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MOCKOBCKMIA rocynapCTBeHHbIV TeXHUYECKUI yHUBepeuTeT uMeHu H. 3. bayMaHa (HaumoHanbHbI uccnenoBaTenbekuii yHuBepcuTeT), MockBa,
Poccuitckan ®Oepepauma

AHHOTAUWA

Bgedenue. MeTonpl oKynorpaduu — perucTpaumy OBUMKEHUA TNasHbIX AGMOK YenoBeKa WM HUBOTHOO MyTeM
aHanu3a W3MEeHEHWA 3MEeKTPUYECKUX MOTEHLMANoB, PErucTpUpyeMbiX NapoM 3MEKTPOAOB, 3aKPEMNAEMbIX Ha KOMe
Hedanexko OT rnasHULbl — MPUMEHAITCA NpU peLLleHUM pa3nuuHbiX 3agad. Cpeau HUX yctaHoBneHue dakTa Hanmuusa
BbIPAXKEHHOM0 HUCTAarMa, YCTaHOBNIEHWA (aKTa XapaKTepHbIX W3MEHEHWM Na30ABUraTeNlbHbIX PeakLui B pasfiNuHbIX
ycnoBusx HabnoneHnA Buaeoobpasos. VIHTepec npeacTaBnsAeT onpefeneHye NOOKEHUA «To4KK B3opa» (TB) u obnactu
«MOBbILLEHHOT 0 BHUMaHWUA» B TPEXMEPHOM NpOCTpaHCTBE. 3Ta MHGOpMaLms CBA3aHa C KOTHUTUBHOM CUCTEMOM HabnloaaTens
Y NPeACTaBAAET UHTEPEC HE TONMbKO ANA GU3MO0M0roB, HO M ANA CeLManmncToB CMEHKHBIX CrieLManbHOCTeN.

Llenb. IkcnepuMeHTanbHO foKa3aThb paboTocnocobHoCTb pas3pabotaHHoro MeToaa 3D-okynorpadum, obecneumaioLLero
onpepeneHue nonoexua TB B npocTpaHcTBe.

Mamepuanel u Memodel. Bo3aMoXKHOCTb BOCCTaHOBEHWA NONOMKeHUA TB Ha 0CHOBaHWM aHanu3a 3aperucTpupoBaHHbIX
OKYNIOrpamMM [ae NpU HanuuMu agauTMBHBIX LIYMOB B 3TUX peanu3aumsx, 06YCNOBAEHHbIX BO3[AENCTBMEM BHELLHMX
3MIEKTPOMArHUTHbIX NOJIEN, AOKa3bIBAaeTCA MyTEM NPUMEHEHUA MeTOAA YMCNIEHHOr0 MoLenvpoBaHuA. [poBesieHbl NpsAMbIe
3KCNEPUMEHTaIbHbIE UCCIe[0BaHUSA, B X0[e KOTOPbIX HA NpefjBapuTeNbHO NOBEPEHHOM 060pyA0BaHUM 3aperUcTpUPOBaHbI
OKy/lorpamMMbl - YenoBeka—Habniogatensa. Mcnonb3oBaH okynorpad ZB-2, nonyveHHble [AaHHble BepUQULMPOBaHbI
C NPUMEHEHNEM METOa CPEAHMX BESTUYMH.

Pesynemamel. [onyyeHHble pe3ybTaTbl MOAENMPOBAHWA NO3BOIUIN ONPeSenuTb NpeaesNbHbIe 3Ha4eHUA AMCnepcum
a[AMTVBHBIX LLYMOBbIX peanu3aumni v aMIMTYOHbIX CMELLEHUIA CUTHAMOB, MPY KOTOPbIX BO3MOXHO YAOBIETBOPUTENIbHOE
BOCCTaHOBNIEHWe KoopauHaT TB v napaMeTpoB TpaekTopumu eé nepeMelleHuA. [JokasaHo KayecTBEHHOE COOTBETCTBUE
3KCNEPUMEHTANIbHBIX Pe3yNbTaToB pesy/ibTaTaM YMCIIEHHOr0 MOLenMpoBaHuA. NoaTBepAeH0 COOTBETCTBUE TPaeKTOpUM
HabnlofaeMoro [BMMKYLLEroCA B MPOCTPAHCTBE MNpeAMETa M CUMHTE3UPOBaHHBIX MO OTCYETaM 3aperucTpupoBaHHbIX
OKynorpamMm TpaeKkTopui nepeMelleHua TB.

