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  The Relation of the Purchase Effect by the 

Fractal Dimension and the SD Method of Product 

               Packaging

Mayumi Oyama-Higa

Abstract In order to decide the packaging design as a face of goods, man's subjectivity 

has estimated. However, if there is a method of finding objective what draws people's 

eyes out of two or more designs; it is expectable to raise purchasing effect also from 

appearance irrespective of the contents of a product. 

The writer has inquired in the past that man's eyes are guided to the high picture of a 

fractal dimension. This research compared the fractal dimension about the packaging 

design of 45 kinds of canned beer of little note. Are simultaneous, SD (Semantic Dif-

ferential) Method was performed and it investigated also about the relation between a 

design and a fractal dimension. As a result, high purchasing effect was seen by canned 

beer with the design of the high fractal dimension. The report of the Internet proved the 

popularity and sales track record of canned beer.
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概要　商品の顔 としてのパ ッケージ ・デザインを決めるには、人 間の主観 によって評価 して き

ました。 しか し、複数のデザイ ンの中か ら、人の 目を引き付ける ものを、客観的 にみつける方

法があれ ば、製 品内容 にかかわ らず、見栄 えか らも購買効果を上げることが期待で きます。

筆者 は、人間の 目が、 フラクタル次元の高 い画像に誘導 され るという過去研究 を行 ってきまし

た。本研究は、知名度が低い45種 類の缶 ビールのパ ッケー ジ ・デザイ ンにつ いて、フラクタ

ル次元 を比較 しま した。同時にSD(セ マ ンティック ・デ ィファレンシ ャル)法を行い、イメージ

とフラクタル次元の関係 について も調べ ました。その結果、 フラクタル次元の高 いパ ッケー

ジ ・デザ インを持 った缶 ビールに、高い購買効果がみ られま した。缶 ビールの人気や、売 り上

げ実績 については、 インターネ ッ トの報告 で実証 しま した。
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1 lNTRODUCTION

Productpackagingisanextremelyimportantfactorthataffectsthesalesofa

product.Productpackagingservesseveralrolesincludingprotectingandwrapping

theproduct,facilitatingtransportandstorage,conveyingproductinformationtothe

consumer,givinganimpressionabouttheproduct,andmotivatingconsumerstowant

tobuytheproduct.Furthermore,productpackagedesignisafactorthatevende-

terminestheimageoftheproductcontainedinthepackage.

Untilnow,packageevaluationswereperformedsubjectivelyandobtainingobjective

evaluationsbasedonnumericalvalueswasnotpossible.However,ifpeopletendto

preferimageswithahighfractaldimension,thenanexaminationofthefractaldi-

mensionofproductpackageimagescouldhelpdeterminehowpreferableaproduct

packagewouldbe,orserveasoneindexforevaluatingwhetheraproductpackage

wouldattractattention.

Previousresearchrelatedtoproductpackageshavefocusedonaspectsrelatedto

thebuyer'smotivesinpurchasingfoodordailyuseitems[2].Weinvestigatedwhether

universitystudentsconsideredcolor,packagedesign,productdesign,quality,adver-

tising,style,brand,manufacturer,price,form,safety,andfunctionalityintheir

purchasedecisions,andconcludedthatpackagedesignwasthemostimportantfactor.

Inaddition,inresearchregardingtheaffectofvisualsensoryinformationontaste,

Sakai&Morikawa(2006)showedthatevaluationscoresdifferedifthevisualsensory

informationwaschanged,evenwhenassessingthesamefoodproduct[9].

Fractaldimensionresearchrelatedtotheagreeabilityofhumanfaces

(Oyama-Higa,Miao,&Ito2007)showedatendencyforphotographsofsmilingfaces

tohaveahigherfractaldimensionthanphotographsofexpressionlessfaces[7].Fur-

thermore,researchinvestigatingtherelationshipbetweeneyemovementwhileview-

ingpicturesandthefractaldimensionofthosepictures(Nagai,Oyama-Higa,&Miao

2007)hasshownthatthegazetendstobeconcentratedonareasofpictureswithhigh

fractaldimension[6].

