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Foreword

This book provides an in-depth theoretical look at the data processing and
communication aspects of wireless sensor networks, as well as a practical look
at how data processing can be done in real ZigBee/IEEE 802.15.4 sensor
networks. The book provides enough background for the newcomer to the field
to understand the fundamentals of wireless sensor networks, while also pro-
viding novel analytical frameworks for distributed detection, joint detection and
communication, and cross-layer design, making this an excellent choice for
those looking for a deeper understanding of the interaction between data pro-
cessing and communication.

Rochester, September 2010 Wendi Heinzelman
Associate Professor
University of Rochester, NY, USA

When Roberto told me that he was co-authoring a book on Wireless Sensor
Networks and asked me if I would be willing to write a foreword for it, my first
thought was: “Anything to come back to this beautiful city of Bologna!”. So I said
“Sure!”, before realizing that it is perfectly possible to write a foreword without
visiting the authors in their “natural habitat” ever again. My bad. I guess Roberto
and I will have to organize together another Joint Workshop and Summer School
on Sensor Networks very soon to have an excuse to visit Bologna again.

The book you have in your hands contains first-class information and crisp
explanations about the state-of-the-art in Wireless Sensor Networks. Having done
research myself in this field for several years and being the coordinator of CONET,
the Cooperating Objects Network of Excellence, that has managed to edit and
publish two research roadmaps on sensor networks and related fields, I can only
applaud the choice of topics the authors have done. Indeed three of the most
fundamental challenges in this area are a proper definition and characterization of

vii



viii Foreword

distributed processing, MAC protocols and connectivity and the authors have done
a tremendous job at them in this book.

Additionally, the IEEE 802.15.4 MAC protocol is used as the main wireless
communication mechanism for the models and analysis performed in each chapter.
This protocol is becoming the de-facto standard for Sensor Networks and is
gaining importance as we speak (or better said, as you read). Another highlight is
the thorough analysis of multi-sink networks that have been traditionally neglected
in the literature in favor of simpler problems to tackle. The authors manage to
consider multi-sink networks in almost each chapter of the book, which is a
tremendous achievement.

Of course, this in-depth analysis of topics also has its price. If you were hoping
for a light bedtime read or despise greek letters and formulas, this book is not for
you. It is a book written for professionals by professionals and it shows in the
quality of each page. It combines not only a theoretical perspective and foundation
with numerical analysis, but also with experimental evaluations using simulation
tools. Therefore, each chapter contains a performance evaluation of the algorithms
that helps in understanding the operating characteristics of each approach. This is
extremely important since the field of Sensor Networks is all about practical
implementations and solving real-world problems that, sometimes, cannot be
approximated by theoretical models.

I can very much appreciate the effort put by the authors in writing this book and
the clarity they have achieved in explaining these three fundamental aspects of the
Sensor Network field: Distributed processing, MAC protocols and Connectivity.
Young researchers willing to understand the intricacies of Wireless Sensor Net-
works will be thrilled by the insights in this book, and more experienced scientists
will surely recommend its read. I definitely do.

Duisburg, September 2010 Pedro José Marron
Full Professor
University of Duisburg-Essen in Germany
Coordinator of CONET, the Cooperating
Objects Network of Excellence

This book provides a comprehensive overview of the major theoretical and
practical issues of IEEE 802.15.4 and ZigBee, which nowadays represent a key
technology for wireless sensor networks. The contents are organized into a
roadmap which starts with a tutorial-oriented description of the basic founda-
tions, and continues with some chapters offering an in-depth analysis of per-
formance-related problems. This structure makes the book an ideal reference
for everyone wants to approach the study of sensor networks and their appli-
cations according to a cross-layer design perspective which takes both data
processing and communication aspects into the due account: on one hand,
Ph.D. students and researchers in the field of wireless sensor networks are



Foreword ix

provided with an extensive coverage of major theoretical issues relevant to
IEEE 802.15.4 technology, while professionals and networking system devel-
opers will also find it an invaluable primer guide.

Catania, September 2010 Sergio Palazzo
Full Professor

University of Catania, Italy



Preface

Wireless Sensor Networks (WSNs) have become an increasingly active field of
research in recent years. The very idea of making many small objects with limited
capabilities (the sensors) collaborate to create a very versatile and powerful system
(a WSN) has stimulated the intellectual and scientific “fantasies” of many
researchers. In fact, WSNs can be studied from several perspectives. Moreover,
besides their scientific appeal, they hold the promise of playing a key role in future
communication and networking systems, such as machine-to-machine communi-
cation systems and the Internet of Things.

IEEE 802.15.4 is a Physical (PHY)/Medium Access Control (MAC) air inter-
face commonly considered as a de facto standard for WSNs. While IEEE released
the current version of the standard years ago and many books cover issues related
to the use of IEEE 802.15.4 for WSNs, there is still a lack in the understanding of
the true performance achievable in large WSNs using IEEE 802.15.4 when dis-
tributed processing techniques are applied to estimate the values taken by physical
instances. :

During spring 2009, after years of research performed on the topic of WSNis,
Chiara Buratti and Marco Martald received their Ph.D. degrees from the Uni-
versity of Bologna (under the supervision of Prof. Roberto Verdone) and the
University of Parma (under the supervision of Prof. Gianluigi Ferrari), respec-
tively. While research was carried out separately and the two Ph.D. theses were
prepared independently, it was immediately clear that the two works were
addressing the two faces of the same coin. Therefore, it was decided to put
together the contents of the two theses to give birth to a coherent text providing the
deepest possible knowledge of how the IEEE 802.15.4 MAC layer can be accu-
rately modeled and of the limits of distributed processing, inherently connected to
the MAC behavior, in WSNs. This book is the outcome of that will. However, it is
even more.

This book is indeed composed of four parts. After a short introductory chapter
on the fundamentals of WSNs, the second and third parts represent the core of
Marco’s and Chiara’s theses, respectively, after proper alignment was found. More
precisely, the second part (Chaps. 2 and 3) is dedicated to distributed processing in
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xii Preface

WSNs, whereas the third part is dedicated to MAC and connectivity of WSNs. The
fourth part is completely new, as it reports on the outcomes of the effort to
integrate the models proposed and validated in the two Theses, to create a novel
cross-layer framework for IEEE 802.15.4 system design.

It is our view that the book, in its final form,can assist a WSN designer, whose
aim is the estimation of physical instances, in understanding all mechanisms lying
behind IEEE 802.15.4 MAC and the application of distributed processing tech-
niques. The book provides many performance charts and all means to generate a
complete evaluation tool which is able to compute the performance, in terms of
reliability, latency, energy efficiency, of an IEEE 802. 15 4-based WSNs for
environmental monitoring applications.

We would like to thank Dr. Cristoph Bauman, our Springer Engineering Editor,
for immediately supporting our idea and allowing us to finalize this project. We are
also indepted to several collaborators, whose help was instrumental. In particular:
C. Buratti and R. Verdone would like to thank those scientists whose activities
have had an impact on the content of this book: John Orriss, from the University of
Manchester, and Flavio Fabbri from the University of Bologna; M. Martald and G.
Ferrari would like to thank Dr. Roberto Pagliari, Dr. Paolo Medagliani, and Marco
Sarti for their contributions (while at the University of Parma) to Part II of the
book. Authors would also like to thank Flavia Martelli for reading the draft of this
book.

Bologna and Parma, September 2010 ) Chiara Buratti
Marco Martald

Roberto Verdone

Gianluigi Ferrari
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