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Abstract—This study presents  one  EEG signal  from a  healthy person 
brain wavelet and two   EEG signals  from epilepsy patient  one of them is 
patient normal brain wavelet ,other is while epileptic seizure. Data are 
validated for reliability and validity and are obtained from data records at 
the University Hospital of Bonn, Germany. The data compare using power 
density spectrum and continuous wavelet transformer. 
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1 .  I N T R O D U C T I O N  

PILEPSY is one of the top five diseases in the world .It can 

be seen at any age. Seizures can be a sign of neurological 

disorder, leading to serious injury and loss of self-esteem. The 

seizures occur in the nerve cells (neurons) in the brain as a result 

of abnormally high electrical activity. During the seizure, the 

brain cannot work properly and sends faulty commands to the 

body. Except for seizures, the brain usually works normally. 

There are many different types of epileptic seizures. But the 

basic thing to keep in mind is that there are two types of 

seizures: partial (ie, seizures that start limited to a region in the 

brain) and generalized (those that start as common in the brain). 

However, the term commonly used herein does not mean a 

worse and more severe type of seizure. This nomenclature is 

used to describe epileptic seizures due to different causes. 

In ancient times, epileptic crises are often thought to be the 

attack of evil spirits or the devil. It was thought to be an illness, 

requiring extermination, exorcism or other religious or social 

approaches. The EEG method was used in various animals like 

rabbit, monkey, before humans [5]. 
 

1.1. Number of people with epilepsy in WHO regions 

N=105, these numbers are only indicative based on the 
information provided by Atlas respondents which is figure 1. 
The numbers have not been corrected for nonresponding 
countries [1]. 

 

1.2. What is an EEG? 

EEG stands for electroencephalogram. EEG is the main 
diagnostic method in the diagnosis of epilepsy.  
The EEG works on the basis of registering the wavering in the 
electrical movement of the nerve cell within the same group in 
the brain. The electrodes are glued to the scalp and recorded. 
This review is not painful or harmful to health. No contact with 
electricity. In addition to the classical EEG devices, which are 
developed with the support of technology and connected with 

computers, telemetric investigations and video-EEG 
monitoring studies help to better evaluate epilepsy patients. 

 
Fig.1. An auto: Number of people with epilepsy in WHO regions [1] 

 

Since EEG examination is a short-term examination, the first 

examination may not detect any disorder. Short or long-term 

sleep examinations can be performed in clinically suspicious 

and recurrent conditions, with more than one EEG examination 

and even sleep deprivation.   

 
1.3. Brainwaves 

Brain waves change according to people's moment of thought 
or emotion. When slower brain waves are dominant, they 
correspond to tired, slow, sluggish, or dreamlike situations. 
However, higher frequencies predominate when over-awake or 
when our consciousness is open. Brainwave speed is measured 
in Hertz (Hz). There are six different types of brain waves from 
low to high frequency; 

1.3.1.  Infra-low 

It is very difficult to detect them. Today there is not much 

information about the subject. Various research groups define 

this category. 

 

1.3.2. Delta Waves (0-3 Hz) 

This brainwaves are very slow, they has low frequency. 

They are generated in deepest meditation and dreamless sleep. 

Everybody has delta wave in dreamless sleep.  

1.3.3. Theta waves (3-8 Hz) 

Theta brain waves are most commonly seen in sleep, but it is 
very easy to catch theta wave in deep meditation. Theta wave 
is our door to basic cognitive process, engram and discernment. 
In Theta, our senses are drawn from the outside and focus on 
the signals coming from inside. 

 

E 

Gizem Kulaklı, is with Department of Electrical Engineering, Istanbul 

Technical University, Istanbul, Turkey, (e-mail: kulakli17@itu.edu.tr).  
 
T. Cetin Akinci, is with Department of Electrical Engineering,  Istanbul 

Technical University, Istanbul, Turkey, (e-mail: akincitc@itu.edu.tr).  
 
