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Abstract   

Whenslgnals丘omtheouterworldaredealtwithbyacomputer，  

theslgnalsaretlSual1ydigitizedbysamplingandquantizingoperations・  

SinceasetofsampledvaluesoftenrequlreShugestorage，Variousdata  

compressionteclmiqueshavelongbeenthefocusofresearch．Mostof  

thesetechniquestreatthesa・mPledvaluea・SOrlglnaldata，andaimto  

reproducethediscretevalueexactly．Thesampledvalues，however，do  

not alwaysrepresent七hetruenatureOftheorlglnalsignal．Ifwecan  

find whatis chara・Cteri21ing the truenature，theslgnalcanberepre－  

sentedin amore compact manner by tolerating thereproductionof  

difFerentvaluefromthesampledone．Inthisdissertation，SeVeralcom－  

pressionmethodsareproposed，basedonthisprlnCiple・Eachmethod  

isdesignedtoidentifythedistinctivefeaturesorsalientpointswhich  

characterize theslgnaland to representitin terms ofthe behavior  

betweenthesepoints，uSlngmathematicalfunctions・Inthisstudy，且u－  

encyfunctionswereused，Whichcanrepresentvariousfunctionswith  

di抒erent degrees and dimensions・The eHectiveness ofthe methods  

isdemonstratedwithelectroencephalogram，binary，andgrayscaleim－  

ageS・   



TABLE OF CoNTENTS  

Introduction  

1Introduction  

CompressionMethodforOne－VariableSigna1   

2 Compressillg EEG Data 

2．1Introduction… …．… ‥．   

2．2 Specifica・tions．‥・   

2・3 CompressionandReconstructionMethod・  

7  

7  

8  

9  

9  

‥ 10   

．．．16  

16  

2．3．1Designpolicy ‥‥・・  

2．3．2 Compressionmethod・  

2．3．3 ReconstruCtionmethod．  

2．4 ExperimentalResults・・‥‥  

2．5 Summary ……………………・……・22  

CompressionMethodsforTwo－VAriableSignals   

3 An AutomaticFunction－Font GeneratingSystem  

23  

23  

3．1Introduction… …………              23  

3・2 Specifications ………………………… 24  
3．3 Compressionand・ReconstructionMethods …………‥ 28  

3．3・1Compressionmethod………………・・・・28  

1   



3．3．2 ReconstruCtionmethod… …．… … … … ‥ 44   

3．4 Verification … …．．．‥．   

3．5 Summary …………．・．・・   

4 Compression Method for Grayscale Image 

4．1Int，rOduction．   

4．2 Speci員cations ‥   

4．3 CompressionandReconstruCtionMethod．  

4．3．1Compressionmethod ‥．‥‥．  

4．3．2 Reconstruction method．   

4．4 ExperimentalResults‥・   

4．5 Summary ‥．   

Col?clusions 

51   

51   

52   

53   

53   

56   

59   

60  

65  

5 Comclusions  65  

5，1ConsiderationoftheResultsofthePresentStudy ……‥．．65  

5．2 Problems LeftforFuture Research  67  

Acknowledgments   

Author）s Achievements  

69  

70  

73   Referellces 

11  



List of Figures 

2．1CompressionprocedureforEEGwaveform‥  

2．2 DividingEEGwaveformintotwowavecomponents・・  

2．3 ReconstruCtionprocedureforEEGwavefbrm．  

2．4 0riglnalandreconstructedwaveforms・・‥．．‥・  

2．5 Reconstructed waveformsunder di庁erent tolerance error．   

3．1StruCtureOftheinitialexperimentsystem．．．．‥．  

3．2 Structureofthefunction－fontgeneratingsystem・  

3．3 NoisesinbitmaplmageS ■  

3．4 Boundarypointextraction．．‥・・  

3．5 Multi－Stagejointpoinもextractionprocedure・ ‥・  

3．6 Unifyingtwojointpoints‥‥‥・   ・・‥・  

3．7 Reductionofredunda．ntjointpoints‥‥‥．‥．  

3．8 Connectingarcandlinesmoothly‥・‥‥・・‥  

3．9Jointpointsextractedbasedondigitalcurvature・・・・  

3．10Jointpointsextractedbasedonanalogcurvature ‥  

3．11Reconstructed character ‥ ‥        ．‥．   

4．1Compressionprocedure・‥ ‥‥‥・・・‥‥  

4・2 Codingprocessof七11ePreSentmethod‥■・・・‥・  

4．3 Reconstructionprocedure ‥‥・・‥■  ‥‥・  

4．4 0riginalimage・  …・・  

4．5 ReconstructedimagebytllePrOpOSedmethod‥・  

● ● ●  

111  

11   

13   

17   

19   

21  

26   

27   

30   

31   

33   

39   

41   

43   

46   

47   

4t3 

54   

57   

58   

61   

62   



4．6 ReconstructedimagebyJPEG・  63  

1V   



Introduction   



Chapter 1 

Introduction  

HumanbeingsareconstantlyreceivlngVariouskindsofinformationfromtheouter  

world，andprocesslngtheseinordertodetermineactionstotake・Considerlngits  

physICallimitations andneuronslgnaltransferspeed）thebraincanbesaidto  

beaninformationprocessingmechanismwithveryhighefnciency・Evenuslngthe  

latestcomputertechnology，itisstillimpossibletorealizeacomparableinformation  

processlngmaChine・Therea・1izationofsuchamachineisanever－endingquestin  

thefieldofcomputerscience・Thereshouldl〕eSOmeWaytOrePreSenttheslgnal  

inamorecornpactmanner・   

Whenweuseacomputertodealwithvariousslgna・1s，OneOfthemostfundamen－  

talproblemsishowtorepresenttheseslgnals・Samplingandquantizingis七hemost  

prlmitivemethodtoconverttheslgna・1intodigita・1discretevalues・lHowever，the  

datausua11yrequlreVerylargestoragespace．Onee抒ectivesolutionistorepresent  

theslgnalinamoreeconomicalmanner，Orinotherword，tOCOmpreSStheslgnal・  

Compressionmethodsforvariousca・tegOriesofobjecthavelongbeenstudied，and  

manytechniqtleS havebeendevelopedforacoustics，Stillimages，mOvies，andso  

On．  

Itmaybethoughtthattherequirementfordatacompressionhasbeenreduced  

bythedevelopmentoflargevolumestoragedevices．However，thisisnotwha七  

has happened・Theimprovemqnt ofcomputerpower andlargestorage devices  

l   



ユ．血七roduc七ioヱユ  

hasmadeitpossibletohandlemuchlargerdatalSuChasfu11colormovies・The  

bandwidthofthecommunicationline，Ontheotherhand，isafiniteresource，and  

theopportunityofdatatransmissionhasbeenincreaslngraPidlyaccordingtothe  

growthofcomputernetworks・Thoughweareabletoimplementacompression  

algorithmwithlargecomputationalcomplexity）aneWalgorithmwhichachieves  

betterresultsisrequired．  

In thesetraditiona・1compression technlqueS，WeCanfindacommonprlnCiple・  

Thesampledvalueistreatedastheorlglnalsignalandanexactreproductionof  

thevalueisattempted．TheselosslesscompressionmethodsareverylmPOrtantin  

manyfields．   

However，When dealing with slgnals丘om nature，the sampledinfbrmationis  

notexactlyasthatfoundinna・ture．Inthesecases，lossycompressiontechniques  

may be enoughto represent the true nature ofthe slgnal・Thes七andard s七i11  

imagecompressionschemeJPEGisoneexampleoflossycompressiontechnique・  

Theideaoflossy compressionis七hatwedon，t havetokeep alldataifwehave  

Slgnificantda七a・   

Thecompressionme七hodproposedinthisdisserta七ioncanbeclassifiedasone  

ofthelossycompressiontechniques．Theessentialcharacteristicof七hedatacom－  

pressionmethodproposedhereisthatit比extractsandrepresentsthefeature乃of  

theslgnal．Thiswillderiveomreeffectiveresultsandcompactalgorithms・   

Thisdissertationisastudyofcompressionmethodsforvariouskindsofsignal・  

Thougheachcompressionmetl10ddealswithslgnalswhichhavedifferentdirhen－  

sions，theyarea・11basedonacommonprlnCiple：theextractionof”featurepoints”  

whichcharacterizetheslgnal，inordertorepresenthowtheslgnalactsinthein－  

tervalbetweeneachpairofadjacentfeaturepoints．13asedontheexperiencethat  

slgnalinnatureusuallychangessmoothlywithsomeradicalchanglngPOints）this  

proposedmethodisdesignedtocompressestheslgnalbystoringthecoefBcients  

OfthepleCewisepolynomialfunctionapproximatingtheslgnal・  

2   
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In this dissertation，且uency functions are used to represent the variationsin  

slgnals．Fluencyfunctions canappropriately approximatethe object signalby  

changlng thedimension and order ofthefunction according to the continuous  

difFerentiabilityoftheslgnal．Weshouldnotethatsplinefunctionsarealsorepre－  

sentedasafluencyfunction．Thee仔ectivenessofthemethodisveriBedbyapplying  

thecompressionmethodtosevera・1且eldsofapplication・   

Theremainderofthisdissertationisconstructedasfbllows．  

InChapter2，aCOmpreSSionmethodforelectroencephalographyisdescribedas  

anexampleofanapplicationforone－Variableslgnals・Theelectroencephalogram  

（EEG）isacomplexelectricalsignalwhichreaectsgeneralizedbrainactivity・Ina  

typlCalrecordingsession，EEGsignalsarerecordedupto20electrodesforabout  

30min．Sincetheyneedtobestoredformanyyears，theamountofdatatobe  

storedbecomesverylarge・Inordertoreducestoragespace）adatacompression  

methodis hereproposedwhichmakesitpossibleto storethe EEG waveforms  

digitallywhilemaintainlngSufBcientqualityfordiagnosis・   

ThemethodisbasedonseveralfeaturesofanEEGsignal．AnEEGsignalvaries  

intimeandcanbeconsideredasthesumofabasalwavecomponentwithalong  

cycleandlargeamplitude，andasuperimposedwa・VeCOmPOnentwithaveryshort  

cycleandsmal1amplitude－ⅠくeeplngPreCiseinformationonthissuperimposedwave  

componentrequlreShugestorage・   

Themethodproposedcompressesthedatavolumebystoringthecoe氏cients  

oftheapproximationfunction・Themethodconsistsofthreestages・Inthefirst  

sta・ge，theEEGsignalisdividedintosegments・Eachsegmenthasasimi1arba・Sal  

wave cycle，Whichisextracted byfiltering thelowerfrequency components of  

theEEGwaveform．In thesecondstage，eaChsegmentisdecomposedinto two  

wavecomponents：thel）aSalwavecomponenta・ndthesuperimposedone・The  

decompositionismadebyrough1yapproximatingtheorlglnalEEGwaveform・The  

approximationfunctionbecomesthebasalwavecomponentandtheapproximation  

3   
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errorbecomesthesuperimposedwavecomponent・Thisenablesreductionofthe  

