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Inthispaper,weproposeanewwatermarkingmethodbr3Dmeshmodc1sbyusmgafnne 
invariantbasedonlocalshapefeatureCharacterizedbythemeshcomplexity〉whichiser
pectedtobcrobustagainstfburtypesofattacks:aflinctransfbrmation,additiverandomnolsc 
ofvmtex,croppmgandmeshsimplilication・Ontheotherhand,ｂｊ/enfbrcinganintcrac‐
tivecomparisonbetweenembeddingcapacityandrGshstancctoattacks,ourwatermarking 
schemeembedsthecopyrightinfbrmationintothefbaturedshapeasmanyaspossible,which 
lscorrespondingtothefbaturcdshapethatweintendtoprotect． 

３Ｄモデル形状の局所的な特徴によるアフィン不変な電子透かし埋め込む手法
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形状の局所的な特徴(複雑さ等）に基づいて得られるアフイン不変量を用いて、３Ｄモデルに対す
る電子透かし埋め込み手法を提案する。提案手法はモデルに対するアフイン変換、ランダムノイえ
クロッピン抗メッシュの簡単化の四つの攻撃に耐えることを目的としている。また、著作権を主張
すべき特徴のある形状に対して多くの透かしを埋め込むことができ、ランダムノイズへの耐性も高い
という利点がある。

notinterfbrewiththeintendedpurposeofthe 

targetobjectdatasuchasviewing（Embeddmg 

Requirements-Imperceptible)，andthewatermark 

shouldbeinseparablefromthetargetobjectd鋤ａ

(EmbeddmgRequirements-Robust)．Embedded 

watermarkscanbeusedtosecurecopyrightlbfnl‐ 

fillcopyrightprotection，ｔｈｅａｍｏｕｎｔｏｆｔｈｅｗａｔｅｒ－ 

ｍａｒｋｗｈｉｃｈcanbeembeddedmthemodelislarge 

enoughtorecordtheinfbrmationneededfbrtheap‐ 

plica1jion(EmbeddmgRequirementsCapacity)．In 

general,thethreerequirementsareconflicting・Fbr

example,ifoneneedsmorerobustembeddmg,ｔｈｅ 

ａｍｏｕｎｔｏｆｄａｔａｔｈａｔｃａｎｂｅｅｍｂｅｄｄedisreduced 

Thebesttrade-offdependsontheapplication， 

１．１RelatedWOrks 

Wecopewith3Dmodelsrepresentedbytrian-

gularmeshinthispaper、Whenthewatermarked

modelisdistributedandappropriatedonintemet， 

theembeddedwatermarkmaybedestrOyedbyin-

tentionalorunintentionalinterfbrencesfromtheap-

propriator、Here,wecaUtheintentionaloruninten-

1．Ｉｎｔｒｏｄｕｃｔｉｏｎ 

lnthelastdecade，ｔｈｅｃｏｍｍｅｒｃｉａｌｖａｌｕｅｏｆ３Ｄ 

ｍｏｄｅｌｓｉｓbecominghighwiththeirbeingdiffused 

widelyinseveralapplicationssuChasentertailL 

mentindustry(moviesandvideo-games)．Inaddi-

tion，such3Dmodelsareusuallythosedesigners 

orexpertsspendlotsoftimeａｎｄｃｏｓｔｔｏｍａｋｅ・

SotheneedfbrefficientwatermarkingsChemesfbr 

3Dmodels，copyrightprotectionbecomesmoreenL 

inent、

Digitalwatermarkingisatechniquefbrembed-

dingsecretinfbrmationcalledawatermarkｉｎvaI-

ioustargetobjectdaLa、Thewatermarkmust
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vertexdirectlyb 

