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ABSTRACT

The method of experimental research “input-output” of the human oculo-motor system was developed and implemented using
innovative eye-tracking technology for recording oculo-motor system responses to test visual stimuli. Stimuli are displayed on the
monitor screen at different distances from the starting position. This formally corresponds to the action of step signals with different
amplitudes at the input of the oculo-motor system. According to the empirical data of the “input-output” studies of the respondent's
oculo-motor system obtained with the aid of the Tobii Pro TX300 eye tracker, the transient functions of the first and diagonal
intersections of the transient functions of the second and third orders of the oculo-motor system were determined. Experimental
studies of the respondent's oculo-motor system to identify the state of fatigue were carried out before the beginning (in the morning)
and after the working day (in the evening). The obtained multidimensional transient functions are used as a source of primary data in
the implementation of intelligent information technology for diagnosis and monitoring of the psychophysiological state of a person.
Instrumental algorithmic and software tools for determining diagnostic features based on the identification data of the oculo-motor
system in the form of multidimensional transient functions in the Python language have been developed. Training samples of data for
two states of the respondent (“Normal” and “Fatigue™) were formed on the basis of the proposed heuristic features, which are
determined using integral and differential transformations of the obtained multidimensional transient functions of the oculo-motor
system. Training samples of data are used to build classifiers of psychophysiological states of an individual using machine learning
tools. The informativeness of individual features and all their possible combinations in pairs according to the indicator of the
probability of correct recognition was studied using the method of complete search. The research results were obtained by evaluating
the quality of recognition of states built by Bayesian classifiers in different spaces of the proposed features. An analysis of the
stability of the correct recognition informativeness indicator of different feature spaces under the influence of different levels of
additive noise on the features was carried out. Two-dimensional feature spaces with the maximum and most stable value of the
correct recognition indicator were found when solving the scientific and practical task of assessing the psychophysiological state
(fatigue) of a person (0.9375). Thus, it seems appropriate to use the multidimensional transient functions obtained from eye-tracking
data in diagnostic studies in the fields of neuroscience and experimental psychology.
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1. INTRODUCTION psychopharmacological drugs [2]. The oculo-motor
system (OMS) model [3] proposed by us allows to
determine the presence of PTSD syndrome, as well
as to obtain a quantitative assessment of the depth of
PTSD and, based on these studies, to choose the
most effective treatment tactics.

Modern PTSD care protocols recommend two
psychotherapeutic methods: Cognitive behavioral
therapy (CBT) [4, 5], [6] and eye movement
desensitization and reprocessing (EMDR) [7, 8], [9].
That is why it is important to diagnose the
psychophysical condition of the person. Studies of

As a result of hostilities, natural disasters
occurring today, a considerable number of people
received psychological trauma of varying degrees,
which often lead to Post-Traumatic Stress Disorder
(PTSD) and require constant psychological support
and assistance [1]. Because PTSD is a complex
disorder that manifests itself simultaneously on
psychological, biological, and social levels,
treatment, depending on its depth, includes
psychotherapy and sometimes the use of
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movement allow us to reveal the structure of the
individual's relationship with the environment.
Analysis of the relationship between oculo-motor and
the central nervous system, with the content of mental
processes, with various forms of activity (behavior,
activity, communication), contributes to the study of
the mechanisms of brain work and their disorders, the
identification of the dynamics of psychophysiological
states of a person, patterns of perception, thinking,
ideas, differentiation personal intentions.

In recent years, the high-tech innovation of eye-
tracking has received further development and
effective application in the construction of a
mathematical model of the process of continuous eye
movement tracking in order to detect anomalies in the
tracking data for the quantitative assessment of motor
symptoms of Parkinson's disease [10, 11], [12]. At the
same time, nonlinear dynamic models of Wiener and
Volterra-Laguerre [13] are used, and the identification
of the OMS is based on the use of test random effects,
which requires the use of correlation analysis methods
and obtaining a large amount of experimental data
(long duration of experimental studies).

To build the Volterra model of the human
OMS, deterministic test effects can be used, for
example, step signals (most suitable for studying the
dynamics of OMS) [14, 15], which will simplify the
computational  identification  algorithm  and
significantly reduce the time of experimental data
processing [3, 16], [17, 18], [19].

