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Abstract—In this study, we investigate chaos propagation in
scale-free coupled chaotic circuits. When one circuit is set to
generate chaotic attractor and the other circuits are set to
generate three-periodic attractors. We observe how to propagate
chaos in each proposed network. Moreover, we confirm that chaos
propagation of the compact network with high degree node is
more difficult.

I. INTRODUCTION

In the complex network, various type of propagation have
attracted a great deal of attention from various fields. The
pandemic outbreak of viral infection and the traffic jam of
the transportation network are mentioned as an example of
propagation in the real network. It is important to investigate
chaos propagation under some difficult situations for the
circuits. Additionally, it is important to investigate propaga-
tion phenomena observed from coupled chaotic circuits for
future engineering applications. However, there are not many
studies of large-scale network of continuous-time real physical
systems such as electrical circuits. [1]-[3]

In our research group, chaos propagation have been investi-
gated only in simple networks such as ladder and ring topology
[4],[5]. In this study, we investigate chaos propagation in
coupled chaotic circuits with scale free network. 1 We propose
scale free networks using of chaotic circuits coupled by the
resistors. In this model, one circuit is set to generate chaotic
attractor and the other circuits are set to generate three-periodic
attractors. First, we observe how to chaos propagation by
increasing the coupling strength. Moreover, we investigate
chaos propagation in the entire system when we changed
the positions of chaotic attractor and three-periodic attractors
according to degree distribution.

II. PROPOSED MODEL

The chaotic circuit and network model are shown in Fig. 1.
This circuit consists of a negative resistor, two inductors, a
capacitor and dual-directional diodes. This chaotic circuit is
called Nishio-Inaba circuit (see Fig. 1(a)). The normalized

1The extended version of this study is being reviewed for ISCAS’17[6].
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(a)Chaotic circuit (b)Network model

Fig. 1. Proposed model.

circuit equations are given as follows:

dxi

dτ
= αxi + zi

dyi
dτ

= zi − f(yi)

dzi
dτ

= −xi − βyi −
∑
j∈Sn

γ(zi − zj)

(i, j = 1, 2, · · ·, N).

(1)

f(yi) is described as follows:

f(yi) =
1

2

(∣∣∣∣yi + 1

δ

∣∣∣∣− ∣∣∣∣yi − 1

δ

∣∣∣∣) . (2)

In Eq. (1), N is the number of coupled chaotic circuits
and γ is the coupling strength. We define αc to generate
the chaotic attractor and αp is defined to generate the three-
periodic attractors. For the computer simulations, we calculate
Eq. (1) using the fourth-order Runge-Kutta method with the
step size h = 0.01. In this study, we set the parameters of the
system as αc = 0.460, αp = 0.412, β = 3.0 and δ = 470.0.

In our system, each chaotic circuit is coupled by one resistor
R. Our proposed network model is shown in Fig. 1(b). In this
network, the number of nodes which use chaotic circuit are 25
nodes and the number of edges which connect one resister are
34 edges. Other feature quantities of proposed each network
is expressed in Table 1. In this model, there are high degree
nodes such as hub. For example, 5th node and 20th node.

III. SIMULATION RESULTS

A. Chaos propagation
We investigate the chaos propagation by increasing the

coupling strength in each model. In initial state, 6th node is
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(i) γ=0.000 (ii) γ=0.001 (iii) γ=0.008 (iv) γ=0.013

:Chaotic attractor

:Three-periodic attractor
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Fig. 2. The appearances from three-periodic attractor to chaotic attractor.

TABLE I
FEATURE QUANTITIES OF PROPOSED NETWORK.

Feature Network model
Avg. degree 2.72
Avg. path length 2.3
Avg. clustering coefficient 0.397

set to generate chaotic attractor and the other 24 nodes are
set to generate three-periodic attractors. Moreover, the bond
number of 6th node is 2.

Figure 2 shows the appearances how to spread from three-
periodic attractor to chaotic attractor. When we increased the
coupling strength in γ = 0.013, all three-periodic attractors
change to chaos attractors. From the result, all three-periodic
attractors are propagated the chaotic attractor by increasing the
coupling strength and chaos behavior shifts to the neighbor
circuits.

B. Ratio of propagation

In this section, we investigate ratio of propagation by
changing the value of degree in the initial chaos position.
First, we define initial number of chaotic attractor and three-
periodic attractor. we set the parameter so that one node
is set to generate chaotic attractor and other 24 nodes are
set to generate three-periodic attractors. Moreover, when we
fix coupling strength as γ = 0.000, we change the initial
position of chaotic attractor according to degree distribution
in each model. For example, when the value of degree in the
initial chaos position is 11, we set the chaotic attractor in 5th
node. Finally, we investigate ratio of propagation when we fix
coupling strength as γ = 0.001, 0.005. Ratio of propagation
according to degree distribution in each model are shown in
Fig. 3.

When we fix coupling strength as γ = 0.005. The highest
ratio of propagation is 80% when the value of degree in
the initial chaos position is 1. Therefore, 20 three-periodic
attractors are changed to chaotic attractor by chaotic node.

From the result, in each coupling strength, when we in-
creasing the value of degree in the initial chaos position, chaos
propagation is more difficult.

IV. CONCLUSIONS

In this study, we have investigated chaos propagation in cou-
pled chaotic circuits as our proposed model. By the computer
simulations, we confirmed that the three-periodic attractors are

Fig. 3. Ratio of propagation according to degree distribution.

affected from the chaotic attractors when the coupling strength
increase. Moreover, we investigate the ratio of propagation
by changing the initial chaos position. From the result, we
consider that high degree node such as hub weakens weight
of chaos.

For the future works, we develop the network model into
large scale complex networks. Considering the other network
of chaotic circuits is important subjects for us.
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