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Introduction

Gaze is defined as the absolute position of the eyesin
space and depends on both: eye position in the orbit and
head position in the space. Thus, the control of gaze
requires a coordinated action of eyes, head and, of course,
trunk motor systems. In foveate animals, such as we are,
changes in eye orientation are required to fixate, i.e., bring
an attended detail to the centre of the fovea — the most
sensitive place on the retina. Eye movements are required
to keep fixated objects relatively stationary when we move
and to maintain fixation of moving objects when we sit
still.

Fixational movements are controlled by two different
neuronal mechanisms. The first allows the person to move
his eyes voluntarily and to find the object upon which he
wishes to fix his vision. The second is an involuntary
mechanism that holds the eyes firmly on the object once it
has been found. The involuntary locking type of fixation
results from a negative feedback mechanism that prevents
the object of attention from leaving fovea. Normally the
eyes have three types of continuous but imperceptible
movements. a continuous tremor at a rate of 30 to 80 Hz
caused by successive contractions of the ocular muscles, a
dow drift of the eyeballs in the different directions, and
sudden flicking movements (microsaccades) that are
controlled by the involuntary fixation mechanism. When
the target has become fixed on the foveal region on the
retina the drifting movements cause it to drift across the
cone cells. However, each time when the target drifts as far
as the edge of the fovea, a sudden reflex reaction occurs,
producing a flicking movement that moves image of the
target away from this edge toward the center. These
drifting and flicking motions keep the image from leaving
the foveal region [1].

If we compare periodical drifting and flicking
processes in the fixational eye movements control system
with video scanning mode in all technical video equipment
we can find large similarity. Difference is that scanning in
video cameras and monitors has strictly determined mode
when drifting and flicking fixational eye movements has
random directions and durations. Nevertheless, we can
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claim that video scanning mode in both physiological and
technical systems has the same purpose i. e to get
information from the image. This could be proved
executing experiment which is called image stabilization
on the retina [2]. During this experiment, viewing target
moves together with fixational eye movements therefore
scanning (drifting and flicking) process is stopped. In this
situation target after one - three seconds will become
invisible. Lost of vision during image stabilization on the
retina explains the purpose of the scanning fixational eye
movements.

Aim and tasks of thework

When the gaze of the operator is used for the target
pointing tasks or organizing communication possibilities
[3] fixational micromovements could be assumed as the
noise eliciting uncertainty of the target direction when line
of sight is on the target. Using gaze for pointing tasks
scanning fixational eye movements reduce an accuracy of
the target direction, therefore possibilities of filtering them
must be analyzed.

Characteristics of the eye movements during fixation
are investigated and well known [4]. Amplitudes of the
microsaccades are in the range 0.1 — 0.9 deg (mean 0.3
deg), frequency — in the range 1 — 3 Hz (mean 2.6 Hz),
maximum speed — in the range 10 — 100 degsec™ (mean 30
degsec™), drifting speed is 0.4 degsec™.

Purpose of this research is to investigate probability
distribution of the eye movements during fixation and
answer the question: are scanning characteristics of two
eyes correlated or not. Second investigation fulfilled to see
how fixational eye movements differ from the different
visual tasks, direction of the fixation and psychological
concentration of the operator.

M ethod

Experimental data was obtained from five subjects.
Eye movements were recorded using LC Technologies,
LTD produced eye tracker EyeGaze System. Targets were
presented on the computer screen. During first experiment



A, subjects were asked to fixate target (white spot) on the
screen. In the second experiment B, subjects fixated not
existing target in the middle of the two spots situated in the
horizontal line. In the third experiment C, subjects
voluntarily fixated imagined target in the dark. Influence of
the asymmetricad eye globe muscles tension was
investigated changing direction of the target and keeping
head of the subject in the primary position (experiment D).
Duration of all fixational experiments was 10 sec.).
Measuring standard deviation of the scatter of the
fixational eye movements during experiment, we defined
influence of the subject’'s concentration on the fixation
results.

Experimental results

In the Fig. 1, we can see two-dimensional scatter of
the fixational eye movement trajectories for the right eye,
left eye and for difference between right and left eyes,
obtained during experiments A, B and C. Dots in this
figure represent recorded and sampled trgjectories.
Duration of the trgjectories is 10 sec and sampling interval
- 8 msec. Represented results shows that smallest scatter
was obtained in the experiment A, when subject fixated
white spot on the screen. First conclusion could be made
that scatter in the vertical directiony is 1.5 — 2 times bigger
than in the horizontal x. Second, it was defined that scatter
in the horizontal direction is smaller than 0.5 degree and
scatter in the vertical direction is smaller than one degree.
Most significant finding in this research is approval that
fixtiona eye movements of the right and left eyes are
correlated. It means that during fixation of the target both
eyes move approximately in the same way and scatter of
the difference of these two movements is significantly
smaller.
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Fig. 1. Two-dimensiona scatter of the fixational eye movements
obtained: (A) fixating white spot, (B) looking at the not existing
target in the middle between two reference dots and (C) fixating
imaginary target in the dark. Dots in this figure represent samples
of the trgjectories obtained every 8 msec which duration is 10 sec
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This finding suggests that the target pointing accuracy
could be increased using recordings from both eyes and
calculating difference between them.

