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This paper reViewsthe recent developmentsin the use of-Irelaxation

method,.in patternreCOgnlt10n･Weintroduce
some representative relaxation

pr∝edures,andtheapplicationsinimageanalysis･Theapplicationofthese
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detection,and Character

recognlt10n･Theseapplicationsarebrienydescribed･
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1.Introduction

ねtternrecogmitionalmostalwaysinvoIvesdiscriminatlngOrClassifyingofthepartoftheimage･Whenwe

recognlZethecharacterimage,WeClassifythestrokesoftheinputimageaccordingtothedictionaryinthebrain･

whichisleamedbythelearnlngSamPlessincewewereborn･Whenwedetectedgsinanimage･WeClassifyeach

pointasanedgeornon-edgepointaccordingtothevalueofsomelocalproperty(fbrexamPle,themagnitudeof

thegradient)evaluatedatthatpoint;andsimi1arlywhenwedetectanglesonacurve.Weclassifytheedgewith

referencetosomeclassificationdecisionsatotherpolntS.ThecriterionfbracceptlngaPOintPasanedgepolntCan

dependon whetherornotPextendsanedgethathasalreadybeen detected.But,the results ofsequential

ClassiBcationwi11ingeneraldependontheorderinwhichthepointsareexamined,andthisisundesirable･

Thispaperdiscusses,一relaxationmethod"(iterativeapproach)toclassifyingthepartsoftheinputimage･

Thedecisionsareallowedtodependonthedecisionsmadeatthepreviousiteration,theiterativeapproachshareS

anadvantageofthesequentialapproach,butitdoesnotsharethedisadvantageOforder-dependence,Sincethe
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decisionataglVenitterationdoαSnOtdependonanypreviousdecisions
atsameiteration-i.e.eachiterationis

performedinMparal1el(atthesametime)一●.

Inthenextchapter･Weformulategeneralmodelsforthisprobabilisticrelaxationmethod,andinthethird

ChapterweglVethethreeapplicationsofitsuses.

2･Princeplesforprobabilisticrelaxation

There are two typeMRelaxation methods･一,Which are the"Discrete Relaxation･･andl･Probabilistic

RelaxationI.･In■一DiscreteRelaxation..,WeaSSumetWOStateS･Whicharepossibleandimpossible,betweenoqects

andclassesoftheeachoqects･Thisapproachisdescribedinreftrence(1)indetailandisassuredtheconvergence.
.,ProbabilisticRelaxation,listhegeneralizationoftlDiscreteRelaxationt.,thepossibilityisrepresentedbythe

probabilityoftheclassifying,WhichisbetweenOandl･Inimageanalysisttheprobabilisticapproachisusedmore

thanthediscreteapproach,becauseambiguousnesswithlow-leveloutputfromtheimagecanbeholdinthe

probability･Weintroducethisapproachinthefollowlng･

2･1Conceptofprobabilisticrelaxation(2)

TheprobabilisticrelaxationcanuSeprObabilisticclassificationsratherthanmakingfirmClassification

decisionsimmediately･Initially,foreachpointR,WeeStimatetheprobabilitypihthatitbelongstoeachofthe

possibleclasses(Ch)･Wethenexaminetheprobabilitiesatneighboringpointsq,andweincreasepihif
SuppOrtlngeVidenceisfoundfbritordecreぉeitifcontradictoryevidenceisfound･Forexample,Weincreasepihif

thereexisthighprobabilitiesthattheneighborso用bavecompatibleclassifications,Ordecreaseitifthereexist

highprobabilitiesofincompatibleclassincationatFTsneighbors･ThisprocessisdonesimultaneOuSlyforeveryFl

andeverypih;anditcanbeiteratedasmanytlmeSaSdesired･Whatoftenhappenswhenthisisdoneisthatthe

probablitiestendtobecomeiessambiguousaccordingtothenumberoftheiteration･Thusclassi丘cationofPi

becomesveryeasy･ifonlyoneprobabilitypihishigh,thatis,thepointPiisclassifiedintotheclassthathas

maximumprobability･

2･2Generalmodelsforprobabilisticrelaxation(2)

