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Abstract

e presentan interactivetexture painting systenthat allows the userto author digital imagesby painting with
a paletteof input textures. At the core of our systemis an interactivetexture synthesislgorithmthat geneates
textureswith natural-lookingboundaryeffectsandalphainformationastheuserpaints.Furthermoke, wedescribe
an intuitive layered painting modelthat allows strokes of texture to be meiged, intersectecand overlappedwhile
maintainingthe appropriate boundarieshetweertexture regions.\We demonstatethe utility andexpressivenessf
our systenby paintingseveral imagesusingtexturesthat exhibit a range of differentboundaryeffects.

Catagyoriesand SubjectDescriptors(accordingto ACM CCS) 1.3.3 [ComputerGraphics]:Picture/ImageGenera-
tion - Display algorithmsl.3.3 [ComputerGraphics]:Methodologyand Techniques Interactiontechniqued.4.7
[ImageProcessingndComputetVision]: FeatureMeasurement Texture

1. Intr oduction

Sincethe introductionof SketchRd [Sut63 in 1963,draw-
ing or paintingwith ahandheldnputdevice hasbecomeone
of the most popularinteractionmodesfor creatingdigital
images Direct paintinginterfacesareboth simpleandintu-
itive; the act of applyingdigital paintto a digital carvasis
closelyanalogougo the actof applyingreal paintto areal
carvas. Today every industry-standardmagecreationand
designtool (including Adobe PhotoshopAdobelllustrator,
etc.) allows the userto make markson a digital carvas by
applyingdigital paint.

Recentadwancesn texture synthesishave the potentialto
signi cantly increasethe expressve power of digital paint-
ing tools.By enablingthereproductiorof arbitraryamounts
of agivensampletexture,modernsynthesislgorithmsopen
upthepossibilityof usingtexturesasanotheform of digital
paint. The usershouldbe ableto choosea setof example
texturesto form a paletteof texture paintsthat could then
be appliedinteractively. By painting with texture, the user
couldcreateémagesthatexhibit thecomple detailandsub-
tle variationsof the exampletextureswith arelatively small
amountof effort.

In this work, we presentan interactive texture painting
applicationthat allows the userto createdigital imagesby
paintingwith a paletteof input textures.At the coreof our
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Figure 1: Boundaryeffects.Top row showsboundaryeffects
in a stroke of wateicolour paint(a), orange peel(b), andtorn
pieceof paper(c). Bottomrow showssynthesizegapertex-
ture with andwithoutboundaryeffects.Without boundaries,
theedge of thetexture looksarti cial.

systemis a texture synthesisalgorithmthat addressethree
mainchallenges.

Boundary effects.The boundarieof mary interestingtex-
tureshave a differentappearance¢han their interiors. Fig-
ure 1 shaws threeexamplesof suchboundaryeffects.Paint-
ing with textureproducesmagescomprisedf multiple dis-
tinct textures,andin suchimages boundaryeffectsarecru-
cial for producingnaturaltransitionsbetweerregionsof dif-
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ferenttexture. Without the appropriateboundaryeffects,in-
terfacesbetweenadjacenttextures tend to look arti cial.

Most existing texture synthesisalgorithmsgeneratean in-
nite expanseof a particulartexturewithout consideringhe
texture's appearancatits perimeter

Interactive texturesynthesisSynthesizindhigh-qualitytex-

turescanbe a computationallyexpensve taskthatis often
dif cult to performatinteractve rates.However, aninterac-
tive texture paintingsystemmustbe ableto generateexture
in aresponsie mannerasthe userpaints.

Combining strokes. In a typical usagescenario,multiple
strokesof texture paintwill overlapwhena userpaintswith

texture. Thus,a texture paintingsystemmustde ne whatit

meansvhenregionsof texture overlapandprovide the user
with anintuitive interfacefor combiningstrokes.

The techniqueswve have inventedto addresshesechal-
lengesrepresenbur primary contribution. Speci cally, we
have developeda texture synthesisalgorithm that extends
existing methodsto producetextureswith boundaryeffects
andalphainformation.We presenanimplementatiorof this
algorithm that performswell enoughto enableinteractve
feedbaclkwithin thecontext of ourtexture paintinginterface.
Finally, we describealayeredpaintingmodelfor combining
overlappingregionsof texture paintthatis simpleenoughto
be intuitive for the user andexpressive enoughto supporta
wide rangeof compositeexture effects.