bit－1engthrequlredtorepresentthesuperimposedwavecomponent・Inthethird  

stage，thesuperimposedwavecomponentsareapproximated・ThecoefBcientsof  

theapproxima・tionfunctionforthebasalwaveandthesuperimposedonearestored  

ascompresseddata・   

TheperformalnCeWaSVerifiedbyaI）PlyingthemethodtonineactualEEGsig－  

nals．Aba，ndwidthofO．5～120Hzanda・dynamicrangeof60dBwereachievedby  

a，SamPlingratioof250Hzandanllbit／samplequantizationlevel・Thecompres・  

sionratio，Whichvariesforthecomplexityofthewaveform，WaSO・6480naVerage・  

TheprocesslngSPeedfbrlO24points，Ora・bout4seconds，is7・708secondsfor  

compressionandO・108secondsforreconstruCtion・  

InChapters3and4，COmPreSSionmethodsfortwo－Varial）1eslgnala・redescribed・  

InChapter3，aSyStemWhichalutOmatical1ygeneratesafunction－fontfromglVen  

binary（black－and－White）imagesisdescribedasanapplicationofthecompression  

methodfortwo－Varia・bleslgnals・   

Recently，SCalablefontshave cometo bewidely usedin thefield ofDesk七op  

Publishing（DTP）・Conventional1y，thesescalablefontsarecreatedmanually・Since  

therearernOrethan7，000Japanesechara・CterS，ittakesseveralyearstocreateone  

typeface・Itwasinordertoavoidthislaborthattheproposedsystem？Whichcan  

generatefunction－fontsa・utOmatically，WaSdeveloped・   

Thesystemgeneratesafunction－fontfromaglVenbinarylmagebyextracting  

and approximatingtheboundarypoints・Topreservethequality oftherecon－  

structedfont，thesequenceofboundarypointsis dividedintoanumberofseg－  

ments．Thepointwheretwosegmentsaredividedismarkedasaf6aturepoint，   

ToextralCt thesefea・turepOints a・PprOPria・tely，amulti－Stagealgorithmispro－  

posed．Thisalgorithmconsistsofthreestages・IntheArststa・ge，Obviousfeature  

pointssuchassharpcornersandtheendsofastraightline，areeXtraCtedbased  

ontheevaluationofdigitalcurvature・Inthesecondstage，featurepointsatthe  

4   
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junctionoftwodifFerentclassesoflines，e．g．，theJunCtionofanarcandastraight  

line，areeXtraCtedbasedontheevaluationofa・nalogcurvature・Inthethirdstage）  

inordertoreducethecompresseddatavolume，redundantjointpointswhichdo  

notaffectthequalityoftherecons七ructedima・geareeliminated・   

Finally，1）Otlndarypointsineachintervalbetweenadjacentjointpointsareap－  

proximaltedby且uencyfunction，a・ndthecoe抗cientsa・reStOredascompresseddata・   

Theeffectiveness、ValSeValua・te（lbyapplyingthemethodtobrush－WrittenChi－  

nesechara・CterS，Printedchara・CterSa・nddrawlngS・   

In Cha・Pter4，aCOmPreSSion methodforgrayscaleimagesis described as an  

anotherapplicationofthecompressionmethodfbrtwo－Variableslgnals・   

As computationalpowerhasincrea・Sed andmadepossiblethedevelopmentof  

largestoragedevices，animagearchivalsystemhascome七obeseenasapossibility・  

SuchasystemneedstobeabletostoremanylmageSandreconstruCtthemina  

shorttime．Acompressionmethodwhichpermitsfastreconstructionistherefore  

required．   

The proposed methodis constructedbyreplaclng the DCT operationin the  

JPEGimagecompressionschemewith且uencyfunctionapproximation・Themethod  

compressestheima・gebyal）PrOXimatingthegray－1evelin8×8pIXelblocks．The  

coefBcientsofthea・PPrOXimatefunctionarethenencodedbytheHufrmanentropy  

coder．Thecompressionratio，COdinganddecodingspeeda・ndthequalityofthe  

reconstructedima・ge are COmParedwith tl－OSeOftheJPEGimage compression  

scheme．   

Chapter5presentstheconclusions・ThescientiAcandtechnicalresults which  

wereobtainedthro一ユghChapter2toCha・Pter4aresummarized．Problemsl〕eyOnd  

thescopeofthisstudyarealsopointedout・  

5   
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Chapter 2 

Compressing EEG Data 

Inthischapter，aCOmPreSSionmethodforelec七roencephalogram（EEG）hasbeen  

PrOPOSeda・SanalPPlica・tionforthecompressionmethodforaone－Variableslgnal．  

2．1 Introduction   

Theelectroencephalogram（EEG）is acomplexelectricalsignalwhichreflects  

generalizedbra・inactivityandprovidesslgniRcantandusefulpara・meterSforclinical  

investigations．In atypICa・lrecordingsession，EEG signals arerecordedatupto  

20electrodesforal）Out30min・Norma11chartpaperrecordingrequlreSabout50m  

Ofchartpaper・Thisca・uSeS aSeriousprobleminsecurlngenOughstoragespace．  

Variousmethodshavebeenproposedtosolvethisprol）1em．   

The microfiche system［104］has the advantalge Ofenormous datareduction，  

butisproblema・ticincomputeranlalysis・Sincecomputersarefrequentlyusedfbr  

analysISnOWadays，itisappropriatetostorethedatainamachinereadableform，  

i．e．，digita・lly・   

Storingonlysomepara・meterSObta・inedthroughcomputera・na・1ysis［105］［106】  

alsoachievesadra・Sticreductioninstoragespace，buttheseparametersshowonly  

oneaspectoftheEEGsignala・nddonotholdsufRcientinformationfordiagnosis・  

ForthedevelopmelltOfnewa・na・1ysismethodinthefuture，itisdesirabletostore  

7   
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thewaveformitself．   

A digitalsamplingandabout500Kbytesofstorageperelectrodeisnecessary  

inthedigitalstorageofanEEGwavefbrm．Foraslnglepaltientwithafullcom－  

Plementof20electrodes，StOragerequlrementSreaChllMbytes．Therearetwo  

POSSibleapproachestoreducetherequiredstorage・Theseare（1）thedevelopment  

Ofarecordingdevicewithhigherdensity，and（2）thedevelopmentofadata．com－  

PreSSionmethod・Inthispaper，a・datacompressionmethodisproposedforstoring  

theEEGwavefbrmsdigitallywhilemaintailllngSu用・Cientqualityfordiagnosis・  

2．2 Specifications   

This section deals with thespecifica・tionforthe quali七yofthe reconstruCted  

WaVeform・Thereconstructedwaveformisrequiredtohavesu伍cientqualityfor  

diagnosis・Thisbillbesa・tisRedifthequalityisa・Shigha・Sthatofthewaveform  

recordedwiththeconventionalEEGmeasurlngandrecordingsystem・   

Thequalityiseva・1uatedbytheerrorbetweentheorlglnalEEGwaveformand  

thereconstructedwa．veform，de丘nedasfollows：  

（ma血merro拍。豊艶l（瑚一之（り）回。薫乳1（g（り－糊）－  

where（z（ti））慧1and（姉））慧1representtheoriginalEEGwavef。rma．ndthe  

reconstructedone，reSPeCtively．   

TheconventionalEEGmeasurlngequlpmentha・SaSenSitiViもyoflpVandde－  

mandsthat a，nerrOrOfmorethan3FLVdoesnotoccurmorethanonceasec。nd．  

TheconventionalrecordingequlPmentisanFMmodulationanalogdatarecorder  

andhasanS／Nratioof50dB（p－P／rms）andadYnamicrangeof60dB．Fromthe  

relation be七weentheS／N ratio and dynamic range，the toleranceerrorofthe  

recordingequlPmentl）eCOmeSabout2′LVp－P・The＄PeCificationfbrthequality  

requiredforthereconstructedEEGwaveformissummarizedinTable2．1．  

8   
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Tal）1e2．1：  Recluired qualityforthereconstruCtedwaveform  

bandwidth  o．5～120Hz  

sellsitivity l〃V  

dyna・micrange  60dB  

tolera・nCeerrOr  2p鴨＿P  

2．3 Compressionand ReconstructionMethod  

2・3・1 Designpolicy  

TheEEGwaveformsarecompressedafterconvertingintodescretevalues．   

Thespeci丘cationofa・1）andwidthofO・5～120Hzandthedynamicrangeof60dB  

CanbeachievedbydigitizingtheEEGsignalwithasamplingrateof250Hzanda  

quantizationlevelofllbit／sample，1FLl〃1evel．Thecompressionratioisde丘nedas  

theratiobetweenthedatavolumeaftercompressionto七hatofthesampledand  

quantizedwavefbrm・TheremainlngPrOblemforthemethodistosuppress the  

maximumerrorunder2ILILp・   

ThedeslgnOfthemethodisbasedonthepropertiesofEEGwaveforms．Since  

a・nEEGisamulti－Channelsignal，eaChchannelca・nbeprocessedinparal1el．  

Inthismethod，aOne岬ChannelEEG waveformis compressedbyanorlglnalal－  

gorithm・ThatistoapproximatingthewaNeformbyamathematicalfunctionand  

storethecoe伍cientsofthefunctionascompresseddata．ForefBcientcompression，  

appropriatea・pPrOXima・tionbecomesanimportantproblem・   

Thecycleofawaveformisnotstablebutvariesintime・Thus，thefirststepln  

themethodistodividethewaveformintosegments，eaChofwhichhas asimi1ar  

cycle，SOtha七thefu11Ctionapproximationinthelatterstagemaysucceedinmudl  

lowerdimensinon．Thisdivisionisdonebyevaluatingthecycleofthelow－PaSSed  

wavefbrm．Thepointwherethewaveformisdividedintosegmentsiscal1edthe  

9   
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“featurepoint．”   

Thewaveformcanbeconsideredasacombinationofthebasalwavecomponent，  

Whichusuallyhasalongcycleandlargeamplitude，andthesuperimposedwave  

COmpOnent）Which usually has a short cycle alnd smallamplitude・Huge data  

VOlumewasrequlredtorepresentthesmal1vi1）ra・tionsofthesuperimposedwave  

COmPOnentPreCisely．   

Thusthesecondstepinthemethodistodecomposethewaveformintotheba，Sal  

WaVeCOmPOnentandthesuperimposedwa・VeCOmPOnentinordertoreducethebits  

requiredtoqua・ntizethesuperimposed waNeCOmpOnent．This decompositionis  

donebyapproximatingthewaveformroughly・Therougha・pPrOXimationfunction  

becomes the basalwave component and the a・pPrOXimation error becomes the  

Superimposedwavecomponen七．  

In thenext step，eaChofthesedecomposedwaveforms areapproximatedbya  

mathematica・lfunction・The a・pPrOXimation functionis a pleCewise polynomial  

Whichcan appropriatelyrepresentlocalvariation．Inthispaper，且uencyfunction  

［107］is used as a・n aPPrOXimatiol－function becaIuSeit hasless vibrationon an  

approximatedcurve・   

Theerrorisevalua・tedbytheleastmeansquarel）eCauSetheapproximationerror  

oftherest11tdoesnotconcentrateatonepoint，andproducesagoodapproximating  

resultintermsofcomputercomplexity．Themostefncientcompressioncanbedone  

l）yfindingtheapproximationfunctionwith七hesmallestdimensionwhichsatis鮎s  

thetoleranceerror．Thedimensionissea・rChedbvabinarysearchwhileiterating  

theapproxima・tion・  

2．3．2 Compressionmethod  

Figure2・1showstheoutlineofthecompressionmethod・   

First，theaxesaredetermined七odigitizetheorlglnalwaveform・Thesampling  

lO   
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Figure2・1：CompressionprocedurefbrEEGwaveform・  