In work [20] a method of deterministic
identification of OMS in the form of
multidimensional transient functions (MTF) using
step test signals was developed, similar to the
compensatory method of identification of nonlinear
dynamic systems using impulse test signals [14].
Although the method requires a minimum number of
test signals to identify OMS, its accuracy is
insufficient for constructing Volterra models of
more than second order, which hinders its practical
application.

The advantages of deterministic methods in
comparison with methods of statistical identification
are the comparative ease of processing experimental
data and implementing test signals. However, the
results of deterministic identification are
significantly affected by measurement errors [21,
22]. The obtained estimates of the transient
characteristics are unstable to the measurement
errors of the OMS responses, which limits the
application of the methods in the conditions of a real
experiment [20].

The analysis of literary sources showed that, at
the moment, no effective methods of building OMS
models based on the Volterra polynomial based on
experimental data obtained by eye-tracking have been

developed. There is no proper instrumental,
algorithmic and software tools to support methods of
identification of OMS using eye-tracking technology.

There is a need to increase the accuracy and
computational stability of the assessment of
multidimensional transient functions of OMS, to
develop hardware and software tools for controlling
the identification process, as well as to create
information technology and intelligent computing
systems for classification in the space of features
determined by the results of OMS identification
based on eye-tracking data.

The purpose of this work is to implement
methods and means of nonlinear dynamic
identification “input-output” of the oculo-motor
system based on eye-tracking data based on Volterra
models in the form of multidimensional transient
functions and their application in information
systems for diagnosing the psychophysiological state
of a person, which expand the diagnostic capabilities
of tools state assessment information technology.

The following tasks must be solved:

e Implement computational methods for
identification OMS in the form of MTF using test
visual stimuli — Gaviside functions of different
amplitudes.

e Determine the transient functions of the 1st,
2nd, and 3rd orders based on the data of
oculographic studies.

e To develop instrumental algorithmic and
software tools for determining diagnostic features
based on the identification data of OMS in the form
of MTF.

e To carry out a study of the informativeness
of features using the estimation of the probability of
correct recognition (PCR) and to build a classifier of
the psychophysiological state of a person in the
established space of the most informative diagnostic
features.

The object of research is the process of
diagnosing the psychophysiological state of an
individual based on the innovative technology of
eye-tracking.

The subject of the research is computational
algorithms and software tools for determining
diagnostic features based on the identification data
of OMS in the form of MTF, Bayesian classifiers in
the proposed space of features.

2. IDENTIFICATION OF OCULO-MOTOR
SYSTEM BASED ON THE DISCRETE
VOLTERRA POLYNOMIAL

The “input-output™ ratio for a NDS with an
unknown structure (like a “black box™) with one
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input and one output can be represented by a discrete
cubic Volterra polynomial in the form [23]:

Jml= > 9,im]= > ik Jm — k] +

k=0
m m 1
+ 0> Wy kg, ko XM —ky IX[m —k, ]+ .
k=0k,=0
+ DD wylky Ky, kg IXIM — Ky IX[m — K, XM — k],
ki =0k, =0k;=0

where wi[ki], we[ki,ko], wa[ki,ko,ks] are discrete
weight functions (Volterra kernels) of the 1st, 2nd
and 3rd orders; x[m], y[m] are input (stimulus) and
output (response) function (signals) of the system,
respectively; y.[m] is partial components of the
response (convolution of n-th order sequences
Whn[Ka,...,ka] and x[m]); m is a discrete time variable,
m=0,1,...,M.

yn[m] = I%n[m,...,m] =

m 2
= > wm-k,..m-k], n=123. @
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Multi-step test signals with different amplitudes
g (j=1,2,....L; L is number of experiments, L > N)
Xj(t)=a;j0(t) are used for identification [14]. The
responses of the OMS, which are measured at the
same time, will be denoted as yi[m], y-[m],..., y.[m].
If we determine the partial response components of
the model y,[m], §,[m], ¥5[m]then this will lead to
the estimation of the transient functions of the first

order MMl and the diagonal intersections of the
transient functions h,[m, m], hy[m,m, m] (2).