ThissectiondescribesgeneralmodelsforprobabilisticallyclassifyingasetofobiectsAl,...Anintoasetof

ClassesCl･････CmrTheobiectsmaybeimagepolntStOrmaybeentitiessuchaslinesinacharactertorreglOnSinan

image･WeaLSSumethat飽ChAi(i=1,2,‥･n)hasaspeCi丘edsetofAj(j=1,2･‥･n)･sasneighbors･

WitheachobjectAiweassociateaprobabilityvector(Pil,･‥,Pim),Wherepih(h=1,2,…m;-15Pih≦1)is

anestimateoftheprobabilitythatAibelongstoclassCh･Initially,thisestimateisderivedbysomeconvientional

typeofanalysisorAi;forexamPle･WemightestimatetheprobabilitythatthepointAiisanedgeasproponionalto

themagmitudeofthegradientofthegrey-1evelimageatAi(即(Ai)-f(4i)Iwheref(Ai)isthegrey-1evelatAi).
ノ
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Wenextassumethatwearegiven,foreachpairofneighboringoqects(Ai,Aj)andeachpairofclasses(

Ch,Ck),ameaSureOfthecompatibilitybetweeno句ect AibelongingtoclassChando句ectAjbelongingtoclass

Ck･Fbrexample,1etAi,Ajbeverticallya4iacentpolntS,andletCh,Ckbetheclassesofverticaledgeshavingtheir

darksidesontheleftandontheright,reSpeCtively.ThenAic ChandAj e Charehighlycompatible(and

Simi1arlyforAi,AjECk),butAieChandAjeCk(OrViceversa)arehigh1yincompatible.Wewi11denotethe

COmPatibilityofAicChwithAjeCkbyr(Ai,Ch,Aj,Ck)(■■CompatibilityCoemcients-1),andwewillassume

that-1≦r≦1,Where-1iscompleteincompatibility,+liscompletecompatibility,andOis.fdonltcare.,.

IfweareglVentheimitialpih'sandtherls,WeCannOWa4justthepih'sonthebasisoftheneighboring巧k-s

andtheirassociatedr(Ai,ChAj,Ck)ls･Thea(帥dtmentpr∝eSSShouldsatisfythefb1lowingproperties:

(a)If巧kishighandr(Ai,Ch,Aj,Ck)iscloseto+1,thenpihShouldbeincreased･

(b)LIf巧kishighandr(Ai,ChAj,Ck)iscloseto-1,thenpihShouldbedecreiLSed･

(C)If巧kislow,Orr(Ai,Cb,Aj,Ck)isclosetoO,thenpihShouldnotchangeSignificantly･

Asimpleexpressionthatsatisfiesthesepropertiesistheproduct巧k*r(Ai,ChAj,Ck)･ThuswecanuSethese

products･fora11AjandCk･tOincrementpih･Thecontributionfromeachneighbor4j(thesumof巧k*ぺAi,
Ch,Aj･Ck)･aboutj)isbetween-1and+l,Sincethesumofpjkaboutjisland-1≦r(Ai,Ch,Aj,Ck)≦1･

Toinsurethatpihremainsnonnegative,WeCanWeighttheneighborsIcontributionsuslngWeights彗thatsumtol,

andwecandefinethenetincrementtopihbyaneXpreSSionoftheform

ク`ん(1+∑wノ∑即(AftCれ郎tC恥
Wherethedoublesumisalwaysbetween-land+1,SOthatpihisalwaysmultipliedbyanonnegativequantlty･

Whenallthepihlshavebeena4justedinthisway,WeCanrenOrmalizebydividingeachpihbythesumofpihabout

h(=1,･･･,m),tOinsurethatthepih.ssumtolfbreachi.