11   
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points（ii）慧1aresetinequidistance・  

ま宣＝哀×ん，  五＝0，1，2，…，∬－1   

Fromthesalmplingra・teOf250Hz，tlleSa・mPlingcycle h becomes h＝4ms・Let  

z（li）bethesampledva・1ueofthewaveformateachsamplingpointti・Fromthe  

requlrementSforthedynamicrange，thequantizaltionbitlengthbecomesllbits・   

Thewa．veformisdividedintosegments，eaChofwhichhasasimilarcycle・The  

divisionis done a・S follows．First，the orlglnalwaveformisfiltered bylow－PaSS  

digitalfilter．Byeva・1uatingthecycleoflow－PaSSWdwaveform，WeCanObtainthe  

rough cycleofthewaveform・The cut－0fffrequencyofthelow－PaSSfilteris set  

七018Hzwhichis the typICa・1丘equency ofafast wa・Ve．Next，the鮎st cycleis  

ma・rkedastheref6rencecycle・LetlrefStandforthisref6rencecycle・Eachcycle  

iscomparedwiththecyclelref）andwhilethecycleisintherange  

【Jref－1U，Jref巾〟】，   

itis considered to bein the samesegment．Ifthe cycle goes out oftherange，  

thepointismarkedasafea・turepOint，andthecyclebecomestheneXtreference  

cycle．The toleranceva・ria・tionwis determi11ed as w＝60ms a・CCOrding to the  

experimentalresults・Thissegmentisthebasicunit、Vhichthecompressionand  

reconstructionprocessesa・reaPplied．  

Inthefollowlng，theprocessforonesegmentisdescril）ed・   

TheEEGwaveforrnisdecomposedintoabasalwavecomponentandasuperim－  

posedwavecomponentandapproximatedbyafunction・Thedecompositionand  

thea・PPrOXimaltionisprocessedalSfol］ows・   

ThedecompositionisperformedbyroughlyapproximatingtheEEGwaveform  

withatoleranceerrorof（2L－1）FLV。＿。・Theapproximationfunctionbecomesthe  

basalwavecomponent，andtheapproximationerror，WhichisthedifFerenceslgnal  

betweentheorlglna・1EEGwaveformandthebasalwavecomponent）becomesthe  

superimposedw乱VeCOmPOnent（Fig．2．2）．Sincetheapproximationerrorislimited  

12   
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Figure2・2：DividingEEGwaveforrnintotwowavecomponents．  

13   



2．Co乃】pユーe5β用g且∬G肋ね  

under（2L－1）ILV。＿。，therequiredquantizaltionleveltorepresentthesuperimpo＄ed  

WaVeCOmPOnentbecomesLl）it．TheconstantLwalSdeterminedasL＝4according  

totheexperimentalrest11ts．   

ThestlPerimposedwavecomponen七，Whichisol）tainedalSanapPrOXimationeト  

ror ofthe previous sta・ge，is then approxima・ted uslng月uency functions・Thi＄  

approximaltionisexactlyidenticaltothemetho（lwhichwasusedin theprevious  

SteP，eXCePtthatthetoleranceerror，Whichdeterminesthemaximumerrorofthe  

reconstructedwaveform，1SSettO2／LVp－p・  

Inthefollowlng，thefunctionapproximationprocessisdescribedindetail．   

Let（v（ii））㌫1standfol・thesigna11beingapproximated．   

The approximationfunction s（t）for each segment between adjacent feature  

POintsisrepresentedl）ythe且uencyfunctionofdegree2－   

Let［0，T］bethesegmentl〕etWeena（ljacentf6aturepoints．Theapproximation  

hnctions（i）forthesegment［0，T］canbereprescntedbyalinearcombination  

几＿3  

β（り＝∑cん血（り，  
た＝－2   

Where擁（i）isaloca・1supportedfunctiorl：  

㌔ ト1）r′  
軌再）＝3（r／れ・）‾2∑  （土－（r／可（た＋刷‡，  

左石刷3－ヴ）！  

た＝～2，－1，‥．，Tl－3   

Here，（i－a）iisaltrunCatCdpowerfunctiondennedas  

〈 

（トα）2，上＞α  

0，  ま≦α  

（ま－α）‡全  

ThecoefRcients（ck）芸三三。OftheapproximationftlnCtions（t）arcdeterminedby  

SOlvingtheregularequations   

羞cた〈貰仙仙））＝若槻刷 叫－1，…，－ユー3・  
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2・Co∫叩ヱ・eざ封刀g且且Gかaね  

Theoptimaldegree7一・Of七heapproximationfunctionshal1betheminimumdegree  

whichtheerl・Or  

Io薫諷1（β（り一 之（り）川。濃1（姉ト5（り）I  

becomesun〔lerthetolera・nCeerrOr・Theoptimaldegreeissearchedbyabinary  

Sea・rChwhileiteratillgtlleaPPrOXimation．   

Thelel－gthofsegments，dimensionnandthecoefncien七s（ck）芸；三2areStOredas  

COmPreSSeddalta．   

Thedata・forthebasalwavefbrmandforthesuperiml）OSedwaveformsarestored  

SePa・rately・Toavoiddistortioninthequantization，theeffectoftheroundingerror  

ofthecoe伍cients to thefunctionvaltleShallbeset at underO．う．   

Theeffectofthel・OundingerrorofcoefRcientscktOthefunctionvalue（［Property  

l］）andtherelationoftheamplitudera・ngeOftlleaPPrOXimationfunctions（i）to  

thatofthecoefBcients（ck）芸；三2（〔Property2〕）arefbundinRef．［108］．   

［Propertyl］  

Letc芸1）ethequantizedrepresenta・tionofckin負nitedigits．Thetwofunctions  

S（i）ands＊（i）definedas  

β（ま）全岩。ん偏，  
ん＝＿2  

ルー3  

5＊（り会∑c執り，  
ん＝－2  

Satisら′thefollolVユ11gl・elations．  

書落伸）一可川≦ max  
－2≦鳥≦れい－3 

［Property2］  

Thea・PPrOXima・tionfunctionreI）reSentedby  

れ－3  

β（り＝∑cん¢叫），  
た＝－2  
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holdsgoodthat  

3lc鳥l≦2（農務1β酬）   
＿2＿   

From［Propertyl］，thestoreddata（c芸）芸；三。isobta・inedbyrounding（ck）芸；三2  

to aninteger．Since the quantizationlevelofthe orlglnalwaveformisllbits，  

thecoe餓cients c芸fortheba・Salwavecomponent canbestoredin12bits．The  

coe伍cientsforthesuperimposedcomponentscanbestoredin5bits．  

2．3．3 Recons七ruction method  

ThereconstruCtedwaveformcanbeobtainedbyaddingthebasalwavecompo－  

nent andthesupel・imposedoneforeachsegment・Thereconstructionprocedure  

isshowninFig．2．3．Thebasalwavecornponentandsuperimposedonearerecon－  

structed asfollows．   

Let［0，T］bethesegmentforreconstruction・Ifthepointiiisinthedomain  

［（T／n）（M－1），（T／n）M］，thevalueofthea・pPrOXima・tionfunctions（t）atthepoint  

tiisgivenasfollows［109］．   

凡才＋2  

占伍）＝∑c紺来り  
ん＝凡才  

Here，擁（ii）isrepresentedby  

0・5×p2  た＝』オ  

p（1－p）＋0・5  た＝勇す＋1  

p（0・5クー1）＋0・5 た＝』す＋2  

0  た≦勇才一1，月才＋3≦た  

p＝勇オーtfXm／r．  

・血圧）＝  

2．4 ExperimentalResults  

Theperformanceof七heproposedmethodwasevaluatedbyapplyingittonine  

typICalclinicalEEGwaveformsselectedatToranomonHospital．  
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Figure2・3：ReconstructionprocedureforEEGwaveform．  
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Ta．ble2．2：Experimenta・1results  

waveform  comp．  error processingtime（sec）gzip  

ratio   （ILli，＿P）comp・ reCOnSt・  

0．928   

0．783   

0．842   

0．450   

0．548   

0．884   

0．658   

0．974   

0．939  

6．060  0．113   

5．040  0．114   

7．420  0．120   

3．050  0．126   

4．940  0．109   

6．910  0．123   

3．610  0．097   

11．140  0．120   

21．200  0．053  

0．6128  2．0   

0．4492  2．0   

0．6074  2，0   

0．4858  2．0   

0．4082  2．0   

0．6948  2．0  

（a）irregula・rSlowwave  

（b）hump＆spindle  

（c）1argefastwave  

（d）spike  

（e）α－WaVe  

（f）fastwave＆spike  

（g）small－amplitudeβ－WaVeO・7183  2・0  

（h）EEGwithEMG  O・8535   2・0  

（i）EEGwithstrongEMGl■0000  0・0  

avera・ge  O・6478  1・78   7・708   0・108   0・778   

Thewa・Veformsweredigita・1izedl）yaSamPlingrateof250Hza・ndaquantization  

levelof16bit／sample，1F上V／1evelandtemporalirystoredinaharddisk・Thecom－  

pressiona．ndreconstruCtionmetllOdswcreiml）1ementedonaworkstationSun4／1  

（12．5MIPS，SunOS4・0・3），andthecornpresseddatawerestoredinanoptica・ldisk・   

Figure2AsllO、VSthel・eCOnStruCtedwaveformswiththeorlglna・lones・Tal）1e2・2  

showstheexperimentalresultsforthequality－COmpreSSionra・tio，andtheprocess－  

ingtime．Thecompressiol－ra▼tiol）yCOnVentionalcompressionmethod（gzipl・2・4）  

isalsoshownforcompa・ration・Theproposedmethoda・Chievesbettercompression  

ratioontheavera・ge・   

ThebandwidthofO．5～120Hza・ndthedynamicrangeof60dBwereachieved  

byasamplingratioof250Hzandthequa・ntizationlevelofllbit／sample・The  

compressionratiova・riesforthecomplexityofthewaveform7andtheaveragewas  

O・648・TheprocesslngSPeedforlO24pointslOral）Out4seconds，is7・708seconds  
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Figure2・4：Orig111ala・n（lreconstructedwaveforms  

19   
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Figure2．∠1‥Originalandreconstl・uCtedwaveforms（continue）  
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2・Compre5封刀g且且G肋ね  

Figure2・5：ReconstruCtedwavcrormsunderdifferenttoleranceerror．  
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2・Co乃叩j・e5別点g且且Gかaね  

