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Figurel: Simulatedbatik usingour crackgeneratioralgorithm

Abstract

We presentan algorithmfor simulatingthe cracksfound in Batik
wax paintinganddyeingtechniqueusedto make imageson cloth.
The algorithmproducesrackssimilar to thosefoundin batik due
to the wax crackingin the dyeing process. The methodis unlike
earliersimulationtechniquesisedin computergraphics,in thatit
is basedntheDistancelransformalgorithmratherthanonaphys-
ically basedsimulationsuchasusingspringmassmeshesr nite
elementmethods.Suchmethodscanbe dif cult to implementand
computationallycostly dueto the large numbersof equationghat
needto be solved. In contrast,our methodis simpleto implement
andtakesonly a few seconddo producecorvincing patternsthat
capturemary of the characteristic®f the crack patternsfound in
realBatik cloth.

CR Categories: 1.3.5 [ComputerGraphics]: ComputationalGe-
ometryandObjectModeling—Geometrialgorithms;

Keywords:  Non-PhotorealisticRendering, cracking, distance
transform batik

1 Intro duction

Batik paintingis anancientart probablyoriginatingin India or the
Middle Eastas mary as2000yearsago. However, it is usually
associateavith the Indonesiarislandsof Java andBali [FraserLu
1991]. Liquid wax is paintedonto cloth andthe cloth is thendyed.
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Thedyedoesnotaffecttheclothwhereit is paintedwith wax. This
processcan be repeatedwith new coloursto addto the comple-

ity of theimageon the cloth. The wax canoptionally be removed
from the cloth by scrapingandwashingbetweerthe dye andpaint
cycles. During the processgcrackscanform in the wax allowing

dyeto seepinto thecloth. As the cloth undegoessuccessie dying

procedureghe cracksageandbecomewider. Othersubtleeffects
take placesuchas cracksbecomingwider at junctionswith other
cracks. Theseeffectscombineto form crackpatternsthatareim-

mediatelyrecognisabl@asbatik. The motivationin thiswork wasto

producebatiklik e cracksin a 2D imageasa postprocesperation.
The algorithmhasbeenimplementedasa Iter in a paintsystem,
sothatan artist may paint a simulatedwax imageandthenapply
colour and crackssimulatingthe dyeingand crackingprocess.In

this way a seriesof layeredimagessimulatingwax paintingcanbe
combinedto producea nal simulatedBatik painting. Following

this introductionthe paperis organisednto the following sections:
previouswork, visual characteristicef Batik, distancetransforms,
cracksimulation,controllingthevisualizationprocessgye simula-
tion, resultsandconclusions.

2 Previous Work

Thework we presenthereis partof the increasinghumberof new
renderingapproachesvhich have beenloosely groupedas Non-
Photo Realistic Rendering(NPR). Most of thesehave looked to
either ne arts suchas painting [Hertzmannet al. 2001], [Curtis
et al. 1997] and drawing styles[Winkenbachand Salesin1994],
[Sousaand Buchanaril999b], [Kalnins et al. 2002] or cartooning
[Kowalskietal. 1999]. Ourwork is in the samespirit in thatwe are
interestedn producingan expressve renderingmethod,however
we differ in thatwe presenta new NPRtechniquethatis basedon
batik, a traditionalcraft approach.Woodcuts[Mizuno et al. 2000]
andmosaicgKim andPellacini2002] are alsoexamplesof crafts
thathave inspiredrenderingtechniques.

In recentyearstherehasbeena greatinterestin modellingthe
crackformationprocessn variousdifferentmedia,usuallyfor the
purposeof animation.Previouswork in the areaof fractureforma-
tion have concentratedn eithersimulatingthe procesf breaking
an objector on the formation of a crack pattern. An example of
shatterednodelswas doneby Norton et al. [Norton etal. 1991],
in which ateapot wasdiscretizednto cubes the physical proper
ties weresimulatedasa mass-springnesh,andthe springswould
breakwhentheir elasticlimit wasexceeded.The actualcrackpat-
ternswere quite coarsein this model sincethey were composed
of fairly large sizedcubes. Terzopoulosand Fleischer{Terzopou-
losandFleischerl988b],investicatedthe modelingof visco-elastic
andplasticdeformationsThey useda nite differencingtechnique,
andappliedit to torn paperandrippedcloth. The methodrequires
that a surfacebe discretizedon a rectangulargrid. The resulting
fracturesexhibited an aliasingeffect causedy the imposedgrid.
Realisticcracksandmaterialbehaiour wereproducecby Metaxas
andTerzopoulogMetaxasandTerzopoulosl992]usinga nite el-
ementmethodfor animatingdeformations.O'Brien and Hodgins
[O'Brien andHodgins1999] alsodevelopeda methodfor fracture
modelling basedon continuummechanicsjn which the material
deformationwasexpressedisingstraintensors.Otherrecentwork