Inthisstudy,wecalculatedthefractaldimensionforcannedbeerpackagingto

78(476)



TheRelationofthePurchaseEffectbytheFractalDimensionandthe

SDMethodofProductPackaging(Oyama-Higa)

determinetherelationshipbetweenthepackageandthebuyer'simpressionofthe

product.Theexperimentoverviewandmethodaredescribedinsection2.Section3

describesthefractaldimensioncalculationandtherelationshipwiththesemantic

differential(SD)methodofevaluation.Thecalculationresultsandperspectivesforthe

futurearediscussedinsection4.

H EXPERIMENTOVERVIEWANDEXPERIMENTMETHOD

TheexperimentwasperformedinalaboratoryfromSeptember25throughOctober3,

2007.Eighteensubjects(11menand7women)ranginginagefrom19to26years

(mean22years)participated.Noneofthesubjectshadeverpreviouslyconsumedthe

variouscannedbeersshowninthephotographs.Allsubjectshadnormalvision.

魚ao飽1滅 加θη甜'0ηα2ル〃危 施 刀朋 ゴ8roμ ρ1竹9

First,thephotographofeachofthe45typesofcannedbeerwasassignedanumber

fromlto45,andthefractaldimensionwascalculatedforeachphotographusingthe

planarandcubicmethods.SeetheAppendixfordetailsofcalculatingthefractaldi-

menSlon.

Thephotographswererankedindescendingorderbyfractaldimensionaccording

totheresultsoftheplanarandcubicmethods.Thefivephotographswiththelowest

totalbasedonthetwomethods(hereafterreferredtoasthehighfractalgroup),and

thefivephotographshavingthehighesttotal(hereafterreferredtoasthelowfractal

group)wereextractedandselectedforfurtherevaluationusingtheSDmethod.
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Fractaldimensioncalculationandgrouping
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Achairwasplacedsothattheeyelevelofasubjectsittinginitwouldbeatthe

sameheightasthecenterofacomputerdisplay57cmaway.Fivephotographsfrom

thehighfractalgroupandfivephotographsfromthelowfractalgroupwereran-

domlydisplayed,andsubjectswereaskedtoassesseachphotographoneatatimeon

thecomputerdisplay(Fig.2).
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Figure.2AssessmentscreenbasedontheSDmethod
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The16descriptivetermsusedintheSDmethod,theorderofpresentation,and

positiveornegativeorientationareshowninTable1.Theorderofpresentationand

positiveornegativeorientationweredeterminedrandomly.

The16termswererandomlyselectedfromalistofsensitivitywordscreatedby

Nagamachi,(1995)thatwerethoughttoberelevanttoimpressionsofcannedbeer[2].

Table1.DescriptivetermsusedintheSDmethod

Adjectivenumber Descriptiveterms

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

Difficulttodrink

Preferable

Notrefreshing

Wouldnotliketobuy

Expensive-looking

Notfriendly

Warm

Seemsdry

Seemscoolandfresh

Notsoft

Notfashionable

Eye-catching

Notcute

Delicious-looking

Notpremium

Nice

Easytodrink

Notpreferable

Refreshing

Wouldliketobuy

Notexpensive-looking

Friendly

Chilling

Doesnotseemdry

Doesnotseemcoolandfresh

Soft

Fashionable

Subdued

Cute

Notdelicious-looking

Premium

Notnice

Theestimationscreenwas500×700pixelscenteredinthedisplay.Aphotographof

thecannedbeerwaspresentedonthelefthalfofthescreenatasizeof239×358pixels,

andeightsliderspairedwithopposingadjectiveswerepresentedontherighthalfof

thescreen.

Thesliderscouldbemovedbydraggingthemouse,andsubjectswereinstructedto

movetheslidertothepositiontheyfeltappropriateforthatproduct.Assessment

valuesweredesignedtorecordamaximumvalueof100andaminimumvalueof-100.
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皿RELATIONSHIPBETWEENTHEFRACTAL

DIMENSIONCALCULATIONANDSDMETHOD

ASSESSMENTVALUES
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Thefractaldimensionsofthebeerphotographsinthehighandlowfractalgroups

usedintheSDestimationmethod(Fig.1)areshowninTable2.

