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INTRODUCTION

Vision is the most important human analyzer whiskists in providing a person
with 90% of information from the environment. Onietloe main objectives of a person
Is to orient in the surrounding environment andcpete the objects in this environment.
Speaking about vision, it should be pointed out thaperson analyzes not objects
themselves, but their images reflected in the astihan eye. Since the receptors are not
directly stimulated by an object itself, but itsage, the object image ipaoximal visual
stimulusand the object itself is distal stimulus|It should be pointed out that one object
(distal stimulus) creates many images in the rdgmaximal stimuli). As a result, visual
perception becomes more complex — one object irdage not define an object itself. A
question arises as to which features of an objeage are important in perception of an
object.

An object image is split in separate fragmentstina (we make the image discrete
or create a mosaic image) and excrete local femtessential in perception. Since
distinct images can contain the same featureshaséo be able to create a global image
using these local features. This task is not aasettiwith local information processing.
Thus there are at least two stages of informatiatgssing — local and global. This
thesis is concentrated only on the local mechanmgsual image processing.

It should be determined what local features areifsognt to image recognition and
how these features are coded in a visual systemekample, colors, situation of an
object or its fragments in the space are very ingmbrfeatures in recognizing the
objects. Alongside the list of necessary featuites, also important to know how these
features are coded in the visual system. Thus veewmer two different problems.
Firstly, it should be estimated what features assestial and then it should be
determined how they are coded in the visual system.

For the solution of the first problem, importantaiges seen by a person are being
analyzed. In this stage the whole image is fragatemito a number sequence which
specifies the intensity of the points (pixels). §kind of number sequence is constructed
for various images. Then the statistical analy$ithis number array is performed — the
minimal number of features are attempted to extwduth could help in depicting the
images in the surrounding. These calculations lsualolve principal component
method (described in detail in Olshauseny, Fie@f6l 1997; Hoyer Hyvarinen, 2000;
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Hateren, Schaaf (1958); Yin, Allinson, 1995). Sur#e list of necessary features
depends on the surrounding and the tasks carrieyoa person. It was demonstrated
that in typical conditions the essential features @ color of separate fragments (i.e.,
luminance, color tone, and intensity), the oriantabf a part of an object image which
is in an analyzed fragment, direction and speedvinich the fragment is moving,
position of a separate fragment in the retina dedinterposition of separate fragments,
distance between them and etc.

The further question is how the visual system titedo evaluate specifically” the
importance of a feature (for example, the colog, ahentation of a contour, the distance
between separate fragments and etc.). It also dl@utietermined how separate features
are coded in the visual system and if there aregangral coding mechanisms.

The features determined by other authors usings#fid methods were used in this
study — object contour orientation and fragmenttagice. Tilt after-effect and
normalization effect were studied in order to ekpléhe coding mechanisms of
orientation. TAE — the perceived line orientati@pdnds on the physical line orientation
and line orientation, which was presented earlarmalization effect — the perceived
line orientation shifts while observing the partaouline orientation for a long period of
time — according to Gibson, it tilts toward the sdet vertical or horizontal orientation
(Gibson, 1937). Although these effects are studietkE is studies more (Clifford ir kt.,
2000, Clifford ir kt., 2001, Gibson, 1937, GibsdRadner 1937, Westheimer, Gee,
2002)), but the aforementioned effects were notl usefore in order to determine the
coding mechanisms. These observed phenomena casetlein general model revision
(Fomin et al, 1979; Vidyasagar, 1985, 1987; VidgasaUrbas, 1992; Vidyasagar et al,
1996). No experimental studies were found to da tha

Another important question is how a person deteesiithe orientation of image
elements in space and estimates the distance betweepoints. This question is not
studied and understood all through, how a persteranes and estimates the distance
between two points. For example, according to thecept of “local signal”, introduced
by Muller and Hering, we cannot understand how rgagae might perceive the alteration
of an object orientation when its image in then@tmoves only by one fifth of the

photoreceptor (hypersensitivity phenomenon) (Heel€§7).



It is known that sometimes the perceived featurearoobject do not correspond to
the physical parameters, for example, the percei@n object size. While the distance
to the object changes, the size of an object inadge changes in the retina, the image is
being distorted, but the change of object percaptoes not directly depend on the
change of object image in the retina; thus therautiton between these two matters is
relevant.

It is also known that the image of the surroundmigan object), which is projected
onto the retina of an eye, is thus being distorte¢de image which is in the central part
of a retina is perceived as larger, and which regieed in the peripheral part is smaller.
There are two explanations of these known phenomena

Supposedly this phenomenon is associated with méstha of attention
(alignment mechanisms). Person’s sensitivity tangea of an object location in the field
the attention is focused on increases. Accordintpéolaw of Fechner, minimal, hardly
noticeable change is perceived as stable mininmslesmeasure unit. If different physical
distances are a size of a threshold, then subggtthhey are perceived similarly. Since
the field the attention is focused sensitivitynsreased (absolute thresholds are lower),
then in this case the same physical distances athevéhreshold will be perceived as
higher in the attention field than in other fields.

The second hypothesis is concentrated on findingsiplogical mechanisms
associated with alignment effect. The cortical nigation factor (CMF) is used
(Schwartz, 1994). It was demonstrated that ceptel of the retina sends signals to the
major than the peripheral part of the visual carfEixerefore, the image in the central
part of the retina is projected onto the major mdrthe visual cortex than the image
which is in the peripheral part of the retina,,ivehen the image is sent to the cortex, it is
being stretched and enlarged. It is assumed tleasite of an image on the cortex is
proportionate to the perceived size. Thus the gaimgsical image in the center and in the
periphery of the retina will be perceived as ofiffedent size. In the first case it will be
perceived as being larger than in the second ¢&meever CMF is valid only when the
image is in the central part of the retina (fovétis still unclear what happens when the
image is created in a non-foveal part, but outsiflets range, where only rods are
present. Hence the subjective distortions of pdi@epwhen the image changes its

position in the retina of an eye — when it is mo¥@an the central part to the peripheral
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part of the retina — still remain unclear. Is theamge of an image size perception
uniform moving the image from the center to theigiery? What does the change in
object size perception depend on, when the pla@nafbject image projection changes
in the retina of an eye? Therefore one of the stlggctives, according to the general
feature coding model, is to determine how the dbgeze perception changes when its
projection place changes in the retina.

Study results and conclusions would not only assisinderstanding the human
visual perception, but also would have practicdu@aFor example, in creating the
visual aids, exploring the estimating the size, nviilee objects are projected on the
different parts of the retina. Another example isew the driver needs to estimate the
distance between the objects correctly, when thecblprojections reach different parts
of the retina, or when the lighting changes, thecfioning receptors change. In photopic
lighting cones take over most of the vision, whanmesopic lighting rods operate
additionally.

The aim of this study is to ascertain how the cgdimechanisms of two features
significant in perception (contour orientation addétance between separate fragments)
can be determined in an experiment.

Objectives.

1. Explore TAE and normalization effects and createxranatory model.

2. Explore how a person perceives the distance betivezpoints when the sight
fixation changes and determine what mechanismsaas®ciated with the
phenomena observed in the experiment.

Defended statements.

1. A new and unknown TAE characteristic was determimdohgside with known
vertical and horizontal lines, that do not influertbe orientation perception of
the lines presented afterwards, two additional dinentation of 22,5° and 67,5°
exist, that have the same characteristics.

2. New and unknown normalization characteristics weletermined. When
observing one line for a long period of time, itgeatation perception changes,
it not only rotates toward the closer vertical amarizontal line (which is
already known), but also towards the closer linettd orientation of 45°.

Moreover, there are two additional line orientaiamhich change is unstable,

8



i.e., the direction of change is unstable. Thesetla¢ lines with orientation of
22,5° and 67,5°.

3. TAE and normalization characteristics can be expldi using a model,
describing the coding of ratio of two selectiveoteentation neurons responses.

4. Image size changes unmonotonously, shifting thegen&rom center to
periphery of the retina.

5. Image in the center is subjectively increased taximam, shifting the image
from center to periphery, firstly, the perceivedage decreases, but at
approximately 7-13 degrees of the visual angleegins to increase.

6. Uneven perception of the image size when its mosithanges in the retina of
an eye, correlates with the change of general tersfi photoreceptors:
receding from the center of retina the general itensf photoreceptors
decreases (cones predominate fovea, their deneiyartls the periphery
decreases rapidly), later the density of rodsgaiBcantly greater that of cones,
and their density towards the periphery increagpslly.

7. The model of subjective image size evaluation igsoduced — the central
weight of the image position is determined by tagor of 4 neurons response

(similar to the color coding by the ratio of 3 cemesponse).

METHODS

Influence of prolonged viewing of tilte lines on peceived line orientation: tilt after-
effect

Subjects. Three subjects (two men and on woman) who knewimgthbout the TAE
took part in experiments. All subjects had normatarrected-to-normal vision with no
astigmatism. All subjects were experienced withcpsyphysical experiments. Informed
consent was obtained from the subjects after thbiapation of the nature of the study.
Stimuli. There were two kinds of stimuli: the adapting aesting lines displayed at
different Times but in the same place of the visiigd. Adapting lines were three
parallel straight lines of the given orientatiopg=p+0°, ¢; £10°, ¢; +22.5°,¢; +35°, ¢,
+45° andg; +67°), wherep, is the orientation of the testing line (see beloAdapting
lines were presented in the centre of the mondmen. They subtended 2x0.1 deg of arc

and they were separated from each other by 15 franco
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The testing line was of the same length and widthtree adapting one. The
orientatione of that was changed by 0.5° steps within interpl-0.5°n<¢p < ot
+0.5°n_, where n was randomly chosen from 0 toab@,et =0°, 22.5°, and 45°. Thus
the overall number of the generated testing lioesHe given adapting ones was 21.
Procedure. Subjects were exposed about 15 min of completenéas at the beginning
of each experiment. A special bite bar was usedmimobilize the subject’'s head.
Subjects viewed the stimuli with one eye througtl@ular aperture positioned 1 m from
the screen. The size of the circular visual fielasvi20 deg of arc. The subjects had to
fixate on the center of adapting lines where, afi@iching them off, one of the 21
possible testing lines was immediately displayedgufe 1 demonstrates the sequence of

stimuli presentation under investigation of theafter-effect phenomenon.