Ontheotherhand,ourwatermarkingschemeem-

bedsthecopyrightmfbrmationintothecomplex 

shape,displaymglotsofsmallvariationsonthe3D 

modelsurface,asmanyaspossible,whichiscorre-

spondingtothefbaturedshapethatweintendto 

protect、

２．Overview 

tionalinterfbrencesasattacks，Belowweintroduce 

someattackswhiｃｈｗｅｏｆｔｅｎｒｕｎｉｎｔｏ． 

●GeometricTransfbrmations 

Geometrictransfbrmationssuchasparallel 

translation,rotation,umfbrmorunequalscal-

ingaresometimesusedincomputergraphics 

topositiona3Dmodelinsideascene． 

●AdditiveRandomNoise 

Theappropriatorm8Wchangevertexcoordi-

natesbyaddmgrandomnoisetothem． 

●Cropping 

Situationwheretheappropriatoronlytakesa 

partofthemodelratherthanthewholeoneis 

calledcroppingattackinthisstudy6 

●MeshSimplification 

Meshsimpnficationmeansthatthenumber 

ofpolygonsisdecreasedwiththeshapekept 

unchangeablelnordertoachieveadequate 

renderingspeed，meshsimplincationisoften 
needed 

TherelatedworksareexplainedfTomtheview 

pointoftheirrobustnessagainsttheseattacks 

Theprevioｕｓｗｏｒｋｓｔｏｗａｔｅｒｍａｒｋ３Ｄｍｏｄｅｌｓ 

ｃａｎｂeclassifiedintotwogroupsaccordingto 

theirOperatingfields、Onegroupmcludesap‐

proachesl)~3)whichembedwatermaJkdirectly 

mthespatial(non-transfbrmed）ｄｏmain,andthe 

othergroupincludesapproaches4)~7)whichop‐ 

erateinthetransfbrmed(e9.,fTequencyVwavelet， 

basisfimction,etc.)domain 

Untilnow，thereisnospatialdomainapproach 

which造robustagainstallfburtypesoftheattacks

aboveDespitepreviousrobust3Dtransfbrmed 

domainwatermarkingapproachesalreadyexhibit 

goodresistanceandrobustness，ｔｈｅｙａｒｅｏｆｔｅｎｅｉ－ 

ｔｈｅｒｌｉｍｉｔｅｄｔｏｓｐｅｃｉｆｉｃｍｅｓｈｏｒｆｉａｒｔｏｏｓｌｏｗｔｏｃｏｐｅ 

ｗithnowadayslargemeshduetotheinvo1vedcom-

pUcatednumericalcomputations、

Inthispaper，weprovideanovelwatermarking 

methodrobusttoallfburtypesofattaCkswhich 

operatesinspatialdomain・Here，ourmethodi8

robustagamstaflinetransbrmationbyusingafline 

invariant,robustagainstcroppingduetOlocalized 

andrepeatedlyembeddingandisrobustagainst 

randomnbiseandmeShsimplificationfbrembed‐ 

dmgwatermarkcodeintosetofverticesinsteadof 

Thewholewatermarkingscenariowhichconsists 

ofthewatermarkembeddingandthewatermark 

extr亜tionProcedureisroughlyintroducedbelow､

First，weembedrepeatedlycopyrightinfbrma‐ 

tionasawatermarkintotheorigmalmodelwhich 

needstobecopyrighted・Next，ｗｅｈｉｄｅｔｈｅｏｒｉｇｉ‐

nalmodelandthewatermarkmfbrmationinasafb 

placeandpublishthewatermarkedmodelonin-

ternet、Whentheappropriatornleganydistributes