Table2.Fractaldimensionandrankofassessedcannedbeerphotographs
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Highfractalgroup(upperrow)andIowfractalgroup(lowerrow)ofcanned

beerphotographsandphotographnumbers
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Wedividedfractaldimensionintotwogroups(highvalue/lowvalue)andperformed

Studentt-test(AlphaO.05)of16termofSDusingallsubjectdata.Asaresult,we

foundtwelvetermsthatweresignificantlydifferentrelations.Fig.4showsthere-

sults.
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Assessmentvaluesofeachdescriptivetermswhichare

significantlydifferentwithhigh/lowofthefractaldimension.

Weperformedpartitionanalysisof12itemswheresignificantdifferencewasseenin.

Fig.5.Asaresult,threeremarkableruleswerefound.

Theruleofthehighfractaldimension..

Rule1.35casesin90(38.9%)

Premium>=-63,Preferable>=0,

Cute<16,andDelicious-looking>-5

Theruleofthelowfractaldimension..

Rule2.25casesin90(27.8%)

Friendly>=41andDelicious-looking<5

Rule3.19casesin90(21.1%)

Eye-catching<49,Preferable<-16,・Friendly<41
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Figure.5 Partitionanalysisoftwelveitems

Thecorrelationcoefficientsbetweenthefractaldimensionscalculatedbytheplanar

methodandtheassessmentvaluesareshowninTable3.Furthermore,thecorrelation

coefficientsbetweenthefractaldimensionscalculatedbythecubicmethodandas-

sessmentvaluesaregiveninTable4.

Table3.

No.

CorrelationcoefficientbetweentheplanermethodfractaI

dimensionandtheassessmentvalueofeachdescriptor.

DescriPtorPeason'sSpearman'srank

correlationcoef石cientGorrelationcoef石cient

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

Eaεッtodrink・

Preferable:

Refreshing

Wouldliketobuy

Expensive-looking

Friendly

Warm

Seemsdry

Seemscoolandfresh

Soft

Fashionable

Eye-oatohing

Oute

DeliGious-looking

Premium

Nice

一〇
.309

0.458

0.705

0.815

0831

0.056

-0
.253

0.672

-0301

-0 .065

0.754

0.676'

0.053

0864

0.845

-0643

0.188

0.479

0.467

0.782

0.600

0.418

Ω.067

0.285

0.225

0.273

0.782

0.697

0.176

0,794

0.745

・-0
.418
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Table4.CorrelationcoefficientbetweenthecubicmethodfractaI

dimensionandtheassessmentvalueofeachdescriptor

No.DescriDtorpeason'sSpearman'srank

GorrelationGoef箭GientGorrelationGoe{:「iGient

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

Ea∈ツtodrink・

Prefbrable:

Refreshing

Wouldliketobuy

Expensive-looking

Friendly

Warm

Seemsdry

SeemsGoolandfresh

Soft

Fashionable

Eye-GatGhing

Cute

DeliGious-looking

Premium

Nice

一〇.293

0.423

0.697

0.805

0.822

0.059

-0
.228

0.664

-0 .350

0634

0.728

0.688

-0 .069

0.864

0B35

-0 .640

0.164

α358

0.442

0,733

0.624

α394

0.006

σ309

-0334

-0
.248

0.758

0.624

0.079

0867

0.697

-OB94

ForPearson'scorrelationcoefficient,whenusinganon-correlatedtestofeachad-

jectiveassessmentvalueandthe2Dfractaldimension,significantcorrelationswere

foundfor"wouldliketobuy"(6=3.98,㎡=8, .ρ<.01),"expensive-looking"(6=4.23,0ゲ

=8,p<.01),"delicious-looking"(孟=4.85,0ゲ=8,p<.01),and"premium"(孟=4.47,㎡=8,

ρ<.01).Asimilartendencywasobservedintheresultsofthe3Dmethod.

0 1万5007θ π9η9」暢 θ加 な0∫0・醇 〃甜竹9坊 θ∂5写a㎎ 盟 θ加 旧1〃 θ毒0'or8η ∂Z間'5

Afactoranalysisbasedontheprincipalfactormethodwasperformedtoreveal

latentadjectivefactors.Rotationwasperformedusingthepromaxrotationmethod,

andthreefactorswereextracted.

