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Preface

We have worked on our Ph.D. theses on Statistical Signal Processing although in a
gap of almost 15 years. The first author was introduced to the area by his Ph.D.
supervisor Professor C. R. Rao, while the second author was introduced to this
topic by the first author. It has been observed that frequency estimation plays an
important role in dealing with different problems in the area of Statistical Signal
Processing, and both the authors have spent a significant amount of their research
career dealing with this problem for different models associated with Statistical
Signal Processing.

Although an extensive amount of literature is available in the engineering
literature dealing with the frequency estimation problem, not much attention has
been paid to the statistical literature. The book by Quinn and Hannan [1] is the
only book dealing with the problem of frequency estimation written for the sta-
tistical community. We were thinking of writing a review article on this topic for
quite sometime. In this respect, the invitation from Springer to write a Springer
Brief on this topic came as a pleasant surprise to us.

In this Springer Brief, we provide a review of the different methods available
till date dealing with the problem of frequency estimation. We have not attempted
an exhaustive survey of frequency estimation techniques. We believe that would
require separate books on several topics themselves. Naturally, the choice of topics
and examples are based, in favor of our own research interests. The list of ref-
erences is also far from complete.

We have kept the mathematical level quite modest. Chapter 4 mainly deals with
somewhat more demanding asymptotic theories, and this chapter can be avoided
during the first reading without losing any continuity. Senior undergraduate level
mathematics should be sufficient to understand the rest of the chapters. Our basic
goal to write this Springer Brief is to introduce the challenges of the frequency
estimation problem to the statistical community, which are present in different
areas of science and technology. We believe that statisticians can play a major role
in solving several problems associated with frequency estimation. In Chap. 8, we
have provided several related models, where there are several open issues which
need to be answered by the scientific community.
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Every book is written with a specific audience in mind. This book definitely
cannot be called a textbook. It has been written mainly for senior undergraduate
and graduate students specializing in Mathematics or Statistics. We hope that this
book will motivate students to pursue higher studies in the area of Statistical
Signal Processing. This book will be helpful to young researchers who want to
start their research career in the area of Statistical Signal Processing. We will
consider our efforts to be worthy if the target audience finds this volume useful.

Kanpur, January 2012 Debasis Kundu
Delhi, January 2012 Swagata Nandi
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Chapter 1
Introduction

Signal processing may broadly be considered to involve the recovery of information
from physical observations. The received signal is usually disturbed by thermal, elec-
trical, atmospheric, or intentional interferences. Due to random nature of the signal,
statistical techniques play important roles in analyzing the signal. Statistics is also
used in the formulation of appropriate models to describe the behavior of the system,
the development of an appropriate technique for the estimation of model parameters,
and the assessment of the model performances. Statistical signal processing basically
refers to the analysis of random signals using appropriate statistical techniques.

The main aim of this monograph is to introduce different signal processing models
which have been used in analyzing periodic data, and different statistical and com-
putational issues associated with them. We observe periodic phenomena everyday
in our lives. The daily temperature of Delhi or the number of tourists visiting the
famous Taj Mahal everyday or the ECG signal of a normal human being, clearly fol-
low periodic nature. Sometimes, the observations/signals may not be exactly periodic
on account of different reasons, but they may be nearly periodic. It should be clear
from the following examples, where the observations are obtained from different
disciplines, that they are nearly periodic. In Fig. 1.1, we provide the ECG signal of a
healthy person. In Fig. 1.2, we present an astronomical data set which represents the
daily brightness of a variable star on 600 successive midnights. Figure 1.3 represents
a classical data set of the monthly international airline passengers from January 1953
to December 1960 and is collected from the Time Series Data Library http://www.
robhyndman.info/TDSL.

The simplest periodic function is the sinusoidal function and it can be written in
the following form:

y(t) = A cos(ωt)+ B sin(ωt), (1.1)

where A2 + B2 is known as the amplitude of y(t) and ω is the frequency. In general,
a smooth mean zero periodic function y(t) can always be written in the form
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