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Abstract

We presentan interactivetexture paintingsystemthat allows the userto author digital imagesby paintingwith
a paletteof input textures.At the core of our systemis an interactivetexture synthesisalgorithm that generates
textureswith natural-lookingboundaryeffectsandalphainformationastheuserpaints.Furthermore, wedescribe
an intuitive layeredpaintingmodelthat allowsstrokesof texture to bemerged,intersectedandoverlappedwhile
maintainingtheappropriateboundariesbetweentexture regions.Wedemonstratetheutility andexpressivenessof
our systembypaintingseveral imagesusingtexturesthatexhibit a rangeof differentboundaryeffects.

CategoriesandSubjectDescriptors(accordingto ACM CCS): I.3.3 [ComputerGraphics]:Picture/ImageGenera-
tion - DisplayalgorithmsI.3.3 [ComputerGraphics]:MethodologyandTechniques- InteractiontechniquesI.4.7
[ImageProcessingandComputerVision]: FeatureMeasurement- Texture

1. Intr oduction

Sincethe introductionof SketchPad[Sut63] in 1963,draw-
ing or paintingwith ahandheldinputdevicehasbecomeone
of the most popular interactionmodesfor creatingdigital
images.Direct paintinginterfacesarebothsimpleandintu-
itive; the act of applyingdigital paint to a digital canvasis
closelyanalogousto the act of applyingreal paint to a real
canvas.Today, every industry-standardimagecreationand
designtool (includingAdobePhotoshop,AdobeIllustrator,
etc.) allows the userto make markson a digital canvasby
applyingdigital paint.

Recentadvancesin texturesynthesishave thepotentialto
signi�cantly increasethe expressive power of digital paint-
ing tools.By enablingthereproductionof arbitraryamounts
of agivensampletexture,modernsynthesisalgorithmsopen
upthepossibilityof usingtexturesasanotherform of digital
paint. The usershouldbe able to choosea setof example
texturesto form a paletteof texture paintsthat could then
be appliedinteractively. By paintingwith texture, the user
couldcreateimagesthatexhibit thecomplex detailandsub-
tle variationsof theexampletextureswith a relatively 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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Figure1: Boundaryeffects.Toprowshowsboundaryeffects
in a strokeof watercolourpaint(a),orangepeel(b),andtorn
pieceof paper(c). Bottomrowshowssynthesizedpapertex-
turewith andwithoutboundaryeffects.Withoutboundaries,
theedgeof thetexture looksarti�cial.

systemis a texturesynthesisalgorithmthataddressesthree
mainchallenges.

Boundary effects.The boundariesof many interestingtex-
tureshave a different appearancethan their interiors.Fig-
ure1 shows threeexamplesof suchboundaryeffects.Paint-
ing with textureproducesimagescomprisedof multipledis-
tinct textures,andin suchimages,boundaryeffectsarecru-
cial for producingnaturaltransitionsbetweenregionsof dif-
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ferenttexture.Without theappropriateboundaryeffects,in-
terfacesbetweenadjacenttextures tend to look arti�cial.
Most existing texture synthesisalgorithmsgeneratean in-
�nite expanseof aparticulartexturewithoutconsideringthe
texture'sappearanceat its perimeter.

Interactivetexturesynthesis.Synthesizinghigh-qualitytex-
turescanbe a computationallyexpensive taskthat is often
dif�cult to performat interactive rates.However, aninterac-
tive texturepaintingsystemmustbeableto generatetexture
in a responsivemanner, astheuserpaints.

Combining strokes. In a typical usagescenario,multiple
strokesof texturepaintwill overlapwhena userpaintswith
texture.Thus,a texturepaintingsystemmustde�ne what it
meanswhenregionsof textureoverlapandprovide theuser
with anintuitive interfacefor combiningstrokes.

The techniqueswe have inventedto addressthesechal-
lengesrepresentour primary contribution. Speci�cally, we
have developeda texture synthesisalgorithm that extends
existing methodsto producetextureswith boundaryeffects
andalphainformation.Wepresentanimplementationof this
algorithm that performswell enoughto enableinteractive
feedbackwithin thecontext of ourtexturepaintinginterface.
Finally, wedescribea layeredpaintingmodelfor combining
overlappingregionsof texturepaintthatis simpleenoughto
beintuitive for theuser, andexpressive enoughto supporta
wide rangeof compositetextureeffects.

2. Relatedwork

This work draws inspirationfrom threesources:interactive
paintingsoftware,non-photorealisticrendering,andtexture
synthesis.