Manuscript received Apr 12, 2018; accepted May 2, 2018.  
Digital Object Identifier:  

mailto:kulakli17@itu.edu.tr
mailto:kulakli17@itu.edu.tr
https://orcid.org/0000-0002-9872-2401
https://orcid.org/0000-0002-4657-6617


13 

 

 

 
Copyright © The Journal of Cognitive Systems (JCS)                                     ISSN: 2548-0650                                                                             http://dergipark.gov.tr/jcs 

 

THE JOURNAL OF COGNITIVE SYSTEMS    Vol. 3, No. 1, 2018   

 
1.3.4. Alpha waves (8-12 Hz) 

Alpha waves to indicate that the brain is restinting. Alpha waves 

help the general mental coordination, coolness, brain - body 

completion and learning. 

 

1.3.5.  Beta waves(12-38 Hz) 

The most common pattern in the normal waking state. They 

occur when they are solving problems. When we pay attention 

to the outside world in daily life, Beta brain wave prevails. Beta 

brain wave is a fast activity that occurs when we are on alert, 

when our attention is concentrated, when there is, judgment, 

focused mental activity, problem solving or decision making 

 

1.3.6. Gamma waves (38-42 Hz) 

Gamma waves are the quickest of brain waves and relate to 

equitemporaneous processing of data from other brain areas. 

Gamma brain waves transmit information quietly and quickly 

to memory. Gamma brain wave is highly active in cases of 

superficial love, sacrifice and ın high virtues fire. It is estimated 

that gamma rhythms change perception and consciousness, and 

that the presence of more gamma rays is associated with the 

emergence of expanded consciousness and mental states. 

2 .  E E G  S I G N A L S  A N D  C O M P A R I S O N  

The EEG signal from healthy person is plotted by red, EEG 

signal of healthy data of epilepsy patient plotted by blue, EEG   

signal at the time of epilepsy is plotted by black at figure 2 and 

figure 3 as the expansion and translation feature indicates, the 

master wavelet can form a base with the specified. 
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It is the translation parameter that specifies which region we are 

interested in s is the scaling parameter bigger than zero because 

of the fact that negative scaling is indescribable. The Multi-

resolution feature provides set {ψu,s(t)} is orthonormal. 

Conceptually, the fundamental coefficient of continuous 

wavelet transform ψu,s(t). It is  
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Epilepsy is a common neurological disorder in which the 

normal activity of the brain is disrupted by excessive discharge 

of nerve cells.The seizure is the result of a sudden burst of 

electrical activity in the brain. 

When the signals are overlapped, it can be clearly seen that the 

signals in epileptic seizures are more than the brain signals of 

the healthy individual or the normal brain signals of the 

epileptic patient. 

Epilepsy seizures are divided into two groups as sequential, 

partial (focal) and generalized according to the distribution of 

abnormal electrical activity. Clinical symptoms vary according 

to the rate and localization of this activity. 

 
Fig.2. EEG signal of healty person (red),EEG signal of epilepsy patient non 

epileptic seizure(blue) ,EEG signal from epileptic seizure (black) 

 

 
Fig.3. Overlapped signals of EEG signal of healty person (red), EEG signal of 
epilepsy patient non epileptic seizure(blue), EEG signal from epileptic seizure 

(black). 

3 .  E E G  S I G N A L S  A N D  C O M P A R I S O N  

U S I N G  P O W E R  S P E C T R U M  D E N S I T Y  

For EEG analysis, there is no need to split the skull and insert 
the sensor into the brain. In the EEG analysis, electrical data is 
recorded by sensors placed on the head surface. 10 to 500 
electrodes are used for EEG analysis. The electrical signal 
amplitudes are very small, since it is difficult to analyze the data 
at this amplitude, the amplifier is used to increase the 
amplitudes of the signals. Thus, the data is shown as the time-
series of the voltage values [10]. The signals can be 
decomposed into the frequency components contained by the 
continuous and discontinuous Fourier transform method. The 
Power spectral density (PSD) of a signal indicates the power 
that the signal has at each frequency. The spectral energy 
density of a signal shows how the energy changes depending on 
the frequency. The definition of energy density is used for 
changes in the form of pulses where energy is concentrated 
around a single frequency. For continuous signals in time, the 
term spectral power density is often used. The concept of power 
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here can be really physical, or the definition set may differ. 
However, the power spectrum concept is used in both 
meanings. The mean power over time of the x(t) signal is 
defined as in the equation 4. 
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Fig.4. EEG signal’s power spectrum density plot of healty person (red),EEG 

signal of epilepsy patient non epileptic seizure(blue) ,EEG signal from 
epileptic seizure (black). 