2. Relatedwork

This work draws inspirationfrom threesourcesinteractive
paintingsoftware,non-photorealisticenderingandtexture
synthesis.

Applications like Adobe Photoshop,Adobe lllustrator,
and the GIMP have becomemainstaysof digital artwork
creation.While very powerful, creatinghigh quality images
from scratchusingtheseprogramgakesa greatdealof time
andskill. Somesystemglike Photoshopsupporttheincor
porationof digital photograph®r scansas part of the au-
thoringprocessbut theuseris limited to essentiallyltering
and copying partsof the existing media.For example,the
usermight painstakinglypiecetogethernewv imagesusing
the cloningand/orhealingbrushin Photoshop.

A greatdeal of work hasbeendoneemulatingparticular
artistic media, including watercolour[CAS 97], pen-and-
ink [WS94, andink on absorbenpaper[CT05. Eachof
thesesystemdasbeencarefullyengineeredo reproducehe
visual characteristicef a speci ¢ medium.In contrast,our
systemenableghe reproductionof a broadrangeof media
throughthe useof example-basetkxture synthesis.

Our texture synthesisalgorithm is basedon the non-
parametric sampling methods proposed by Efros and
Leung [EL99]. In addition, we incorporate techniques
for preservingcoherentpatchesof texture proposedby

texture region
binary mask

RGBA image

Figure2: Inputtexture. LeftshowsRGBA inputimage. Right
showsbinary mask/teture regionalongwith thealphachan-
nel.

Ashikhmin [Ash01, who also introduced the concept
of user controllable texture synthesisthrough a user
speci edinitializationimage.Boththeseandsubsequerdp-
proacheg EF01 KSE 03, WY04, LHO5] have focusedon
generatinganin nite expanseof relatively uniform texture
andhave notaddressetheissueof textureboundaneffects.

A few recentresultshave madegreatstridestowardsinter
active texture synthesisPatch-basednethodssuchasJump
Maps [Z2G02, have beenusedprimarily for interactve tex-
ture synthesison surfaces.Patch-basedechniquesat least
in their currentform, cannotbeusedin ourapplicationsince
they do not provide ary mechanismfor handlingthe spe-
cial appearancef texture boundaries— althoughthisis an
interestingareafor future work. The pixel-basedmethods
of [LHO5] and [WLOZ2] rely on precomputatiorof neigh-
borhoodsearchcandidateso performparallelsynthesisAs
currently formulated,thesemethodsare inappropriatefor
boundarysynthesissince the synthesisregion needsto be
"dilated" at coarserresolutions.This dilation relies, once
again, on the assumptiorthat the texture to be synthesized
is relatively uniform andin nite in all directions.

Our work mostdirectly relatesto the Image Analogies
“texture-by-numbers”technique[HJO 01], which works
by “ltering” a false-colouredmage of labels basedon
an examplelabels/ Itered-imagepair. However, texture-by-
numbersreatslabelsascolourvalues,comparingthemus-
ing colourspacalistanceThis metriccancausepoorneigh-
borhoodmatchingand low quality resultsdueto the erro-
neouscombinationof the texture channelsandlabel chan-
nels.Ourwork treatdabelsasordinal,not metric,valuesand
sois not subjectto theselimitations. Additionally, texture-
by-numbershasno ability to treatpixels from adjacentex-
tureregionsindependentlyThus,texture-by-numberss un-
able to reproducecorvincing texture boundariesfor inter
facesnot presentin the example pair. This limitation pre-
ventstheuserfrom “mixing andmatching”awide variety of
texturesfrom disparatesourcesOursystencircumwentsthis
problemby usinga novel enegy functionthattakestexture
regionsinto account.

3. Systemoverview

To createanimageusingour systemtheuser rst provides
a setof exampletexturesthat represent paletteof texture
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paints.Oncethesetexturesare loadedinto the system the
usercanselecta texture andthenpaintwith it on a carvas
provided by the application.As the usermovesthe virtual
brush,the systemdynamicallysynthesizeshe selectedex-
turein thenewly paintedregion of thecarvas.