Table2．3：Relation between the tolera．nce  errorandthecompressionratio  

Tolera・nCeError（ILlち●p）   2  4  8  12   

CompressionRaltioforwaveform（a）  0．4492 0．4019 0．3047 0．2637   

Averagefbrninewaveforms   0．6478 0．6053 0．5471 0．4887   

forcompressionandO．108secolldsforreconstruction．   

Table2・3showstherelaltionbetweentoleranceerrora・11dthecompressionratio．  

ThereconstructedwavefbrmisshowninFig・2・5・Thearrowshowsthepointwhere  

thequalityislost．   

Theexperimenta・1resultshowsthatthea′Chievedqualityisashighasthatfora  

COnVentionalrecor（lingdevice．Cliniciansalsosaythatthesereconstructedwave－  

forms have sufficient quality for diagnosis．The method therefore satisAes the  

SPeC抗cationdeterminedinSection2．2．  

2．5 Summary  

AtypICa・1recordingfora・Pa－tientcanl〕eStOredin7Mbytes，WhichwasllMl）yteS  

beforecompression・ThismakesitpossibletostoreEEGdataforllOpatientson  

a・n800megal）yteOPticaldisk？Whichcot11donlystoredatafor70patient＄・   

TheprocesslngSPeedmeansthatreconstructionisfastenoughtorecons七ructin  

rea・ltime）Whilecompressionca・nnOtl〕Cdonesoquickly・Realtimereconstruction  

ispossil）1eifthisa・1gorithmis modi鮎dtoprocessinparallelorimplementedin  

hardwa・re・Most ofthetirnetakenforcompressionisspentindeterminlngthe  

Optima．1dimension．   

Furtherl・eSea・rChjsrequjl・edforthedynamicsettingofappropriatetolerance  

elTOrlenhanclllgthespeedofthedetermil一】ngPrOCeSSfortheoptimaldimension，  

improvementofha・rdwareimplementa－1）lealgorithm，andfortheutilizationofcor－  

relationbetweenea．chcha．nnel．  
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Chapter 3 

An Automatic Function－Font  

Generating System  

Inthischa・Pter，aCOmPreSSionmethodforbina・ryimagehasbeenproposeda）Sa・n  

applicationforthecompressionmethodforatwo－Variableslgnal・  

3．1 Introduction   

The written wordis the next oldest means ofcommunication to the spoken  

word［113］．SinceGutenberginventedtheprintingmachineinthe15thcentury，  

thenotionsofutype門and㍑typesetting”havedevelopedandradical1ychangedthe  

e氏ciencyofprinting・Typesettinghascllangedfromhand－COmPOSitiontophoto－  

typesetting．Althoughsomemethodsoftypesettingareevencomputercontrolled，  

aphototypegetterisbasicarllyanopticalsystemconsistingofmirrors，1ensesand  

soon・Sincetheima・geOfacharacterisprocessedasananalogslgnal，theoutput  

imageha・SVeryhighresolution・However，enlarglngaCharacteruslngOPticallenses  

ha・SaPhysicallimita・tion：i七cannotenlargetheima・gewithoutdistortion・   

Recently，COmPuteraidedelectronic（ligitalprintinghasbecomefeasiblewith  

theincrea・Singpowcrofthecomputer［111〕・Therea・retWOkindsoffbntwhicha  

computercanhandle：1）itmapfontsandscalal）lefonts・Abitmapfontisapicture  
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3．A乃Auねm∂．fJc凡刀C揖oJト釣刀f GeJ】eヱ・a血g・勘′扇思m  

ofthefontwhichhasbeenoptimizedtolookgoodat a・SpeCi丘csize・Thoughit  

isacompa・CtWayOfrepresentingfontswhen七heyaresmallinsize）i七ca・nnOtbe  

SCa・1edtoothersizes．Scala．blefonts，OntlleOtherhand，a．redennedma・thematicaIlly．  

Therea・1・enOlimita・tionsinenla・rglngthecha・ra・Cterbecauseitca・nberenderedat  

alnyrequeStedsize・Increaltillghighqualitydocuments，ma・nyfontswithvarious  

typefa・CeSa11dsizesa・rerequired．Consideringtherequlredstorage，itisol）Vious  

tha，t WeShould usescalal）1efonts．However，thecreation ofscaユal）le fbn七sis noも  

aneasy ta・Sk・Evenan expert takes a・bout anhourto crea．teone typefacefora  

Singleclla・raCter．InJa・Pan，Sincetherea・remOrethan7，000cha．racters¢eAnedin  

JIS（Jalpa・neSeIndustria・1Standard）cha・raCterSet，ittakesal）OutayeartOdevelop  

ascalablefontforonetypeface．   

TheultimaltegOaユofthisresearchistodevelopasystemwhichautoma・tica・11y  

generatessca・1al）1efontsfromaglVenbitmapimage・Generatingascalablefont  

fromabitmapimagecanl）ethoughtofasextractingtheessenceofthetypeface  

fromtheva11ueatsampledpoints．   

Prelimina・ryreSearCh，Priortothisstu〔1y，lnVOIvedanexperimentonautomatic  

function－fontgenel・althlgSyStemforbruSh－Writtencharactersandfol・Pl・iユ1tedchar－  

a・Cteralnd貧gures【5〕・Throughtheseinvestigation，SSeVera・1problemsinconstructing  

apractica・1systeml）eCa・meClear・Inthischa・Pter，aPra・CticalsystemtogeneraIte  

function－fontsforprintedcharactersand負guresisproposed・  

3．2 Specifications   

Figtlre3・1showtheoutlineoftheinitialexperimentsystem・First）thebounda・l・y  

POintsaretracked丘omthel）itmapirna・ge・Severa・1setsofboundarypointsa・re  

Ol）ta・ined・Eachsetofl）Oundarypointsisapproximatedbyfluencyqfunctions．To  

keepthequalityofthel）itmaplmage，SOmefeaturepoin七sareextractedina（lvance  

Offunctiona，PprOXimation・Thesepointsa・reCalled“jointpoints”一）eCatlSetheyare  

Pla・CeSWheretwofunctionsareJOlned・Finally）thecoefBcientsoftheapproximation  
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3．AnAutoma．t］cFunctloかfbntGenerating旦ystem  

functionbecomeoutput．   

Theinitia・lexperil－一entSindicatedthefea・Sibilityofapracticalsystem・However，  

thefollowlngpl・OblemsalsobecalmeClear・  

・IntheinitialexperilllentS，thesizeofl）itmapwa・S触e〔lto256×256pixels・We   

foundthattllissizeisnotst瓜cienttogeneratefunction－fontsforcomplicated   

cha．ra．ctel・S．  

・Intheinitialexperiments，thebitrnaPimages wcretreatedasnoiselessim－   

ages・Usua・11y，however，thebitmaplmalgerea・dbyascannerconもainsseveral   

kin（lsofnoise．Therefore，a・nautOma・ticorinteractivenoisereductionmethod  

isrequlred．  

●Intheinitialexperiments？thel）Oundarypointswcresimplytracke（1usll－g   

theeight－neighl〕Orlng COnneCtion rule・This caused aserious problemin   

theaPPrOXima・tingstagewhentheimage becomes morecomplicated・An  

improvedtra・CkingalgoritllmShoul（lbedevelope（l．  

・Intheinitia・1experilnentS，thelocationofjointpointswcrealwa．yssnapped   

tothelocationofal）Otlndarypoint・Sincethel）OundaIryPOintsareJuSta   

Sarn1）1ingpoint，theloca・tionofa・jointpointshouldl）efl、CCfromthem．  

●IntheinitialexperilnentS）theta・ngentlinesoftheapproximatefunctionat   

jointpointsarenotconsidereda・tall・Thiscausesaninsumcientlysmoo七h   

COnneCtion a・n（lproduced a・n unSatisfactory effect when thefunctionイonts   

WerereCOnStruCtedinlargesizes．   

Thedesignofthea・Ctualsystemproposedtakesthea・一〕0Veintoaccount，aSShown  

inFig・3・2・IntlleneXtSeCtionっeachmoduleisdescril）edindeta．il．  
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Figure3・1：Structureoftheinitialexperimentsystem  
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3・AnAutomatlcFunction－Fbnt Generating柑stem  

Scanning Module 

Bitmap Image Mod漬cationModule  

BoundaryExtraction  
Module  

ListofBoundary  
Points  

ListofJointPoints   

Fluency Function 
Approximation  
Module  Function山  

Representation  
OftheImage  

Figure3・2：StruCtureOfthefunction－fontgeneratingsystem  
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3．3 CompressionandReconstruction Methods   

3．3．1 Compressionmethod   

3．3．1．1Scanningmodule  

Mostfontdesignersusua・1lvdeslgntheirfbntsonasheetofpaper－Thereforethe  

orlglnalima・geSllOt11dl）erCa・dl）yanOPtica・1reader・TlleSCannlngmOdulereads  

theimalgeOfa・Cha・ra・CteruSlng anOPticalreader a・nd writes abitmap別eas an  

Output・  

Itis ol〕Vioustha・t thelarger thesizeofabitmap becomes，themoreacctlrarte  

approximationisava・ilal）le・ThesizeofabitmapISCOntrOlledbythesizeofthe  

orlglna・1ima・ge andl）y thescannlng reSOlution・The size oftheorlglnalima・ge  

ca・nnOtChangebeca・uSeitdependsonthedeslgner）sskill・Ifthesizeissmall）the  

designcannobbcprecise・Butifitistoolarge，thebalanceofthetypefacecannot  

bema．inta，ined．Theresolution should thereforebecontrollable．  

3．3．1．2 Bitmapmodificationmodule   

InthepreviousworkintheWisdomSystemsLal）OratOry）thelnPutima・geSWere  

treated a．s noiseless．However，a bitma・Pimage whichis scanned byan optical  

reader conta．inssevera．1kin〔lsofnoise．Asis expected，thehighertheresolution  

becomes，the worse the ol）tained bitma・Plmalge becomes・Thisis because the  

sensitivitytonoisebecomeshigher・Therefore，anOisereductionmethodshould  

beprovided・Themod沌cationmoduleprovidesnoisereductionfeaturesforthe  

fo1lowlngnOises．  

Raggededges：Theedgesofascannedl〕itma・Pimageareusual1yjaggy（Fig・3・3）・  

Thiskindofnoiseca．nbeelimina・tedbyatemplatematchingmethod・   

Isolateddots：Isolateddotsa・rCOftengenera七ed・Themostestablishedmethods  

toeliminatesucllnOisea・rCdilaltationandshrinking・Itcanalsobeeliminated  

bythetemplatematchingmetho（l・  
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Rotation：Asthercsolutionl）eCOmCShigh，itl）eCOmCSdi侍・Culttoa・dj11Stthcsheet  

vertica－11yorllOrizonta・11y・Themodし1leprovidcsafunctiontoslightlyrotate  

theimagcsoa・StOStraightel－thema・rkedpointsverticauyorhorizonta］1y・   

Then10dulealsoprovidesabitmapeditorwithothcrprlmitiveoperationssuch  

asshift，軋p，1nVerSeandsoon・  

3・3・l・3 Boundarytrackingmodule  

This module reads al〕itma・Pimageas anlnPut and writes sets ofboundary  

POintsasanoutpu七・  

Inthepreviousworkinourlaboratory）theboundarypointsweretrackedbased  

ol－eight－neighl）Orll－gtraCking・This methodhasdisadvantages・Oneisthatthe  

blackpixelandthewhiteplXelsarenottreatedsymmetrica11y・Evenif七heshape  

ofareglOnisthesan－e，theshapeofthcl）OundaryresultsdifFer・Ano七herproblern  

occursincaseswherethcwidthofthcblacka・reaisonlyoncplXel，Trackingsuch  

animagemaygencrateoverlapp11－gCOntOurSフOralreglOnWithnowidth・These  

arcshowninFig・3・4（a）・   

rroavoidtheseprol）1ems，thel）Oundarypointsaretl、aCkcdl）yuSing2×2masks［116］，  

showninFig．3・4（l）），Whichisbasedol－anedgc払1lowingrnetho（1・Thoughthis  

（loesl－Otgivccompktesymmetry，itdoesgivel）CttCrrCSし11ts（Fig・3・4（c））with  

SlightincrealSeOfda・ta・  

3．3．1．4Join七pointextractionmodule  

Thejointpoill七extraction modulereadsasetofboundarypoi］l七s孔Sanlnput  

and writes aset ofjoint poin七sas output．Forcachintervall）etWCel－adjacent  

JOin七pointsフalabel，Whichin〔1icatcswhichkindoffunc七ionwoし一L（1l）eSl－ita・blefor  

approximation，1SalsoglVel－a・SOutPut・lnthcfollowlng，ana・lgorithmtoextract  

appropria七cjointpointsisdcscril）edindetail，  
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（C）  
（b）  

