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Abstract

Feltis mankinds oldestandsimplestextile, composedf apressed
massof bers. Imagescanbe formeddirectly in the fabric by ar
rangingthe bers to representheimagebeforepressureés applied.
We describea computationaimethodfor transformingnputimages
into objectswhich look asif they were producedby a felting pro-
cess.Thesynthesisnethodplaceshreedimensionaline sgments
oneby one,analogouso individual bers beingplaced.Individual
layersof bers aredravn accordingo imagestructureandaproba-
bilistic framework. A fuzzy threedimensionafelt objectis created
by compositingayersof bers; renderingusesadeepshada map
for correctself-shadwing of the mattedfelt.
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1 Intro duction

One of the tasksof nonphotorealisticenderingis to produceim-

ageswhich have the sameappearancastraditionalmedia,suchas
oil paints[Meier 1996] or pen-and-ink{Winkenbachand Salesin
1994]. Although cloth hasbeenusedby artiststhroughthe ages,
and modelingand photorealisticrenderingof cloth art have been
commonin computergraphics, nonphotorealistictreatmentsof

cloth have beenlacking. In this paper we presenta methodfor

transforminganinputimageinto animagedonein afeltedstyle.

Felt is mankinds oldest textile, and felt art, such as rugs and
tapestries,datesback thousandsof years[Gordon 1980; Evers
1987]. While plainfelt canbemadeby heatingandpressingamass
of woolen bers, art objectscan be madeby properly arranging
differenttypesof bers beforepressinghem.Thefelt styleis char

acterizedby the underlyingtangleof differentiated bers, which

givesriseto a ne-scalefuzzy surfacetexture andto a blendingof

colorsacrosshoundariesn afeltedimage.

In this paper we areinspiredby real-world feltmakingprocesses
produceimageswhich look asif they aremadeof felt. Plain, at
felt canbehand-constructedsingthefollowing processwherewe
follow the descriptiongiven by Gordon[Gordon1980]. First, the
bers of wool areseparatedy beingcombedor cardedto spread
the bers andorienttheminto a singledirection. Next, piecesof
wool areplacedn layersontop of somesortof substrateTypically,
eachlayeris rotatedin the planesothatthe average ber direction
is perpendiculato that of the previous layer. Thewool is secured
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in placeandkneadedhammeredpr poundeduntil the individual
bers have hardenednto a singlecohesie sheebf felt.

The abore abbreiated descriptiongives us the basicsof the felt-
makingprocesswhich — donewith raw wool, or wool of a single
color — can producetextures,but not meaningfulimages. Images
canbe placedin the felt by directly printing on or dyeingthe n-
ishedfelt. However, we areinterestedn so-calledinlay” of colors,
whereanimageis constructedy arranging bers or piecesof dif-
ferently coloredwool. Arrangingwool bers in a structuredmage
andthenpressingheresultingarrangemenproduces pieceof felt
containingthedesiredmage.

Felt artistshave tremendoudeewvay in arrangingthe image. Un-
like woven fabrics,felt placesno constraintson the orientationof
theconstituentbers. While thefelt procesofteninvolvesplacing
bers in alternatingperpendiculatayers,this aspecbf the process
is doneto ensurestrengthanddurability in the nal felt, andhence
may not be compulsoryin the caseof a pieceof felted art. As we
shallshaw in laterexamplesof realfelt imagesthedirectionalityof
the bers is oftenlost during the mattingprocess|eaving a tangle
of connectedbers whichresultsin thefuzzy appearancef thefelt
piece. In our algorithm,we automatethe processf placingwool,
guidedby aninputimage.

Thepaperis organizedasfollows. First, we discusreviouswork.

Secondwe describeour algorithmfor creatingsyntheticfelt im-

ages.Third, we shav our resultschie y consistingof imagessyn-
thesizedby our method. Finally, we closeandgive pointersahead
to futureresearchdirections.

2 Previous Work

Photorealistiaenditionsof cloth have beenundertaken by numer
ous authors,including Sattler et al. [Sattler et al. 2003], Xu et
al. [Xu etal. 2001],andmary others.However, to our knowledge,
little work hasbeendoneon NPR in the contet of textiles. The
batik modelingby Wyvill et al. [Wyvill etal. 2004]is an excep-
tion, treatingtheappearancef cracksin thedyeingproces®f batik
painting.