ThefactormatrixforeachadjectiveisshowninTable5.
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Table5.Factormatrixofeachdescriptor

No. De80riptor F日otor1 F日otor2 FaGtor3

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

E日Eッtodrirlk・

Prefbr日ble:

Refre5hirlg

WouldIiketobuy

Exper旧ive-lookir19

Friendly

Warm

Seem5dry

Seem50001日ndfre5h

Soft

F日5hion日ble

Eye-o日tohir19

0ute

Delioiou5-lookir19

Premium

Nioe

0.376

0.614

-〔〕
.027

〔〕.823

0.612

0.517

0.192

〔〕.097

0.012

-O
.073,

0.797

0.220

0.525

0.877

0.686

0.133

0.468

-O
.028

-O .608

-0
.058

-O .257

0.354

0.552

-O .765

0.244

0.776

-O
.188

-O .128

0.364

-O .109

-〔〕
.230

0.815

0.156

-O
.016

-O
.356

-O
.030

-O
.120

0.OO8

-O
.179

0.253

〔〕-749

-〔〕一〔〕75

0.024

0.028

-O
.OO1

0-042

-0
.OO9

-0 .1791

Thefirstfactorwassetto"desiretopurchasequalityproducts"becauseallofthe

followingtermswereincluded:"wouldliketobuy,""deliciouslooking,""expensive

looking,""cool,"and"premium."Thesecondfactorwassetto"softfeeling"becausethe

adjectivessuchas"soft"and"warm"wereincluded.Thethirdfactorwassetto``light

feeling"becausetheadjectives"refreshing"and"dry"wereincluded.

刀 12θ佐 が011訪 加 わθ`砺θθη 含 冴o勿10α1η θη甜σoη812ゴ ノ2`θη'角o`01汐

Thecorrelationcoefficientsbetweenextractedfactorsandfractaldimensionare

showninTable6.

Table6.Pearson'scorrelationcoefficientofthefractaI

dimensionandeachfactor

. PI日n日rmethodCubicmethod Fi旧t悟ct。r Second佑Gt。rThird 拍Gt。r

PI己n己rmeth。d 1 o,996 O,836 一〇
.623 一〇.496

Oubicmethod o,996 1 0,824 一〇
.612

一〇
.524

Fi陪t悟ctor O,836 O,824 1 一〇
.535 0,630

Second粕ctor 一〇
.623

一〇
.612 一〇

.535 1
.

一Q534

Third拍ctor・
一〇

.496
一〇

.52斗 0,630
一〇

.63斗 1

ForPearson▽scorrelationcoefficient,whenperforminganon-correlatedtest,a
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significantcorrelationwasfoundbetweenthe2Dfractaldimensionandthefirstfac-

tor,"desiretopurchasequalityproducts"(6-4.31,㎡ 一8,ρ 〈.01).Asignificantcor-

relationwasalsofoundbetweenthe3Dfractaldimensionandthefactor"desireto

purchasequalityproducts"¢=4.11,0ゲ=8,ρ<.01).

Table6showsahighcorrelationbetweenthefirstfactor(desiretopurchasequal-

ityproducts)andboththe2Dand3Dfractaldimensions,indicatinganegativecorre-

lationbetweenthesecondfactor(softfeeling)andthefractaldimension.

IVEVALUATIONOFTHERESULT

Thecannedbeerusedtocomparelabelsomitstheoneofafamousbeercompanyin

Japan.Therefore,thisinvestigationwasdonebyusingthelocalbeernotnotorious.

Evaluation1:

ResultofexamininghotsellerofbeerbytheInternetlater.The33rdcannedbeers

withhighfractaldimensionofFig.1werealocalbeerhotsellingrankingsandlst

place.

[http://www.rakuten.co.jp/yonayona/111011/718975/#tp24]

Evaluation2

The42ndwaspopularabilityNo.1.

[http://store.shopping.yahoo.co.jp/yohoyonayona/b7dabOe6c2.html]

Evaluation3

Moreover,popularitywashigh,andthe15thand22ndcannedbeershadbeenwonthe

championshipinthecontestofthebeer.

