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Introduction

� neurophysiology, psychophysics,psycholinguistics

� is shapeimportant?
� how is shapecomputed?

� how is shapeused?

� crossover of ideasbetweenvisual perception& computer vision
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TheImportanceof Shape

� realobjectstendto obey a varietyof shaperelatedproperties
closure,connectedness,convexity, goodcontinuation,regularity

� outlineshapeappearssuf�cient for recognition

� shapeplaysanearlyrole in visualcognition
Boucart:matchingtask– useshaperatherthansemanticinfo.
Dell'Acqua: disagree

� generalisationof nameto new objects
“shapebias” in children
generaliseonbasisof shape,ratherthanmaterial,colour, texture

bootstrapfor children:adultsgobeyondperceptualsimilarity

2



“ShapeBias”

`This is adax'

`Show methedax'
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Is ShapeUniversal?

� linguisticrelativity: doeslanguagein�uenceperception/cognition?

� Rosch:workedwith Dani, stone-agepeopleof New Guinea
just two basiccolourwords:mili = dark/cold,mola=bright/warm
no termsfor geometricshapes

Gestaltgoodforms: circle,squareandtrianglesmoreeasilylearnt

tendency to distortothershapestowards“naturalprototypes”

Roberson:failureto replicateexperimenton theHimba

� Kuo: ChineseandEnglishspeakersratedshapeof objects
agreedon thesalientshapefeaturesmostof thetime
impliesthey perceiveshapein asimilarway
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ShapeCoding

� HubelandWiesel:neurophysiologicalstudies
simplefeaturesconcentratedon simpleproperties
e.g.orientation,spatialfrequency

� morecomplex features?

� holistic (directperceptionof complex forms)versus
structural (partsandtheir interrelations)

� opponentcoding– two groupsof cellstunedto extremesof shape
verysensitive to categoryboundary
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OpponentCoding
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ShapeDimensions

� areshapesencodedwith asetof independentshapedimensions?

� Arguin: visualsearch,shapesvaryingalongpairsof dimensions
shapepropertiesarelinearlyseparable
processedindependentlyby HVS

� OpdeBeeck:someshapedimensionsareseparable,othersarenot
thisbreakdown notalteredby category learning

� Stankiewicz: HVS hasa limited setof availableshapedimensions

� Kayeart:someneurologicalevidence
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ShapeDimensions

� basicshapedimensions
curvature,aspectratio,convexity, tapering,...

� psycholinguistics–basicshapeproperty:dimensionality/extendedness

� verbaldescriptionsof objectshapeoftenaccompaniedby gestures
86%dimensional– spatialextentand/orpro�le of axes
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RBC

� recognitionby component– geons(Irving Biederman)

� shapedimensions
– straightvs. curvedaxes
– straightvs. curvedsides
– symmetricvs. asymmetricsides
– parallelvs. non-parallelsides

� categoricalrepresentation
reducessetof shapesto bestoredandrecognised

changesin NAP led to greaterchangesin neural�ring

shapegeneralisation:adults= categorical;children= maybenot
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Categorical/ContinuousShape

convert binaryshapemeasuresto continuousshapemeasures

Algorithm 1 Shapemeasuremeta-algorithm
count 0
count-of-true 0
for all decisiontestcasesdo

count count+1
if result-of-this-decision-test= true then

count-of-true count-of-true+1
end if

end for
return count-of-true/count
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Categorical/ContinuousShape

Algorithm 2 convexity measurebasedon line containment
count 0
count-of-true 0
for number-of-times-desireddo

count count+1
p1  random-point-inside(shape)
p2  random-point-inside(shape)
l  line(p1,p2)
if not intersects(l,boundary(shape))then

count-of-true count-of-true+1
end if

end for
return count-of-true/count
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A Progressionof ShapeFeatures

� PiagetandInhelder:children'sdevelopmentin usingshape

– topologicaldiscriminations
– rectilinearversuscurvilineardiscriminations

e.g.squaresvs. rectangle,circlevs. ellipse
– angleanddimensiondiscrimination

e.g.crossvsstar
– morecomplex forms: order, distances,etc.

� Kellogg:children's art

– initial scribblings
– diagonal/Greekcross,square/rectangle,circle/oval, triangle,etc.
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SomeShapeMeasures

� dispersion/compactness= P2

A
– Attneave (1956)

� complexity
– Birkhoff (1928):complexity of polygon= numberof sides
– Attneave (1957):considered

� symmetry
� numberof sides
� compactness
� angularvariability

� bestsinglepredictorof complexity: numberof sides

� Cutting(1987):# sides,compactness,Leeuwenberg codes

� Page(2003):entropy of curvature
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StructuralInformationTheory

� Leeuwenberg: visualsystemprefersthesimplestinterpretation
shortestdescriptive code
primitives= linesandangles

� HoffmanandRichards:codons
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Leeuwenberg andBoselie

1966tunnelnearSchipholairport
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ExtendedCodons

straight
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ExtendedCodons

open
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ExtendedCodons

cusps
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ExtendedCodons
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Orientation

� Rock: shapeperceptionis dependantonorientation

� Wiser: testedmatchingof shapeswith low andhighorientability
low orientabilitymatchedbestat sameorientation
highorientability– orientationdoesnotmatter

� Palmer:orientations= gravitational,axisof re�ectional symmetry,
contourorientation,textureorientation,contextualorientation

� Boutsen:detectionof globalshapeorientationslow
detectionof localorientationfast
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ContextualOrientation

equilateraltriangleis directionallyambiguous
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ContextualOrientation
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MatchingdependsonOrientation
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Orientability

� hasashapeone– or several– distinctorientations?

� squareddistanceto axisthroughorigin atangle' :

F ('; S) =
Z

S

Z

(x � sin' � y � cos' )2 dxdy

� orientationof S is anglethatminimisesF

� TsaiandChou:if agivenshapeS is n-fold rotationallysymmetric,
with n > 2, thenF ('; S) is a constantfunction

� elongationnohelp:

E(S) =
maxf F (S; ' ) j ' 2 [0; 2 � � ]g
minf F (S; ' ) j ' 2 [0; 2 � � ]g

=

s

� 2(S)
� 1(S)
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Orientability

� ournew measure

D(P) = 1�
min

� 2[0;� )
f A (R(P; � )) g

max
� 2[0;� )

f A (R(P; � )) g

q

R(   )q

x

y

� properties:
a) D(P) 2 [0; 1) for any polygonP
b) acirclehasthemeasuredorientabilityequalto 0
c) invariantwith respectto similarity transformations
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Rectilinearity

� for anarbitrarypolygonP we de�ne its rectilinearityR 1(P) as

R1(P) =
4
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Rectilinearity

shapessortedby R 1(P)

shapessortedby meanhumansubjectranking
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Rectilinearity

� Levin (2001)

– subjectsaskedto discriminatebetweenartifactsor animals

– identify targetitemagainstsetof distractorsof othercategory

– measuresearchtimes

� rectilinearitymeasure

– proportionof pairsof boundaryedgels
– separatedat lineardistancesof [2� 40]pixels

– with adifferencein orientationof 0� � 5� or 90� � 5� .

� actuallytestingdiscriminationpower, not rectilinearity
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RectilinearityCompared

.31 .36 .39 .41 .42 .45 .51 .55 .65 .72 .81 .81 .82 .87 .90
rectilinearity– Levin etal.

.03 .06 .09 .10 .10 .10 .10 .10 .11 .12 .23 .29 .44 .50 .60
our rectilinearityR 1
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Shape(In)Constancy
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