Animationandmodelingof clothhashadalonghistoryin computer
graphics continuingto recentwork suchasthatof Baraf, Witkin,
andKass[Baraf et al. 2003]. However, the patternsandimages
appearingon the cloth are outsidethe scopeof such models;in
contrastthis paperfocuseson synthesizingpatternghatappeaion
themodel.

Self-shadwing is necessaryfor realistic rendering of semi-
transparenbbjectslik e clouds,fur, or hair. Shadev mapsareone
techniqueusedto properly castself-shadws for thesevolumetric
objects. Lokovic and Veach[Lokovic and Veach2000] extended
traditionalshadev mapsto deepshadev mapswherebyeachpixel
storesa transmittanceor visibility function, ratherthan a single
depthvalue. This function representshe amountof light pene-
trating to eachdepthand allows proper self-shadwing of semi-
transparentbjects.

Bertailset al. [Bertails et al. 2005] further extendedthis approach
to createa self-shadwing algorithmfor interactive hair animation.



They proposeda 3D light-orientatedshadev map composedf a
uniform cubic voxel grid with both densityandtransmittanceval-
uesfor eachvoxel. Eachvertex is projectedinto the light's view
directionandincrementghe densityvalue of the containingvoxel
or cell. Onceall the densityvalueshave beencomputed]ight rays
arecastfrom the light throughthe voxel grid to nd the transmit-
tanceor visibility of eachcell. Light raysareassumedo beparallel,
sothatcalculatingthetransmittancealuesimply involvesiterating
througharow of thevoxel grid. Theequationfor thetransmittance
of cell (i; j; k) is givenby:

i
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whered;;. is the densityof cell (i; j;k), f is a scalingfactor ds
is the cell width andinin is the index of the map slice closestto
thelight. Their algorithmallows an ef cient computationof self-
shadaving for alarge numberof transparentbers andis thuswell
suitedfor realisticrenderingof felt objects.

In ourwork, we concentraten creatingrealisticthreedimensional
modelsof felt inlaid with coloursfrom aninputimage. How can
we useanimageto createa modelthatlooks asif it hadbeencon-
structedof felt? For cluesabouthow to answerthis question,we
looked to boththe real-world felting processandto previous work
in NPR. Although felting hasnot beenpreviously treatedin com-
puter graphics,our solution hasmuchin commonwith painterly
renderingwhich hasseena greatdealof attention.Early painterly
renderingsystemssuchasthoseof Meier [Meier 1996]andHertz-
mann[Hertzmann1998] placedindividual strokes of painton an
initially emptycarvas;this processs analogougo the processle-
scribedearlierof layingdown bers of wool oneby oneto build up
apieceof felt. In fact,felt artistssometimeseferto the processas
“felt painting” [Gordon1980].

One of the differencesbetweenour automatedfelt painting and
other painterly renderingwork is in the numberof strokes used.
Our felt paintingsrequirepotentially dozensof strokes perimage
pixel. In mary automatedpainterly systemsthis ratio is reversed.
A largenumberof bers arerequiredin orderfor our algorithmto
producea detailedtextureresemblindelt.

3 Algorithm

The fuzzy, textured surface of felt offers an intriguing modeling
challengesimilar to thoseexperiencedn the areasof fur andhair
simulation.To simulatethis texture,our computationaprocessm-
itatesthe real-world felting process.Fibersaredravn in threedi-
mensionsaccordingo theimagestructureandrandomvariations.

Thebasicprimitive for our felt modelis a strandof wool. Individ-

ual strandsof wool are quite thin, andlike other bers, arepartly
transparent.Strandsare modeledin this work using shorttrans-
parentpiecavise linear curves. While strandsmaintaina displace-
mentvector denotedoy Dy.y:z, thatcontrolstheir overall direction,
segmentsof the ber (theindividual linear curves)canvary prob-
abilistically from this direction. The direction of strandsegment
i, denotedby D'X;y;z, is given by a normalrandomvariablewith a
meanof the overall stranddirectionandavarianceparametes .

