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点模型上基于样图的纹理合成

ZENGJing1,LITaoshen2,MIAOLanfang1

曾暋静1,李陶深2,苗兰芳1

(1.CollegeofMathematics,PhysicsandInformationEngineering,ZhejiangNormalUniversity,

Jinhua,Zhejiang,321004,China;2.SchoolofComputer,ElectronicsandInformationinGuangxi
University,Nanning,Guangxi,530004,China)
(1.浙江师范大学数理与信息工程学院,浙江金华暋321004;2.广西大学计算机与电子信息学院,
广西南宁暋530004)

Abstract:暰Objective暱Inthispaper,weproposedafast飊speedandeffectivealgorithmtosynthe灢
sizetextureoverthree飊dimensionalpointsetsurfacewithouttriangulation.暰Methods暱Atfirst,

theneighborhoodsforeverypointonthree飊dimensionalpointsetsurfacewerebuiltthrough
KD飊tree.Thenthelocalneighborhoodconstructionwasobtainedandthemostmatchingpoint
wasfoundintheinputsampleimageforeverypoint.Finally,texturesynthesiswasfinished
throughpoint飊basedrendering.暰Results暱Theexperimentalresultsshowthatouralgorithmcan
generatecontinuousandsmoothtextureonthe3Dpoint飊sampledgeometry,andmaintainthe
texturestructureoftheoriginalimage.暰Conclusion暱Thetechniqueoftexturesynthesisiseffec灢
tive.Comparedwithtraditional3Dtexturesynthesisalgorithm,thisalgorithmislesstime飊con灢
suming,moreflexibleandcontrollable.
Keywords:texturesynthesis,pointsetsurface,sampleimage,mapping,assignment
摘要:暰目的暱目前已有的在三维点模型上的纹理合成方法,是将点模型进行三角面片化后再进行纹理合成操作,

本研究的目的是避免三角面化的过程,得到一种直接在点模型上操作的、快速有效的纹理合成方法。暰方法暱首
先,用 KD树为三维点模型上的每一点建立领域,然后为每一点在样图中寻找最匹配的纹理值,最后通过基于点

的绘制技术完成纹理合成。暰结果暱本研究方法能在三维点模型上生成连续光滑的纹理,且保持了原样图的纹理

结构。暰结论暱本研究的纹理合成方法是有效的,并且和传统的三维纹理合成算法相比,本方法费时更少、更灵活

可控。

关键词:纹理合成暋点模型暋样图暋映射暋赋值
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0暋Introduction

暋暋Texturesynthesisfromsamples (TSFS)has
developedrapidlyinrecentyears.Thebasicthought
ofTSFSisgivingasmallpieceofsampleimageto
generatelargeandcontinuoustexturesimilartothe
sample[1].TSFSisdividedintotwo飊dimensionaltex灢
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turesynthesisfromsamples(2D飊TSFS)andthree飊
dimensionaltexturesynthesisfrom samples (3D飊
TSFS).Mostofthe2D飊TSFS methodsregarded
generationoftextureasaMarkovprocess[2飊3].These
methods worked wellbutthespeeds werevery
slow.Theywereimprovedbythealgorithmsofthe
vectorcodingontexture[4]andthepyramidsynthe灢
sis[5].The3D飊TSFS methodssynthesizedthetex灢
tureoverthethree飊dimensional(3D)geometricsur灢
facefrom samplesdirectly[6飊10].Basedonagiven
texturesample,themethodsgeneratedtextureover
theentiresurfaceinaccordancewiththegeometric
configurationofthesurface.Theresultswerevisu灢
allysimilarandcontinuous.
暋暋Byfar,anumberof3D飊TSFStechniqueshave
beenputforwardandmostofthem werebuilton
grid models.Inthetexturesynthesisalgorithms,

thesetraditionaltechniquesusedtopologyinforma灢
tioncontainedinsurfaces.Therewerefewresear灢
chesaboutsynthesizingtexturedirectlyonthe3D
pointsetsurface.
暋暋Recently,pointbasedrepresentationshavebeen
proposedasanalternativetotrianglesfor3Dsur灢
faces,withanumberofadvantages.No‘mesh暞,or
connectivityinformationhastobestoredexplicitly.
Thisallowsasimpleandcompactrepresentation,i灢
dealforfastrenderingandediting.
暋暋Theoriginalsamplingpointsobtainedfromthe
scannersurfacearecalledgeometricinformation.
Thegridtopologyinformationisactuallyfromthe
originalgeometricinformationviacomplicatedpro灢
cessingsuchasgeneratingtriangularpatcheson
pointmodelandsoon.Inthisarticle,wewillsyn灢
thesizetexturedirectlyon3D pointsetsurfaces
withoutreconstructinggridmodelfromthesurfaces
whichisillustratedinfigure1.

