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set of real numbers
set of all n-dimensional real vectors

set of n x m—dimensional real matrices

transpose of vector x or matrix A
inverse of matrix A

identity matrix of arbitrary order
Jjth column of matrix I
eigenvalue of matrix A

spectral radius of matrix A

jth eigenvalue of matrix A
minimum eigenvalue of matrix A
where \(A) are real

maximum eigenvalue of matrix A
where \(A) are real
Moore—Penrose-inverse of matrix A
matrix P is real symmetric

and positive-definite

matrix P is real symmetric

and positive semi-definite

matrix P is real symmetric

and negative-definite

matrix P is real symmetric

and negative semi-definite

ij-th element of matrix A
determinant of matrix A

trace of matrix A
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rank(A) = rank of matrix A
|al = absolute value of scalar a
|| = Euclidean norm of vector x
|| A| = induced Euclidean norm of matrix A
[|1z||p = {, norm of vector x

I|All, = induced £, norm of matrix A
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Preface

In recent years, wireless sensor networks (WSN) have produced a large amount
of data that need to be processed, delivered, and assessed according to the appli-
cation objectives. The way these data are manipulated by the sensor nodes is a
fundamental issue. Information fusion arises as a response to process data gath-
ered by sensor nodes and benefits from their processing capability. By exploiting
the synergy among the available data, information fusion techniques can reduce
the amount of data traffic, filter noisy measurements, and make predictions and in-
ferences about a monitored entity. The book introduces the subject of multi-sensor
fusion as the method of choice for implementing distributed systems.

This book is about the current state-of-the-art of information fusion, presenting
the known methods, algorithms, architectures, and models of information fusion,
and discussing their applicability in the context of wireless sensor networks. Par-
ticular considerations are given to covering wide topics that were treated in the lit-
erature and presenting results of typical case studies. The key feature is to provide
a teaching-oriented volume with research-supported elements and comprehensive
references.

The book applies recently developed convex optimization theory and high ef-
ficient algorithms in estimation fusion, which opens a very attractive research sub-
ject on distributed estimation and fusion for sensor networks. Supplying powerful
and advanced mathematical treatment of the fundamental problems, it will help to
greatly broaden prospective applications of such developments in practice.

The ultimate vision of this work is that information-based control designers
will be able to model parts of dynamic systems (much as control engineers model
electrical and mechanical systems), and use those models to develop distributed
fusion control algorithms based on a theory of feedback control. It is intended
to present a cohesive overview of the key results of theory and applications of
information fusion-related problems in networked systems in a unified framework.

Throughout this book, the following terminologies, conventions and notations
have been adopted. All of them are quite standard in the scientific media and only
vary in form or character. Matrices, if their dimensions are not explicitly stated, are

XXV
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assumed to be compatible for algebraic operations. In symmetric block matrices
or complex matrix expressions, we use the symbol e to represent a term that is
induced by symmetry.

Many modern large-scale systems are automatically managed through networks
of computers that are tied to sensors and actuators, leading to networked control
systems. The inter-relationships among communication, computation, and con-
trol in such systems are clearly a subject of great interest. Therefore, networked
fusion and filtering are attracting increasing attention in view of their wide indus-
trial implications. The idea for writing the book arose and developed through the
consecutive visits of the first author to the second author at the BIT, China. In
writing this volume, we took the approach of referring within the text to papers
and/or books which we believe taught us some concepts, ideas, and methods. We
further complemented this by adding remarks and notes within and at the end of
each chapter to shed some light on other related results.
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