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1.1mtroduction

Discoverlng and cor)structhg the relationship
betw eenimage'SvisualfeaturesandthesubjectivltyOf
humanperceptLOnisan]'mportantprob]em in affective
computing andKanseienglneerlng.However,since
human'sperceptlOnmechanism,notonlytothewhole
image,butalsotothebasicvisualcomponents,suchas
color,texture,andspatia日ayout,hasnotbeenidentified
completely,thistaskstillremainstobeoneofthemost
difficultissues.

Inthispaper,wetrytosolvethisproblem斤omthe
anglesofpsychologyandstatistics.Wefirstselect5
pa]rsofadversativeadjectivesto describehuman's
feelingandimpressiontonaturalsceneryimagesby
questionnaire experiments and prlnClpalcomponent
analysis(PCA).Theseadjectivesarealsocalledas
Kansejfactors [1].Then,multidimensionalscaling
(MDS)techn]'quejsutilizedtoobtainthesemanticvisual
elementsofeachpairofKar)Seifactors.Usingthese
semanticvisualelements,wecan connecthuman's

subjectiveperceptlOnWithimage'svisualfeatures.

2.Kanseifactors

lnthispaper,Wefわcusonthenatura一scenery
imagesandgenerateourKanseifactorsbytwosmal 1 -

scalequestionnaireexperiments.
InexperimentI,wecollected35pairsOfadjectives

斤omtravelbooksandmagazines,whichwereregarded
asbeingabletocomprehensivelyrepresentthefeeling
andemotionthatviewersmayhavewhentheygazeat
sceneryhnages.Then,20subjects(18maleand2
female)wereaskedtopickupappropriateadjectivesto
representtheirfeelingto36naturalseer)ery]mages,with
atleastonewordforeachimage.Theseimagesincluded
differentoutdoorsceneriesin differentseasonsand

period.Allsubjectshadnormalcolorvisionandwerenot
familiar with these images, According to tTle
questionnaireresults,16pairsofadjectiveswithusing
丘equencymorethan35% wereselected(asshownin
Table1).

Table1S]xteenpalrSOfcommonlyusedadJectlvesandthe]T
frequenc]'es

Affectivewords Rate Affectivewords Ra

teplain/_Col.geOuS 53% vivid/simpl
e 40%depressed/cheerful 62% wa1.m

/coot 54%modern/traditional 37% peacefu
l/excited 46%energetic/decadent 55%

crude/refined 38%desolated/flourishing 4
2% ca】m/agitated 35%placid/act

ive 38% bright/dark 66%refreshing/heavy
51% natural/artificial 37%beautiful/horri

ble 60% romantic/austel,e 51%52 The exp

eriment lI,aimlng at remOVlng thosesynonymous
or correlative adjectives words,wasperfわrmedby
another20volunteers(17maleand3female).Eachpa
rticipantwasshownthesamesceneryimagesasthos

eusedinexperiment1alongwithananswersheetthat
containedalistofthe16pal一sOremotionalwo

rds.Forobviatingtheinnuencefromdisplayorderofimag
estohuman'ssubjectiveevaluation,theseimagesweresh
ownindifferentorderfordifferentsubjectsandth

eorderwasdeterminedrandomly.Theparticipantsw
ereaskedtoanswer㍍how muchdoyoufeeltotheimage"

byselectlnganumberbetween15and5,where"0"repres
entsnotyethavingthefeeling,and"5"represents

havingthepositivefeelingwiththestrongestdegr
ee,whileH-5" representshaving thenegativefeelingwit

hthestrongestdegree.lnthisway,Weobtained20answ

ersheetswitheachsheetdefinedasa36×16 ma

trix.Then,weadjusted rowsofeachsubjectivematrixto

maketheseIT)atrixeshavethesameroworderandaverag
edthemtobeaslngle36×16matrix,whereeachimageisrepresented

asa16-dimensionalfeaturevector.Theaveragematr
ixcanalsoberegardedas16Kanseifeaturevectors,with

eachvectorrepresentingthefeatureofapalrOfKanse
iadjectivesandhaving36elements.ForremovlngSyno
nymousandcorrelativewords,Weuseprincipalcomponent

analysis(PCA)touncorrelatethesefeaturesvectors.AR

erexpurgatethoseattribute-meanlngadjectives,suchasbri
ghtanddark,finallywegot5palrSofadversative

adjectives,whichinouroplnionareirrelevantand can describeoutdoorsceneries舟om

differentangles:K,J-cool,wal･m

depressed,cheerrL

ILplacid,activ

eaustcl.a,romanticplaln

,gorgeous ,withL'=L,...,5,j-I,2.3･Multidimensionalscaling

toobtainsemanticvisualelementsMulti

dimeTsional scaling (MDS), which wasdevelop
ed pr1marily by psychometricians andstatisticians,hasbe

enapopulartechniquefわranalyzlngexperimentald
ata in the physical,biologlCal,andbehavioralsciencesl

2].ltconcernswitharrangingasetofpolntSin
alow-dimensionalspace,So thatthedistancesbetwe
enthepolntSresembletheperceiveddissimilaritiesbet

weenobjectsascloselyaspossible.Thisconcepthasb
eenusedinimageanalysiscommunitytoidentifytheperce
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colorpatternl4],andintheimageretrievaltomeasure
thesimilarityOfimagesbasedontheircolorhistograms
[5].