3aknoyeHue. MHoOroKaHanbHasa permcTpaums oKynorpaguUeckux CUrHanoB No3BoJIAET BOCCTaHaBNMBATL NapaMeTpbl
Tpaektopumn TB. Co3paHue CUCTEM perucTpaumm 3TMX CUrHanoB TpebyeT MMHMMM3aLMM YPOBHA LIYMOB. YBEnMYeHue
AVCNEPCUN LIYMOBOW COCTABMIAIOLLEN CUTHana NPUMBOAMT K Hambonee 3Ha4MMbIM OLIKMOKAM pacyeToB KOOPAMHAT TOYEK
TpaeKTOpUM.
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3D-0culography: New Method of Determination of
Human Gaze Point Position in Space
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ABSTRACT

INTRODUCTION: Oculography — a method of recording movement of eyeballs of a human or animal by analyzing
changes in electrical potentials recorded by two electrodes fixed on skin near the eye socket is used to solve various
problems. Among them are the determination of pronounced nystagmus, of characteristic changes of oculomotor reactions
in different conditions of observing video images. Of interest is the determination of the position of gaze point (GP) and of
the area of increased attention in three-dimensional space. This information is associated with the cognitive system of the
observer and is of interest not only to physiologists, but also to specialists of related fields. .

AIM: To experimentally prove the effectiveness of the developed method of 3D-oculography providing determination
of the GP position in space.

MATERIALS AND METHODS: The possibility of restoring GP position based on the analysis of recorded oculograms
even in the presence of additive noise induced by the external electromagnetic fields, is proven by the numeric modeling
method. Direct experimental studies were conducted with recording oculograms of a human observer on a previously
verified equipment. A ZB-2 oculograph was used, the data obtained were verified by the method of average values.

RESULTS: The obtained modeling results permitted to determine the maximal values of dispersion of additive noise
and amplitude shifts of signals, which make possible satisfactory restoration of the coordinates of the GP and parameters
of its movement trajectory. The qualitative correspondence of the experimental results to the results of numerical modeling
was proven. The correspondence between trajectories of the observed object moving in space and trajectories of GP
movement synthesized from counts of recorded oculograms was confirmed.

CONCLUSION: Multichannel record of oculographic signals permits restoring parameters of the GP trajectory.
Creating systems for recording these signals requires minimization of the noise level. An increase in dispersion of the
noise component of the signal leads to most significant errors in calculating the coordinates of trajectory points.
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LIST OF ABBREVIATIONS

CS — coordinate system
GP — gaze point
rel. units—relative units

INTRODUCTION

Oculography methods of have been known for quite
a long time [1, 2] and are used to solve a number of
diagnostic tasks determination of pronounced nystagmus,
of characteristic changes in human oculomotor reactions
under changing conditions of observation. There are
known attempts to use oculographic signals to control
various devices used by patients who have lost the ability
to move [3, 4]. A possibility to evaluate the angular
position of the eyeball in the horizontal and vertical
planes [5] has led to implementation of the so-called
eye-trackers (a device following eye movement), which
are widely used to obtain information about gaze point
(GP) movement trajectory, to determine the areas of
increased attention within the observer’s field of vision
[6]. Besides, of interest is determining the position of
such area in three-dimensional space, as well as the
dynamics of its movement. It can be argued that having
determined the trajectory of movement of this area, it
is possible to characterize the trajectory of movement
of an object which is picked out by the observer’s
cognitive system against a certain background. This
system also follows movement of the object activating
muscles moving the eyeballs. Thus, the method of
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obtaining information about position of GP in space is of
interest both to physiologists and, in future, to practicing
physicians.