thewatermarkedmodelorclａｉｍｓｉｔｔｏｂｅｈｉｓｏｒｈｅｒ 

ｏｗｎａｆｔｅｒｉｎｔｅntionalorunintentionalaltering，in 

ordertoassertownershipwemustextractembed-

dedwatermaJkfromwatermarkedmodel(maybe 

degraded)．Weexplainourwatermarkmgscheme 

accordingtothefbllowingsteps： 

(1)W2EtermarkEmbedding 

（1-1)ConstructingEmbeddmg-Primitive 

（1-2)ConstructingEmbedding-Field 

（1-3)ConstructingEmbeddmg-Invariant 

（1-4)EmbeddingWatermark 

(2)WatermarkExtraction 

３．ＷａｔｅｒｍａｒｋＥｍｂｅｄｄｉｎｇ 

Ａｓｗｅｋｎｏｗ，theareawhereweshouldinsiston 

copyrightisgenerallytheShapewithcertainfea‐ 

ture，andtheshapewithcertainfbatureisusuany 

complex、Hence，ｗｅｃｈｏｏｓｅｔｈｅｃｏｍｐｌｅｘａＪＦｅａｓｔｏ

ｅｍｂedcopyrightinfbrmation,wheretheperturba-

tionderivedfTｏｍｗ鉱ermarkingisnoteasilyper-

ceptibleMoreover，suchareasoftenexhibitmore 

robustnessagainstrandomnoise， 

３．１ConstructingEmbeddingPrimitive 

Fbra3Dtriangularmeshmodel，thepaLChes 

whichshareacommonedgearedefmedasneighbor 

patches，Givenasetofpatches，ｔｈｅｐａｔｃｈｗｈｉｃｈ 

ｓｈａｒｅｓａｃｏｍｍｏｎｅｄｇｅｗｉｔｈｔｈｅｐａｔｃｈｅｓｏｆｓｅｔｂｕｔ 

ｎｏｔｂｅｌｏｎｇｔｏｔｈesetwasdefinedasoneneighbor 

－８－ 



ｐａｔｃｈｏｆｓｅｂ 

Ｏｕｒｓｃｈｅｍｅｅｍｂｅｄｓｏｎｅｂｉtofwatermarkinfbr-

mationintoacertainsetofverticesderivedftom 

adjoiningtriangularpatches,Asunitofalteration， 

thesetofverticesiscaUedembedding-primitive， 

whichisconstructedasfbllows： 

●stepl：Initialpatchisspecifiedasatriangular 

patchwiththemaximumdiStanceftomitsｃｅｎ－ 

ｔｅｒｔｏｔｈｅｃｅｎｔｅｒｏｆｍｏｄｅｌａｎｄｉｓconsideredas 

thesetofpatches． 

●step2：Calculateanglesbetweenneighbor 

patchesofthesetandtheinitialpatchbytheir 

normalvectors,andaddtheneighborpatches 

intothesetinascendingorderofangles、Ｗｈｅｎ

ｔｈｅｎｕｍｂｅｒｏｆｔriangularpatchesincludedin 

thesetisgreaterthanthresholdn(〃ＥｊＶ)，

keeponaddingthisneighborpatchiｎｔｏｔｈｅ 

ｓｅｔａｎｄＵｐｄａＬｅｔｈｅｓｅｔｉｆｔｈeangleislessthan 

thresholdO(ＯＧ(0,汀)).Otherwise,Stopaddmg

andgotostep3． 

●step3:PickupanotherinitialpatCh世omthe

restofmodeLRepeatftomstepｌｔｏｓｔｅｐ２ｕｎｔｉｌ 

ｔｈｅｎｕｍｂｅｒｏｆｕｎｕｓｅｄpatChesissmallerthan 

〃．

●step4:Ｔｈｅｓｅｔｏｆｖｅｒｔｉｃｅｓｍｃｌｕｄｅｄｉｎｓｕｃｈ 

ｓetisconsideredascandidatefbrembedding-

prinntivelnordertoensｕｒｅｔｈａｔａｖｅｒ－ 

ｔｅｘｉｓｕｓｅｄｏｎｌｙｏｎｅｔｉｍｅ,ｗｅｄｅｌｅｔｅｔｈｅｃｏｍ－ 

ｍｏｎｖｅｒｔｉｃｅｆｒｏｍｔhelatterset・Candidates

withfbwverticesisunstable，andnotused 

fbrembedding、Thecandidatefbrembedding－

primitivewhichpassedthisCheCkiＳｃonsidered 

asembedding-primitive、

Theconstructingofembedding-primitivesB("’0） 

areillustratedonFig､1(a).Thenonebitofwater‐ 

markinfbrmationcanbeembeddedinｔｏｏｎｅｐｒｉｍ戸
itive 

