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Abstract. In orderto beraisethe accuagy of the TAM network (Topo-
graphicAttentive Mappingnetwork)structure which is analogos to visual
systemwe needdiscus how to provide it a simultaneos descriptionof the
receptie field. Apertureexperimentsareusedfor observingthe mechaism
of visual system.Nishinaet al. claim that percgtual groupingstrongly de-
pend on the lengthof displaytime andarguethat the procesing of visual
compuation tasks,asin apertureexperimentunde iterative procesing, is
notasfar aswhenprocessing@thertasks Thispapersuppats Nishinasclaim
anddegribesexperimentsunde a wider variety of conditions.Most of the
resultsof our experimentssupmrt Nishina’s claims, howvever, we encoun-
teredapotentialnew finding: we foundsomeregularity in thedecreaeof the
percefual rateat moredelayedspeédsof thelines’ motion.

1 Intr oduction

Advancesin mary neuralnetworks,which simulatethe humanvisual system,
are beingusednow in the practicalfields, e.g., patternrecognitian, dataanal-
ysis, and image processingHowever, almostall of thesemodelslack a fun-
damentalstructue parallelto that of the biological mechanismof the human
visual systemdueto the goalsof effectivenessand usefulnessHowever, neu-
ral networls basedon visual systemhave beenandarestill beingdeveloped[1],
e.g.,BCSandFCSJ[2],Neocognitrof], ARTMAP[4], andTAM[5], [6]. These
neuralnetworks,not only upgradeperformancecomparebut also incorporate
analogief biological visual mechanismsto the neuralnetwok structure For
example, in the humanvisualsystem the visualsignalinputfrom retinapulses
throughthe lateral geniculatenucleus(LGN)and reachesvisual cortical cells.
In the TAM network(Topograpli Attentive Mapping netwok), we have pro-
posecthatfeaturenodesencodeorientaton preferencen thereceptve fieldsas
thevisualinput Thecombinationof center/surroungrocessess representeth
the modelwithin thefeaturelayer. In orderto beraisetheaccurag of the TAM
networkstructurewhichis analogoudo visualsystemwe needdiscusshow to
provide it a simultaneouslescriptbn of thereceptive field.
Apertureexperimentsareusedfor observinghe mechanisnof visualsystem
including thereceptve field[7], [8], [9], [10], [11], [12], [13]. A circle aperture
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in which a moving line passesénsidethecircle is first displayedat the centerof
computerCRT. Beforethe line reacheghe terminalpositon, two morecircles
with a moving line insideead of themappearat two sidesof the centercircle.
The two new lines alsomove but in a differentdirectionfrom that of the first
line. If thesubjectidentfies threelinesasthreepartsof oneline, the centerline
will bepercevedasmoving in thesamedirectionastheotherlinesoneachside.
This phenomenoris a kind of perceptuabroupirg. Nishina et al.[7] claim that
the perceptuabroupingstrondy dependn thelengthof displaytime andar
guethatthe processingf visual computatio tasks,asin apertureexperiment
underiterative processingjs not as far as when processingothertasks. This
paperaffirms Nishina’s claim and describesmore detail experimentsundera
wider variety of conditons, e.g.,changingthe lines’ direction,radius,distance
betweencircles, and the length of the displaytime. Most of the resultof the
experimentssupportNishina andwe confirmedour resultsusingF distribution
analysis.However, perceptualgroupng at slower delayeddisplay speedsde-
crease€, againsiour expectation We alsodiscusgheseunexpectedresultsfrom
our experiments.

2 Apertur e Experiments

In anapertureexperimentthe subjectis stabilzed by equipmentin front of the
computerCRT, to keepthedistancebetweerthe subjectandthe computerCRT
50cm. The vertical frequeng of the computerCRT(FMV-DP913) is 85.0Hz
andthehorizortal frequeny is 68.7KHz.

Figurel shavs adiagramof a stimulusin theaperturesxperiment.Onecircle
apertureis first displayedat the centerof CRT and a straightline is moving
inside,whichis calledherethebaseline. The baseline appeargrom onesideof
the circle andmovesto the opposie. Before the baseline reacheghe terminal
positon, two morecircleswith a moving line inside,appearat two sidesof the
first circle. Thelinesinsidethe two circles are calledthe stimuls lines. If the
subjectidentifiesthethreelinesasthreepartsof a singleline, the centerdine will
be percevedasmoving in thesamedirectionastheotherlinesoneachside.The
phenomenors a kind of perceptuagroupirg.

