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Study on Chaos Dynamics by Using a Cloud in a Small Region

Hitoaki YOSHIDA, ™ Hiroto TAIRA, ¥ Touru KOMORI, ™ and Takahiro
NAKANISHI™

Transient state of a chaos has been studied with the time course of chaos orbits which start from different initial conditions
within a small region. A chaos orbit is represented as a point in a phase space at a single instant. A set of the points is called a
cloud. The transition of the cloud involves diffusional motion (called pseudo-diffusional motion) and transformation of the
shape of the cloud. At first a uniformly distributed cloud in 4D-cube, the shape once has been transformed into a line shape and
then continuously transformed until reach a chaos attractor (steady state). The transformation of the cloud shape and the
pseudo-diffusional motion depend on the size of the initial 4D-cube (6). The period that keeps D=1 has been estimated
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experimentally.  The result is useful for evaluating the safety of such chaotic cipher.
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Figure 2 The shape change of the normalized cloud (5= 10®).
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Figure 3 The shape change of the cloud (5= 1).
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Figure 4 Time course of the fractal dimension (D) in
schematic diagram.
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Figure 5 Rotational motion of normalized line shaped clouds
in 4D-phase space.
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Figure 6 The time course of L (6= 109).
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Figure 7 The relation between the initial size of the cloud ()
and the y-intercept of the regression line (b).
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Figure 8 The relation between the initial size of the cloud (o)
and the slope of the regression line (a).
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