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Relaxation oscillators with time delay coupling
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Abstract

We study networks of relaxation oscillators coupled with time delays synapses. A pair of oscillators is analyzed and
shown to attain loosely synchronous solutions for a wide range of initial conditions and time delays. Simulations of one- and
two-dimensional oscillator networks indicate that locally coupled oscillators are also loosely synchronous. Desynchronous
solutions are possible when system parameters are varied. To characterize lossely synchronous networks, we introduce a
measure of synchrony, the maximum time difference between any two oscillators. In locally excitatory globally inhibitory
oscillator networks with time delays, we find that desynchronous solutions for different groups of oscillators are maintained,
and the number of groups that can be segregated is related to the maximum time difference within each group. To examine
the maximum time difference, we display its histograms for oscillator networks in one and two dimensions. Also, a range of

initial conditions is given so that the maximum time difference is contained as the system evolves.
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1. Introduction

Coupled oscillators have been the subject of much
research in fields such as physics [17,43], chemistry
[1,29], and biology [4,45]. Much recent work into
emergent synchronization has been stimulated by ob-
servations of synchronous neural activity with fre-
quencies in 30-80 Hz in various brain regions, referred
to as 40 Hz oscillations. These studies indicate that
neural acitivity can be synchronized over long dis-
tances, e.g., 14 mm in monkey sensorimotor cortex,
and across both hemispheres of the brain [32].
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Visual features of an object, such as motion, color,
and orientation, appear to be processed in distinct cor-
tical areas [46]. The brain is able to group, or link,
these features together to create the perception of a
coherent object. How the brain links various features
to form a coherent object is known as the feature bind-
ing problem. Theoreticians have proposed that tem-
poral correlations in the firing patterns of different
neurons may serve to link separate features [21,37].
One may implement temporal correlation with neu-
ral oscillators. In vision, for example, each element,
or pixel of an image, can be represented with an os-
cillator. A temporal labeling process is then imple-
mented such that all oscillators comprising an object
have the same phase. Different objects are represented
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