in this vein, wasdoneby Koichi Hirota et al, [Hirota et al. 2000],

[Hirota et al. 1998]. The continuousmodelwasthen discretized
into tetrahedrameshesandthe nite elementmethodapplied.Re-

centwork by Federland Prusinkievicz [Federland Prusinkiavicz

2002]alsoused nite elementmethodsappliedto a growing rather
thana staticsurface. He wasableto reproducerealisticbark pat-

ternsby simulatingthe tree growth andpatternsof cracksforming

in dryingmud.

Although thesephysically basedmethodscan producehighly
plausiblevisual results,they are dif cult to programand solving
the matricesassociatedvith a larger nite elementmeshcantake
considerableomputetime, makingfastresponsen aninteractve
situationdif cult to achieve. O'Brien and Hodgins[O'Brien and
Hodgins 1999], for example, report computingtimes of several
minutesper frame; in contrastour crack formation processakes
about4 second®naresolutionof 1000squaredO'Brien andHod-
ginspointoutin [O'Brien andHodgins1999]thatengineeringand
computegraphicgequirementaredifferentin thatengineersvish
to usetheir simulationsto make predictionsaboutthe real world
whereasusersof computergraphicsareonly concernedibouthow
the cracksappeawisually.

In our work we go a step further and use an algorithm that
achievesgoodresultsbut doesnot claim to follow physicalsimula-
tion principles.Our approactshouldthereforebe considerednore
in the context of non-photorealisticenderingratherthanin physi-
cally basednodelling.Othershave alsofollowedthis principle,see
[Raghaachary2002]and[GobronandChiba2001].

Our methodis relatively simple, usingonly onealgorithm, the
DistanceTransform[Jain 1989]. Theinterfaceto the softwarewas
written sothatartistscouldusethis techniqueto adda cracktexture
to anexisting batteryof lIters. For this reasorwe built the “crack
Iter” asaPhotoshoplugin.

Figure2: RealBatik. ImageCourtesythe Batik Institute.

Figure 3: Imagea. real batik cracks,b. generatedtracks. Each
cracktendsto move towardsthe concae regionson the boundary

3 Visual Characteristics of Batik

Figure2 shavs anexampleof real Batik painting. Theinsetimage
(bottomright of the gure) is acloseuptakenfrom within thewhite
rectangle which shaws the characteristicrack patternsfound in
Batik. Therearea numberof factorswhich affect the appearance
of the cloth. Firstly the dyeis absorbedon-homogenouslipy the
cloth. Introducingsomenoiseinto the imagecan producea rea-
sonablesimulation of this effect. In our system,a variation on
Perlin noise[Wyvill andNovins 1999] hasbeenusedto simulate
non-homogenoudye absorption Cracksareformedin time order
ratherthanall at once,so a crackwill run until meetingthe edge
of the wax or anothercrackeitherof which will stopit. It canbe
obseredin the close-upmagethattherearefew placeswhereone
crackcrossesnotheybut therearemary T-junctions.

Cracksoftenendin maximally concae regionsof the wax bor
der, asdepictedin Figure 3, possiblybecauset is enegetically
cheapeffor the cracksto be shorter The wax maskfor Figure 3b,
wasgeneratedby giving asinputto our systemanimagethatrep-
resentshe wax areaswithout ary cracks. The numberof cracks
generateds choserby theuser Thegeneratedndrealcrackshave
anoverall similarity in position. They arenot exactsincethe start
positionsfor thegeneratedracksin our systemarechoserstochas-
tically, and the numberof cracksuserdriven. The tendeng for
cracksto endin concae regionscanbe obsered in bothimages
andmary of the cracksin imagea have very similar counterparts
in imageb.