[http://www.rakuten.co.jp/yagishoten/425762/448054/]

Evaluation4

Thecannedbeerwithlowfractaldimensionwasnotdisplayedinsalesinformationin

theInternet.
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VDISCUSSION

Biologicalinformationexhibitsachaoticbehavior,anduntilnow,ithasbeendif-

ficulttoexplainhumaninformationprocessingusingsubjectivemethods[5],[1].In

otherwords,delicatehumaninformationprocessing,inparticular,cannotbeanalyzed

indetailbytraditionallinearanalyticalmethods.Byusingnonlinearandcomplexity

methodsoffacialfractalanalysis,ourfindingssuggestthatinformationprocessingin

humanrecognitionmightbeexplainedandcharacterizedbyfractaldimensions.

Wedemonstratedthathigherfractaldimensionsofcannedbeerpackagingledto

anincreasedimpressionofhighqualityandagreaterdesiretopurchase.Moreover,

theanalysisshowedthatlowfractaldimensionsofcannedbeerpackagescontributed

toasoftfeel.Theanalysisresultsindicatedatendencyforthethirdfactor,``light

feel,"tobeperceivedforlowfractaldimensions.

Fromthecalculationsoffractaldimensionsforcannedbeerpackagephotographs

andtheresultsoftheSDmethod,ahighcorrelationwasfoundbasedonPearson甲s

correlationcoefficientsforthedescriptors``wouldliketobuy,""delicious-looking,"and

"premium
."Sinceasignificantdifferencewasdetectedbetweenthehighfractalgroup

andthelowfractalgroupfortheterms"wouldliketobuy,"``delicious-looking,"and

"premium
,"cannedbeerphotographswithhighfractaldimensionsshouldbeperceived

asbeingmoredesirabletobuy,moredelicious-looking,andofhigherpremiumqual-

ity.

Althoughtraditionally,resortingtosubjectiveassessmentssuchastheSDmethod

usedinthisexperimentwouldhavebeennecessarytomeasurethegoodorbadaspects

ofproductpackaging,theseresultsshowedthefeasibilityofcalculatingthefractal

dimensionofsuchproductpackagingtoobtainanobjectiveindexofsuchaspects.

Furtherresearchisrequiredtogatherdataonavarietyofproducttypesanda

broaderrangeofagesandsubjectsmostappropriatelysuitedtotheproductsbeing

examined.
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Thewordfractal,introducedbyMandelbrotwasusedtodescribetheirregular

structureofmanynaturalobjectsandphenomena(Mandelbrot,1977).Fractalgeom-

etryshowsthatnatureexhibitsafundamentalcharactergenerallyknownas

self-similarity.Thismeans,thathowevercomplextheshapeand/ordynamicbehavior

ofasystem,byobservingitcarefullyandimaginatively,onecanfindfeaturesinone

scalewhichresemblethoseinotherscales.

Thefractalmodelofanimaged3-Dsurface,includingthatofadigitalphotograph

image,providesanaturaldescriptionofmosttexturedandshadedimages.Adefining

characteristicofafractalisthatithasafractaldimension.Thefractaldimensionof
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animagegray-levelintensitysurfacecorrespondsquitecloselytoourintuitivenotion

ofroughness.Toinferthefractaldimensionofa3-Dsurfacefromtheimagedata,one

methodistoassumethegraylevelI(x)atpixelxchangesaccordingtoafractal

Brownianfunction(Pentland,1994).Aftersomesimplificationoperations,thefol-

lowingrelationshipisgivenforanydisplacementof△ κ(pixel)withinanimage

El∫(κ+△ κ)一∫(κ)1]・1旗一H-C, (1)

whereE[]isthemeanvaluewhenkeeping△ κ(pixel)fixed,andHandCareconstants.