Applications like Adobe Photoshop,Adobe Illustrator,
and the GIMP have becomemainstaysof digital artwork
creation.While very powerful, creatinghigh quality images
from scratchusingtheseprogramstakesagreatdealof time
andskill. Somesystems(like Photoshop)supporttheincor-
porationof digital photographsor scansaspart of the au-
thoringprocess,but theuseris limited to essentially�ltering
andcopying partsof the existing media.For example,the
usermight painstakinglypiecetogethernew imagesusing
thecloningand/orhealingbrushin Photoshop.

A greatdealof work hasbeendoneemulatingparticular
artistic media, including watercolour[CAS� 97], pen-and-
ink [WS94], and ink on absorbentpaper[CT05]. Eachof
thesesystemshasbeencarefullyengineeredto reproducethe
visual characteristicsof a speci�c medium.In contrast,our
systemenablesthe reproductionof a broadrangeof media
throughtheuseof example-basedtexturesynthesis.

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

RGBA image binary mask

alpha

texture region

Figure2: Inputtexture. LeftshowsRGBA inputimage. Right
showsbinarymask/textureregionalongwith thealphachan-
nel.
Ashikhmin [Ash01], who also introduced the concept
of user controllable texture synthesis through a user-
speci�edinitializationimage.Boththeseandsubsequentap-
proaches[EF01, KSE� 03, WY04, LH05] have focusedon
generatingan in�nite expanseof relatively uniform texture
andhavenotaddressedtheissueof textureboundaryeffects.

A few recentresultshavemadegreatstridestowardsinter-
active texturesynthesis.Patch-basedmethods,suchasJump
Maps [ZG02], have beenusedprimarily for interactive tex-
ture synthesison surfaces.Patch-basedtechniques,at least
in theircurrentform, cannotbeusedin ourapplicationsince
they do not provide any mechanismfor handlingthe spe-
cial appearanceof textureboundaries— althoughthis is an
interestingareafor future work. The pixel-basedmethods
of [LH05] and [WL02] rely on precomputationof neigh-
borhoodsearchcandidatesto performparallelsynthesis.As
currently formulated,thesemethodsare inappropriatefor
boundarysynthesissincethe synthesisregion needsto be
"dilated" at coarserresolutions.This dilation relies, once
again, on the assumptionthat the texture to be synthesized
is relatively uniformandin�nite in all directions.

Our work most directly relatesto the ImageAnalogies
“texture-by-numbers”technique[HJO� 01], which works
by “�ltering” a false-colouredimage of labels basedon
anexamplelabels/�ltered-imagepair. However, texture-by-
numberstreatslabelsascolourvalues,comparingthemus-
ing colour-spacedistance.Thismetriccancausepoorneigh-
borhoodmatchingand low quality resultsdue to the erro-
neouscombinationof the texture channelsand label chan-
nels.Ourwork treatslabelsasordinal,notmetric,valuesand
so is not subjectto theselimitations.Additionally, texture-
by-numbershasno ability to treatpixels from adjacenttex-
tureregionsindependently. Thus,texture-by-numbersis un-
able to reproduceconvincing texture boundariesfor inter-
facesnot presentin the examplepair. This limitation pre-
ventstheuserfrom “mixing andmatching”awidevarietyof
texturesfrom disparatesources.Oursystemcircumventsthis
problemby usinga novel energy functionthat takestexture
regionsinto account.

3. Systemoverview

To createanimageusingour system,theuser�rst provides
a setof exampletexturesthat representa paletteof texture
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paints.Oncethesetexturesare loadedinto the system,the
usercanselecta texture andthenpaint with it on a canvas
provided by the application.As the usermoves the virtual
brush,thesystemdynamicallysynthesizestheselectedtex-
turein thenewly paintedregionof thecanvas.

The paletteof example texturesrepresentsthe only re-
quired input to our system.Eachtexture is specifedas an
RGBA imagealongwith abinarymask,createdby theuser,
thatidenti�es thetexture region— i.e., theregionof theim-
agethat containsthe texture.Locationsin the maskwith a
valueof 1 (typically, all partsof the texture with non-zero
alpha)representthe pixels within the texture region, called
texture-region pixels. Thesepixels de�ne the texture's ap-
pearance(seeFigure 2). When the texture hasa boundary
effect, it is de�ned by the pixels nearthe perimeterof the
textureregion.Optionally, theusercanprovideanadditional
�le that containsthe speci�c parametervaluesto usewhen
synthesizingeachtexture.Theseparametersaredescribedin
Section4. Thereis no conceptuallimit on the sizeor res-
olution of the input images,though,in practice,the useof
memory-intensive ANN searchstructuresrestrictsthe size
of eachtexture. Most textureswe have experimentedwith
aresmallerthan400� 400.