Results of the second experiment B when the subject
fixated not existing target in the middle of the two
reference spots show that scatter of the recorded data for
both eyes are significantly larger. Nevertheless, scanning
movements of the right and left eyes in this situation are
gtill highly correlated and scatter of the difference of the
movement is small.

In the experiment C, when the subject fixated
imaginary dot in the dark scatter of the recorded dataisin
the same range as in the experiment B. However,
correlation of the trgjectories of the both eyes is strongly
reduced.

Experiments B and C comparing with A defined that
scatter of the fixational eye movements when there are no
visible target is strongly increased.

Neurophysiology of the fixational eye movements
control system explains that fixation of the target in the
CNS is controlled by two networks: visual stimulation
from the retina and proprioception information from the
muscles [5]. When visual stimulation is lost (partly in the
experiment B and completely in the experiment C), scatter
of the fixational eye movements increases because they are
controlled only by information given from the eye globe
muscles.

Next experiment was conducted with the purpose to
answer the question: how precisely a mean of the two-
dimensional probability distribution of the fixational eye
movements scatter fits to the target direction. Results of
the calculation presented in the Table 1. They show that
differences in the horizontal Ax and in the vertical Ay
directions are no larger than 10 minutes of arc. Therefore,
filtering two-dimensional signal of the fixationa eye
movements the target pointing accuracy could be increased
from 1 degree to 10 min. of arc.

Table 1. Differences between means of the scatter of the
fixational eye movements and the target direction (values Ax and

Ay)

Subject | Ax, degrees | Ay, degrees
Rz -0.09 0.15
GD -0.14 -0.07
NR -0.03 -0.12
BD -0.15 0.06
VL -0.13 0.16

Three pairs of the muscles rotate the eye in the socket
[6]. The medial and lateral recti move the visual axis from
side to side; the superior and inferior recti move the axis up
and down and the superior and inferior oblique roll the
eyeball around visual axis. Each pear of muscles act
together to move eyeball in such a way as to reduce the
displacement from the target to zero. When fixated target
is in the centre of the screen push-pull pairs of the eyes
muscles have the same values of the innervations' signals
obtained from the motoneurons. Because push-pull pairs of
the eye globe muscles play important role during fixation
we recorded fixational eye movements (experiment D)
when fixating spots was presented at the edges of the



screen. Obtained results for the two subjects are shown in
the Fig. 2. There we can see that standard deviations of the
probability distributions changes only 10% when fixation
spot is displaced up and down and changes 50% - 100%
when spot is displaced to the right and to the left. Higher
precision in the horizontal channel could be explained by
existing of two eyes situated horizontally and more active
vision in this direction (for example reading). Therefore
more precise fixational eye movements control system in
the horizontal direction could be more quickly affected by
the eye globe muscles tension asymmetry.
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Fig. 2. Comparison of the standard deviations of the scatter of the
fixational eye movements when subjects RZ (plot A) and GD
(plot B) fixated target presented straight ahead and displaced to
the right-left and up-down

Executing experiments, we found that parameters of
the fixational eye movements are not stable during one
session and do not depend on the concentration of the
subject. If means of the two-dimensional scatter of the
probability distribution remains approximately constant so
standard deviations changes substantially. Fig. 3 shows
how standard deviations changes during 10 sec experiment
D for subjects RZ (upper plot) and GD (lower plot). In this
figure, we can see that for subject RZ standard deviations
in the horizontal direction x for both eyes changes only a
little. Contrary, in the vertical direction y standard
deviation for right eye increases and for |eft eye decreases
3-4 times. For subject GD during the same experiment
three standard deviations increase.
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Conclusions

1. Periodical drifting and flicking eye movements during
fixation performs scanning of the perceived visual
information.
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Fig. 3. Changes of the standard deviations during 10 sec target
fixating experiment for subjects RZ (upper plot) and GD (lower

plot)

2. For both eyes scatter of the fixational eye movementsin
the horizontal direction is 1.5-2 times smaller than in the
vertical direction. It means that precision of the horizontal
channel of the fixational eye movements control system is
higher than precision of the vertical.

3. Two-dimensional scatter of the differences of the right
and left eyes movements are significantly smaller than
scatter of the each eye measured separately. Therefore,
fixational eye movements of the right and left eyes are
correlated. Using this phenomena gaze pointing accuracy
could be increased.

4. Scatter of the fixational eye movements is smaller when
fixation is elicited to the visible spot in comparison to the
imaginary target. Voluntarily fixation without reference
target increases two-dimensional scatter of the fixational
eye movements.