The responses of the Volterra polynomial
model are equal

yi[ml=a;gy[m]+af g [ml+a’§;[m], i=1,2, ..., L. (3)

To determine the transient functions
h,[m], h,[m,m], hy[m,m,m], the method of least
squares (LSM) [16, 17] is used, which provides a
minimum of the root mean square error of the
deviation of the model responses from the OMS
responses to the same stimulus:

L
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After solving the system of equations (5) with
respect to y,[m], ¥,[m], y,[m], we obtain estimates
of the multidimensional transient functions
h,[m], h,[m, m], h;[m,m,m] B of the OMS at each
moment of time m in the observation interval.

From equation (5), we get

y=(AA)TAY. (6)

After performing the matrix operations in (6),
we get
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Thus, for the model based on the cubic Volterra
polynomial for N=3 (1), we can estimate the
transient functions of the first r®[m], second
h{[m, m] and third h{>[m,m,m] orders (7).

Similarly, we obtain the formulas for evaluating
the first-order transient functions h®[m] — at N=1;
of the first and second ordersh®[m], h{?[m, m] — at
N=2:

L
Zaj y;[m]
h[m] = 90 [m] = = —— 8
2.4

j=1

hAm] | _[92ml]
hPImm]| | 92 [m]

C o . L L 1o
The minimization of criterion (4) is reduced to az >ad > a;y;[m] )
the solution of the system of normal Gaussian _| = : = : e o
equations, which in vector-matrix form can be L . &, Lo, '
written as ;aj ;aj ;aj y;[m]
A'AYy=A'"y, (5)
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The system of normal Gaussian equations (6)
gives good results for the approximation of functions
if the number of measurements L is large enough
(much greater than the degree of the approximating
polynomial N) or the measurement errors are small.
Otherwise, the determinant of the system turns out to
be close to zero, and the system becomes
indeterminate. In this case, large errors in the
estimation of the parameters of the approximating
polynomial are possible. To obtain a solution of
SLAE (6) resistant to measurement errors, the
regularization method of A.N. Tikhonov is used [15,
22].

3. EXPERIMENTAL STUDIES OF OCULO-
MOTOR SYSTEM USING EYE-TRACKING
AND CALCULATION OF THE
MULTIDIMENSIONAL TRANSIENT
FUNCTIONS

With the help of the developed software, a
study of the psychophysiological states of a person
was carried out. The experiments were organized in
order to classify the subjects (informants) according
to the state of fatigue.

Data for building OMS models — OMS
responses to the same test visual stimuli with
different distances xj (j = 1, 2, 3) from the starting
position, which formally corresponds to test signals
with amplitudes ai, a2 and as, obtained using the
Tobii Pro TX300 eye-tracker at different times of
the day: “In the Morning” (before work) and “In the
Evening” (after work) and on different days. One
complete cycle of OMS research for one respondent
consists of 3 experiments at different amplitudes of
test signals a1, a; and as for the “In the Morning”
state and for the “In the Evening” state. The graphs
of OMS responses received in the “In the Morning”
and “In the Evening” were brought to the common
beginning (starting point) and shown in Fig. 1.
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Fig. 1. Oculomotor system responses at different

amplitudes of test signals
Source: compiled by the authors

According to the OMS responses based on
calculations using formulas (7)-(9), the transient
functions of the OMS “In the Morning” and “In the
Evening”  were  determined  when  using
approximation models of various degrees of N (N=1,
2, 3): with N=1 — h®[m] (8); with N=2 — h{®[m]
and h?[m,m] (9); with N=3 — h®[m], h[m,m]
and h{¥[m,m,m] (7).

The graphs of the transient functions of the
OMS and the corresponding responses of the OMS
based on the model at N=1 (3) at different
amplitudes of the input signals for the state of the
respondent “In the morning” and “In the evening”
are shown in Fig. 2 and Fig. 3.
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Fig. 2. Transient functions of the oculo-motor
system models at N=1 for the state of the
respondent “In the Morning” and

“In the Evening”
Source: compiled by the authors
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Fig. 3. Responses of the oculomotor system
models at N=1 for different amplitudes of
test signals “In the Morning” and

