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Abstract - A mathematical model for evoked potentials 
is outlined. The model has been developed by 
considering phase synchronisation of the underlying 
neurological processes. Tbe model, consisting of an 
ensemble of uncoupled linear oscillators with a gaussian 
distribution of frequencies is shown to reproduce tbe 
typical response of PIOO visual evoked response. Tbe 
model structure is parallel in form and is considered to 
be pbysiologically realistic. It is also sbown that tbe 
calculated behaviour of tbe ensemble can be generated 
by a 2"" order linear differential equation with time 
varying coefficients, thus highlighting the fact that 
entirely different physical structures can generate 
identical responses. 

I. INTRODUCTION 

The analysis of EEG data for the presence of evoked 
potentials has traditionally been carried out by a signal 
averaging process. However, a number of methods have 
been proposed which employ the information contained 
within the pre-stimulus interval to aid the identification 
process [1] [2]; it is generally assumed that the evoked 
response is an additive contribution to the on-going 
spontaneous EEG activity. 

However, is has been suggested that the external stimulus 
acts to phase-modify the spectral components of the 
spontaneous activity [3]. It has been further suggested that 
evoked . potentials and event related potentials reflect 
external stimulus and endogenous synchronisation, 
frequency stabilisation, frequency selective enhancement 
and phase re-ordering of the on-going EEG [4]. It has also 
been reported that 750 milliseconds following auditory 
stimulus any phase-control of spontaneous EEG activity 
diminishes, allowing fully spontaneous activity to be 
restored [5]. As a point of interest one of the authors was 
involved in the development of a model of the 
autoregulation in the kidney based on uncoupled but 
nonlinear oscillators [6]. 

The approach taken involves analysis of evoked responses 
in the frequency domain. An investigation of Fourier 
harmonic components show that the phase angle of a 
given component becomes a random variable, due to the 
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noise content of the measured waveform. This phase angle 
has a uniform distribution from 0° - 360° if the component 
is composed of solely of noise. However, it has been 
reported that the presence of an evoked response will cause 
an aggregation of phase values in some angular region 
when repeated measurements are performed, with 
resulting non-uniformity of the phase angle distribution 
[7]. Such non-uniformity has been employed as a detection 
criterion for the presence of auditory brainstem evoked 
potentials, resulting in a reduction of stimulation 
administered to the subject. 

II. MODEL STRUCTIJRE 

A model composed of linear oscillators has been developed 
to simulate the synchronisation of phases. Considering 
sin (mI). where m is a random variable with probability 
density function 
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The expected value of sin(mI) is 
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Since p( m) is a probability density function, 
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independent of )J and 0'. If the first integrand is denoted 
as eqn. (5) . 

the second integrand is simply the same with t replaced by 
-to Consider the integrand 

e (6) 
This can be configured into the form of eqn. (7). 
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