D;;y;z: (N(Dx; s);N(Dy;s);N(Dz; s)) 2

WhereDiX;y;Z is thedirectionof strandsegmenti, Dy; Dy, andD; are

thex;y; zcomponent®f the strands overall direction,andN(m s)
is anormalrandomvariablewith meanmandstandardieviation s .

Thereforethe sggmentsof the stranddisplayanoverall orientation
but alsoa usercontrolledprobabilisticdeviation. As shavn in Sec-
tion 4, with an increasedvariancethe imagelosesde nition and
becomeduzzier The varianceparametemlsovariesthe segment
lengths,a desirablepropertysincereal-world bers varyin length.

Strandsare combinedtogetherto form layersof bers. A layer
is createcby drawing a singlestrandfrom eachpixel of theimage.
Layersarecompositedy placingeachlayerasmalldistanceabore
thepreviousone. Strandsarecoloredby their originatingpixel and
remainthe sameover all the strandsegments.No intersectiortests
areperformedbnthestrandsnoraredensityteststo preventclumps
of bers; eachstrandis dravn independentiyf all otherstrands.

In the simplestcase,the overall directionsfor the strandsare se-
lectedfrom a uniform randomvariableandnormalized We control
thedirectionof the strandshy weightingthez componentessthan
thex andy components:

Dx;y;Z: (aU,aU,bU) (3)

wherea is the weightingcomponenfor the x andy dimension,b
is theweightingcomponentn the z dimensionandU is a uniform
randomvariablebetween 1and1l.

Theweightingallows usto orientthe strandsapproximatelyalong
aplane.In therealworld felting processhunksof wool arecarded
beforethey areplacedonthefelt object,sowhile eachlayerof wool

is threedimensionalit is relatively thin andnearlyplanar Fig 1

shavstheeffectof usingtheseundirectedayers.Ontop,we have a
singlelayerof bers dravn from the commonmandrill testimage.
After compositinga hnumberof undirectedayers,the resultis the
imageshawvn in thebottomof Fig 1.

Homogenouduzzinessdoesnot characterizeall felt work. Felt
artists have the ability to orient strandsof wool and placethem
in sufcient density either by layering or using larger, half-spun
piecesof wool, to produceareasof sharperde nition where bres
of varying colourhave beenused.For example,in Fig 12 thepur
ple wool in thetop third of the piecehasnot blendedsigni cantly
with the surroundingpinkish regionsleaving a distinctive border
However, the agitationstageof the felting processcausesbers to
shift; even distinctive borderswill often shaw somevisible color
spill whenexaminedclosely

To modelthis phenomenonve introducea directedlayer of felt. A
directedayeris identicalto aregularfelt layerexceptfor its overall
stranddirection. Edgestructurein the imageis usedto in uence
thedirectionof strandsFirst, theedgemagnitudeanddirectionare
measuredor eachpixel in theimageusingthe Sobeloperator The
stranddirectionis theedgedirectionrotatedd(® to lie perpendicular
to the gradient,multiplied by the edgemagnitudeand addedto a
scalableuniformrandomvariable. The equationis givenby

Dxyz= (GxGj+ aU;GyjGj+ aU;bU) 4)
where(Gy; Gy) is the 9(° rotationof the x andy gradientsGj is
thegradientmagnitude(a; b) areweightingcomponentsandU a
uniform randomvariablebetween 1 and1.

The stranddirectionis now controlledby the edgemagnitude. If
themagnitudds low, therandomvariablewill dominateandthere-
sultingstrandwill beundirected As theedgemagnitudencreases,
thestrandwill orientitself alongtheedge.Finally, sinceedgeinfor-
mationis only givenin two dimensionsa uniformrandomvariable
gives a small displacementn the z direction. This displacement
vectoris normalizedsothe strandlengthis independentf theedge
magnitude Fig 2 shavs adirectedayerfrom the mandrill testim-
age.Section 4 containsnumerousxamplesof imagescomposited
usingdirectedlayers. Note that the strandsof both Fig 1 and 2



Figurel: Undirectedmandrillfelt images.Top, a singleundirected
layerof felt; bottom,ninelayerscomposited.

have a highertransparengc(0:5) thantheimageswith multiple lay-
ers(wherethetransparengis 0:1). Thehighertransparengis nec-
essarnyto view a singlelayerwith its low numberof strands.Color
spill, asshavn in Fig 8, still occurswith directedlayerswhen
longer strandsfrom inside a region, and thereforewith no direc-
tional bias,passover anedge.However, this spilling is not critical
astheorientatedstrandsemphasizéhe edgeandalittle spill is both
acceptabl@andsimilar to realfelt borders.

