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Fig. 1. Schematic diagram of the small data algorithm.
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Fig. 2. Schematic diagram of linear zone.
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Fig. 4. Flow chart of fuzzy C-means small data for
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Abstract

In order to reduce errors caused by human factors to identify the linear region, we propose a new method based on
the fuzzy C-means clustering for calculating the maximum Lyapunov exponent from small data. The method based on
the changing characteristic of average divergence index curve is used to identify the linear region. Firstly, the average
divergence index data are calculated from the small data algorithm for the given chaotic time series. Secondly, the
fuzzy C-means clustering method is used for dividing the data into two classes (unsaturated and saturated data), and
the unsaturated data are retained. Thirdly, the retained data are divided by the same clustering method into three
classes (positive fluctuation data , zero fluctuation data and negative fluctuation data), and the zero fluctuation data are
retained. Fourthly, the 30 criterion is used for excluding gross errors to retain the valid from the selected data. Finally,
the regression analysis and statistical test are used to identify the linear region from the valid data. The effectiveness
of the proposed method can be demonstrated by the famous chaotic systems of Logistic and Henon. The calculated
results are close to the theoretical values than the subjective method. Experimental results show that the proposed new
approach is easier to operate, more efficient and more accurate as compared with the subjective recognition. But this
method has its own shortcomings. 1) As the new method is verified by the simulation experiment, there exists no strict
mathematical proof. 2) Since the difference algorithm is used in this new method, it will miss some detailed information
in some cases. 3) The calculation accuracy still needs to be improved, so this method only serves as a reference to
detect the linear region, it can not be applied to high precision engineering field. Considering the deficiencies of the new
method, we will make further research to improve the calculation method for maximum Lyapunov exponent, so as to
make it solve the real-time problem of the signal detection, and find the accurate location of abrupt climate change in
the field of meteorology, to provide accurate satellite launch safety period in the field of space weather and other aspects.
In short, studying the largest Lyapunov exponent from chaotic time series has a wide application prospect and practical

significance.
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