Insummary,1etp(t)ihbethevalueofpihatthei-thiteration,andletthenetincrementtop(t)ihbe

舐'こ∑wノ∑躍r(A汀恥動Cた)
Thenthenewvalueofpihis

菰+1'=p:エ'(1･威')/∑(1･粛))

Amoredetai1eddiscussionofprobabilityaqjustmentru1esofthistypeCanbefound(1),andastudyofthe

COnVergenCePrOpertiesofonesuchruleisgiven(3).Thisapproarchissometimesreferredtoasa･一relaxation･･

process7becauseofitsresemlbanCetOCertainiterativetechniquesusedinnumericalanalysis･Ageneraldiscussion

Oftheseprocessesandtheirapplicationscanbefbund(4･5).

2･3Anothermodelsforprobabilisticrelaxation

Thereareanotherrelaxationmodels,WhichareKirby(6)･sandPeleg(7)･srelaxation.Thefbrmerisbetterthan

thelatterinprobabilistictheory(8,9)･Butinpractice,托Ieg･srelaxationisbetterthantheKirby･srelaxadoninthe

Classi丘cationratesandtheconvergenceonmultispectramimage(10-13).

(l)Kirby.srelaxation(6)

Thenewvalueofp(t+1)ihisgivenbythefo1lowingform.
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ク£'口瑠
粛+1)---

ノ

ー

皇叩ぞ一二

(2)托1¢g-s托1ax釦ion(刀

Thenewvalueofp(t+1)ihisgivenbythefbllowingfbrm.

旦∴l革こl黄
Whereqisthepositiverealco戯cient,andthesumofqiaboutjisl.

Kirbylsrelaxationistheproductsoftheneighbo{sprobability,but托1eg･s
relaxationisthesumofthe

neighbor-sprobability

(3)Suzukilsrelaxation(11)

H■Suzukietal･PrOPOSedthemodi鮎dPeleglsrelaxation･Whichisusedthejudgementoftheconvergence.

ThecriterionisglVenaSfbllows.

[Criterionforconvergence]

Letp(t-1)ihbetheprobabilityatthe(t-1)一thiteration.

亮~1'川津打1))

Ifthefbllowlngrelationissatisnedatthenextiteration,

粛'コ仇ぎ水産))>甘1),皿d㌶)叩誌~1)(帖b)

thenp(t)ihlisreplacedbythefollowingequation,

ク£)=(
1(〝蕾ん)

0(〟≠力)

andthisp(t)ih･isnotchangeda鮎rthisiteration･BecausetheevidencethatthepixelAibelongstoChissupponed

bytheneighbors.

3･Applications

Inthiss∝tion･Webrienydescribetheapplicat血ofiterativeprobabilisticclassi丘cationandparameter

estimationtechniquestoanumberofimageanalysistasks･Furtherdetailsabouteachapplicationcanbefbundin

thecitedreferences.

3.1Histogrammd汎c血on(14)

Webstdescribeasimpleiteradvepeakenhancementscheme･aSapPliedtopeakdetecdononhistograms

andtoadaptiveimagequantization･LettheoqectsAi,…,Anbethehistogrambins,andletusass∝iatewitheach

bin･aSaparametervalue･thenumberniStOredinthatbin･Ⅳecould,ifdesired,alsoassociatewitheachbinthe

PrObabilitiespandトpthatthebinisorisnotapeak･Wherethepeakprobabilityisinitiallyproportionaltothebin
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height;butwewilldispenSeWiththeseprobabilitiesinthepresentdiscussion･)ThebinparameterValuesniCan

thenbeaqjustedasfbllows;niisincrementedifithasaneighborwithasma11ervalue巧,anddecrementedifithas

aneighborwithalargervalue.FbrexamPle,WeCOuldaddtoniaquantityproportionaltoni一句fbrwhneighbor

AjOfAi･Itisnothardtoseethatthispr∝eSSWillsharpenPeaksandeliminateramps･Ifweuseonly4jlstwo

immediateneighborsAi+1,anylo侃1peakwillbesharpened;butifweusealargersetofneighbors,WeWill

enhanceonlythemqorpeaks･Givenasetofpeaksinanimage-sgraylevelhistogram･WeCanrequantizethe

imagebymapplngeaChgraylevelintothenearestpeak･ThusourhistogrampeakenhanCementSCheme

usedforadaptiveimagequantization･

3.2fklgedetection(15)

