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Abstract 

 

The objective of this research paper is to study the frequency behaviors of EEG 

signals of Epileptic Patients at five different empirical groups such as alpha, beta, 

theta, delta and gamma bands through wavelet transforms. The Thresholding 

methods are used for frequency realization of different frequency bands in EEG 

waveforms. The wavelets such as (Haar, dB2 dB 4 and Sym8) are taken into 

consideration.  
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1. Introduction 
 

    Epilepsy is a common disorder that has been with us ever since ancient times, 

affecting about 50 million people in the world (according to the International 

League against epilepsy) [1]. Epilepsy targets the brain, a temporal change in the 

brains electrical activity that expresses itself in motor, psychic, sensorial and 

sensitive manifestations most commonly associated with spasms [2]. Through a  
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visual analysis of an EEG chart a trained specialist can identify the several states 

of a seizure, where it begins, where it manifests onto observable characteristics 

and when it ends [3]. To conduct such monitoring in real time or in a way that 

does not prevent the patient from performing everyday tasks is a technological 

challenge that has the potential to minimize the impact of this illness and improve 

quality of life.  

 

 

2. Methods and Materials 
 

The raw EEG data of about twenty epileptic patients in European Data Format 

(EDF) who was under treatment in the Neurology Department of Sri Ramakrishna 

Hospital, Coimbatore was obtained. An issue that has been given great attention is 

the preprocessing stage of the EEG signals because it is important to use the best 

technique to extract the useful information embedded in the non – stationary 

biomedical signals. The EEG records which was obtained were continuous for 

about 30 seconds, each of them were divided into epochs of approximately two 

second duration. To detect any significant changes in activity and presence of 

artifacts and also short enough to avoid any redundancy in the signal a two second 

epoch is long enough. For a patient we have 16 channels over three epochs. 

Having a frequency of 50Hz, each epoch was sampled at a frequency of 200Hz. 

Each sample corresponds to the instantaneous amplitude values of the signal, 

totaling to 400 values for an epoch.  We choose a sample window of 400 points 

corresponding to 2seconds of the EEG data. This particular width can cover 

almost all types of transient epileptic patterns in the EEG signal, even though 

Seizure can often last longer. 

 

 

 

2.1 Feature Extraction Using Wavelet Transform as Node 

 

The extension of the standard and classic Fourier Transform (FT) is the Wavelet 

Transform (WT) [4]. The Fourier Transform works on a single scale which can be 

either time or frequency but wavelet transform works on a multi scale basis only. 

The decomposition of a particular signal into enormous number of scales is the 

greatest advantage of the multi-scale feature of the WT. In the multi-scale features, 

each scale represents a particular coarseness of the specified signal under 

experimental observations. The Figure 2.1 shows the decomposition of a 

particular signal x[n] in a multi-resolution manner and it is schematically 

represented. 
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Figure 2.1 Implementation of the sub band decomposition of DWT; the high-pass 

filter is represented as g[n] and the low-pass filter is represented as h[n]. 

 

The Wavelet Transforms are mostly specified in terms of a low pass filter h and it 

generally satisfies the Quadrature Mirror Filter (QMF) condition as follows 

 

  H(z)H(z-1) + H(-z)H(-z-1) = 1 

  

where the z-transform of the filter h is denoted as H(z). The respective 

complementary high-pass filter can be defined as  

 

 G(z) = zH(-z-1) 

With the progress of the increasing length which is indexed as i , a sequence of 

filters can be obtained as follows 

 

Hi+1(z) = H(z2 )Hi(z) 

 

                 Gi+1(z) = G(z2i)Hi(z),       i = 0, …,I-1 

 

The initial condition are set as H0(z) = 1.  It is then expressed in time domain as 

a two-scale relation and is represented as follows 

 

hi+1(k) = [h]↑2ihi(k) 

gi+1(k) = [g]↑2ihi(k) 

 

where the subscript []↑m indicates the up-sampling by a factor of m and k is 

represented as the equally sampled discrete time. 

The functions φi,l(k), ψi,l(k) are the normalized wavelet and scale basis functions 

and is mathematically written as follows 
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φi,l(k) = 2i/2hi(k-2iC) 

ψi,l(k) = 2i/2gi(k-2iC) 

 

where the inner product normalization is meant by a factor 2i/2, i is denoted as the 

scale parameter and C is mentioned as the translation parameter, respectively.  

The decomposition of DWT can be described as 

a(i)(l) = x(k)φi,l(k) 

d(i)(l) = x(k)ψi,l(k) 

where a(i)(l) and d(i)(l) are the approximation coefficients and the detail 

coefficients at resolution i, respectively. 