The paletteof exampletexturesrepresentghe only re-

quired input to our system.Eachtexture is specifedas an
RGRA imagealongwith abinary mask,createdy theuser
thatidenti es thetexture region— i.e., theregion of theim-
agethat containsthe texture. Locationsin the maskwith a
valueof 1 (typically, all partsof the texture with non-zero
alpha)representhe pixels within the texture region, called
texture-region pixels Thesepixels de ne the texture's ap-
pearancegseeFigure 2). Whenthe texture hasa boundary
effect, it is de ned by the pixels nearthe perimeterof the
textureregion. Optionally theusercanprovide anadditional
le thatcontainsthe speci c parameteraluesto usewhen
synthesizingachtexture. Theseparameteraredescribedn
Section4. Thereis no conceptualimit on the size or res-
olution of the input images.though,in practice,the useof
memory-intensie ANN searchstructuresrestrictsthe size
of eachtexture. Most textureswe have experimentedwith
aresmallerthan400 400.

To Il a paintedtexture region with the selectedexam-
ple texture, we extendthe pixel-basedexture synthesisap-
proachusedin the Image Analogiessystemof Hertzmann
et al. [HJO 01]. In the following section,we describethe
overall algorithmat a high level. The subsequentwo sec-
tionsfocusonthespeci ¢ novel techniquesve developedto
captureboundaryeffectsandmake the synthesisnteractve.

4. Pixel-basedtexture synthesis

Givenanexampletexture A andatamgettextureregion B in
which to synthesizehe texture, our systemproceedsising
thebasicapproaclpresentedh ImageAnalogiesfHJO 01].
Target pixels are synthesizedin scanlineorder by copying
the RGBA valuesof pixelsfrom theexampletexture.To de-
terminewhich examplepixel to copy into a locationb in B,
the algorithmlooksfor the pixel in A whoselocal neighbor
hoodis mostsimilar, undera prescribecenegy function,to
theneighborhooaf b.

To nd themostsimilar exampleneighborhoodthealgo-
rithm performstwo searchesa datasearchanda coherence
search[Ash0]. The data seach attemptsto nd the best
matchingneighborhoodver all of A. The coheenceseach
attemptdgo presere coherentegionsof texturein theresult
by limiting the searchto examplepatchesadjacento previ-
ouslycopiedpixels.A coherenc@arametek is usedto help
choosebetweertheresultsof thesetwo searchesA speci ¢
k valuecanbeassociategvith any exampletextureaspartof
theinputto thesystemThedefault valuefor k in oursystem
is 2. Theuseralsohasthe option of disablingthe coherence
search.

To capturefeaturesat differentscalesthe algorithmruns
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Figure 3: NeighborhoodhapeWhitesquaesrepresentex-
ture region pixels,and black squaesrepresentnon-tecture-
region pixels. The layout of white pixels determineseigh-
borhoodshape If we compae P to Q, R,and S, mismatt-
ing pixels(in pink) indicateshapedifferencesBasedon the
numberof mismatbes,Q is mostsimilar to P with ong Ris
next with two, and Sis theleastsimilar with six mismattes.

at multiple resolutions.Gaussiarimagepyramidsare con-
structedfor both A andB, andthe synthesids performedat
eachlevel of thepyramid,from coarsesto nest usingmulti-
scaleneighborhoodsAt eachlevel, the algorithminitializes
thetametregion with the synthesizedesultfrom the previ-
ouslevel. Thesizeandnumberof levelsof thesearcheigh-
borhoodcanbe adjustedo synthesizeextureswith features
of differentsizes.As with k, a speci c neighborhoodsize
andthe numberof Gaussiampyramidlevelscanbespeci ed
for ary exampletexture.We have foundthattwo-level 7 7
neighborhoodsvork well for a variety of textures,andwe
usethis asour default neighborhoodize.

5. Synthesizingboundary effects

The key componentof the synthesisalgorithm is the en-
ey function usedto comparetwo texture neighborhoods.
Roughly speaking,we want this enegy function to return
alower enegy for neighborhoodshatlook morealike, in-
cludingneighborhoodpprearancattexture boundaries.

As with previous techniqueswe considerthe coloursof
the pixels within eachneighborhoodas part of our metric.
In addition, when comparingtwo neighborhoodghat are
neartexture boundariespur enegy function penalizeddif-
ferencesn “neighborhoodshapé, by which we meanthe
layout of texture region-pixels within a neighborhoodsee
Figure3). Thus,whenthesystensynthesizeapixel nearthe
boundaryof the target region, the enegy function favours
pixelsnearsimilarly shapedoundaryneighborhood# the
exampletexture. This approacthallows our systento capture
variationsin the texture boundarythatdependon the curva-
tureandorientationof theborder

We computethe enegy betweentwo neighborhoodss
follows. Giventwo equal-sizedheighborhood® andQ, our
enepgy function computesan enegy contrikution for each
pair of correspondingixels andthenreturnsa normalized
sum of thesecontritutions as the total enepgy. Pixels are
comparedn oneof threedifferentways:

1. If both pixels are texture-reggion pixels, the enegy con-
tribution is the sumof squarediifferencedetweertheir
RGBA values.
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2. If both pixels are non-texture-region pixels, we consider
themto be perfectly matched.Thus,the contritution to
thetotal enegy is zero.