While inputimagescanbeary size,thealgorithmcanalsoupscale
theresultingfelt image.A randomoffsetis addedto the startposi-
tion of eachstrandto Il in emptyareas.The algorithmcombines
multiple layerswith differentcharacteristicso createthe nal im-
age.Lower layersof thefelt objectareundirectedgcreatinga fuzzy
basewhich coverstheimageplane.A few upperdirectedayersare
drawn to enhancesdgeinformation. For our work, nineundirected
layersweredrawvn followed by threedirectedlayers;inputimages
were256 256 andtheresultingfelt imageswere1024 1024.In
Fig 3 we alsoshawv thefelt objectfrom differentanglesto better
view its dimensions.

Theillumination of felt posesachallenge Thehighnumberof thin,

Figure2: A directedlayerof felt

translucentbers producea self-shadwing effectthatis vital to re-
producefor realisticrendering As mentioneckarlier theef ciency
of Bertailsetal'salgorithm[Bertailsetal. 2005]for renderinghair
malesit idealfor calculatingthe self-shadwing of the numerous
bers of afelt model. Initially, a voxel grid is createdto encom-
passthe felt model. The voxel grid is orientatedto lie alongthe
light'sview direction,allowing anef cient calculationof thetrans-
mittancefunction. Tracingalight ray from thelight sourcenvolves
simply iteratingthrougharow of thegrid.

The rst stepof the illumination algorithm lls the shadev map
with ber densities. Each ber is projectedinto the light's view
direction and the associatectell densityincremented. Secondly
thetransmittancealuesarecalculatedy tracinglight raysthrough
thegrid alongthelight direction. Thetransmittancéor eachcell is
calculatedaccordingo Equationl. Lastly, transmittancealuesare
Itered usingtrilinear interpolationto remove ary patternsaligned
with theshadev map.

Oncethe transmittancevaluesare calculated we apply a lighting

calcuationto eachvertex during rendering.Unlike other ber ob-

jectslike hair, speculahighlightsarenotcommonin felt work. The
common ber in felt, wool, hasa matteappearanceTherefore the
lighting modelfor felt is composedimply of anambientanddif-

fusecomponent.The strandcolor is sampledfrom the underlying
imagenearthe strands originating pixel and maintainsthe same
colorfor all strandvertices.Thecolor f p of vertex Pis givenby:

fp= fstrand fAmbient" fstrand Tran{P) fpitfuse ()

wheref girang is the strandcolor, f ompient@nd f piffuse are the

colorsof thelight sourcesandTrangP) is the transmittancérom
thelight sourceto vertex P. However, realfelt objectscanbe com-
posedof bers, or blendsof bers, otherthanwool. Futurework
may include a betteranalysisof ber propertiesto allow realistic
renderingof avariety of ber typessuchassilk or mohair

In Fig 14 we comparethe algorithmwith self-shadwing lighting
disabledand enabled. We feel the deepshadev map producesa
morecohesie, realisticlooking surfacetexturethanthe simpletex-
ture producedwithout self-shadwing. The surfacetexture without
self-shadwing is sign cantly more blurredandlacksthe uniform
brous surfacetextureapparenbntheself-shadwedimage.



Figure3: Differentviews of themandrilland eld o werfelt pieces

4 Results and Discussion

Herewe shav a collectionof imagesgeneratedy our algorithm,
aswell astheeffectsof changingvariousparametersWe alsocom-
pareour syntheticimageswith work producedby professionafelt
artists.For all imagespresentedh this section,12 layerswereused
to producethe felt model. The lower ninelayersare undirectedo
allow abasethatcoverstheimageplane.Theupperthreelayersare
directedto enhanceedgeinformation. Sincea strandis drawvn for
eachpixel of theimage,twelve layersfor a 256 256 imagewill
produce786432strandgo display

We begin by shawing the effect of modifying the strandlengthon
the resultingimage. We control the strandlength by changingthe
numberof sggmentdor eachstrand.Fig 4 shavstheoriginalfence
imagealongwith feltedimageswith sggmentcountsof 10 and30.
The longer strandlength resultsin a lessde ned image. By us-
ing a smallvarianceparametewith a longerstrand the primitives
becomestraighterandincreasinglyapparent.

