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ABSTRACT

Background: Epilepsy is a brain disorder characterised by unpredictable and excessive
nerve cell activity that causes epileptic seizures. Epileptic seizures are more common
in children and adolescents than in elderly population. Electroencephalography (EEG)
is a diagram of electrical activity of the brain and it is used as a method of choice for
diagnosing epilepsy. Despite the accurate EEG tracing of electrical activity in the brain,
the disadvantage of this type of analysing is the doctor’s skill to read the EEG correctly.
Objective: The aim of this study was ro represents further research presented in our
pevious works with wavelet based EEG analysis after masuring a multiresolution as
relation between time and frequency resolution. Methods: Signal database set consist
of b1 patients: a) healthy patient; b) 50 patients with a diagnosis of epilepsy. Additional
characteristics of the analysed data: a) 19 signals-channels of EEG, b) Duration — 20 s
or 2688 samples and. Nowadays, we can find dozens of EEG signal analysis papers
using mathematical approach and with a focus on identification of epilepsy. Results:
This paper represents some results relating to the analysis of EEG in children using
Wavelet Transform (WT). The signals was collected and analysed at the Department of
neuropediatrics, Pediatric Clinic at the University Clinical Center, University of Sarajevo.
Conclusion: Using this approach it is possible to clearly differentiate patients with a
diagnosis of epilepsy from healthy ones.

Keywords: electroencephalography, EEG, wavelet transform, analysis, epilepsy,
children.

1. BACKGROUND

nosing epilepsy. Despite the accu-

Epilepsy is a brain disorder charac-
terised by unpredictable and exces-
sive nerve cell activity that causes ep-
ileptic seizures (1, 2). Epilepsy is a dis-
ease of the brain defined by any of the
following conditions:

« At least two unprovoked (or re-
flex) seizures occurring > 24 h
apart

+  One unprovoked (or reflex) sei-
zure and a probability of fur-
ther seizures similar to the
general recurrence risk (at least
60%) after two unprovoked sei-
zures, occurring over the next
10 years and

- Diagnosis of an epilepsy syn-
drome (3)

Electroencephalography is a dia-
gram of electrical activity of the brain
and it is used as a method for diag-

rate EEG tracing of electrical activity
in the brain, the disadvantage of this
type of analysing is the doctors skill
to read the EEG correctly. Reasons for
that may lie in the insufficient experi-
ence and practice, as well as the sub-
jectivity which is hard to eliminate
during the analysis of EEG tests (4).
Diagnostic accuracy of a single rou-
tine EEG is relatively poor, with a re-
ported sensitivity of 30% to 50% (5).
Epileptic seizures are more common
in children and adolescents than in el-
derly population (6).

2. OBJECTIVE

The aim of this study was to rep-
resents further research presented in
our pevious works with wavelet based
EEG analysis after measuring a mul-
tiresolution as relation between time

ORIGINAL PAPER / ACTA INFORM MED. 2021 JUN 29(2): 104-107



Wavelet Transform as a Helping Tool During EEG Analysis in Children with Epilepsy

and frequency resolution.

3. MATERIALS AND METHODS

Wavelet Transform (WT) represents one of the most ef-
fective mathematical tools for time-frequency analysis of
nonstationary signals. It has significant applications in all
branches of science. The wavelet transform (WT) introduces
a useful representation of a function in the time-frequency
domain (7-10). Basically, a wavelet is a function )=L2(R) with
a zero average:

[“y®dt=0 (1)

Continuous Wavelet transform (CWT) is applied (using
Morlet wavelet function) for analysis of EEG signals. Global
Wavelet Spectrum (GWS) is used for discrimination be-
tween healthy and epileptic patients.

A multiresolution is relation between time and frequency
resolution. Signal database set consist of fifty one (51) pa-
tients:

«  1-healthy patient

+ 50 patients with a diagnosis of epilepsy

Additional characteristics of the analysed data:

- 19signals-channels of EEG

«  Duration - 20 s or 2688 samples and

- Sampling rate Fs = 134.4 Hz which is enough for

identification of all components of EEG signals. The
coeffcients distribution of a WT is presented in the
time-frequency domain, shown on Figure 1. (11).