Figure3・4：Boundarypointextraction   

（a）boundarypointsextl・actedbyeight－neighl）Oringconnectionrule・  

（1））2×2masksforedgeイo1lowing．  

（c）boundarypointscxtractedbytheprcsentmethod．  
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Figure3・5showstheoutlineoftheextra・Ctionmodule・Themoduleconsistsof  

3stages・Inthefirststa・ge†01〕Vious」OintI）Ointcandidatesal・eeXtraCtedatright  

a・ngledcornersa・ndaltl〕Othendsofastra・ightline，byevaluatingthedigita・1cur－  

vature．IntlleSeCOndsta・ge，additionaljointpointcandida・teSareeXtraCted、Vhere  

thekindofa・pprOXimaItionfunction，SuChasastraightline，arC，OrOther curved  

line，Shouldbecha・11ge（l．Inthethirdsta・ge，redundantjointpointcandidatesa・re  

removed．   

ThealgoritllmdifrersfromthatofinitialexperimentsinthefollowlngtWOWayS・  

●Inthismethod，thepointmarke（la・SaJOintpoilltCandida・teOnlymeansthat  

thefinaljointl）Ointexistsnearthepoint．Inotherwords，aPOintwith no  

ma．rkmaybecomea・且na・1jointpointinsteadofthemarkedone・  

●The負naljointpointsa・renOtreStrictedtothel〕Oundarypoints・Thismakes   

itpossibleto負n（lamoresuitablejointpointlocation，Whichminimizesthe  

appl・OXimationel、rOrinthea・PprOXimationmodule・  

Extracti11gJointPointsBased on DigitalCurvature Let（（xil，yil））㌍1  

denotesasetofl）Oun（la・rypOints・   

First，theriglltangledcornersa・reeXtraCte（lbyevaluatingthedigitalcurvature  

ateverypoint・Thedigitalcurvatureiscalculatedas  

αゎ〃1・わh〃1  
21＝1，2，…，T11  君1八・1＝   

I叫1高向1入・1l’   

where  

勘1〃1＝（ごゎ＋的一ご山裾＋机一仇），  

わら〃1＝（∬il」㍉－勘1，仇＿爪一肌1）・   

Herethesyml〕01‘・つdenotestheinnerproductofvectors・Thepointwhichsatis鮎s  

theconditionof彗1Nl＝Oisconsideredasarightangledcornerandmarkedasa  

JOintpointca・ndidate■TlleCOnStantKlissetasKl＝3sothatthecandida・teS  

：う2   
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Figure3・5：Multi－Stagejointpointextractionprocedure  
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areextractedatthealPPrOPl・ia・telocationwherehumanwouldalsothinkthejoint  

Doint must be tbere. 

Next，both ends ofstra－ightlines are extracted asJOint point ca・ndidates．If  

apointwhicllSa・tis鮎s theconditionof書1Nl＝－1colltinuesformorethanK2  

points，thesequenceofl；2＋2×KIPOintsisconsideredasanol）Viousstraightline．  

BothendsofthisseqtlenCea・remarkedasJOi11tpOintcalndida・teS．Thesequenceis  

alsola・1）eled asstra・ightlineca・ndida・te・Theconstantl；2is set asK2＝25．The  

jointpointcandidatesareextractedas（（祀）粛））島，．Heren2isthenumberof  

JOintpointsextractedinthisstage・  

Extractingjoint points based on allalog curvatureIn thesecondstage，  

a．dditionaljointpointsa・reeXtraCteda・tthepointsofconnectionofdifferentkinds  

oflines．Since the connection may be smooth，the point cannot be decided by  

thedigitalcurvature・Thea・nalogcurvatureisthereforetemporarilycalculateda・t  

eachboundarypoint．ThesccondstalgeCOnSistsoftwoprocesses・First，aSetOf  

boundary poilltSl〕etWeen ea・Cllpair ofa・djacentjoint pointsis approximatedl）y  

且uencyfunctionof（legree2．Then，byevaluatingthe curvatureofthefunction  

a・PprOXimaltingthel）Ounda・ryPOints，theconnectionsbetweel－difFerentclassesof  

thelinea・redecide〔lalndmarkedasadditiona・1jointpoilltS・Inthefo1lowlng，eaICh  

PrOCeSSisdescril〕edil－deta・il・  

FunctionaprOXimation：Let（（xi3，yi3））簑1Standforasetofl〕Oundarypoints  

betweenea・Chl）a・ir ofaldja・Centjointpoints．Heren3mea・nS thenumberof  

pointsin the sequence．One convellient method to represent a curve on  

2－dimellSionalspaceisparametricexpression・HerewearegolngtOaPprOXi－  

maltethesequencewith（sx（i），Sy（i））withparameter士，WhcresT（i）andsy（i）  

a．renuencyfunctionsofdegree2a・pPrOXimatingthepoints  

（（まi。，ごi。））提1， まi。＝Z3－1  
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and  

（（まi。，yi。））覧1， まf。＝甘3－1  

respectively．   

The且uencyfunctiollOfdegree2isidenticalwitha・Splinefunctionofdegrce  

2・Itis a pleCeWise polynomia・1a・ndis continuously difFerentiablein the  

Observationdoma・il一［0，T］・Thejointsofthepiecesa・reCalledknots，（Ek）芸＝＿2，  

an（ltheyaregivenbyEk＝（T／77・）k（k＝－2，－1，・．・，n），Wherenmeansthe  

dimensionofs・Thefunctionscanberepresentedby   

m－3  

5（り＝∑cた恥3（り  
ん＝－2  

WhereNk，3（i）isanorma・1izedl〕－Sl）1inefunctionde且neda．sfollow＄：  

八′．′ハ＿。〃γ′M、勺さ′ …（トどん＋p）‡  叫3（り≡3（r／れ・ト2∑ト1）p       几’）、′ 、▼′▼′ ‾＼‾ノ  
州3一夕）！  

Here，（i－a）iisatruncatedpowerfunctionde餌edas  

〈 

（ま－α）2，ま＞α  

0，  ま≦α  

（壬－α）‡全  

Coe用cients（cん）昔三三。areCa．11edB－SPliユ1eCOe用．cients．  

Whenn≧3，theparame七ers（cx；4）詰ま2and（c叛）荒ま。Ofs霊（t）andsy（t）  

a・1・edeterminedtomiユユimizeもhesqua・reerrOrQ：  

n3 T13  

Q＝∑l∬‘。二β。（まf。）l2＋∑転－β訂（ff。）l2  
古3＝1  わ＝1   

aS   

れ－3 れ3 
れ3  

∑c訂ん（∑勅3（まi3）恥（り）＝ 
ん＝－2   毎＝1  

． 

m－3 713 
γも3  

た妄。C裾（吉咽i3）棚3））＝吉刷3（ま・；3＝＝－2，十‥，丁ト3  
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respectively．   

Inordertojudgetheconvergenceoftheleastmeansquaresapproximation，  

the（limension nisincrea．sed until  

（βご（fi。ト諾i。）2＋（β〟（まf。）一肌。）2  ど ＝  maX  

O≦亡－3≦mユー1   

becomes e＜0．90．   

Decidingjointpoints：Inthisprocess，jointpointsatconlleCtionsbetweendi仁  

ftrentkindsoflineareextractedl）yfindingbothendsofstraightlinesand  

ofa．rcs．  

Thenextpropertyshowsequationsto餌dthecurvaturea・nalyticallyfl・Om  

thecoe用・CielltSOftheappl・0Ⅹimatefuncもions．  

（Property）Lettheapproximaltionfunctionrepresentedintheform   

れ－3  

β∬（畑＝∑c打た軋3（け  
た＝＿2  

Here，Ek＝（T／n）kisgivenasequispacedlmotsinthcobservation（lo－  

main［0，T］・Letsx（i）isalsol・el）1、eSentedintheform  

占∬M＝αガま2＋鋸＋≠．  

The（αx，島，7x）a・redeterminedas  

d2β∬（り   

d土2  

d2β∬（り  

／2，  

－2α∬ま0，  

¶。＝＝・私（ま0）－（α訂fo一品）王。，  

ま0∈ほた，g叫1］   
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Thenthej－thderivationofthefunctionofdegree（m－1）indomain  

