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A Chaosing Circuit Model for Heart Fibrillation

L. Sellami and R. W. Newcomb

Abstract-Based on the equations of Keener, a novel and
simple circuit model capable of generating chaotic activities
similar to those that can occur in the heart is presented. The
circuit consists of two RC cells, a mono-stable multi-vibrator,
and a pulse generator, and is suitable for VLSI design. PSpice
simulations are run to verify its performance. This model could
be used to examine the possible reasons for the existence of
these activities in the heart and will hopefully help to eliminate
these causes.

L INTRODUCTION

The design of simple chaotic circuits is important not
only for analyzing and explaining nonlinear phenomena
but also for engineering applications. Indeed, these

circuits exhibit great potential applications in signal
processing, neural computation, control systems, and
communications, as evidenced by the great number of
publications in this area, of which we only cite a few here
[1]-[5].

The motivation for this work is fibrillation, or irregular
patterns of excitation, in the heart, which seems to be a
chaotic mode. In our view, very simple electronic systems
which mimic such phenomena, such as fibrillation of the
heart, could lead to valuable noninvasive experimentation
that could improve the quality of life for many individuals,
for example by yielding control systems that can bring the
system out of chaos.

In this paper, we propose a novel and simple chaos
generator circuit that mimics chaotic activity in the heart.
The main idea for the design is inspired from [6]-[9], which
present mathematical models for the atrioventricular (AV)
conduction block, the latter being a disorder of conduction
mechanism whereby the AV node fails to conduct some of
the incoming impulses. Other models based on cardiac
electrophysiology can be found in [10] and [11].

Our circuit, which implements the equations developed by
Keener in [6], is designed using two RC cells, a mono-stable
multi-vibrator, and a pulse generator. The circuit does not
use inductors, hence its suitability for VLSI fabrication.
PSpice simulations are run and the results are discussed.
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II. CHAOS IN THE HEART

The heart is composed of three major types of
components: atrial, ventricular, and specialized excitatory
and conductive fibers. The atrial and ventricular muscles
contract the same way as skeletal muscles, but with a longer
duration. The specialized fibers, however, exhibit rhythmical
contractions with varying rates of conduction, thus providing
an excitatory system and a transmission system for controlled
conduction ofcardiac signals throughout the heart [10].

~~..il,,~i~M?- --Right bundle
branch

Fig. 1. Cross section ofthe heart showing the sinoatrial node and
the atrioventricular node [12, p. 112].

As shown in Fig. 1, the sinoatrial (SA) node is a small
mass of cells embedded in the right atrial wall near the
entrance of the superior vena cave. Even though several
other areas of the heart· are capable of spontaneous,
rhythmical, self-excitation, the SA is the area with the fastest
inherent rhythm and is considered the norinal pacemaker for
the entire heart [12, p.112].

In a normal situation, a depolarization (excitation) wave is
spread in a rapid and coordinated fashion through a
specialized conduction system within the heart from the SA
node. This wave usually travels from the SA node
throughout the right atrium and through a specialized bundle
of fibers to the left atrium.

The atrioventricular (AV) node (Fig. 1) is the second mass
of specialized cells that the depolarization wave encounters
and is located at the base of the right atrium. The AV node
and the bundle of fibers, known as the Purkunje fibers, are
the only conducting links between the atria and the
ventricles, and all other areas of the heart are separated by
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Fig. 4. Chaosing circuit with MOS mono-stable multivibrator.
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Fig. 3. Chaosing circuit with the mono-stable multi-vibrator
implemented with NOR gates.
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To make the circuit suitable for VLSI fabrication, all
resistors are MOS transistorized following the method in
[14], Le., using two identical NMOS transistors and a battery
£1, as shown in Fig. 5. The value of the transistorized
equivalent resistance is calculated as:

the resistances are calculated using Rl=l/a, R2=k/P, and

R4=I/y.

II. THE CHAOSING CIRCUIT MODEL

Our circuit is based on the AV conduction block model
equations (1)-(3), where both (1) and (3) are implemented by
two RC cells, with grounded resistors and capacitors,
respectively labeled excitatory AV node RC cell and
inhibitory AV node RC cell. As shown in Fig. 2(a) and Fig.
2(c), v(t) and u(t) are the voltages across leaky capacitors, of
capacitance normalized to unity, excited by a current pulse,

kIoe-f3tH(t), and a current impulse uo8(t-t;) , respectively.