The aim of this study to experimentally prove the
functionality of the developed method of 3D-oculography
permitting determination of the gaze point position in
space.

MATERIALS AND METHODS

The idea underlying the developed 3D-oculography
method is based on the principles of stereoscopic vision,
when the image of an object is formed by two organs of
vision (formally, by even a greater number, as in some
insects). The distance between the centers of eye pupils
of a human observer (b,,), called the base, determines
the achievable resolution of positions of the object
relative to the geometric center of the human ‘system
of observation’ let us call it that, using the concepts
familiar for optics specialists. Figure 1a presents a
scheme of observation of an object moving along a circle
of radius R with the center having coordinates x,, y, in
the rectangular coordinate system (CS) X0Z, which we
will call the coordinate system (CS) of observation.

b)

Fig. 1. Geometry of the task to determine the coordinates of gaze point when observing an object moving along a circle of radius
R in the X0Z plane (a), and of the coordinates of this paint in the left Cartesian coordinate system (b).

Notes: Positions of pupil centers of the observer’s eyes are designated with points Og and 0, the trajectory of the moving object € is shown by a dotted line (b).

https://daiorg/1017816/PAVLOVIZ74768
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Assume that the positions of the centers of the
pupils of the left and right eyes of a human observer are
determined by the coordinates (xs, 0) and (x,, 0) of points
O and 0, respectively, in this CS. The coordinates x,
and z,, of the intersection point of the optical axes of the
left and right eyes, oriented by the oculomotor muscles
to observe the object QO , are determined by solving the
system of equations:

(20 = (i~ X5)-18(90- ;)
JLG =(xy—%p)-1(00—a,) "

where a.s and o, are angles that determine positions of
the optical axes of the left and right eyes relative to 07
axis of CS of observation.

A general case of observing an object is shown in
Figure 1b. To determine the coordinates of an object Q in
the three-dimensional XY0Z coordinate system, besides
coordinates x,, and z, it is necessary to calculate the
coordinate y,. The calculation is possible knowing the
values of x,, z, and the elevation angle $ in the plane 8,
where the optical axes of the left and right eye lie.

To simplify the analysis, we will assume that the
X0Z, plane passing through the centers of the eye pupils
and the center of the observed object is horizontal, i. e.
9 = 0. Then at the desired point of intersection of the
optical axes of the left and right eyes the correlation
following from (1) must be satisfied:

(Xp—x:)-18(90—a, )= (xy—xg)- 1g(00—ay )"

Considering this, |xg| = |x| = by, /2 , we obtain a new
form of record:
(xy+B,, /1 2)-cigla,) =

=Xy — By 1 2)-cta(a,)
where  x,-ctgla,)—x, -cigla,) =
= (b / 2)-c1g(ap)— (o / 2)-crglas ) -
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and, thus, coordinates of the gaze point in X0Z plane can
be represented by a system of equations

| —(byy ! 2)- (et )+ crglax, )

Y=
1 ctgl(e; )—ctglay,) Q).
[2a=(xq+ by / 2)-ciglas)

In this case, the following correlations between the
values of angles a, o, By and B are satisfied: at as> 0
and o,<0, Bs>0and B,<0; arerealized, at a.s>0and o, > 0
we obtain s> 0 and 3,> 0; at o.g < 0 and o, < 0 we have
Bs<0andB,<0.

