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Abstract :  Epilepsy is one of the Central Nervous System (CNS) disorders in which brain activity becomes abnormal, causing seizures. In this 

work, EEG database available at the University of Bon website is used to analyse and detect epilepsy. From each EEG signal, three features mean, 

mode and variance are extracted. These features are used to train ANN, SVM and KNN classifier models to detect epileptic seizures. Comparison 

of different classifiers is also performed. 

 

Index Terms - ANN, EEG, Epileptic Seizures, KNN, SVM 

 

INTRODUCTION 

 

Epilepsy is one of the neurological disorders which occurs due to the abnormal activities in the brain[1]. This causes seizures, 

unusual behaviour, temporary loss of awareness in the affected subjects. Epilepsy affects both genders of all races, ethnic 

backgrounds, and ages. The symptoms differ from person to person widely. Having a single seizure in a day may not be the proper 

indication of a person to have epilepsy. At least two seizures without a known trigger that happen at least 24 hours duration are 

generally required for an epilepsy diagnosis. EEG is collected through non invasive methods by mounting electrodes on the scalp 

of the subjects. These signals are amplified and filtered to remove 60Hz noise. This EEG data is downloaded from university of 

Bonn website[2]. Variety of methods are proposed in the literature to analyse and classify EEG data[3][4][6]. In the present scenario, 

signal processing algorithms along with artificial intelligence are used to classify EEG signals into epileptic and nonepileptic 

category.  The entire EEG signal can be divided into three categories. The presence of seizure indicates ictal period. The time 

interval just before the occurrence of seizure is known as pre ictal period. The time duration between the occurrence of two seizures 

is known as inter ictal period. 

 

METHODOLOGY 

 
Figure 1. Block diagram of classification 

 

The block diagram of classification is indicated in figure 1. In this work, 100 EEG signals from normal control subjects and 100 

EEG signals from patients with epileptic seizures is considered. From each of these signals, energy, mode, median, variance, 

entropy, dominant frequency, power spectral density, coefficient of variation, and standard deviation are extracted. These features 

are subjected to ttest to determine the essential features. The results of ttest conducted on different features are indicated in table 1.  
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Table 1. Results of ttest on different features 

Sl. 

No. 

Feature h p 

1 Energy 1 <0.001 

2 Variance 1 <0.001 

3 Mode 1 <0.001 

4 Median 0 .4055 

5 Kurtosis 1 <0.001 

6 Skewness 1 <0.001 

7 Dominant Frequency 1 <0.001 

8 Spectral Edge Frequency 1 <0.001 

9 Entropy 1 0 

10 Harmonic Mean 1 <0.001 

 

Out of these features, three essential features, energy, variance and mode are selected. Neural network with one input layer, one 

hidden layer containing 10 neurons and one output layer is used for classification purpose. This network is trained with individual 

features to perform classification. For training purpose 70% of both normal and pathological signals are used and for testing purpose 

30% of total samples were used.  

The results of a classifier are validated by two methods, Mathew’s Correlation Coefficient (MCC)and Receiver Operating 

Characteristics (ROC). MCC value very near to one indicates high accuracy of classification. ROC curve is a graphical plot that 

illustrates the diagnostic ability of a binary classifier system as its discrimination threshold is varied. ROC curves are constructed 

by plotting the true positive rate against the false-positive rate. The true positive curve, which is nearer to 1 gives the accuracy rate. 

 

RESULTS 

The result of classification for each feature, by a model is indicated by means of a confusion matrix. A confusion matrix displays 

the total number of observations in each cell. The rows of the confusion matrix correspond to the true class, and the columns 

correspond to the predicted class. Diagonal and off-diagonal cells correspond to correctly and incorrectly classified observations, 

respectively. Figure 2 ,3 and 4 indicate confusion matrix by using energy, variance and mode as parameters by using ANN classifier. 

Figure 5 ,6 and 7 indicate confusion matrix for the corresponding parameters by using SVM classifier.  The results of classification 

by both models are summarized in table 2. ROC curves are indicated in 8,9,10. 

ANN Classifier 

 
Figure 2. Confusion matrix with energy as a feature 
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Figure 3. Confusion matrix with Variance as a feature 

 
Figure 4. Confusion matrix with Mode as a feature 

 

 

 

B) SVM Classifier 

 

Figure 5. Confusion matrix with Energy as a feature 
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Figure 6. Confusion matrix with Variance as a feature 

 

 
Figure 7. Confusion matrix with Mode as a feature 

 

 

Table 2. Summary of classification results 

Features ANN Classifier SVM Classifier 

Accuracy MCC Accuracy MCC 

Energy 96% 0.92 96.5% 0.93 

Variance 96% 0.92 97.5% 0.95 

Mode 94.5% 0.89 95.5% 0.91 

The Table 2 shows accuracy and MCC for both ANN and SVM classifiers for energy, variance and mode. The results indicate that 

performance of SVM classifiers is relatively better when compared with ANN classifiers for the selected features. ROC curves are 

indicated in figure 8 and 9. 
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         Figure 8. ROC for mode with ANN classifier 

 
        Figure 9. ROC for energy with SVM classifier 

 

CONCLUSION 

In this work, an attempt is made to classify normal and epileptic patients by using corresponding EEG data, by extracting features 

from EEG. ANN and SVM classifiers are trained by using energy, variance and mode extracted from EEG signals and classification 

is performed and results are validated with MCC and ROC. SVM classifiers performed marginally better than ANN classifiers for 

the corresponding features. 
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