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Abstract

Feathes, unlike other cutaneousappendges sud as hair, fur, or scaleshavea definitestructuie. Variation in
featherstructue createsa wide range of resultingappeaances. Collectively featherstructue determinegshe
appeaganceof the feathercoat, which can largely affect the resultinglook of a featheed object (bird). In this
paperwe definethe structure of individual feathes usinga parameterizatiorbasedon biological structuie and
substructues of actual feathes. We showthat our parameterizationcan geneate a large variety of feathes at
multiplelevelsof detailandprovideaninitial stepto semi-automaticallgenematinga widerange of feathercoats.
Thisis achieved by specifyingan intuitive interpolationbetweerdifferentstructuesand agesof feathes.

1. Introduction

Modelling of naturalphenomeatypically involvesattempt-
ing to simulatevery complex surfaces,structures,or pro-
cessesHowever, it is desirableto have control over a wide
variety of phenomea with a limited set of parameters—a
processknown as databaseamplificaion.23 Feathershave
comple structureat mary levels of detail,andthe structure
canvary widely acrosdifferenttypesandagesof feathers.
It is desirableto be able to createa wide rangeof results
without having to modeleachsubstructuren every feather

Feathershave similar scaleand purposeas hair and fur.
Various methodsfor modelling of hair and fur have been
proposedecently Somemethodsarebasedon creatingthe
illusion of geometrythroughrendering,andothersmodela
coarseview of the geometry However, feathersare struc-
turally morecomplex thanhair strandsnotonly dothey have
componentshatarecoarsethanhair andthusaremoreap-
parentbut the variety of feathercoloursandpatterngmme-
diatelyrevealsapproximatios in the underlyingstructure.

Structurally featherscan be comparedto plantsin the
context of branchingpatternsBoth have levelsof branching
substructureshowever with plantsthe locationandtype of
the branchvariesmuchmorethanwith feathersAlso, acol-
lectionof plantsis notasspecificanarrangemerasfeathers
wherea specificlook to thefeathercoatis desired.

We proposea methodof modelling feathercoatsby de-
signing a small group of key feathes usinga very limited
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numberof parametersOur modelis basedon the smooth
aerodynamimatureof the surfaceof the feather A Bezier
cunve of varyingdegreeis usedto approximatehe curvature
of thesubstructurem thefeathersinterpolatiorbetwesnthe
parameterandcontrolpointsof thecurve allows for smooth
changesn the featherstructure,and the tesselatiorof the
Beziercurve allows usto controlthelevel of detail.

2. Related Work

An extensie researchareain computergraphicsspecializes
in developingmodelsof naturalphenomenaBiological phe-
nomena,a subclasf this area,have beenmodelledwith
both biologically and non-biologicallybasedmethods.The
non-biologicallybasedmodelstypically usefractals,parti-
cle systemsor stochasticsystemsand have beenusedfor
modellingplantg® 23 17 andterrain® Sincethesemodelsare
comple, typically notinteractive,andhencedifficult to con-
trol, we have choserto develop a feathermodelthatis intu-
itive (basedon featherstructure)and interactve. We now
review modelsof this nature.

Mimicking the development of the arrangemenbf bio-
logical parts (biological patternd can be usedto achieve
realistic-lookingmodels.Biologically-basednodelscanbe
loosely categorizedas structuralor spatialmodels.Spatial
modelshave generallybeenbasedon reaction-difusion or
cellularautomataand have beenfairly limited to construct-
ing cellular size structures* 26 and plant shapes.8 Most
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structuralmodelshave focusedon modellingbotanica enti-

ties.Thesemodelshave beenbasednL-sysemsto describe
the developmentof the entity in an ervironment.1%.16 Other
structuralmodelsattemptto modelbotanicalrules or geo-
metricrelationshipg: 9 13 Many modelshasedon biological

development involve simulation,restrictingcontrol.

