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Fig. 1. Schematic diagram of scaling region.
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Fig. 2. Flow chart of the simulated annealing genetic

fuzzy C-means clustering algorithm.
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Abstract

A random fractal exhibits self-similarity over the scaling region, this is different from the regular fractal. The
scaling region obtained by the proper method for the exact fractal dimension is very important. And the correlation
dimension is one of the fractal dimensions which is used widely in many fields. Therefore, it is necessary and timely to
identify the scaling region that plays a critical role in calculating the correlation dimension accurately in various chaotic
systems. Visual identification is widely used to determine the scaling region as a quick and simple subjective method.
However, this method may lead to an inaccurate result in Grassberger Procaccia algorithm. In order to reduce the error
caused by human factors from computing the correlation dimension, a novel method of identifying the scaling region
based on simulated annealing genetic fuzzy C-means clustering algorithm is proposed. This new method is based on the
fluctuating characteristics that the second-order derivative of the curve within the scaling region is zero or nearly zero.
Firstly, the second-order differential of the double logarithm correlation integral discrete data is calculated. Secondly, the
simulated annealing genetic fuzzy C-means clustering method is used for dividing the data into three groups: positive
fluctuation data , zero fluctuation data, and negative fluctuation data. The zero fluctuation data are selected to retain,
the rest is excluded. Thirdly, the 3 o criteria are used for excluding gross errors to retain those valid from the zero
fluctuation data. Fourthly, the data of the consecutive nature point interval are chosen from the retained data. Finally,
the regression analysis and statistical test are used to identify the scaling region from the data valid. In order to verify
the effectiveness of the proposed method, it is used to simulate the Lorenz and Henon systems. The calculated results
are in good agreement with the theoretical values. Experimental results show that the proposed new approach is easy
to operate, more efficient and more accurate than the subjective recognition, K-means method, and 2-means method in

identifying the scaling region.
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