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Annotation

In this paper, auto- and cross-correlation patterns in the diagnosis of
obsessive-compulsive disorder (OCD) by means of electroencephalogram
(EEG) analysis are considered. The author's method was used for the
analysis: the memory function formalism. On the basis of
electroencephalograms from 30 subjects, 15 of whom suffer from OCD-
symptoms, 15 are healthy people, the parameter of non-Markov for
autocorrelation study was studied. As part of the cross-correlation study,
cross-Markov parameter was studied, and the distances of strong
manifestation of this effect for the group of healthy people and patients with
OCD were determined.

Introduction

One of the current problems of modern clinical medicine is the search for
objective diagnostic criteria for various diseases, as well as the assessment of
the patient's current state.

The application of methods of modern statistical physics makes it possible to
obtain more detailed and detailed information on the dynamics and
interaction of EEG signals, i.e., to study the behavior of electrical activity
not only of individual areas, but also of their interaction.

We use auto — and cross — correlation methods based on the memory
function formalism (MFF) [1], which allows to find dynamic, spectral, and
stochastic characteristics of the studied signals. In the present work, we
refine our previous results and search for the most significant electrodes and
the interaction of these areas with other [2].

The main features of the analysis
of auto- and cross-correlations

In this paper, we develop an original method for determining the distinctive
parameters of electroencephalogram (EEG) signals of people with OCD
and healthy people using method MFF. There are 2 analysis: auto- and
cross-correlations.  Within the framework of the memory function
formalism, let us represent the signal under study as a set of values of some
random variable X:

X ={x(T),x(T +1),x(T+27),...,x(T+ (N —1)7)},

Here: T — initial moment of time, (N — 1)t - total time of signal
registration, T — time step of discretization.
The mean value of X can be found as:
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The deviation and dispersion X are obtained using the following expressions:
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Initial time correlation function (TCF):
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For this function, using the technique of projective operators, we obtain a
Kinetic equation of non-Markov type:
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first-order memory function, which includes the state vectors of the system.
The memory function formalism method introduces power spectra of
memory functions M;(t). For example, for the initial TCF a(t) = M,(t),
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and the first point of the non-Markov [3] parameter
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For the cross-correlation analysis, all parameters are the same with the
addition of the second variable Y.

Experimental data

Two groups of people were taken as subjects. One group, consisting of 15
people who had strong OCD symptoms. The second group, also consisting
of 15 people, is a control group — people who have no or very weakly
expressed OCD. Sixty-four channels of EEG were recorded continuously
with active scalp electrodes according to the extended international "10-
20%" electrode placement system (Fig. 1). The sampling rate was 512 Hz.

Electroencephalograms  were  taken
under the influence of expression
stimuli. Stimuli were four positive and
four negative sentences written in the
first person, with a blank space for name
insertion, e.g. “I hope that wins
the lottery soon”, and “I hope that
becomes seriously ill soon.” The order
of presentation of the sentence stimuli
was randomized across participants.
Each trial began with the presentation of
a sentence stimulus on screen.
Participants then closed their eyes
before repeating the sentence aloud,
inserting a name from their list of family
and friends.

Results

Using the MFF, non-Markov parameters
were found for each electrode of each
subject, and then the values were
averaged over each group for specific
electrodes. These were electrode F, and
Fp. (Fig. 2).

Frequency dependences of non-Markov
parameters and memory parameters for
signals from these electrodes were
obtained (Fig. 3).

Next, as part of the cortical region
interaction analysis, the values of the
non-Markov parameter for all sensor
combinations were obtained, and the
results were averaged over each group.
Power spectra of the cross — correlation
function were plotted for the
combinations that showed the greatest
differences in values (Fig. 4).

Fig. 1. Electrode placement according
to the international "10-20%" system.

Fig. 2. Schematic arrangement of the
most informative for the parameter of
non-Markov electrodes
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Fig. 3. Frequency dependences of the non-Markov parameter and the memory
parameter. Left — for healthy people, right — for people with obsessive-compulsive
disorder symptoms.
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Fig. 4. Power spectra of the initial time correlation function for healthy people (left) and
for people with obsessive-compulsive disorder (right).

Fig. 5 shows the sensor combinations for the highest values of the cross-
Markov parameter for healthy subjects and patients with OCD.
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Fig. 5. Schematic
representation of the highest
values of the  cross-
parameter of non-Markov
for healthy people (left) and
for people with obsessive-
compulsive disorder (right).

Conclusions

During the study of electroencephalogram data using the parameter of non-
Markov, we found the electrodes for the signals from which the differences
in the parameter between healthy and sick people differed most strongly. The
processes occurring in the signals of people with pronounced OCD
symptoms are more random because the value of their parameter of non-
Markov is several times greater than that of healthy people. At the same time,
for obsessive-compulsive disorder, the Markov nature of the interaction is
characteristic for closely spaced regions, while for healthy individuals, high
values of the cross parameter of non-Markov are observed for more distant
regions than for patients.
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