Withthisway，moreembeddingprimitivesare 

constructedontherelativelycomplexshapewhere 

normalvectorsoftriangularpatcheschangefte-

quentlyortherearelotsofsmalltriangularpatches・

Inaddition,itisclearthattheembeddmgcapac-

ityvarieswiｔｈｐａｒａｍｅｔｅｒＯａｎｄｎ，Ｔｈｅｓｍａｌｌｅｒｔｈｅ 

ｖａｌｕｅｏｆｎｏｒｅｉｓ１ｔｈelargertheembeddingcapacity 
is． 

３．２ＣＯnstructingEmbeddingField 

embeddedonlyonetimeasembedding-field、Since

appropriatorsusualb/usethecontmuousandmeanP 

ingpartofmodel,itisidealtochooseadjoining 

primitivesinspacetofbrmanembedding-fieldAf 

tertheembedding-fieldsarefixed,watermarkcode 

i8repeatedlyembeddedm、

３．３ConstructingEmbedding-Invariant 

Weadoptaflineinvarianttoembedwatermark 

infbrmation・Ａｓｗｅｋｎｏｗ，ratioofthelengthsof

twosegmentsofastraightlineisinvarianttoaiHne 

transfbrmationandparallelUnesarestillparallel 

linesunderaHinetransfbrmation､Itiseasilyproved 

thatratioofthelengthsoftwoseｇｍｅｎｔｓｏｆｐａｒａｌ－ 

Ｔｈｅｎｗｅｅｍｐｌｏｙｉｔinourembeddingscheme 

AsshownonFigl(b),where， 

。p：centerofmassofprimitiveB．

(〃Ｗ【,zl)：sizeofboudingboxofmodel，

耐＝(zp-mo,ｇｐ－ｙ０,zp-zo)＝(｡錘,｡"L)：ｖｅｃｔｏｒ

ｆｔｏｍｏｔｏｏｐ・

obviously,。露/⑪１，ｄＷｌａｎｄｄ琴/zUareratiosofthe

lengthsoftwosegmentsofparanellines,whichare 

invarianttoaflinetransfbrmation・Here，wecall

dQc/z1,．〃/gzanddz/zlcomponentsratio、

３．４EmbeddingWatermark 

Ourembeddingschemeseekstochangethecom-

ponentsratioofeachprimitivegreater(embeddmg 

bitl）ｏｒless(embeddingbitO）thantheimtial 

valueThesechangesareperfbrmedbymovmgthe 

verticesinacertaindirection，whichinturninflu-

encethecomponentsratiosincethesizeofmodel 

ｍａｙｂｅchangedbythemovingofvertices， 

Wemodi句componentsratioaccordingtothefDl-

1owingわrmula：

|;灘①
い』裟二；②

tuiisacertainwatermarkcode・Here,wepracticeit

－９－ 
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(b)EmbeddinglnvariantConstructing (a)Embeddmg-PrimitiveConstructing（b)Embeddi 

Fig､１WatermarkEmbedding 

bymovingtheverticesofprimitiveinsteadofmov‐ 

ingthecenterofmassofthewholemodeLInother 

words,embeddingcodel,wemoveallthevertices 

ofprimitivetowardtheoutside(inadirectioni両;）

fbrgettinggreatercomponentsratio・Whileem-

beddingcodeO,ｗｅmovealltheverticesofprimi-

tivetowamthemside(madirectionm)fbrgetting 

lesscomponentsratio(withoutconsidermgitssign 

ofplusorminus)． 

Nowwediscusstheupdatingofverticesafterwa戸

termarkmg、Assume

Tﾉ,,U2,…,Up：VertiCeSOfPrimitiVeB， 

｡p＝(鰯p,ルル)＝(1/p)乙是,比：centerofmass
ofprimitive及i，

り,,唾,…伽：verticesofP1whichiswatermarked
ノ'

