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Deterministic chaos offers a striking explanation for irregular behaviour and anomalies
in systems which do not seem to be inherently stochastic. The most direct link between
chaos theory and the real world is the analysis of time series from real systems in
terms of nonlinear dynamics. This book provides experimentalists with methods for
processing, enhancing, and analysing measured signals using these methods; and for
theorists it demonstrates the practical applicability of mathematical results.

The framework of deterministic chaos constitutes a new approach to the analysis of
irregular time series. Traditionally, nonperiodic signals have been modelled by linear
stochastic processes. But even very simple chaotic dynamical systems can exhibit
strongly irregular time evolution without random inputs. Chaos theory offers completely
new concepts and algorithms for time series analysis which can lead to a thorough
understanding of the signals. The book introduces a broad choice of such concepts and
methods, including phase space embeddings, nonlinear prediction and noise reduction,
Lyapunov exponents, dimensions and entropies, as well as statistical tests for
nonlinearity. Related topics such as chaos control, wavelet analysis, and pattern
dynamics are also discussed. Applications range from high-quality, strictly deterministic
laboratory data to short, noisy sequences which typically occur in medicine, biology,
geophysics, and the social sciences. All the material discussed is illustrated using real
experimental data.

This book will be of value to any graduate student and researcher who needs to be
able to analyse time series data, especially in the fields of physics, chemistry, biology,
geophysics, medicine, economics, and the social sciences.
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Preface

The paradigm of deterministic chaos has influenced thinking in many fields
of science. As mathematical objects, chaotic systems show rich and surprising
structures. Most appealing for researchers in the applied sciences is the fact that
deterministic chaos provides a striking explanation for irregular behaviour and
anomalies in systems which do not seem to be inherently stochastic.

The most direct link between chaos theory and the real world is the analysis of
time series from real systems in terms of nonlinear dynamics. On the one hand,
experimental technique and data analysis have seen such dramatic progress that,
by now, most fundamental properties of nonlinear dynamical systems have been
observed in the laboratory. On the other hand, great efforts are being made
to exploit ideas from chaos theory in cases where the system is not necessarily
deterministic but the data displays more structure than can be captured by
traditional methods. Problems of this kind are typical in biology and physiology
but also in geophysics, economics, and many other sciences.

In all these fields, even simple models, be they microscopic or phenomeno-
logical, can create extremely complicated dynamics. How can one verify that
one’s model is a good counterpart to the equally complicated signal that one
receives from nature? Very often, good models are lacking and one has to study
the system just from the observations made in a single time series, which is
the case for most nonlaboratory systems in particular. The theory of nonlinear
dynamical systems provides new tools and quantities for the characterisation of
irregular time series data. The scope of these methods ranges from invariants
such as Lyapunov exponents and dimensions which yield an accurate description
of the structure of a system (provided the data are of high quality) to statistical
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Preface

techniques which allow for classification and diagnosis even in situations where
determinism is almost lacking.

This book provides the experimental researcher in nonlinear dynamics with
methods for processing, enhancing, and analysing the measured signals. The
theorist will be offered discussions about the practical applicability of mathe-
matical results. The time series analyst in economics, meteorology, and other
fields will find inspiration for the development of new prediction algorithms.
Some of the techniques presented here have also been considered as possible

- diagnostic tools in clinical research. We will adopt a critical but constructive

point of view, pointing out ways of obtaining more meaningful results with
limited data. We hope that everybody who has a time series problem which
cannot be solved by traditional, linear methods will find inspiring material in
this book.

Dresden and Wuppertal
November 1996
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