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Abstract - Electroencephalogram (EEG) is one of the most useful clinical tools for the study of brain disorders but the 
complexities involved in EEG waves make it difficult for medical practitioners to interpret actual condition of the disease. In 
this study, detection of Epilepsy disease was performed using EEG signals. The classification process was applied over 13 
different features extracted from online EEG dataset and performance of the neural network was evaluated on the basis of 
four parameters as accuracy, precision, sensitivity, and selectivity. In order to improve Mean Square Error of the detection 
process, Particle Swarm Optimization Technique and Genetic Algorithm were applied. The analysis reveals that Genetic 
Algorithm can provide an efficient reduction in MSE for the proposed Epilepsy Detection System.  
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I. INTRODUCTION 

 
Epilepsy is one of the most challenging neurological 
conditions that cause disturbances in normal 
processing of human brain. The epilepsies are a form 
of spectrums of many brain disorders that range 
between severe to disabling and life threatening ones. 
When a person gets affected with epilepsy then the 
normal pattern of brain activity gets disturbed [1], it 
ultimately leads to strange sensations, behavioral 
changes, emotional swings, loss of consciousness, 
muscle spasms and sometimes convulsions. This 
disease can cause many types of seizures and the 
symptoms vary person to person [2]. Generally 
epilepsy may develop due to some kind of 
abnormalities in brain wiring, unwanted changes in 
major features of brain cells or channels, imbalance 
in neurotransmitters that are also known as nerve 
signaling chemicals or any combination of all these 
factors.  
 
Presently around 65 million people throughout the 
world are suffering with Epilepsy disease and in India 
this count goes up to 12 million. The most common 
method used by Doctors for Epilepsy Diagnosis is 
careful medical history along with maximum 
information of patient’s behavior at the time of 
seizure. Second important tool for diagnosis is 
Electro-Encephalon-Graph (EEG). Although the 
analysis of observed EEG Signals of Epileptic patient 
is done by well trained professionals but the data 
complexity often demands a lot of time and 
sometimes it leads to faulty diagnosis. Therefore a 
need for Automatic Epilepsy Diagnosis System arises 
that can help neurologists in fast processing while 
improving the accuracy of decisions [3].  
 

The modern Machine Learning Techniques are highly 
useful for designing an automatic system that can 
learn from training patterns and can provide a reliable 
answer for the Epilepsy Detection when presented 
with recorded EEG signal of Epileptic Patient. 
Artificial Neural Network has been proven to be one 
of the most effective approaches for EEG Signal 
analysis as it has the ability to stay organized in a 
natural way and possess the property of self-adaption 
for input data.  
ANN is a special kind of parallel distributed 
processor that can express various non linear 
relationships with the help of input-output training 
patterns using experimental data [4, 5]. In simple 
words, the learning process of ANN is described in 
terms of network weights, architecture and several 
learning rules. One of the most widely used 
architecture in this category is Feedforward Neural 
Network (FNN). Here, the term Feedforward directly 
indicates the flow of data in one direction right from 
input terminal to the output terminal. From the list of 
various FNNs, Multilayer Perceptron is used in this 
study as it has ability to provide better performance 
for pattern classification, prediction, and recognition 
and approximation problems. The network is simply 
arranged in three layers as input layer, hidden layer 
and output layer. The detection process is performed 
on the basis of 13 different features extracted from 
EEG data of Epileptic and healthy patient.  
Although, Back Propagation Neural Network is being 
used from last several years for executing training 
task but the only trouble observed with this method is 
that it usually get stuck in local minima and have 
slow convergence speed for training. Improvements 
for these conditions can be further made by using 
advanced optimization techniques like PSO and GA 
[6].  
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II. EXPERIMENTAL DETAILS 
 
2.1. Dataset and Pre-processing 
EEG Database of Epileptic and healthy patient for 
this study was taken from University of Bonn. It is 
available in form of five different parts as S, N, F, Z 
and O. These signal elements are collected from three 
different occurrences as like: healthy subjects, 
epileptic subjects having seizure free intervals that 
are known as interictal states and epileptic subjects 
observed during seizure activity that are termed as 
ictal states. Each dataset contains 100 segments from 
complex EEG waveform of total 23.6 second 
duration. Out of these five datasets, only three, Z, F 
and S are utilized for this study where Z represents 
data from healthy subject with eyes closed, F is 
collected during inter ictal states and S is obtained 
from ictal state.  
 
Frequency range for obtained EEG dataset varies 
between 0.5 Hz and 85 Hz but as per neurological 
experts, it contains noise above 60Hz frequency. 
Thus, above data is preprocessed using FIR de-
noising filter with lower cut of frequency of 60Hz.  
 
2.2. Feature Extraction 
Careful feature extraction is one of the most essential 
parts of this study as it works like a foundation for 
classification and detection process. Extracted feature 
assist in minimization of losses from valuable EEG 
information and also assist in selection of resources 
that will be required for appropriate architecture 
development for complete disease detection process.  
In this study, MATLAB 2015 is used for extracting 
15 different features from considered three datasets 
(S, Z and F). All these features are described along 
with their mathematical expressions in Table 1. As 
EEG signals use to hold complex structures so it is 
not possible to evaluate all essential non-linear 
dynamic properties using simple first and second 
order statistics only. Thus, non linear behavior of 
EEG signals is highlighted here using third as well as 
higher order cumulants. The list of extracted features 
include Min Amplitude, Max Amplitude, Skewness, 
Zero Crossing Rate, Mode, Median, Mean, Variance, 
Entropy, Standard Deviation, Mean Power, Signal to 
Noise Ratio, Energy, Coefficient of Variation and 
Kurtosis [7].  
 