primitivePl， 

0ｹ＝(z１６，９》,ご;)＝(1/p)瓜W;：centerofmass
ofprimitiveB・

Ｆｒｏｍ(1)ａｎｄ耐＝(zp-qco,Ｕｐ－Ｚﾉoルーzo)＝

(｡露,｡’,d島)，ｔｈｅcenterofmassofwatermarked

primitWePliseasilycalCulatedbyol,＝『*(ｏｐ－
ｏ)＋０．Thentheshiftofthecenterofmassof 

primitiveis 

△。＝op-Op＝(１－γ)＊(o-Op)．

Ｂｙｏｂ＝(1/p)*瓜,Ulandop＝(1")*瓜W`，
thevertexufwillbemovedto⑳laccordingto 

UI＝U`＋△｡＝Ｕ`＋(１－アル(｡－｡p）（３）

Ｆｒｏｍ(3),weknowthevariationsofvertexcoor-

dmatesresultedfromwatermarkingprocessdepend 

onll-rl・ItisalSoclearthatthevisualqualityof

watermarkedmodelistightlyrelatedtothevalue 

ofll-rl 

Herawegivesomediscussionaboutwhyour 

schemeisrobustagainstrandomnoiseandmesh 

smplification． 

●RandomNoise 

Thatourembeddingschemeisrobustagainst 

theadditiverandomnoiseofvertexcoordinates 

consistsim 

-Theadditiverfmdomnoiseofvertexcoor-

dmatesisaN7eragedwhenthecenterofmass 

ofprimitiveiscalcUlated,whichreducethe 

influenceresultedfTomnolse． 

－Theoreticanyぅｔｈｅembeddedwatermark

codecanbeextractedcorrectlyonlyif 

themoveddistanceofverticesresulted 

fmmwatermarkingprocessisg1℃aterthan 

themoveddistanceresultedfTomrandom 

nolse，whichprovidesthepermittedrange 

ofrandomnoise． 

●MeshSimplification 

ltisobviousthatcomponentsratiodependBon 

theaverageofvertexcoordinatesofprimitive 

insteadofnumberofverticesorconnectivityof 

ｔｈｅｍｅｓｈＳｏｏｕｒｅｍｂｅｄｄｉｎｇｓｃｈｅｍｅｅｘｈibits 

robustnessagainstmeshalteratioｎ． 

４．WatermarkExtraction 

Asmentionedearlier，themodificationofcom-

ponentsratioandthemovementofverticesaflbct 

eachother，Ｉｂｃｏｐｅｗｉｔｈｔｈｉｓ,whentheattaCked 

modelappearstobeinthedifferentlocationordifL 

fbrentsizefTomw鋤ermarkedmodel,ｗｅｆｉｒｓｔｂｒｉｎｇ

ｉｔｂａｃｋｔｏｔｈｅｓａｍｅｌｏｃationandsizeaswater-

markedmodel・WealignattaCkedmodeltowa-

termarkedmodellikethis:first,theattackedmodel 

isrotatedsothatitsprmcipalaxesofinertiacoilL 

cidewithprincipalaxesofinertiaofwatermarked 

modeLNext,theattackedmodelisadjustedinor‐ 

dertogetthesameorientationasthewatermarked 

modeLThenscaletheattackedmodeltothesame 

－１０－ 



sizeofthewatermarkedmodelbasedonbound-

ingboxLast，theattaCkedmodelistransferred 

tｏｍａｔｃｈｔｈｅｃｅｎｔｅｒｏｆｍａｓｓｏｆｔｈｅｗａｔｅrmarked 

modeLSuchoperationisiteratedautomatically 

untilthattheattaCkedmodelappearstobeinthe 

samelocationandsizeasthewatermarkedmodeL 

HbrtheattaCkedmodelwhichhasalreadybeen 

aligned,wecalculatethedistancebetweenthever-

ticesofattaCkedmodelandtheonesoforiginal 

modeLAssignthelDsofverticesontheoriginal 

modeltotheclosestverticesontheattackedmodel、

Ｔｈｅｎｗｅｃａｎｇｅｔｔｈｅｐｒｉｍｉｔｉｖｅｓｗｈｉｃｈcontainver-

ticeswiththesamelＤｓａｓｔｈeembedding-primitive 

Last,calculatethedistancefiPomthecenterofmass 

ofsuchprimitiveandtocenterofmassoforiginal 

modeLCompareitwithcorrespondingdistanceon 

theoriginalmodeLExtractcodeｌｗｈｅｎｔｈｅｆｂｒ－ 

ｍｅｒｉｓｇｒｅａｔｅｒｔｈａｎｔhelatter，orextractcodeO 

contrarily、

Finally>ｗｅshouldnote:onecantrytoskipthe 

alignmenlDstepsiftheobjectappearstobeinthe 

samelocation，orientationandscale、

５．ExperimentsandResults 

Herewepresentsomeoftheresultsthatwe 

obtainedwhnetestmgthevalidityofourwater‐ 

markingsheme・Thetriceratopsmodelshowed

onFig,2(a)ｗａｓｕｓｅｄａｓａnexampleoforiginal 
meshmodelwhichhad2833vertices5661trian-

gularpatches、

５．１overallPerfbrmance 

Weevaluatedtheperfbrmanceofthewatermark‐ 

ingmethod，whichincludeembeddingcapacity， 

perceptualinvisibility1androbustnessagainstthe 

fbllrtypesofattacks 

lnourimplementation，wetookbitsequence 

whichwasgeneratedrandomlyaswatermarkcode・

Ａｎｅｘａｍｐｌｅｏｆｒｅsultsfbrthetriceratopsmodel 

isshownonFig2(c),５５２bitsofwatermarkcode 

wereembeddedfbrtheembeddingmethodsasde-

scribedabove,withparametern＝６，０＝汀/６and

ll-rl＝1/1000. 

