Preface

Nonlinear time series methods have developed rapidly over a quarter of a
century and have reached an advanced state of maturity during the last
decade. Implementations of these methods for experimental data are now
widely accepted and fairly routine, however genuinely useful applications re-
main rare. The aim of this book is to focus on the practice of applying these
methods to solve real problems. It is my hope that the methods presented
here are sufficiently accessible, and the examples sufficiently detailed, that
practitioners in other areas may use this work to begin considering further
applications of nonlinear time series analysis in their own disciplines.

This volume is therefore intended to be accessible to a fairly broad au-
dience: both specialists in nonlinear time series analysis (for whom many
of these techniques may be new); and, scientists in other fields (who may
be looking to apply these methods within their speciality). For the exper-
imental scientist looking to use these methods, MATLAB implementation
of the underlying algorithms accompany this book.

Although the mathematical motivation for nonlinear time series analysis
is fairly advanced, I have chosen to keep technical content in this book to
a minimum. Postgraduate and advanced undergraduate students in the
physical sciences should find the material reasonably easy to understand.
This book may be read sequentially; skimmed in a pseudo-random order;
used primarily as a reference; or, treated as a manual for the companion
computer programs.

The applications

To illustrate the usefulness of nonlinear time series analysis, a wide vari-
ety of physical, financial and physiclogical systems have been considered.
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In particular, several detailed applications serve as case studies of fruitful
(and occasionally less fruitful) applications, and illustrate the mathematical
techniques described in the text. These applications include:

¢ diagnosis and control of cardiac arrhythmia in humans (prediction
of ventricular fibrillation);

e characterisation and identification of aberrant respiratory control
in infants (sleep apnea and Sudden Infant Death syndrome);

e simulation and recognition of human vocalisation patterns;

e interpretation and prediction of financial time series data; and,

e quantitative assessment of the effectiveness of government control
measures of the recent SARS crisis in Hong Kong.

The applications described in this book are drawn largely from my own
work, and for this I offer no apology. These applications are the applications
which interest me most, and with which I am most familiar. Some of the
applications are particularly long and detailed: this is so that the reader can
truly get a feel for the complexity of each example and the effort required
to fit the methods to the problems. However, if one is primarily interested
in the methods themselves, it is entirely possible to read this monograph as
a textbook: one should simply skip (or skim) the long-winded application
based sections.

The tools

The technical tools utilised in this book fall into three distinct, but intercon-
nected areas: quantitative measures of nonlinear dynamics, Monte-Carlo
statistical hypothesis testing (aka Surrogate data analysis), and nonlinear
modelling.

In Chapter 1 we discuss nonlinear time series analysis from the per-
spective of time delay embedding reconstruction. We describe the current
state-of-the-art in reconstruction techniques, together with my own view
of how to “best” embed scalar time series data. Chapters 2 and 3 are
concerned with the estimation of statistical quantities (mostly dynamic in-
variants) from time series data.

Quantitative measures, such as estimation of correlation dimension and
Lyapunov exponents have been described previously in standard texts.
However, this material is included here for completeness: an understanding
of these techniques is necessary for the surrogate data methods that follow.
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More importantly, it is necessary to provide a current description of the
most appropriate estimation techniques for short and noisy data sets. In
particular, it should be noted that many of the more venerable techniques
perform poorly when faced with the limitations of most experimentally ob-
tained data i.e. short and noisy time series. Hopefully, some of the new
methods we discuss will help alleviate these problems.

Three standard methods of Monte-Carlo statistical hypothesis testing
(the method of surrogate data) have come into widespread use recently.
In Chapters 4 and 5, these methods are described along with their many
limitations and restrictions. Several new, state-of-the-art methods to cir-
cumvent these problems are also described and demonstrated to have useful
application. Finally, a natural extension of surrogate data methods is the
testing of model fit, and this is the third focus of this book.

Standard nonlinear modelling methods (neural networks, radial basis
functions and so on) are the subject of numerous excellent texts. In Chap-
ter 6 we focus on finding the best model and how to determine when a
given model is “good enough”. These are two problems that are not well
addressed in the current literature. For this work, we utilise the surrogate
data methods described previously, as well as information theoretic mea-
sures of both the model and the data. These information theoretic measures
of the data are in turn related to, and form the foundation of, the dynamic
invariants described in the introduction of this book.
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Feedback

Although the best way to really understand how these techniques work is
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