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MATHEMATICAL MODEL OF THE 24-HOUR EEG
SIGNAL OF PEOPLE WITH MANIFESTATIONS OF
EPILEPSY FOR COMPUTER EEG SYSTEMS

Boyko Roman,
Postgraduate
Ternopil Ivan Puluj National Technical University

Khvostivskyi Mykola,
Ph.D., Associate Professor
Ternopil Ivan Puluj National Technical University

Fuch Olha,
Ph.D., Senior Lecturer
Ternopil Ivan Puluj National Technical University

Epilepsy is one of the most common chronic diseases of the human brain, which
manifests itself in the form of epileptic seizures.

In epilepsy of the focal type, pathological bioneuron activity is limited in certain
areas of the brain, and in epilepsy of the generalized type, it is localized in all areas of
the brain (Fig. 1).

Normal Epileptic

Figure 1. The state of the brain in a normal state and in epilepsy

One of the effective methods of detecting epileptic seizures in medical diagnostics
Is electroencephalography, which is based on the registration of brain biopotentials in
the form of EEG signals using computer electroencephalographic systems [1, 2, 3].

A 24-hour study of human brain activity using the EEG method makes it possible
to detect missed manifestations of epileptic seizures (duration and intensity), which in
most cases can be missed. This method of medical and biomedical research within 24
hours is also relevant for various fields of medicine [5-9, 13-15].

Algorithmic software and methods of processing EEG signals [4, 10, 12] in
computer electroencephalographic systems are implemented on mathematical models
of EEG signals.
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Known models of EEG signals (periodic process, almost periodic process,
stationary random process) during 24 hours do not provide a constructive consideration
of the interdependencies of the variation of the parameters of the studied signals, which
occur in the time space before birth, during the manifestations and after the
disappearance of the manifestations of epilepsy.

Therefore, the development of a new mathematical model of the EEG signal within
24 hours for computer electroencephalographic systems, which will provide the study
of the interdependence of the variation of the parameters of the studied signal in time
space for the detection of hidden manifestations of epilepsy in people, is an urgent task.

The structure of the realization of the EEG signal during the manifestation of
epilepsy in different stages (periods) is characterized by the dominance of a certain
type of signal oscillations of the frequency range [fl; f2] against the background of

other frequencies. The upper f; and lower f, limits of the frequency range vary

depending on the type of epilepsy [Pedley T.A., Daly D.D., 1997; Kaibara M., Blume
W.T., 1999]: Lennox-Gastaut syndrome (1.5-2 Hz), juvenile absence epilepsy (2-
4 Hz), idiopathic generalized epilepsy (3-5 Hz) and others.
The real implementation of the EEG signal recorded over 24 hours is shown in Fig.
2 (the signal data is taken from the open database on the website
http://www.physionet.org).
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Figure 2. Real implementation of the EEG signal during 24 hours from the
open database of the site http://www.physionet.org
Short-term fragments of the implementation of EEG signals determined by the
visual method without cases of epilepsy and during the period of epilepsy in the form
of epileptiform activity are shown in Fig. 3-4.
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Figure 3. Short-term fragments of the realization of a real EEG signal without
the manifestation of epileps
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Figure 4. Short-term fragments of the realization of a real EEG signal with the
manifestation of epilepsy

On the assumption that the EEG signal without epilepsy has the parameters and
form of white noise, and during the period of manifestations of epilepsy it has special
features of a set of harmonic components, the time structure of the EEG signal during
24 hours during the manifestation of epilepsy is shown in Fig. 5.

(1) m(z) s(4, f,1) n,(t)

no epilepsy /—\ epilepsy '/—\ no epilepsy
el -~ B ki

t,h (24 hours}'
Figure 5. The temporal structure of the EEG signal during 24 hours during the
manifestation of epilepsy

Taking into account such an assumption, the mathematical model of the EEG signal
during 24 hours with time fragments of epilepsy is presented in the form of an additive
mixture of harmonic (oscillating) functions with basic frequencies f =[f,; f,] and a
piecewise stochastic sequence of white noise (the area of temporal localization of the
components of the model is stochastic):

181



TECHNICAL SCIENCES
TRENDS OF YOUNG SCIENTISTS REGARDING THE DEVELOPMENT OF SCIENCE

E)=n(t)Us(A f,t)un,(t)..Us(A f,t), teR (1)
L ) |
where n,(t),n,(t) — EEG signal in the form of white noise during the period without

epilepsy;
S(A, f,t) — EEG signal during the manifestation of epilepsy in the form of an

additive mixture of harmonic components with frequencies in the range f =[f,; f,]

(in the case of manifestations of epilepsy, the implementation of the EEG signal is
dominated by additive harmonic components of the signal with frequencies from f; Hz
to f, Hz in the form of spike-like waves (epileptiform activity):

thoziApm@mn, teR (2)
k=1

where A, — the value of the amplitudes of the harmonic components of the k-th

functions (for all components A=1);
f, — s the value of the base frequency of the k-th functions. The base frequency is

the frequency of the harmonic function s(A, f,t) (in the case of epilepsy, these

frequencies are dominant against the background of other frequencies) (the frequency
can be determined using the method given in the work [11]).
The duration of the components n,(t), n,(t) and s(A, f,t) is variable and not

predetermined.

The localization sequence of the harmonic components of the EEG signal in
expression (2) is stochastic.

Since M times the number of time fragments with manifestations of epilepsy can
be observed within 24 hours, expression (2) is presented in the form of a set:

£(t)= LMgl(nm(t)uem s (A1), teR 3)

where n,,(t) — m-time zone of the EEG signal in the form of white noise without
epilepsy;
0., - an unknown parameter that can take two values (6,, € {0,1}):
- 6,=1 (the m-th time fragment of the EEG signal of the manifestation of
epilepsy);
- 6,,=0 (m-th temporal fragment of the EEG signal in the absence of epilepsy).

The model of the EEG signal in the form of expression (3) reduces the problem
of detecting the manifestation of epilepsy to the task of detecting the m-th temporal
fragments of the EEG signal (the beginning and the end of the manifestation of
epilepsy) on which the dominant harmonic components 4, -s. (A, f,t) are localized

at 0, =1.
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The model of the EEG signal in the form of a set of piecewise stochastic sequence
of white noise (signal without epilepsy) and an additive mixture of harmonic functions
of different frequencies (signal with epilepsy) makes it possible to develop algorithmic
and software tools for processing the EEG signal during 24 hours in order to detect
time points and intervals of epilepsy in humans.
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