Crackserode, thereforeolder cracksare wider than younger
cracks. At T-junctionsthe wax becomedtragile at the edgesand
tendsto breakoff, wideningthe cracksin this region. Thereare
mary typesof wax usedby the variousdifferentbatik manufictur
ers.Mostwaxis acombinatiorof beesvaxandparafn, andthera-
tio betweerthetwo determinesiow muchit will crack(moreparaf-

n gives more cracking). For example, unlike Indonesianbatik,
Chinesebatik is madeusingmostly beesvax, which resistscrack-
ing whendyed,avoiding the crackpatternshatthe algorithmsde-
scribedin this paperattemptto reproduce.

In our simulationthe user rst generate®ne or morewax im-
ageswhich will be combinedto form the nished artwork. In our
casethey aredigitalimageswhich encodghecharacteristicsf the
wax in the colourchannelqseesection7). A waximageis loaded
into the simulator cracksare produced simulateddye is applied
andtheresultis compositedvith the nal image.

A visual simulationof thesecrack propertiescan be produced
usingvariationsof the distanceransformalgorithm.



Figure4: Samplewaximage(left), distanceransform(right)

4 Distance Transforms

In this andthefollowing sectionawve usethe following de nitions:
Wde nestheimagedomain.W de nesthepartof Wthatis covered
with wax, andthe setV consistsof the borderof W togetherwith
all thecracks.

In orderto achiese a plausibledistribution of cracks,we start
from the following obsenrations: (1) newer cracksrun from one
older crackto anotherolder crack (wherethe borderof the wax
domainalso countsas one or more cracks),and (2) crackssene
to alleviate the tensionin the wax. Thereforetensionis closeto
zeronearanoldercrack,sonew cracksshouldmainly runthrough
regionsthatarefar removedfrom oldercracks.

In orderto achieve (2), we needto know, in every point of W,
how far the nearesblder crackis. A simpleway to do that, is by
using a distancetransform. Given a subsetV of W, the distance
transformD(p) in apointp2 W is de ned as

D(p) = MIN(v:v2V:jp V));

in otherwords:it is thedistanceo thepointvin V thatis nearesto
p;jp Vjisthedistancebetweenp andv accordingo somemetric.

Thevalueof D(p) dependsn the distancemetric chosen.Us-
ing an L2 metricis preferredin mary applicationsasit providesa
rotationallyinvariantmeasure Brute force methodsto calculatea
rotationallyinvariantdistanceransformrequireO(jWjVj) calcula-
tions. Variouswork hasbeendoneon suchmethoddo increasehe
ef ciency [Gavrilova andAlsuwaiyel 2001].

For ourapplicationhowever, experimentshav thatwe don't re-
ally needrotationalinvariance.A simpleimplementatiorusingL®
metric, basedon Jain's algorithm[Jain 1989] givesresultsthatare
visually just asappropriatewith the additionaladvantageof much
simplercodeandconsiderablymoreef cient execution.

The Jain algorithm is a two-passalgorithm with compleity
O(jW) asfollows:

for(pixel p in V) D(p)=0;

for(pixel p in Omega--V) D(p)=infinity;

for(pixel p: scan from top left to bottom right){
for(pixel n in upper left half Neighbourhood(p))

if(D(n)+[n-p|<D(p))D(p)=D(n)+n-pl;

for(pixel p: scan from bottom right to top left){
for(pixel n in lower right half Neighbourhood(p))
if(D(n)+In-p|<D(p))D(p)=D(n)+In-pl;

For someapplications suchasmodelingthe wideningof older
cracksnotonly dowe needto know thedistanceo thenearestea-
ture but alsothe identity of this feature. (A “feature” heremeans
acrackor the borderof W). To this aim, we usean extendedver
sionof the distancetransform[Jain 1989]; we call this the identity
transform(IDT). Assumethatevery point p in Whasalabel,/ (p).
Thelabelsfor pointsin V aretakenfromasetlL = f1 5,/ ;1 ,;:::0.
Thealgorithmfor IDT is asfollows:

for(pixel pin V) {
D(p)=0;

lambda(p)= element from Lambda;

for(pixel  p in Omega--V) {
D(p)=infinity;
lambda(p)= 'undefined’,

for(pixel p: scan from top left to bottom right){
for(pixel  n in upper left half Neighbourhood(p))
if(D(n)+|n-p|<D(p)) {
D(p)=D(n)+|n-pl;
lambda(p)=lambda(n);

/I and similar for the second pass

ThelDT effectively computes discretesamplingof theVoronoi
diagramfor the currentlyusedmetric, wherethe seedsmay be ar
bitrarily shapedsubsetof W.