Perceptuabgroupng strongy dependn the positonsof threelines, the di-
rectionof motionof thelines,the radiusof the circles, the distanceof circlesto
eadt otherandthe speedof the lines. We supportNishinaet al’s[7] agument.
We alsoreporta new finding thatthereis a point wherethe perceptualgroup-
ing decreaesat the more slower speed We measuredthe perceptuabroupirg
throughthefollowing threeexperiments.

— An experimentsin which the direction of the ba® line andthe stimulusline are
varied.

— An experimentsin which the displaytime wasvaried, keeping the radius,or the
distancebetwea thecircles,thesame
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— An experimentsn which the ratio of the radiusto the distancebetweerthe circles
waskep thesame.

First, we obsened perceptualgyroupingunderthe condition wherethe moving

directionof the baseline andthe stimulis line arevaried.Five subjectsn their
twentiesperformedexperimentsandeachunderwenthreeiteratedrials. At each
trial, theradiuswaskeptat 35mmwhile thefollowing condiionswerevariedas
follows:

- Display Time(ms): 50, 100,200,400,600,800,1000,1200.
- Distancebetwea Circles(mm): 80, 85,95,100,110.
- Directionof Base.ine (degree): 0 (horizontalandright direction),45,90, 135,180,225,

270,315.
- Directionof StimulusLine(degree): -45, 0, +45.

Figure 2, 3 and4 shav the mosttypical threeresultsamongall experiments.
The numbersaborve eachgraphindicatethe directionof the stimulus linesand
the displaytime. An axisindicatesthe directionof the baseline’s motion. The
circlesin eadh graphsshaws the perceptualateat the variouscombinatias of
theangleof thebaseline’s motionandthe anglesof the stimulusline’s motion.
For example,in thegraphof Figure2, the90 degreeaxisindicatesheperceptual
rate,whenthe baseline’s directionangleis 90 degreesandthe stimulusline’s
angleis -45 dggrees.The perceptuatateis calculatedrom theratio of thenum-
ber of perceptuafroupngsrecognizedn all trials. From the threefigures,we
seethatthe smallerthedistancebetweerthecirclesis, the higherthe perceptual
rateis. Alternatively, the perceptuatateis relatively higherwhenthe baselines
moveshorizontaly andverticallythanwhenmoving into otherdirections These
resultssupportNishina[7] Castet[9]andetc.

Next, we obsered perceptuafroupirg whenthe displaytime was changed
while thedistanceof thecircles,thatis theradiusof thecircles,wasnotchanged.
In this experimentthe angleof the baseline’s motionis setat 135degreesand
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the angleof the stimulusline’s motionis fixed at -45 degrees.Threesubjectsn

theirtwentiesperformedexperimentsandunderwenteniteratedtrials. At each
trial, thedistancebetweercircleswaskeptat 95mmandthefollowing conditons
werechangedasfollows:

- DisplayTime(ms): 100,250,400,550,700,850,1000,1150.
- Radiugmm) : 30, 35,40, 45.

The perceptuarateis shavn in Figure5. The perceptuarate dependson the
lengthof radius.Thelongertheradiusis, the highertheperceptuatateis.

In thenext experimentthreesubjectsn theirtwentiesperformedexperiments
andeachdid teniteratedtrial. At eachtrial, theradiuswaskeptat95mmandthe
following conditonswerechangedasfollow:

- DisplayTime(ms): 100,250,400,550,700,850,1000,1150.
- Distancebetwea Circles(mm): 85,95,105,115.

The perceptuakrateis shawvn in Figure 6. The perceptuarate dependson the
distancebetweencircles from the in both latter two experiments.As in both
of Figure 5 and 6, the perceptualrate strongly dependson the disphy time.
Thoseresultsalsosupporto Nishima's claim. However, we shouldnoticethatthe
perceptuatateatthedisplaytime from 550msto 1150msgendsto bedecreamg.

In orderto clarify the dependencef the perceptualateto a combinationof
theradiusandthe distanceof circles,we obseredthe perceptuatatewhenthe
gapratio of theradiusto the distancebetweercircleswaskeptat 0.37.We had
threesubjectsn their twentiesgo through teniterations.The following condi-
tionswerechangedsfollows:

- DisplayTime(ms): 100,250,400,550,700,850,1000,1150.

- Combination(radius(mm),distance(mm)). (30, 81.4), (35, 95), (40, 108.6), (45,
122.1).

The resultantperceptualate is shavn in Figure 7. Sincethe perceptuakates
overlap eachother it is obvious that the perceptuarate dependson the com-
binationof the radiusandthe distancebetweerthe circlesandthatthe subject
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judge eachcombinatio asthe sameperceptuagroupirg even thoudh thereal
scaleis different.
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3 Analysisfor Apertur e Experiments

Wefoundthattheperceptuatateseemgo dependnthedisphytime.In orderto
clarify it more,we calculatedhevarianceanalysishere,usingtheF distribution
value.We assumedhefollowing two hypoheses:

— Null Hypothesis:thedisplaytime doesnot have aninfluerce onthe percgtualrate.
— Alternative Hypothesis: the displaytime hasaninfluenceonthe perceptuatate.

