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Abstract With the rapid progress of nonlinear theory and experimental technique, chaotic dynamics has been
widely used in a lot of fields of science and technology. Correlation dimension is an important parameter to
characterize the nonlinear time series produced from a dynamical system. Now, wavelet analysis is a rapidly
developing domain of applied mathematics. So, in this paper, a new method to calculate the correlation
dimension of a nonlinear time series has presented with wavelet analysis. Based on emulation calculation with
Hénon map and Ikeda map, it is found that the correlation dimension of the small — scale wavelet transform
modulus of a nonlinear time series produced from a chaotic dynamical system is the same as the system itself. The
calculation results show that calculating the correlation dimension with the small — scale wavelet transform
modulus can efficiently eliminate the effect of strong large — scale noise because of the high — pass filtering
characteristic of small - scale wavelet transform. At last, it is also found that this method can be used to estimate

the correlation dimension of the fluctuant velocity of hydrogen jet flow.
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Table T Chaos system and correlation dimension

Chaos systams ~ Equations D>

Henon T == Ldali+y, 1.26-*
v,+1=0.3x,

Tkeda ©=0.4-6/(1+ 22+ y?) 1.84:
x,+1=1+0.9(x,cos¢ — v,sing)

¥+1=0.9(z,sing + y,cosg)
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Table 2 Simulative calculating result
Chaos systems m Dy Relative error of D2q/% D>, Relative error of D,/ %
Hénon 2 1.1786 -6.46 1.2051 -4.36
3 1.1876 -5.75 1.1963 -5.06
4 1.1974 -4.97 1.2063 -4.26
5 1.2056 ~4.32 1.2174 -3.38
6 1.2133 -=3.71 1.2233 -2.91
7 1.2245 -2.82 1.2272 -2.60
8 1.2391 —1.66 1.2494 -0.84
9 1.2451 -1.18 1.2632 0.25
Tkeda 2 1.6111 ~10.49 1.5736 -12.58
3 1.6606 —~7.74 1.7157 -4.68
4 1.6990 —5.61 1.7053 —-5.26
5 1.7159 -4.67 1.7048 -5.29
6 1.7214 —-4.37 1.7012 -5.49
7 1.7236 -4.24 1.7172 —4.60
8 1.7232 -4.27 1.7295 -3.92
9 1.7216 -4.36 1.7281 -3.99
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Fig.1 Calculating results of correlation dimension

(The slope of dot line is IJ; and from up to bottom the m is increases from 2 to 9. The follows are the same as this. )
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Fig.2 Effect of mother wavelet on correlation dimension
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Fig.3 Effect of sine signal on correlation dimension
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Fig.4 Effect of linear increasing signal on correlation dimension
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Fig.5 Fluctuation velocity
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Fig.6 Calculated results of correlation dimension of
hydrogen jet flow (The slope of dot line is 2.6 and

from up to bottom the m is increases from 2 to 8)
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