“In the Evening”
Source: compiled by the authors

Similar results were obtained based on the
model with N=2 and are shown in Fig. 4 and Fig. 5 —
for the state of the respondent “In the Morning” and
“In the Evening”, as well as based on the model with
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N=3 and shown in Fig. 6 and Fig. 7 — for the state of
the respondent “In the Morning” and “In the
Evening”.
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Fig. 4. Transient functions of the oculo-motor
system models at N=2 for the state of the
respondent “In the Morning” and

“In the Evening”
Source: compiled by the authors
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Fig. 5. Responses of the oculomotor system
models at N=2 for different amplitudes of test
signals “In the Morning” and “In the Evening”
Source: compiled by the authors
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Fig. 6. Transient functions of the oculomotor
system models at N=3 for the state of the
respondent “In the Morning” and

“In the Evening”
Source: compiled by the authors
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Fig. 7. Responses of the oculomotor system

models at N=3 for different amplitudes of test

signals “In the Morning” and “In the Evening”
Source: compiled by the authors
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The normalized root mean square errors
(RMSE) of the OMS model at N=1 were calculated
for different amplitudes of input signals a;, a;and as
for the states of the respondent “In the Morning” and
“In the Evening”, which are given in the Table 1.

Table 1. Root mean square errors of the oculo-
motor system model at N=1

The state of the Amplltqdes of input Mean
signals
respondent error
ai az as
In the Morning | 0.047 | 0.019 | 0.019 | 0.028
In the Evening | 0.067 | 0.022 | 0.016 | 0.035

Source: compiled by the authors

Root mean square errors of the OMS model at
N=2 for different amplitudes of input signals ai, a.
and as for the states of the respondent “In the
Morning” and “In the Evening”, which are given in
the Table 2.

Table 2. Root mean square errors of the oculo-
motor system model at N=2

The state of the Amplltqdes of input Mean
signals
respondent error
a1 az as
In the Morning | 0.023 | 0.023 | 0.008 | 0.018
In the Evening | 0.038 | 0.038 | 0.013 | 0.03

Source: compiled by the authors

The responses of the OMS model at N=3 for
different amplitudes of the input signals a;, a; and as
for the respondent's states “Morning” and “Evening”
practically coincide with the corresponding
responses of the OMS.
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4. CLASSIFIER FOR ASSESSING THE
PSYCHOPHYSIOLOGICAL
STATE OF A PERSON

Data for building OMS models — OMS
responses to the same test visual stimuli with
different distances x; (j = 1, 2, 3) from the starting
position, which formally corresponds to test signals
with amplitudes a;, a; and as, obtained using the
Tobii Pro TX300 (300 Hz) eye-tracker at different
times of the day: “In the Morning” (before work)
and “In the Evening” (after work), and on different
days. One full cycle of OMS research for one
respondent consists of 3 experiments at different
amplitudes of test signals ai, a, and as, 8 complete
research cycles were performed for the “In the
Morning” state and 8 — for the “In the Evening”
state. The graphs of OMS responses received in the
“In the Morning” and “In the Evening” were brought
to the common beginning (starting point) and shown
in Fig. 8a and Fig. 8D, respectively.

To assess the psychophysiological state of an
individual based on the OMS model in the form of
first-order transient functions hi[m], and diagonal
intersections of second — and third-order transient
functions hy[m,m] and hs[m,m,m], training data
samples were formed for the two states of the
respondent using the proposed heuristic features [24]
determined on the basis of the obtained MTF.

Training data samples are used to build
classifiers of psychophysiological states of an
individual using machine learning tools [25, 26]. A
psychophysiological state classifier was built on the
basis of training samples of data for objects of
classes Q1 (“Morning”) and Q, (“Evening”).

Object respoases in the morming

To recognize objects of two classes (the case of
dichotomy), the shifted discriminant function of the
Bayesian species classifier is used [25, 26]:

d(x) = Sx/(S;* —S;M)x + (S, = S;'m, )X +
2 (10)
+1(m181’1m1 -m,S;'m, +1In M) + A o »
2 S, |
where x=(X1,X2,...,Xn)" is a vector of features, n is the
dimension of the space of features, m; is a vector of
mathematical expectations of features of class i,
i=1,2; Si=M[(x-m;)(x-m;)'] is the covariance matrix
for class i (M — is a mathematical expectation

-1
operation); 5" is the matrix inverted to Si, |Si| is the
determinant of the S; matrix, Ama iS the object
classification threshold, which ensures the maximum
value of the criterion of the probability of correct
recognition (PCR).

