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Abstract Ref. [Nakagawa, and Saito, 1996]. Our new dynamic-
A class of RC-OTA hysteretic-chaotic generators has hysteretic model is presented in Section three along
been proposed from the electronics point of view. Hys- with simulation results. Final comments and future
teresis is captured by an electronic realization. To ex- work are stated in Section four.
tend its applicability, hysteretic mathematical modeling
is an important issue. Here, a new hysteretic model is
proposed. With this model, we realized a well known
hysteretic-chaotic attractor using Simnon.

2 RC-OTA hysteretic chaotic systems
According to Ref. [Nakagawa, and Saito, 1996], a
dimensionless dynamic model of a class of RC-OTA
hysteretic-chaotic oscillator is given by:
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1 Introduction

During recent years, many chaotic generators havewhered andp are the system parameters. The hys-
been proposed. Some of them are based on hysteresiteresis functiori(z) is shown in Fig. 1. This system
feedback [Storace, and Parodi,1998], [Nakagawa, andPresents chaos with = 0.05, andp = 1 [Nakagawa,
Saito, 1996]. However, these oscillators have beenand Saito, 1996].
designed using electronic realization. Nevertheless,

hysteresis modeling is an important issue in mechan-

ical and structural systems [Ismail, lkhouane, and h{x)

Rodellar,2009]. Some hysteresis models are developed 1/
using physical laws. Meanwhile, others are heuristic 4
ones. Moreover, Ref. [Li, and Meng, 2007] reported S x
chaotic behavior in structures with hysteresis, in which -1 i
hysteresis is governed by the well-known Bouc-Wen
model. However, this Bouc-Wen model is not ap-
propriate for the class of RC-OTA chaotic oscillators
because it has more parameters than needed. Here, we
propose a new dynamic-hysteretic model that is appro- Figure 1. Normalized hysteretic function.

priate for capturing the hysteresis behavior for a class

of RC-OTA hysteretic-chaotic oscillators designed, for

instance, in Ref. [Nakagawa, and Saito, 1996]. Using

Simnon, we reproduce the chaotic attractor obtained

by Ref. [Nakagawa, and Saito, 1996]. 3 Hysteresis modeling

Hysteresis behavior is recognized as a system with

The structure of the paper is as follows. Section two memory. One way to capture hysteresis is by using a
presents the mathematical model of a class of RC-OTA dynamic system. For instance, the new hysteretic sys-
hysteretic-chaotic oscillators. This model is taken from tem:
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Z = a(—z + bsgn(z + asgn(z))), 2

can reproduce the hysteretic behavior shown in Fig. 2,

wherea andb are the hysteresis parameters. The speed

transition betweerh and —b is governed by the posi-
tive parametery; sgn(-) is the signum function. For
instance, ifu = b = 1 anda = 10, the system (2) is:

2 =10(—z + sgn(z + sgn(z))). 3)

Usingz = 10sin(¢) and z(0) = 0, the simulation
results are shown in Fig. 3.

Next, we program a chaotic oscillator equivalent to (1):

T -0lz+z==z2
2 =10(—z + sgn(z + sgn(z))).

(4)
(5)

Fig. 4 shows the simulation results. The obtained
chaotic attractor is the same as that shown in [Naka-
gawa, and Saito, 1996, Fig. 6].

")

Figure 2. Hysteretic behavior.

As an example of the applicability of the proposed hys-
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Figure 3. Simulation result.

Figure 4. Chaotic attractort versusz with initial conditions set
to zero.

thus have a dynamic system that presents bounded tra-
jectory solutions that is highly sensitive to initial con-

ditions and whose signals are random-like. These are
the properties of a chaotic system. Because of the non-

teresis model to chaos modeling, consider the simple gifferentiability of the proposed hysteretic model, there

state-space hyper-chaos realization:

jjl = T2,
To =21+ 22+ 0.1z9 — 21,
Z21 = 10(—21 + sign(z1 — 1 + sign(z1)) + 0.5),

Zo9 = 10(—22 + sign(z1 + 1 + sign(z2)) — 0.5).

The simulation results of this hyper-chaotic system are
shown in Fig. 5. Fig. 6 shows; (t) andz,(t). With a
small change in the initial condition af; from zero to
0.001, the results displayed on Fig. 7 are obtained. We

are some difficulties in calculating the Lyapunov expo-
nents.

4 conclusions

A new hysteretic-dynamic model has been proposed.
According to numerical experiments, this model is ap-
propriate for a class of RC-OTA hysteretic-chaotic os-
cillators. With this model, further applications can be
developed, such as synchronization and masking sys-
tem design using chaotic signals [Acho, 2006]. One
possible future work would be to study chaos in 3D
hysteresis-based systems [Fengling , Jinhu, Xinghuo,
and Guanrong, 2006] by using our proposed hysteretic
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Figure 5. Chaotic attractort versusx with initial conditions set
to zero.
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Figure 6. Simulation results: a) The topas (¢), and b) the bot-
tom isx2 (t) both versus time (in seconds).

mathematical model, among others.
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