The base of the visual system b, in an adult is on
average 60 mm—-61 mm this is an objective parameter
obtained in direct measurements. The assessment of
distance resolution turns out to be subjective direct
measurements are impossible, since it is impossible
to obtain the final result of the functioning of only the
visual system the observer’'s cognitive system also
participates in making the final decision. However,
based on the results of numerous observations, it can
be considered that at a small (= 1 m) distance to an
observed small-sized object located within the plane of
symmetry of the visual system at eye level, a 10 mm
resolution is achievable. At an average distance (= 5 m)
it is about 20 cm, and at a long distance (15 m or more)
it is about 0.5 m. It follows that the average absolute
error in estimating the angle of deviation of the optical
axis of each eye to achieve such estimates should be
0.01°-0.02° (Table 1). A is defined as the difference of
the angles o, and o, corresponding to the observation
of the vertices of a segment of length AR, oriented along
the 0Z, axis, with the nearest located at a distance R
from the observer.

Table 1. Assessment of Implemented Angular Resolution when Observing Object at Distance R from Human Observer’s Face

Distance R, m Resolution AR, mm o’ Oy° Ao,’® Average Aa,®
1 10 1.718 1.701 0.017
5 200 0.343 0.331 0.012 0.014
15 500 0.115 0.111 0.014

It is obvious that finding a solution to (2) based on
recorded analog oculographic signals (the difference in
electric potentials of the skin surface at the points of
attachment of the electrodes), proportional to the angles

DOI: https://doi.arg/10.17816/PAVLOVI274768

of deviation of the optical axes of the left and right eyes
from the normal lines, is possible only with the digital
presentation of these signals after the analog-to-digital
conversion.
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Assuming that oculographic signal is recorded with
gaze direction changing within £15°, the required angular
resolution will be provided by using 12-digit analog-to-
digital converter permitting resolution of 212 = 4096
levels of input analog signal. Within the discussed
30-degree range of variation of o, and o the resolution
will make about 0.007°. This permits to realize some
‘margin’ of the input signal in the amplitude, which
provides that there are no restrictions of this signal, with
the required angular resolution.

Judging by the data of F Simini, et al. (2011) [7],
correction of the oculogram readings should not be

Tom 32, N2 2, 2024

Poccunckmnin Meamnko-omonornyecKimin BeCTHUIK
nmern akagemmka M. 1. Nasnosa

done, since eye movements within such angular limits
are characterized by a linear dependence of potential
difference on the angle of eyeball rotation.

Registration of oculographic signals in three pairs
of points on the surface of the face skin of an observer
(Figure 2) provides information sufficient to calculate the
3D coordinates of the GP in the left Cartesian coordinate
system. With an error about 0.01 m, the coordinates
of an object () can be determined in a space region of
0.5 x 0.5 x 0.5 m located at a distance of 1 m from the
face of the person observing this object.

Fig. 2. Functional diagram of 3D-oculograph.

Signals from 1-2 and 2-3 pairs of electrodes were
proposed to be used to determine coordinates y, and z,
of GP in 6, plane passing through the centers of pupils
and the point of object 2, and signal from 4-5 pair of
electrodes to determine 9 angle of deviation of this
plane from the horizontal one and to recalculate the
obtained GP coordinates to coordinates in the Cartesian
coordinate system X0YZ (Figure 1b).

This method of successive determination of GP
coordinates is conditioned by the principles of functioning
of human visual system, as well as by minimization
of errors occurring when solving a system of type (1)
consisting of three coordinates: x,, y,, and z,.