Periodic repeating

000

»

tar Initial Blank tn Testlines showr t,,s_unlimited Adapt lines showr Time
adaptation -adapt 1000 ms 200 msDotted lines time for answer.  for 4000 ms.
lines shown 10 show the variation _ After subject
000 ms range of testline  give answer,
orientation(x5°with blank for 1000
step 0,5°). ms.

Figure 1 The sequence of stimuli presentation under investigion of the tilt

after-effect phenomenon

In the beginning of each experiment the subject agapted about 15 min in an
almost completely dark room (the single sourceigtitiwas a blank monitor screen).
After that the adapting lines were generated byrPiie center of the monitor screen for
tas=1—-2 min. The testing line followed the adaptingg®nit was displayed in the same
place on the screen as the adapting lines for ah@fi.5-1.0 s. The subject had
unlimited time §,sto make the decision, but he was encouraged fnelsas soon as
possible. After a short readaptation timg=tLl0 s, over which the subject viewed the

blank screen, the adapting lines were again display the center of the screen for 1-2
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min. Thus, the adapting lines displayed in the eeat the screen were seen only during
the adaptation time{.

We used a two-alternative forced choise method: dihigject had to press the
appropriate key indicating if the displayed testiliges were perceptually rotated
clockwise or counterclockwise relative to the givare tilted physically byg;, which
was specified by 0° or 22,5° or 45°. Test line wiaion during one experiment session
was the same. The session lasted until the subjade five estimations for each line
(overall 105 estimations). Each session was regedteast five times, i.e., we obtained
525 estimations for each adapting line.

Data Analysis.As the aim of the experiment was to estimate thgimmal size of
TAE we computed the psychometric function. Using@ thsychometric curve we
measured how much the perceived orientation ofjithen line physically tilted by @,
was changed after prolonged viewing of the adapling tilted by ¢,. The maximal
value Ag,_ of the TAE was specified for the given orientati@;) of the testing line

under 5-7 orientations of the adapting line.

Influence of prolonged viewing of tilte lines on peceived line orientation:
normalization effect

Subjects. There were five observers with ages ranging fromt@®%0 years. all
subjects had normal or corrected-to-normal visioth wo astigmatism. Three subjects
were not aware of the purpose of the experimenrtsibjects were experienced with
psychophysical experiments. Informed consent waaimdd from the subjects after the
explanation of the nature of the study.

Stimuli. The stimuli were generated by PC on a Philips ZD1@onitor
(1600x1280), refresh rate 75 Hz, the length of exerdiagonal 53,34 cm). The stimuli
were presented on a blank screen and luminancesetaat 80 cd/m Subjects viewed
the stimuli with one eye through a circular apertpositioned 1 m from the screen. The
size of the circular visual field was 20 deg of.afc special bite bar was used to
immobilize the subjects head. We displayed adaysimg) testing lines in different parts
of the visual field to assess chantes in the peedeorientation of adapting lines. The

distance between adapting and testing lines waal équ6 deg of arc. Alll lines were 2
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deg of arc in lenth, 10 min of arc in width. Adagtilines were separated from each

other by 15 min of arc. We used five different ataion of adapting lineg,=-10°, 10°,

35°, 55°, 80°. The orientation of testing linesigdrrandomly everyne=0,5n deg where

n is a random integer ranging from -10 to 10. Theweye total of 21 orientations

generated. The orientation angle can be expressgdpgtAo (i.€.,p-5°<@,+5°).
Procedure. Figure 2 demonstrates the sequence of stimulieptaion under

investigation of the normalization phenomenon.

Periodic repeatir

‘XXX

Adaptation to Three adapt lines After 1 min test line  After subject give the Time'
darkness for 10 appeared and remain appeared for 1 s. Dotter answer, only adapt
min. visible for the lines show the variationlines remain visible fc
remainder otthe  of test line orientation 10 s.
experiment. (x5°with step 0,5°).

Figure 2.The sequence of stimuli presentation under investigion of the

normalization phenomenon

Subjects were exposed to 10 min of complete daskia¢she begining of each
experiment. After that three adapt lines appearedooeen and remained visible for the
remainder of the experiment. After 1 min the teisé lappeared for short time (1 s).
Pressing the appropriate key, the subject indicaftetthe testing line were rotated
clockwise or counterclockwise relative to the adaptines (2-alternative forced choise
method). The subject has unlimited time to makedinasion, but he was encouraged to
respond as soon as possible. Each response bylhectswas followed by a 10 s
periodo f readaptation.

Data Analysis As the object of the experiment was to identifytyothe direction of
changes of the perceived line orientation, we a@itluse the psychometric function. We
used a more simple and sensitive method to estith@edirection (not size) of the

subjective changes of perceived orientation. Wed ube Kolmogorov—Smirnov and
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Shapiro—Wilk tests to confirm that our data werenmally distributed. We also used

nonparametric analysis methods to compare and &stithe effect of adaptation on the
perception of two groups of lines. The first granfplines was oriented by -10°, 35°,

80°, the second group was oriented by 10° and 55°.

According to predictions mentioned above, the fyrstup of lines should be subjectively
rotated clockwise, and therefore the numbeRafresponses (the testing line is rotated
counterclockwise relative to perceived adapting)lishould be greater than tiRe

responses.

Perceived size of a line depending on its projectigplace on the retina

Subjects. 30 psychology students selected by occasional sagnphethod
participated in the study. 25 of them were wometh &nvere men. They were not aware
of the study objective. Subjects’ vision was norraelcorrected till normal. Subjects
were trained before every testing, observed dumsgng if they are doing it correctly;
the questions were answered by study investigators.

Study methods and stimuli The program (designed by Visual Basic 4.0)
generated the fixation cross, the horizontal lind earker (all white (B)) in the black
background in the center of the monitor. Lines weré, 10, 13, 15 deg of arc in length,
5-10 min of arc in width. Brightness of stimuli wa8-60 cd/m (Michelson contrast
about 0,9). Fixation cross was located to the deftight side of line. The location of
fixation cross was chosen to avoid the image @& projection on the blind spot.

Study procedure. Before the experiment the participants were predidvith
instructions, any ambiguities were explained.

Testing took part in the day lighting (the lightingthe room was 50-100 Lx). The
participant had 15 minutes before testing to adaghe room where the testing took
place. The participant sat down comfortably in fraf the monitor in order to see
clearly the stimuli generated in the monitor. Oge was covered and the position of the
head was fixed. If the participant felt tired dgritesting and he had trouble in focusing,
he could take breaks in the same room, so thanigltbnditions did not change and the

additional time for adaptation was not necessary.
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The participant had to focus his sight to the ceoss at the same time with the help
of the keyboard arrows move the cursor and fixoittlse two parts of the line were
perceived as the same length (equal). He partitiideed his answer with the press of
the key on the keyboard. The participant was nfarimed about the accuracy of line
division. Right after the line division the follomg line was presented. The computer
program was set so that the initial position of tlwesor would change randomly with
every line presentation, in order to avoid paraciplearning.

Repetitions. One series of testing with the same length line valled a series, in
which the participant divided the line 40 timespaérticipants performed 4-7 and 25
participants performed one testing series. Sineeetlare 5 different line lengths (5, 7,
10, 13, 15 degrees), each one of the 5 particigaerf®rmed 800 — 1400 line divisions,
25 participants performed 200 line divisions eaBhparticipants took part in other
studies, therefore their number of tests was larger

Data analysis.The results were the lengths of line parts in Igix€hese lengths
were transformed into angular lengths. The mearding parts, scatter parameters
(standard deviation, dispersion) were computeardier to estimate the accuracy of line
division, the ratio of line parts was computedjaing the part of the line closest to the
fixation point by the rest of line length. Distriftan of the results was tested using
Kolmogorov-Smirnov Z-test. The differences betweseparate line lengths were

compared using Mann-Whitney U-test.

RESULTS
Influence of prolonged viewing of tilted lines on prceived line orientation: tilt

after-effect

If the given line with particular orientation stifates only one neuron (sensitive to
line orientation), the adaptation should not inflce the perceived orientation (TAE
would not be apparent). The aim of this experimeas to examine the mentioned
assumption that lines whose orientations are 22m6P 67,5° the adaptation should not

influence the perceived orientation.
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The generalized results of all the participants pmesented in Figure 3, which
illustrates the greatest value (in degrees) of tilteafter-effect depending on the

continuous line orientation.
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Figure 3.The greatest value (in degrees) of the tilt afteeffect depending on
the continuous line orientation in three participarts. Confidence intervals of 99%

were established. Different bar fillings indicate dferent participants.

As we can see in Figure 3, tilt after-effect is &stv when the continuous line
orientation is 22,5°. When the continuous line wiaion was 0°, 45°, TAE was
significantly greater. As we can see, in this CBAE effect is not equal to zero.