Relevance of Selected Features is further tested using 
Kruskal-Wallis test in MATLAB 2015. The results 
were obtained in form of p (Significance parameter) 
and Chi-Square Values for all 15 features. It is 
desired to have p<0.05 to rate a feature with higher 
significance. The results of relevance test are shown 
in Table 2, where Kurtosis and Skewness are required 
to be excluded from study due to their lesser 
relevance to the classification process as indicated by 
p value.  

 
Table 1: Extracted Features from EEG Dataset 

 
2.3. Classification and Detection: 
After selection of relevant features, Feedforward 
Neural Network was applied for training and its 
performance was evaluated on the basis of four 
essential parameters, accuracy, precision, sensitivity 
and specificity. Thirteen features were applied as 
input and output was divided into three different 
classes to detect normal, ictal and interictal 
components from input EEG signal. In order to 
improve the performance of neural network to 
achieve practically useful results, Particle Swarm 
Optimization technique and Genetic Algorithm were 
applied to improve Mean Square Error of the 
detection network [8,9,10].  
 
Sr. No. Selected 

Feature 
Chi-
Square 

p 
(Significance
) 

1. Min 108.35 2.95859e-24 
2. Max 134.11 7.57289e-30 
3. Entropy 96.65 1.02902e-21 
4. Mode 55.9 7.26825e-13 
5. Mean 16.73 0.0002 
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6. Median 20.01 4.51951e-05 
7. MeanPower 109.89 1.3737e-24 
8. Energy 109.94 1.33636e-24 
9. Standard 

Deviation 
(SD) 

263.1 7.39677e-58 

10. Kurtosis 4.31 0.1159 
11. Skewness 0.26 0.8798 
12. Signal to 

Noise Ratio 
(SNR) 

74.41 6.95822e-17 

13. Coefficient 
of Variation  

42.7 5.33397e-10 

14. Variance 118.58 1.77685e-26 
15. ZCR 51.75 5.79538e-12 
Table 2: Statistical results Obtained with Kruskal-Wallis Test: 
 
III. RESULTS AND DISCUSSION 
 
3.1. Performance Testing with Feedforward 
Neural Network 
Proposed system for Epilepsy Disease detection was 
implemented with the help of MATLAB 2015 
software. Three publically available EEG datasets 
were utilized for detection process. The 
Feedfordward Neural network was designed using 13 
input neurons and 3 neurons were used at output 
layer. Performance of this network was improved by 
adjusting number of neurons at hidden layer, and 
final evaluation was done by analyzing accuracy, 
precision, sensitivity and specificity of this network. 
Mathematical formulas for these parameters are given 
as: 
Accuracy = Sum of correct Classifications / Total 
Number of Classifications; 
Precision = TP / (TP + FP) 
Specificity = TN / (TN + FP) 
Sensitivity = TP / (TP + FN) 
 
Best performance for this implementation was 
obtained with 7 neurons at hidden layer. The obtained 
confusion matrix is shown in Fig. 1. 

 
Fig.1. Confusion Matrix Obtained from Neural Network 

Training 

Results calculated from above confusion matrix are: 
Overall Precision = 99% 
Overall Specificity = 99.5%  
Overall Sensitivity = 99% and 
Overall Accuracy of Proposed Work = 99% 
 
3.2. MSE Reduction with PSO and GA 
Mean Square Error is the measure of difference 
between estimated values and expected values. It is 
desired to have value of MSE closer to zero as it 
depicts more accuracy in estimates.  
In this study, Particle Swarm Optimization and 
Genetic Algorithms for this Epilepsy Detection 
System were implemented using MATALB 2015 
software. 
Table 3 below contains results for MSE reduction 
tests in comparative form for all three techniques that 
are implemented for this application under 
consideration.   
 

No. of 
Hidden 
Layer 

Neurons 

ANN PSO GA 

3 0.0020002
23508858 

0.002000233
453786 

0.00198327
4731207 

7 0.0014922
34273474 

0.001492231
939631 

0.00149186
9227868 

10 5.9366847
63206177e
-04 

5.937265525
675913e-04 

4.40362765
1381652e-
04 

15 5.4517086
40711679e
-04 

5.451649912
954768e-04 

5.30709548
9121968e-
04 

20 0.0041939
25911178 

0.004193953
811055 

0.00418997
4715716 

31 9.1525445
43240869e
-04 

9.151316560
143064e-04 

7.54479695
4639540e-
05 

40 0.0021488
98547939 

0.002148923
004305 

0.00210864
4156343 

Table 3: MSE Analysis for ANN, PSO and GA: 
 
The results for this implementation were tested using 
different number of neurons in hidden layer and the 
performance of optimization algorithms was 
compared. In Table 3, the MSE variations are shown 
for no of hidden layer neuron variations as 3, 7, 10, 
15, 20, 31 and 40. 
 
CONCLUSIONS 
 
The performance of computer aided system for 
epilepsy disease detection was tested using MSE 
reduction test and major conclusions are as below: 
1. After analyzing received MSE values, it was 
observed that Genetic Algorithm can provide better 
error reduction and hence it can also improve 
accuracy of the system. [11,12]. 
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2. It is possible to develop a hybrid system with 
combination of ANN and GA for detection of 
Epilepsy disease and that can be implemented in the 
practical environment to run a real time check on 
person affected with epileptic seizures.[13,14] 
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