Fig.1暋Comparisonofthetwoprocessingprocedure

1暋Relatedwork

暋暋Alargenumberofalgorithmsoftexturesyn灢
thesisfrom sampleshavebeenproposed.Heeger
andBergen[11]synthesizedtextureusingtheLaplace
andcontrollablePyramid.Debonetusedasimilar
approach.EfosandLeungbroughtforwardamore
directalgorithm.Firstlytheysetafewseedsinthe
surfacetobesynthesizedandthenfoundthematc灢
hingpointsinthesampleviathegivenneighbor灢
hood,andfinallyrandomlyselectedamatchpointto
completetherendering[12].Weiand Levoy[4] pro灢
posedasimilaralgorithmandgreatlyacceleratedthe
processofsynthesisby meansofvectorquantiza灢
tion.Efros[8]broughtoutatexturesynthesisalgo灢
rithm basedon blockcollage.Inthe meantime,

Wei[10]useda multi飊scalealgorithmtosynthesize
surfacetexture.Turk[13] usedasimilarapproach.
Zhang[14] proposed the gradienttexture method
whichobtainedgradienttextureeffectonthesur灢
face.BTF暞synthesismethodgeneratedawealthof
micro飊structureonthesurface[15].While mostof
thesemethodswerebasedontrianglemesh,there
werefewofthemcouldachievethesynthesisclosing
tointeractiverate[8].Themethodsoftexturesyn灢
thesiscouldbeextendedtotheprocessingofthe
other things.For example,we could generate
voice[16],sport[14]andvideo[17飊18]viatexturesynthe灢
sis.Moreover,thetechniquesoftexturesynthesis
couldbeusedtorepairimageandvideo.
暋 暋Abandoningtriangulation methods,theimage
processingtechnologiesonpoint飊basedsurfacesonly
recordtheinformationofpoints,from whichthefi灢
nalimagecanbereconstructed.Thetechnologies
providenewavenuesforsolvingfastimageprocess灢
ingofalargenumberofthree飊dimensionalsampled
pointsdata.Inthelastfewyears,alargenumberof
papersrelatedto point飊based surfaces have e灢
merged.We briefly outlinethoserelatedto our
work.ClarenzandRumpf[19]researchedhowtodo
thegeometryprocessingoffiniteelementsonpoint
basedsurfacesandproposedapixel飊basedalgorithm
tosynthesizesurfacetextureasanexample.Xiao
andZhao[20]presentedanoveltechniquefortexture
synthesisonpoint飊sampledgeometryusingglobal
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optimization.Byaddingspecialextratermstothe
energyfunction,theauthorsimplementedauser
controllabletexturesynthesisalgorithm forpoint
setsurfaceson3Dflowfields.Theexperimentalre灢
sultshavegreatlyincreased.

2暋TheProcessofTextureSynthesis

暋 暋 Weproposeahighspeedandeffectivealgo灢
rithmtosynthesizethetextureover3Dpointset
surfaceabandoningtriangulation.Theflowchartof
texturesynthesison3Dpointsetsurfaceisillustra灢
tedinfigure2andthebasicstepscanbesumma灢
rizedasfollows.

暋暋Fig.2暋Flowchartoftexturesynthesison3Dpointset

surface

2.1暋Establishingtheneighborhoodrelationshipof
thepointsonthe3Dmodel
暋暋Weselectaninitialpointormoreon3Dpoint
setsurfaceinthefirststepandloadthedataofsam灢
plepatterntoobtaintexturedataofpixelspointin
thesample.
暋暋Thepointsdistributingonthe3Dpointmodel
arediscrete,soweneedtoestablishtherelationship
amongthepointstoprepareforthetexturesynthe灢
sis.Inouralgorithm,weestablishneighborhoodre灢
lationsofthepointsvia KD飊tree,soeachofthe
pointsonthe3Dsurfacehasasetofadjacentpoints
asitsneighborhoodpoints.Thesizeoftheneighbor灢
hoodcanbeadjustedbytheparametersofKD飊tree,

sowecanacquiresuitableneighborhoodrelations.
2.2暋Initializingtexturevalues
暋暋Initializationisindispensableintheprocessof
thetexturesynthesis.Theinitialtexturevalueon
the3Dsurfaceisacquiredviainitializingthetexture
oftheinitialpointwhichweobtaininthefirststep,

anditisregardedasthebasedtexturefortexture

synthesis.Butitisnotenoughifweonlysynthesize
theinitialpoint.Tosolvethisproblem weputthe
neighborhoodpointsoftheinitialpointintothe
ranksofinitialization,andtheirtexturevaluesare
alsoregardedasthebasedtexture.Initializingtex灢
tureisdividedintothreesteps:

暋暋1)Assigntheinitialpointiatexturevaluefrom
thesampleimagerandomly.
暋暋2)Calculatethetexturevaluesoftheneighbor灢
hoodpointsofi.
暋暋a)Projectingthedirectionbetweeniandall
surroundingpointsikontoi暞stangentplaneandre灢
tainingthedistanceinformation.
暋暋Projecting:

暋暋Direction[ik ]=points[ik].pos飊points[i].pos
暋暋Direction[ik ]=Direction[ik]-
Dot(Direction[ik],normal[i])*normal[i]

暋暋Normalizing:

暋暋Direction[ik]=Normalize(Direction[ik])

暋暋Calculatingthedistancebetweenikandi:

暋暋d= Euclid_diance(ik,i)

暋暋Retainingthedistanceinformation:

暋暋Direction[ik]=d*Direction[ik]

暋暋b)Thedirectionofiisrecordedasdandthe
normalvectorofiisrecordedasn.Wecreateanew
coordinatesystemoni暞stangentplane.Thepointi
istheoriginofcoordinate.ThedirectiondisY飊axis.
Thedirectionn暳disX飊axis(n暳disderivedfrom
thevectorcrossproductformulaofsolidgeome灢
try).
暋暋Regardingtheaveragedistancehbetween
pointsandpointson3Dmodelasaunit,wecalculate
thesteplength殼x,殼yonX飊axisandY飊axisfor
eachprojectionvectorobtainedinthepreviousstep.
暋暋c)Inthesampleimage,regardingthepoint
whichatexturevaluehasbeassignedtotheinitial
pointasthecenterandpixelastheunit,wefindthe
pointwhosedistancetothecenteris殼x,殼yunits
respectivelyonX飊axisandY飊axisandassignthe
texturevalueofthepointtotheneighborhoodpoint
correspondingwiththepointprojectionvector.For
eachneighborhoodpoint,theoperationisrepeated.
暋暋3)Initializetheborderset
暋暋Allofthepointson3D modelaredividedinto
threesetsofpointsY,B,N.Thepointshavingtex灢
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turevaluebelongtothesetY.Thepointswithouta
texturevalueandneartothepointsofYbelongto
thesetB —Theborderset.Theotherpointsbelong
tothesetN .
暋暋Attachalabeltothepointswithinitializedtex灢
turevalueandputthemintosetY.Thedistances
betweeneachpointinthesetYandtheinitialpointi
arecalculatedandsavedtothevariablegeodesic_

distance[ik].
暋暋Attachalabeltotheneighborhoodpointsiknof
thepointsinthesetYandwithoutatexturevalue,

andputthemtothebordersetB .Thedistancesbe灢
tweeneachpointinthesetBandtheinitialpointi
arecalculatedviathefollowingformula:

暋 暋geodesic_distance[ikn]=min{geodesic_dis灢
tance[ikn],

暋 暋geodesic_distance[ik]+Euclid_diance(ik,

ikn)}.
2.3暋Establishingorientationfieldover3Dsurface
暋暋Wemustspecifydirectionson3Dpointsetsur灢
facebeforetexturesynthesis,becausesampletex灢
turehasdirectivity.Thedirectionsofafewpoints
canbespecifiedbytheuserandthedirectionsofthe
absolutely majorpointshavetoacquiredirections
viaalgorithm.Thealgorithmusedthemethodsimi灢
lartoDijkstra暞s.Thegeodesicdistancesbetween
theuser飊specifiedpointandtheotherpointswere
calculated.Thenewdirectionwascalculatedasthe
sumofthedirectionsofalladjacentpointshaving
directions,weightedusingtheGaussians.Thedirec灢
tionofeachpointwasacquiredfromtheneartothe
distance.Sotheorientationfieldoverthesurface
wasestablished.
2.4暋Selectingthenextpoint
暋暋Selectingthenextpointtoberenderedisthe
firststepinthecoreoftexturesynthesis.Weneed
toselectthepoint matchingtheconditionasthe
nextpoint.Ifweselectthenextpointfromallofthe
pointsonthepointbasedmodel,thespeedoftex灢
turesynthesiswillbeveryslow.Tosolvethisprob灢
lemweusethebordersetB .
暋暋SelectingthenextpointfromthebordersetB
cangreatlynarrowthescopeoftheoperationand
improvetheefficiencyoftexturesynthesis.Every
pointinthesetYandBcontainsinformationabout

thedistancetotheclosestpointwithatextureval灢
ue.ThepointwiththesmallestdistancefromBis
selectedasthenextpointp.
2.5暋Establishingthe mappingbetweenthenext
pointandthesampleimage
暋暋Inordertocalculatethetexturevalueofthe
pointpandfinishrendering,themappingbetween
thepointpandthesampleisestablished,andthen
thebest matchingtexturevalueinthesampleis
foundout.
暋暋Theprocesstoestablishmappingbetweenthe
pointpandthesampleisasfollows:

暋暋1)Projectingthedirectionbetweenpandall
surroundingpointsontop暞stangentplaneandre灢
tainingthedistanceinformation (Similartoour
methodusedinsection栿.2.1).
暋暋2)Creatinganewcoordinatesystemandestab灢
lishingaregular matchinggridinthecoordinate
system.
暋暋Thedirectionofpisrecordedasdandthenor灢
malvectorofpisrecordedasn.Wecreateanewco灢
ordinatesystemonp暞stangentplane.Thepointpis
theoriginofcoordinate.ThedirectiondisY飊axis.
Thedirectionn暳disX飊axis(Similartoourmethod
usedinsection栿.3.1).
暋暋Withthepointpasthecenter,webuildaN暳N
gridGofN暳Npointstij withadistanceofhinthe
newcoordinatesystem.Thenumericalvaluehisthe
averagedistancebetweenpointsandpointsonthe
3Dmodel.Inthisarticleweestablishthemapping
betweenthepointsonthe3D modelandthepixels
inthesampleviathegridG .
暋暋3)Assigningthetexturevaluetothepointstij

暋暋Foreachpointtij onthegridG,weselectthe
closestprojectedpointpij.Onthe3Dpointsetsur灢
facewefindoutthepointmijcorrespondingtopij.If
thepointmijbelongstothesetY ,weassignthecol灢
orofmijtotijandtijismarkedasassigned.Else,tijis
markedasunassigned.
2.6暋Findingthevalueoftextureandassignment
暋暋Inthesample,witheachofthepointsasthe
centerandpixelastheunit,webuildN 暳Ngrids
from whichwefindoutthegridC with minimum
colordifferenceviacomparingallgridstothegridG
asillustratinginfigure3.Thecolorofthecenter
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pointqofgridCisthetexturevalueofthepointp.

Fig.3暋Searchingthematchingpointinthesample

暋暋Inthisarticle,weproposeanewassignment
method.Aswellasfollowingthetraditionalpattern
ofsingle飊pointassignment,wecarryoutanewalgo灢
rithmformulti飊pointsynchronousassignmentvia
theneighborhoodand mappingrelations.Thenew
assignmentmethodisdividedintotwosteps:

暋暋1)Single飊pointassignmentforthepointp
暋暋Weassignthecolorofthecenterpointqofgrid
Ctothepointp.Thepointpismarkedasassigned
andincludedinthesetY .Weattachalabeltothe
p暞sneighborhoodpointswithoutthetexturevalue,

andputthemtothebordersetB .
暋暋2)Multi飊pointsynchronousassignment
暋暋WefindoutthepointstijofthegridGthathave
notthetexturevalueandthepointsmij ofthe3D
modelcorrespondingwiththem.Weassignthecolor
ofthecorrespondingpointsofgridCtothepoints
mijandfinishassignment.Thepointsmijaremarked
asassignedandincludedinthesetY .Weattacha
labeltothemij 暞sneighborhoodpointswithoutthe
texturevalue,andputthemtothebordersetB.
2.7暋Assignmentandrendering
暋暋Werepeattheprocessinginsection 栿.2.4~
2灡6untileachpointonthe3Dpointsetmodelhasa
texturevalueandisrendered.

3暋Results

暋暋 Wecarryoutouralgorithm onthecomputer
withprocessor1600 MHzandcorestorage256
MB.Wesynthesizetextureon3Dbunnymodelwith
35283samplingpoints.Onthemodel,theaverage
distancehbetweenpointsandpointsis0.012528.In
theexperiment,weobtaindifferentresultsviachan灢
gingparameters.Theresultsarepresentedintable1
andfigure4.

Table1暋Theexperimentdataoftexturesynthesison3Dpoint

setsurface

Sizeof
sample

Sizeof
grid

SizeofKD飊
tree
(points)

Thetime
ofinitia飊
lization
(s)

Thetime
oftexture
synthesis
(s)

64暳64 11暳11 300 0.0007 35
64暳64 21暳21 600 0.0011 37
88暳76 21暳21 600 0.0007 70
100暳100 21暳21 600 0.0330 115
128暳128 21暳21 600 0.0008 208

Fig.4暋Resultsoftexture

4暋Conclusions

暋暋Wehavepresentedafast飊speedandeffectiveal灢
gorithmtosynthesizetextureover3Dpointsetsur灢
faceabandoningtriangulation.Wefinish texture
synthesisviasevensteps.Theexperimentalresults
showthatthemethodcanproducesmoothtexture
synthesisaswellaskeepingthestructuresinthe
sampletextureandthespeedofprocessingisfast.In
thefuture,wewillfurtherenhancetheeffectandthe
speedoftexturesynthesisonpiontsetsurface.Mo灢
reover,wewillreseachtexturesynthesisonpiont
setsurfacefrom Multi飊sampleimages.
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