［Eo≦ま≦En＿2］isdeterminedas  

〈姜c霊榊） ）  

m－3   

∑ c崇恥3（り，  
ふニゴ＋1一丁乃  

d・7．ぎ。（ま）  

鵡   

＼Vllere  

（ゴ＝0）  

（ゴ＝1，2，‥・，”い－1）  

Cユ‥た  

（m－ゴ）（紺lし場ニ））  

∈力十川いっ＋1－〈ん  

Fromthisproperty，thecurve（11inebetweenJOintpointsarerepresentedin  

Parametricexpressions・Whensr（i）alndsy（i）arerepresentedas  

βご（り＝αごま2＋晶ま＋7ェ，  

旬（り＝αyま2＋鋸＋7y，   

thecurvatureI；（i），ま∈［どk，どk＋1］isdetermineda・S  

β乞（り5；（りwβご（りβ；（り  

′申）   

（鴇（り2再出）2）招  

2（βどαリーα。亀）  

（（2α∬ま＋βご）2＋（2αyま＋亀）2）3／2●   

Thea（lditionaljointpointsalreCXtraCtedbyuslngthisctlrVa七ureasfollows・   

First，1）Otllendsofstra・ightlinesareextractedasjointpoilltS．Thecurvature  

lIC（ii3）［is caユculatedforea・Chpa・irofpoints・IfapointwhichsatisAesthe  

con（litionoflF；（li，）l＜K3COntinuesformorethanK4POints，thatsequence  

is consideredasastraightline・Let［ls‖iel】bethisinterval，andleti；1  

a・ndi；1bel）Othendsofthi＄intcrvalwhichareroundedofFtothedecimal  

point・Tllenthcbcginningpoint（x電；1＋1，yt：1＋1）andtheendingpoint  

（x電芸1＋1，y電芸1＋1）a・realsoextractedasjointpoints■Thesequenceislabeled  

asca．ndida．tcforstra．ightline．Theconstants∬3andK4areSetaSK3＝1／200  

乱nd∬4＝30．  
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Next，both ends ofan arc are extracted as joint point candidates．The  

curva・turelIt（ii3）liseva・lua・tedforeachpalirofpoints・Letたbethemeanvalue  

ofevaluatedcurvaturein tlleinterva・1sofar．Thevaユueitisrenewedevery  

timethecul・Vatureiseva・1ua・ted，untilICisoutofthera・nge［た－K5，た＋K5］・  

ThesequenceofpoilltS Whichhas beenevaluated so faris estimatedas a  

candida・tefol・an a・rC．Ba・Sedonthemeanva・1ueJt，thecentralangleofthe  

a・rCWhichsllOul（用ttlleSequenCeiscalculalted■Ifthecentra・1a・ngleisgrealter  

tha．nl；6，theintel・Valisconsideredasa・narC．Bothendsofthesequenceare  

mal・kedalSjointpoints，a・ndthesequenceislabeledasacandidateforanarc・  

Theconsta・ntSa・reSetalSK5＝3／400andK6＝7T／2sothatshortstraight  

lines orfree curvedlines are not estima．ted as arcs．   

Aftel・al）Plying thesel）rOCeSSeS tO a・11boundary pointsin theintel・Ⅴal，the  

joilltpOintsa・tendsofstraightlil－eSa・ndofarcsa・reeXtralCted・   

Aftera1loftheintel・Valsa・rePrOCeSSed，theadditiona・1jointpointsareextracted  

a・S（（祀），yf：）））簑n。．1・Heren4isthetotallnuml）erOfjointpointsextractedin  

twosta・geS・  

Removillg redulldant joint pointsIn theprevious twostages，manyJOint  

pointcandidalteSa・reeXtra・Cted・Asmentionedl）efore，theseca・ndidatesonlyindi－  

catethattherealjoi11tpOilltSeXistsomewhereclosetothem・Inthisstage，redun－  

dantjointpointcandidaIteSareremOVedl）yunibTingca・ndi（1atesincloseproximity  

toea・Chother，01・byrepla・Cingcontinuouslincs（arcs）withoneline（arc）・Thismakes  

itpossil）1etoreducethesizeofs七oreddata・  

Unib，ingclosejointpointcandidatesIfmorethantwoJOintpointcandida・teS  

existclosetoeacl10ther，itisverylikelythattheya・reaCtua11yasユ11glejointpoint・  

Iftwojointpointcall（lidatesexistwithinadistanceofK7theyalreCOnSideredto  

be uniAed．  
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XtraCtedBoundaryLine               －■－E  

Figure3・6：UniけingtwoJOilltPOints  
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Let七wojoilltpOintcandidates雪（B），4B），（i＜j）existwithinadistanceofK7・  

Theta・ngentlinesfortheoutersideofea・Chjointpointa・redecidedbycalcula・ting  

thelinepasslngthroughpointsP！B），璃8andpoints巧B），巧fk8，reSPeC七ively・  

TheintersectionoftlletWOtalngentlinesbecomesa・jointpointcandidate（Fig・3・6）・  

Unibringcontinuousstraightlines Redun（la・ntjointpointsbetweencontintト  

ousstra・ightlinesareremove（lifthel〕Oundarypoint・SCanl）efittedwithonestraight  

line．  

Let（（げ），yiデ）））禁制bethejoiユ1tPOintsil一VOlve（1incontinuingtwoormore  
candidatesforastra・ightline・   

Connectthetwojointpoints（疋），y慧））and（x崇i2，y盟，）．Ifthedistancebe－  

tweenthejointpoint（x崇il，y盟1）andthelineislessthanK。，thejointpoint  

（x崇il，y盟1）ismarkedasaredundantjointpoint（Fig・3・7（a））・Ifmorethan  

七hreestra，ightlines continue，thedistanceofthejointpointisevaluatedbythe  

grea・teStdistance・Theconsta・ntK9issetasK9＝2・  

Urlifyingcontinuousarcs Redundantjointpointsbetweencontinuousarcsare  

removedifthel）Oundarypointsca・nl）e且ttedwithonearcoracircle・  

Iftwoa．rccandida・teSWithtlleSamedirection（clockwiseornot）arecontinuing  

a，ndifthedista．ncel）etWeentlleCentel・SOftlVOarCSislessthanKlOandthediffer－  

enceofl・a．diusislessthanl；11，thetwoal・CSCa・nl）emergedintoonearc▲Thisis  

showninFig．3．7（1））．Theconsta・ntSKlOandl；11areSetaSK10＝1andKll＝2・  

3．3．1．5 Fluencyfunction approximatio11mOdule   

Inthe飢IenCyfunction approximationmodule，eaChintervalbetweenadjacent  

jointpointca・ndida・teSisapproximated・   

Thismodulerc孔dseachsetofbounda．rypoints，1ist ofjointpoint candida・teS  

andlal）elsfbreachilltelVall〕etWeella〔lja・Centjointpointcarl（lidates．Allintervals  

be七weena．dja．centjointpointswillhavealabelwhichindicateswhatkindofline  
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RedundantJoint  

Figure3・7：Reductionofredun（la，ntjointpoints   

（a）Removingredundantjointpointsbetweentwostraightlines   

（b）Removingredundantjointpointsbetweentwoarcs  
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Shouldbeused七oapl）rOXima・teit，i・e・，aStraightlineoranarc・Ifanintervalhas  

nola．belit means tha．t thekind oflineha．s no七been determined．   

Atfirst，ea・Chintervalwhichislabeled asastraightlinecandidateisapproxi－  

mated．Thecoordina・teOftlleJOintpointsatbothendsofthelinewillbecomethe  

stored da．ta．．   

Next，ea・Chintervallwhichisla・beleda・Sa・narCisa．pproximated．   

ThelackofsmootllneSSaFttheendsofarcsloses七hequalityofthereconstruCted  

resultmarkably・Iftheneighborlnginterva11i＄1abeledasastraightlineandthe  

difFerenceofinclina・tiol－OfthetaJlgentlinefbrbothsidesofthejointpointsisless  

tha・nl（127theJOintpoill七isreloca・tedsothatthelineandal・CCOnneC七smoothly  

（Fjg・3・8）・   

Thecenterpointandradiusofthea．rca．rede七erminedsoastomakethemother  

Circletouchtheline and tominimizethe approxilnatiollerrOrforthearc．The  

COnStantH12isseta・Sl；12＝0・2■Thecoordinateofthecenterpoint，StartPOint  

andendpointa－ndthedirectionofarc（clockwiseornot）becomesthestored（lata．．   

Finally，ea・ChintervalwhichllalSnOlal）elisapproximated．Theintervalisfirst  

a－pPrOXimaltedl）yaStra・ightline．Iftheapproximationerror  

ど＝ 悪 吋＿1 

ise＜0・90－theinterva・1isalpprOXimatedbyaline・Iftheneiglll）Orlngin七ervalis  

a・1soapproxima・tedwithalille，thejointpointisrenewedtol）eattheintersection  

Ofthel）Ot・hlinesinordertokeepthe7）Otln（la・ryCOntinuous．   

Othel・Wise，theilltel、Valisnexta・PPl・OXima・te〔tWiもha・narC・Theal）PrOXimation  

el’rOr  

ど＝ 志 
。≦＿1 

isevaluatedtojudgethecollVerge・Thecenterangleoftheal・Cischangedfroml  

tol／6untilEl〕eCOmeSE＜0・90・Therange血・Omltol／6comesfrom＄OaSnO七to  

evaluateshol・tStraightljneorcurvedljllea，Sa．narC．  
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＝＞  

OJointPointCandidate  

Figure3．8：Connectingarcan（llinesmoothly  
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Inca・SeSWherethis approxilTlationfails，theset ofl）Otlndarypointsisapprox－  

imated with且uencyfunctionofdegree2・Theapproxima・tion algorithmisJuSt  

assa・meaS七haltuSe（tintheca・1culationoftheana・logctlrVature．Thedimension，  

coefncients（ck）芸；三。，andtheoffsetbecomestoredda・ta，．   

Afterallintervalsa・reaPPl・0Ⅹima・ted，thepara・meterSal・eStOredasfunc七ion－font  

data・Table3．1showsthestol・eddataforline，arCandBuencyfunction．  

Ta】）1e3．1：Store（lda上a  

tさ′pe   COntell七s   size of data 

straight lille 鮎gfbrline   11）yte  

COOrdinateofnex七point  4l〕yteS   

a．1■C   鮎gf血a・1・C   1by七e  

directio110faJC   1l〕it  

cool・dillateOfcenter  

point  

COOrdina・teOfen（1point   

且uencyfunctioll  dimellSiolュ7l   11）yte  

ofFset   41））′teS  

coe侃cients   271l〕yteS  

＃rela・tivelengthof  

eachknotil止el・Va．1   

3．3．2 Reconstructiollmethod   

Inthissubsection－a・methodtoreconstructfonttypefacefromftlnCtion－fontdata  

is descril〕ed．   

Astraightli11eisl、eCOnStruCtedbymakingacol－neCtionfromthecurrentpoint  

七othe sも01・ed coordinatc．  
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An arcis reconstructedl）y generating an arc which has apasses the current  

pointalndthestoredendpointwiththestoredcenter・   

OthersmoothlineisreconstruCtedasfollows．Fromthepaper［102】，thebasis  

Nk，30ftheapproximationfunctionatsa・mPlingpointii∈［（T／T7・）（M－1），（T／n）M］，  

is determined a．s  

0・5p2  ，た＝月す  

ヱ）（1－p）＋0．5  ，た＝且す＋1  

1－∧㌦J，3（り一肌帰，3（り，た＝』才＋2  

0  ，ん≦月才一1，』オ＋3≦ん  

爪，3（り＝  

where p＝M－iiXn／T．Then the叩PrOXimation functionis represented as  

follows．  
凡才＋2  

咄）＝∑cん軋3（り  
ふ＝八一   

3．4 Verification  

Inthissection，theefFectivelleSSOftlleSyStemisveri月．ed．   

Ea・Chmoduleisimplemellte（1intheClangualgeOn aPel・SOnalcomputer（NEC  

PC－9801DA，MS－DOS3■3）a・S a・SeParateapPlica・tion・After theimalgehalSl）een  

obta・inedasal）itma・plmage，ea・Chmoduleforfunction－fontareexecutedautomat－  

ically．The efrcctivcness ofthe system has been verifyed evaluating theresults  

ofea・Chmodt11e．Figures3・9and3・10showshowjointpoints candidates areex－  

tracted．Figure3・11sl10WSthe6nalresult・Thejointpointsareextractedproperly  

atcorncrsanda・tthcJunCtionsofstra・ightlineandarcs・   

Thescmodulesarecurrcntlyl）elngtranSPlantedbytheauthorsin－C＋＋onmore  

POWerfulpersonalcomputerellVil・011ment（NEC PC－9821Ap，MS－DOS5・0，MS－  

Windows3．1）．ThepurI）OSeOfthistransplantationistoconstruCtanintegrated  

function－font generating systelTlwithinteractive userinterface・This makesit  

possibletoget results witllhigher（1tlalityl）yreVISlng theapproximated results  

manuall）′．  
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Figure3．9：Jointpointsextractedbasedondigitalcurvature  

