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EERD® Introduction

neuroplysiology psychoplgsics,psycholinguistics

IS shapamportant?
how Is shapecomputed?
how Is shapeused?

crossaer of ideasbetweervisual perception & computer vision
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realobjectstendto obey avariety of shapeaelatedproperties
closure connectednessprvexity, goodcontinuationyegularity

outlineshapeappearsufcient for recognition

shapeplaysanearlyrole in visualcognition
Boucart:matchingtask— useshapeaatherthansemantianfo.
Dell'’Acqua: disagree

generalisatiomf nameto new objects
“shapebias”in children
generalisen basisof shaperatherthanmaterial,colour, texture

bootstrafor children: adultsgo beyond perceptuasimilarity
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GiRDw “ShapeBias”

"Thisis adax
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"Shav methedax




CARDIFF

UNIVERSITY

- Is ShapdJniversal?

CAERDYD

linguisticrelatvity: doesanguagen uence perception/cognition?

Rosch:workedwith Dani, stone-aggeopleof New Guinea
justtwo basiccolourwords: mili = dark/cold,mola=bright/varm
no termsfor geometricshapes

Gestaltgoodforms: circle, squareandtrianglesmoreeasilylearnt
tendenyg to distortothershapegowards“natural prototypes”

Robersonfailureto replicateexperimenton the Himba

Kuo: ChineseandEnglishspealersratedshapeof objects
agreednthesalientshapdeatureanmostof thetime
Impliesthey perceve shapan asimilar way
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T ShapeCoding

HubelandWiesel:neuroplysiologicalstudies
simplefeaturesconcentrate@n simpleproperties
e.g.orientation spatialfrequenyg

morecomple features?

holistic (directperceptiornof comple< forms)versus
structural (partsandtheirinterrelations)

opponentoding—two groupsof cellstunedto extremesof shape
very sensitve to category boundary
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[

Tuning function for Tuning function for
cells tuned 1o cells tuned 1o
FLAT aspect ratio TALL aspect ratio

Neural activation

GOOOOOO

Stimulus aspect ratio
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areshapefncodedvith a setof independenshapalimensions?

Arguin: visualsearchshapewaryingalongpairsof dimensions
shapepropertiesarelinearly separable
processethdependentiypy HVS

Op de Beeck:someshapadimensionsareseparablepthersarenot
this breakdevn not alteredby cateyory learning

Stankiaevicz: HVS hasa limited setof availableshapedimensions

Kayeart:someneurologicalevidence




CARDIFF
UNIVERSITY

BRw ShapeDimensions

basicshapedimensions
curvature,aspecratio, corvexity, tapering,...

psycholinguistics-basicshaparoperty.dimensionality/gtendedness

verbaldescriptionf objectshapeoftenaccompaniety gestures
86% dimensional- spatialextentand/orpro le of axes
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recognitionby component geonglrving Biederman)

shapedimensions

—straightvs. curvedaxes
—straightvs. curvedsides
—symmetricvs. asymmetricsides
—parallelvs. non-parallekides

cateyoricalrepresentation
reducesetof shapedo bestoredandrecognised

changesn NAP led to greaterchangesn neural ring

shapegeneralisationadults= cateyorical;children= maybenot
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convertbinary shapameasure$o continuousshapemeasures

Algorithm 1 Shapamneasuremeta-algorithm

count O

count-of-true O

for all decisiontestcasesio
count countl
If result-of-this-decision-test true then

count-of-true count-of-true-1

end If

endfor

return count-of-truécount
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Algorithm 2 corvexity measurdasedn line containment

count O

count-of-true O

for numberof-times-desgd do

count countl

p1 random-point-inside(shape)
P>  random-point-inside(shape)
| line(p1,p2)

If not intersects(l,boundary(shape})en
count-of-true count-of-true-1
end if

end for

return count-of-truécount
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Piagetandinhelder:children's developmenitn usingshape

—topologicaldiscriminations

—rectilinearversuscurvilineardiscriminations
e.g.squareys. rectanglecirclevs. ellipse

—angleanddimensiondiscrimination
e.g.crossvs star

—morecomple forms: ordet distancesetc.

Kellogg: childrens art
—Initial scribblings
—diagonal/Greekross square/rectanglejrcle/oval, triangle,etc.
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dispersion/compactness%2
— Attneave (1956)
compleity
— Birkhoff (1928):compleity of polygon= numberof sides
— Attneave (1957): considered
symmetry
numberof sides
compactness
angularvariability

bestsinglepredictorof complity: numberof sides
Cutting(1987).# sides,compactnesd,eeuwenbag codes

Page(2003): entropy of curvature
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Leeuwenbay: visual systemprefersthe simplestinterpretation
shortestescriptve code
primitives= linesandangles

HoffmanandRichards:codons

0 + O 1 * 1 2
M- M+ M+ M+
m
m+ i+
m- m+ m+ m m
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[y
Leeuwenbay andBoselie

1966tunnelnearSchipholairport
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+ - + — + —
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straight
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ExtendedCodons

open
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ExtendedCodons

cCusps
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BlseL ExtendedCodons
B+ B.-
/
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Rock: shapgierceptions dependanbn orientation

Wiser: testedmatchingof shapesvith low andhigh orientability
low orientability matchedbestat sameorientation
high orientability— orientationdoesnot matter

Palmer: orientations= gravitational,axisof re ectional symmetry
contourorientation texture orientation contextual orientation

Boutsen:detectionof globalshapeorientationsiow
detectionof local orientationfast
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Contetual Orientation

equilaterakriangleis directionallyambiguous
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Contetual Orientation

¢

¢
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Matchingdepend®n Orientation
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hasa shapeone— or several— distinctorientations?

squaredlistancdo axisthroughorigin atangle' :
F(; S):;(x sin' y cos )?dxdy

orientationof S is anglethatminimisesk

TsalandChou:if agivenshapes is n-fold rotationallysymmetric,
with n > 2, thenF ('; S) isaconstanfunction

elongationno help:

maxF(S;')j' 2[02 Jg_ 2S)
minfF(S; )| 2[02 19 1(S)

E(S) =
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our nenv measure

y
R@)
min f A(R(P; )) g X .
b(P) =1 ?rggx)f AR(P; )) X
2[0; ) 9
properties:

a)D(P) 2 [0;1) for any polygonP
b) acircle hasthe measurearientabilityequalto O
c) invariantwith respecto similarity transformations
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for anarbitrarypolygonP we de ne its rectilinearityR 1(P) as

0

Pery(P) :
4 %5?(%]Per1(P; ) 4E

22 humansubjectganked shapesccordingo rectilinearity

: HH""'H.}.W

R1(P) =

ranking
N
o




Rectilinearity
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Levin (2001)

—subjectsaslkedto discriminatebetweenrartifactsor animals
—lidentify targetitem againstsetof distractorsof othercateyory
—measuresearchimes

rectilinearitymeasure

—proportionof pairsof boundaryedgels
—separateatlineardistance®f [2 40]pixels
—with adifferencen orientationofO 5 or90 5.

actuallytestingdiscriminationpower, not rectilinearity
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B RectilinearityCompared

AUATAIN |

31 .36 .39 41 .42 45 51 55 .65.72.81 .81 .82.87 .90
rectilinearity— Levin etal.

@ oL/ /' RN

.03 .06 .09 .10 .10 .10 .10 .10 .11.12.23 .29 .44 .50 .60
ourrectilinearityR 1
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ShapqgIn)Constang
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