
Preface

Distributed Sensor Networks (DSN) are large-scale, autonomous, resource-
constrained systems used for gathering data in an intelligent manner. Described
by Business week as one of the twenty-first century, DSN technology is step-
ping out its cradle of laboratories and research papers, and finding increasing
number of applications.

Often powered by advances in the miniaturization of Microelectronic and
Mechanical Structure (MEMS), a DSN is composed of many tiny sensor nodes, all
of which have capabilities for sensing, computing, and communication. Sensor
nodes are often low cost, low power, and small size, and frequently remain
untethered and unattended after deployment. Wireless Sensor Network (WSN)
typically consists of large number of various kinds of unstructured environments.
Usually, a sensor node has a communication range of less than 100 ft. Sensor
nodes can be deployed on the ground, in the soil, underwater, in the air, in
vehicles, or in buildings.

The detection and identification methods must be robust and secure for
persistent and pervasive operations under uncertainty, resource constraints, and
known and unknown operational, environmental, and adversarial perturbations.
This necessitates the development of sensor networks that autonomously form
collaborative clusters for reliable time critical response to natural and man-made
disasters and to more general battlefield environments and are backed by strong
processing power of cyber systems.

In this monograph, the Mathematical Theories of Distributed Sensor Networks
are presented. In Chap. 1, we provide an introduction to the DNS. This
Introduction chapter has been designed to clarify the importance and position of
the area of sensor networks in the context of the network design as its containing
field of research.

Energy efficiency is one of the most critical issues in DNS. Efficient time
complexity of algorithms which are running in different parts of a DSN for various
purposes has a vital role in optimizing the energy consumption of the network.
For example, a poor-quality routing algorithm may lead to node congestion and a
huge energy wastage. In the ‘‘Optimization Methods’’ part, we will address two
famous optimization problems in the context of DSNs in detail: art-gallery
problem and wideband source localization using acoustic sensor networks.
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One of the most famous coverage problems is called the gallery-guarding
problem or generally, Art-Gallery Problem. In Chap. 2, we will see an efficient
approximation algorithm which makes an acceptable solution for the gal-
lery-guarding problem in 3-D when the boundary of guarded region is in the form
of a polygonal mesh.

Another optimization problem which will be addressed in this book is the
wideband source localization using acoustic sensor networks in the presence of
nonuniform noise variances.

In Chap. 3, we present a solution to the problem based on two source locali-
zation algorithms called Stepwise-Concentrated Maximum-Likelihood (SC-ML)
and Approximately Concentrated Maximum-Likelihood (AC-ML).

In Part II of the monograph, we focus on the coverage and connectivity
problems in the context of DNS. Coverage problem is one of the fundamental
issues in DSNs. In this problem, the goal is to determine how well a set of sensors
can monitor a given area. In addition, the connectivity problem in DNS is to
determine whether the graph representation of the network is connected or not.

In Chap. 4, we address the coordinate-free coverage problems in DSNs via
Homology.1 Moreover, in Chap. 5, some discussions regarding the coverage
assessment and target tracking in 3-D domains will be presented.

Finally, in Part III (last) of the book, an interesting security problem in DSNs
will be addressed. More specifically, we propose a novel stochastic preserving
scheme of location privacy either for a static or for a mobile sensor node. After
describing the proposed scheme, we present the privacy assessment of the method
using some mathematical tools.

Features

Here are the unique aspects of our book which address the oblivious network
routing problems:

(1) The book specifies the importance and position of the DNS in the context of
the network design as it contains the field of research. To do this, numerous
concepts in this area are defined precisely using the mathematical tools.

(2) The book provides the basics and mathematical foundations needed to analyze
and address many problems in DNS. More specifically, it introduces some
advanced data structures and tools (in graph theory and probability theory)
which will be deployed for analysis and design of high-performance DNS.

1 Homology is a certain general procedure to associate a sequence of abelian groups or modules
with a given mathematical object such as a topological space or a group.
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Intended Audience

This monograph is suitable for senior undergraduate students, graduate students,
and the researchers working in the related areas.
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