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ABSTRACT

This thesis introduces new methods in analyzing Electroencephalogram  (EEG) signal 
by utilizing E E G  spectrogram image and image processing texture analysis called Gray- 
level C o-occurrence M atrices (GLCM). The m ethods attempt to apply in balanced brain 
and Intelligence Quotient (IQ) applications. The relationship between balanced brain 
and IQ application also proposed in this thesis. Collection o f  EEG signals were recorded 
from 101 volunteers. EEG  signals recorded for the balanced brain application contain 
closed eyes state meanwhile for the IQ application contains closed eyes and opened 
eyes state. B efore processing the information from the EEG signals, signal 
preprocessing is done to remove artefacts and unwanted signal frequencies. A time- 
frequency based  technique called EEG spectrogram image was used to generate an 
image from E E G  signal. The spectrogram image was produced for each EEG signals 
sub-band frequency Delta, Theta, Alpha and Beta. The GLCM  texture analysis derives 
features from E EG  spectrogram image. Then, Principal Component Analysis (PCA) 
was applied to reduce the results and selected principal components features were used 
as inputs to the classifier. Two classifiers involved in this experim ent are K-Nearest 
N eighbor (K N N ) and Artificial Neural N etw ork (ANN). The num ber o f  training and 
testing ratio is assessed at 70 to 30 and 80 to 20 to find the best model based on 
percentage o f  accuracy, sensitivity, specificity as well as M ean Squared Error (MSE). 
The relationship pattern o f  balanced brain and IQ application w ere observed via 
histogram  and then Scatterplot. The strength and significant o f  the relationship was 
evaluated by using Pearson correlation test. The percentage o f correctness classification 
for balanced brain application is 90% and MSE 0.1. The sensitivity and specificity o f  
this application is ranging from 66.67% to 100%. The accuracy for IQ application is 
94.44%  and M SE 0.0752. Meanwhile, the sensitivity and specificity o f  this application 
is ranging from 0%  to 100%. The relationship between balanced brain and IQ achieved 
with positive and strong correlation with r ranging between 0.860 to 1.000 and p < 0.05 
for some cases. The experiments reported in this thesis showed that the proposed 
technique w ere highly successful in indexing the balanced brain level and IQ.
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CHAPTER ONE 

INTRODUCTION

1.1 BACKGROUND

Biom edical engineering is a field o f study w here principles o f  engineering 

design and problem  solving skills are applied to biological and medical sciences, which 

consequently have helped improve healthcare diagnosis, m onitoring and therapy. There 

have been num erous studies in the field that have resulted in the fabrication and 

production o f  electronics devices that assist medical practitioners in diagnosing the 

health o f their patients. One such device is the Electroencephalogram  (EEG) which is 

used to analyse the hum an brain. The device captures brainw aves in the form o f electric 

signals which are generated from the activities o f  neurons in the brain. The brainwaves, 

usually classified into four frequency bands called Delta, Theta, A lpha and Beta signals, 

are widely used for diagnosis o f  epilepsy, tum or and Alzheimer [1-3], while some 

studies have used brainw aves for determining the levels o f  balanced brain [4, 5] and 

Intelligence Q uotient (IQ) [6, 7] applications. In this thesis, EEG signals from the 

brainwaves is used to determ ine the levels o f balanced brain and IQ in a human being. 

The research on balanced brain is inspired from the studies o f  brain dominance between 

the left and righ t hem ispheres o f  the brain. In a high balanced brain situation, both the 

left and right hemispheres o f  the brain are optimally used; on the contrary, in a low 

balanced brain situation, one uses more o f the left hem isphere o f  the brain, or vice- 

versa. Additionally, the studies on IQ is focused on areas o f  M athematics and logic; 

high IQ means good knowledge and understanding in M athematics and logic, and, on 

the contrary, low  IQ means less knowledge and understanding in M athematics and 

logic.

The original EEG signal, which is in time-dom ain, have to be converted into 

frequency-dom ain before it can be analysed according to the Delta, Theta, A lpha and 

Beta frequency bands;the signals that lie outside the range o f  the four frequency bands 

is called noise or artefact. In some studies, all four frequency bands are utilised in the 

analysis, such as in the experim ent conducted to analyse the development o f  the right
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