 

3. Distribution of Frequency Bands 
 

Here the EEG Signals are considered as a joint superposition of various structures 

which occurs at different time instants and at different scales. The main 

significance of wavelet analysis is to split and sort the obtained underlying 

structures for different time scales [4]. Using the DWT, the spectral analysis of 

the EEG signals is performed. In the analysis of EEG signals using the WT, two 

most important criterion has to be satisfied, firstly the appropriate wavelet has to 

be selected and secondly the consideration of the number of decomposition levels 

chosen has to be given due importance. Based on the most dominant frequency 

components of the EEG signal, the number of decomposition levels is chosen. 

Those parts of the EEG signal that correlate well with the frequencies which is 

mandatory for the classification of the signal are chosen and retained in the 

wavelet coefficients. In the current study, the total number of decomposition 

levels was chosen to be four. The EEG signals were generally decomposed into 

the details D1-D4 with one final approximation A4. With different types of 

wavelets, the tests were performed and the one which gave the highest efficiency 

is selected for the particular application. Therefore, the wavelet coefficients were 

computed using MATLAB Software Package. To represent the time-frequency 

distribution of the EEG signal, the following statistical features are used. 

  

(1) In each subband, a maximum of the wavelet coefficients is used. 

(2) In each subband, a minimum of the wavelet coefficients is used. 

(3) In each subband, the mean of the wavelet coefficients is used. 

(4) In each subband, the standard deviation of the wavelet coefficients is used. 

 

The features vectors, which were calculated for the D1-D4 and A4 frequency 

bands, can be used very well for the classification of the EEG signals. Table 3.1 

presents the extracted features from five different classes.  From Table 3.1, it is 

inferred that the extracted features of the five classes of EEG signal are different 

from each other. Therefore, it is understood that they can serve as useful 

parameters for the classification of the EEG signals. A sample Figure 3.1 shows 

the distribution of frequency band at wavelet node (Haar) for various frequency 

bands for a few epileptic patients p1-p19. 
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Table 3.1 Wavelet Decomposition based on level and co efficient calculated 

for different types of Wavelets 

 

Haar Wavelet 
 

 S. No  Waves and Rhythm Wavelet 

Decomposition Level 

Number of  

Coefficients 

1  Delta (Δ) ,(1-4Hz), 5 13 

2 Theta (θ) ,(4-8 Hz), 4 25 

3 Alpha (α), (8-13 Hz), 3 50 

4 Beta (β), (13-30 Hz) 2 100 

5 Gamma (γ), ( 30-50Hz) 1 200 

 

 

dB2 Wavelet 

 

 

S. No  Waves and Rhythm Wavelet 

Decomposition Level 

Number of  

Coefficients 

1  Delta (Δ) ,(1-4Hz), 5 15 

2 Theta (θ) ,(4-8 Hz), 4 27 

3 Alpha (α), (8-13 Hz), 3 52 

4 Beta (β), (13-30 Hz) 2 102 

5 Gamma (γ), ( 30-50Hz) 1 201 

 

dB4 Wavelet 

 

 

S. No  Waves and Rhythm Wavelet 

Decomposition Level 

Number of  

Coefficients 

1  Delta (Δ) ,(1-4Hz), 5 19 

2 Theta (θ) ,(4-8 Hz), 4 31 

3 Alpha (α), (8-13 Hz), 3 56 

4 Beta (β), (13-30 Hz) 2 105 

5 Gamma (γ), ( 30-50Hz) 1 203 

 

Sym8 wavelet 

 

 

S. No  Waves and Rhythm Wavelet 

Decomposition Level 

Number of 

Coefficients 

1  Delta (Δ) ,(1-4Hz), 5 27 

2 Theta (θ) ,(4-8 Hz), 4 39 

3 Alpha (α), (8-13 Hz), 3 63 

4 Beta (β), (13-30 Hz) 2 111 

5 Gamma (γ), ( 30-50Hz) 1 207 
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Figure 3.1. Distribution of Various Frequency bands in EEG signals of Epileptic 

Patients using Haar wavelet as Node of Wavelet networks 

 

4. Conclusion 
 

The study showed the frequency behaviors of EEG signals at five different 

empirical groups such as alpha, beta, theta, delta and gamma bands through 

wavelet transforms and was done thoroughly. The four wavelets (Haar, dB2 dB 4 

and Sym8) were taken into consideration. The feature extraction using wavelet 

transform as a node and the distribution of frequency bands were also explained in 

detail. The distribution of various frequency bands in EEG signals using Haar 

wavelet as Node of Wavelet networks was also plotted. Future work plans is to 

incorporate the implementation of Neural Networks and Genetic Algorithms for 

the classification of epilepsy risk levels from EEG Signals. 
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