5.2Capacity 

Ourexperilnentdatashowedthatmorewater‐ 

ｍａｒｋｃｏｄｅｓｃａｎｂｅｅｍｂｅｄｄｅｄｉｎｔｏｔｈｅａreawhere 

theshapeisrelativelycomplex(Fig2(b),onecolor 

representsoneprimitivewhereoneｂｉｔｉｓｅｍｂｅｄ－ 

ｄｅｄ)．Wealsotestedthatthesmallerthevalue 

ofnorOis，ｔｈｅlargertheembeddingcapacityis、

Ｏｎｔｈｅｏｔｈｅｒｈａｎｄ,thelargerthevalueofnorOis， 

themorerobusttheresistancetorandomnoiseand 

meshSimplificationｉｓ、ItiseaSytoattainoptimum

solutionbetweencapacityandrObustnessagainst 

randomnoiseandmeshsimplificationbymodify-

mgnand０． 

５．３１mperceptiblity 

Theappearanceofwatermarkedmodelcan 

hardlybedistinguishedfromtheappeamnceofthe 

originalmodelwhilell-rle(0,1/100).Here,we 

canimprovetherobustnessagainstrandomnoise 

byadoptinggreatervalueofll-71wheretheshape 

iscomplexandsmallervalueofll-rlwherethe 

shapeisrelativelysimple， 

５．４１LobustnesSAgainstAttacks 

Wetestedtherobustnessofouralgorithmunder 

severalattacks： 

●AflineTYansfbrmation 

Noextractionerroroccurredwhilemodelwas 

aHinetransfbrmedarbitrarily(Fig.3(a)） 
①ＡｄｄｉｔｉｖｅＲａｎｄｏｍＮｏｉｓｅｏｆＶｅｒｔｅｘ 

ＷｅａddedrandomnoiseofamPlitudeof１４％ 

ofthemaximumoftheaxis-alignedbounding 

box(Fig.3(b))．Despitethatthedistortionof 

shapeispercetible,thewatermarkcouldbeex-

tractedwithoutloss． 

●Cropping 

Wesimulateanattackertocropthecontin-

uousandmeanmgparｔｏｆｍｏｄｅｌ,fbrexample， 

thehead(Fig3(c))orotherparts,andthentest 

therobustnessagainsｔｃｒｏｐｐｉｎｇＴｈｅｒｅｓｕｌｔｉｓ 

ｔｈａｔｗｅｃａｎextractthemfbrmationwithout 

losｓｄｕｅｔｏｔｈｅｃｒｏｐｐｅｄａｒｅａｉｓｃｏｍｐＩｅｘand 

largeenoughtocontainoneembeddmg-fieldor 
nlore． 

●MeshSiInplification 

Wesimplifiedwatermarkedmodeltriceratops 

byusingMeshTbSS(Kanai8)),andwatermark 

isstillremainedllntilthemodelisSimplified 

to(９０％）(2833→2552)｡foriginalmodelver‐ 