To �ll a paintedtexture region with the selectedexam-
ple texture,we extendthepixel-basedtexturesynthesisap-
proachusedin the ImageAnalogiessystemof Hertzmann
et al. [HJO� 01]. In the following section,we describethe
overall algorithmat a high level. The subsequenttwo sec-
tionsfocusonthespeci�c novel techniqueswedevelopedto
captureboundaryeffectsandmake thesynthesisinteractive.

4. Pixel-basedtexturesynthesis

GivenanexampletextureA anda target textureregion B in
which to synthesizethe texture,our systemproceedsusing
thebasicapproachpresentedin ImageAnalogies[HJO� 01].
Targetpixelsaresynthesized,in scanlineorder, by copying
theRGBA valuesof pixelsfrom theexampletexture.To de-
terminewhich examplepixel to copy into a locationb in B,
thealgorithmlooksfor thepixel in A whoselocal neighbor-
hoodis mostsimilar, undera prescribedenergy function,to
theneighborhoodof b.

To �nd themostsimilarexampleneighborhood,thealgo-
rithm performstwo searches,adatasearch,andacoherence
search[Ash01]. The data search attemptsto �nd the best
matchingneighborhoodover all of A. Thecoherencesearch
attemptsto preserve coherentregionsof texturein theresult
by limiting thesearchto examplepatchesadjacentto previ-
ouslycopiedpixels.A coherenceparameterk is usedto help
choosebetweentheresultsof thesetwo searches.A speci�c
k valuecanbeassociatedwith any exampletextureaspartof
theinput to thesystem.Thedefaultvaluefor k in oursystem
is 2. Theuseralsohastheoptionof disablingthecoherence
search.

To capturefeaturesat differentscales,thealgorithmruns

P Q SR

Figure3: Neighborhoodshape. Whitesquaresrepresenttex-
ture region pixels,andblack squaresrepresentnon-texture-
region pixels.Thelayout of white pixelsdeterminesneigh-
borhoodshape. If wecompare P to Q, R, andS, mismatch-
ing pixels(in pink) indicateshapedifferences.Basedon the
numberof mismatches,Q is mostsimilar to P with one, R is
next with two,andSis theleastsimilar with sixmismatches.

at multiple resolutions.Gaussianimagepyramidsarecon-
structedfor bothA andB, andthesynthesisis performedat
eachlevelof thepyramid,fromcoarsestto �nest usingmulti-
scaleneighborhoods.At eachlevel, thealgorithminitializes
thetarget region with thesynthesizedresultfrom theprevi-
ouslevel. Thesizeandnumberof levelsof thesearchneigh-
borhoodcanbeadjustedto synthesizetextureswith features
of differentsizes.As with k, a speci�c neighborhoodsize
andthenumberof Gaussianpyramidlevelscanbespeci�ed
for any exampletexture.Wehave foundthattwo-level 7� 7
neighborhoodswork well for a variety of textures,andwe
usethisasourdefault neighborhoodsize.

5. Synthesizingboundary effects

The key componentof the synthesisalgorithm is the en-
ergy function usedto comparetwo texture neighborhoods.
Roughly speaking,we want this energy function to return
a lower energy for neighborhoodsthat look morealike, in-
cludingneighborhoodapprearanceat textureboundaries.

As with previous techniques,we considerthe coloursof
the pixels within eachneighborhoodaspart of our metric.
In addition, when comparingtwo neighborhoodsthat are
neartexture boundaries,our energy function penalizesdif-
ferencesin “neighborhoodshape,” by which we meanthe
layout of texture region-pixels within a neighborhood(see
Figure3). Thus,whenthesystemsynthesizesapixel nearthe
boundaryof the target region, the energy function favours
pixelsnearsimilarly shapedboundaryneighborhoodsin the
exampletexture.Thisapproachallowsoursystemto capture
variationsin thetextureboundarythatdependon thecurva-
tureandorientationof theborder.

We computethe energy betweentwo neighborhoodsas
follows.Giventwo equal-sizedneighborhoodsP andQ, our
energy function computesan energy contribution for each
pair of correspondingpixels andthenreturnsa normalized
sum of thesecontributions as the total energy. Pixels are
comparedin oneof threedifferentways:

1. If both pixels are texture-region pixels, the energy con-
tribution is thesumof squareddifferencesbetweentheir
RGBA values.

c TheEurographicsAssociation2006.