This can be explained so that the perceived otientaalso depends on the
orientation contrast effect (simultaneous contragtich sharp angles are subjectively
enhanced and the blunt angles are reduced), egause of the inertia there is the
interaction between the adaptive and continuoussliiSekuler, Littlejohn, 1974;
Vaitkevicius et al, 2009).

Influence of prolonged viewing of tilted lines on prceived line orientation:

normalization effect

The aim of the experiment was to test if the perxtiline orientation is changing
subjectively approaching the vertical, 45°, andzwrtal line orientation in the course of
adaptation. During the experiment, the participdratd to estimate the orientation of the

continuous line orientation pressing one of two keyhich meant that a perceived
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continuous line is rotated counterclockwise or kWise. There was no intermediate
answer, therefore if the participants were not smnich way the continuous line was
oriented, they had to guess. The distribution @& tbsults was normal (according to
Kolmogorov-Smirnov Z-test, p< 0,2). General results of all the participants are

presented in Figure 4.
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Figure 4.Response, that a continuous line is rotated clockse, number and
relative frequency dependence on the line after-edtt in degrees. Black points are
the values of the perceived tilt effect. Verticalihe — confidence interval of 95%. X-
axis — orientation in degrees. Horizontal arrows idicate the changed direction of

perceived orientation.

Figure 4 presents dependence of the chosen ansvike @daptive line orientation.
The result explanation can be the following. If featicipants chose the answer more
often that the line is rotated clockwise, then tihed lines subjectively appeared to be
rotated counterclockwise to the participants. Rasiangles mean that a tilted line was
perceived as rotated clockwise from the verticdle Totted line shows the possible

answer frequency if there were the same numbemsivers that a continuous line is
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rotated clockwise as the answers that a continlinass rotated counterclockwise. In
this case the participant would decide randomly #medmean of perceived orientation
would be equal to the value indicated by the dotedw (mean deviation from this
value would be equal to zero). Solid horizontabess show the direction of subjectively
perceived change in orientation. In the coursedaiptation the line subjectively rotates
toward the closest vertical (0°), horizontal (9Q%) 45° orientation. Lines whose
orientations are 22,5° and 67,5° are perceivedaddeswith insignificant changes.

This way the dotted arrows show the orientationgchvishould not be influenced
by adaptation — the normalization should not besgmé here. So that the normalization
effect is not present while observing the vert{gad0°) and horizontalg=90°) lines was
observed by J. Gibson. However, the fact that ihialso characteristic to other line

orientations ~22,5°, ~45°, and 67,5°, is not known.

Perceived size of a line depending on its projectigplace on the retina

The obtained results — the lengths of line partpixels were transformed to arc
lengths (in degrees) in order to compare the resflindividual participants. Then the
ratio of line part near the fixed (F) crogarther indicated as Aand the rest part of the
line (further indicated as Bwas computed.

The ratio A/B shows how accurate was the partidipardividing the line. If the
ratio A/B is equal to 1, the parts of the line aqual (A=B) and the line is bisected
exactly in the middle. If the ratio A/B is lowerah 1, then the part of the line near the
fixed cross is shorter than the rest of the lingBA If the ratio A/B is greater than 1, the
part of the line near the fixed cross was indicaasdonger than the rest of the line
(A>B).

During study, five lines of different lengths wepeesented, therefore it was
analyzed how the accuracy of line bisection charfgesording to the ratio of the line
parts A/B) depending on the line length. The stoelyults show that the participants
divide different lines in different accuracy — soime lengths are bisected with least
accuracy. Line bisection accuracy (line part ratiependence on the length of the line is
not even — there is a breaking point. The resulthe participants were grouped into

three groups, according to the place of the bregpkioint in the line part ratio A/B
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depending on the line length. The first (result@fparticipants) and the second (results
of 5 participants) group mean results are presemdeégures 5 and 6, and the third
group (5 participants) was not analyzed, becausedart ratio A/B curve order had no

clear tendency.
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Figure 5.Line part ratio dependence on the line length. Meamesults of 20
participants. Axis X represents line length in degees, axis Y represents line part

ratio — line part close to the fixed cross ratio vih the rest of the line.

0,91

0,89

0,87

0,85

0,83 N\

0,81 \

0,79 \ /.
0,77 \ /

0,75

Line part close to the fixed cross ratio
with the rest of the line

5 7 10 13 15
Line length, deg.

Figure 6.Line part ratio dependence on the line length. Mearesults of 5

participants. Axes represent the same values as figure 5.
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We can see that participants are dividing the limetsexactly in the middle. Line
part A close to the fixation cross is estimatedslasrter that the rest of the line. It was
also observed that the ratio A/B of different ldndjne parts depending on the line
length changes unevenly (Figures 5 and 6). Firsugrconsists of the results of 20
participants; they made the greatest error (the B of line parts was lowest), when
the lines were 5-7 degrees in angular length (Eidi)t Second group consists of the
results of 5 participants’ they made the greatesirgthe ratio A/B of line parts was
lowest), when the lines were 13 degrees in andatagth (Figure 6). The rest of the 5
participants’ line part ratio A/B dependency on line length curve did not have a clear
change tendency, therefore it was not includedtiree of the two groups and were not
included in further analysis.

It was tested if differences in line bisection aemy, dividing lines of different
lengths, are statistically significant. Since ndtrbutions of the results were normal,
nonparametric Mann-Whitney U-test was chosen ireotd compare if the accuracy of
different line length bisection is significantlyfidirent. Mann-Whitney U and p-values,

according to Mann-Whitney U-test, of the first gpoare presented in Table 1.

1 table.Mann-Whitney U and p-values are obtained estimatinghe difference

significance in accuracy of line bisection in theirfst group of participants.

Line length, degrees Mann-Whitney U p-value
value
5-7 596307,0 0,326
7-10 512027,0 0,000*
10-13 512577,0 0,000*
13-15 524726,0 0,001*

'According to Mann-Whitney U-test

Statistically significant difference between thec@acy in bisection of different
line lengths were not obtained, except when comgahe ratios of line parts of 5 and 7
degrees in angular length. All the rest line patios when compared in pairs of adjecent
line lengths (7-10, 10-13, 13-15), statisticallgrsficant differences were found.

As we can see from the change tendency of theplneratio in the first group, the

curve minimum is when the line length is 7 degreBserefore it is important to

19



ascertain if the minimum of this curve (when theeliength is 7 degrees) is significantly
different from the adjacent points (when the liradths are 5 and 10 degrees). As we
can see from p-values in Table 1, the accuracy aégfee angular line length bisection
is significantly different from the accuracy of d8gree angular line length bisection, but
is not significantly different from the line of ®grees in angular length.

Mann-Whitney U and p-values, according to Mann-\iént U-test, of the second

group are presented in Table 2.

2 table.Mann-Whitney U and p-value' is obtained when compared the ratios

of the line parts in the second group of participats.

Line length, degrees Mann-Whitney U value p-value
5-7 123046,0 0,522
7-10 78886,0 0,000*
10-13 93134,5 0,000*
13-15 88319,5 0,000*

!According to Mann-Whitney U-test

Statistically significant difference was not ob&ihonly when the ratios of 5 and 7
degrees in angular length were compared. Wherbkastetst of the line part ratios in
comparison with the adjacent pairs of line lendthd0, 10-13, 13-15) are significantly
different.

As we can see from p-values presented in Tablée reduction of the line part
ratio (curve breaking point — extremum), when ihe is 13 degrees in angular length is
significantly different from the line bisection aracy of 10 and 15 degrees in angular
length. Therefore the second group of participavdas the least accurate to divide the
lines of 13 degrees in length. As we can seehalparticipants the line part closer to the
center increase subjectively in comparison withlihe which is further away from the
center. However, the dependency of A ratio from lthe length is not monotonous.
When the bisected line reaches the visual angte©br about 13 degrees in length, the
ratio A begins to increase. If the accepted modsumptions are true, then it is not
difficult to show that ratio A begins to increas@em the lengthened line is projected to

the place in retina where the density of photoremspncreases.
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DISCUSSION
Influence of prolonged viewing of tilted lines on prceived line orientation: tilt
after-effect

The size of TAE effect differs depending on thepad@ line orientation. It was
estimated that the lowers TAE is when the partiigsas to evaluate the line of 22,5°.
The question arises how can these results be arplai

We hypothesize that our visual system has two tmteaesponsible for the
perception of line orientation. Supposedly the \gigtiof one of the detectors is a
function of sin 2¢ +22,5°) of a double angle, and the other is a tfancof
cos2(p+22,5°). This neuron response dependence on teeolientation is presented in
Figure 7. In this case, the line of which the otaion is equal to zero, will activate both
neurons equally, and the line oriented by 22,5f stimulate most only the neuron with
sinus characteristics. If the persona adapts toeslme orientation, then the detector
activity to certain line orientation decreases.

According to this hypothesis, if one of the detestare not stimulated (for
example, a neuron with a cosine characteristibg)) tts sensitivity does not change over
time, i.e., there is no adaptation and the oriéatadf the vector does not change in the
course of adaptation. Only its length and modulange, but the perceived line
orientation does not change. Consequently, thare iormalization effect.

After the adaptation a line with orientation of 22will stimulate only one neuron,
independently on the adaptive line orientation. sfhihe perceived orientation of this
line will not depend on the adaptation, i.e., theilébe no TAE.

The other line with orientations of 0° and 45° stlate both neurons equally and
their response changes equally in the course gitatian (the ratio of responses and the
vector orientation does not change). Therefore péreeived orientation of these lines
should not change in the course of adaptation feth® no normalization effect.
However, the perceived orientation of these lindsgreatly depend on the adaptation
to the line seen before. This effect is maxima person is observing the line oriented
by the 22,5° angle for a long time, because thme lvill stimulate only one neuron.
Therefore, only one vector component will decreasel the other will stay unchanged.

