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ABSTRACT

Event-related potentials have been found to be a useful indicator of brain states and
brain abnormality. The contingent negative variation, P300 and bereitschaftspotential
are well researched event-related potentials of particular interest. Many factors have to
be considered in the design of measurement systems to record multiple channels of
these signals accurately. The correlation between channels must be high and channel
noise and distortion must be minimal, whilst the system as a whole must meet the
requirements of the medical safety standards. For further research there was found to be
a requirement for a dedicated thirty-two channel ERP measurement system that met
these criteria. This has been achieved in a PC based system that utilises simultaneous
sampling of all channels, and filters that extend to very low frequencies. Software
control of the system enables user adjustment of recording parameters and paradigm
implementation. Data processing using high level software enables digital signal
processing techniques to be applied for further noise removal and signal analysis. The
system has been tested using synthetically generated signals and by limited recording of
the three ERPs. The results prove that the system is a suitable tool for high accuracy,

multi-channel recording of ERPs.



1 INTRODUCTION

1.1 Aims and Objectives

The aim of this work is to design, manufacture and test a 32 channel event-related
potential measurement system, for initially recording the contingent negative variation,
P300 and bereitschaftspotential, but with the ability to be developed further to record
alternative event-related potentials. The design is to be targeted to measure and record
low frequency event-related potentials with maximum accuracy and minimum
distortion. The correlation between channels is to be maximised and the susceptibility to
interference minimised. Commercial measurement systems do not meet all of these
requirements necessary for event-related potential research. Alternatively research
systems are usually not designed to be practical in terms of use and little attention seems
to be paid to the relevant medical safety standards required for equipment to be used in
hospitals. This system is to be designed to be a dedicated research tool, that is easy to
use and modify and meets the relevant hospital safety standards that enable it to be used
on a wide variety of subjects.

The development of such a piece of equipment to perform multi-channel
recording of these event-related potentials will enable further research to give greater
insights into their spatial distribution leading to better understanding of their origins and

possibly functional representation.



1.2 Outline

Chapter 1 gives an introduction to event-related potentials, their origins and what they
may represent. The contingent negative variation, P300 and bereitschafispotential are
then described, along with their method of generation, clinical applications and
recording parameters.

Chapter 2 covers the technological problems of EEG recording including standing
electrode potentials, electrode impedance, movement artefacts, noise and interference.
The principles of EEG amplification and filtering are covered leading on to a detailed
description of requirements and finally an event-related potential measurement system
specification.

Chapter 3 describes the hardware implementation of the measurement system. The
overall system is described first and divided into sections that are then covered in more
detail.

Chapter 4 describes the system control program and data analysis software. Flow charts
show the overall program structure and key functions are described.

Chapter 5 details the system tests performed to prove the validity of the measurement
system and its accuracy. The system is tested first with synthetically generated
waveforms to quantify its performance followed by limited subject tests.

Chapter 6 compares the achievements of the work with the initial aims and objectives

and concludes with areas for further work.
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