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Abstract -A stochastic model for visual evoked response 
generation is proposed based on a compound neurological 
generator approach. Participation of individual 
generators is stochastically modelled in a physiologically 
realistic manner that captures the inherent variability in 
latencies and amplitudes associated with the component 
phases of the response. The model is invertible such that 
decomposition of real responses to reveal individual unit 
generator participation is possible and suggests that 
conventional averaging techniques may provide a truer 
picture of the visual evoked response than previously 
thought. 
Keywords- Neural modelling, evoked potentials, ensemble 
averaging. 

I. INTRODUCTION 
In this study a specific electrical response of the central 
nervous system to visual stimuli will be acquired, 
analysed and modelled in an attempt to yield new 
measures of nervous system integrity and function. In a 
similar fashion to nerve conduction studies (NCS) the 
approach used, is to work up from the single neural 
response to a macro activity of large ensembles of 
neurons. Similar approaches have been undertaken for 
evoked responses by [1] and [2]. 

The visual evoked response under study in this 
work is termed the monocular full-field pattern shift 
reversal visual evoked response (FF-PSR-VER) [3] and is 
a particular manifestation of a VER, though it is hoped 
that some of the ideas presented here based on this 
particular paradigm can be generalised to include whole 
classes of ER modalities. The clinical value of such 
responses has been most apparent in the evaluation and 
diagnosis of degenerative nerve diseases such as multiple 
sclerosis. A significant body of evidence suggests that 
patients suspected of such conditions often suffer from 
demyelinating lesions in the visual pathways that may 
give rise to 'abnormal' VER patterns. Consequently the 
accurate recording and analysis of such responses has 
become more critical and methods by which additional 
information regarding the integrity of the visual pathways 
can be ascertained are of significant value, {4][5]. 

The acquisition of a single ER is a difficult task as 
the intervening skull structures and tissue serve to 
substantially attenuate the evoked signal to very low 
levels (0.2-5,.LV amplitude) while the significant distances 
between the electrodes and the response generators result 
in additional EEG signals of much higher amplitude (20-
toOI-LV) swamping the desired signal. To exacerbate 
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matters, motor artefact, ECG actIvIty, ocular potentials 
and mains 'hum' all serve to contaminate the signal 
further. Consequently the detection process becomes very 
difficult, and satisfactory acquisition can only be brought 
about by means of additional signal processing methods. 

One of the earliest successful attempts to enhance 
the measured response was realised by Dawson [6] in 
1947 using the superposition of photographed individual 
traces in a montage that elucidated the nature and form of 
the evoked potential. This method also had the advantage 
of providing a means whereby changes in the latency of 
the response could be tracked. Since then this process has 
become more sophisticated in terms of technological 
implementation e.g. the process is usually done on-line 
with automatic screening of responses such that samples 
with excess contamination are excluded from the 
averaging process, but the principle has remained the 
same. It is rather unsatisfactory that even though 
advances in signal acquisition hardware, signal processing 
algorithms and basic brain science has meant that we now 
know a lot more about the nature of evoked responses and 
are thus in a far better position to successfully extract 
quantitative information regarding brain functioning, the 
ensemble averaging technique remains the most utilised 
measure. Is this telling us something about our 
understanding of the formation of VERs, i.e. does the 
averaged response contain more information than we 
think? In particular is it possible that there is a 
fundamental flaw in our understanding of the formation of 
evoked responses particularly with regard to the 
phenomenon of 'jitter' (i.e. variability in latency and 
amplitude of the waveform). The model proposed here 
reconciles the 'jitter' phenomenon with the ensemble 
averaging approach. 

II. MODEL STRUCTURE 
The model structure is parallel in nature consisting of an 
ensemble of neurological generators acting independently of 
each other in a manner not dissimilar to that responsible for 
sensory nerve conduction studies [7]. Each generator can be 
though of as an optical pathway fibre along which action 
potentials (APs) are propagated with a velocity related to the 
nerve fibre parameters. For conventional myelinated nerve 
fibres a linear dependence between nerve diameter and 
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