46   



3．AnAutomatlcFunction－fbnt Genel・a血gみstem  

笹・－－－－－ 
・・、－、 

† J ′  、－、 、、  

洛・－叫．、－  
－～、－ －－・－ －－－－ －← 

、、－ －、、、  

ノ
 
／
／
×
－
 
 
／
も
 
 

＼．．  
＼．  

＼．．  
叫●－  

1  1  

虹× 
ノ   

Figure3・10：Jointpointsextractedl）a・Sedonanalogcurvature  
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Figure3．11：ReconstruCtedcllaraCter  
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Thesystemaユsopl・OVidesprintingmoduleswhichmakesitpossibletodesignan  

OutPutimagewithva・riousreshaplngeffects．  

3．5 Summary   

Inthischapter，a・PraCtica・lsystemwhichaIutOmatica・11ygeneratesfunction－fbn七s  

forprinte（1cha・raCtCl、Sand毎tlreShasl〕eenPrOPOSed．Thesystemprovidesva・rious  

methodsfornoisereduction・Topreservethehighqtlalityoftheorlglnalimage，  

amulti－Stagea・1gorithmhalSbeenproposedtoextractjointpointsproperly．The  

efFectiveness ofthemethodwa・SVerinedl）yCOnStruCtinganactualfunction－font  

generatingsystem．  
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Chapter 4 

CompressionMethod壬br Grayscale  

Image  

Inthischa・ptel・，a・COmPreSSionmethodforgrayscaleimageha・Sbeenproposedas  

a・1soa・na・PPlicationfortlleCOmpreSSionmethodfora・tWO－Va・rial〕1es）gnal・  

4．1 Introduction   

As computationa・1powerhasillCl－eaSe（la・ndmade possiblethedevelopmentof  

la・rgeStOra・gedevicesっa・nimagcarchivalsystemha・SCOmetObeseenasapossibility・  

Thesystem sllOul（lstol・e，1・etl・ieve，and（lispla・ygrCa・t ma・nylmageS aCCOrdingto  

the users，need．Sinceil〕1age（lata usually consumeslarge stora・ge SpaCein a・n  

uncompresscdform，a・11ima・geCOml）reSSiollmetho（lisrequlre（l．   

As the previotlS reSealrChoftheWi＄（lomSystems Lal），a・nimage compression  

methodforlef七ventricularcinea・ngiograrnS［3］ha・Sl）eenPrOpOSed．Leftventricular  

cineanglOgramSarellighspeedX－rayAlmsoftheleftventricle・Intheproposed  

method，eaCh cinea・nglOgramframeis坑rst dividcdintothreereglOnS uSlng the  

sta．tisticalcharacteristicsindicatedin Ref．【119］，all（lredundancyin the vertical  

direction oftheimageis redtlCedl）ya・differel－CeOperation・Three regユOnS are  

approxima・tedbyusinga仙encyfunction・Thepel・formanCeaChievedthroughuse  
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Ofthismethodisevarlua・tedon20examplesofactualclinicaldata．Theresultsshow  

fina・lresultsofabout7％oftheoriginaldaltaqua・ntitydigitizedatl，000×1，000  

［pixel仲aIme】andlO［bit／1）ixel］whilekeepinganSNRof40dB［p－P／rmsl．   

TheWis（lomSystemsLal）OratOrylSCOnSiderlngaPplyillgthismethodtoother  

images・However，thecompressionmetl10dwerespeciAcfbr theleft ventricular  

CineanglOgra・mS・Wearra・ngedthemethodsoitcanbeused払rotherima・geS・In  

this clla11〕ter，thel）el・fol・ma・11CeOfthe al、ral－ged method js eva・hlated when when  

a・PPliedtograyscaleima・geS・AcomparisonismadewiththeJPEGcompression  

SChemeっwhichhasbeenproposeda・Sa・ninternationalsta・ndardforstillimagecom－  

pression．   

TheJPEG compression schemeis ba．sed on a two－dimensionaldiscrete cosine  

tra・nSform（DCT）andHufFlnanen七ropycoding．TheJPEGisa・lossycompression  

method，i・e・，the reconstructedima・gema・y differfromtheorlglnalone・Lossy  

COmPreSSion algorithlTIS generally use aspects ofthehumanvisualsystem．For  

instalnCe－theeyeismuchmol、ereCePtiveto鮎edeta・ilinluminalnCeSlgnalstha・n  

inchromina・nCeS】gnals・AIso，theeyeislesssensitivetoenergywithhighspatial  

frequency tha・n Withlow spatia・lfrequency・Based on tlleSe aSPeCtS，theJPEG  

COmPreSSionmethod codesthehigh－frequencycoe瓜cientswithfewerbits．This  

PrOducesdistortiolla・tedgeswithsharpcontrast．  

4．2 Specifications  

Inthssection？thespeciAcationinal・ranglngthemethodisdescril）ed・  

Inthepreviousmetl10（l，from therequirementtoreconstruct animagewith  

qualityashigllaSHDTV｝tllegray－1eveloftlleCineanglOgramSWa・Squantjzedby  

llbits／pixel・However，adigita・1ima・gehandledwithacomputerusual1yonlyhas  

8bits／pixel．  

Inthepreviousmcthod，inordertoalChieveefBcientcompression，theimalgeWaS  

dividedintothreereglOnSl）a・Sedonthefea・tureSOfleftventricularcineanglOgramS・  
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Thefunctiona．pproximationwasperformedtoeachrasterlineinthereglOn，and  

thecoe侃cientsoftlleaPprOXimationfunctionwerestoreddirectlyascompressed  

data．   

However，COmPreSSionmethodwllichwouldbeappliedforvariousimalgeSCa・n－  

notassumespecificfea・tul・eSfore疏cientcoding■Tllerefbre，inordertoachievea  

highercompressionratio，WeCOnSiderencodingthecoefBcientsoftheapproximate  

functionl〕yuSlngHuffmanentropycoding，Whichisa・1sousedintheJPEGcom－  

pressionschemetoencodetheDCTcoe用・Cients・Theimageisdividedinto8×8  

pixelblocksina・dvaJICe・  

4.3 Compression and Reconstruction Method 

Inthissection，a．COmpreSSionandreconstruCtionmethodsaredeslgnedindeta・il・  

Sul）SeCtion4．3．1and4．3．2describesthecompressionandreconstructionmethod，  

respectively・  

4．3．1 Compressionmethod   

Inthissul〕SeCtion，thecompressionmethodisdescril）edindetail・TlleOutline  

ofthecornpressionproce（lurcisshowninFig・4・1・   

First，thewhoIcima・geis（tividedintol）lockswithsizeof8×8pixels・Eachl〕lock  

contains64va・lueswhich represelltSthegray－1evelofthel”＝el■Thevarluevaries  

fromOto255accordingtothelumi1－alnCe・Thewidthandl－eightoftheimageare  

paddedtobeamultipleof8・   

Let（＝（i，j））た。言＝。〔lenotethisorigi11algra・ySCa・1eva・1ue・InthelleXtSteP，the  

pIXelsin8×8l）locksa・rere－Orderedintoa・SequenCe・Thisisl）eCau占ewewantto  

a・PPrOXima・tetheslgna・1withone－Va・riablefunctions・Iftwo－Val、ial）lefunctionsare  

used，thecaユcula・tiontimeincreasesl）CCa・uSethenumberofparame七ersincrea・SeS  

incompa・risontotheimprovemcntina・pprOXimationprecision・   

TheplXelsarescallnedinl）aCk－and－fortllOrdersothateachl）1Xelcomesfroma  
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Figure4．1：Compressionprocedure  
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neighborlngloca・tioninthcorlglnalblock・Thisisbase（lonthefacttha・tneigh一  

1）OringpixelsusuallyhavehigllCOrrelation・Let（wk）更≡。denotethissequenceof  

signal．Thesigna・l（wk）監。isexpectedtoha・VeCOntinuousgra・y－1evelvariation・The  

signalcanbea・PprOXima・tedl〕yaSmOOthfunction・Hereweareuslnga飢ency  

function［120］whichgiveslessvibrationintheapproxima・tedresults・  

Inthecasethaltthegray～1evelchalngeSWidely，thescquenceisdividedintosome  

segmentsl）riorもothefunctiona・PPrOXima・tion・Ti1ePrOCedureforextractingfeature  

POintsisa・Sfo1lows・   

The鮎st difFerences  

†dん）＝てリム－1〃ん＿l，  ん＝1，…，63   

a．nd thesecond difFel・enCeS  

（eJ）＝dJ－dト1，J＝2，…，63   

a，reCalcula・ted．IflelLismorethanathreshol（lh，thepointwL－1becomesafeature  

point・Thethreshol（lhwasdeterminedash＝13acordingtotheexperimental  

results．Thefunctionala．ppl・0Ⅹimationisperformedforeachsegment・TheSNR  

ofthereconstructedmetho（lca．nbesl）eCiAedbyglVlngthetolera・nCeerrOrOfthe  

a・PprOXimatiol一・Ti1emea・SureOfalpPrOXima・tionshouldl）elea・StmeanSqualreCriq  

terion．Themostsuital）ledimensionisdeterminedbyalrepeatinga・PprOXimation  

whileincreaslngthedimension・  

Inthefollowlng，thea・pPrOXimationalgol・ithmforonesegmentisdescl・ibed・Let  

（vi）芝．standfortlleSegmel止forconvellience，andlets（t）1）eanapPrOXimate  

functionfortlledifFerencesigna，1（vi）た1．TheapI）rOXima・tionfunctions（i）isrep－  

resentedl）yaPiecewisel）01ynomialfunctionasfollows［122〕・  

れ－3  

β（り＝∑cたゆ招），  
た＝＿2  

where血（i）isanormalize（1time－1imitedfunctionas  

㌔（－1）●∫  

（モー（r／71）（た＋刷‡，   擁（f）＝3（r／㍑）‾2∑  

た石川3－抑  
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ん＝－2，－1，0，1，2，…，m－3，  

a．n（1  

巨 （ま－ 

α）2，f＞α  
（ま－α）‡＝  

，土≦α   

Thepositiveintegernrefersthedimensionofs（i）・Thedimensionnisdecidedby  

arepeatingapproximationa・Sitincreascsbyluntiltheapproximationerrorfalls  

belowthespeci鮎dtoleranceerror．Theapproximatefunctions（i）is decidedas  

follows．Thenormalequa・tions   

れ－3 〃 〃  

∑cん（∑擁（刷，丁几（り）＝∑机血（り，  
た＝＿2   f＝1  ；＝1  

71l＝－2，－1，…，7l－3   

a．retobesolvedfol・（ck）芸；三2，tOminimizetheapproximationerror   

Ⅳ  

q＝∑（β（り一明）2・  

i＿1  

The（limensiol＝・andtlleCOefBcients（ck）芸≡三2areStOredinone－dimensjonal  

a・rray（w瀧。・Theremalinderofthearray（wL）巴n＋1isfi11edwithzeros・   

Fina・lly，thcsequencesofarrayiwL）礼reenCOdedbyHufFmanentropycoding・  

Thecodedda・taareStOredascompresseddata．   

Theal〕0VePrOCeSSisillust・ratedil－Fig－4．2・  

4．3．2 Reconstruction method   

Inthissubsection，thereconstl・uCtionmcthodisdescribed．Fjgure4・3showsthe  

reconstrtlCtionprocedure．   

First，thecoml）reSSeddaltaisdccode（1a11dtlleSequenCeSOf（wE）だ。areObtained・  

Foreachl）lock，thegray－1evelsequence（vi）讐oiscalculatedfroln（wL）巴。・Since  

thecomponentw。isthedimensionalld（w漉1isthecoefncients（ck）芸；三。，the  
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Fluencyfunctionapproximation  

COefncients  

¢  

HuffmanEntropyCoding  

Figure4・2：Codingprocessofthepresentmethod  
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Figure4・3：Reconstructionproce（lure  
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Table4．1：ExperimentalResults  

proposed method JPEG  

dataquantity  

COmpreSSionratio  

COmPreSSiontime  

reconstruCtion time   

SNR  

48Kbytes 65Ⅰくbytes   

18．7％  25．4％   

153sec  7sec  

5sec  7sec  

28．7dB  25．8dB  

Pixelmapformat・Thedataquantityoftheimageis256Kbytes．Figure4．4shows  

the obtained grayscale image. 