77

Theedgedetectionhasalreadybeenmentionedbyvariousmethods･LetAl"･･,Anbetheimagepoints,and

lettheclassescorrespondtoedgesinspeCificorientations81,…,Om-1,plusanadditionalclassforllnoedgell--Or

forsimplicity,WeCanuSeOnlythetwoclassesuedgeIlandMnoedgell,tOgetherwithanorientationparameterO･

InitiallyweestimatetheedgeprobabilitypiatPOintAiaSPrOPOrtionaltothegradientmagnitudeatAi,andwe

estimatetheedgeorientation OiaSperpendiculartothegradientdirectionatAi･WecannOWa句ustpiln

accordancewiththeprobabilitiespjandorientations8jofedgesatneighboringpolntS句thatextendorcontradict
theedgeinorientationoiatAi･FbrexamPle,ifO毎isthedirectionfromAitOAj･WeCanuSeanincrement

proportionaltoIcos(Oi一句)landtocos(Oi-q)･Inde血ingtheorientationofanedge,WeShouldusea
COnVentioninwhichthedarksideoftheedgeisalways onthecl∝kwiseside,inordertodistinguishbetween

edgesthathavethesamedirectionbutopposite,.senses一.;forsuchedgeswethenhavecos(Oi-qj)=COS3t=-1,

sothattheydecrementoneanOthers･probabilities･Examplesofthisapproachtoedgedetectionaregiven(15)･In

theseexamples,iteratlngthereinfbrcementprocesssuppressesnoISyedgeresponsesandenhanCeSedgesthatform

long,SmOOthboundaries･AspeCificexampleofanedgereinforcementpr∝eSS(15)isasfollows‥Weusetwo

Classes,lledgef一andf,noedge".Theimitial.Tedge一一probabilityatpointPisde丘nedtobe

pe(0)≡gradientmagnitudeatP/m冨X(gradientmagnitudeatQ);
themaxistakenovertheentireimage.

Foranypoint(X,y)andneighboringpoint(u,V),1et(ユbetheedgeslopeat(X,y),βtheedgeslopeat(u,V),Y

theslopeOfthelinejoining(X,y)to(u,V),andD=maX(lx-uI,ly-V[)the''chessboarddistanCe一'from(X,y)to

(u,V)･Thenwedefinethecompatibilitiesbetweenpairsofclassassignmentsofthepoints(X,y)and(u,V)assome

ru1es･ItcanbeverifiedthatthesecompatibilitieshavethefollowlngprOpertleS:

(a)ParallelorperPendicularedgeshavenoeffectononeanOther.

(b)Collincaredgesreinfbrceeachother,andanti-CO11inearedgesweakeneachother(byanamOuntthat

decreaseswithdistanCe).

(C)NonedgescollinearWithedgesweakenthem;nOnedgesalongsideedgeshavenoeffectonthem･

(d)Edgesalongsidenonedgesstrengthenthem;edgescollinearwithnonedgeshavenoefftctonthem･

(e)Nonedgesreinforeceoneanother.

AmoreelaborateschemecanbeusedtoclassifybothedgeandinteriorpolntSOfanimagesimultaneously･

Hereinterior probabilities reinfbrce neighboringinterior probabilities;edge probabilities reinfbrce edge

PrObabilitiesthatextendthem;andedgeprobabilitiesreinforceinteriorprobabilitiesthatliealongsidethem(and

viceversa).Aschemeofthistypehasbeenusedtodetectinteriorandborderpointsofdotclustersinanimage(5).
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3･3CharacterRecognition(16-18)

ShapeOfinputpatternsisrepresentedbypoIygonalapproximation･AlinesegmentOkisasideofthe

POlygonofinputpattern,and･q)isthenumberoflinesegmentsofpolygon;

Ok甲=(Xsk,Ysk,Ok,Lk,Xek,Yek)q)

Where(Xsk,Ysk)and(Ⅹek･Yek)arethepositionsofthestar[pointandtheendpointforthelinesegmentk;and

8kandLkarethedirectionandthelengthofthelinesegmentk.