Other work indirectly relatedto feathermodelling in-
cludeshiological modelsfor phenomea thatare similar in
structure scale,andcompleity. Relatedwork in modelling
plants,hair andfur andfeatherss presentedbelow.

2.1. Plants

Plants and feathersare both branching structures.How-
ever, plantshave morediversebranchingypesandlocations
thanfeathers.Plantbrancheshave two degreesof freedom
whereaghe branchingstructuresof feathersarevery regu-
lar andalwaysattachedn the planeof the feather Not only
mustplantmodelsdetermineplacenentof organs but plants
arealsogenerallylargerin scalethanfeatherswith a lower
branchingdensity andthushave differentgeometricconsid-
erations.Also, in orderto modelan arrangemenof plants,
individual plantsaremodelledandplacedtogetherwhereas
when modelling feathers,typically a specific feathercoat
patternis desired So,while someof the existing plantmod-
elsarecapableof modellingfeatherqi.e. L-system&’), they
aregenerallyfarmorecomplicatedhanneede andthey are
not designedor specificfeatherattributes.

Models also exist for designingcollectiors of plantsby
simulatingthe parametersf anentireecosysten,or by us-
ing instancingto designspecificplant modelsandrandom
perturbatiorof the model’s parameterso achieve variation.
This is lessthandesirablewith featherssincesmall varia-
tionsin feathertypeandcolourcanaffecttheoverall desired
patternof the feathercoat. Recentlya plant specificmodel
wasproposedhat allowed for control over both the design
of individual plantsand the parametersisedin simulation
of an ecosystem® The methodwe proposefor feathersis
similar in thatit allows specificcontrol of the featherstruc-
tureandthedesignof thecoat,withouthaving to modeleach
substructurén eachfeatherof the coat.

2.2. Hair or Fur

Hair/fur aresimilarto feathersn scaleandcollectively form

a coat. The strandsare structurallysimple and have conse-
quentlybeenmodelledwith polylinesor NURBScurves10.7

cylinders!® cylinder sggments?:3 and trigonal prisms2®

Dueto the structuralsimplicity, recentwork hasfocusedon

renderinganddynamicsof strandsanddesignof hairstyles.
Somemethodsmodelkey or guidehairg? for which full dy-

namicsandilluminationarecomputedThein-betweerhairs
areinterpolatedrariationsof theseattributes. Themethodwe

proposefor modellingfeathersusesthe samenotion of key

attributes,but specificto feathemrmodelling.

2.3. Feathers

Theonly existing feathermodel,andhencetheclosesto our
work, wasproposedby Dai et al.2 for modellingthe struc-
ture of feathersn Galliformes(a particularorderof birds).
Their modelis basedon the specificationof aninitial setof
parametersthenevaluaion of functionsbasedon theseini-
tial parametersletermineghe curvatureandlocationof the
feathersubstructuressuchasbarbs(seeFigurel).

An interactvely specifiednitial barbangledefineghedi-
rectionof thefirst sggmentof the barh Thenwith auserde-
fined setof coeficients for a propagtion function, the ori-
entationof the next sggmentof the barbis computedfrom
the function. An interpolationof the function coeficients
definesthe propagting orientationfor all barbs.The barb
lengthanddistancebetweerbarbsis specifiedoy a userde-
finedfunction. Theredoesnot seemto be ary way of speci-
fying shaftlengthor curvature andit appearshey assumea
closed planarvane.They modeltherachisasa generalized
cylinder andthe barbsaspolylinesand constructa triangu-
lar geometricrepresentationf the vane.Sincethe propag-
tion functionis polygonalandthe interpolationof the coef-
ficientsis continuousthereis no way to specifydiscontinu-
ities in the feathersor to intuitively specifyshape They do
not addressnterpolationof feathertypesand interpolation
betweerthe propagtingfunctionsis not possible.