LincolnRitter& Wilmot Li & Brian Curless& ManeeshAgarwala& DavidSalesin/ PaintingWith Texture

2. If bothpixelsarenon-texture-region pixels,we consider
themto be perfectlymatched.Thus,the contribution to
thetotal energy is zero.

3. Finally, if onepixel is atexture-regionpixel andtheother
is not, thereis a differencein theshapebetweenthetwo
neighborhoods.In this case,thepixels contributea very
largeenergy valuethatpenalizestheshapemismatch.

Here,we give the formal de�nition of the energy function.
Let P andQ betwo neighborhoodsof sizen comprised,re-
spectively, of pixelsf p1; :::; png andf q1; :::;qng. We useTP
andTQ to denotethe texture regionsassociatedwith these
two neighborhoods.Let d(p;q) representthesumof squared
differencesbetweentheRGBA valuesat pixels p andq. Fi-
nally, let emax be the penaltyfor a shapemismatch.Typi-
cally, we set emax large enoughso that shapemismatches
completelyoverridecolourmatches.Theenergy E(P;Q) be-
tweenP andQ is de�ned asfollows:

E(P;Q) =
1
n

n

å
i= 1

e(pi ;qi)

e(p;q) =

8
><

>:

d(p;q) if p 2 TP andq 2 TQ

0 if p =2 TP andq =2 TQ

emax if p 2 TP xor q 2 TQ

Note that if all the pixels in both neighborhoodsare
texture-region pixels, the energy function essentiallymea-
surestheL2 colourdistancebetweenthetwo neighborhoods.
Thus,awayfrom thetextureboundaries,ourenergy function
is identicalto thecolour-basedmetricsusedin previousal-
gorithms[HJO� 01]. However, nearboundaries,both shape
andcolourareusedto evaluateneighborhoodsimiliarity.

6. Synthesizingtexture interactively

To enable a smooth painting interaction, our synthesis
algorithmmustgeneratetexture at interactive rates.Recent
work by Lefebvre and Hoppe[LH05] presentsa very fast
GPU-basedsynthesistechnique,but their method does
not handletextureswith boundaries.To make our system
responsive,wecombinetwo strategiesthathelpmitigatethe
expenseof thetexturesynthesiscomputation.

Acceleratingsearch for examplepixels
Theperformanceof thesynthesisalgorithmis dominatedby
therunningtimeof theinnerloop,which involvessearching
for thebest(i.e., lowestenergy) examplepixel to copy into
the target region. Whenthe target neighborhoodis entirely
within the texture region, we acceleratethe searchusinga
techniquefrom ImageAnalogies.In particular, werepresent
thecoloursof neighboringpixelsasa featurevectoranduse
approximate-nearest-neighborsearch (ANN) [AMN � 98] to
�nd thebestmatchin theexampletexture.Thesystemalso
searchesin luminancespace(or luminanceplus alpha)in-
steadof RGBA spaceto reducethe dimensionalityof the

problem.Theuseralsohastheoptionof includingalphaas
anadditionalsearchchannel.

Unfortunately, ANN cannot be used when the target
neighborhoodhasoneor morenon-texture-regionpixelsbe-
causethespeci�c pixelsto includein thefeaturevectorvary
dependingon the neighborhoodshape.To avoid perform-
ing a brute-forcesearchover all boundaryneighborhoodsin
the exampletexture,we have developeda simpleaccelera-
tion strategy. Thesystem�rst countsthenumberof texture-
region pixels in the target neighborhood.Then, the set of
exampleneighborhoodswith a similar numberof texture-
region pixels is found. If thereare neighborhoodswith an
equalnumberof texture-region pixels, this setis composed
of theseneighborhoods.Otherwise,the set containsall of
the neighborhoodswith the next smallestand next largest
numberof texture-region pixels. Typically, thereare only
a few dozenneighborhoodsin this set.Finally, the system
compareseachof theseneighborhoodsagainstthe target to
�nd thebestmatch.To �nd thecandidateneighborhoodsef-
�ciently , thesystemstorestheexampleboundaryneighbor-
hoodsin amapindexedby thenumberof texture-regionpix-
els.

The rationalefor this schemecomesfrom the following
threeobservations:

1. Neighborhoodswith similar shapeshave a similar num-
berof texture-regionpixels.

2. If emax is large, only neighborhoodsthat have similar
shapeswill begoodmatches.

3. Neighborhoodsat a similar distance from a texture
boundaryhaveasimilarnumberof texture-regionpixels,
evenif theneighborhoodshaveverydifferentshapes.