Wavelet transform is oftenly refered to as mathematical
microscope because of its multiresolutional analysis which
provides very complex analysis of nonstationary signals
such as EEG signals.

First it is sampled very well in time, then very high fre-
quencies are obtained, then frequency band is doubled to
get the better frequency resolution and so on. Basically we
have wavelets (short wavelike functions that can be scaled
and translated) and similarities between wavelets and sig-
nals at differnet scales are measured using them.

Also in Table 1 are presented five frequency bands and
corresponding EEG signal components. Components of
EEG signals are gamma, beta, alpha, theta and delta. Of par-

Frequency band (Hz) Components of EEG signals
33.60-67.20 Gamma
16.80-33.60 Beta
8.40-16.80 Alpha

4.20-8.40 Theta
0.00-4.20 Delta

Table 1. Frequency bands and corresponding EEG signal components

ticular importace are alpha (8.40-16.80), theta (4.20-8.40)
and delta (0.00-4.20). This is presented in (12-15).

4. RESULTS

Before processing, the signals of a healthy patient and a
patient with epilepsy are very similar and it is very difficult
to discriminate them. After Wavelet transform is applied
things are changed and using Global Wavelet Spectrum
which represents time-frequency wavelet analysis, we can
clearly distinguish those signals.

Figure 1. represents GWS of one healthy patient and the
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Figure 1. GWS of one healthy patient and the first group of ten epileptic
patients

first group of ten epileptic patients:
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Figure 2. GWS of one healthy patient and the second group of ten epileptic
patients
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Figure 3. GWS of one healthy patient and the third group of ten epileptic
patients

- first 19 GWS are related to a healthy patient,

-second to eleventh 19 GWS are related to the epileptic pa-
tients,

It can be seen that alpha, theta and delta components of
EEG signal have much higher values for patient with epi-
lepsy. On the z-axis are presented powers of EEG signals
which are much higher for persons with epilepsy. The same
situation can be seen on the Figures 2-5.

Figure 2. represents GWS of one healthy patient and the
second group of ten epileptic patients:

- first 19 GWS are related to a healthy patient,

-second to eleventh 19 GWS are related to the epileptic pa-
tients,

Figure 3. represents GWS of one healthy patient and the
third group of ten epileptic patients:

- first 19 GWS are related to a healthy patient,

-second to eleventh1g GWS are related to the epileptic pa-
tients,

Figure 4. represents GWS of one healthy patient and the
forth group of ten epileptic patients:

105



Wavelet Transform as a Helping Tool During EEG Analysis in Children with Epilepsy

Figure 4. GWS of one healthy patient and the forth group of ten epileptic
patients
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Figure 5. GWS of one healthy patient and the fifth group of ten epileptic
patients

- first 19 GWS are related to a healthy patient,

-second to eleventh 19 GWS are related to the epileptic pa-
tients,

Figure 5 represents GWS of one healthy patient and the
fifth group of ten epileptic patients:

- first 19 GWS are related to a healthy patient,

-second to eleventh 19 GWS are related to the epileptic pa-
tients.

5. DISCUSSION

Insight into the currently available literature, as well as
available medical databases, we did not come across studies
that would be in a comprehensive and systematic way to ex-
amine the possibility of wavelet EEG analysis and describe
its clinical significance. None of the studies concerned the
prospective analysis of the electroencephalographic re-
cord in the pediatric population with the help of a wavelet,
those performed on the pediatric population mainly relate
to the case studies (13, 16-20). In our study, which analyzed
the EEG records of 50 patients diagnosed with epilepsy,
we obtained absolute confirmation of signal energy devia-
tions in all patients with a previously diagnosed epilepsy,
which is clearly and visually seen in the graphs shown. In
two patients out of fifty examined, we can see that the en-
ergy values do not deviate significantly as in other patients,
i.e. that their signals have approximately the same energy
values as healthy patients, which supports the high sensi-
tivity of wavelet methods.

