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Abstract. In order to be raisethe accuracy of the TAM network (Topo-
graphicAttentive Mappingnetwork)structure,which is analogous to visual
system,we needdiscuss how to provide it a simultaneous descriptionof the
receptive field. Apertureexperimentsareusedfor observingthemechanism
of visualsystem.Nishinaet al. claim that perceptual groupingstronglyde-
pends on the lengthof displaytime andarguethat the processing of visual
computation tasks,as in apertureexperimentunder iterative processing, is
notasfar aswhenprocessingothertasks. ThispapersupportsNishina’sclaim
anddescribesexperimentsunder a wider variety of conditions.Most of the
resultsof our experimentssupport Nishina’s claims,however, we encoun-
teredapotentialnew finding:we foundsomeregularity in thedecreaseof the
perceptual rateatmoredelayedspeedsof thelines’ motion.

1 Intr oduction

Advancesin many neuralnetworks,which simulatethe humanvisual system,
arebeingusednow in the practicalfields, e.g., patternrecognition, dataanal-
ysis, and imageprocessing.However, almostall of thesemodelslack a fun-
damentalstructure parallel to that of the biological mechanismof the human
visual systemdueto the goalsof effectivenessandusefulness.However, neu-
ral networks basedon visualsystemhave beenandarestill beingdeveloped[1],
e.g.,BCSandFCS[2],Neocognitron[3], ARTMAP[4], andTAM[5], [6]. These
neuralnetworks,not only upgradeperformancecomparebut also incorporate
analogiesof biologicalvisualmechanismsto theneuralnetwork structure.For
example, in thehumanvisualsystem,thevisualsignalinput from retinapulses
throughthe lateral geniculatenucleus(LGN)and reachesvisual cortical cells.
In the TAM network(Topographic Attentive Mappingnetwork), we have pro-
posedthatfeaturenodesencodeorientation preferencein thereceptive fieldsas
thevisualinput. Thecombinationof center/surroundprocessesis representedin
themodelwithin thefeaturelayer. In orderto beraisetheaccuracy of theTAM
networkstructure,which is analogousto visualsystem,we needdiscusshow to
provide it a simultaneousdescriptionof thereceptive field.

Apertureexperimentsareusedfor observingthemechanismof visualsystem
including thereceptive field[7], [8], [9], [10], [11], [12], [13]. A circle aperture
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in whicha moving line passesinsidethecircle is first displayedat thecenterof
computerCRT. Beforethe line reachesthe terminalposition, two morecircles
with a moving line insideeach of themappearat two sidesof thecentercircle.
The two new lines alsomove but in a differentdirectionfrom that of the first
line. If thesubjectidentifies threelinesasthreepartsof oneline, thecenterline
will beperceivedasmoving in thesamedirectionastheotherlinesoneachside.
This phenomenonis a kind of perceptualgrouping. Nishina et al.[7] claim that
theperceptualgroupingstrongly dependson the lengthof displaytime andar-
guethat the processingof visual computation tasks,as in apertureexperiment
under iterative processing,is not as far as whenprocessingother tasks.This
paperaffirms Nishina’s claim and describesmore detail experimentsundera
wider varietyof conditions,e.g.,changingthe lines’ direction,radius,distance
betweencircles,and the lengthof the displaytime. Most of the resultof the
experimentssupportNishina andwe confirmedour resultsusingF distribution
analysis.However, perceptualgrouping at slower delayeddisplayspeedsde-
creased, againstour expectation.We alsodiscusstheseunexpectedresultsfrom
ourexperiments.

2 Apertur eExperiments

In anapertureexperimentthesubjectis stabilized by equipmentin front of the
computerCRT, to keepthedistancebetweenthesubjectandthecomputerCRT
50cm.The vertical frequency of the computerCRT(FMV-DP9713) is 85.0Hz
andthehorizontal frequency is 68.7KHz.

Figure1 showsadiagramof astimulusin theapertureexperiment.Onecircle
apertureis first displayedat the centerof CRT and a straightline is moving
inside,whichis calledherethebaseline.Thebaseline appearsfrom onesideof
the circle andmovesto the opposite. Beforethe baseline reachesthe terminal
position, two morecircleswith a moving line inside,appearat two sidesof the
first circle. The lines insidethe two circlesarecalledthe stimulus lines. If the
subjectidentifiesthethreelinesasthreepartsof asingleline, thecenterlinewill
beperceivedasmoving in thesamedirectionastheotherlinesoneachside.The
phenomenonis a kind of perceptualgrouping.

Perceptualgrouping strongly dependson thepositionsof threelines, thedi-
rectionof motionof thelines,theradiusof thecircles,thedistanceof circlesto
each otherandthe speedof the lines.We supportNishinaet al.’s[7] argument.
We alsoreporta new finding that thereis a point wherethe perceptualgroup-
ing decreasesat the moreslower speed.We measuredthe perceptualgrouping
throughthefollowing threeexperiments.

– An experimentsin which the direction of the base line and the stimulusline are
varied.

