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Abstract. In this work we apply a new method to determine the differences in characteristics

of the cortical electroencephalographic (EEG) activity, measured during interictal stage (i.e.,

period between seizures), between healthy subjects and patients with epilepsy. To analyze

the dynamical and spectral properties of bioelectric activity we use power spectra and phase

portraits which are introduced on the basis of the Memory Function Formalism (MFF). We

discover the significant differences in the types of power spectra of the EEG for healthy subjects

and patients. We reveal the cerebral cortex areas for which the EEG activity of considered

groups of subjects has a different structure of the phase portraits. The proposed approach can

be used as an additional method for diagnosis of epilepsy during interictal stage.

1. Introduction

Epilepsy is one the most common chronic neurological diseases, which is characterized by

recurrent seizures, due to different abnormalities of the brain activity [1]. Inasmuch as the

seizures can occur in different abnormalities of the brain and central nervous system, it is

necessary to note that the epilepsy diagnosing during the interictal period is a complicated

problem. To solve it, the EEG before, during and after seizure are used [2]. EEG monitoring,

as a noninvasive method to define epileptogenic cortex, effectively reveals the characteristics

of brain activity in several epilepsy-related syndromes. The epileptic cortical brain activities

have specific spike-wave patterns of EEG discharge. Another important problem in treatment

of epilepsy is the long-range prediction of recurrent seizure in patients. Epileptogenesis episodes

can be separated by different extended periods, when disease is not manifested. To detect

epileptic seizures the long-term EEG monitoring during ictal and interictal stages is used [3].
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A reduce in synchronization of interictal EEG activity have been found in epilepsy patients

contrast to healthy people [4, 5].

To develop an additional method of the EEG-based diagnostic of the epilepsy during the

interictal stage, in this paper we use the memory function formalism [6, 7, 8].

2. Background of the memory function formalism method

Within the framework of MFF [6, 7, 8], we consider stochastic dynamics of the EEG signal as

the sequence {xj} of a random value X:

X = {x(T ), x(T + τ), x(T + 2τ), . . . , x(T + (N − 1)τ)} = {x0, x1, x2, . . . , xN−1}, (1)

xj = x(T + jτ), 〈X〉 = 1

N

N−1∑

j=0

xj , δxj = xj − 〈X〉, σ2 =
1

N

N−1∑

j=0

δx2j , (2)

where T is the initial time point, τ is the time interval of signal discretization, 〈X〉 is the mean

value of X, δxj is fluctuation.

To describe the probabilistic relations in the sequence of X we use the normalized time-

dependent correlation function

a(t = mτ) = M0(mτ) =
1

(N −m)σ2

N−m−1∑

j=0

δxjδxj+m, (3)

which is rewritten further as a scalar product of vectors of the initial state

A0
k = A0

k(0) = {δx0, δx1, . . . , δxk−1} (4)

and of system state in time moment t

Am
m+k = Am

m+k(t) = {δxm, δxm+1, . . . , δxm+k−1} (5)

as follows:

a(t) =
〈A0

k(0)A
m
m+k(t)〉

〈∣∣A0
k(0)

∣∣2〉
. (6)

The technique of projection operators was used to calculate the kinetic and relaxation

parameters (L̂ is the Liouville’s quasioperator, see [6, 7, 8] for details):

λn =
〈Wn−1L̂Wn−1〉
〈|Wn−1|2〉

, Λn = i
〈|Wn|2〉
〈|Wn−1|2〉

, (7)

the dynamic orthogonal variables:

W0 = A0
k(0), W1 = (iL̂− λ1)W0, W2 = (iL̂− λ2)W1 − Λ1W0 − . . . , (8)
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the memory functions of the n order (a(t) = M0(t)):

Mn(t = mτ) =
〈Wn{1 + iτ L̂22}mWn〉

〈|Wn|2〉
, (9)

and their power spectra:

μn(ν) =

∣∣∣∣∣∣
τ
N−1∑

j=0

Mn(jτ) cos 2πνjτ

∣∣∣∣∣∣

2

. (10)

3. Experimental Data

Data of EEG activity were analyzed in 8 healthy people (with no reported psychiatric or

neurological disorders, mean age of 32.5 years) and 8 patients with epilepsy (mean age of 28.4

years), the subjects were within the age range 18-65 years. All experimental procedures were

performed with the consent of the subjects. Multichannel EEG activity was recorded using 16

electrodes: F1, F2, F7, F3, F4, F8, T3, C3, C4, T4, T5, P3, P4, T6, O1, O2 on the scalp

according to the standard 10-20 International electrode placement system. The electrodes are

numbered (Fig. 1) from 1 to 16. During the EEG recording the eyes of subject were closed. The

sampling rate was 200 Hz and the signal was filtered between 0.1-70 Hz. A notch filter of 50 Hz

was also used. An epoch length of ∼ 10 s of uninterrupted EEG data, which were free from any

visual complexes, (e.g., the spike wave complexes for seizure patients) were chosen for analysis.

Baseline drift was subtracted by a polynomial of 2nd order [4].

Figure 1. Positions of the 16 electrodes

including their number and their designa-

tions. The schemata are based on the

internationally established 10-20 system.

Midline electrodes are exempted from this

study.

4. Dynamical and spectral analysis of the interictal EEG

Analysis of EEG activity showed that in all subjects the power spectra has 4 types relative

to the frequency bands. I-type spectra ranged within 1–4 Hz frequency band without peak
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(Fig. 2a). The II-type and III-type had the peak within 5–16 Hz and 49–52 Hz frequency bands,

respectively (Fig. 2b, c); while IV-type spectra had both peaks of frequency bands as II-type

and III-type (Fig. 2d).

Figure 2. Power spectra

of EEG activity for four fre-

quency bands from all the sub-

jects (a typical form of the

spectra).

Fig. 3 illustrates four types of power spectra presented for different areas of EEG recording

in healthy subjects and patients with epilepsy. In control group of subjects the I-type spectra of

EEG activity was found in the fronto-polar (F1, F2), temporal, parietal, occipital cortical fields,

while in patient with epilepsy I-type spectra was not observed in similar fields. EEG electrodes

which differ in type of spectra between the studied groups: F1, F2, T5, P3, P4, T6, O1, O2.

Figure 3. Types of spectra

for the different areas of EEG

activity in healthy subjects

and patients (group average).

The epilepsy existence leads to alterations in size, form and location relative the origin

of coordinates of the phase portraits (Fig. 4). The phase portraits are the simple graphical

method for qualitative analysis of the studied dynamics [6, 7]. EEG activity variation is wider

and has asymmetric shape in patients in contract to healthy subjects. Phase portraits of
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EEGs from healthy subjects are characterized by compact symmetrical structure with separate

circumferential points. In case of epilepsy for several electrodes (F1, T5, O2) we see the

specific structure with high number of circumferential points. These electrodes F1 (Frontal

lobe), T5 (Parietal lobe), O2 (Occipital lobe) have a high diagnostic significance for epilepsy

identification during the interictal stage.

Figure 4. Phase portraits of

the dynamic orthogonal variables

of EEG signal from F1 electrode

for one of healthy subjects and

epilepsy patients.

5. Conclusions

Studying the interictal EEGs is one of the important problem for early detection of the

epileptogenesis. Using the modern methods of time series analysis gives a deeper understanding

of the processes at the pathology [9]. The MFF-based approach allows to reveal the dynamic and

spectral properties of the EEG activity at the epilepsy during the interictal stage. Particularly,

we have determined the types of the power spectra for EEG from the various cerebral cortex

areas of healthy subjects and epilepsy patients. To determine qualitatively the pathology we use

the phase portraits of the certain cerebral cortex areas. The proposed method could be applied

(as an additional method) for the epilepsy diagnosis during period between seizures.
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