Ourparameteraresimilarto Dai etal.sinitial parameters
withoutusingafunctionalrepresentatioto modelthefeath-
ers.With our model,rachiscurvature,overall feathershape,
anddiscontinuitiesin the vaneare specifieddirectly on the
featheratherthanby designingafunction.Our methodsup-
portsinterpolationof feathershapesy design.

3. Ornithology Background
3.1. Feather Structure

A featheris astructurewith amaincente shaftanda hierar
chy of fine branchingstructuresxtendingfrom eitherside.
Themainshaftis calledthe calamusatthebasewherethere
areno branchingstructuresTheremainingportionis called
therachis (seeFigurel). Barbsbranchfrom the main shatft,
andextendangularlytowardthetip of thefeather Fromthe
barbsbranchbarbules and from thesepossibly barbicles
Collectively, the barbson one side of the rachisare called
thevane The calamuscanbe consideredo branchinto the
rachis,andthe afterfeather(a structuresimilar to the main
feather) Thefeatherappearaceis definedby the numberof
levelsof branchingmicro-structuré?

3.2. Feather Types

Featheitaxonmies- basedexclusively on featherstructure,
exist to classify the wide variety of feathersizes,shapes,
and types. The most commontype of featheris the con-
tour feather(seeFigurel) which arefoundontheoutersur
face(contour)of the feathercoat. The mostdefiningfeather
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Figure 1: Left: A Typical contourfeather(from Lucasand
Stettenheim* p. 236). Right: Typical flight feather with
branding substructues.

X

Figure 2. Right: Examplesof non-contourfeathes (from
Lucasand Stettenheim? pp. 271,274,310,33). Left: After-
feathes: Emu(attached)and Chidken (in center)(from Lu-
casand Stettenheir? p.290)

charactestic is type of vane—angingfrom plumulaceus
(fuzzy) to pennaeous(firm andstiff). The variationis due
to the presenceor absenceof barbicleswhich aid in inter-
lockingadjaceat barbs Downfeatherqundercoatandsemi-
plumegseeFigure?) areentirelyplumulaceus,while flight
feathes (wing andtail feathers—se&igure 1) areentirely
pennaceus.Contourfeathersare pennaceos at thetip and
plumulaceasatthebase A seconddefiningfeathercharae
teristicis theratio betweerbarblengthandrachislength.All
feathertypesexcept down feathershave arachislongerthan
ary barh Specializél andlesscommonfeatherdncludefilo-
plumesandbristles Finally, the presenceor absenceof an
afterfeather(seeFigure 2) is anotherdefiningfeatherchar
acteristic Afterfeathersarealwaysplumulaceasandresem-
ble themainfeatherin shapebut canrangein sizefrom non-
existentto thesizeof the mainfeather

3.3. Feather Shapeand Size

Featherwary greatlyin sizeandshapeContourfeathersan
vary from a 1-2mmto 2m in lengtheven on a single bird.

(© TheEurographic#ssociationandBlackwell Publisher2002.

Oldest
Age

@éﬁ%mr s ’ =

—Ti‘me%

Figure 3: Contourfeathergrowth with cross-gction (from
Lucasand Stettenheim? p. 200,370).

Thecunaturecanvary bothacrossandalongtherachisand
vane.Thelengthandangleof thebarbscanalsovary, usually
leadingto ovate(egg-shapedjeathersput mayalsoresultin

obovate (upside-davn egg), spatulate(short broadtips), or

pointed.Overall curvatureis almostalwaysinto the surface
of thebird, butin very rarecasesancurve awvay.

3.4. Feather Growth

Feathersarecyclically lost andregrown in a processcalled
moult They are usually lost/regrovn sequentiallyas op-
posedto all at once.Feathersgronv with the barbscurled
inwardstoward the undersideof the feather(seeFigure 3)
andencasedh aprotectie sheathCell division occursonly
at the baseof the feathermakingthe tip alwaysthe oldest
andconsequentlyhefirst partto breakout of the sheath.

