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Abstract
Feathers, unlike other cutaneousappendages such as hair, fur, or scaleshavea definitestructure. Variation in
featherstructure createsa wide range of resultingappearances. Collectively, featherstructure determinesthe
appearanceof the feathercoat, which can largely affect the resultinglook of a feathered object (bird). In this
paperwe definethe structure of individual feathers usinga parameterizationbasedon biological structure and
substructuresof actual feathers. We showthat our parameterizationcan generate a large variety of feathers at
multiplelevelsof detailandprovideaninitial stepto semi-automaticallygeneratinga widerangeof feathercoats.
Thisis achieved byspecifyingan intuitive interpolationbetweendifferentstructuresandagesof feathers.

1. Introduction

Modellingof naturalphenomenatypically involvesattempt-
ing to simulatevery complex surfaces,structures,or pro-
cesses.However, it is desirableto have controlover a wide
variety of phenomena with a limited set of parameters—a
processknown as databaseamplification.23 Feathershave
complex structureat many levelsof detail,andthestructure
canvary widely acrossdifferenttypesandagesof feathers.
It is desirableto be able to createa wide rangeof results
withouthaving to modeleachsubstructureonevery feather.

Feathershave similar scaleandpurposeashair and fur.
Variousmethodsfor modelling of hair and fur have been
proposedrecently. Somemethodsarebasedon creatingthe
illusion of geometrythroughrendering,andothersmodela
coarseview of the geometry. However, feathersare struc-
turallymorecomplex thanhairstrands:notonlydothey have
componentsthatarecoarserthanhair andthusaremoreap-
parent,but thevarietyof feathercoloursandpatternsimme-
diatelyrevealsapproximations in theunderlyingstructure.

Structurally, featherscan be comparedto plants in the
context of branchingpatterns.Bothhave levelsof branching
substructures,however with plantsthe locationandtype of
thebranchvariesmuchmorethanwith feathers.Also, acol-
lectionof plantsis notasspecificanarrangementasfeathers
whereaspecificlook to thefeathercoatis desired.

We proposea methodof modelling feathercoatsby de-
signinga small groupof key feathers usinga very limited

numberof parameters.Our model is basedon the smooth
aerodynamicnatureof the surfaceof the feather. A Bezier
curveof varyingdegreeis usedto approximatethecurvature
of thesubstructuresin thefeathers.Interpolationbetweenthe
parametersandcontrolpointsof thecurveallowsfor smooth
changesin the featherstructure,and the tesselationof the
Beziercurveallowsusto controlthelevel of detail.

2. Related Work

An extensive researchareain computergraphicsspecializes
in developingmodelsof naturalphenomena.Biologicalphe-
nomena,a subclassof this area,have beenmodelledwith
both biologically andnon-biologicallybasedmethods.The
non-biologicallybasedmodelstypically usefractals,parti-
cle systemsor stochasticsystemsand have beenusedfor
modellingplants19� 23� 17 andterrain.6 Sincethesemodelsare
complex, typically not interactive,andhencedifficult to con-
trol, we have chosento developa feathermodelthat is intu-
itive (basedon featherstructure)and interactive. We now
review modelsof thisnature.

Mimicking the development of the arrangementof bio-
logical parts (biological patterns) can be usedto achieve
realistic-lookingmodels.Biologically-basedmodelscanbe
loosely categorizedas structuralor spatialmodels.Spatial
modelshave generallybeenbasedon reaction-diffusion or
cellularautomataandhave beenfairly limited to construct-
ing cellular size structures24� 26 and plant shapes.1 � 8 Most
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structuralmodelshave focusedon modellingbotanical enti-
ties.ThesemodelshavebeenbasedonL-systemsto describe
thedevelopmentof theentity in anenvironment.17� 16 Other
structuralmodelsattemptto modelbotanical rules or geo-
metricrelationships.4 � 9 � 13 Many modelsbasedon biological
development involvesimulation,restrictingcontrol.

Other work indirectly related to feather modelling in-
cludesbiological modelsfor phenomena that aresimilar in
structure,scale,andcomplexity. Relatedwork in modelling
plants,hair andfur andfeathersis presentedbelow.

2.1. Plants

Plants and feathersare both branchingstructures.How-
ever, plantshavemorediversebranchingtypesandlocations
thanfeathers.Plantbrancheshave two degreesof freedom
whereasthe branchingstructuresof feathersarevery regu-
lar andalwaysattachedin theplaneof thefeather. Not only
mustplantmodelsdetermineplacementof organs,but plants
arealsogenerallylarger in scalethanfeatherswith a lower
branchingdensity, andthushavedifferentgeometricconsid-
erations.Also, in orderto modelan arrangementof plants,
individual plantsaremodelledandplacedtogether, whereas
when modelling feathers,typically a specific feathercoat
patternis desired.So,while someof theexistingplantmod-
elsarecapableof modellingfeathers(i.e.L-systems17), they
aregenerallyfarmorecomplicatedthanneeded andthey are
notdesignedfor specificfeatherattributes.