 

 
Fig.5. Overlapped EEG signal’s power spectrum density plot of person 

(red),EEG signal of epilepsy patient non epileptic seizure(blue) ,EEG signal 
from epileptic seizure (black). 

 

It can be observed very clearly at epileptic seizure moment 

brain signals have more energy than normal time and also it can 

be observed figure 4 and figure 5. 

R E F E R E N C E S  

[1] Atlas: Epilepsy Care in the World. 1.Epilepsy – epidemiology 2.Epilepsy 
– therapy 3.Health care surveys 4.Mental health services – statistics 
5.Atlases I.Title II.Title: Atlas of epilepsy care in the world. (NL 
classification: WL 385) 

[2] R.B. Todd, “On the pathology and treatment of convulsive diseases”, 
London Medical Gazette, Vol. 8, 1849, 661–671; 724–729; 766–772; 
815–822; 837–846. 

[3] J. H. Jackson, “On convulsive seizures”, Lancet, 1890, Vol. 1, 1890, 
685– 688; 735–738; 785–788. 

[4] T. Willis, Pathology of the brain and nervous stock: on convulsive 
diseases. In: Pordage S, ed. The remaining medical works of that famous 
and renowned physician Dr Thomas Willis of Christ Church in Oxford, 
and Sidley Professor of Natural Philosophy in that famous University. 
London, Dring, Harper, Leigh and Martyn, 1684, pp. 1–89. 

[5] R.  “Caton Interim report on investigation of the electric currents of the 
brain”, British Medical Journal, Vol. 1, 1877, pp. 62–65. 

[6] H. Berger, “Über das Elektrenkephalogramm des Menschen”, Archiv fur 
Psychiatrie und Nervenkrankheiten, 1929, Vol. 87, No. 1, 1929, pp. 527–
570. 

[7] Reynolds EH. The John Hughlings Jackson 1935 Centenary Congress 
Medal. Journal of neurology, Neurosurgery, and Psychiatry, 
2008;79:478-479. 

[8] A. L. Hodgkin, A. F. Huxley, “A quantitative description of membrane 
current and its application to conduction and excitation in nerve”, The 
Journal of Physiology, Vol. 117, 1952, pp. 500–544. 

[9] E. H. Reynolds, “Todd, Faraday and the electrical basis of epilepsy”, 
Epilepsia, 2004, Vol. 45, No. 8, 2004, pp. 985–992. 

[10] M. Coşkun, A. İstanbullu, EEG İşaretlerinin FFT ve Dalgacık Dönüşümü 
ile Analizi,   Akademik Bilişim Konferans Bildiriler , 2012 , pp :323-328 
(in Turkish). 

 

B I O G R A P H I E S  

Gizem Kulaklı was born in Turkey. B.Sc form Gazi University, Ankara 
Turkey. MSc  student at Istanbul Technical University (ITU). She has 
experience production, maintanance, design engineering. 

 
T. Cetin Akıncı received B.S degrees in Electrical Engineering. M.Sc. and 
Ph.D. degrees from Marmara University, Istanbul-Turkey. His research 
interests include artificial neural networks, deep learning, machine learning, 
image processing, signal processing and, data analysis. He has been working as 
an Associate Professor in Electrical Engineering Department of Istanbul 
Technical University (ITU) in Istanbul, Turkey. 

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
-80

-60

-40

-20

0

20

40
Periodogram Using FFT-e

Frequency (Hz)

P
o
w

e
r/

F
re

q
u
e
n
c
y
 (

d
B

/H
z
)