4. Modelling Feathers

A feather model is neededthat has an intuitive set of
biologically-basedparametersvith both, flexibility to cre-
atea wide rangeof feathertypesandsimplicity to generate
thousandf specificallystructuredfeathers.The proposed
modelis basednthenotionof key representationat multi-
plelevelsof detail. An individual featheris designedisinga
setof parameterslescribingthe lengthand cunatureof the
rachis,the length and angle of the barbs,and a setof key
barbsfor the vanecunature.The cunatureof intermediate
barbsis specifiedby interpolatingthe key barbs.Thesein-
dividual feathersarethenusedaskey feathersn the design
of thefeathercoat, by interpolatingthis parameterizatioto
creatantermediatdeathersThe parameterizigon andinter
polationof the parametes arediscussedbelow.

4.1. Feather Parameterization

Our parameterizatioiis basedon the biological structureof
thefeatherasoutlinedin Section3. Thetwo mainstructures
we model are the shaftand the barbs.The afterfeatheris
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Figure 4: lllustration of the parametes of our model.

Structure  Parameter Variable
calamus length (o]
width-ratio Cwr
rachis length r
basewidth rw
cunatures Mes Mvde
barb length I
left vaneangle Vlpa, Vlta
rightvaneangle  Vvrpg, Vrta
spacing SPp, SPx
#key barbs m
setof key barbs B!, {Vj|0..m}
Vv Key barb  # controlvertices n

controlvertices ¢y, {Vi[0..n}
positiononrachis rp

Table 1. List of parametesin our model

modelledasasecondaryeatherattachedo themainfeather
andhasthesameparameterasthemainfeather Theparam-
eterswe useareshavn in Figure4 andarefoundin Tablel.
The calamushaslength ¢, andwidth-ratio cwr. The rachis
haslengthr, basewidth ry, and two cunatures(side-to-
sider¢, andfront-to-backr,4c). Therachistip is assumedo
form apointandthecalamws width is computedsothatthere
is nodiscontinuitywheretherachisandcalamusmeet.

Thevaneis modelledby a collective setof barbs A select
setof key barbsarespecifiedandfrom thesethe restof the
barbsaregeneratedy interpolation.Eachkey barbB!, j =
0,1,...,mhasasetof controlpointscvi,i =0,1,...,nanda
locationalongtherachisr p € [0,1]. The Euclideandistance
betweercyy andcw, is clampedo [0, 1] andonly thecontrol
verticesneedto be stored,astherefinedcurve is computed
atrun-time.Theseremarkswill beexplainedfurtherin Sec-
tion 4.2.1.A secondbarbparameteis thebaseanglebaand
tip angleta which definetheanglesof the barbsto therachis
at the rachisbaseandtip in the planeof the vane.There
aretwo setsof theseanglesdefiningtheleft (vlp,, Vita) and
right (vrpg, Vrta) vaneasshavn in Figure4. Thebarbangle
is thenlinearly interpolatedatrun-time.A third barbparam-
eteris the spacingalong the rachis. Thereare both a base

spacingspyp andatip spacingspt with alinearinterpolation
inbetwe@. The spacings symmetricon bothvanes.

The final paramete in determining the shapeof the
featheris thelengthof the barh This canbe constanbr de-
finedby a setof silhouetteboundarypoints.

4.2. Interpolation

Our feathermodel usesinterpolationat threelevels of de-
tail. Interpolationis usedto generatehundredsof barbson
afeatherin real-timewhile only storingthe control vertices
for afew key barbs.Interpolationis alsousedto generatea
smoothtransitionbetweerfeathertypesandbetweerfeather
ages Finally, usingthesesmoothtransitionsa collectionof
featherswith realistic variationscan be createdfrom only
a few key feathers.Below, the detailsof the interpolation
to createthe intermediatebarbsandthe variationin feather
typesandagess presented.