As we mentionedearlier the varianceparametercan be usedto
controlthefuzzinessof theresultingfelt object. A largervariance
will createmore randommovementof strandsegments,blurring

Figure4: The effect of changingthe strandsegmentcount. Top,
the original image;middle, ssgmentcountof 10; bottom,segment
countof 30.

the boundaries.Fig 5 shaws the effect of changingthe variance
parameteon the mandrill testimage. We must also modify the
transparencasthehighervariancecreatedongerstrandsresulting
in abrighterimage. To controlfor this effect, we have reducedhe
transparencasthevariances increasedallowing abettercompari-
son.Asthevariancancreasesheresultingimagesbecomeuzzier
The nal imagebearsa strongresemblancéo the undirectedccom-
positeof Fig 1, whichis not surprisingasedgedirectionbecomes
increasingrrelevantwith a highervariance.Theimportanceof the
varianceparameteties in the lengthof the ber strands.If longer
strandsareusedwith alow varianceasin Fig 4, thesdongstraight



Figure5: Theeffect of changingthe varianceandtransparencpa-
rameters.Top, variance= 0,transparenc= 0.1; middle,variance=
1, transparenc= 0.07;bottom,variance= 2, transparenc= 0.05.

Figure6: Feltpieceby artistPat Adams

Figure7: Feltpieceby artistKaroliina Arvilommi

strandsbecomeincreasinglynoticeable. If a longer strandis de-
sired,the varianceparameteis necessaryor visually pleasingre-
sults. For the remainingimages.a small varianceof 0:2 is usedto
provide a smalldeviation from the overall stranddirection.

Figs. 6,7,12and 13 shaw felt E)iecescreatecby professionafelt
artists.Fig. 12by MyrnaHarris* suggestsomeof thestrengthof
thefelt medium.Therelatively featurelessky canbeenrichedwith
colourful felted regions. Note that the lower half of the imageis
createdby embroideredabricratherthanfelting. Carefullychosen
detailssuchasthetreein theforegroundweresenn in afterthefelt
wasmade.In Fig 6 by PatAdams theartisthasusedlargeregions
of graduallyblendedcolorsto depicta landscape.The random-
ized, fuzzy texture of felt increaseshe detail of theseregionsand
createsa more attractve image. While the abstractregionsof Fig
7 by Karoliina Arvilommi 2 are primarily homogenousthe artist
hasaddedwool of variouscolorsto increasecompleity in thefelt
texture. While the underlyingtexturesremainsimilar, longersur
facestrandsaremorevisible in Fig 7 thanin the otherfelt pieces.
Thesedifferencesaredueby differentwools or techniquesisedby
the differentartists. The black outline is yarn attachedo the felt

Ihttp://myrhasasktelebste.net - usedby permission
2http://wwwA4felts.com- usedby permission



Figure 8: Top, original checlerboard;middle, the felted checler-
board;bottom,closeupof lower right corner

piece. While suchpostfelting processesdd detail, they are not
part to the felting process. We have chosennot to simulatesuch
processeasthey suita moreinteractie felt creationprogramthan
our datadrivenapproach.

Our syntheticfelt processproducesa texturedimagewith several
importantcharacteristics First, individual strandsare not notice-
ableunlessin high contrastareasor theimageis scaledto a higher
resolution. Thethin andtransparenindividual strandsarelessim-
portantthan the combinationof strands. It is the tangle, the in-
terwoven structure thatis perceptibleandproducesa brous, ran-
domizedsurfacetexture. This fuzzy surfacetextureis the mostim-

Figure9: Top, theoriginal orange o wersimage;middle,thefelted
image;bottom,closeupdetail of petalsfrom the orangeimage.

portantcharacteristiof felt anda primary goal for our algorithm.
Fig. 13 shavs a comparisorbetweerthe detailsof realfelt andour
syntheticfelt model. While thereremainsroom for improvement
in the algorithm, the resultingsynthetictexture doesresemblehe
undirected chaotictexture of realfelt work. However, the texture
existsatquitea ne scale.As in realfelt work, astheviewing dis-
tanceincrease®r theimageis scaledo alowerresolutionthe ne
texture of the strandds lostandtheimagebecomedblurred.