Modelsalsoexist for designingcollections of plantsby
simulatingtheparametersof anentireecosystem,5 or by us-
ing instancingto designspecificplant modelsandrandom
perturbationof themodel’s parametersto achieve variation.
This is lessthandesirablewith feathers,sincesmall varia-
tionsin feathertypeandcolourcanaffect theoveralldesired
patternof the feathercoat.Recentlya plant specificmodel
wasproposedthat allowed for control over both the design
of individual plantsand the parametersusedin simulation
of an ecosystem.18 The methodwe proposefor feathersis
similar in that it allows specificcontrolof thefeatherstruc-
tureandthedesignof thecoat,withouthaving to modeleach
substructurein eachfeatherof thecoat.

2.2. Hair or Fur

Hair/fur aresimilar to feathersin scaleandcollectively form
a coat.The strandsarestructurallysimpleandhave conse-
quentlybeenmodelledwith polylinesor NURBScurves,10� 7
cylinders,15 cylinder segments,21� 3 and trigonal prisms.25

Dueto thestructuralsimplicity, recentwork hasfocusedon
renderinganddynamicsof strandsanddesignof hairstyles.
Somemethodsmodelkey or guidehairs11 for which full dy-
namicsandilluminationarecomputed.Thein-betweenhairs
areinterpolatedvariationsof theseattributes.Themethodwe
proposefor modellingfeathersusesthesamenotionof key
attributes,but specificto feathermodelling.

2.3. Feathers

Theonly existingfeathermodel,andhencetheclosestto our
work, wasproposedby Dai et al.2 for modellingthe struc-
tureof feathersin Galliformes(a particularorderof birds).
Their modelis basedon thespecificationof aninitial setof
parameters;thenevaluation of functionsbasedon theseini-
tial parametersdeterminesthecurvatureandlocationof the
feathersubstructures,suchasbarbs(seeFigure1).

An interactively specifiedinitial barbangledefinesthedi-
rectionof thefirst segmentof thebarb. Thenwith a userde-
fined setof coefficients for a propagation function, the ori-
entationof the next segmentof the barbis computedfrom
the function. An interpolationof the function coefficients
definesthe propagating orientationfor all barbs.The barb
lengthanddistancebetweenbarbsis specifiedby a userde-
finedfunction.Theredoesnot seemto beany way of speci-
fying shaftlengthor curvature,andit appearsthey assumea
closed,planarvane.They modeltherachisasa generalized
cylinder andthebarbsaspolylinesandconstructa triangu-
lar geometricrepresentationof thevane.Sincethepropaga-
tion function is polygonalandthe interpolationof thecoef-
ficientsis continuous,thereis no way to specifydiscontinu-
ities in the feathersor to intuitively specifyshape.They do
not addressinterpolationof feathertypesandinterpolation
betweenthepropagatingfunctionsis notpossible.

Ourparametersaresimilarto Dai etal.’sinitial parameters
withoutusingafunctionalrepresentationto modelthefeath-
ers.With our model,rachiscurvature,overall feathershape,
anddiscontinuitiesin the vanearespecifieddirectly on the
featherratherthanby designingafunction.Ourmethodsup-
portsinterpolationof feathershapesby design.

3. Ornithology Background

3.1. Feather Structure

A featheris astructurewith amaincenter shaftandahierar-
chy of fine branchingstructuresextendingfrom eitherside.
Themainshaftis calledthecalamusat thebase,wherethere
areno branchingstructures.Theremainingportionis called
therachis (seeFigure1). Barbsbranchfrom themainshaft,
andextendangularlytowardthetip of thefeather. Fromthe
barbsbranchbarbules and from thesepossiblybarbicles.
Collectively, the barbson onesideof the rachisarecalled
thevane. Thecalamuscanbeconsideredto branchinto the
rachis,andthe afterfeather(a structuresimilar to the main
feather).Thefeatherappearanceis definedby thenumberof
levelsof branchingmicro-structure.14

3.2. Feather Types

Feathertaxonmies– basedexclusively on featherstructure,
exist to classify the wide variety of feathersizes,shapes,
and types.The most commontype of featheris the con-
tour feather(seeFigure1) whicharefoundon theoutersur-
face(contour)of thefeathercoat.Themostdefiningfeather
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Figure 1: Left: A Typical contourfeather(from Lucasand
Stettenheim,14 p. 236). Right: Typical flight feather with
branchingsubstructures.

