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Abstract— In this study, chaotic behavior on a sim-
ple chaotic circuit with multi-driving points is investi-
gated. Modified chaotic circuit which have diodes with
both polarities and a piecewise-linear resistor with sev-
eral segments are shown. A design scheme of a piecewise-
linear element constructed by using electrical elements
is proposed and shown. Both chaotic and non-chaotic
oscillations in the same parameters can be confirmed si-
multaneously in the proposed chaotic circuit. Further
some experimental results and piecewise-linear charac-
teristic of the nonlinear element by PSPICE simulation
are also shown.

1. Introduction

Many types of chaotic systems and circuits have al-
ready been proposed and investigated. They have in-
teresting features, if the negative resistor as an active
element are assumed to be constructed in parallel or
series connection with nonlinear functions. Complex
and strange nonlinear structures yield a wide variety
of chaotic phenomena. It is an important idea that
how does nonlinearity lead to various kinds of behav-
iors. There are famous chaotic attractors such as double-
scroll[1], n—double scroll and scroll grid attractors[2].
They are also constructed by making several equilibrium
points. A mechanism and search of chaotic regions in
piecewise-linear systems were investigated[3]. The pur-
pose of our study is to clarify coexistent both phenomena
of chaotic and non-chaotic in chaotic systems with sev-
eral equilibrium points.

In this study, we adopt a three-dimensional au-
tonomous chaotic circuit, and chaotic behavior on a sim-
ple chaotic circuit with multi-driving points is investi-
gated. This circuit consists of three memory elements,
some diodes and designed negative resistors. It is well
known that the chaotic circuit proposed by Inaba et al.[4]
1s asymmetric with respect to the origin and it behaves
chaotic. In general, a linear region of the negative resis-
tor realized by an OP amp on a circuit experiment is only
used. We modified this chaotic circuit to include diodes
with both polarities and with some minor changes. We
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change a characteristic of the negative resistor to a con-
tinuous five-segment piecewise-linear resistor. Our pro-
posed system is symmetric with respect to the origin. It
is similar to a three-dimensional chaotic system[5] at a
glance, however it is different from stability at the ori-
gin, 1.e., it is oscillatory at the origin because of negative
resistance. Generally speaking, it can be constructed
a concept for complicated structure of chaotic attrac-
tors to make many equilibrium points. Piecewise seg-
ment design scheme constructed by electrical elements
is proposed. Then, several computer simulation results
in the proposed circuit are shown. We can confirm si-
multaneously both chaotic and non-chaotic oscillations
in the same parameters. Further some experimental re-
sults and piecewise-linear characteristic of the nonlin-
ear element by PSPICE simulation are also shown. For
the future research, we make a proposal idea to realize
chaotic complex motions in coupled systems and to ap-
ply several chaotic applications.

2. Model Description

There are several chaotic circuits constructed by three-
dimensional autonomous systems. In this study we
adopted a modified three-dimensional chaotic system.
One of the well-known chaotic circuit proposed by In-
aba and Saito[4] is shown in Fig. 1. Tt is also well known
that it can be behave chaotic, and it shapes Rossler type
chaotic attractors. The circuit equations are described

by

di
I d? =

digs .
el va(irn)
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(1)
= —(ip1 +ip2) —gv

where ¢ is a linear negative conductance value of Ng
if we consider the negative resistor as an ideal. The
variable v4(irs) is a function depending on the current
through their diodes D in Fig. 1(a), which determines
their chaotic dynamics. The ¢ — v characteristic of one
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diode is approximated by two-segment piecewise-linear
functions as shown in Fig. 2(a). The part of diodes with
both polarities is constructed by some diodes, and their
threshold voltages can be set as +V; and —Vj; respec-
tively. Tts characteristic is shown in Fig. 2(b) which is
described as three-segment piecewise-linear functions by

. 1 . .
vg(ir2) = 3 {rsipe + Vil — |rsipe — Val} (2)

Furthermore the circuit equation (1) can be rewritten
by changing the following variables and parameters as
follows:
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The circuit equation can be normalized if we chose Vy for
a threshold voltage value of the diodes. Then the circuit
equations can be rewritten by

(3)
g =

y = Blz—[f) (4)
;= —(r4y —nvz
where
f) = 5 Aoy + 11— lsy — 1) (5)

In this study, we consider the negative resistor Ng in-
cluded in the circuit as a piecewise-linear characteristic
shown in Fig. 3. The piecewise-linear resistor can be
easily constructed by a connection of some components
in parallel as shown in Fig. 4(a)—(c), and its compound
characteristic of Ng can be illustrated as shown in (d).
Let us consider that the part of negative resistance in
FEq.(4) replaces to h(z), then it was rewritten by

o= A1) (6)
Sz ety - h()

where h(z) is a function of z, which is designed by five-
segment piecewise-linear as shown in Fig. 5. This char-
acteristic 1s described with a canonical form as follows:

=moy 2 + %
{(mo —m1)(|z — Bpz| — |z + Bp2l)

+(m1 —ma)(|z — Bp1| — |z + Bp]) }

h(z)
(7)
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Figure 1: Schematic figure of a chaotic circuit. A basic
model was proposed by Inaba et al.
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Figure 2: Examples of characteristic of a typical diode
in (a) and a diode model with both polarities in (b).
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Figure 3: Nonlinear resistor model Ng.

where v* is a basic parameter, hence values my(k =
0,1,2) are the ratio to the value v*. This circuit model is
symmetric with respect to the origin and it has five equi-
librium points which three are unstable and others are
stable. A feature of this model 1s to possess two nonlin-
ear components, such as diodes with switching role and
piecewise-linear negative resistors with active elements
for their oscillations.