We usethe following featuresof the distancetransformin our
cracksimulator:

D(p) istheshortestlistancebetweerp andary earlierfeature
in W,

I (p) is theidentity of the nearesteatureto p;

D(p) and/ (p) allow localupdatingin caseof localmodi ca-
tionsof V (in otherwords,assoonasthe next youngercrack
is formed, we only have to re-computeD(p) and/ (p) in a
subdomairof Wthatis roughly equalto the boundingbox of
therecentcrack);

For closer approximationsto the L2 metric, we can sim-
ply adjustthe de nition of “Neighbourhood”. Larger neigh-
bourhoodgjive betterapproximatiorio circular(D(p)=const)-
contoursin caseof a point-shapedubsel/ (atthe expenseof
slower execution). Although we assumehat this mustbe a
well-known generalisatiorwe werenot ableto nd arefer
enceto it.

— 3x 3, 4-connectedsquare;

3 x 3, 8-connected8-gon,

— 5x 5, 24-connected(16-gon),

7 x 7,48-connectedf 32-gon.etc.)

5 Crack Simulation

In this sectionwe describethe processof forming a patternof
cracksin alayerof wax. A wax-processingtepof thealgorithmis
asfollows:

crack initialisation;
dof
find suitable starting point;
for(both halves of the crack){
dof
find propagation direction;
apply random perturbation;
make a step;
} until arrival on earlier feature
update D(p) and lambda(p) near recent crack;
} until  amount of cracks set by user.

In the initialization phasea distancetransformandan IDT are
appliedto the areasvhich have beencoveredby wax,W. Thenon-
coveredareaW W, isassigned(p) = 0and/ (p) = “unde ned”.

A samplewax mask(in red) andits distancetransformis shavn
in Figure4, the distancevaluesin the right-handimagehave been
scaledandassignedo theredchannel.



In our approachto crack propagtion, we assumethat cracks
sene to alleviate the stressdistribution in the wax. The enepgeti-
cally cheapestvay to do this, is to have cracksof minimal length.
Sotherearetwo boundaryconditions: (1) asexplainedin section
4, a crackshouldpassthrougha point thatis at (locally) maximal
distancefrom ary earlier crack, sincetherethe stressis (locally)
maximal;and(2) acrackshouldpropagteasfastaspossibleto the
nearesfeature(i.e. earliercrackor borderof thewax). The latter
will ensurethat begin and end points of new cracksare likely to
begin andendata pointof local maximalcurvatureof oldercracks,
which conformsto the physical behaiour of cracks.

In orderto steercracksin the direction of the steepestiescent
of D(p), we needthe gradientof D(p). As well asstoringD(p)

and! (p) ateachpixel, thegradien®D(p) = (%E(p); %(yp)) of the
distancdransformis alsocalculatecandstored.Thederivativesare
computedon the grid locationsusing nite differencesto mitigate
aliasing,we rst low-passliter D(p).

Oncedistancevaluesand their gradientshave beencomputed
thecrackpropagtionalgorithmis initiatedby rst choosingaseed
pointinsidethe wax region. A randompoint g insideW is chosen
(seealsosection6). Fromg, we follow a pathin the direction of
increasingD(p) to nd a local maximumof D(p). Let q°bethe
locationof thelocal maximum.

Fromthepointq® thecrackis propagtedsimultaneouslyn two

(normalizeddirectionsttand @. We nd @ asthedirectionof the
steepestiescenbf D(q9.

In orderto representracksaspolylines,we representhemasa
chainof line segementga polyline) whereevery vertex hasat least
oneintegercoordinate Noticethatpixels,suchasthestartingpoint
q', fall in this cateyory asit hasbothintegercoordinatesSo,let the
currentcrackpointbe p; wherepe is eitheronthehorizontalor the
verticaledgebetweertwo adjacenpixels.