This can be seen in the Figure 7.
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cos 2 (p+22.5)
sin 2 (¢+22.5)

Response

Orientation (@)

Figure 7.Two neuron dependency on the line orientatiop. Solid line — a

function of neuron with sinus sensitivity, dotted ine — with cosine sensitivity.

Now we can quantify the changes in vertical lineemtation depending on the
adaptive line orientation. An angle between thearsg which code vertical line before
and after adaptation, needs to be calculated. €reejved vertical line orientation in this
case is equal to half of the computed angle. Tkigeddency has been computed by
other authors (Fomin et al., 1979) and their resaie shown in Figure 8. In this figure,
the X-axis represents the adaptive line orientateord the Y-axis represents the

perceived change of vertical orientation.
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Figure 8.The influence of adaptation on the vertical line prception. The solid
line shows the results obtained by Gibson (1933)na Gibson and Radner (1937).
The dotted line with dots shows the results of Canigell and Maffei (1971). The

dotted line shows the results of the theoretical natzl.

As we can see, the calculation results can exgl@nother author experiments
results only qualitatively. Can the differencesrbduced? What could also influence
TAE? Sekular and Littlejohn (1974) tested the hipsts if TAE could be explained by
the simultaneous orientation contrast which caubesacute angles are perceived as
greater and the obtuse angles as lesser. In thearienent the adaptive line was show
before presenting the vertical line. Vertical lioeuld be shown with certain delast
after the adaptive line. They measured how thegdeed orientation of vertical line
depended on the time of the delsty They showed that the shorter the time of thaylel
the greater the influence of the adaptive line.gkdmng to the authors, the adaptive line
does not disappear right away, but its trace staytbe visual system because of the
inertia and it interacts with the shown verticakli(simultaneous contrast). However, the
authors did not appreciate the fact that TAE effeeiqual to zero when the adaptive line
makes up the 45° angle with the vertical. Meanwhtlee simultaneous contrast
disappears only when this angle is equal to 90f.tRis reason the above mentioned
authors explanations were refused. However, itamassumed that this effect can have
an influence on TAE. If this hypothesis is acceptben the observed TAE is the sum
effect of the adaptation and simultaneous contitasarder to test this hypothesis, we

tried to sum two functions, one of which describB&E and the other describes
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simultaneous contrast of orientations. Both depecids were calculated separately in
the study (Fomin et.al, 1979). Only the evaluattbnthe sum effect is left. The result is
presented in Figure 9. The figure shows theoretieallts of vertical line estimation,

according to the simultaneous contrast and adaptadnd the results of the experiment.

Angle of distortion, deg.

0 20 40 60 80
Angle of adapt linesq), deg

Figure 9.The influence of simultaneous contrast and adaptain on the
perceived orientation of continuous line. The dotte line shows the influence of side
inhibition to perceived line orientation. The influence of adaptation on the

perceived line orientation is marked by dotted linewith dots. Thin continuous line
shows theoretically calculated results. Thick contiuous line shows the results of the

experiment.

As we can see in Figure 9, the results of the exy@t are like the sum of the
theoretical adaptation and simultaneous contrasitse

Consequently, the results allow us to assume ti@atperceived line orientation
depends only on two neuron response ratio. Itég@ated in the literature to state that the
perceived orientation depends on significantly gmeeesponses of neuron detectors, i.e.,

the orientation vector is of great measure.
The question arises if there is any data that tewrons selective to orientation

possess this kind of sensitivity characteristicey 2(p +22,5°), and the other
cos2(p+22,5°). Psychophysical studies by D. Foster asctbileagues appeared recently
(Foster, Ward, 1991; Foster, Westland, 1998) wlsicbw that the perception of line
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orientation can be explained by the two neuronaese ratio. Moreover, their optimal

orientations are equal to +22,5° 112,5°. Since riearons cannot transmit negative
signals, then instead of one “sinus” and “cosinetinons there should be two neurons,
that each of them transmits only positive signgp#eciating this, it can be assumed that

the chosen characteristics of neuron sensitivityckose to those described by D. Foster.

Influence of prolonged viewing of tilte lines on peceived line orientation:

normalization effect

The results show that adapting to certain line rwaton, the perception of
orientation either rotates towards the lines or4®53, 90°, or adapting to the lines of
22,5° and 67,5° their perceived orientation haatignges. Supposedly, some detectors
are sensitive to line orientation. Exposed to prgkxl observation of certain line
orientation, the sensitivity/ activity of the deties sensitive for this orientation changes
— it decreases over time. It is known that detscgansitive to horizontal and vertical
line orientation are more that 45°. That is, sta@dly, exposed to prolonged observation
of some line orientation the perceived line oriéntashould change towards the vertical
or horizontal, because there most detectors semditi these orientations. However,
according to our models this might not be the ca$eory described in the literature
could explain TAE, but would not explain the noripation effect. Meanwhile, both

phenomena can be explained by using two detectors.

Perceived size of a line depending on its projectigplace on the retina

The participants dividing the lines into two sulbjeely equal parts made errors —
line part A by the fixed cross was determined tsherter in reality than the rest of the
line B, i.e., the line part ratio was A/B<1. Thaktams that the line part A was perceived
to be greater and the line part B to be smallem tha existing physical length. Although
these facts are described in the literature a tong ago [Tuaxe, 1978;Bropmuno, 1978;
Georgeson, 1980), it still remains unclear if taga (A/B) is stable or if it changes and
depends on the line image in the retina. ThereeHimets to link the characters of line

length perception to so called cortical magnificatfactor (CMF) (Daniel, Whitteridge,
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1961; Schwartz, 1994). It is already shown thatre¢part of the retina sends signals to
the greater area of the visual cortex than thepperal part of the retina. Since it is
assumed that the perceived part of the line istgréfaits image (projection) is greater in
the visual cortex, then the images of similar lieegths in the center and the periphery
of the retina will be perceived as of the differarigth — the first line will be perceived
as longer than the second one. However, CMF is dnlg to the central (fovea) part
(Florack et al, 1999; Koenderink, 1994). Also,stunclear if subjective distortions are
similar in all central part of the retina (foveatai.e., if the ratio (A/B) is stable.
Theoretical model is based on the assumption tleaposition of point object (or
light centroid) in RL or in a fragment is deternanen the response of 4 neurons with
Gabor weight functions (Sokolov, Vaitkevicius, 19&®kular, Blake, 2002, Fleet et al,
1996): x(a) = ap) sinia, X(a) = ap) cosia, X3(B) = ap) sinAP, X4(B) = ap) cosip,
herea andp are horizontal and vertical visual angles of aject) and\ is constant that
depends on the fragment or RL sizep)aé a Gauss centroid distang® from RL
center. Since our stimulus is a horizontal line, wauld assume that only horizontal
visual angle changes and further we will analyzé/ dhe responses of two neurons,
which are the components of a two-dimensional vedifn)= a@)( Sin Aa, COSAaw).
According to the model presented earlier, the distabetween two points which
coordinates are; and a, RL is proportionate to the angle betweenE@nd E¢,), i.e.
A=arc cos (Kt,), E(op)) arc cos\(a, - a4). The sensitivity of a system increases as this
angle increases. This angle cannot be greater 1B8A, because when the distance
increases the angle between the vectors begirecteakse. Consequently, there<3.(@.
- ay)<n. The distance between two points is ultimate withenpoints are in the opposite
sides of RL. If RL is of the form of a circle, théime ultimate distance is equal to the
diameter of a circle D. Consequently, matof - o)) =AcD ==, andA=n/cD, here c is a
constant. As we can see, the lower the RL the grahe value of.. Based on this
assumption, the distance between the points ioppesite sides of RL will be perceived
as similar, though physically it is different, ife size of RL will change by D. The value
of D indicates the size of RL, which depends ondtmn of receptor signals needed to
reliably extract a signal from the noise (Haterd®992 a, b, 1993 a, b). If the
characteristics of receptors do not differ, them tlumber of receptors in RL should be

alike (in this case the ratio of signal/ noise gsi@ to all RL), and the size of RL field
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(value of D) depends on the density of photoreaspi the retina. This ratio varies.
Also there two types of receptors: cones and ratisch have different characteristics.
For example, rods are more sensitive and reacimdight. Therefore, it is more likely
that the signal generated by the rods the influeiaaterference is greater than that of
the cones. Different kinds of cones differ in thesistance to interference — “red” or L
cones are less resistant to interference, than ‘®loe“ cones. However, we cannot
estimate the aforementioned matters because odhtkeof knowledge, so we would
assume that the size of RL depends only on theitgeat photoreceptors. While
increasing the distance between the points, th#ypvaject not on only one RL, butin a
few adjacent ones. The estimation of distance a@ffend on the size of RL (i.e., from
the density of photoreceptor). It is known that faene number of retina receptors send
information to the same areas of cerebral cortekthe same areas of cerebral cortex are
perceived alike. In our case, the divided line Whi projected on the retina, stimulate
the sequence of receptors which belong to diffeRdrg. The longer the line the longer
the sequence of RLs and photoreceptors. In orddetermine the perceived middle of
the line, the place in the line equally dividingethumber of the receptors in two and
perceived as equal was determined. These kindli@iletions can be performed because
we know the place in the retina of an eye in whicé line projects. Since the study
participants had to fix their sight to the fixatigoint, the part of the line near the
fixation point projects on fovea and the furthertfwd the line projects on the periphery.