Byconductinglogarithmoperationsonequation(1),weobtainthevalueofHasthe

slopeoftheregressionlinefittolog-logdata.ThefractaldimensionDoftheimage

surfaceisderivedfrom

D=3H. (2)

Tosimplifythecalculation,twomethodshavebeendevelopedtoeasilyandquantita-

tivelydealwiththeimagery(Shimadaetal.,2000).Oneofthesemethods,calledthe

cubicmethod,infersthefractaldimensionofthe3-Dintensitysurfacefromimage

dataconcerningcoveringProcessesatincreasedresolutions(2).Consideringacube,

eachedgeofwhichisapixelofsizer,thenumberofcubesrequiredtocoverthesurface

ofanimageisN(r).Furthermore,iftherelationship

existswithaconstantC,thenHgivesanestimationofthefractaldimensionofthe

imagesurface.

Nの ・〆=c (3)

Fig5showsanareaAonwhichanimagesurfaceisassumed.Consideringthe

volumeunitofacubeofsizeア × 「× 「andanareaunitofπ ×70nA,ifthesurface

portionabovetheareaofπ × アiscompletelycoveredbythecubes,therequired

numbern(r)is
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max(ガ)-min(ズ)
刀の=πoor{}+1 (4)

Inequation(4),the``floor"istheinteger,andfi(1=1,2,3,4)arerespectivegray

levelsoftheimageintensity.

N(π)=〈 〃(7)〉 ・(areaofノ イ)/π2
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Figuew.5 EstimationofthefractaldimensionoverimageareaA.

Whentheaveragevalueofn(r)overallofAisdenotedas〈n(r)〉,thetotalnumber

requiredtocovertheimagesurfaceaboveA.

Finally,fractaldimensionDisestimatedbytheregressionfittosuccessivelog-log

datapointsoflog10(r)vs.log10N(r),withincreasedsizesofr.

Anotherapproach,calledtheareamethod,involvescountingthenumberofarea

unitscoveringanarea,insteadofthecubicunits.Thismethodcalculatesthefractal

dimensionrepresentingtheundulatingcomplexityofthepicturedensitybyusinga

methodtochangethedegreeofcoarsegrainingandaparameter-basedmodelmethod:
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H--1　 (E[F@)E[F(の]])(6)

1。91。(1)

o

Inequation(6),settingttoafixedvalueandcalculatingthenumberofpartitionsby

,al,ul。tingth,1,ngthunit。fE[F(α)]。 、1/。,。r,al,ul。tingth,numb,r。f、u。face

⊥ × ⊥

partitionsoftheimagedensitycurvedsurfaceastheminimumareaunitofα α,the

。b。veequati。n,anber,present,d。 、N(1/の.By、ettingl/α 一 π,,quati。n(1),an

berewrittenas

logloIV(π)=-Hloglor+logloN(1)(7)

Forimages,thecalculatedvalueontheleftsideofequation(2)isdependentonr;thus,

variabilityisnormal.However,iftheimageisfractalinnature,linearityshouldbe

largelypreserved.
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Areaapproachtocomputingfractaldimensions.
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Inthisway,fractaldimensionHcanbecalculatedbydeterminingtheslopeof

theregressionlinebytheleast-squaresmethodformultiplesamplevalues

(1・91・ ろ1・91・Nの)
,(・-1・2・ …)、th,。bt。in,dvaluecanb,used。 、anestim。te

for-H.

Fortwo-dimensionalobjectssuchasimages,settingtheimagedensitycurved

、u。facearea,,al,ul。t,du,ingunit,with,m。llareassu,h。 、 ・ ×r,t。8の,we

obtain

3(り=・2・N(り(8)

Therefore,equation(7)canberewrittenas

loglo3(ア)=(2-H)logloア+loglo5「(1)(9)

Here,thesurfaceareaofanπ × πsmallareadensitycurveisatriangularareawith

twicethesurfaceareashowninFigure30f

σ,ノ,!(∫,ノ)),σ 十r,ノ,!σ 十r,ノ)),σ,ノ 十r,!σ,ノ 十 り).Byderivingtheregression

lineslopebytheleast-squaresmethodfrommultiplesamplevaluesof

(1・91…1・91・8の)
,(・-1・2・ …),thee,tim。t,d。alu,2-H,anb,u,edt。

calculatethefractaldimensionH.

Thispaperreformswhatwaspublishedatthesocietyreportmagazineof

IEEE-SMC2008.
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