of wireless communication (as anticipated in the book title)
are included. Coding and protocols; electromagnetic channel mod-
els; communication and sensors networks, as well as their integration;
critical design issues to minimize the exposure to the electromagnetic
fields while using the receiving devices; recent applications to home-
land security and disaster recovery and mitigation; and the present
and the possible future of this research area are all somewhere avail-
able in these chapters, linked by a logical progression. This unified
treatment is unique, introducing the reader to this intriguing and fas-
cinating world and providing a valuable scenario with all of its facets.
Accordingly, the scientific and technical issues are all well covered. It
seemed appropriate to also add an introductory chapter (whose mate-
rial was not presented during the Capri school) outlining the impact
of these emerging technologies on our life, and their shaping and
addressing by our society needs. This short introduction, presented in
Chapter 1, clearly does not pretend to be complete and rigorous. It
only tries to set all the material of the subsequent chapters in the frame
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of its applications context, presenting the players of this complicated
scenario and anticipating the possible future developments.

Some few considerations about the potential audience of this book
may be appropriate. It is easily anticipated that the book may be useful
to the large variety of scientists and technicians working in the area of
wireless communication. Each category will find updated information
about its specific application area, with the additional advantage of
being also exposed to its connections with the nearby areas. This was
the spirit of the school, and it has been saved in the book, also.

It might be concluded that the book audience is limited to profes-
sionals in the specific covered field, but this is not completely true. As
discussed at the end of Chapter 1, the new, cross layer, interdisciplinary
design paradigm in the communication networks area requires not
only in-depth expertise in one specific layer, but also a well rounded
scientific background that integrates, among others, all the disciplines
touched in the book. It is responsibility of the academia to realize a
program that can educate and form the telecommunications engineers of
the future. It can be anticipated that an array of new wide band courses
should be designed and implemented. The book we are presenting is
certainly not a textbook by itself, but it might be initially integrated
by notes for such a task, leading eventually to a more formal textbook
realization. We conclude that an additional non-negligible audience
is expected in the universities and among professors and graduate
students.

The presentation of a book is usually concluded with appropri-
ate acknowledgments to all those who helped its realization. But
our acknowledgments are toward colleagues that provided much
more than significant help, because they essentially wrote the book.
Accordingly, we are deeply indebted to Professors Michael Fitz, Mario
Gerla, Yahja Rahmat-Samii of UCLA, P. R. Kumar of UIUC, Massimo
Franceschetti of UCSD, Martin Vetterli of EPFL and UC Berkeley, and
Daniele Riccio of University Federico II Napoli: they transformed their
lectures into chapters, some of them with the help of their collab-
orators Cong Shen, Michael Samuel, Zhan Li of UCLA, and Razvan
Cristescu of Caltech. Our appreciation is also for the Elsevier staff, in
particular, for the Assistant Editor, Rachel Roumeliotis, and the Project
Manager, Brandy Lilly, who continuously encouraged and pushed
us to complete our job. We also thank FINMECCANICA, who spon-
sored the school, and all the participants, for their comments and
suggestions.
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We can certainly state that this book has been a cooperative job.
It is very likely that everyone should thank each other. Our personal
view is not only that cooperation is the right way to proceed, but it
should even be extended, especially in these research areas that exhibit
such an important connection with the organization of our society.
As noted in Chapter 1, there is increasing attention of national and
international authorities to assure a friendly and safe environment to
the social community, which implies early time knowledge of emer-
gence situations, follow up in real-time of the evolving scenario, and
final evaluation and intervention by using a decision making sys-
tem, usually remotely located. These requirements may be fulfilled by
the appropriate use of information and communication technologies,
along the integrated view presented in this book. It is very desirable
that a permanent exchange of information, about technological offer-
ings and expected requirements, occur between the scientific com-
munity and all those public authorities whose officers are aimed at
assuring a safer and most secure environment to all of us. We will say
with Keats that this is

A hope
beyond the shadow
of a dream.

[From “Endymion” by John Keats]

And to all these officers this book is dedicated.

The Editors
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