Since interpretlng the dimensions of MDS
configuration can lead to an understanding ofthe
processesunderlylngtheperceivednearnessofentities,
inthissectionweapplyMDStechniquetodiscoverthe
I.elationship between image'svisualfeatureand its
percept10neffect.Wefirstbuild5distancenlatrixesfora
setofrepresentativeirnages斤omtheanglesoftheflVe
palrS Of Kanseifactors respective)y.Then,MDS
techniqueisadoptedtoploHheseimagesirt5mapswith
thedistributionru1e-"imagesthatareperceivedtobe
similartoeachotherinoneKanseiviewpolntareplaced
neareachother,whileperceivedtobedifferentfrom

eachotherareplacedfar舟omeachother".Byseeking
visualcommonnessofthoseadjacentimages,wemay
discovertherelevantvisua)elementsforeachpairof
Kanseifactors,

3.1 Subjective evaluation and dissimi larity
measurement

Althoughitiseasyfbl.humantoevaluatethe
dissimilaritiesbetweenimagesaccordingtotheirvisual
contents,itisdifficultforthem to glVeSimilarity
evaluationkomoneKanseiviewpoint.Herewepropose
anindirectmeasurementmethod.First,asmalllSCale

subjectiveexperimentwasperformedforobtainingthe
quant捕edKanseimeasurementt024carefuHyselected
images(asshowninFig.1),inwhich40volunteers(35
maleand5female)participated.Alloftheseparticipants
hadfullcolorperceptlOnandnon-technicalbackground.
Theiragesrangedfrom 20to40.Thoserepresentative
imagesconsistedofdifferentcolorcompositions,spatial
kequencies and arrangements,and included broad
contents,suchasmountain,river,seashore,desert,and
clouds.
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forsubJeCtlVeeValuatlOnTheevaluationofeachs

ubjectconstituteda24×5matrix(nameJyevaluation
matrix),whereeachcolumnrepresentedtheKanseieva一
uationsofaHimages斤omoneviewpoint.Accordingtocolumni

nforlT)ationoftheevaluationmatrix,wecancalcu一atethe

dissimilaritiesofall276possibleimagespalrS.Witht
heconsiderationthatthedistancebetweencontraryeval

uationsismuchlargerthanthatofsamedirectiollev

a一uations,weproposetouse(1)toca一culat

ethenormalizedKanseidistances:6･J-(?4bs･'aKbki'(

17:A:'::I?;,,10,KK器 (1)wherek-1,...5;i,j-1,,..,
24.Inthisway,foreachsubjectandkomeachKanseivi

ewpotnt,weobtaineda24×24dissimilaritymatrix,whereze
ュ-0representsHthesamefeelingintTleKanseifeature"

and1representsHthefurthestfeelinglntheKanseiang
le".Byaveragingthedissimilaritymatrixes

gotfromallsubjects,Weobtained5 mean dissimilar)ty
evaluation matrixes Acot'respondingtothe5palrS
OfKanseifactoI･S.Thesedissimilarity evaluation matrixes ar

e allsymmetricmatrixeswithnonnegative

elementsandzeroesonthediagonal.3.2C

1assicaJmultidilllenSionalscalingThere are many kinds
ofMDS according todifferentobjectivefunctionand
optimizationalgorithms.Amongthem,classicalMDS(CMDS)jsasimple,global,

noniterativetechnique,whichonlyanalyzesonekind

ofdistancemeasurement.Thecentt･alconceptofCMDSis
thatthedistancedijbetweenpo]ntsinann-di

mellSionalconfigurationspaceX willhave the strongestc

orrespondence to thecomponent∂.jofthemeandissimila
rityevaluationmatrixAl4].Thedegreeof
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wheredlJreferstotheEuclideandistancebetweenpolntS
iandjontheconflgurationspaceX,∂lJreferstothe
componentofsimilarlty evaluation matrix A.The

fullCtionoftheinputvaluesj(∂1))isaweaklymonotonic
transfわrmation,which isusually computed viathe

monotoneorisotonicregression,suchasd-f(6)-a∂+b,
whereaandbareconstantforaglVenCOnfiguration.