The additional electrode 6 is necessary to organize
compensation for interference induced on a human body
(this solution is used rather frequently in one- or two-
channel oculographs [8] and its implementation differs
only by the method of generating the compensation
signal). The practice of research works carried out with
developed oculographs of various modifications [9]
showed that an effective solution providing a low level
of interference and convenient operation of the device is
the use of a radio channel for transmitting the recorded
oculograms readings to the processing computer, and of
autonomous power supply battery or accumulator. Such
configuration of the oculograph permits satisfactory
mobility of the observer and elimination of interference

https://daiorg/1017816/PAVLOVIZ74768

inevitably present when using a power supply connected
to the mains. To reduce the impact of low-frequency fields
of industrial electric circuits on the obtained results,
electrodes are connected to the electronic circuit by
segments of shielded cables of limited length (maximum
1 m).The functional diagram of a 3D oculograph (Figure
2), in addition to signal amplifiers, contains correcting
circuits, each of which, in a certain range, permits to
compensate for changes in the transition resistance
between the conductive material of the electrode and
the observer's skin. To note, this phenomenon has
the greatest negative impact on the reproducibility of
measurement results changes in the amounts of sweat
and fat on the skin, changes in the pressing force of the
electrodes, probable electrochemical reactions on the
surface of the electrodes affect the value of the recorded
potentials and prevent the achievement of a stable
balance of average values and amplitudes of the signals
on output of amplification paths of the oculograph.
Besides, the elasticity of the skin, which depends on the
physiological state, health and age of the observer, also
influences the result. This problem has been repeatedly
noted by many researchers, and its final solution has not
yet been found, even when electrodes are manufactured
of such stable materials as gold [10].

The subject of the research was a human observing
an object moving along a known trajectory, and
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simultaneously recorded oculomotor reactions of the
left and right eyes used to restore the trajectory of
movement of the gaze point. An employee of Bauman
Moscow State Technical University, a man aged 22
years, voluntarily took part in the experimental studies
to demonstrate the method (an Informed Consent form
was signed). He denied the presence of any pathology of
the visual system.

At a meeting of March 24, 2022 (Protocol No. 1),
the Ethics Committee of Bauman Moscow State Technical
University approved conduction of the mentioned
studies in accordance with the presented methodology
and informed consent obtained from the participant.

The realizations were modeled using Intel Visual
Fortran Compiler 11 software in accordance with the
modern methods of implementing classic algorithms.

Besides mathematical modeling, experimental
studies were conducted with the main task to establish
a principal possibility of reconstructing the trajectory of
GP movement especially in the presence of inevitably
recorded interference.

The characteristics achieved by a 3D-oculograph
were studied by recording the oculographic signals in
the process of observation of a moving object a load
20 mm in diameter moving in space on a suspension
2.1 m long in gravity field.

The rotation of the load at speed V (Figure 1a) was
initiated by deflecting it from the equilibrium point by
0.125 m in the direction of the 0Z axis, followed by
imparting an impulse in the direction opposite to the 0X
axis. The parameters of the trajectory of the load were
determined based on the results of 10 launches it was

a) Z, M b)
|+ e
1,0%:. 1/
6. =0
X ™M
I

I
—0,5 0 0,5
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found to be an ellipse with semi-axes of 0.12 m and
0.16 m.

RESULTS

Using numerical modeling, implementations of
oculographic signals were formed corresponding to the
movement of GP along a circle of R = 0.2 m (Figure 3).
These are enharmonic periodic signals, which is clearly
seen when compared with the implementation of a
harmonic signal presented in the same figure. With
sufficient amplitude resolution of the device in record of
Ug(t) and Up(t) signals, information about realization of
o(t) and ouy(t), angles can be extracted with moderate
error, after applying (2) to them xo() and y,(t),
dependencies are formed describing GP trajectory. Thus,
with voltage resolution of signal readings 0.001 V, the
resolution in the angle of deviation of the eyeball will be
no worse than 0.01°, which is consistent with the data
presented in Table 1.

Since the recorded oculographic signals are additive
mixtures of useful signals and noise, and, besides, these
signals may have non-random shifts in the value of the
recorded voltage, the shape of the calculated trajectory
may notably differ from the initial one, and, with a
significant noise level, the reconstruction of the trajectory
can appear impossible. The performed numerical
modeling of the reconstructing the GP movement
trajectory shows that the maximal noise dispersion
value o2 can be considered a value numerically equal
to 1% of signal amplitude. With lower noise dispersion
values, distortions of the reconstructed trajectory are
noted, however, its general form is preserved. Of the

U, oTH. en.