The resultis shavn in Table 1. The F value, 13.364,for the displaytime is
biggerthanthecritical value,4.28, with the significancedevel at 1% of the free
degree(7,14) Therefore the null hypohesiswasabandonedndthe alternatve
hypothesiswasadoptedAs a result,thedependencef the perceptuagroupirg
onthedisphy timewasconfirmedat thesignificancdevel of 1%. Moreover, the
dependencef the subjectcharacteristiavas confirmedat the signficancelevel
of 1% sincetheF value,31.996,is biggerthanthe critical value,6.51.
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Table 1. Depenénceof Display Time to Table 2. Deviation of PercepturaRatebe-

PerceptuaGrouping tween550-11®ms
Dispaly Time
Squae|FreeAve.Sq.| F |[Sig. 700 | 850 | 1000 | 1150
Elements Sum |Deg.| Val. | Val. |Val. 30mm-0.033| +0.1 |+0.033 +0.1

D.Time| 1.27 | 7 | 0.181 (13.364.28 35mm+0.067-0.067-0.067+0.033
Individual| 0.87 | 2 | 0.434 [32.006.51||Fig.540mm -0.1 |-0.067 0.0 |-0.067|
Deviation| 0.19 | 14 | 0.014 45mm -0.067|-0.067-0.267| -0.1

Total | 2.33 | 28 Ave. |-0.033]-0.025-0.075(-0.009

Fig.6 |-0.063-0.083-0.106|-0.149

On the otherhand,we shouldnotice that the perceptuarate at the display
time from 550msto 1150msis decreasingln orderto clarify the phenomenon,
we obseredthe perceptuatatein thefollowing two experiments.

— An experimentwithin eithershorteror longerof displaytimes.
— An experimenteitherinforming subjectghe displaytime or notinforming subjets
thedisplaytime.

We hada suspicionthatthe subjectsmight have corvincedthemselesto have
experiencedhe changen their perceptiorprematurelyin orderto scorehigher
whenthe displaytime waslonger Therefore,we first obsered the perceptual
ratein bothshortandlong orderof thedisplaytime. Onesubjectin histwenties
underwenthe experimentgentimesiteratiors, with the radiusfixed at 35mm,
the distancebetweerthecircleschangedrom 85mmto 115mmper15mm,and
the displaytime changedrom 100msto 1150msper 150ms.The resultantper
ceptualrateis shovn in Figure8 and9. The perceptuatateat the displaytime
from 550msto 1150msalso decreasg without shawving ary correlationto the
ordersof thedisplaytime.

Next, we obsered the perceptuarate whenthe displaytime was informed
to the subjects.Two subjectsin their twentiesperformedthe experimentten
times, with the radiusfixed at 35mm,the distancebetweerthe circleschanged
from 85mmto 115mmper15mm,andthedisplaytime changedrom 100msto
1150msper 150ms.In the casein which the lengthof the displaytime wasin-
formedto thesubjecttheperceptuatateatthedisplaytime from 550ms1150ms
did notdecreaebut waslevel. In thecasethatthedisplaytime wasnotinformed
to thesubject,the perceptuatatedecreasd. Sincethe both perceptuatatesare
differentfrom eachotherandthe shapeof the perceptuatateis differentfrom
Figure5 to 7, we concludedhatthe perceptuatateat thedisplaytime from 550
to 1150mswasnotinfluencedby thedisplaytime, even whenthe subjectavere
informed.

We usedHSD methodof Tukey andtrendanalysigto calculatehedecreasing
perceptuatate,but novalid resultswereobtained.Therefore we calculatedhe
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deviation of the perceptuakate from 700ms,850ms,1000msand 1150msto
550ms.Theresultantdeviationsareshavn in Table2. Almostall thedeviations
areminus.Therefore we concludethatthereis someregularity in thedecreas
of perceptualrate at the disphy time from 550msto 1150ms.We suspectit
concerngheattentionmechanism.

4 Conclusions

We discussedhe perceptuafyroupng in theseexperiments Theresultssupport
Nishina’s claim and found someregularity in the decreae of perceptualate
whenthe motionof thelinesareslow. In the nearfuture, we have to discussit
morefrom the perspectie of theattention mechanism.

This researt is partially supportedby the Ministry of Education,Culture,
Sports,Scienceand Technologyof JaparunderGrant-in-Aid for ScientificRe-
searchnumberl4580483.
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