It is known that the alteration of general density photoreceptors is not a
monotonous function: in the center of retina thasity of photoreceptors — cones is
large. Going further from the center the densitgrdases, but at the same time the
number and density of rods increases. At approxindi-7 degrees from the center the
density of photoreceptors begins to increase. mbeease is present up to 20 degrees. If
the density of photoreceptors influences the pdéimepof the line length, then the
decreasing density of photoreceptors would be #&ssacwith the same physical line
length perceived as lesser. When the density ofopbceptors begins to increase, the
same line should be perceived as greater. In aodirst this hypothesis the second task
was stated. Not knowing how sizes of RL change gydunther from the center of the
retina, when types of the photoreceptors also ahatitge accurate theoretical insight

about length perception is impossible. Howevecait be tested if indeed the nature of
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length perception changes in places where the tyenisphotoreceptors is minimal and
again begins to increase.

According to our results (see Figures 5 and 6)care see that the ratio A/B is not
stable, i.e., increasing the general length ofttisected line, the perception of A and B
line lengths changes disproportionately, becausedtlative difference of perceived line
part lengths changes. Speaking about the naturtnesie distortions, Brown (1953)
experiments should be mentioned — it was determthat the bisection of the same
length line to subjective two parts changes overetwhen performing the repeated
bisections. However, the changes in “adaptive’oratire observed as low (no greater
than 1-2 min of the visual angle) and are monotendine changes determined in our
testing are a few times bigger that the descritsthptive” ones and, also, they are not
monotonous: when line images are in the centrdlgiahe retina (the lines are relatively
short) the ratio decreases and then it begins ¢oe@ase again. Depending on the
characters of the function A/B), the participants were divided into two groupstHa
first, most numerous participant group, the functid) had the minimum when the
length of the bisected line was 7 degrees of vianglle (arcdeg). At first there was a
little decrease of A/B ratio in the interval< 5+7 arcdeg), and then it increased rapidly,
approaching 1 (the systemic bisection error deedtase., the difference of both line
lengths decreased relatively) (Figure 5). In theosd participant group, the function
A/B=f(l) had the minimum when the length of the bisected vas 13 degrees of the
visual angle (arcdeg). In this case (in the inteoid-7 lengths) the ratio A/B, decreased
a little, like earlier, but when the line length svmcreased, this ratio began decreasing
rapidly and it reached the minimum, when the lergftthe bisected line was 13 degrees
of the visual angle. Further increasing the linegtl, this ratio begins to increase
(Figure 6).

According to CMF line part ratio A/B dependencetba line length, the extremum
should not appear, because the density of conesfreea to the periphery is decreasing
all the time. However, the general density of pheteptors changes unevenly (Figure
10). We can assume that when dividing the lineamy the density of the cones, but
also the rods are important in the retina of an &yhy the influence of the cones and
rods could be different? It is known that the rads more sensitive than the cones. For

this reason, the random interference can have métence to the rod response than
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that of the cones. In order to extract a signamfithe noise, signals from the greater
number of the rods should be summed, than the nuofbeeeded cones (van Hateren,
1992). Thus, one neuron in the visual cortex, iatig the local retina lighting, should
sum the signals from the greater number of rods.tlie reason the neuron, receiving
the signals from rods, will sum the signals frore tireater area of the retina than the
neuron receiving the signals from the cones. Thald mean that the retina area
containing rods sends signals to the smaller anédke visual cortex than the cones.
Also, the density of rods in the central area @ tétina is low and it increases toward
the periphery (see Figure 10 — dotted line markeshuares) — it is greatest in the central
area of the retina, it decreases evenly towargéngphery. Based on the facts described
above, it can be assumed that two lines of the sameewhich images are in the cone
and rod areas of the retina will be perceived difly — images in the cone areas will
be perceived as larger than the same images modhareas.

Based on the facts described above and estimdiaglécrease of the density of
cones going further from the center of the retitha,conclusion follows that the line part
closer to the fixation center should be perceived@ater than its part which is further
away from the center. This should be true onijhwpart of the retina where the number
of cones is large. Since almost all the cones iawated concentrically around the center
(in the area of 6-8 visual angle (see Figure 1i0¢, sum of the photoreceptors was
calculated using data provided by Sekular, Blak¥®22), then the described dependency
should be true while the length of the bisecteé is not larger than 6-8 of the visual
angle.
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Figure 10.The distribution of the density of photoreceptorsn the retina of an
eye. The sum of photoreceptors was calculated usidgta provided by Sekular,
Blake (2002).

When give lines are longer, their images (at leastpart of it) are in the area
dominated by rods. The density of rods in the @ mart of the retina is low and going
further from the center, their density is incregs{to 20 degrees of the visual angle —
Sekular, Blake, 2002). When the density of rodsnges, the central part of the line
should be perceived as shorter than the line oséimee length which is further from the
center, i.e., the participant sound increase tie A and decrease the line B and the ratio
should be A/B>1. Thus, the character of the tesitid should change while increasing
the line and when the line (or its part) is progecto the area of rods in the retina. This
should happen in 6-10 degrees of the visual ardgewe saw, about 66,7% of the
participants (A/B) the character of ratio changeslaot contradict these conclusions.
However, (5 participants — 16,7%) the ratio (A/Bgdking point is further away from
the center than the predicted breaking point. Wit this way? A few hypotheses are
worth to be mentioned.
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- Firstly, the participant fixes the sight not dmetcross, but his sight is shifted
towards the other end of the bisected line. Theltesf the preliminary tests with three
participants registering the eye movements do patradict this hypothesis. The tests
show that participants selecting the fixation paah shift their eyes unconsciously so
that the image of the point is not in the centreéhef retina. It was computed what is the
range when the eye moves while dividing the lind eonstantly fixing the sight on the
fixation cross. The results are presented in Table

Table 3.The values of eye movements in three participantghile fixing their

sight on the fixation cross while dividing the line

Subject Hor_izorjtal eye movement Vgrticgl eye m.ovement
while fixating sight, deg.| while fixating sight, deg.
AD 0,77 2
AS 1,6 1,6
DR 2,63 2,63

Table 3 shows the approximate distance values.ilBetaye movements of each of
the participants are presented in figures in thEeagix. The presented results show that
eye movements differ in participants by their siagsually it is a cloud seen in the graph
around the fixation cross, but this cloud is notessarily of the regular shape. As we
can see, the participant AD eye movements vericadire greater more than twice than
those horizontal. Recalling the test results o€ Iisection, the minimum of line part
ratio curve in the second group of participants waen the line length was 13 degrees
(Figure 6). Since the eyes moved in a quite lamga @around the fixation cross, this
could influence the results and it could be assuthatl the participants in the second
group had difficulty in fixating the sight, conseupily, the minimum of line part ratio
curve “shifted”. However, this assumption needs Ibe supported by more
comprehensive studies.

- Secondly, it is still unclear, what is the infhe® of cones and rods in perceiving
the line length. The long line projects on the and®ere only cones are present or the
rods, and also to the area where both types obpdcptors are present. The perception
of line length can depend on the cone and rod weéigtietermining the sum ratio (A/B)

value of line parts.
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Naturally, there is a possibility that both fact@an influence the results of the
described experiments.

Data of five participants was not analyzed becahe& ratio A/B of line part
dependency on the character of line length cuneendit have a clear tendency for
change, differently from other two groups of pap@mnts. It is possible that these
participants had difficulty in fixing their sightnothe fixation cross during one testing
series.

The question arises how these results can be ianart explaining the perception
of the visual space? As it is known, the sized lgect images in the retina depend on
their distance to the observer. Further object esag the retina are smaller than those
of the same size which are closer object imagekarretina. However, it is known that
the person is able to perceive the same size slgschbeing the same size independently
of them being in different distance away from theserver, i.e., independently of the
object image sized in the retina (constant size disthnce perception effect). It was
attempted to explain this constant perception lpedaence and learning, but this failed
(Broprimio, 1978). It is supposed that this phenomena iuemited by the innate
physiological features of the visual system. Acaagdo the data it can be assumed that
the central area of the visual field which is pobgel on the area of central retina, is
subjectively increased compared to the peripheadl which projects on the peripheral
area in the retina. Thus, if the person shifts digght to the further object, the object
image is in the centre of the retina and it is pe@d as being larger. And the images of
closer objects in the retina in this case are enghriphery and their perceived size is
decreased. Consequently, for this reason, the ginggedistortions are compensated. As
our analysis showed (Dzekewmite, 2007), the full compensation of projective
distortions is possible only in the certain partieé visual space, which position depends
on the character of the ratio (A/B).

Also the results can be helpful in explaining whg tn the case of binocular vision
the longitudinal horopter is not synchronized whteth-Muller circle (cited from
Vaitkevicius, 2002).

It is still studied, that is the influence of sutijge distortions associated only with
the fovea in the retina on the space perceptiohwadz, 1994) and the influence of the

periphery is not studied. Also knowing the influeraf peripheral subjective distortions
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on the space perception, it could be predicted hoperson would perceive distances
between the objects in various situations whersH&ing his sight on separate objects.
This has a great practical value when it is impurta quickly estimate the distances
between the observed objects, also it is importartonsider in architecture (already
ancient Greeks considered it, according to the Boapknowledge).

Currently the person is forced to work in the meedighting (for example, while
driving a car in the evening). In this case botlisrcand cones are functioning.
Considering that the ratio (A/B) depends on thelkaf the functioning photoreceptors,
the perceived distance between the objects in #mopic lighting will differ from the
distance perceived in photopic and scotopic lightihis important to appreciate it while

driving. .