We next examinethe effect of applying the algorithmto images
with avariety of region sizesandhomogeneitiesin Fig 8, we test
the algorithmon a syntheticcheclerboardof variouscolors. The



Figurel0: Top,the eld o werimage;bottom,thefeltedimage.

syntheticimagegives a goodtestof the algorithm’s effect on ho-
mogenousegions,allowing usto view thefelt textureindependent
of the visual compleities of high frequeng colors. Fig 8 shavs
thatthe algorithmproduceghe brous felt texture without relying
on high frequeng contentfrom theimage.Also, while theborders
betweencolorscontainorientatedstrands thereis a small amount
of crosseer thatproducesa color spill.

In Fig 9we applythealgorithmto animagewith smaller relatively

homogenousegions. While the boundarie®f the petalsandstems
arepresered,somdinesdodeviatefrom theboundaryandproduce
a fuzzy appearanceWithin the petals,the randomizedelt texture

is apparent.

In Fig 10 we seethe effect of the algorithmon a naturalimage
with a greatdeal of high-frequeng detail in the stalksof plants
andbladesof grass. In the resultingfelt image, mostof the ne
local detail hasbeenlost. However, we shouldnot expectthatde-
tails of this kind shouldbe presered; the felting mediumdoesnot
well lend itself to representingarbitrary ne-scale structure. The
resultingimageis alsosigni cantly atter andmorecohesie;even
thoughthe regions are seperatethe impressionis of a single sur
facewith changingcolours.This cohesienesss anotheiimportant
characteristiof felt work. By having a single, ne-scale texture
over the entireimage,the regions arerelated,creatingthe appear
anceof a single surfacewith aninlaid image. In this imagethe
regionsof theimagehave blendedtogetherto form a homogenous
surfacetexture that maintainsthe overall appearancef the image
in aratherimpressionisstyle. In Fig 15 we shav a closeupof the
eld owerimageto betterdemonstrat¢hefelt texture.

Thefelting processappearso remove someof thesubtledepthcues
of images. Thedistant eld in the upperpartof Fig 10is unrec-
ognizableassuchin thefeltedimage. This attening is causedy

theremoval of the high frequeng detailsfrom theimage.Whereas
in therealimage the distinctionbetweerthe high frequeng of the
foregroundandthe low frequeng of the backgrounds noticeable,
in thefelt image,thetwo regionshave a similar texture.

Anotherissueis the complity of colorin felt pieces.Dueto the
transparencof wool strandsandthe effectsof color dithering,felt
artistsareableto producea vastarray of colorsby layeringwith
evenasmallnumberof colors. Currentlyour algorithmrepeatedly
sampledrom the underlyingimageto determinestrandcolorsfor
differentlayers. The effectis thathomogenousegionslike in Fig
8 producea fuzzy felt texture without greatcolor variation. While
felterscananddoproduceregionsof at color, thecolorcompleity
possiblein felt is oneof its attractive features.This compleity is
approachedh our algorithmwhentheimagecontainsa numberof
differentcolorsin a smallregionasin Fig. 5or 10. With ahigher
frequeng of color, ditheringandblendingover the layersincrease
thecolor variationandsimilarity to realfelt work while alsomain-
tainingthe same brous texture asin homogenousegions. Future
work may includelessrelianceon the imagefor color compleity
by modifying the strandcolorsfor differentlayersto increasethe
compleity of homogenousegions.