5. Differences between means of the two-dimensional
probability distribution of the fixational eye movements
and the target directions stay within 10 min of arc.

6. Standard deviations of the probability distributions
changes only 10% when fixation spot is displaced up and
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HccnenoBansl OMHOKYISIpHBIE (DUKCAIMOHHEIE ABIKEHMS Ta3. OHM YMEHIIAI0T TOYHOCTH OIPEIENICHHOTO B3IJIIOM HAIPaBICHUS
LIEJH, TIO3TOMY HEOOXOMMO HAHTH cIIOCOOBI I UX (GUIBTPALMK. Y CTAaHOBJICHO, YTO ABYXMEPHBIH pa30poc (PMKCALMOHHBIX JABHKEHHIT
000MX TJa3 1O TOPU3OHTAIFHOMY HampaBlieHHIO 1.5-2 pa3a MeHbLIe 4YeM IO BEpTUKaIbHOMY. JIByXMepHBIH pa30poc pa3HHILBI
(UKCAIMOHHBIX JBM)KCHHI IPABOTO M JICBOTO IJ1a3 CYLIECTBEHHO MEHbBIIE YeM Pa30poChl KaXJOro OTAECNBHO B3ATOro riasa. Takum
00pa3oM YCTaHOBJEHO, 4TO (UKCALMOHHBIC ABIXKEHMS IPABOTO M JIEBOTO IJIa3 B3aHMHO KOPPEIHPOBAHBI M IMO3TOMY TOYHOCTb
OIIPEEJICHHHS B3TJISI0OM HAIPaBJICHUS LIEJIM MOXKET OBITh yBenudeHa. JIByXMepHBIi pa36poc (GMKCAIMOHHBIX JBIDKSHUH TJ1a3 HAMHOTO
MCHBIIIE, KOIJa HaOMIofaeTcss peajbHas Ielb, MO CPaBHCHUIO C TEeM, KOTJa Ielb TOJNBKO MpeJCTaBlIeHHas. Pa3Huma Mexmy
MaTeMaTHIECKHM OXKHJaHHEM IBYXMEPHOTO pACIIPEACNICHUS] BEPOSTHOCTEH (HUKCAIMOHHBIX IBIDKCHHH TIJ1a3 M peanbHOi LeNbIo
HerpeBbmaer 10 yriaoBeix MuHyT. CTaHZapTHOE OTKIOHEHHE MaTEeMAaTHYECKOTO OXKUJIAHUMS JBYXMEPHOTO pPaclpeneleHHs
BEPOATHOCTEH (DMKCALMOHHBIX ABH)KEHHII I'1a3 yBEIMYMBACTHCS TOJIbKO Ha 10% , Koraa Gpukcupyemas TouKa HepeMeLIacTcs BBEpX I
BHM3, ¥ Ha 100%, korna pukcupyemas TouKa nepemMelaeTcs Ha mpaBo 1 Ha jieBo. M. 3, 6ubu. 5 (Ha aHrnuiickoMm si3bike, pedepaTsl Ha
AHTITMHACKOM, PYCCKOM U JJUTOBCKOM $13.).

V. Laurutis, R. Zemblys. L. Buivis. Fiksaciniai akiy judesiai ir jy jtaka taikinio krypties nustatymo zvilgsniu tikslumui //
Elektronikair elektrotechnika. — Kaunas: Technologija, 2009. — Nr. 5(93). — P. 91-94.

Tiriami zmogaus binokuliniai fiksaciniai akiy judesiai. Jie sumazina taikinio krypties nustatymo zvilgsniu tiksluma, todel reikia
numatyti badus, kaip juos bity galima nufiltruoti. Nustatyta, kad abiejy akiy fiksaciniy judesiy dvimaté sklaida horizontalia kryptimi yra
1,5-2 kartus mazesné negu vertikalia. Desinés ir kairés akiy fiksaciniy judesiy skirtumo dvimaté sklaida yra gerokai mazesné uz
kiekvienos atskirai paimtos akies dvimate sklaida. Taigi nustatyta, kad desinés ir kairées akiu fiksaciniai judesiai yra tarpusavyje
koreliuoti ir, panaudojant $ia savybe, taikinio nustatymo zvilgsniu tiksluma galima padidinti. Fiksaciniy akiu judesiy sklaida yra kur kas
mazesné, kai yra stebimas realus taikinys, palyginti su tuo, kai ziarima i isivaizduojama taikinj. Skirtumas tarp fiksaciniy akiy judesiy
dvimagio tikimybinio skirstinio matematinés vilties ir reglios taikinio krypties nevirsija 10 kampo minuciu. Kai fiksacijos taskas
pastumiamas aukstyn ar zemyn, to paties tikimybinio skirstinio standartiniai nuokrypiai padidéja tiktai 10 %, o kai fiksacijos taskas
pastumiamas | desing ar i kaire, —100%. I1. 3, bibl. 5 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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