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ABSTRACT

In this paper, we are proposing a method to predict cognitive tasks performed by the human brain using spectral
analysis of electrical signals extracted from the scalp of the brain. These electrical signals, which are generated by
the synapses and neurons in the brain, are also known as Electroencephalogram (EEG) signals. The EEG signals
are analysed using autoregressive spectral analysis, a type of modern parametric spectral analysis method, which
comparatively yield berter power spectrum over the classical Fourier methods. Power spectral densities of the EEG
signals are used to train a Fuzzy ARTMAP network to predict the respective cognitive tasks. In our experimental
study, we have analysed 3 subjects performing 2 different cognitive tasks and our average results of 72.22% to
93.05% for each subject show that it is highly possible to predict cognitive tasks based on EEG signals. This can be
used as a mode of communication or wheelchair control for paralysed patients and also in EEG biofeedback
systems.
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1.0 INTRODUCTION

Although the spontaneous electrical activity of the brain or the electroencephalogram (EEG) was discovered in
rabbits and monkeys more than a century ago by Caton in 1875 [7] and the first report concerning the human EEG
appeared more than 60 years ago [8], much remains to be clarified about the nature and the origin of the EEG.
Nonetheless, very soon after its discovery in humans, EEG became an important diagnostic tool and it has remained
so. From 1924 to 1938, Berger [8] laid the groundwork of our present applications of EEG. Since then, a gradual
realisation of EEG in the application of controlled information has led to significant correlations with regard to brain
functioning in certain mental and behavioural states. However, in EEG, the revolution of computerisation has not
turned out to be far reaching and enduring as the revolution in neuro-imaging brought about by computerised axial
tomography (CAT), magnetic resonance imaging (MRI), and positron emission tomography (PET). And yet, as a
non-invasive clinical tool for evaluating brain function, the EEG continues to be very useful. Furthermore, spectral
analysis of EEG signals has evolved over the past three decades with much of the effort directed towards a better
understanding of the functioning of the brain.

These EEG signals are composed of oscillating potentials derived from the scalp surface and originating from the
electrical activity of the brain; specifically EEG signals are generated by neurons and synapses in different areas of
the brain. The potentials may vary in frequency from less than 1 to 50 Hz and achieve amplitudes up to 50 pV.
However, there is a concentration of frequency ranges in normal individuals. This varies from 8 to 13 Hz, which is
known as alpha rhythm, beta potentials are those higher than 13 Hz, theta rhythms are at 4-7 Hz and the slow delta
rhythms range between 0.5 and 3.5 Hz.

In this paper, we are proposing a method to predict cognitive tasks performed by the human brain using spectral
analysis of these EEG signals. A benefit of this system is as a means of communication between paralysed patients
and their external environment i.e. as an interface for use by people with severe physical disabilities. As the
technology advances, it is envisaged that this technique could be used by anyone for rudimentary user-interface
actions, like popping up windows and making menu choices. These systems can also be used in wheelchair
movement control for paralysed patients in addition to providing useful information in EEG biofeedback systems.

58



is used to generate power spectral densities (PSD) of these EEG segments. 1 hese PSL) values are ten useda 1o train
a Fuzzy ARTMAP (FA) neural network to predict the cognitive tasks for the test EEG patterns. FA network is used
instead of other popular neural networks since it has low training time and gives good accuracy in addition to being
plastic while maintaining stability.

Section 2 gives an introduction to EEG signals. In section 3, we give a description of the ARSA method including
the statistical model order criteria and AR coefficient estimation using Burg's algorithm. Section 4 discusses Fuzzy
ARTMAP while Section 5 treats the experimental study and results. The paper is concluded in Section 6.

2.0 EEG SIGNALS

Electroencephalogram (EEG), is a measure of brain activity. The word comes from the Latin ‘encephalon’, which
means ‘brain’. EEG is measured using electrodes (small metal pieces) attached to the skull surface. Nerve cells in
the brain constantly create very small electrical signals. The actual generator of these potentials is thought to be
neurons in the cortex (the outer part of the brain). The electrode is however large in comparison o the neurons, so
what can be seen on an EEG signal is a summation of the activity of thousands or millions of neurons. The EEG
machine contains amplifiers, which amplifies these brainwaves signals, large enough so that we can see them. The
electrical signals are picked up by electrodes glued to the scalp, and travel to the amplifiers of the EEG machine and
then are either written out on paper or saved on the hard drive of a computer and displayed on the computer's
monitor or used in computerised signal analysis.

2.1 Method of Deriving EEG Signals (Montages)

There are three traditional methods of deriving electrical signals from an electrode array. These montages are
commonly described as bipolar, unipolar (or monopolar) and average reference methods. However, it must be
remembered that all derivations are essentially bipolar in the sense that the detecting device must be connected
between two points and will indicate the potential difference between them. The average reference method is not
very popular and will not be discussed further.

In the bipolar method, each channel is connected between two electrodes both of which are likely to be affected by
appreciable EEG potentials i.e. active areas of the brain. Monopolar method however, uses two electrodes — one
connected to the EEG active area and another from a reference of zero potential (typically placed at the earlobe). In
certain literatures, we find the term common reference is used. It actually denotes monopolar readings but with all
the reference channels located on a common electrode. This common reference method is employed in this paper
since it reduces the number of electrodes required.

Note that the amplifier looks at the two electrode signals coming into it and cancels out signals that are the same.
So, the signal that is seen on the paper or on the computer screen is actually the difference between the electrical
activities picked up by the two different electrodes. Fig. 1 shows an example of EEG waveform obtained in the
experimental study of this paper.






