From pc downhill, RID is usedto determinehedirectionof prop-
agation, sayr, by following the gradient.To do this,+ is evaluated
in pc at sub-piel resolutionby linearly interpolatingthe values

of ND(p) in the two pixels adjacentto p.. We intersectthe line

pc + e with the four sidesof the squareshawvn in gure 5, con-

sistingof pc's neighbouringpixels andtheir appropriateopposites.
Theintersectiorpointthatis closesto pc will bethenext pointon

thecrack.

Propa@ting the crack as outlined above, would lead to very
straightcracks. To getthe characteristiavrinkled appearanceye
perturb+ with a Itered Brownian motion noise. Both the noise
amplitudeandthe ltering strengthareputunderusercontrol. The
noiseamplitudeis locally controllable(seesection 6); the Iter
strengthis a globalparameter

In Figureb thepixelsindicatedwith blacksquaresrelabelledas
“on acrack”. Their/ -valuesreceve a serialnumberthatencodes
the ageof the crack. If therearen cracksrequired,the | -value
in the pixelsthatare“on” cracknumberi aresetton i. After
completionof this crack,the IDT propagtesthesel -valuesto the
ervironment.So,afterthelDT, all pixelshave theageof thenearest
cracksetin their/ -value.

ThedistancevaluesD(p) of points“on” the crackaresub-pixel
accuratejn Figure5, theexisting crackis shovn astheredpolyline
with sub-pixel coordinatesthebluesquaresndicatepixelsusedfor
computingD(p) andthenext positionsof pc. Sothepresencef all
subsequentracksis entirelyencodedn themapsD(p) and/ (p).

In section 7 we explain how the ageof the crack,asencoded
in I (p), is usedto accountfor an age-dependentidth of the dye
track.

We accountfor onefurther effect thatis the wideningof the T-
junction betweena crack and an older crack. To this aim, every
point on a crackshouldalsoknow its distanceto the two features
(typically: T-junctionswith earlier cracks)that causeit to termi-

Figure5: Calculatingthedirectionof crackpropagtion. Theblack
squaresepresenthe pixel centres.

nate. In orderto computethis distance,we usethe fact that we

know (roughly)in advancehow longacrackis goingto be. Indeed,
thevalueof D(g9 in thestartingpoint q°tells usthis. During prop-

agation over (one half of) a crack, we keeptrack of the distance
travelled. In all the points p on a crackwe administratea value
d2j(p) (shortfor “distanceto junction”), de ned as:

d2j(p) = MAX(0;len(p;q) D(q%+ T):

Here,“len” is the distancetravelled betweeng® and p. So for
points p thatarefurtherthana certainthreshold say T, from their
destinationd2j(p) = 0. If they arecloserthanT to thethreshold,
they have alinearly increasingvalue,with a maximumof T onthe
junction.

With a separateun of a distancetransformalgorithm, we also
propagtethevaluesof d2j to theenvironmentof cracks.Thistime,
however, we decreaseatherthanincreasehedistanceattribute. So
after this distancetransform,all pixels have a valid d2j-attritute
which is 0 at locationsfar from T-junctions,which is maximalon
theT-junctions,andwhichlinearly decreasewith thedistanceo T-
junctions.Thevalueof d2j(p) is usedin theactualcomputatiorof
thedistanceo thenearestrack. It resultsin pointsthatarecloseto
a T-junctionto yield areducedlistanceto the centerof the nearest
crack. Therefore whencloseto a T-junction, thereare effectively
morepointsthat have a distanceto the nearestrack-centrehatis
belav the threshold andhence the crackappeargo bewider near
T-junctions.

Oncea crackhasbeenpropagted,agedandT-junctionsadmin-
istered thecycle is repeatedor the next crack.



Figure6: Crackbefore(top) andafter(bottom)agingandwidening
dueto T-junctions.