According to a study published by Barkmeier et al., in
2012, three experts for reading EEG findings (two from the
same institution, and a third employed at another institu-
tion) were asked to interpret the EEG findings of 10 patients,
thus marking all interictal spikes spotted on all channels. A
total of 78,743 spikes were marked by all three experts, of
which only 23.7% of these spikes were marked by at least
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two experts, and only 3.1% by all three experts. The re-
searchers then used algorithmic EEG analysis in MATLAB
where they detected many more interictal spikes than in-
dicated by the experts, 50,315 (the highest number of spikes
per EEG-reading expert was 39,802). Since the EEG analysis
in MATLAB revealed many more spikes than the doctors
originally discovered, the researchers asked themselves
whether these were false-positive spikes or whether the ex-
perts overlooked these spikes. The same doctors were then
asked to analyze whether these spikes, which the algorithm
read as interictal spikes, were real or false. The analysis
showed that most of these spikes are true interictal spikes
that were missed during the EEG analysis by the doctor, and
not false positives (5). In the 2015 study, Ibri¢, Avdakovi¢ and
co-workers using the Hilbert-Huang transformation for
two groups of EEG signals: one representing EEG signals of
healthy subjects, and the other of patients with seizure-free
epileptic syndrome, obtained results indicating that EEG
signals of patients with epileptic syndrome contain compo-
nents with significant values of amplitude in the frequency
range up to 10 Hz, which physically represents the range of
delta and theta waves. Data taken for the study were used
from an online available EEG database, from the Center for
Epilepsy, University of Bonn (13). Andrzejak RG and associ-
ates, in the study from 2001, compared the dynamic prop-
erties of the electrical activity of the brain from different
imaging regions and in different physiological and patho-
logical conditions of the brain. Using nonlinear predic-
tion error and estimating the effective correlation dimen-
sion in combination with the iterative amplitude method of
customized replacement data, they analyzed sequences of
electroencephalographic time series: surface EEG images
of healthy volunteers with closed and open eyes, and intra-
cranial EEG free recordings with patients without seizures
in the generated seizure zone as well as outside it, as well as
intracranial EEG recordings during epileptic seizures. The
highest indications of nonlinear deterministic dynamics
were found for epileptic activity (20). In a paper published
in 2003, Adeli H and co-workers analyzed the EEG record
of a patient diagnosed with epilepsy using wavelet transfor-
mation. Using this mathematical microscope, a number of
observations have been made, such as the potential sugges-
tion of a physiological process occurring in the brain during
an epileptic seizure, and the possibility of automatic detec-
tion of epileptogenic discharges that could be used to pre-
dict epileptogenic seizures (2I).

In our country, the first EEG analysis in adults using the
Global Wavelet spectrum was done by Avdakovi¢ S, Omer-
hodzi¢ I. and associates, who presented their work at the
sixth European Conference of the International Federation
of Medical and Biological Engineering and whose work was
published in 2015 (12). The first EEG analysis in children, case
studies, using the Global Wavelet spectrum, which preceded
this study, were performed by Zahirovi¢ S and associates (I).
As additional evidence to our methodology, statistical fea-
tures for GWS signal magnitude, of one healthy and one pa-
tient with epilepsy, were included in this study. The special
frequency bands are alpha, theta and delta and the features for
these components are mean and modality. The mean value is
the most common value while the modality represents the av-

ORIGINAL PAPER / ACTA INFORM MED. 2021 JUN 29(2): 104-107



Wavelet Transform as a Helping Tool During EEG Analysis in Children with Epilepsy

erage value extracted from the signals of a healthy patient and
a patient with epilepsy. The results show that the mean and
modality in a healthy patient have much lower.

6. CONCLUSION

WT as a mathematical tool has been in use for analysis of
the EEG signal for a long time. In this work WT proved to be
a successful technique in terms of EEG analysis in children
(between 1-18 years). Visual EEG analysis often does not pro-
vide quality conclusions.

By using the wavelet method, the risk of subjectivity of
the doctor which is always possible in the process of inter-
pretation of the EEG test, would be prevented, as well as the
possibility of interpretation of the regular EEG records as
epileptiform ones.

The GWS presentation of the EEG signal enables excellent
observation of activities within the specific components
(delta and theta), and clear distinction between healthy and
epileptic childrens.
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