The analysis of the reliability of the
classification of psychophysiological states in the
space of the proposed features [28] consists in the
formation of all possible combinations of features
and the assessment of their informativeness based on
the results of the classification of the training sample
of data using the PCR criterion [24, 28]. Thus, all
possible pairs of features were investigated by the
method of complete search. The diagnostic value of
only all possible pairs of features is investigated,
since we have a small amount of training sample.

Bayesian classifier of psychophysiological
states in two-dimensional feature spaces, providing
the maximum PCR Pnax for combinations of features
determined on the basis of the Volterra polynomials
at N=1, 2 and 3.

Object responses in the evening

Fig. 8. Oculo-motor system responses at different amplitudes of test signals:

a— “In the Morning”; b — “In the Evening”.
Source: compiled by the authors
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For the Volterra model with N=1, the following
combinations of features were obtained:

M
(Xl = mzzo|h1[m]| & X, = m"’r‘é[pllw[]m]j , OF

X =arg max h[m] & x,; = max|h[m]| |, or
me[0,M] me[0,M]

X,y =argmin h[m] & x,; = max|h,[m]| |, or
me[0,M] me[0,M]

X, =max h[m] & x,, =argmax|h[m]| |, or
me[0,M] me[0,M]

(Xm m'n hl[m]&xle maXIhl[m]IJ

me[0,M]

( X6 = max|h,[m] &x,; =arg max|hl[m]|J :

me[0,M] me[0,M]

here hl'[m] is the derivative of the transient function

of the 1st order.

For individual features, we have the following
values of the PCR criterion: Xis — Pmax = 0.625; Xuo,
X11— Pmax= 0.688; X4 , Xs— Pmax= 0.75; X1, X17 —
0.876.

For the Volterra model with N=2, the following
combinations of features were obtained:

Prax=

(X —afgﬁﬂxh[m]&xle fmxlhl[mllj or

me[0,M me[0,M]

( X5 =argmin h,[m,m] & x,, = max|h1[m]|] ,or

me[0,M] me[0,M]

(X =max hy[m] & x, = maX|hl[m]|J or

me[0,M] me[0,M]

=max h [m] & x,, = min h,[m, m]j ,or

me[0,M] me[0,M]

( X,5 = Max|h,[m,m] & x, =arg max|h1[m]|J :

me[0,M] me[0,M]

here h,[m,m] is the derivative of the transient

function of the 2nd order.

For individual features, we have the following
values of the PCR criterion: Xs — Pmax = 0.625; X1,
X13, X17, X18 — Pmax= 0.75; X4 — Pmax = 0.813; X156 — Prax
=0.875.

For the Volterra model with N=3, the following
combinations of features were obtained:

M
[xa = |hy[m,m,m] & x,, = min h,[m, m]]
m=0 meOM]

[x3 = i|h [m, m, m]| & X, = min hy[m, m, m]), or

me[0,M]

me[0,M] me[0,M]

(X5 =argmaxh,[m] & x,; =argmin h [m]J

[ x5 = argmax h,[m] & x,; =argmin hy[m, m, m]J or
me[0,M] me[O M]

Xq = argmax hy,[m, m, m] & x, = maxh,[m,m] |, Of
me[0,M] me[0,M]

[xg = argmaxh,[m, m, m] & x,, = min hl'[m]J or

me[0,M] me[0,M]

(xls =argmin h,[m,m] & x; = maxh,[m, m]} or

me[0,M] me[0,M]

[xlg =argmin h,[m,m] & x,, = min hl'[m]j, or

me[0,M] me[0,M]

(Xﬁ = maxh,[m, m] & x; = max hé[m,m,m]], or

me[0,M] me[0,M]

(xlz =min h,[m,m] & x,, =min h,[m, m, m]j,

me[0,M] me[0,M]

here h,[m,m,m] is the derivative of the transient

function of the 3rd order.

For individual features, we have the following
values of the PCR criterion: Xg, X13 — Pmax= 0.625; X3
— Pmax= 0.688; X12 — Pmax= 0.75; Xe, X10, X14 — Pmax =
0.813.