A mono-stable multi-vibrator is used to generate a sharp
pulse to mimic the latter, while the circuit in Fig. 2(b),
generates the current pulse of (2). Fig. 3 shows the chaosing
circuit, with the mono-stable being implemented with two
NOR gates connected in cascade with feedback [13, p.
1107], whereas Fig. 4 shows the same circuit with the mono
stable fully MOS transistorized. In both figures the values of

I. CHAOS MODEL EQUATIONS

In this section we review the model for the AV conduction
block, which is described as follows: first, when the SA node
fires, the tissue surrounding the AV node produces an
excitatory voltage impulse. If this impulse is sufficiently
strong, the AV node will also fire, causing the ventricle to
contract. Second, whenever the AV node fires and the
ventricle contracts certain inhibitors are produced which
increase the firing threshold of the AV node. It is shown in
[6]-[8] that the voltage v(t) at the AV node can be modeled
by:

dv kl -pt-= e -avo (1)
dt 0

if the SA node firing at t = 0 produces a current pulse of the
form:

let) = Joe- PtH(t). (2)

Here H(t) is the usual Heaviside (Step) function, 10 the initial

current pulse amplitude, ~ the reciprocal ofthe time constant
of I(t), and k and a are coefficients that determine the
amount of excitation. Assuming the AV node has an
instantaneous effect on the inhibitors, the level of inhibition
can be calculated as follows:

du
-=-yu+u 8(t-t.). (3)dt 0 I

where y is the reciprocal of the time constant for the

inhibitor, t; the firing time of the AV node, Uo the amount

of inhibition injected at the firing time, and 8(t) the usual
impulse (delta) function.

non-conducting tissue. Normally, impulses travel along the
Purkunje fibers to the base of the ventricles after leaving the
AV node and spread throughout the left and right ventricles.
However, there are several ways by which this sequence can
be disturbed [6], which can cause the heart to miss a beat
and, thus, act chaotically.
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Here K=KP(W / L) and Vt is the threshold voltage for the

NMOS transistor. To obtain a specific resistance value~ the
standard NMOSIS model (1.5J,1 process) is used~ with

KP=5.048.10-5 and ~=VTO=O.8581 V. Setting Vdd equal to

5V and £1 equal to ~ ~ allows for the appropriate

ratio W / L to be calculated.
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III. SIMULATION RESULTS

To verify the operation of the model~ PSpice simulations
on the circuits of Fig. 3 and Fig. 4 were run~ and the outputs
of the mono-stable, the AV node excitation v(t), as well as
inhibition u(t) are plotted in Fig. 6 and Fig. 7 for a set of
parameters that produced a skipped beat. This~ in turn~

caused the circuit to go into what looks like a chaotic mode~

i.e.~ the inhibition continued to decrease at the skipped beat
when~ under normal conditions~ it was supposed to rise when
it became equal to the excitation. It is important to note that
the values of the parameters k, 10, a, /3, ~ and Uo are critical
to generating chaos; in fact~ the condition a=/3=k is essential.
For further illustration~ in Fig.3 and Fig. 4 we specify a set of
values of these parameters that produce a chaotic behavior.

IV. CONCLUSION

We presented a circuit model capable of generating
chaotic type signal similar to that seen in the heart~ based on
Keener~s mathematical model equations (1)-(3). A pulse
generator~ two RC circuits~ and a mono-stable multi-vibrator
are the basic elements that compose the chaosing circuit
model. The circuit operation and performance were verified
via PSpice simulations.

Ultimately~ the goal is to bring the circuit to a level
suitable for VLSI fabrication. Towards that end~ the mono
stable circuit and the resistors have been transistorized.
There still remains the issue of the capacitor values which
are large and thus need to be scaled down to reasonable
values that can be implemented in VLSI.

Fig. 6. Outputs of the mono-stable, showing a skipped beat,
excitatory AV node RC cell, and AV inhibitory RC cell.
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Fig. 7. Outputs of the MOS mono-stable, showing a skipped beat,
excitatory AV node RC cell and AV inhibitory RC cell.
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