4.2.1. Generatingthebarbs

Whendesigningthe feather only key barbsare specifiedto

definethe curvatureof the vane.Any barbbranchingfrom

therachisbetweea key barblocationsmustbe interpolated
from the key barbsfoundimmediatelyabove andbelaw the

branchlocation.Thus,if B? is thekey barbfoundabore and
B is the key barbfoundbelow abarbbk, thenbX would be

aBeziercune definedby thesetof n controlverticesb'é\,, :

Vie{0,1,.,n}:bs =(1-1)-B +t-B (1)

wheret = (b',‘p — BPp)/(B?p — BPp). Thisis alinearinterpo-
lation betweereachof the key barbscontrolvertices,where
the interpolationparametet is normalizedto the distance
betweerthetwo key barbs.

In the absenceof a key barb below, a default key barb
BYf1 is usedandis definedasfour randomlygeneratedon-
trol vertices.If thereis no key barbdefinedabore, a default
key barbB?? is usedandis definedasa curve with slight
front-to-backcurvature. Thesetwo default barbswere cho-
sensincemary feathertypeshave a plumulaceos baseand
pennaceustip. If thereareno key barbsdefinedat all, then
B4 is usedgiving the impressionof an entirely plumula-
ceoudfeather(i.e. down feather).

Finally if the numberof control verticesof thetwo barbs
to beinterpolatedlonotmatch thenthecurve with thelesser
numbeiis simply elevatedusingthefacg® thataBeziercurve
of degreen with controlverticescvg,cvy, .. .,Cvih canbeel-
evatedto degreen+ 1 by fixing the end-points(cv = cvo,
andC\/nH = Cwn) andcomputingtherestas:

i i .
oV = mcv.,l+(1fm)cv,for| =1,...,n

Once the barb control vertices are obtained,they are
scaledby the lengthof the barb With a Euclideandistance
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t=0.0 t=0.2 t=0.4

of 1 betweencyy andcw, therelative curvatureof the vane
is maintainel throughthe scale put whenthedistances less
thanl thebarbsscalenon-linearlywith respecto eachother
Thiscanbeusedto creatediscontinuitiesn thefeathewvane.

4.2.2. Acquiring the Parameters

A set of silhouetteboundarypoints for determinationof

the barblengthcanbe artificially constructedr determined
from aflatbedscanof anactualfeatherIn fact,usingimage
processingalgorithms,not only canwe extract barblength
from the scan,but alsothe placemat andcontrol points of

key barbs barbspacingandbarbangle.However, the front-

to-backcunaturewill have to beaddedmanually

4.2.3. Modelling Feather Types

As outlinedin Section3, awide variety of feathertypesex-
ist. Taxonomiescoarselycatgyorize feathertypes;however,
generallythereis a continuumbetweerthesecategories. For
instance featherscan be found ranging continuouslyfrom
down to semi-plumeto contour Also feathertypesin differ-
entregionsare often blendedwherethe regionsjoin. Thus,
it is desirableghatour parameterizatioenable blending.

Ourparameterizatiois designedo easilygenerate con-
tinuum of feathertypessimply by linearly interpolatingthe
rachisandcalamislengthsandwidths,therachiscurvatures,
thebarbanglesandspacingjn additionto thekey barbinter-
polationoutlinedin Sectiord.2.1.Thekey barbinterpolation
acrossfeathersis very similar to the interpolationusedto
generatéhebarbswithin asinglefeatherFirstthekey barbs
arelinearly interpolatedacrossfeathersthenthe remaining
barbsare generatedis before.Wheninterpolatingbetween
two featherawith varyingnumbersof key barbs thenumber
of key barbson the featherwith fewer is artificially inflated
until they areequalasshovn in Figure5.
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t=0.8
Figure5: Interpolationbetweereftmostandrightmostfeathes showingkey barbs(top) and featherstructue (bottom).

t=0.6 t=1.0

4.2.4. Modelling Feather Growth

Dueto thesequentialoss/rgrowth of feathersandthecycli-
cal natureof moulting, a feathercoat very rarely consists
of entirelyfull developedfeathersandin somemoult stages
only afew feathersarefully developed Thus,it is important
to modelfeathersat variousdevelopmentistages.