CONCLUSIONS

1. It is confirmed that the adaptation to line orig¢iaia changes the perceived line
orientation — the perceived orientation of the guardus line is rotating so to constitute a
greater angle between the orientations of adap#md continuous lines. It was
determined that the lowest tilt after-effect is whe continuous line orientation was
22,5 degrees.

2.1t was confirmed that when exposed to a prolongee bbservation the
perceived line orientation changes (normalizatitiact). The perceived line orientation
rotates toward the closest orientations of 0, 48, 20. Lines oriented at 22,5° and 67,5°
are perceived as stable with insignificant shifts.

3. The tilt after-effect and normalization effect cbhe defined by a hypothetical
model which describes only two detectors whiclpoese changes are described by the
functions of sin 2(+22,5°) and cosg(+22,5°).

4. It was determined that when the person fixes tlghtsihe bisects the line
unequally — the part of the line close to the fxatpoint is determined as smaller than
the rest of the line because it is perceived agelarThe systemic line bisection erro
changes unmonotonously and depends of the lingHehges of certain lengths (one
group of participants — 7 degrees of visual antjle, other — 13 degrees) are bisected

with the greatest systemic error. Further the amuof bisection increases.
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5. The accuracy of line bisection is influenced by e@ah number of
photoreceptors, but the contribution of cones anld is different.
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REZIUM E
JIVADAS

Rega svarbiausias zmogaus analizatorius, kuriualpagzmogus gauna apie 90%
informacijos susijusios su aplinka. Tbdyrimy susijusiy su rega yra labai daug. diau
iki Siol yra daug neiSaiskigtregimojo suvokimo fenomen Pavyzdziui, neaisku, pagal
kokius objekto atvaizdo pozymius suvokiame okjekadangi vienas ir tas pats objektas
akies tinklairtje gali sukurti daug atvaizd

Manoma, kad objekto atvaizdas akies tinkdgensuskaldomas atskirus vaizdus,
kuriuose iSskiriami suvokimui reikalingi loked pozymiai, iS kurj véliau sudaromas
globalus vaizdas. Taigi yra bent du informacijod@pjimo etapai - lokalus ir globalus.
Siame darbe tirsime tik lokalius regimojo vaizdadamjimo mechanizmus. Taip pat
apsiribojame dviej pozymip — objekty kontiro pakrypos ir fragment tarpusavio
nuotolio analize. AiSkinant orientacijos kodavimoechanizmus buvo tiriami taip
vadinamieji liekamasis adaptacijos poveikis (TAE)nbrmalizacijos efektai. TAE —
suvokiama tiess pakrypa priklauso nuo fizis tiegs pakrypos ir ties pakrypos, kuri
buvo pateikta pries tai. Normalizacijos efektadgaiistebint tam tikros pakrypos tigs
suvokiama tiess pakrypa kinta — pagal Gibspsaukasi link artimiausios vertikalios arba
horizontalios pakrypos (Gibson, 1933, 1937). NaoeseSektai yra tiriami (TAE efektas
yra tyrinttas daugiau (Clifford ir kt., 2000, Clifford ir kt2001, Gibson, 1937, Gibson,
Radner 1937a,b, Westheimer, Gee, 2002)§jata iki Siol miréti efektai nebuvo
panaudoti siekiant iSsiaiskinti kodavimo mechanigmBios stebimus reiskinius galima
panaudoti apibendrigtmodelyy patikrai (Fomin et al, 1979; Vidyasagar, 1985, 2,98
Vidyasagar, Urbas, 1992; Vidyasagar et al, 1986padvyko rasti eksperimentini
darhy, kur tai ity daroma.

Kitas svarbus klausimas, kaip Zmogus nustato vagldmeng pacttj erdwje ir
atstum tarp j. Sis klausimas iki galoéna istirtas ir suprastas, kaip Zmogus nustato ir
jvertina atsturp tarp dviej tasky. Zinoma, kad kartais suvokiami objekto poZymiai
neatitinka fizikinip paramety. Pavyzdziui, objekto dydzio suvokimas. Kantis
atstumui iki objekto, objekto atvaizdo akies tinkkge dydis kinta, atvaizdas yra
iSkraipomas, t&au objekto suvokimo kitimaséra tiesiogiai priklausomas nuo objekto

atvaizdo akies tinklai)e kitimo, todt| sagveikos tarp §j dalyky klausimas yra aktualus.
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Taip pat yra Zzinoma, jog aplinkos (ar objekto) daig, kuris projektuojagiakies
tinklaine yra iSkraipomas tokiutl@u — centrigs akies tinklaids dalyje esantis vaizdas
suvokiamas didesnis, periferijoje — maZesnis. Bierti reiskiniai aiskinami dvejopai.

Manoma, kad Sis reiskinys suSj su @mesio mechanizmais (centravimo
mechanizmas). Zmogaus jautrumas objektoépesl pokgiams srityje, i kuria jis
nukreipia @meg, padictja. Kadangi srityje, kuriai skiriama daugiaéngesio, jautrumas
yra didesnis (absolias slenksiai yra mazesni), tai Siuo atwegémesio srityje tie patys

Antra hipotez mégina rasti fiziologinius mechanizmus susijusiuscgmtravimo
efektu. Tam naudojamas vadinamasis &e\zievinis) didinimo veiksnys (cortical
magnification factor (CMF) - Schwartz, 1994). Yrarpdyta, kad centréntinklainés
dalis siurtia signalug didesr regos zie¥s daj, negu periferia jos dalis. Taigi, vaizdas
centrirgje tinklainés dalyje projektuojamag dides® ziews srif, hegu vaizdas esantis
periferirtje jos dalyje, t.y. perduodant vaizd Ziew jis iStempiamas, padidinamas.
Daroma prielaida, kad atvaizdo dydis Zgv proporcingas jo suvokiamam dydziui.
Tokiu badu toks pat fizinis vaizdas esantis tinkksncentre ir periferijoje bus
suvokiamas skirtingo dydzio. Pirmuoju atveju jissbsuvokiamas didesnis, negu
antruoju atveju. T@&au CMF galioja tik tuomet, kai vaizdas yra cengjgntinklainés
dalyje (fovea). Lieka neaiSku, kas vyksta, kai dag sukuriamas ne foeaija dalyje, o
uz jos rily, kur yra tik lazdels. Taigi neaiSku, kokie yra suvokimo subjekigv
iSkraipymai, kai objekto vaizdas ke pact; akies tinklaigje — iS centrias akies
tinklainés dalies perkeliamag periferig. Ar vaizdo dydzio suvokimo kitimas yra
tolyginis, stumiant vaizg iS centroj periferig? Nuo ko priklauso objekto dydzio
suvokimo kitimas, kai keiasi objekto vaizdo projekcijos vieta akies tinkkge?

Tyrimo rezultatai ir iSvados pasitarnagute tik geriau suprantant zmogaus regim
suvokimy, tafiau tugty ir praktire vert. Pavyzdziui, kuriant regos protezus, tiriant
zmogaus dydzigvertinimg, kai objektai projektuojasj skirtingas tinklaigs vietas.
Pavyzdziui vairuotojui svarbu teisingaertinti atstung tarp objektu, kai jo projekcijos
patenkaj skirtingas tinklaigs vietas, arba ké&antis apSvietai kinta funkcionuojantys
receptoriai. Esant fotopiniai apSvietai veiki@gkliai, o esant mezopiniai apSvietai

papildomai veikia ir lazdes.
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Sio darbo tikslas — istirti, kaip eksperimente nustatyti dvieguvokimui svarbi
pozymi (kontiro pakrypos ir atstumo tarp atskifragment) kodavimo mechanizmus.

Uzdaviniai.

1. IStirti TAE ir normalizacijos efektus, bei sukuptios aiSkinarjtmode).

2. |Stirti, kaip Zmogus suvokia atstanarp dviej; tasky kintant zvilgsnio fiksacijai
ir jvertinti, kokie mechanizmai galiihi susig su eksperimente gautais reiskiniais.

Ginamieji teiginiai.

1. Nustatyta nauja, dar nezinoma TAE savylgreta jau zinomp vertikaliy ir
horizontaliy tiesy, prie kuri adaptacija néakoja po y pateikiany tiesy pakrypos
suvokimo, yra dar dvi papildomos téss pakrypos 22,5° ir 67,5°, kurios pasizymi
tokiomis pat savymis.

2. Nustatyta naujos dar nezinomos normalizacijos sauyiigai stebint vieqir ta
paia tieg, jos suvokiama pakrypa kinta, ji sukasi link agsres ne tik vertikads ir
horizontaés tiegs (kas jau zinoma), bet ir link artimeésriess, kurios polinkis yra 45°.
Be to, yra dar dvi tieés pakrypos, kutg normalizacijos poslinkis (dreifasgra stabilus,
t. y. poslinkio kryptis @ra stabili. Tai tiess, kuriy pakrypos yra 22,5° ir 67,5°.

3. TAE ir normalizacijos savybes galima paaiskinti ralnal kuris apraso pakrypos
kodavimy dviejy selektyvi; pakrypai neuroi atsak; santykiu.

4. Vaizdo dydzio suvokimas kinta nemonotoniskai, stmrhivaizd iS tinklaines
centroj periferijg.

5. Vaizdas tinklaigs centre maksimaliai subjektyviai padidinamas, lsh@h vaizd
IS centroj periferijg jo suvokiamas dydis IS pradzimazja, bet apie 7-13 laipspi
regimojo kampo, jis & pradeda diéki.

6. Netolygaus vaizdo dydzio suvokimas &antis jo padciai akies tinklaigje
koreliuoja su bendru receptortinklainéje tankio kitimu: tolstant nuo tinkla#s centro
bendras receptayitankis ma#ja (fovea vyrauja &geliai, j periferijg jy tankis greitai
mazja), wliau lazdeliy tankis yra zenkliai didesnis negugdeliy, ir jy tankis einanf
periferijg greitai dicja.