Figures4・5and4・6showthereconstruCtedimageof七heproposedme七hodand  

thatoftheJPEG withdefa・ultsettings．Table4．1showsthesizeofcompressed  

dataJ，thecompressionratio，COmPreSSionandreconstructiontime，and七heSNR  

OfthereconstruCtedimage・Theprocessingspeedincludesfi1ei／0・Here，隼eSNR  

is defined as   

たJたy  

（SNR）＝10logl。［2562／（∑∑（乏（xi，yj）－Z（xi，yj））2）］［dB］  
i＝1J＝1  

where（z（xi，yj））kland（乏（xi，yj））‡≡．referestotheoriginalima・geandtherecon－  

StruCtedone，reSpeCtively．   

Table4・1showstheproposed method taユくeS mOre COlnPreSSion time，but can  

Obtainhighercompressionratioandfasterreconstructionspeed．  

4．5 Summary   

Inthischapter，aCOmpreSSionmethodforgrayscaleimagehasl）eenprOPOSed・   

Themethodwasdesignedbyarranglngtheimagecompressionmethodforleft  

Ventricular cineanglOgramS SO that the method can be applied to an ordinary  
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FigllL・（三炬l：Origlllalimage  
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FigureLt・5‥Rcconstructe（lilnagel）ytl－er）l・OPOSC〔lmetl”（l・  
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FigtLllC4・G：Recol－Stl・uCtC（1imagel）yJPEG・  
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gra・ySCaleimage．In this method，theimageisfil・St dividedintol）locksof8×8  

plXelsi11Size．The plXels a・re then rc－Orderedinto a o11e－dil－1el－Sionalslgnalby  

scannlngthe●blockin back－and－forth dircction・The re－Orderedgra・ySlgl－als are  

thenapproximatedwitlla飢1enCyfunction．Thecoe伍cientsoftheapproximate  

fllnCtion arethen encodedl）yHufFma・nelltrOpyCOder．Si11Cethecosinefunction  

Canbe representedas oneof月．uencyfunction，theproposed methodwould be a  

gcnera・1izationofDCTl）aSedcompressionmetllOd・   

Theperforllla・nCeOfthemethodhasbeenevaluatedbyalPplyingittoangraIySCale  

imagefromSCID・Themethodwasimplementedon a・WOrkstatiol－l）yrePla・Clng  

theDCToperationinJPEGcompressionmethodwitl－a・罰uencyftlI－Ctionapprox－  

imation．   

Theresultsshowsthatalthoughthemetl10dneededmorccomprcssiontime，it  

achievedahighercompressionra・tio・ThereconstruCtionspcedwasslightlyfaster  

thantheorlglna・1JPEGcompressjollSCheme・   

This method can be appliedimagc archivaIIsystems，Whichneed to compress  

theima・gedataonlyoncebuthavetotransferthroughcommunicaltionlinewitha  

narrowbandwidtllan（1rcconstructthein－ageOnaterminalwhichhasonlysmall  

processlng pOWer・A compression method for a fullcolorimage ca・n be easily  

achievedbyapplyingthe method notonlyfortheluminalnCeSlgna・lbuta・1sofor  

thecolordifFcrenceslgnals・  
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Chapter 5 

Conclusions  

Inthischa・Pter，thescientiAcandtechnicalresultswhichwereobtainedthrough  

Chapter2toChapter4aresummarized・Problemsoutsideofthescopeofthe  

presentstudyarea11soindicated・  

5．1 Considerationofthe Results ofthe Present Study   

InChapterl，therationalefortheresearchisoutlined・   

Whenhandlingslgnals fromnaturewith acomputer，theslgnals areusually  

convertedintodiscretesampledvaluesbyanADconversion・However，this re－  

qulreSala・rgea・mOuntOfstora・ge・Theslgnalcanbecharacterizedbytheftarture  

pointsandthebeha・VioroftlleSlgnalbetweenthem・Theauthortriedtoconstruct  

compressionalgorithmsbasedonthisprlnCiple・Thesealgorithmsextractthefea－  

turepointswhichcha・ra・Cterizestheslgnalandapproximatethebehaviorofthe  

slgnalbymathematicalfunction・Inthisdissertation，nuenCyfunctionswereused  

asapproximationfunction＄・TheefFectivenessofthea］gorithmshavebeenproved  

byapplyingthemtovariouskindsofsignals・   

InChapter2，aCOmPreSSionmethodforelectroencephalogramwasdiscusseda・S  

a・naPPlicationforaone－Variableslgnal・Insection2・1）thebackgroundforthe  

necessityofthecompressionsystemweredescri1〕ed・Insection2・2，thespeci丘－  
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Cationfbr the compression method was determined fromtherequlrementfrom  

Clinicians・Insection2・3，thecompressionalgorithmwhichsatisfiesthespeci丘ca－  

tionisproposed－Section2・4veri丘estheeffectivenessoftheproposedmethod．The  

experimentalresultsshowthattheproposedmethodcancompressthewaveform  

into64・8％of七heol・iginalwhilekeepingsu氏cientqualityfbrdiagnosis．Medi－  

CalenglneermguSua・11yreqtl汀eShighquality，andtheperformanceofthefunction  

a・PPrOXimationsatis丘esclinicians．  

In Chapter3a・nd Chapter4，COmPreSSionmethodsfortwo－dimensionalspace  

Werediscussedasapplicationsfortwo－Variableslgnals・   

In Chapter3，apraCticalfunction－fontgeneraJting system whichgenerates a  

SCalablefontfromaglVenbitmaplma・geWaSdiscussedas ana・PPlicationofthe  

COmPreSSionmethod 

Insectiol－3・1，thebackgroundofthisresearchandtheproblemswhichbecame  

Clea・rthrotlghtheinitia・lresearchesaresummarized・Theproblemswhichshouldbe  

SOlvedtoconstruCtaPraCticalfunction－fbntgeneratingsystemwerealsosumma－  

rized・Insection3・2，themoduleswhichconstructsthesystemandtheirfunctions  

Weredescril〕ed・Insection3・3，thealgorithmstorealizeeachmodulearedescribed  

indetail・Insection3・4，theeffectivenessofthesystemisveriAedbyevaluating  

theperformanceofea．chmodule．   

Throtlghthisinvestigation，itwasfoundthatthequalityofthereconstructed  

imagevarieswidely a・CCOrding to theloca・tionoffea・turepOints，and that noise  

reductionisrequiredtoextractthesepointsproperly・   

Sinceithasbecomecleartha・tCOmPuterSareStillalongwayfromdemonstrating  

theirfu11potentialintheAeldofpl・inting，bothprintersandcomputerresearchers  

Shouldcooperatea・1一（lknowbothwha七isreqtllredandwhatispossil）1e．  

InCha・Pter4，aCOmpreSSionmetllOdforgrayscaledigitalima・geSWaSdiscussed  

a・SananOtherapplicationfortwo－Va・rial）1eslgnals・  
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Insec七ion4・1，the backgroundofthis researchwas described・Insection4．2，  

thespeciAcationswhichshouldbesatis且edtoconstruCtanimalgearChivalsys七em  

are determined．In section4．3，a COmPreSSion a・1gorithmfor grayscaleima・geis  

proposed．Thecompressionmethodextractsthepointswheregray－1evelchanges  

withoutsmoothness，a・nda・PPrOXimatesthegray－1cvelofpixelsbetweenthem・The  

methodisiml）1ementedbyreplaclngtheDCTopera・tionintheinternationalstan－  

da・rdmetho（lforstillimalgeCOmPreSSionmethodwithfluencyfunction approxi－  

ma．tion．In section4．4，thecompressionratio，quality，andprocesslng SPeed are  

comparedwiththeil－tel・nationalstandard・Itwa・Sfoundtha・tthepresentmethod  

issuperiorinl）OthqualityofthereconstruCtedima・gea・ndinreconstructiontime・  

5．2 Problems Left fbr Future Research   

Thever抗ca．tiollreSultsineachapplicationshowthatthepresentalgorithmis  

usefulfbrrepresentingvariousslgnalsfol、aSma・11quantityofdata・However，there  

stillremainmanyprol）1ems・   

Oneofthemostsignifica・ntPrOblemscommontoea・CllCOmPreSSionmetho（ltodo  

withthede丘nitionofthefeaturepoints．Atthecurrentstage，thefeaturepoints  

arethosepointswherethel）ehaviorofthes］gna・1chalngeSdrastica・11y・Thefeature  

pointsextra・Ctedintheproposedmethodsareba・Sedonknowledgeprovi（ledby  

huma・nS，Whichisimplementedin thea・1gorithm・A generalizedruleshouldbe  

developed to cletect these feature points automatically. 

Anotherpl・01）lemisthatitisnotpossibletoknowwhetherthefeaturepoints  

areextracte（lintheoptimalplaceornot・Thisisbecausethemea・nlngOfoptimal  

cha・ngeSforapplications・Intheca－SeOfEEGcompression，theoptimalplaceis  

simplywherestoreddatabecomesminimal・However7inthecaseofautomatic  

function－fontgeneratingsystem，theoptimalplaceiswherethefunction－fontrep－  

resentstheclla．raCteristicsoftheidealglyphoftlletyPeface・Theproblemalso  

c。nCernSWhatkindoffunctionisusedtorepresentthebehavioroftheslgnal・  
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Atthecurrentstageofresearch，theoptimaldimensionoftheapproximation  

functionissoughtl｝Viteratingtheapproxima七ionwhilechanglngthedimension J  

andevaluatingtheerror・Thisis atime－COnSumlngalgorithmandimpairsreal  

timeprocesslnginthecompressionstage・Therefore，arnelegantwayoffindingthe  

optimaldimensionshouldbesought・  
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