Feathegrowth canbemodelledby interpolatingthesame
parametergoundin the previous section.However, instead
of linearly interpolatingall parametersimultaneouslytheir
interpolationis staggeredo simulategrowth. The feather
grows encasedn a sheathuntil all substructuresire nearly
fully developed.The sheaths shedfrom thetip to the base.
As the sheathshedsgrowth ceasesin that region. From
thisinformationaninterpolationscheduldoundin Figure6
was constructed The shaftlength and width increasedur
ing thefirst 30%of thefeatherdevelopmant. Next, thebarbs
lengthento the midpoint of development.When the barbs
start lengtheniry three extra key barbsare addedto the
feather Two of theseare straightbarbswith an angle of
180°—oneat the baseof rachisandoneat thetip. Thethird
is a straightkey barbwith anangleof 180° that startsout
locatedat the tip of the rachisandmigratesto the base,in-
terpolatingits anglebetweerthetip andbaseanglesFinally
in the last 20% of the development,the extra barbsat the
tip andbaseareremovedandtherachiscurvatureandactual
key barbangleandcurvatureincreaseAn exampleof some
of thesefeathergrowth stagesareshavn in Figure7, andin
thevideosequence

4.3. Implementation

Oncethefeatherstructureis specifiedwe mustgeneratehe
geometryataparticularlevel of detailandthenpossiblyadd
a texture map. The barbsare alphablendedto simulatethe
presenc®f bartules.Open@. wasusedfor rendering.
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Figure6: Sequening of parametetinterpolationfor growth.
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Figure 7: Simulatedfeathergrowth from interpolation se-
guencdn Figure 6. Time stepsat 25%,50%, 75%,90%and
100%of devdlopment.

4.3.1. Geometry and Alpha Blending

Thefeatheris dravn usinga generalizeaylinder for thege-
ometry of the shaft,and polylinesor triangle strips for the
geometryof the barbs.The rachisis also a Bezier curve
scaledby the rachislength. The four control verticesused
for the curve aredefinedby the two curvaturesr|c andrqc
€ [0..1]. Thecontrolverticesarethencomputedasfollows:

cvp = 0.0 0.0 C

cvy rvac'fl  Ne-f ¢ +r-1.0/3.0

cw fvdc-fl  Me-n ¢ +r-20/3.0

cvz3 = 0.0 0.0 C +rn

The numberand location of barbsalong the rachisare
computedasafunctionof rachislengthr; andthebarbspac-
ing spy, sp;- A barbb’ ateachlocationr p is generatedis-
ing theinterpolationbetwea key barbs(Section4.2.1).The
barbb’ is thenrotatedby the angleto the rachisaboutthe
vectorperpendialar to the planesuchthatthe vectorfrom
bey, 10 by, ), lies within the planeof the vane.This rotation
ensuregontinuityacrosgherachis.

Randomlygeneratd controlverticesareusedfor key barb
B4 to simulatea plumulaceus vane. In order to have
frameto frameconsistenyg, atableof randomverticesis pre-
computedandreusedn every frame.

Oncethe barbis generatd as specifiedin Section4.2.1,
it is drawn eitherasa polyline or two triangle strips. The
two triangle strips are drawn on either side of the polyline

with constantwidth in the planeof the vane.They areal-
phablendedtoward the tip of the barband away from the
centersimilarto KohandHuangs!2 approacHor hair. In or-
derto ensureproperblending,notonly is the shaftandbarb
drawing orderimportant,but the draving order of the left
v.s.right vaneis dependehonthe camerdocation.Thebarb
triangle stripsaredravn from barbtip inwardsfor the vane
closestto the cameraandin the oppositedirectionfor the
vanefurtheraway.