{, OTH. e]I.

. ——
0 40 80 120 160

Fig. 3. Model trajectory of movement of gaze point (a) and results of modeling of signals (b): oculograms of the left Uy(t) and right

Uy(t) eyes; harmonic signal U,,,(t) = A cos(wt).

cos
Note: rel. un. — relative units.

same order of magnitude are permissible deviations
in the shift of signal levels and unbalance of signal
amplification coefficients in a pair (Figure 4).

DOI: https://doi.arg/10.17816/PAVLOVI274768

The presence of non-random shift of signals level
leads to distortion of the reconstructed trajectory; however,
in most practical cases it is insignificant.
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U,=-0,01.U_ AU, =0,01-U_ AU, =0,1-U__
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C) Z, M
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Fig. 4. Characteristic distortions of the reconstructed trajectory of gaze point with different distortions of the recorded
signals: the presence of additive noise with dispersion o?y (a), shift of one of signals in amplitude by AU (b); variations
of transmission coefficient K, of the amplification path recording these signals (c); value; Beanunna U,,, = max {|Ud,|Upl}.

The series of recorded oculographic signals (each
series contained at least 5 implantations of these signals
registered in observation of four-five rotations of the
load by the subject) were characterized by a qualitative
coincidence.

One of the recorded implementations of oculographic
signals is shown in Figure 5a. The figure demonstrated
that phase difference of Us(t) and U,(t) signals periodically
change. In general, this fact contradicts the previously
considered model. In our opinion, the source of this
phenomenon is the peculiarities of cognitive processing
of the recorded images by the brain, on the basis of
which results the parameters of eyeball movements are
corrected. This statement is illustrated in Figure 6 that
shows a moving object observed by the left and right
eyes, changes in positions of visual fields of these eyes

https://daiorg/1017816/PAVLOVIZ74768

in time, and changes in oculograms signals U(t) and
Up(t). characteristic of these situations. Considering the
fact that the average period between registrations of
separate images by a human cognitive system is 35 ms—
40 ms, it is reasonable that integration of readings of
Ug(t) and Up(t) signals be performed within this interval
before application of (2).

Taking into account what was said above regarding
the slow changes in the values of the constant
components of the signals Ug(t) and Up(t), in the process
of reconstructing the trajectory of the observed object,
the observation interval was decomposed into five-time
intervals A ... F, the duration of which approximately
corresponded to the time of one rotation of the load.
After this, for each interval, the values of permanent
shift of AU, signal were iteratively determined at
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Fig. 5. An oculogram recorded during observation of a moving object (a) and results of reconstruction of trajectories of gaze point
movement (b—f) on A ... F time intervals, respectively. The line designates parts of trajectories that do not significantly correspond
to the geometry of the object trajectory (dotted line). The beginning of the trajectory of each part is marked with arrow, positions
of the centers of eye pupils are shown by dots on 0X axes of the coordinate system.

Note: rel. un. — relative units.

which the number of incorrectly reconstructed vertices
of the broken N, the reconstructed trajectory of the
load would be minimal. A vertex was considered
reconstructed incorrectly, if z, coordinate calculated
by (2) appeared negative, or this vertex was located at
a large distance from 0 point of the CS (the threshold

DOl https://doi.org/10

value was assumed 5 m). For all intervals except interval
D, constant shift values were found at which N, = 0.

For D interval, N,, = 40. For each interval,
numbers of vertices N,, of the reconstructed trajectory,
and numbers of N vertices, whose positions do not
significantly correspond to the movement trajectory of
the observed object, are indicated.

17816/ PAVLOVJZ274768
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Fig. 6. To occurrence of phase shifts of oculogram signals: positions of visual fields of the left and right eyes at different time
points(a—c); characteristic levels of oculographic signals in the neighborhood of these time points (d—f). Boundaries of visual fields

and oculograms of the left and right eyes are of the same color.
Note: rel. un. — relative units.

