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Abstract

Electroencephalogram (EEG) is a highly complex signal, contains information relating
to the different physiological states of the brain. Hence, the EEG signal is an invaluable
measurement for the purpose of assessing brain activities. The main aim of this thesis is
to develop novel features based on non-stationary signal decompositions of EEG signals for
analysis and classification with special emphasis on pathological state changes in epilepsy and
physiological state changes in sleep stages and emotions. The details of developed features

for different applications are as follows:

e Epilepsy is one of the most common neurological disorders characterized by transient
and unexpected electrical disturbance of the brain. The EEG signal contains a lot of
information about the human brain function and neurological disorders like epilepsy.
The empirical mode decomposition (EMD) decomposes an EEG signal into a finite
set of band-limited signals known as intrinsic mode functions (IMFs). The Hilbert
transformation of IMFs provides analytic signal representation of IMFs of EEG sig-
nals. The area measured from the trace of the analytic IMFs, which have circular
form in the complex plane, has been proposed as a feature in order to discriminate
the epileptic seizure EEG signals from the normal EEG signals. The modified central
tendency measures (CTM) has been proposed to compute the radius for measuring the
area, of analytic IMF's in the complex plane. It has been shown that the area measure
of the IMF's has given statistically significant discrimination between epileptic seizure
and normal EEG signals. Experimental results on the published dataset have been in-
cluded in order to show the effectiveness of the proposed area feature for discriminating

epileptic seizure EEG signals from the normal EEG signals.

e The IMFs generated by EMD method can be considered as a set of amplitude and fre-
quency modulated (AM-FM) signals. The two bandwidths, namely amplitude modu-
lation bandwidth (Bas) and frequency modulation bandwidth (Bgp), computed from

the analytic IMFs, have been proposed for classification of seizure and non-seizure EEG



signals. These bandwidth features have been proposed as an input to least squares sup-

port vector machine (LS-SVM) together with the radial basis function (RBF), Mexican
hat wavelet, and Morlet wavelet kernel functions for classification of seizure and non-
seizure EEG signals. The experimental results with the recorded EEG signals from
a published dataset are included to show the effectiveness of the proposed bandwidth
features for classification of seizure and non-seizure EEG signals. The proposed classi-
fication method has been compared to the existing methods for classification of seizure
and non-seizure EEG signals. The best classification accuracy among the ten classifi-
cation results for seizure and non-seizure EEG signals obtained by proposed method is

100% for second IMFs with Morlet wavelet kernel function of the LS-SVM classifier.

The intracranial EEG signals have been used to detect focal temporal lobe epilepsy.
The instantaneous area measured from the trace of the windowed analytic IMF's of EEG
signals has been proposed for rules-based detection of focal temporal lobe epilepsy. The
experiment results on intracranial EEG signals are presented to show the effectiveness
of the proposed method for detection of focal temporal lobe epilepsy. The performance
evaluation of the proposed method for epileptic seizure detection has performed by
computing the sensitivity (SEN), specificity (SPE), positive predictive value (PPV)y
negative predictive value (NPV) and error rate detection (ERD). The proposed method
has been compared to the existing methods for detecting focal temporal lobe epilepsy
from intracraﬁial EEG signals. The proposed method has provided detection of focal

temporal lobe epilepsy with increased accuracy.

The proposed histogram based features namely maximum count of pixel intensity in
the histogram of gray sub-images, spread in the histogram of gray sub-images, and
aspect ratio in the histogram of binary sub-images, have been computed from the
sub-images obtained from the time-frequency image (TFI) using frequency-bands of
rhythms of EEG signals. The smoothed pseudo Wigner-Ville distribution (SPWVD)
based time-frequency representation (TFR) of EEG signal has been used to obtain the
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TFI. The segmentation of TFI has been performed based on the frequency-bands of the
rhythms of EEG signals. These proposed features have been used as an input feature
set to multiclass least squares support vector machines (MC-LS-SVM) together with
the radial basis function (RBF), Mexican hat wavelet, and Morlet wavelet kernel func-
tions for automatic classification of sleep stages from EEG signals. The experimental
results are presented to show the effectiveness of the proposed method for classifica-
tion of sleep stages from EEG signals. The proposed method has been compared to
the existing methods in the literature for sleep stage classification using EEG signals
which have been studied on the same EEG dataset according to Rechtschaffen and
Kales (R&K) and American Academy of Sleep Medicine (AASM) standards respec-
tively. The classification accuracy for sleep stage classification obtained by proposed

method is 92.93%.

The statistical features namely mean of Euclidean distance (MED) and standard devi-
ation of Euclidean distance (SED) extracted from third level decomposed sub-signals
obtained by using multiwavelet transform are proposed for emotion classification from
EEG signals. The sub-signals obtained by multiwavelet decomposition of EEG sig-
nals are plotted in a 3-D phase space diagram using phase space reconstruction (PSR)
method. The statistical features based on Euclidean distance are computed from 3-
D phase space diagram. These features have been proposed as an input feature set
for MC-LS-SVM for classification of emotions using EEG signals. The classification

accuracy for classification of emotions obtained by proposed method is 91.04%.




