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Nonlinear Time Series Analysis
1. A New Method of Analysis and The Theoretical Background
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(Received October 29, 1991)

Abstract

There are still many unsolved problems in the procedures of nonlinear analysis of
time series. Chaotic analysis, the currently remarkable one, is a marked breakthrough
in this field. The aim of this paper is to present a newly-devised theoretical procedure
of nonlinear analysis which is generally applicable to nonstationary time series data.

The time series x(¢) is assumed to be given by x(f)=systematic part+fluctuating
part. The systematic part is extracted from the time series data and the nonlinear
fluctuating part is also analyzed by the present procedure. The procedure of analysis
proposed by the present authors acts as a bridge between the conventional time series
analysis and the chaotic analysis. Examples of the application of the present procedure
to several kinds of time series data in physical, medical or engineering branches are
reported,
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time series data
x(t)=systematic part + fluctuating part

structure “noise” part

(periodic) random (stochastic) phenomena—————undeterministic
chaotic phenomena —— deterministic

spectral analysis

MEM (MemCalc)
Himit cycle prediction
———1/f spetrum é(;;g%z(i)sstiglg

chaos spectrum

chaos fractal

period bifurcation attractor dimension

L—* geometry (topology)
statistical mechanics
phase diagram Poincare projection
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1. The time dependence of the signal "looks chaotic”.

2. The power spectrum exhibits broadband noise at low frequencies.
3. The autocorrelation function decays rapidly.

4. The Poincaré map shows space-filling points.
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