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A feedback suppression of traveling waves

in an excitable medium with parameter uncertainty
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It is well known that blood in a body is circulated by periodic electronic activation in cardiac tissue;
however, the ability of the heart to pump blood is reduced by irregular activation, such as ventricular
tachycardia and ventricular fibrillation. This irregular activation, which induces a major health problem, is
described as the spatial waves and spatiotemporal chaos in excitable media [1]. The only current treatment
for eliminating the activation is to apply a high-voltage electric shock to the patient’s chest. Unfortunately,
this treatment often causes physical and mental strain to the patient; there are great hopes to put a low-
voltage electric shock into practical use [2].

As the electric shock for the elimination corresponds to a suppression of spatiotemporal behavior in
excitable media, a lot of methods for suppression have been proposed [2]. Most methods are classified into
nonfeedback controls: an external force is unilaterally applied to a medium without using information of
medium state. It is easily imagined that the characteristics of cardiac tissue depend on individual factors,
such as body weight, age, health, and so on; thus, the electric shock must be changed for individuals. On
the other hand, in recent years, several feedback controls, it is adaptively applied with using information
of medium state, have been proposed [3, 4, 5, 6]. In general, the feedback controls essentially have the
following advantage: the control performance does not degrade even for external disturbances or changes
in their environments. However, there have been few efforts to show the advantage of feedback controls for
excitable media.

The present report deals with a feedback suppression of Bär model [7]:





∂u

∂t
=

1
ε
u(1 − u)

(
u − v + b

a

)
+ ∇2u

∂v

∂t
= g(u) − αv + e

,

where u and v are state variables. g(u) is given in Ref. [7]. ∇2 := ∂2/∂x2
1 + ∂2/∂x2

2 denotes the Laplace
operator. x1 ∈ [0, L] and x2 ∈ [0, L] are the position, where L represents the width of medium. 0 < ε $ 1, a,
and b are the parameters. Remark that α is an uncertain parameter. The ratio of a space mean excited-area
to the whole medium area L2, that is y, can be measured in real time. The present report proposes the
external impulsive force, e = E0 if t ∈ [ti, ti + ∆t] or e = 0 otherwise, which is applied spatially uniform.
E0 and ∆t $ 1 are the amplitude and the small interval of the external force. ti denotes the time which
satisfies y|t=ti

> y0, {dy/dt}t=ti
= 0, and

{
d2y/dt2

}
t=ti

> 0. We see that y is the local minimum value at
time ti, where i ∈ {1, . . . , n} represents the number of the local minimum.

Our numerical simulations show that the external impulsive force e based on the feedback control suc-
cessfully suppresses traveling waves in the medium with uncertain parameter. Furthermore, we confirm that
the robustness of the performance on our feedback control with respect the uncertain parameter is superior
to that on nonfeedback control.
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Delay independent design for chaotic synchronization

in delay-coupled Bernoulli map networks
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The rich phenomena arising from coupled oscillators have been a great attention in nonlinear science.
One of the most widely studied phenomena is synchronization. It is well-known that the local stability of
synchronous state is equivalent to that of time-varying linear systems [1]. Since it is difficult to derive the
analytical condition for time-varying linear systems to be stable, some numerical calculations are needed to
analyze the local stability of synchronous state.

The interaction of coupled oscillators inevitably contains a certain time delay due to finite propagation
speed of information. Therefore, the dynamics of delay-coupled oscillator networks has been extensively
investigated in recent years. The local stability of the synchronous state is governed by time-varying linear
systems with time delay. It is not easy to analyze the stability because of the following two facts: (a) The
dimension of such linear systems is infinite due to the time delay; (b) The linear systems contain time-varying
parameters which depend on the synchronous state.

Delay-coupled map networks, which have discrete-time dynamics, do not have fact (a). Moreover, we
can numerically obtain high precision orbits without numerical integration. Thus, coupled map networks
are considered as suitable models for investigation of dynamics in large-sized networks with time-delay
connections. The synchronization in delay-coupled map networks have been widely investigated. However,
most of previous studies do not provide analytical conditions for the synchronous state to be stable, since
there still remains fact (b). For delay-coupled Bernoulli map networks, the local stability of the synchronous
state can be reduced to that of time-invariant linear systems because such networks do not have fact (b).
As a result, we can easily derive an analytical condition for the synchronous state to be stable.

This report proposes a design procedure of a coupling strength and a map parameter such that chaotic
synchronization is induced in delay-coupled Bernoulli map networks. We consider a practical situation where
the time-delay in connection, the number of maps, and the detailed information of network topology are
not obtained. It is shown that the local stability is equivalent to that of a time-invariant linear system
with uncertain parameter and uncertain dimension. Although it is difficult to derive the necessary and
sufficient condition for such uncertain linear system to be stable, we can derive a simple sufficient stability
condition by a criteria [2], which was provided in the field of control theory, for designing the strength and
the parameter. Our design procedure is confirmed by some numerical simulations.
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