DISCUSSION

Reconstructions of trajectories of movement of the
object performed for separate time intervals A ... F, are
shown in Figures 5 b—f. Reconstructed trajectories in
general agree with elliptical trajectory of object marked by
dashed line. There is agreement both in terms of sequence
of passage through the trajectory points, and in terms of
correspondence of its geometric parameters to dimensions
of the area of reconstructed readings. The greatest
discrepancies are observed in sections of the trajectory
with a high probability of observing the load with almost
parallel lines of sight of the left and right eyes. It should
be noted that the number of N_vertices in such areas is
about 10% of the total number of reconstructed vertices
N,. Another possible reason for such decisions and
distortion of the geometry of the reconstructed trajectory
is a fairly high level of additive noise.

Reconstruction of trajectory readings in the 6
plane is the most critical part of the procedure for
reconstructing the GP trajectory in space both in terms
of the requirement to ensure the accuracy of calculations
of (2), and in terms of the significant influence of the
noise component of the signal on the result obtained. To
achieve better results, it may be necessary to perform

https://daiorg/1017816/PAVLOVIZ74768

experimental studies in a chamber shielded from external
electromagnetic fields. Nevertheless, the results permit
to conclude that in principle it is possible to reconstruct
the trajectory of GP based on the analysis of a set of
oculographic signals.

In subsequent studies, useful information about
potentials of the new methods can be obtained in
3D-oculography conducted in large groups of participants
and comparing the results obtained in healthy individuals
and individuals with various diseases of the visual
system.

Speaking about the prospects of 3D-oculography
method, its practical application also seems justified in
cases when an observer, because of his age or condition,
cannot adequately describe the observed event, for
example, movement of a point light source. In these
cases, record of unconditioned oculomotor reactions or
their absence may be indicative of certain pathologies.
For example, absence of tracking eye movements may
speak for pathology of the optic nerve and may become
a reason for conducting a more complex examinations
to identify both the cause and degree of development of
the pathology.
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Other situations where an objective analysis of the
position of the GP and the dynamics of its movement is a
source of information about the observed event, include
studying the effectiveness of advertisements, of the
peculiarities of communication between a lecturer and
listeners in a lecture hall, determination of an observer’s
resistance to a complex of light stimuli, etc. [11-14].

Analysis of the effectiveness of 3D oculography in
various situations remains to be analyzed by specialists.
The results obtained in our study indicate the informative
value of 3D oculography and reproducibility of its results.
When creating systems for recording these signals, the
main attention should be paid to minimizing the noise
level, since its increase leads to the most significant
errors in determining trajectory points.

CONCLUSION

The principles of 3D-oculography implemented by
determining the spatial coordinates of gaze point of
an observer by recording oculographic signals on the
surface of his face are theoretically substantiated.

Problems faced by researchers when implementing
such measurement methods, and ways of their solution,
are described. The boundaries of successful application
of the method on exposure to interference of different
nature have been determined.

The experimental part of the work demonstrated the
functionality of the developed 3D-oculography method
and the possibility of reconstructing parameters of
the gaze point trajectory in space with multi-channel
recording of oculographic signals.

ADDITIONALLY

Funding. This study was not supported by any external sources of
funding.