An analysis of the stability of the indicators
PCR in different feature spaces was carried out. For
this, random samples with a Gaussian probability
density distribution were created, where the standard
deviation of the distribution is equal to the product
of the mean value of the feature vector at the noise
level (1 % and 5 %). The results of the PCR stability
analysis are presented in Fig. 9 and in Table 3 for
model at N=1; in Fig. 10 and in Table 4 for model at
N=2; in Fig. 11 and in Table 5 for model at N=3.
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100 B x1, x4
B x5, x16
x11, x16
75 B x4, x17
B x10, x16
W x18, x17
5 50
o
25
0
0% 1% 5%

Noise level

Fig. 9. The maximum value of probability of correct recognition for classifiers in the spaces of the
selected features obtained on the model-basis at N=1 when the features are affected by

different levels of noise
Source: compiled by the authors

100 B x5, x16
B x13,x16
x4, x12
75 B x4, x16
B x18, x17
o
s 50
a
25
0
0% 1% 5%

Noise level

Fig. 10. The maximum value of probability of correct recognition for classifiers in the spaces of
the selected features obtained on the model-basis at N=2 when the features are

affected by different levels of noise
Source: compiled by the authors

100 x3, x12
x3, x14
x5, x11
x5, x15
x9, x6
x9, x10
x13, x6
x13, x10
x6, x8
x12, x14

75

50

PCR
SCEEERENEN

25

0% 1% 5%

Noise level

Fig. 11. The maximum value of probability of correct recognition for classifiers in the spaces of
the selected features obtained on the model-basis at N=3 when the features are

affected by different levels of noise
Source: compiled by the authors
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Table 3. Average values of probability of correct
recognition (%) for classifiers in feature spaces at
N=1 with different levels of additive noise

Feature Noise level, %
combinations 0 1 5
X1, X4 93.75 93.75 82.50
Xs, X16 93.75 90.00 83.75
X11, X16 100 98.75 82.50
Xa, X17 93.75 87.50 88.75
X10, X16 93.75 92.50 83.75
X16, X17 93.75 91.25 87.50

features for the model at N=3. At a noise level of
1%, these are the features: (Xs, X14), (Xo, Xs), (X13, Xs),
(X13, Xlo), (Xlz, X14) (hlghllghted in Table 5), at a noise
level of 5 % — (Xo, X10). On Fig. 12 shows the
location of the training sample objects in the feature
space (Xo, X10).

Source: compiled by the authors

Table 4. Average values of probability of correct
recognition (%) for classifiers in feature spaces at
N=2 with different levels of additive noise

-0.15 &
A
i A
-0.20 A
|
T
o -0.25 L
=
A
-0.30 n
[ ]
| ]
| | B Momning
-0.35 . 4 A Evening
) 8 10 12 14 15 18 20

x9

Feature Noise level, %
combinations 0 1 5
Xs, X16 93.75 96.25 82.50
X13, X16 93.75 93.75 91.25
X4, X12 100 100 87.50
X4, X16 93.75 92.50 92.50
X18, X17 100 100 92.50

Source: compiled by the authors

Table 5. Average values of probability of correct
recognition (%) for classifiers in feature spaces at

N=3 with different levels of additive noise

Fig. 12. The location of objects of the training set
in the feature space (xs, x10)
Source: compiled by the authors
Support vector machine (SVM) was also used
to build the classifier [26, 27]. The best results of the
evaluation of the efficiency of classifiers, built using
SVM, were obtained in the feature spaces (Xs, Xis),
(X9, X10), (X13, X10) and are shown in the Table 6. In
this case, SVM using a second-order kernel is used:
K(x,x')= (<x x') +1)d , (11)
where d is specified by parameter degree, d=2.
Calculation of indicators from the Table 6 [25]