6 Controlling The Process

To controlthe batik simulationthe usersuppliesa seriesof images
representinghewax masksandthe simulationcomputeghecracks
andcompositegsheimagesinto anoutputimage.Thereareseveral

controlsthat can be appliedto the crackingprocess. Local con-
trol is achieved by de ning the distribution of the valuesof crack
width (d(p)), crackdensity(r (p)), andcrackrandomneséwiggly-

nessw(p)) asfunctionsof thelocationp. In orderto provide these
valuestheusercansetthered(d(p)), green(r (p)), andblue(w(p))

distributionsin theinputimage.Theactualcoloursareunimportant
andgreyscaleimagescould equallywell beused.

Figure7 shaws the effectsof varying eachof theseparameters.

Thetop mapof Canadéhasa smoothredrampvaryingfrom 100%
redin the Eastto 0% in the West. Thevariationof d(p) in thewax
imagecanbeseerin thetopimageof Figure7: thecracksarewider
in the East. The apparenwidth of a crackis not storedexplicitly
but is calculatedaspartof thedye applicationprocesgsee?).

The densityparametelr (p)) is usedto control the probability
thata crackis created.For example,in regionsof low r (p) fewer
pointsareacceptedandthereforefewer cracksgenerated.The al-
gorithm to nd the crack starting point g rst selectsa random
point that lies within W. The densityvalue, r (q) rangingfrom 0
to 1, is comparedagainsta uniform randomnumberr 2 [0: 1]. If
r(g)® > r thepointis acceptedThe cubewasfoundempirically
to give betterresultsthanalinearor squarerelationship.

Theparametew( p) is usedo controlthelocaldirectiontakenby
thecrack. In Figure7, the cracksappearstraighterin the Westand
follow a morerandom(wiggly) pathin the Eastasw(p) increases

from Westto East.

Thereis alsoa globalrandomnessontrol, which canbe usedto
vary the directionof all the cracks. Detailsof how the pathdirec-
tion is calculatedare givenin section5. Otherglobal controlsare
provided by varying parametersuchasoverall crackwidth (i.e. a
scalingfactoraffecting all cracks)andsmoothnessisinganinter-
active userinterface.

In realbatik thewaxis oftenleft ontheclothuntil the nal wash-
ing stagewhenall the wax masksareremoved from the cloth. In
somecasest may be desirableto remove a wax imagefrom the
cloth in betweenpaint/dyecycles. In this casethe areaof cloth
no longerin uenced by the wax would receve morethanonedye
application.We alsosimulatethis process.

7 Dye Simulation

Applying the algorithm from section5, usingthe control mecha-
nismsasdescribedn section6, producesa mapD(p) thatrepre-
sentsjn every point p, thedistanceo thenearestrack(or thebor
derof W). It alsoproducesamap/ (p) thatrepresenttheage(i.e.,
thesequencaumber)of thecracknearesto p. In thepresentsec-
tion we describehow a colouris assignedo p thatcorrespondso
theapplicationof dyeof agivencolourto theclothwith the present
wax distribution.

Therearetwo aspectgo colourassignment:rst, the computa-
tion of the colourthatresultsfrom mixing the dye colourwith the
existing colour(whichmaybetheoriginal cloth colouror thecolour
thatresultedrom applyingearlierdyes)atnon-protectedpots,and
thecomputatiorof theintensityof thedyeatagivenlocationtaking
thewax distribution into account.

7.1 A Multiplicative Colour Mo del for Dye Applica-
tion

We adopta multiplicative colourmodelfor dye colouring(seeFig-
ure 8), sinceit more closelymodelsthe interactionbetweendyes,
asthey areappliedoneover the other

This meansthat we associate setof spectralre ection coef-
cientsto thecloth, sayr;(p) for frequenciesy, andlocationp, and
asetof spectratransmissiortoefcients, sayt;.; (p) to layerof dye
numberj. Theresultingspectradistribution thatresultswhenillu-
minatingthebatik with alight sourcewith spectrabistributions; is
givenby

gri(p)Pjti;jZ(p);

for all i. Thesquareaccountdor thefactthatthelight passeswice
througheachlayer of dye. In our implementationwe samplethe
visible light spectrumwith 3 samples:i = 1;2;3. In orderto rep-
resenthesimulatedbatik in standardRGB format,we choosepure
spectrared,greenandbluefor our colourprimariesn,, n, andn,.
In orderto visualizethe resultingbatik, the pure spectralcompo-
nentsare approximateddy the red, greenand blue of the current
colourreproductiordevice.