払chlinesegmentkhastwokindsofneighboringsegmentsforstartandendpoints･臨chcategoryhasonly

OnemaSkthenadictionarylSCOmpOSedof3036masks･hchmaskiscomposedof¢MSegmentS･hchfhtureof

masksegmentsisevaluatedbythesetofassociatedsegmentsofleamingdataasindicateda$fb1low.

Fbature(Xsi･Ysi,Oi,Li･Xei･Yei)ofmasksegmentMiiscalculatedfromtheaveragevalueofinput

SegmentkfortheleamlngSetOfsamecategory･Theneighboringsegmentslistofthemaskisassignedfromthe

neighboringsegmentslistofthenrstdatumofthelearnlngSet･AssociationfunctionFbetweenmasksegmentiand

lnputSegmentkisevaluatedonsuccessoffbllowconditi｡n=

lα一叫≦Cl and 恒一叫≦ち

弧d 厄前≦ち 弧d 締≦ち
Simi1arityp-i(k)ofthepair(i,k)isassignedasfb1lows:

p■f(と)≡m朋昭一町×maX碑卜飲トち1,0トW2×maX師一功一ち2,0)

一明×maX(騙-C3,0ト町×maX(席㌃亮一｡か,0憫
Wbere,血戯=ズー`-エか吼丑年九`-γか血.丑=ちi-ち上,転=差`-‰

TheinitialmasksideprobabilityP(0)i(k)isevaluatedasfb1lows:

瑠,ヨれた,/∑p■"〟･,

Where･kMTsarealltheinputsegmentswhichareassociatedwithi-thsegmentinthedictionary･

Therelaxationoperationisusedtodynamica11ychangetheprobabilityaccordingtothecompatibility

betweentheconfigurationsofmasksegmentsandtheinputsegmenb･Theyassumethattherearespnng

COnneCtionsbetweenthestanpoint(Xsi･ySi)ofMiandtheendpoint(Xd･yd)of叫Wheresegmen呵isthe
neighboringsegmenbofthestampointofthesegmentMi･LetrSu(k･l)bethes伽tpointtensioninspring

COnneCtionbetweenMiand叫i･rSu(k･1)isevaluatedasfblIows:

r紳)コmaX(血(ト叫札止一血申卜ちヰ,1川･maX(血(ト叫×転一軸木らtl川
Theprobabilityisevaluatedasfbllows:

吾ごご)≡也(上)×瑞)′碍‰×私)

恥)一也㍍+甘言た,)/(∑匂･∑〃)

曾二上)王墓{り×椚仰わ嘲}か真叫J(紳)×榊
Weselectthe^k･WherePi(k)isthemaximum(Pi(k))aboutallk,COrreSPOndingtoi･ThedistancePj

betweenthernaskJandtheinputandtheconndenceRi(k)ofthemasksegmrntiaredennedasfbllows:
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彗(`,濫空誓甥×グ"i,(∑々･∑材)×2
ノー1 J-1

｡;芸竺聖×｡6芸エf
Where,LiIisthelengthofthenon-COrreSPOndingsegmentsinthemask･Lklisthelengthofthenon-COrreSPOnding

SegmentSintheinput.

TherecognitionratefbrthehandprintedMKaqiiMand･･Hiragana叩characterdatabaseFrL-9(3036

CategOries)is98･55%fbrunkn0wnSubsetswithlOleamingsubsets.

4.Conclusion

Aprobabilisticrelaxationapproachhasusedinanotherapplicadons,forexamPle,nOisecleaming(19,20),

Curvedetection(2l,22),angledetection(23)･CurVethiming(24),templatematching(25),identihgregions(26･1),

SeParationofoverrappingpatternS(27,28)･reSrOringapolyhedron(29)･Wecannotdescribetheseapplicadon,but

theyareverylntereSting･Furtherdetailsabouteachapplicationcanbefbundinthecitedreferences.
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