4.3.2. Tessellation

Dependingon the desiredlevel of detail the amountof ge-
ometrycanbe adjustedby adjustingthe shaftandbarbtes-
sellations.The sametechnique for elevating the degree of

the Bezier curve specifiedin Section4.2.1 can be usedto
generatethe appropriaterefinementof the curve. This ap-
proachis usedto adjustthe tessellationof both the rachis
andbarbscurves. The tessellatiorof the generalizd cylin-

der for the rachisis alsovaried. The new level of detailis
never stored but simply recomputedor rendering Figure8

shaws a feathemwith low andhigh tessellation.

Figure 8: Left: Four cvsper barb/rachis andtriangle cross-
sectionfor shaft.Right: Much highertessellation.

4.3.3. Texture

The barbsmay be texture mappedoy generatingexture co-

ordinatesggnoringrachiscurvatureto make the texture map
generatiorsimpleandreusableThe texture mapcanbe ar-

tificially generatedasshown in Figure9 or taken from the
scanof anactualfeatherasshowvn in Figure14. Thetexture
canbespecifiedn threeways:onthebarb,onthevane or at
thebaseof therachisduringfeathergrowth. If thetextureco-

ordinatesaregeneratean thebarb,theu-coordinatds spec-
ified relative to thelengthof thebarbandthev-coordinates

theattachmenpoint of the barbto the rachis.Regardlessof

changesn barb angleor cunvaturethe texture remainsat-

tachedo thebarh Thisis usefulin creatingdifferentfeather
patternggiventhelocationsof pigmentalongthebarh

If thetexture coordinatesaregeneratedn the vane,they
arerelative to the projectedlocation of eachcontrol vertex
on eachbarh Consequenthasthe barb curvatureor angle
to rachis chang, the texture swims on top of the barbs.
This methodis usefulfor generatingeatherswith particu-
lar markingsin specificlocations,while still being able to
alterthebarbstructure.

(© TheEurographic#ssociationandBlackwell Publisher2002.
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Figure 9: Feathes texture mappedwvith middletexture.

Thethird texture coordinategeneratiormethodis relative
to growth. The v-coordinateis varied with time while the
u-coordinateis mappedto the circular cross-sectiorof the
emeging feather(seeFigure 3). This methodcan be used
to approximatethe naturalof patternformationof feathers,
but is not biologically precisesince pigmentscan migrate
slightly afterdeposition.

4.4. Modelling the Feather Coat

Generatinga collection of feathersfrom our parameteriza
tion is natural. The featherswithin the corvex hull of the
key feathes are automatially generatedusing bilinear in-
terpolationto blendthe closestkey feathers.Finally, since
alphablendingis usedfor renderingthe feathersthey must
bedravn from the bottomfeatherto thetop.

5. Results

Figure 10: Bottom:Featherstructue geneatedwith our pa-
rameterizationTop Right: key barbsusedfor feathergener
ation (nonefor down).Barb lengthwasspecifiedwith a sil-
houetteshape Compae thesewith thefeathesin Figure 2.

(© TheEurographic#ssociationandBlackwell Publisher2002.

Figure 11: Semi-plume(bldg with afterfeather(blue)_eft:
Polyline version. Centerand Right: Triangle strips version.
Thecente featherhaslessbarbsfor illustration.

Figure 12: GenentedPeacok feather

Usingtherelationshipbetwea barbdescriptionandbarb
length,shapediscontinuitiesn the vanecanbe created(al-
thougharerare)usinga silhouetteshapeor by placingtwo
key barbsdirectly adjacento eachotherto drasticallyalter
thelengthof thebarh In Figure10thefiloplume’s sharpdis-
continuity was createdby specifyingkey barbsthathadall
four controlverticesat the samelocationandusinga square
shapesilhouetteto tailor the length for the top barbs.Al-
ternatelythe bristle usessilhouetteinformationto form the
sharpdiscontinuityin thevanes.