7. Siulomas vaizdo dydzio subjektyvaysertinimo modelis - vaizdo svertinas
svorio centro paitis nustatoma 4 neuronu atsaku santykiu (panakep spalva

koduojama trij kiigeliy atsak; santykiu).
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METODIKA
llgai stebimos tiegs suvokimo polinkio pokyiai: liekamasis adaptacijos poveikio

efektas

Tyrimo dalyviai. Tyrime dalyvavo trys tiriamieji — du vyrai ir vienmoteris. Visi
tirlamieji turéjo normal; arba koreguat iki normalaus regima. Visi tiriamieji turéjo
patirties psichofizikiniuose eksperimentuose. Ha@is tyrimo esma visi tiriamieji daw
sutikimg dalyvauti tyrime.
Stimulai. Dvi raSys tiesy — trys adaptacis ir viena testié Tiess buvo pateikiamos
vienu metu, bet ne vienoje regimojo lauko viet@jdaptacini tiesiy pakryposp.=¢:+0°,
o £10°, ¢ +22.5° ¢ +35° o, +45° and@, +67°, Kur o, testires tiegs pakrypa.
Adaptacires tiegs buvo pateikiamos vaizduoklio ekrano centre. Adeaipiy tiesu ilgis
2°, storis 0,1°, atstumas tarp tigdi5. Testig tiess buvo to paties ilgio ir storio kaip
adaptacias. Testigs tiegs pakrypae kito su 0,5° zZingsniu intervalet—0,5°r<e<et
+0,5°n, kur n parinkta atsitiktinai iS intervaloaQ iki 10, iret =0°, 22,5° ir 45°. IS viso
vienai adaptaciis tie€s pakrypai buvo generuojama 21 tesitiegs pakrypa.
Tyrimo eiga. Tiriamieji 15 min. adaptavosi tamsoje kiekvienandymo pradzioje.yl
galva buvojtvirtinta specialiu stovu. Tiriamieji stimulus ziiréjo viena akimi pro 1 m.
popierin  cilindrg (matymo lauko skersmuo 20°). IS pragdZzbuvo jjungiamos
adaptacias tiegs (pirmire adaptacija truko 10000 ms, visos kitos 4000 m&urias
turéjo fiksuoti  zvilgsn. Tada pateikiamas téias ekranas 1000 ms.éNau buvo
jjungiama testiaé tiess, kurios pakrypa viena iS 21 galimos (200 ms).anrasis tujo
dviejy atsakynmy priverstinio atsako metodu atsakyti, ar testies: pasisukusi pries ar
pagal laikrodzio rodykl nuo duog pakryp; (0°, 22,5°, 45°, prieS bandyntiriamasis
zinojo su kokios pakrypos tiese reikia lyginti testtiess). Po tiriamojo atsakymo
pateikiamas tu$as ekranas (1000 ms.) ir tik tagangiamos adaptacis tiegs (4000
ms). Toliau bandymas buvo kartojamas, kol visospttany ir testiny tiesiy
kombinacijos buvo pateikiamos tiriamajam.

Duomeny analizé. IS gauy rezultaty buvo béziamos psichometrés kreiwes ir iS
ju paskatiuojama maksimalus TAE dydis — kiek suvokiama pgphkr ketiasi

priklausomai nuo adaptacintiesiy pakrypos.
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llgai stebimos tiegs suvokimo polinkio pokyiai: normalizacijos efektas

Tiriamieji . Tyrime dalyvavo penki tiriamieji, kwfiamziaus intervalas nuo 25 iki
60 met. Visi tiriamieji turéjo normal; arba koreguota iki normalaus egigha be
astigmatizmo. Trys tiriamieji nezinojo apie tyrinikslus. Visi tiriamieji tugjo patirties
psichofizikiniuose eksperimentuose. PaaiSkinusrtgresmg visi tiriamieji davé sutikimg
dalyvauti tyrime.

Stimulai. Stimulai buvo pateikti kompiuterio Philips 201C&izduoklio ekrane
(rezoliucija 1600x1280), atnaujinimo daznis 75HzaMBlai buvo pateikiami tu$ame
ekrane skaistis 80 cdfm] stimulus tiriamieji Ziiréjo viena akimi per popierircilindra 1
m atstumu nuo ekrano, jiems buwvtvirtinta galva, kad nejudy. Regimojo lauko,
matomo pro cilindg, skersmuo 20°. Tiriamiesiems buvo pateikiama ataits ir
testire tiests, kury ilgis 2°, storis 0,1°, atstumas tarp adaptacitesyy 15 min.
Adaptaciny tiesiy pakrypos -10°, 10°, 35°, 55°, 80°. Tesiirtiesiy pakrypos kito +5°
nuo adaptacimitiesiy pakrypos su 0,5° zingsniu.

Kadangi pateikiant stimulus toje $aje erdvés vietoje @l adaptacijos keiasi
suvokiama tiess pakrypa, togl adaptacias ir testirg tiesss buvo pateiktos skirtingose
erdws vietose. Atstumas tarp puvo 6° regimojo kampo.

Tyrimo eiga. Kiekvieno bandymo pradzioje tiriamasis 10 minagtécija tamsoje.
Po to buvojjungiamos adaptacis tiegs, kurios nebuvo iSjungiamos viso bandymo
metu. Tiriamasis 1 min. mattik adaptacines tieses ir &§o fiksuoti zvilgsn | ant
vidurinés adaptaciés tiegs pazymeta fiksacijos tasSkgl Tada trumpam (1s.) buvo
jjungiama testié tiest. Tirlamasis tutjo jvertinti, ar testias tiegs pakrypa pasisukusi
prieS ar pagal laikrodzio rodykllyginant su adaptacim tieem (dviejy pasirinkimy
priverstinio atsako (angl. two alternatiferce choisg metodas). Nors tiriamiesiems
atsakymo laikas nebuvo ribojamascida jie buvo skatinami atsakympateikti kuo
grekiau. Po tirlamojo atsakymo sekakartotit adaptacija 10 sekundgikai tiriamasis
mag tik adaptacines tieses.

Duomeny apdorojimas. IS tyrimo rezultaj buvo siekta nustatyti tik suvokiamos
tiests pakrypos krypt todl nebuvo naudojamos psichome#sn funkcijos. Buvo
naudotas Kolmogorov-Smirnov ir Shapiro-Wilk stakistiai kriterijai jvertinti, ar

duomenys pasiskirstpagal normalipn skirstin. Taip pat naudojome neparametrinius
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analizs metodus palyginti ifvertinti dvi adaptacijos tiesigrupes — -10°, 35°, 80° ir
10°, 55°. Po adaptacijos pirmos géapadaptacimi tiesiy pakrypa subjektyviai téty

suktis pagal laikrodzio rody&l antroji — pries$ laikrodzio rody&l

Atkarpos ilgio suvokimo priklausomybé nuo jos projekcijos vietos akies tinklairéje

Teorinis modelis. Teorinis modelis remiasi prielaida, kad taskinioetto (ar
Sviesos centroido) patis RL arba fragmente nustatoma iS 4 neyratsak; su Gaboro
svorio funkcijom (Sokolov, Vaitkevicius, 1989; Sé&y Blake, 2002, Fleet et al, 1996):
X1(a) = ap) sina, Xx(a) = ap) cosia, X3(B) = ap) sinAP, x4(B) = ap) cCosAP, ciaa ir B
¢ia horizontalus ir vertikalus objekto regimieji kpan, oA - konstanta, kuri priklauso
nuo fragmento arba RL dydzio,pq(- yra Gauso centroido atstuma$ (uo RL centro.
Kadangi niisy stimulas yra horizontali atkarpa, tai laikysimadkkinta tik horizontalus
regsjimo kampas ir toliau nagrésime tik dviey; neurom atsakus, kurie yra dvinis
vektoriaus komponeés: E@)= a@)( sin Aa, cosia). Pagal ankSau pasilyta modej
atstumas tarp dvigjtasky, kuriy koordinaés yraa; ir a, RL yra proporcingas kampui
tarp EQ) ir E(ay), t,y. A=arc cos (Ed;), E(ap)) arc cosi(o, - a4). Sistemos jautrumas
didés, dictjant Siam kampui, kuris negaliith didesnis negu 180°, kadangi didinat
atstuma kampas tarp vektaripracts mazti. Taigi turime &A(o, - a1)<n. Atstumas tarp
dviejy tasku bus maksimalus, kai taSkai bus prieSingitis&krastuose. Jeigu RL yra
skritulio formos, tai maksimalus atstumas bus lygpskritimo diametrui D. Vadinasi
turime: max X(a, - a4)) = AcD ==, ir A=n/cD, ¢ia ¢ - konstanta. Kaip matome kuo
mazesnis RL, tuo didesi reikSnme. Remiantis Sia prielaida, atstumas tarp gagsaciy
skirtinguose RL puse, bus suvokiamas vienodas, nors fiziSkai jisdkidingas, jeigu
kis RL dydis D. Dydis D nusako RL djydkuris priklauso, kiek receptarsignal; reikia
sumuoti, kad patikimai iStraukti signmals triukSmy (Hateren, 1992 a,b, 1993). Jeigu
receptony savyles nesiskiria, tai receptarskatius RL tugéty bati vienodas (Siuo atveju
signalas/triukSmo santykis bus vienodas visiems, RLRL lauko dydis (reikSi D)
priklausys nuo receptaritankio tinklairgje. Sis santykis kinta. Be to, yra du recepfori
tipai: kugeliai ir lazdeds, kury savyles skiriasi. Pavyzdziui, lazded yra zZymiai
jautresis ir reaguojd silprg Svieg. Taigi tikétina, kad lazdelj generuojamame signale