Our felting algorithm doescontainseveral limitations. The algo-
rithm doesnot currentlyallow atremendousariationin theresult-
ing image. Thereis little effect if we addnumerousmorestrands;
by varyingparametersye controlonly strandengthandfuzziness.
Theseparametecchangesare only variationsof a single, uniform
felting style;they do notallow thewide variety of texturespossible
with felt. The stylesof felt work canbe radically different; every-
thing from Fig 6 to Fig 12, to densefelt hats,to long, loosely
matteddecoratve piecesare possible. The artist hastremendous
controlin choosing,orientating,and pressingthe wool bers. In
contrast,our approachis mostly data-drven with little input from
the userasidefrom modifying initial conditions. Unlike real felt
working, thereis no controlfor modifying parameter$or different
regions. Lastly, artistsare free to manipulatethe felt objectonce
thefelting procesds complete.They canembroiderthe work, add
otherfabrics,re-dye,or performotherpost-feltingoperations Our
processioesnot considerary of thesefurthersteps.

4.1 Timing

The felting processs moderatelyexpensve, owing chie y to the
renderingtime for the large numberof strandsn afelt object. The
felting processtakes approximately40s to run on a 2.4 GHz P4
with inputimagesof size256 256andresultingfelt imagesof size
1024 1024. Of this, modellingis approximatelylGs, calculating
thedeepshadav mapsanotherlOsandrenderingheremaining20s.

This expensecould be improved uponby modifying the algorithm
to draw the strandsaway from densefelt regions, resultingin a
smallernumberof strandsneededo covertheimageplane.

5 Conclusions

We have presentedin automatednethodfor transforminga given
imageinto afelted versionof theimage. Ratherthansynthesizing
two-dimensionaimages,as hasbeencommonplaceén NPR, our
work createsa threedimensionalfelt object. Strandsof wool are
drawn in threedimensionsandorganizedinto layersof bers. We
emplgy imagestructureanda usercontrolledvarianceparameteto
controlthe fuzzinessof our felt objects.We alsousedeepshadav
mapsto accountfor the comple self-shadwing of thelarge num-
berof transparentvool strands.



Theresultingobjectsresembleaealfeltedartworks, having visually
similar surfacedetail and depictingthe artistic compositionof the
inputimage.We suggesthatthemethodmightbeemplgedby real
felt artistsasa way of previewing a projectbeforeactuallystarting
thecrafting. Thereis alsoscopefor futurere nementsof theproce-
dureon this topic, somepossibilitiesfor which we describebelow.

5.1 Future Work

Futurework may include exploring the effect of using bers for

otherNPRstyles.In Fig 11we shav theeffectof producinglonger
strandsvhich grow up outof theimage.Theresultingtexturebears
aresemblancé mossor fur.

Figurell: Mossyimageof the standardgeppergestimage

More complex modelsareneededo bettersynthesizdelt objects.
Modelling larger piecesof wool may resultin more realistic felt
objects. Fiber densityandintersectionsarealsoimportantaspects
of the interwoven natureof textiles. Adding in further interwo-
ven structuremay also alleviate computationademandsas fewer
strandswill benecessarto covertheimageplane.Someartistsalso
usefelt to create3D felt sculputuresAn intriguing modellingchal-
lengewould beto createa felt sculpturefrom anabitrarymodel. A
morecomple self-shadwing algorithmmay alsobeimplemented
to allow moresophisticatedighting effectssuchasspotlights.De-
viation from the colorsof the underlyingimagefor differentlayers
shouldallow amoreattractize blendof colorwherethehomogenity
of theimageis notdesiredn theresultingfelt object.

As mentionedearlier anotheravenueof further researchmay ex-

ploretheeffectsof usingvarious bers. Somefelt artistsuse bers,

or blendsof bers, otherthanwool to createpieceswith different
surfaceproperties Oneof thelimitationsrealfelt artistsmustcon-
sideris the matting abilities of certain bers. Silk, for instance,
doesnotlenditself well to felt pieces.In simulationhowever, these
propertiesareirrelevantandcomplex renderingexploring thesevi-

sual ber propertiesnayallow additionaleffectssuchasshinierfelt

objects. Artists may be ableto explore the visualizationof felting

diverse bers to inspirenovel real-world felting techniques.
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Figurel2: Sunrisell by artistMyrna Harris

Figure14: Glassbird images.Top, closeupwithout self-shadwed
lighting; bottom, closeupwith self-shadwed lighting using deep
shadav maps.

Figurel3: Top,detailfrom Fig 7; bottom,detailfrom thesynthetic
felt mandrill

Figurel5: Closeupof eld owerimage