– An experimentsin which the display time wasvaried,keeping the radius,or the
distancebetween thecircles,thesame.
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Fig. 1. ApertureProblem
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Fig. 2. PerceptualRateof -45Degreee

– An experimentsin which theratio of the radiusto thedistancebetweenthecircles
waskept thesame.

First, we observed perceptualgroupingunderthe condition wherethe moving
directionof thebaseline andthestimulus line arevaried.Five subjectsin their
twentiesperformedexperimentsandeachunderwentthreeiteratedtrials.At each
trial, theradiuswaskeptat35mmwhile thefollowingconditionswerevariedas
follows:

- DisplayTime(ms): 50,100,200,400,600,800,1000,1200.
- Distancebetween Circles(mm): 80,85,95,100,110.
- Directionof BaseLine (degree): 0 (horizontalandright direction),45,90,135,180,225,

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

Figure2, 3 and4 show the most typical threeresultsamongall experiments.
The numbersabove eachgraphindicatethedirectionof the stimulus linesand
thedisplaytime. An axis indicatesthe directionof thebaseline’s motion.The
circlesin each graphsshows theperceptualrateat thevariouscombinationsof
theangleof thebaseline’smotionandtheanglesof thestimulusline’smotion.
For example,in thegraphof Figure2, the90degreeaxisindicatestheperceptual
rate,whenthe baseline’s directionangleis 90 degreesandthe stimulusline’s
angleis -45degrees.Theperceptualrateis calculatedfrom theratioof thenum-
ber of perceptualgroupingsrecognizedin all trials. From thethreefigures,we
seethatthesmallerthedistancebetweenthecirclesis, thehighertheperceptual
rateis. Alternatively, theperceptualrateis relatively higherwhenthebaselines
moveshorizontally andverticallythanwhenmoving intootherdirections.These
resultssupportNishina[7], Castet[9]andetc.

Next, we observed perceptualgrouping whenthe displaytime waschanged
while thedistanceof thecircles,thatis theradiusof thecircles,wasnotchanged.
In this experiment,theangleof thebaseline’smotionis setat 135degreesand

117



S#TVU	S	S	WYX

Z
Z [ \
Z [ ]
Z [ ^
Z [ _ `
a b c d e f

g h c d e f

b c d e f

i	j h c d e�f
k4l b c d e�f

k k�h c d e f

j m b c d e f

j i h c d e f

hnm b
i hom h
i hoa h
i hpj b b
i hpj j b

q�r s t u4vPw
x�y

w
x�y	z w�t v { r | } ~�� ~ { �
~ ~ |�y�t � } � ~ v

Fig. 3. Perceptual Rateof 0 Degreee
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Fig. 4. Perceptual Rateof +45Degreee

theangleof thestimulusline’smotionis fixedat -45 degrees.Threesubjectsin
their twentiesperformedexperimentsandunderwentteniteratedtrials.At each
trial, thedistancebetweencircleswaskeptat95mmandthefollowingconditions
werechangedasfollows:

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

The perceptualrate is shown in Figure5. The perceptualratedependson the
lengthof radius.Thelongertheradiusis, thehighertheperceptualrateis.

In thenext experiment,threesubjectsin their twentiesperformedexperiments
andeachdid teniteratedtrial. At eachtrial, theradiuswaskeptat95mmandthe
followingconditionswerechangedasfollow:

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

The perceptualrate is shown in Figure6. The perceptualratedependson the
distancebetweencircles from the in both latter two experiments.As in both
of Figure 5 and 6, the perceptualrate stronglydependson the display time.
ThoseresultsalsosupporttoNishina’sclaim.However, weshouldnoticethatthe
perceptualrateat thedisplaytimefrom550msto1150mstendstobedecreasing.

In orderto clarify thedependenceof theperceptualrateto a combinationof
theradiusandthedistanceof circles,we observedtheperceptualratewhenthe
gapratio of theradiusto thedistancebetweencircleswaskeptat 0.37.We had
threesubjectsin their twentiesgo through ten iterations.The following condi-
tionswerechangedasfollows:

- 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 resultantperceptualrate is shown in Figure7. Sincethe perceptualrates
overlapeachother, it is obvious that the perceptualratedependson the com-
binationof the radiusandthedistancebetweenthecirclesandthat thesubject
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Fig. 5. Perceptual RateChangingRadius
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Fig. 6. PerceptualRateChanging Distance
betweenCircles

judgeeachcombination asthe sameperceptualgrouping even though the real
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Fig. 7. Perceptual RateKeepingGapRatio

3 Analysis for Apertur eExperiments

Wefoundthattheperceptualrateseemstodependonthedisplaytime.In orderto
clarify it more,wecalculatedthevarianceanalysishere,usingtheF distribution
value.We assumedthefollowing two hypotheses:

– Null Hypothesis:thedisplaytimedoesnothaveaninfluenceon theperceptualrate.
– Alternative Hypothesis: thedisplaytime hasaninfluenceontheperceptualrate.