3. Simulation Results

Some simulation results are shown for the parameters
~* = 0.20 and v* = 0.50 respectively. Other param-
eters are 5 = 10.0, 6 = 100, and construction of the
piecewise-linear characteristics form are realized by Bp,
= 0.1, Bps = 0.3, mg = —1.0, my = 1.0 and ms = —1.0.
It is noticed that threshold voltage of diodes with both
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Figure 4: Design method for v—¢ characteristic of a
piecewise-linear resistor in the chaotic circuit. (a) NRy,
(b) NR: and ideal diodes with both polarities, (¢) ideal
diodes and one resistor, (d) piecewise-linear character-
istic of NR: compound characteristic of (a) to (c) con-
nected in parallel.

polarities including in the chaotic circuit is normalized
as V3 = 1.0. Hence we chose V; between breakpoints Bps
and Bps. Because the value of breakpoint Bps is larger
than enough Vg, it can be ignored in computer calcula-
tion. Therefore five-segment region is only drawn in Fig.
5 and this canonical form of five-segment piecewise-linear
function was also only described in (7). We can change
values v* and m;, as control parameters. In order to be
accuracy calculation, the boundary of switching of the
diodes is calculated by using bisection method. Figure
6 shows some attractors when the initial conditions are
changed. Both figures (a-1) and (a-2) does not behave
chaotic for the parameter v* = 0.20. We can only ob-
serve one periodic oscillations in this parameter. On the
other hand, we can confirm that chaotic and non-chaotic
oscillations are coexisting for the parameter yv* = 0.50.
Chaotic attractors were confirmed on such parameters.
Simultaneously we can also observe the non-chaotic os-
cillation in the same parameters. This reason is that
solution of oscillation behaves just like a van der Pol os-
cillator because oscillation acts on a region around the
area |z| < 0.2 Two oscillatory phenomena coexist in this
proposed circuit, i.e., a chaotic oscillation and a non-
chaotic oscillation. This feature is very interesting be-
cause variety of chaotic phenomena was emerged if we
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Figure 5: Piecewise-linear characteristics of the non-

linear resistor.
A\

couple these systems as like as a network, a ring and so
on. It is expected to be utilized for several applications
by these coupled systems.

The circuit experiment results by using PSPICE sim-
ulator are also shown. In order to realize the non-linear
characteristic of Ng, we designed a piecewise-linear re-
sistor constructed by using some OP amps(TL082CP)
and resistors. The details technique is explained in [6].
Figure 7 shows a schematic design of Ng. The nonlinear
resistor is realized by two OP amps, some diodes and
DC voltage which is used for setting threshold voltage
strictly, and resistors. Figure 8 shows piecewise-linear
characteristic realized on the PSPICE simulation. Nor-
mally, the voltage of capacitor C oscillates in the area of
the threshold voltage between around + Vy (Vz = 5[V]).
A schematic design of a whole circuit on the SPICE sim-
ulation is shown in Fig. 9. Circuit parameters are all il-
lustrated on a schematic figure. Chaotic and non-chaotic
attractors corresponding to the figure 6 are shown in
Fig. 10. We can also confirm that both chaotic and
non-chaotic attractors are simultaneously observed in
the same circuit parameters.

4. Conclusions

In this study, we have investigated an chaotic behav-
ior and coexisting phenomena of both chaotic and non-
chaotic oscillations in the same parameters on a chaotic
circuit whose resistor has a piecewise linear characteris-
tic. Namely, we could observe multi-driving of chaotic
and non-chaotic oscillations. Design of a new chaotic
system has been proposed and some simulation results
have been shown. These chaotic behavior observed in
this study are expected to yield new chaotic phenomena
in several coupled chaotic systems. We have proposed
a chaotic system with nonlinear resistors connected in
parallel, however we expect to confirm very strange and
complex behavior on coupled such nonlinear elements in
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Figure 6: The z — x plane projection of attractors on the
chaotic circuit for the parameter v* is 0.20 (a-1, a-2)
and 0.50 (b—1, b-2) respectively. The other parameters
are § = 10.0, 6 = 100, Bp; = 0.1, Bps, = 0.3, mg = — 1.0,
my = 1.0 and ms = —1.0. Both chaotic and non-chaotic
attractors have all the same parameters, however the
initial conditions are just only different.

series because 1t has been considered that coupled con-
tinuous nonlinear elements yield a variety of complex
characteristics.
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Figure 7: Schematic design for non-linear resistor Ng in
the proposed chaotic circuit.
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Figure 8: Piecewise-linear characteristic of the non-
linear resistor Ny realized by several circuit elements on
the PSPICE simulator. The model type of an OP amp
used in simulations is TLO82CP. (a) the whole charac-
teristic, (b) enlargement area between —5 and +5[V].
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Figure 9: Schematic design of a whole chaotic circuit on
the PSPICE simulation.

Figure 10: PSPICE simulation results.
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