trikdziy jtaka bus didesnnegu kigeliy. Skirtingy kiigeliy rasiy atsparumas trikdziams
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taip pat skiriasi - "raudoni” arba Ligeliai yra maziau atspas trikdziams, negu S arba
"mélyni" kugeliai. Ta&iau Siuo metu miéty dalyky jvertinti dél ziniy stokos negalime,
todkl kelsime prielaid, kad RL dydis priklauso tik nuo recepiprtankio. Didinat
atstum tarp tasSk jie projektuosis ne viename RL, bet keliuose gnabse. Nuotolio
jvertinimas priklausys nuo RL dydZio (t.y. nuo reiejmus tankio). Zinoma, kad
vienodas akies tinklaés receptor skatius siurgia informacip i vienodus smegen
ziewvés plotelius, o vienodi smegerziews ploteliai yra suvokiami vienodai. idy atveju
dalinama atkarpa projektuojama tinklgm suzadina receptorius, kurie priklauso
skirtingiems RL-ams, sekos. Kuo ilgésatkarpa, tuo ilgesnRL ir recepton; seka.
Norint surasti suvokiam atkarpos vidut buvo ieSkoma tokia atkarpos vieta, kuri
receptony skatiy dalinty j dvi lygias dalis, kurios ir téjo bati suvokiamos, kaip
esartios lygios. Tokius sk&iavimus galime atlikti, nes zinome, kur akies taikéje
projektuojasi atkarpa. Kadangi tyrimo metu tiriajniaréjo fiksuoti zvilgsn j fiksacijos
taSky, tai atkarpos dalis, esanti Salia fiksacijos tapkmjektuojasij fovea, toliau esanti
atkarpos dalis projektuojagsperiferijg.

Zinoma, kad bendras receptpritankio kitimas @ra monotonig funkcija:
tinklainés centre receptari- kigeliy tankis yra didelis, Toliau nuo centro jis mgZ bet
tuo p&iu didé¢ja lazdely skatius ir jy tankis. Mazdaug apie 5-7 laipsnius nuo centro
receptony tankis \él pradeda diéti. Didéjimas stebimas iki 20 laipspi Jeigu receptouyi
tankis jtakoja atkarpos ilgio suvokigm tai mazjant recepton tankiui to paties fizinio
ilgio atkarpa tukty biti suvokta mazesn Kai receptori tankis \él pradeda diéti, ta pati
atkarpa ¢l turéty bati suvokiama didesn Siekiant patikrinti § hipotez buvo
suformuluotas antras Sio darbo uzdavinys. Nezirap kinta RL dydziai tolstant nuo
akies tinklais centro, kai kinta ir receptartipai, tiksli teoriré ilgio suvokimojzvalga
negalima. Té&au galima patikrinti, ar tikrai ilgio suvokimo pobis kinta ten, kur
receptony tankis pasiekia minimugnir vél pradeda diéti.

Tiriamieji . Tyrime dalyvavo 30 psichologijos studenatrinkti progires atrankos
budu, iS kurip 25 moterys ir 5 vyrai. Jie nezinojo apie tyrimdstus. Tiriamyjy
regsjimas normalus arba pakoreguotas iki normalaugSRdiekviern bandym tiriamieji
buvo mokomi, bandymo metu stebimi, ar teisingaek# bandym, buvo atsakoma

iSkilusius klausimus.
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Tyrimo priemon és ir stimulai. Visual Basic 4.0 buvo sukurta speciali programa,
kuri kompiuterio vaizduoklio centre generuodavo Igsmio fiksacijos kryze|
horizontaly atkarp (abu balti (Rs) ) juodame fone ir zymekl Atkarpy ilgiai: 5, 7, 10,
13, 15 laipsnj regimojo kampo. Atkanpstoris 5-10 min. Stimulry$kumas 40-60 cd/m
(Michelson kontrastas apie 0,9). Fiksacijos krygblivo pateikiamas prie deSiniojo arba
kairiojo atkarpos galo. Nustatant fiksacijos krydgdackt; taip pat buvo atsizvelgta, kad
dalinant ilgesnes atkarpas, atkarpos dalies, ¢esartoliau nuo fiksacijos kryzelio,
projekcija nepatekt;j aklaja deme.

Tyrimo eiga. PrieS tyriny tirlamiesiems buvo pateikiama instrukcija, paaigkni
kile neaiSkumai.

Bandymas vyko prie dienos Sviesos (patalpos ap$ast 50-100 Lx). Pries
bandym tiriamasis 15 min. adaptuodavosi patalpoje, kukovpandymas. Tiriamasis
patogiai atsissdavo prieSais kompiuterio vaizdupkitaip, kad aiSkiai matyt
vaizduoklyje generuojamus stimulus. Buvo uzdengiasema akis, fiksuojama galvos
pacttis. Jei tiriamasis bandymo metu pajusdavo nugygagn tapdavo sunku iSlaikyti
zvilgsn, buvo daromos pertraukos, kurios vykdavo tojeligga patalpoje, tod
apSvietimo slygos nesiket ir papildomo laiko adaptacijai skirti nergjk.

Tiriamasis tuégjo nuolat fiksuoti zvilgshj kryzel, tuo p&iu metu klaviaiiros
rodykliy pagalba stumdyti Zzymekir nustatyti j taip, kad abi atkarpos dalis suvokt
vienodo ilgio (lygias). Savo atsakymtiriamasis fiksuodavo Kklaviatos klaviso
paspaudimu. Tiriamasis apie padalinimo tiksjunebuvo informuojamas. IS karto po
atkarpos padalinimo buvo pateikiama kita atkarpamidiuterireje programoje buvo
nustatyta, kad zymeklio pradipacktis kisty atsitiktinai su kiekvienu atkapos pateikimu,
siekiant iSvengti tiriamojo iSmokimo.

Pakartojim y skaicius. Viena bandymo serija su vieno ilgio atkarpa buai@dma
serija, kurios metu tiriamasis atkgrpadalindavo 40 kast 5 tiriamieji su kiekviena
atkarpa atliko po 4-7, 25 tiriamieji po vigrbandymy serig. Kadangi iS viso yra 5
skirtingy ilgiy atkarpos (5, 7, 10, 13, 15 laipghitai kiekvienas IS 5 tiriagy iS viso
atliko 800 — 1400 atkarpdalinimy, 25 tiriamieji atliko po 200 atkagpdalinimy. 5
tirlamieji dalyvavo ir kituose tyrimuose, téldy atlikty bandyny skatius buvo didesnis.

Duomemy tvarkymas. Gauti rezultatai buvo atkarpos dglilgiai pikseliais. Sie

ilgiai buvo perskaiiuoti j kampinius ilgius. Paské&uotas atkarpos dali vidurkis,
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sklaidos parametrai (standartinis nuokrypis, disiex. Atkarpos padalinimo tikslumui
jvertinti buvo pask&iuotas atkarpos dalisantykis dalinant atkarpos gaésaiia prie
fiksacijos tasko iS5 likusios atkarpos dalies. R&#uyl normalumas jvertintas
Kolmogorov-Smirnov kriterijaus pagalba. Skirtinggiy atkarpos dalj skirtumai lyginti
Mann-Whitney U kriterijumi.

PAGRINDINIAI REZULTATAI IR ISVADOS

1. Patvirtinta, kad adaptacija tigspakrypai ketia suvokiam tiess pakryp —
testires tiegs suvokiama pakrypa sukasi taip, kad susidakyip didesnis kampas tarp
adaptacinj ir testires tiegs pakrym. Tyrimo metu nustatyta, kad maziausias liekamasis
adaptacijos poveikis, kai testmtiegs polinkis buvo 22,5 laipsniai.

2. Patvirtinta, kad ilgai stebint ties kekiasi jos suvokiama pakrypa
(normalizacijos efektas). Suvokiama @iegakrypa sukasi link artimiawsD, 45 ir 90
laipsniy pakryp. Tiess, kury polinkis yra artimas 22,5° ir 67,5° adaptacijostune
suvokiamos nekintamomis, bet @l atsitiktiniy poveikiy jy suvokiama pakrypa yra
nestabili - jos subjektyviai sukasi link artimegtiesiy arba (0° ir 45°) arba (45° ir 90°).

3. Liekamojo adaptacijos poveikio ir normalizacijoseldiis galima paaiskinti
hipotetiniu modeliu, kuris apraso tik duiedetektory, kuriy atsakai, kaip pakrypos
kampog funkcija, apraSoma sin @¢22,5°) ir cos2§ +22,5°).

4. Nustatyta, kad esant fiksuotam zvilgsniui zmogudatiaa atkarp nelygiai —
atkarpos dalis, esanti prie fiksacijos taSko nostat mazesnhnei likusi atkarpos dalis,
kadangi suvokiama didesn Atkarpos padalinimo sistemin paklaida kinta
nemonotoniskai ir priklauso nuo atkarpos ilgio. Takno ilgio atkarpas (vienai grupei
tiriamyjy 7 laipsniy regimojo kampo, kitai — 13) Zmogus padalina siididsia sistemine
paklaida. Toliau dalinimo tikslumas gg.

5. Atkarpos padalinimo tikslumutakos turi bendras tinklaés, kur yra dalinamos

atkarpos atvaizdas, receptpskatius, ta&iau kiigeliy ir lazdely indélis skirtingas.
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