3. Finally, if onepixelis atexture-region pixel andtheother
is not, thereis a differencein the shapebetweerthetwo
neighborhoodsln this case the pixels contritute a very
large enepgy valuethatpenalizeghe shapemismatch.

Here,we give the formal de nition of the enegy function.
Let P andQ betwo neighborhoodsf sizen comprisedre-
spectvely, of pixelsf p1;:::; png andf qp; :::; gng. We useTp
andTg to denotethe texture regions associatedvith these
two neighborhoodd.et d(p; g) representhesumof squared
differencedetweenthe RGBA valuesat pixels p andg. Fi-
nally, let emax be the penaltyfor a shapemismatch.Typi-
cally, we setemax large enoughso that shapemismatches
completelyoverridecolourmatchesTheenegy E(P, Q) be-
tweenP andQ is de ned asfollows:

18
EPQ = ~a &pia)

i=1

8

2d(p;q) if p2 Tpandg2 Tg
epa) = _0 if p2Tpandq2 Tq

€max if p2 Tpxorgq2 Tg

Note that if all the pixels in both neighborhoodsare
texture-raion pixels, the enegy function essentiallymea-
sureghel colourdistancebetweerthetwo neighborhoods.
Thus,away from thetextureboundariespur enegy function
is identicalto the colourbasedmetricsusedin previous al-
gorithms[HJO 01]. However, nearboundariespoth shape
andcolourareusedto evaluateneighborhoodimiliarity.

6. Synthesizingtexture interactively

To enable a smooth painting interaction, our synthesis
algorithmmustgeneratdexture at interactve rates.Recent
work by Lefebvre and Hoppe[LHO5] presentsa very fast
GPU-basedsynthesistechnique, but their method does
not handletextureswith boundariesTo make our system
responsie, we combinetwo stratgiesthathelpmitigatethe
expenseof thetexture synthesicomputation.

Accelerating search for examplepixels
Theperformancef the synthesisalgorithmis dominatedoy
therunningtime of theinnerloop, whichinvolvessearching
for the best(i.e., lowestenegy) examplepixel to copy into
the target region. Whenthe tamget neighborhoods entirely
within the texture region, we acceleratehe searchusinga
techniqgueérom ImageAnalogies.In particular we represent
thecoloursof neighboringpixelsasa featurevectoranduse
approximate-neagst-neighbosearch (ANN) [AMN 98] to
nd thebestmatchin the exampletexture. The systemalso
searchesn luminancespace(or luminanceplus alpha)in-
steadof RGBA spaceto reducethe dimensionalityof the

problem.The useralsohasthe option of including alphaas
anadditionalsearchchannel.

Unfortunately ANN cannot be used when the target
neighborhoodasoneor morenon-texture-region pixelsbe-
causehespeci c pixelsto includein thefeaturevectorvary
dependingon the neighborhoodshape.To avoid perform-
ing a brute-forcesearchover all boundaryneighborhoodn
the exampletexture, we have developeda simple accelera-
tion stratgy. The systemrst countsthe numberof texture-
region pixels in the target neighborhoodThen, the set of
example neighborhoodwith a similar numberof texture-
region pixels is found. If thereare neighborhoodsvith an
equalnumberof texture-reyion pixels, this setis composed
of theseneighborhoodsOtherwise,the set containsall of
the neighborhoodsith the next smallestand next largest
numberof texture-ragion pixels. Typically, there are only
a few dozenneighborhoodsn this set. Finally, the system
comparegachof theseneighborhoodsigainstthe tametto
nd thebestmatch.To nd thecandidateneighborhoodef-
ciently, the systemstoresthe exampleboundaryneighbor
hoodsin amapindexedby the numberof texture-region pix-
els.

The rationalefor this schemecomesfrom the following
threeobsenations:

1. Neighborhoodsvith similar shapesave a similar num-
berof texture-ragion pixels.

2. If emax is large, only neighborhoodshat have similar
shapesvill begoodmatches.

3. Neighborhoodsat a similar distancefrom a texture
boundaryhave a similar numberof texture-ragion pixels,
evenif theneighborhoodbave very differentshapes.