tex(Fig.3(d))． 

Weshouldpointout，whenselectingtheem‐ 

beddingareas，ｗｅｄｉｄｎｏｔｔａｋｅｉｎｔｏａｃｃｏｕｎｔ 
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Fig･aRcbustnessAgainstAttaIks 

Ｍｏｍｅｍｓ，ＩＥＥＥｎａｎｓａｃｔｉｏｎｏｎｌｍａｇｅＰｒｏ‐ 

cessing,ＶｂＬ１５,NCB(2006)． 

4）Emil,Ｐ.，Hugues,Ｈ，andAdam,Ｆ､:RoOust 
MesbWtEtermCzrAj叩，Proc・ＳＩＧＧＲＡＰＨ'９９，

pp49-56(1999） 
5）Kanai,Ｓ，Date,Ｈ,andKishinami,Ｔ､：Dj9 
jtalWtJte7wDa抽航,九ｒ３ＤＰｏ１Ｗｏ"ｓＵ３ｍ９１Ｍ‐

ｔ舵８０ルオ｡。〃WbUele＃DecomPo8伽o"，Proc・of

SixthlFIPWG52CEO-6,pp296-307(1998)． 

6）Ohbuchi,Ｒ､,Mukaiyama,Ａ､,andhkahashi， 
Ｓ：ＡＦｹWUe"CV-DomqmAppmqcbtoWtzte形

mQTkjw3DShqpes，ComputerGraphicsFb‐ 

rum,２１(3),pp373-382(2002)． 
7）ＷＵ,Ｊ､Ｈ，LeifKobbelt:ＥｶﾞﾗcientSPect7wl 
Wnternza抗ｉｎ９Ｑ/ＬＱｍｅＭｅ８ｂｅ８⑩ithOrtho’
０，αノＢａ８ｉ８ＦＭＬｃｔＭｚｓ，TheVisualComputer，

VOL２１(8-10),ｐｐ､848-857(2005） 
8）Kanai,Ｋ:Mes'Z7bSF,Version1.0.1. 

iftheypossessmorerobustnessagainstsim-

phficationthanotherareas・Moreover，we

extractedinfbrmationdirectlyftomsimplified 

modelwithoutresamplingprocess・Hence,the

resultsrevealedourembeddingschemeholds 

potentialrobustnessagainstmeshsimplifica-

tion． 

６．ＳｕｍｍａｒｙａｎｄｎｌｔｕｒｅＷＯｒｋ 

ｌｎｔｈｉｓｐａｐｅr，wehavepresentedanovelwater-

markingschemewhichisrobustagainstfburtypes 

ofattacksandwecanchangeembeddingcapacity 

flexiblybyenfbrcinganinteractivecomparisonbe‐ 

tweencapacityandresistancetoattacksOompar‐ 

ingtorelatedworks,oursChemeshowedrobustness 

agamstawiderrangeofattacksandexhibitedHex-

ibleandpracticaladvantages 

AsafUturework,weplantofbcusonthealign 

processtooflerbetterresistancewhenmodelshave 

beencroppedsincearobustandaccurateregistra‐ 

tioniscrucialinwatermarkextractionwhilemaL 

ualinteractionisneeded・
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