was obtained using the Scikit-learn library

Feature Noise level, % (sklearn.svm.SVC class) and functions of the
combinations 0 1 5 sklearn.metrics module.
X3, X12 93.75 91.25 77.50 ble 6 ; | he eff
Table 6. Metrics for evaluating the effectiveness
X3, X14 B D 91.25 of classifiers constructed in two-dimensional
X5, X11 93.75 92.19 85.00 feature spaces using Support vector machine
Xs, X15 93.75 91.25 90.00 Metrics Xs&X15s | X9&X10 | X13&X10
Xo, X6 9375 | 9375 | 8750 Error Type L, L 2 2
Error Type 11, 8 1 1 1
X9, X10 93.75 93.75 93.75 PCR
X13, X6 93.75 93.75 87.50 TP +TN 0.875 0.813 0.813
X13, X10 9375 | 93.75 | 90.63 TP+ FP+ FTNP+ N
Yo, o 9375 | o125 | 8750 | | Recall ——— | 0875 | 0.875 | 0875
X12, X14 93.75 93.75 85.00 Precision, TP 0.875 0.778 0.778
Source: compiled by the authors TP + FP
Analysis of the obtained results of studies of the Z*PFl.'.SC(fIg’ I
stability of the PCR index for various combinations r_e_'s'on cca 0.875 0.824 0.824
of features in different models shows that the most Preision + Recall :
. . . . . Source: compiled by the authors
noise-resistant combinations of features are pairs of
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CONCLUSIONS

The methodology of experimental studies of
human OMS wusing innovative eye-tracking
technology for registration of OMS responses to test
visual stimuli was developed and implemented. The
obtained empirical data of the “input-output™ studies
are used to identify the OMS based on Volterra
polynomials.  Experimental  studies of the
respondent's OMS were carried out before and after
the working day. Based on the data obtained with
the Tobii Pro TX300 eye-tracker, the transient
functions of the first, second and third orders of the
OMS were determined. The variability of second-
and third-order transient functions for different
psychophysiological states of the respondent (by
level of fatigue) was revealed. Thus, it seems
appropriate to use multidimensional transient
functions in diagnostic studies in the fields of
neuroscience and psychology.

The information technology of diagnosing

accuracy of OMS modeling and, as a result, to
increase the reliability of diagnosis in the space of
the proposed heuristic features.

A set of heuristic features are proposed, which
are determined using integral and differential
transformations of the MTF of the OMS. The
informativeness of individual features and all their
possible combinations in pairs according to the PCR
indicator was studied. Two-dimensional feature
spaces with the maximum value of the PCR
indicator were found when solving problems of
assessing the psychophysiological state (fatigue
state) of a person (Pmax=0.9375).
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AHOTANIA