The spectraltransmissioncoefcients . have a neyative ex-
ponentialdependeng on the thicknessof the dye layer (i.e., the
amountof dye per unit area). The assumptiorusedhereis thata
thickerlayerof dyeis equivalentto two layerseachof half thethick-
ness.Thenthereductionof the spectraintensitiess the productof
thereductionof thetwo individuallayers henceheexponentiabe-
havior: f(thicknesd + thicknes®) = f(thicknesd) f(thicknes®)
so f mustbeanexponentiafunctionof thethickness.

We approximatehis exponentialdependengby alineardepen-
deny on the dye concentration.Thereforewe introducean effec-
tive dye concentratiordistribution, sayc]-(p) for dye numberj at

location p. In the next sectionwe explain how c]-(p) is computed



from D(p) and/ (p). For now we mentionthatcj (p) is everywhere
a numberbetween0 (no dye) and1 (maximaldye concentration).
With cj(p), we compute

ti(PM=1 ¢(P(1 to)

wheret;.  is the spectratransmissiorcoefcient for dyenumber;

atfrequeng n; whenit would be appliedwith maximalconcentra-
tion.

7.2 Geometrical Aspects of the Dye Distribution

In orderto computec;(p), we adoptthe assumptiorthat dye is
somevhatabsorbedn cloth. Thisabsorptiorgivesriseto aroughly
exponentialdistribution [Kreyszig 1999]) nearthe locationswhere
D(p) = 0.

We approximatethe negative exponentialdecayby a truncated
linearfunction (i.e., for distancedetweer0 andsomethresholdd
from the side of the crackthe concentratiorinearly decaysfrom
1 to O; for distancedurtherthand, the concentratiorstays0). As
explainedin section6, d is allowedto vary asa functionof thelo-
cation p. We wantto accountfor effects suchascrackwidening
dueto crackageor dueto closenesso T-junctions,andwe imple-
mentthis in the dye-depositingorocessy allowing d to vary asa
functionof thelocationp, hencewe used(p).

We cancomputec; (p) from D(p) by setting:

D(p)
ci(p) = MAX(0;1 —=):
i(P) ©1 G50
With this formula, all crackswould give riseto dyetracksof equal
width if d(p) is constantin orderto take crackaginginto account,

we set
D(p)! (p)
d(p)/ g

wherel  is thescaleparametewhichglobally controlscrackwidth
(seesection6). Theageof thenearestrackis encodedn /| (p) such
thatoldercrackscorrespondo largervalues.

Finally we needto accountfor T-junctionwidening.In section5
it wasshavn how thevalueof d2j(p) is computedo representhe
distanceo thenearest-junction. T-junctionwideningis calculated
in asimilarwayto crackaging,by introducinga furthermultiplica-
tion factor d2j(p).

¢j(p) = MAX(0:1 )

8 Results and Conclusions

Theexampleshavn in Figure9 wasmadeby rst drawing aseries
of six wax masks,which togetherform the outline of the moose
head.Figure9ashaws the rst wax mask(inset)andthe resultant
imagegeneratedy runningthe crack simulation. A variationon
Perlin noise[Wyvill andNovins 1999] hasbeenusedto simulate
non-homogenoudyeabsorption A new wax maskhasbeenadded
in Figure9b andthemaskusedin Figure9cis aninversemaskpro-
viding cracksin thebackgroundThe nal mooseheadis theresult
of combiningall 6 masksn six passeshroughthecracksimulation.
Theexampleshavn in Figure9 wasmadeby rst draving a se-
riesof six waxmaskswhichtogetheiform theoutlineof themoose
head.Figure9ashavsthe rst waxmask( readandblackinset)and
the resultantimagegeneratedy runningthe cracksimulation. A
variationon Perlin noise[Wyvill andNovins 1999] hasbeenused
to simulatenon-homogenousdye absorption. In eachstepasin-
dicatedby imagegroupingsFigure9ato f, a new wax maskhas
beenadded.Thesemasksareshavn in red andblackwith thered
repsentinghe waxed areas. The dyes(colouredas shavn in the
rectangulacolourswatcheshyreappliedadditively. Noticehow the

additive effect of repeatedlying changeghe colour. In the mask
usedin Figure9cis aninversemaskproviding cracksin the back-
ground.The nal mooseheadss theresultof combiningall 6 masks
in six passeshroughthe cracksimulation.