Basedon the �rst two observations, our searchstrategy
considersonly neighborhoodsthat have the potentialto be
goodmatches.Thus,if a goodmatchexists in the example
texture, it will be found. If a good matchdoesnot exist,
it follows from the third observation that our searchhasa
goodchanceof choosingan exampleneighborhoodthat is
at a similar distancefrom thetextureboundaryasthetarget
neighborhood.

Progressivesynthesis
Even with the aforementionedaccelerationtechniques,the
synthesisis too slow to enablea responsive painting inter-
action.Thus,we adoptthe following incrementalsynthesis
strategy. As the user paints, the systemgeneratesa low-
resolutionpreview of the paintedtexture by synthesizing
pixelsatthecoarsestlevel of theimagepyramidandthenim-
mediatelysplattingthemonto thescreen.A separatethread
progressively re�nes the preview at higher resolutionsun-
til the full resolutionresult hasbeengenerated.Sincethe
coarse-level synthesisis typically very fast,preview colours
canusuallybecomputedasquickly astheuserpaints.How-
ever, if thesystemis unableto synthesizeall thepreview pix-
elsbeforethecanvasis refreshed,theaveragetexturecolour
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Figure 4: Layering modes.Top row showsfalse-coloured
strokes, and bottomrow showscorrespondingsynthesized
textures.In each case, stroke1 is paintedbeforestroke2.

is copiedinto the unsynthesizedpixels to give the userim-
mediatefeedback.

To further improve our algorithm's performance,we bor-
row a techniquefrom texture-by-numbersthat reducesthe
numberof expensive datasearchesperformedduring syn-
thesis. The algorithm executesboth data and coherence
searchesfor oneout of every k pixels.For theotherpixels,
only a coherencesearchis performed.Sincethe coherence
searchis muchfaster, this strategy improvesperformanceat
thecostof synthesisquality. In our system,theusercanad-
just thevalueof k to controlthis trade-off.

7. Combining strokes

During a typical paintingsession,theuserwill applymany
strokes of texture paint to the canvas. As each individ-
ual stroke is drawn, the systemgeneratesboundaryeffects
aroundthestroke perimeterin themannerdescribedabove.
However, when two strokes overlap, it is not immediately
clear where boundaryeffects should be synthesized.De-
pendingon the situation, it may make senseto generate
boundaryeffectson zero,one,or bothsidesof an interface
betweenoverlappingstrokes.

To give theusercontrolover whereboundaryeffectsap-
pear, our systemallows strokes to be assignedto different
depthlayers;within thislayeredpaintingmodel,theusercan
combinestrokesvia threedistinct layeringmodes– OVER,
REPLACE, and MERGE – eachof which resultsin different
boundarysynthesisbehaviour (seeFigure4).

Over. This layering modeis appliedwhen the userpaints
overastrokethatresidesonanunderlyinglayer. Thesystem
synthesizesthe newly paintedstroke with boundaryeffects
while leaving thebottomstrokeunchanged.

Replace.Thismodeis employedwhentheuserpaintswith a
differenttextureover a stroke on thesamelayer, therebyre-
placingaportionof theexisting texture.Thesystemsynthe-
sizesboundaryeffectsfor both texturesalongthe interface
betweenthem.Our systemalsosupportsan “eraserbrush”
thatallows theuserto remove (ratherthanreplace)texture,
therebyexposingtheunderlyingpaint.Boundariesaresyn-
thesizedwithin theperimeterof theerasedregion.

Merge. This modeis appliedwhen the userpaintsover a
stroke on thesamelayerwith thesametexture.Thesystem
mergesthestrokesto form alargerregionof contiguoustex-
tureandgeneratesboundaryeffectsaroundtheperimeterof
themergedregion.

8. Results

To demonstratethe differenttypesof boundaryeffectsthat
oursystemcanreproduce,wepresentafew texturepaintings
thatwe generatedusingour interactive paintingapplication.
For all of thesynthesizedtexturesshown in our results,we
useda coherencefactork between0 and5 anda neighbor-
hoodradiusbetween1 and4.

To produce the watercolour paintings shown in Fig-
ure5(a), we scannedin � ve watercolourstrokesandcreated
thesegmented155� 322input imageshown on theleft side
of the �gure. Using this palette,we paintedtwo different
treesby layeringthe texturesin a seriesof washes.Notice
that the systemis able to reproducethe featheredborders
of thetop two strokes,aswell astheedge-darkeningeffects
exhibitedby theotherexamplesin thepalette.