Po3pobiieHo Ta peaizoBaHO METOJ EKCIIEPUMEHTAIBHOIO JIOCIDKEHHST «BXiI-BHXID» OKYJIO-MOTOPHOI CHCTEMH JIOJHHH 3
BHUKOPUCTAHHSIM 1HHOBALiWHOI TEXHOJOrIl aWTpPEeKiHry Juisi peecTpamil BiAryKiB OKYJIO-MOTOPHOI CHCTEMH Ha TECTOBI Bi3yallbHi
crumynu. CTUMyNM BiioOpaXkaroThCs Ha €KpaHi MOHITOpa Ha pi3HiM BifcTaHi Bij mo4aTKoBoro mnonoxeHHs. Lle ¢opmanbHO
BIJIOBiJa€ il CTYMIHYACTHX CHTHANIB 3 PI3HOI0 AMIUTITYZOI0 Ha BXOIi OKYJIO-MOTOPHOI CHCTEMH. 332 €MIIPHYHUMHU JAHUMHU
JOCITIKEHb  «BX1/I-BUXi/» OKYJIO-MOTOPHOI CHCTEMH pECIOH/CHTa, OTPUMAHUMX 3a Jormomororo airpekepa Tobii Pro TX300,
BU3HA4YCHI mepexiaHi (yHKUii Mepuioro Ta AiarOHalbHI MEPETHHH MepeXifHUX (YHKIIH IPyroro i TPEThOrO MOPSIKIB OKYIO-
MOTOPHOI cHCTeMH. EKcriepuMeHTasbHI JOCTIDKEHHS OKYJIO-MOTOPHOI CHCTEMH PECIIOHICHTIB JUIS BHSBICHHS CTaHy BTOMH
MIPOBOIJIM JI0 TIOYaTKy (BpaHLii) Ta micist podouoro axs (yBeuepi). OTpumani 6araToBUMIpHI repexinHi GyHKIiT BUKOPHCTOBYIOTHCS
SIK JDKEpeNo TMEepBHHHHUX JaHMX MOpU peati3amii iHTeJdeKTyaldbHOi iH(OpPMAIidHOI TEXHONOrii IiarHOCTHKH Ta MOHITOPHHTY
ncuxo(i3ioNoriyHoro  CraHy JIOJMHH. P0o3po0iieHO 1HCTPYMEHTAlIbHI QICOPUTMIYHI Ta MOPOrpaMHi 3aco0M BU3HAYCHHS
JIarHOCTUYHMX O3HAK HAa OCHOBI iAeHTU(DIKAIIWHUX DaHUX OKYJO-MOTOPHOI CHCTEMH Yy BHIJIAI 0araTOBUMIPHHUX HEPeXiIHUX
¢ynkuiit Ha MoBi Python. Ha ocHOBI 3anponoHOBaHMX BPUCTHYHUX 03HAK COPMOBAHO HABYAIIbHI BUOIPKU JAHUX IS ABOX CTaHIB
pecrnionnenta («Hopma» Ta «Broma®), sKi BH3HAYAIOTHCS 3a JOMOMOIOK IHTErPATBHUX Ta AU(EPEHIlialbHUX MEPETBOPEHD
OTPUMaHUX OaraToBUMIpHHX mepeximHux (yHKIid okopyxoBoi cucremu. HaB4anbHi BHOIpKH MaHUX BHKOPHCTOBYIOTHCS IS
moOymoBH kinacu]ikaTopiB ncuxodi3ioNorivHuX CTaHIB iHAMBILA 32 JAOMOMOrO 3ac0o0iB MAIIMHHOTO HaBYaHHS. [H()OpPMATHBHICTH
OKpeMHX O3HAaK Ta BCIX MOXJIMBHX IX KOMOIHAaI[if y mapaXx 3a TOKAa3HHKOM BIpPOTIHOCTI HPAaBUILHOTO PO3IMi3HABAHHS
JIOCITi[DKYBaJIaCh METOZIOM TIOBHOT'O mepebopy. Pe3ynbraTu HOCTiKEHHsT OTPUMAHO MUTSIXOM OLIHKH SIKOCTI pO3MTi3HABaHHS CTaHIB 3a
JIOMIOMOT0I0  MOOYIOBaHUX OaleCiBCbKHUMHU KiacuikaTopaMyd B PI3HHX IMPOCTOpax 3ampoNOHOBaHMX O3HaK. [IpoBeleHO aHami3
CTabiITBPHOCTI MOKa3HHUKA 1H()OPMATHBHOCTI MPABUIILHOTO PO3Mi3HABAHHS PI3HUX MPOCTOPIB O3HAK i/l BIUIMBOM HA O3HAKH Pi3HUX
piBHIB aguTUBHOrO Iymy. [lpu BHpIllIeHHI HAayKOBO-MPAKTHYHOI 3a1adi OIL[HKK MCHX0(]i3i0J0riYHOro cTaHy (BTOMH) IJIOJUHU
BUSIBIICHO JIBOBUMIPHI MPOCTOPH O3HAK 3 MAKCHMAIbHUM 1 HaHOUTbII CTaOiTbHUM 3HAYCHHSIM [MOKA3HWKA MPaBHILHOTO
posmizuaBanus (0.9375). Takum YHHOM, BUAAETHCS TOMIIBHAM BHKOPUCTOBYBATH OaraToBUMIpHI mepexiqni QyHKIii, Mo oTpuMaHi
3a JAaHUMH alTPEKiHra, B IIarHOCTUYHUX JOCTIKCHHSX y TaTy3sX HEHPOHAYK Ta €KCIIEPUMEHTAIBHOI TICHXOJIOT 1.

Kniouosi cnoga: Ouinka ncuxo¢i3ioNOTiqHOrO CTaHy, AiarHOCTHKA; OKYJIO-MOTOpHA CHCTeMA; iJeHTH(iKamis; MOIETb
Bonbreppa; 6araroBuMipHi nepexiaHi GyHKIIiT; TECTOBI Bi3yalbHi CTUMYIIH; TEXHOJOTIS alTpeKiHra
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