In the nal imageof Figure9 someof thewax maskshave been
left in placeuntil the endof the processalthoughthe option exists
to remove the wax at eachstage. For examplethe wax maskof
Figure9a,wasnot removed until the endof thewhole processaand
theareaunderit hasa comple crackpatterntheresultof multiple
passeshroughthe cracksimulation.

Oneof thekey elementsn producinga corvincing visual simu-
lation of the batik cracksis the procesf agingandmanugcturing
wider crackscloseto T-junctionsascanbe seenin Figure9. For
a comparisorof cracksgenerateavith andwithout usingtheseef-
fectsseeFigure6.

From our experimentswith our crackgeneratiortechniquesve
concludethefollowing:

1. Thecrackalgorithmgivescorvincingbatik-likecracksin at-
coloured sggmentedmages.

2. The variousmechanismsn the batik processcanbe imple-
mentedin termsof few elementarygeometricoperationsand
imageprocessingperationon apurelylocal basis.

3. All requiredalgorithmscanbestraightforvardly derivedfrom
thedistancdransform.

8.1 Limitations

In thereal batik example,Figure3b, the crackstendto form in the
narravest partsof the wax areas,andtendto divide the wax into

large, roundishchunks. In the syntheticexample,the crackstend
to drive right throughthe middle of theseroundareasandspanthe
narrav channeldessfrequently Thereasorfor thisis thatif awax

piecewith a narrav partis formed,the chancesrelarge thatthe
rst crackasproducedn our algorithmwill notbein this narrav

part but ratherthroughthe middle of one of the big lobes. This

is a consequencef our hill climbing approachandit is a weak
point of our algorithm. On the otherhand,after subdviding pieces
cansoongetrounder( i.e. morecorvex), andthe problemis less
likely to occur It canbe seenthatthe overall effectis very similar
to the cracksin batik. The dye simulationis a simpleapproxima-
tion to the actualdye process]|t doesnot capturefor example,the
variationsin differenttypesof cloth. A betterdye simulationis an
areafor future work. Perhapsvith a moreintuitive userinterface,
thealgorithmmay be usefulfor artists,andthuswe tradethe num-
ber of physical phenomenave take into accountfor speedin our

simulation. Our resultsare pleasingandcloseto the cracksin real
Batik for small computationaprogrammingeffort. Judgingfrom

otherphysically basedcrackingmethodsa betterphysical simula-
tion may perhapscomecloserto the appearancef the real cracks
but would be considerablymoredif cult to programandrun much
slower.

8.2 Future Work

We haveimplementedheseechniquessplug-insoftwarefor Pho-
toshop,addinganotherlter to provide a new tool for artists. The
userinterfacedescribecherewas merelyto testthe crack forma-
tion processand producethe examples. Our future work includes
developingour own paintsystenthatsimulateshe feel of thewax
paintingprocessincludingtheeffectsof thedifferenttypesof wax,
andthe factthatthe wax tendsto form blendedpatchesaswell as
practicalproblemssuchasthe changean viscositywith cooling.
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Transmit: r*=1.0; g =1.0; br =025

Reflective Substrate:*=0.9; g =0.9; b =0.9

Figure8: How Multiplicative ColourWorks,dyesmaybemodelled
ascolour lters.

Figure 7: Eachmap of Canadais representedyy a colour ramp
goingfrom Westto East(0-255).Crackwidth (red),density(green)
andrandomnesgblue)vary asthevalueof theinputchannelaries
acrossachimage.



Figure9: Thelarge mooseheadimageis a complex imagecreatedwith this Batik processThe surroundingmagegroupingsa- f, shov the
stagesn building the nished image.Eachgroupingcontains:a blackandredimageof the wax mask(the redis thewax), a colourswatch
of thedye usedfor this step,theimagethatresultsfrom this stepanda tableof parametersThe parameterareasfollows: W representthe
width factorfor thewax cracks,V representshe crackvisibility, N representthe numberof cracks,andM+ indicateghatthewaxwasused
additively, (we couldalternatvely removedtheold wax).



