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Preface

The rapid evolvement of telecommunications has created a significant drift in
views and definitions. Desperate attempts at defining systems in this domain have
often yielded either vague or sparse statements. This is especially true of wireless
sensor networks (WSNs), which are the subject of this book.

Instead of listing what WSNs are and what they are not, we emphasize an
alternative to dated and stalled definitions. This book adopts a progressive view of
what WSNs encompass and represent, and their evolvement and dependence on
different research domains from their realization, to this date, and the projected
future.

In our pursuit to summarize substantial research domains contributing to WSN
literature, we assume some liability in background for this book’s readership.
Although the emphasis of this book is presenting self-explanatory topics, it is
important to note that a background in telecommunications is of significant aid. The
material of this book is non-introductory, and is not typical of undergraduate
courses.

Having said that, we address researchers and practitioners alike. The impact and
growth of WSNs is evident in everyday technologies. The disparately growing
literature of ten places all interested parties in a state of confusion. As a technology,
WSNs were primarily developed under an application-specific tailoring paradigm.
Recent efforts to generalize their application and standardize approaches in design
and maintenance have yielded significant compatibility issues. More importantly,
the practitioner today is often faced with contradicting designs and results, so that
resorting to application-specific practices seems the only reasonable alternative.

In this book, we adopt a modular approach in understanding the evolution of
WSNs, and how different technologies have aided and advanced the current status
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quo. More importantly, we draw upon current trends and manifestations of WSN
literature, to project the future of sensing systems at large; especially as we move
into an era of the Internet of things (IoT) and information centric networks (ICNs).

As such, this book is organized to progress with readership through this
evolution track, to present a chronological order for advancements and technologies
impacting WSNs. The book is organized into three core components. Namely,
introduction and evolution, co-existing and potentiating technologies, and finally an
encompassing dynamic resource reuse paradigm. We conclude this book with a
chapter dedicated to the most promising future outlooks in WSN development; most
notably in synergy with the prominent tides of IoT and ICNs.
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Symbol Description Type
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Tin n" resource class in R, € ReP
¥, k™ instance of resource 1, N
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0<j<|Al € PoF
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di o Duty cycle of resource class 7, in node n; R*
0; « Power consumption of resource class 8, in node n; in

mW R*
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ReP, Current resource pool for arbitrator B,
|©,] number of resources in current ReP of type v N*
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S Rate of increase in valuation of a resource R~
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Evolution of Wireless Sensor Networks

“What a heavy burden is a name that has become too famous”
— Voltaire

We have come quite far since cavemen utilized fire to detect lions approaching
their caves. Fire, serving both as a deterrent and a detector (via resulting shadows),
was one of man’s earliest sensing mechanisms. Thousands of years later, we have
the technology to detect traces of pheromones, intrusion of malaria-mosquitoes, send
biological sensors down the blood stream and report forest fires by harvesting power
from the pH imbalance surrounding tree roots'. Not long after the emergence of
wireless networks, practitioners integrated wireless tethering to deliver sensing into
regions never thought possible; both in the extremities of the Earth, and within our
own bodies.

Wireless sensor networks (WSNs) have evolved from many domains and due to
various application demands. Today, the view of “what a WSN comprises™ differs
significantly, and is almost always a function of the domain of interest. Thus, WSN
definitions are generally either vague or non-inclusive. It is misleading to tie
definitions to WSN predecessors without context.

In this chapter we begin our journey with WSNs from their establishment, to
current norms and commonalities in design. Hence, we address a developmental
view, based on chronological advancements in telecommunications. Understanding
what a WSN s, and the static nature of its initial propositions and design

1 Even this is quite dated research, published by scientists from MIT [LOV 08a].
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parameters, opens the door for the discussion of novel paradigms in WSNs; namely
the topic of this book. We focus our discussions on paradigm shifts that render
WSNs dynamic, both in operation and utility.

1.1. The progression of wireless sensor networks

First, it is important to note the static nature of many of the early designs and
deployments of WSNs. In the mid-1990s the rise of mobile ad hoc networks
(MANets) caused a stir in communications research and industry. Simply, being
able to construct and utilize a wireless network on the go, without establishing a
fixed topology or tending to its operation frequently, struck practitioners in this
domain with significant ideas for advancements. A detailed overview of MANets
and their pertinent challenges was presented by Chlamtac, Conti and Liu in
[CHL 03]. Integrating MANets with sensors lead to the development of WSNs by
the late 1990s.

The diversity of assumptions made on what a WSN comprises, resulted in a wide
range of architectures that are dubbed sensor networks. However, they mostly
maintain a number of properties; namely wireless communication, coordinated
operation and reporting to sink(s). An intrinsic umbrella is to maintain energy
efficient operation in all WSN protocols.

As WSN architectures and protocols evolved, their tasks extended beyond sheer
reporting. Their complexity expanded many folds in the events to be detected,
redundancy in reporting required, density of deployments, quality of data, coverage
span and reliability. Significant control overhead resulted from mandating
coordination, especially when driven by attempts to synchronize sensor node
operation. More importantly, the advent of real-time sensing applications mandated
that WSNs operate reliably under significant constraints of time and power
consumption. A comprehensive survey on synchronization problems in WSNs is
presented in [SUN 05] and highlights how a single requirement can significantly
impact operational mandates of a WSN and increase its overhead without improving
the quality of the data collected.

As our requirement for WSN coverage and geographical span grew, single-hop
communication with the sink became impractical. The simple task of sensing and
reporting — over multi-hop — resulted in bottlenecks of energy dissipation and time
latency issues, demonstrated in Figure 1.1.