Whenthestressvaluegetstotheminimum,the
correspondence between points in n-dimensional
configurationspaceX andcomponentsofthemean
dissimilarityevaluationmatrixA wouldbethebest.
Therefore,ourtaskjstofindthebesttransforJTlation

functionfandconfigurationspaceXtomakethestress
minimum.ThecalculationprocedureofCMDScanbe
summarized as follows: 1) Choose the initial

configurationXoinL-dimensionalspace;2)Findthe
besttransformationfunctionffortheinitialconfiguration
Xoby isotonic regression;3)Search forthe best
configurationXforthepointsinthesubjectiveproximity
evaluationspacebythesteepestdescentmethod;4)
Calculatethestressfunctionbyequation(2);5)Increase
dimensionalityLtoL+1andreturntostep1)until
furtherincreaseinthenumberofdimensionsdoesnot

bringareductiontothevalueofstress丘lnCtion.
Theoretically,thoserepresentativeimageswou一dbe

clusteredinto7regJOnSintheconfigurationspacewith
onereglOnrepresentinganevaluatedscore.Therefわre,
weJustneed to calculale 2-D and 3-D CMDS
configuration.Thestressva一uesofeachpairofKansei
factorsareshowninTable2.

Tab】e2,Thestressvaluesfor2-Dand3-DCMDSconfiguratlOnSOf
eachpallOfKanselfactors

Kanseifactors Stress
2-D 3

-DcoolVswarm 0.6266 0

.3709depl.eSSedvs.cheerful 0.6192
0.3075placidvs.active 0.6

159 0.3578austerevs.romantic

0.5784 0.2994plainvs.gorgeo

us 0.6387 0.3064The2-Dconfigurationofeachpa
irofKanseifactorsandcorrespondingdirnensjondefinition

areshowninFig.3.冒 ド.一一一一
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(e)plalnVS.gorge

ousFLg3ー21DCMDSconfLguratlOnforeachpalr

OfKanselfactors3.3DimensionsdefinitionofCMDSconfigu

rationSpaceOncethe21D and31D CMDS

configurationofeachpairofKanseifactorsis

obtained,weareleftwiththetaskorinte叩retlnganddescribingthemeanlng

Ofeachdimension.Here we utilize the explanations 舟omparticipantsto accomplish thist

ask･The dimensionmeanlngSOfthefivepalrSOfKanseifactorsin3-Ds
paceareshowninTable

3.TabLe3ーDlmellSIOnmean]ngOfthef

lvepallsOfKan SelfactorsKansej

D Di1ー1enSjonmeanlng】 Cool

VS.Warm 1 Thehl一eOfJ.ePreSeutativecolorye110wundert
onecolors-warmblueun

dertonecolors-{0012 Thesaturationofreprese
ntativecotorsaturatedc

olor-warl¶unsaturatedco

lor-cool3 Th
eluminanceofreprcsentatiyecolordarkcolors-warm;1ig

htcolors.-一一ぺ0012 Depresse

dVS.CheerfuL 1 Thesaturationofrepresemtativecolor

saturatedcolor-cheerAl1
unsaturatedcolor- depresse

d2 Theluminanceofrepr
eseTltativecolot'ljgh

tco】ors-cheerfuldark

colors depressed3 Col
orschemehanl10nious

colorscheme-cheerfuldishamoniousscheme-depressed

3 PlacidVS.Active

I ThesattJratiot10frepresenta
tivecolorsaturat

edco]or activeunsaturatedco】or p一acid

2 DirectioTlalityjsotroplCteXture-p
laciddirectiot1teXtur

e aCtjve3 Colorscll

emehuedisparib,betweer)30oand45ocolorscheme

activesamehuecolorscheme-placjd4 Austere1′∫. 1 ThesElturationorrepreserLtativecolorsaturatedcol
or romanticunsatu

Tatedcolot- austere 55Roman

tic 2 SpatiaIlayoutquadrate】ayout-austere

circle】ayout-romantic3 Ovcrallcoarseness

finetexture TOmantjc5 Ptajn1/∫ 1 CoJorsche

mecomplementaryeo]orscheme-Gorgeous gorgeous

ad]-acentcolorscherr)e plain2 Over王lJlcontrast

highcontrast gorgeous10wcontrast-plain3 T
hesatlJratioTlOfrepresentativecolorsaturatedcol

0- gorgeousunsaturatedco】oト plainThesedimension

deflnitionscanberegardedasthesemanticvisua

lelementsofthefivepalrSOfKanseifactors

,whichbridgethegapbetweenvisualfeaturesar)dKanse

iunderstanding.4.Discussionandconclusionslnthispaper
,weproposetoapplyCMDStechniquetoinvestigate the

relationship between image'S visualfeatures and the su

bjectivlty Ofhuman perception.However,weonlydeduce3sem

anticvjsuale一ementsfわreachpairofKanseifactor

s,whichisanidealassumption･Sometimes,thesesemanticelementsarenoten

oughtoreflecttherelationship between human'sKanseian

djmages'visualfeatures.Therefor
e,moresemanticvisualelementsneedtobediscoveredandin

vestigated.Moreover, the subjects that took part in

ourexperimentsarelimitednotonlylnquanti

tybutalsoinage,career,etc.Therefore,large-scalequestiom

mairesarenecessaryforobtainlngObjectiveresults.Refere

nces[1] J.A.Black,K.Kahol,P.Tripa仙i,P.Kuchi,

andS.Panchanathan.Indexingnatul.alimagesforr

etrievalbasedonquerykeywords,SPI芭 Proceedin

gsoftheHumanVision and Electll0nicImaglng Confere