The result is shown in Table 1. The F value, 13.364,for the display time is
biggerthanthecritical value,4.28,with thesignificancelevel at 1%of the free
degree(7,14).Therefore,thenull hypothesiswasabandonedandthealternative
hypothesiswasadopted.As a result,thedependenceof theperceptualgrouping
onthedisplay timewasconfirmedat thesignificancelevel of 1%.Moreover, the
dependenceof thesubjectcharacteristicwasconfirmedat thesignificancelevel
of 1%sincetheF value,31.996,is biggerthanthecritical value,6.51.
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Table 1. Dependenceof Display Time to
PerceptualGrouping

Square FreeAve.Sq. F Sig.
Elements Sum Deg. Val. Val. Val.
D. Time 1.27 7 0.181 13.364.28

Individual 0.87 2 0.434 32.006.51
Deviation 0.19 14 0.014

Total 2.33 28

Table 2. Deviation of PercepturalRatebe-
tween550-1150ms

DispalyTime
700 850 1000 1150

30mm -0.033 +0.1 +0.033 +0.1
35mm+0.067-0.067 -0.067 +0.033

Fig.5 40mm -0.1 -0.067 0.0 -0.067
45mm -0.067 -0.067 -0.267 -0.1
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 perceptualrate at the display
time from 550msto 1150msis decreasing.In orderto clarify thephenomenon,
we observedtheperceptualratein thefollowing two experiments.

– An experimentwithin eithershorteror longerof displaytimes.
– An experimenteitherinforming subjectsthedisplaytime or not informing subjects

thedisplaytime.

We hada suspicionthat thesubjectsmight have convincedthemselvesto have
experiencedthechangein theirperceptionprematurely, in orderto scorehigher,
whenthe displaytime waslonger. Therefore,we first observed the perceptual
ratein bothshortandlongorderof thedisplaytime.Onesubjectin his twenties
underwenttheexperimentsten timesiterations, with theradiusfixedat 35mm,
thedistancebetweenthecircleschangedfrom 85mmto 115mmper15mm,and
thedisplaytime changedfrom 100msto 1150msper150ms.Theresultantper-
ceptualrateis shown in Figure8 and9. The perceptualrateat thedisplaytime
from 550msto 1150msalsodecreases without showing any correlationto the
ordersof thedisplaytime.

Next, we observed the perceptualratewhenthe displaytime was informed
to the subjects.Two subjectsin their twentiesperformedthe experimentten
times,with theradiusfixedat 35mm,thedistancebetweenthecircleschanged
from 85mmto 115mmper15mm,andthedisplaytime changedfrom 100msto
1150msper150ms.In thecasein which the lengthof thedisplaytime wasin-
formedto thesubject,theperceptualrateatthedisplaytimefrom 550ms1150ms
didnotdecreasebutwaslevel. In thecasethatthedisplaytimewasnotinformed
to thesubject,theperceptualratedecreased. Sincethebothperceptualratesare
differentfrom eachotherandtheshapeof the perceptualrateis differentfrom
Figure5 to 7, weconcludedthattheperceptualrateat thedisplaytimefrom 550
to 1150mswasnot influencedby thedisplaytime,evenwhenthesubjectswere
informed.

WeusedHSDmethodof Tukey andtrendanalysisto calculatethedecreasing
perceptualrate,but novalid resultswereobtained.Therefore,we calculatedthe

120



#
# $ %
# $ &
# $ '
# $ (
# $ )
# $ *
# $ +
# $ ,
# $ -
%

% # # & ) #.( # #/) ) #.+ # #0, ) #1% # # #2% % ) #

' )3, )
' )3- )
' )4% # )
' )4% % )

5�6 7 8 6 9 : ;�< =�>�< : 6

?A@ B 9 = < C�D�@ EF6HG EFB I

Fig. 8. Perceptual RateOrderingtheLonger
DisplayTime

J
J K L
J K M
J K N
J K O
J K P
J K Q
J K R
J K S
J K T
L

L J J.M P J0O J J0P P J0R J J0S P JUL J J JVL L P J

N PWS P
N PWT P
N PXL J P
N PXL L P

Y�Z [ \ Z ] ^ _�` a b�` ^ Z

cAd e ] a ` fhg�d iFZHj i�e k

Fig. 9.PerceptualRateOrderingtheShorter
DisplayTime

deviation of the perceptualrate from 700ms,850ms,1000msand 1150msto
550ms.Theresultantdeviationsareshown in Table2. Almostall thedeviations
areminus.Therefore,we concludethatthereis someregularity in thedecrease
of perceptualrate at the display time from 550msto 1150ms.We suspectit
concernstheattentionmechanism.

4 Conclusions

We discussedtheperceptualgrouping in theseexperiments.Theresultssupport
Nishina’s claim and found someregularity in the decrease of perceptualrate
whenthemotionof the linesareslow. In thenearfuture,we have to discussit
morefrom theperspective of theattention mechanism.

This research is partially supportedby the Ministry of Education,Culture,
Sports,ScienceandTechnologyof JapanunderGrant-in-Aid for ScientificRe-
searchnumber14580433.
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