The papercollageshown in Figure 5(b) was generated
usinga paletteof differentpapertextureswith torn edges.
Eachof the threescannedinput texturesis approximately
200� 200.Thesynthesizedresultsuccessfullycapturesthe
appearanceof thetorn paperboundaries.Also, by including
alphainformationwith theinputs,we wereableto generate
semi-transparentpapertextures.In particular, noticehow un-
derlyingcoloursarevisible throughthepaperedges.

To producetheorangetextureresultshown in Figure5(c),
we provided the systemwith two small input textures: a
175� 131 imageof a pieceof orangepeel,anda 125� 64
imageof theorangepulp texture.Note thatour systemwas
ableto capturethe variationsin width of the white �brous
materialat the edgeof the orangepeel.Sincethe pulp tex-
turedoesnot includeany boundaryeffects,noneweresyn-
thesizedin the�nal result.

To evaluateour algorithm against the ImageAnalogies
texture-by-numberstechnique,we performedthe following
comparison.In our system,we paintedanimagecomprised
of � ve texturestakenfrom variousmedicalillustrations.We
thenrecreatedtheimageusingtexture-by-numbersby pass-
ing in a false-colouredlabel image,thecorrespondingmed-
ical illustration textures,andthe label mapassociatedwith
our texturepainting.Theinputsandresultsgeneratedby our
systemandtexture-by-numbersareall shown in Figure6.

As illustratedin Figure6(b), texture-by-numbersdoesnot
consistentlyreproducethe appropriateboundariesat inter-
facesthatdonotexist in theexampletexture,suchastheone
betweenthe“muscle” texture(light bluelabel)andthe“f at”
texture (green label). Since texture-by-numbersconsiders
the actuallabel coloursduring synthesis,speci�c con�gu-
rationsof labels(combinedwith thepropagationof coherent
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(a) watercolourtrees

(b) papercollage

(c) skillfully peeledorange

Figure 5: Texture paintingresults.For all threeresults,the
input paletteinsetandreducedfor sizeconsiderations.Wa-
tercolour treesgeneratedusinga paletteof scannedwater-
colourstrokes(a). Papercollagegeneratedusingthreescans
of torn paperasinput(b). Skillfully peeledorangegenerated
usingorangepulpandpeeltexturesasinput (c).

patches)canresultin someboundarypixelsbeingcorrectly
synthesized.For instance,Figure6(b) exhibits boundaryef-
fectsalongportionsof the interfacebetweenboneandfat.
However, the bordersarenot reliably synthesized.In con-
trast,theresultgeneratedby our systemexhibits thecorrect
boundaryeffectsatall interfaces,asshown in Figure6(c).

(a) input

(b) texture-by-numbersresult

(c) our result

Figure 6: Comparison with texture-by-numbers. Input
paletteandlabel imagepassedin to texture-by-numbers (a).
Texture-by-numbers doesnot reliably reproduceboundary
effectsat interfacesnot presentin theinput, like theonebe-
tween“muscle” (bluelabel)and“fat” (greenlabel) (b). Our
resultexhibitsappropriateboundaryeffectseverywhere (c).

9. Conclusions

In thispaper, wehavedescribedasystemthatenablespaint-
ing with texture.In particular, we have identi�ed theimpor-
tanceof textureboundariesandpresenteda synthesisalgo-
rithm for generatingtextureswith boundaryeffectsat inter-
active rates.As part of this algorithm, we have described
a novel energy function that representsthe primary techni-
cal innovation of this work. Finally, we have de�ned a few
usefulwaysin which strokesof texturecaninteractandde-
scribedan intuitive painting model that allows the userto
inducetheseinteractions.

While our systemworks well for a broadclassof tex-
tures,we planto extendit to handlemorestructuredbound-
aryeffects.Currently, oursystemhasdif�culty synthesizing
highly orientedor anisotropictexturesaswell astexturere-
gionswith wide boundaryeffects.We believe the addition
of some“control channels”(assuggestedin ImageAnalo-
gies)might help solve this problem.Additionally, it might
bepossibleto relievetheuserof having to specifytexturere-
gionsmanuallyby incorporatingsegmentationandmatting
techniquesinto our system.We would alsolike to improve
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theresponsivenessof our systemby investigatingadditional
accelerationtechniquessuchashybrid patch/pixel-basedap-
proaches.
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