Figure 11 shawvs a generatd semi-plumewith an after
feather Generatedhapedatawasusedfor barblength.One
straightkey barbwaspositionedat the rachistip. The right
two feathers’barbsaredravn with triangle strips;the main
featheiin blueandtheafterfeathetin black.Figure12 shovs
a generatecpeacek feather using the texture shavn and
threesetsof key barbs:onestraightsetatthetip of therachis,
anotherbelown the eye anda third curved setat the baseof
the eye Figure 13 shaws the textured growth sequencef
thefeatherfrom Figure8.

Figurel4 shavsthecompaisonof our generatedeathers

Figure 13: Growthsequencef featherfromFigure 8.
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Figure 14: Left: Geneated Hawk feather Center: Flatbed
scanof anactualHawkfeatherRighttop: GeneatedBudgie
featherRightbottom:Flatbedscanof actualBudgiefeather
Left/centesebarblengthfromscan. Rightusesarblength
fromshapedatashown Bothtexturesare fromthescans.

ontheleft (top) with aflatbedscanof therealfeatherin the
center(bottom). Thefeatheron the left usesharblengthex-
tractedfrom the cente image.The featheron theright uses
barblengthspecifiedby generatedhapedata.Both figures
usetexturesfrom the scansThe only adjustmentvasto the
rachisplacanentandto resamplehetexture (power of two).

Figures15 and 16 shav the useof featherinterpolation
for creatinga feathercoat. The two specifiedfeathertypes
areshavn onthe bottomleft andright. In eachof thesefig-
ureskey featherswere specifiedto form the corvex hull of
thefollicles. Therestof thefeatheravereautomaticallygen-
erated All the feathershave default constantorientationto
the surface.Figure 15 usesa regular hexagona follicle dis-
tribution, whereFigurel6hasapseudo-randordistribution.

Finally, individual featherscanbe computel andrendered
in realtime usingbasicOpenGLrenderingThecollectionof
feathersn Figure15 with 64 featherscanalsobe computed
in realtime, thoughrenderingdropsto approx.15 fps on a
PIll 800 GeForce2PC dueto the thousandf barbs,each
containingnumerougpolygons.

6. Conclusionsand Future Work

In this paperwe have presente@ novel parametdzationfor
modelling feathersbasedon the notion of key attributesat
variouslevelsof detail. Thetwo mostimportantattributesof
our parametgzationarethe key feathes andkey barbs Our
parameterizizon cancreatea wide variety of feathertypes
andnaturallyinterpolateshetwea agestypesandlevels of
detailto quickly andeasilygenerate collectionof feathers.
Finally, theinterpolationallows for automaticgeneratiorof
spatiallyvaryingfeathertypesover a surface.

Figure 15: Top: Bilinear interpolation of four key feathes
genertedfrom scansof Budgiefeathes. Bottom:an inter-
polationbetweertwo of the key feathes.

The modeldoesnot allow for specificationof morethan
four controlverticesfor therachisanddoesnotenabledirect
control over the placemat of thesevertices.This could be
easilyadapte to a methodsimilar to the barbspecification.

Our modelusesonly basicOpenGLrenderingandleaves
alot of roomfor incorporatingnoresophisticatedendering
techniquesuchas?2. In thefuturewe wouldlike to work on
renderingissuessuchasself-shadwing, useof BRDFsfor
distantviews, illumination attributesof feathersaswell as
possiblyexploring non-photorealisticenderingstylessimi-
lar to Figuresl1 to 3.

Our model also doesnot addressmary of the compli-
cationsthat arisein modelling a feathercoat. In the future
we would like to exploreissuessuchasfollicle distribution,
featherorientation,dynamicsandanimation.
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