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Research on Analysis Tools of Hyperchaos

in Switched Dynamical Systems

Abstract

In this thesis, we consider analysis tools of spike-trains from various Hyperchaotic/Chaotic
spiking oscillators(HCSOs/CSOs). The circuit is constructed by linear one-port sub circuit,
impulsive switches and reset voltage source. As parameters vary, the circuit can output a
variety of spike-trains.

First, we analyze CSO with state- and time- dependent impulsive switches in series.

Next, we analyze HCSO with state- and time- dependent impulsive switches in series.

These circuit has switching rule related to time-dependent switch. Because of this rule,
these circuit has characteristics that switching times be some multiple of clock period. There-
fore, we can calculate dynamics piecewise exactly, analyze more easily and exactly than us-
ing other switching rules. Analysis of dynamics and spike-trains are basic to understanding
nonlinear phenomenon.

In order to analyze such spike-train dynamics, three tools are used: the return map of the
state variable at every firing moment, the histogram of inter-spike intervals and the color
recurrence plot of the spike-trains. The Return Map cannot be derived directly from the ISI
but can be derived if the state variables is observable. Histogram of ISI is most basic method
to consider the ISI characteristics. The Recurrence Plot is known as effective visualization
method of complex dynamics as time-series data. Using the Recurrence Plot, we can visual-
ize periodicity, stationarity and ISI order.

Presenting a simple test circuit, typical phenomena are confirmed experimental.
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O 2.6: Laboratory measurements of attractors (a) horizontal = v [1V/div.], (b) - (d) horizontal
= v [0.5V/div.], (a) vertical = ¢ [0.5mA/div.]. (b) - (d) vertical = ¢ [0.25mA/div.]. Ry =
0.4k, By = 1.5k, Ry = 1.5kQ], L = 200[mF], C = 0.033[uF], Vp = 1[V], r =
10[Q], E = 0.6[V], ¢ = 0.6[V], § = 0.08, (a) periodic attractor for 7" = 0.31 x 10~*[s],
T = 3.83, (b) chaotic attractor for 7" = 0.11 x 107*[s], T' = 1.40, (c) chaotic attractor for
T' = 0.10 x 107*[s], T = 1.26, (d) chaotic attractor for 7" = 0[s], T = 0
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O 3.3: Histogram of the ISI (a) periodic for d = 2, (b) chaotic for d = 3.6, (c) hyperchaotic
for d = 5.3, (d) coloring rule
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O 4.1: Spiking circuit with impulsive switch .Sy
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0 4.2: Hyperchaotic Spiking Oscillator (a) Circuit configuration, (b) Switching dynamics
The dimensionless variable 7 and z are proportional to ¢t and v; respectively. * = ¢ and
x = 1 correspond to v; = E and v; = V7 respectively.
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O 4.3: Typical phenomena for y; = 1,7, = 78,¢ = 0.6. (§ = 0.25, A = 0.5,w = 12.5) (a)
Periodic attractor ford = 2.2x 1071 (A\;; = —2.45x 1071 ;5 = —2.45x 1072), (b) Chaotic
attractor for d = 2.1 x 107! (A;; = 2.45 x 1072, A\j5 = —9.96 x 107!), (¢) Hyperchaotic
attractor for d = 4.2 x 107! (A1 = 1.13 x 1071, A\;p = 6.5 x 1072).
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(c)
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0 o 2 AT

O 4.4: Histogram of ISI for vy, = 1,79 = 78,¢ = 0.6. (6 = 0.25,\ = 0.5,w = 12.5)
(a) periodic spike-train for d = 2.2 x 107!, (b) chaotic spike-train for d = 2.1 x 107°, (c)
hyperchaotic spike-train for d = 4.2 x 107, (d) rainbow-like color
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0 4.5: Construction of color recurrence plot
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O 4.6: Color recurrence plot of the ISI sequence fory; = 1,75 = 78,¢ = 0.6 (0 = 0.25, A

0.5) (a) periodic spike-train for d = 2.2 x 107!, (b) chaotic spike-train for d = 2.1 x 1071,

4.2 x 1071,

(c) hyperchaotic spike-train for d
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0 4.7: Implementation of the hyperchaotic spiking oscillateor
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0 4.8: Laboratory experiments (2 = 1, v3 = 78, ) (6 = 0.25, A = 0.5, w = 12.5)
E=04,(d=25x10""),(b) E=0.5,(d=24x107"),(c) E =0.5,(d = 4.0 x 1071)
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