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Abstract.  This research is concerned with using nonlinear dynamics
to greatly enhance the range of possible behaviours of artificial neurons.
A novel neuron model is presented which has a dynamic internal state
defined by a set of nonlinear equations, together with a threshold driven
spike output mechanism. With the aid of spike feedback control the model
is able to stabilise one of a large number of Unstable Periodic Orbits in
its internal dynamics. These orbits correspond to dynamic states of the
neuron each of which generates a unique periodic spike train as output.
The properties of this model are explored through experiments with single
neurons and networks of neurons.

1 Introduction

This paper is concerned with using the rich dynamics of nonlinear systems to en-
hance the range of possible behaviours of artificial neurons. The term behaviour
broadly refers to the information processing activities that neurons engage in,
such as arriving at states of activation, generating firing patterns and so on. A
long term aim of this research is to use these enhancements in neuron behaviour
to overcome some of the limitations found in many artificial neural network
models (e.g. low memory capacity in terms of the ratio of patterns that can be
stored to the number of neurons deployed). A novel Nonlinear Discrete State
(NDS) neuron model is presented which can select from a large range of pos-
sible behaviours. Experimental evidence for these behaviours is presented and
discussed.

Nonlinear dynamical systems are strong candidates in the search for methods
to greatly enhance the range of possible behaviours of artificial neurons. Chaotic
systems continuously generate new patterns of behaviour which could be used
as a basis for neural computation [1]. Furthermore, several methods of chaos
control have been developed which enable the selection and stabilisation of pe-
riodic patterns of behaviour called Unstable Periodic Orbits (UPOs) [2, 3, 4].
Chaotic attractors are densely packed with a theoretically infinite number of dis-
tinct UPOs. Our research is concerned with the possibility that these UPOs be
designated as the set of possible internal dynamic states of a neuron. Although
practical limits on computer models of these attractors (e.g. accuracy of floating
point representations of numbers) may mean that this set of states is not infi-
nite, nevertheless it would be extremely large. We present experimental evidence
that suggests that the NDS neuron can select from an immense number of dis-
tinct UPOs each corresponding to a unique internal dynamic state (see Section
3). Each UPO that is stabilised on the internal dynamics of the NDS neuron
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