Basedon the rst two obserations, our searchstratgy
considersonly neighborhoodshat have the potentialto be
goodmatchesThus,if a goodmatchexistsin the example
texture, it will be found. If a good match doesnot exist,
it follows from the third obseration that our searchhasa
good chanceof choosingan exampleneighborhoodhatis
ata similar distancefrom the texture boundaryasthe target
neighborhood.

Progressve synthesis

Even with the aforementionedcceleratiortechniquesthe
synthesids too slow to enablea responsie paintinginter
action. Thus,we adoptthe following incrementakynthesis
strat@y. As the user paints, the systemgeneratesa low-
resolutionpreview of the paintedtexture by synthesizing
pixelsatthecoarseskevel of theimagepyramidandthenim-
mediatelysplattingthemontothe screenA separateéhread
progressiely re nes the preview at higher resolutionsun-
til the full resolutionresult hasbeengeneratedSincethe
coarse-lgel synthesiss typically very fast,preview colours
canusuallybecomputedasquickly asthe userpaints.How-
ever, if thesystems unableto synthesizeall thepreview pix-
elsbeforethecarvasis refreshedthe averagetexture colour
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Figure 4: Layering modes.Top row showsfalse-coloued
strokes, and bottomrow showscorrespondingsynthesized
textures.ln eat case stroke 1 is paintedbefore stroke 2.

is copiedinto the unsynthesizegixelsto give the userim-
mediatefeedback.

To furtherimprove our algorithm's performanceywe bor-
row a techniquefrom texture-by-numbersghat reduceshe
numberof expensve datasearcheperformedduring syn-
thesis. The algorithm executesboth data and coherence
searcheg$or oneout of every k pixels. For the otherpixels,
only a coherencesearchis performed.Sincethe coherence
searchis muchfaster this stratgyy improvesperformancet
the costof synthesigjuality. In our systemthe usercanad-
justthevalueof k to controlthis trade-of.

7. Combining strokes

During a typical paintingsessionthe userwill apply mary
strokes of texture paint to the carvas. As each individ-
ual stroke is drawn, the systemgenerateboundaryeffects
aroundthe stroke perimeterin the mannerdescribedabove.
However, whentwo strokes overlap, it is not immediately
clear where boundaryeffects should be synthesizedDe-
pendingon the situation, it may make senseto generate
boundaryeffectson zero,one,or both sidesof aninterface
betweeroverlappingstroles.

To give the usercontrol over whereboundaryeffectsap-
pear our systemallows strokesto be assignedo different
depthlayers;within thislayeredpaintingmodel,theusercan
combinestrokesvia threedistinct layeringmodes— OVER,
REPLACE, and MERGE — eachof which resultsin different
boundarysynthesidbehaiour (seeFigure4).

Ower. This layering modeis appliedwhen the user paints
overastroke thatresideson anunderlyinglayer Thesystem
synthesizeshe newly paintedstroke with boundaryeffects
while leaving the bottomstroke unchanged.

ReplaceThis modeis employedwhentheuserpaintswith a
differenttexture over a stroke on the sameayer, therebyre-
placinga portionof the existing texture. The systemsynthe-
sizesboundaryeffectsfor both texturesalongthe interface
betweenthem.Our systemalso supportsan “eraserbrush”
thatallows the userto remove (ratherthanreplace)texture,
therebyexposingthe underlyingpaint. Boundariesare syn-
thesizedwithin the perimeterof the erasedegion.
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Merge. This modeis appliedwhenthe userpaintsover a
stroke on the samelayerwith the sametexture. The system
megesthe strokesto form alargerregion of contiguougex-

tureandgenerateboundaryeffectsaroundthe perimeterof

thememgedregion.

8. Results

To demonstratehe differenttypesof boundaryeffectsthat
oursystenmcanreproducewe presentafew texturepaintings
thatwe generatedisingour interactve paintingapplication.
For all of the synthesizedexturesshawvn in our results,we

useda coherencdactork betweerQ and5 anda neighbor

hoodradiusbetweenl and4.

To produce the watercolour paintings shavn in Fig-
ure5(a) we scannedn ve watercolourstrokesandcreated
thesggmentedl55 322inputimageshavn ontheleft side
of the gure. Using this palette,we paintedtwo different
treesby layeringthe texturesin a seriesof washesNotice
that the systemis able to reproducethe featheredborders
of thetop two strokes,aswell asthe edge-darkningeffects
exhibited by the otherexamplesin the palette.