Conflict of interests. The authors declare no conflicts of interests.
Acknowledgment. The authors would like to thank M. V. Zuyeva (Dr. Sci.
(Biol.), Professor), I. V. Tsapenko (Cand. Sci. (Biol.)), V. I. Kotelin (MD, Cand.
Sci. (Med.)) from Helmholtz Moscow Research Institute of Eye Diseases

Vol. 32 (2) 2024

DOI: https://doi.arg/10.17816/PAVLOVI274768

. P Pavlov Russian
Medical Biological Herald

for their help in results and practical use perspectives discussions.
Contribution of the authors: P. V. Arakcheyev — oculographic
signals parameters automatic correction units circuitry and software
design; V. L. Bezdelov — 3D-oculograph's quantized and discretized
signals microprocessor processing units development, experimental
oculographic signals samples registration; E. V. Buryi — general task
setting and method development for the ‘point of gaze" 3D-coordinates
determining; D. A. Semerenko — wireless data transmission channel
design, experimental results processing and visualization software
design; A. L. Shlemenkov — a sample unit of portable 3D-oculograph
with an independent galvanic power supply design, experimental data
acquisition and processing, whiting the text. The authors confirm the
correspondence of their authorship to the ICMJE International Criteria.
All authors made a substantial contribution to the conception of the
work, acquisition, analysis, interpretation of data for the work, drafting
and revising the work, final approval of the version to be published
and agree to be accountable for all aspects of the work.

OuHaHcupoBaHUe. ABTOpLI 3aABNAIT 06 OTCYTCTBUM BHELLHEro GUHaH-
CUPOBaHWA NP NPOBEAEHUM UCCNE0BAHNA.

KoH$pnuKT uHTepecoB. ABTOpbI 3aABNAIOT 06 OTCYTCTBMM KOHQAMKTA
MHTEpecoB.

BnaropapHocTb. ABTOpLI CHMTAIOT CBOMM MPUATHBIM 40ArOM Nobnaroaa-
PUTb COTPYOHWKOB HaLmoHanbHOro MeMLMHCKOr0 MCCNe0BaTesbCKoro
LieHTpa rnasHbix 6onesHe nMenwn MenbMronbla — A.6.H., npodeccopa
M. B. 3yesy, K.6.H. W. B. LlaneHko, K.M.H. B. /. KoTenuHa 3a obeyaenna
Mony4eHHbIX Pe3ynbTaToB W NepCneKTUB MX MPAKTUYECKOro NMPUMEHEHNA.
Bknap aBTopoB: Apakyees [l B. — pa3paboTka CXeMOTEXHUYECKMX
1 MPOrpaMMHbIX PELUEeHWIA Y3710B aBTOMATUYECKOW Koppekuwy napa-
METPOB OKynorpaduyeckux curanos; besdenog B. /1. — pa3spaboTka
Y310B MMKPOMPOLIECCOPHOM 06paboTKN KBaHTOBaHHbIX U [VCKPETU3M-
POBaHHbIX CUrHanos 3D-okynorpada, perucTpauma sKCNepyMeHTanbHbIX
peanu3auuii oKynorpapuueckmx curHanos; bypell E. B. — noctaHoBKa
3afaum uCCnepoBaHMA M co3daHue MeTogda onpegeneqna 3D Koop-
OVHAT «TOYKK B3opax; CemepeHKo []. A. — paspaboTka paavokaHana
nepefayn daHHblX, CO3daHue NporpamMMHOro obecneyeHus 06paboTku
W BM3yanuM3aLMW pesynbTatoB IKCMepuMeHToB; Llnemexkos A. JI. —
co3faHve obpasua noprateHoro 3D-okynorpada C He3aBWUCKMbIM
ranbBaHUYeCKUM UCTOYHMKOM MUTaHWA, NosyveHne 1 06paboTka aKc-
nepuMeHTanbHbIX aHHbIX, HanuWcaHve TeKcTa. ABTOPbI MOATBEPHOAIOT
COOTBETCTBME CBOEr0 aBTOPCTBA MeMAyHapoAHbIM Kputepuam ICMJE
(Bce aBTOpbI BHECTU CYLLECTBEHHBI BKNaA B pa3paboTKy KOHLENLmu
1 MOLrOTOBKY CTaTbW, MPOYAM ¥ 0f0bpuAn duHanbHYI0 Bepcuio nepen
nybnmnKauven).
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