The papercollage shavn in Figure 5(b) was generated
using a paletteof differentpapertextureswith torn edges.
Eachof the three scannednput texturesis approximately
200 200.The synthesizedesultsuccessfullycaptureshe
appearancef thetorn paperboundariesAlso, by including
alphainformationwith theinputs,we wereableto generate
semi-transparemaperextures.In particular noticehow un-
derlyingcoloursarevisible throughthe paperedges.

To produceheorangetextureresultshavn in Figure5(c),
we provided the systemwith two small input textures: a
175 13limageof apieceof orangepeel,anda 125 64
imageof the orangepulp texture. Note thatour systemwas
ableto capturethe variationsin width of the white brous
materialat the edgeof the orangepeel. Sincethe pulp tex-
ture doesnot includeary boundaryeffects,noneweresyn-
thesizedn the nal result.

To evaluateour algorithm against the Image Analogies
texture-by-numbersechniquewe performedthe following
comparisonin our systemwe paintedanimagecomprised
of ve texturestakenfrom variousmedicalillustrations.We
thenrecreatedheimageusingtexture-by-numberdy pass-
ing in afalse-colouredabelimage,the correspondingned-
ical illustration textures,andthe label map associatedvith
ourtexturepainting. Theinputsandresultsgeneratedy our
systemandtexture-by-numberareall shavn in Figure®6.

Asillustratedin Figure6(b), texture-by-numbersloesnot
consistentlyreproducethe appropriateboundariesat inter
faceghatdo notexistin theexampletexture,suchastheone
betweerthe “muscle” texture (light bluelabel)andthe“fat”
texture (greenlabel). Since texture-by-numbersconsiders
the actuallabel coloursduring synthesisspeci ¢ con gu-
rationsof labels(combinedwith the propagtionof coherent



Lincoln Ritter & Wimot Li & Brian Curless& Maneeshgarwala& David Salesin/ Painting Wth Texture

(a) watercolouttrees

(b) papercollage

(c) skillfully peeledorange
Figure 5: Texture painting results.For all threeresults,the
input paletteinsetand reducedor sizeconsideations.Wa-
tercolour treesgenelatedusinga paletteof scannedvater
colourstrokes(a). Papercollage generatedusingthreescans
of torn paperasinput (b). Skillfully peeledrange geneated
usingorange pulp and peeltexturesasinput (c).

patcheskanresultin someboundarypixels beingcorrectly
synthesizedFor instance Figure 6(b) exhibits boundaryef-
fectsalong portionsof the interfacebetweenboneandfat.
However, the bordersare not reliably synthesizedIn con-
trast,theresultgeneratedby our systemexhibits the correct
boundaryeffectsatall interfacesasshavn in Figure6(c).

(a) input

(b) texture-by-numbersesult

(c) ourresult
Figure 6: Comparison with texture-by-numbes. Input
paletteandlabelimage passedn to texture-by-numbes (a).
Texture-by-numbes doesnot reliably reproduceboundary
effectsat interfacesnot presentin theinput, like theonebe-
tweer'muscle” (bluelabel)and“fat” (greenlabel) (b). Our
resultexhibitsappropriate boundaryeffectseverywhee (c).

9. Conclusions

In this paperwe have describeda systemhatenablegaint-
ing with texture. In particular we have identi ed theimpor-
tanceof texture boundariesand presented synthesisalgo-
rithm for generatingextureswith boundaryeffectsatinter
active rates.As part of this algorithm, we have described
a novel enegy function that representshe primary techni-
cal innovation of this work. Finally, we have de ned a few
usefulwaysin which strokesof texture caninteractandde-
scribedan intuitive painting model that allows the userto
inducetheseinteractions.

While our systemworks well for a broad classof tex-
tures,we planto extendit to handlemorestructurecbound-
ary effects.Currently our systemhasdif culty synthesizing
highly orientedor anisotropictexturesaswell astexturere-
gionswith wide boundaryeffects. We believe the addition
of some“control channels”(as suggestedn ImageAnalo-
gies) might help solwe this problem.Additionally, it might
bepossibleo relieve theuserof having to specifytexturere-
gionsmanuallyby incorporatingsegmentationand matting
techniquesnto our system We would alsolike to improve
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theresponsienesof our systemby investigating additional
acceleratioechniquesuchashybrid patch/pixel-basedip-
proaches.
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