x

Figure 2: Right: Examplesof non-contourfeathers (from
LucasandStettenheim,14 pp. 271,274,310,312). Left: After-
feathers: Emu(attached)andChicken(in center)(fromLu-
casandStettenheim,14 p.290)

characteristic is type of vane—rangingfrom plumulaceous
(fuzzy) to pennaceous(firm andstiff). The variationis due
to the presenceor absenceof barbicleswhich aid in inter-
lockingadjacent barbs.Downfeathers(undercoat)andsemi-
plumes(seeFigure2) areentirelyplumulaceous,while flight
feathers (wing andtail feathers—seeFigure1) areentirely
pennaceous.Contourfeathersarepennaceousat the tip and
plumulaceousat thebase.A seconddefiningfeathercharac-
teristicis theratiobetweenbarblengthandrachislength.All
feathertypesexcept down feathershavea rachislongerthan
any barb. Specialized andlesscommonfeathersincludefilo-
plumesandbristles. Finally, the presenceor absenceof an
afterfeather(seeFigure2) is anotherdefiningfeatherchar-
acteristic.Afterfeathersarealwaysplumulaceousandresem-
ble themainfeatherin shapebut canrangein sizefrom non-
existentto thesizeof themainfeather.

3.3. Feather Shape and Size

Feathersvarygreatlyin sizeandshape.Contourfeatherscan
vary from a 1–2mmto 2m in lengtheven on a singlebird.

Figure 3: Contourfeathergrowth with cross-section(from
LucasandStettenheim,14 p. 200,370).

Thecurvaturecanvary bothacrossandalongtherachisand
vane.Thelengthandangleof thebarbscanalsovary, usually
leadingto ovate(egg-shaped)feathers,but mayalsoresultin
obovate(upside-down egg), spatulate(shortbroadtips), or
pointed.Overall curvatureis almostalwaysinto thesurface
of thebird, but in very rarecasescancurveaway.

3.4. Feather Growth

Feathersarecyclically lost andregrown in a processcalled
moult. They are usually lost/regrown sequentiallyas op-
posedto all at once.Feathersgrow with the barbscurled
inwardstoward the undersideof the feather(seeFigure3)
andencasedin aprotectivesheath.Cell divisionoccursonly
at the baseof the feathermaking the tip always the oldest
andconsequentlythefirst partto breakoutof thesheath.

4. Modelling Feathers

A feather model is neededthat has an intuitive set of
biologically-basedparameterswith both, flexibility to cre-
atea wide rangeof feathertypesandsimplicity to generate
thousandsof specificallystructuredfeathers.The proposed
modelis basedonthenotionof key representationsatmulti-
ple levelsof detail.An individual featheris designedusinga
setof parametersdescribingthe lengthandcurvatureof the
rachis,the lengthandangleof the barbs,anda setof key
barbsfor thevanecurvature.Thecurvatureof intermediate
barbsis specifiedby interpolatingthe key barbs.Thesein-
dividual feathersarethenusedaskey feathersin thedesign
of thefeathercoat,by interpolatingthis parameterizationto
createintermediatefeathers.Theparameterization andinter-
polationof theparametersarediscussedbelow.

4.1. Feather Parameterization

Our parameterizationis basedon thebiologicalstructureof
thefeatherasoutlinedin Section3. Thetwo mainstructures
we model are the shaft and the barbs.The after-featheris
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Figure 4: Illustrationof theparameters of our model.

Structure Parameter Variable

calamus length cl
width-ratio cwr

rachis length r l
basewidth rw

curvatures r lc, rvdc
barb length l

left vaneangle vlba, vlta
right vaneangle vrba, vrta
spacing spb, spt
# key barbs m
setof key barbs B j ����� j � 0�	� m


� Key barb # controlvertices n
controlvertices cvi

����� i � 0�	� n 

positionon rachis r p

Table 1: List of parameters in our model

modelledasasecondaryfeatherattachedto themainfeather
andhasthesameparametersasthemainfeather. Theparam-
etersweuseareshown in Figure4 andarefoundin Table1.
The calamushaslengthcl andwidth-ratio cwr. The rachis
haslength r l , basewidth rw, and two curvatures(side-to-
sider lc, andfront-to-backrvdc). Therachistip is assumedto
form apointandthecalamuswidth is computedsothatthere
is nodiscontinuitywheretherachisandcalamusmeet.

Thevaneis modelledby acollectivesetof barbs.A select
setof key barbsarespecifiedandfrom thesetherestof the
barbsaregeneratedby interpolation.Eachkey barbB j � j �
0 � 1 � ����� � mhasasetof controlpointscvi

� i � 0 � 1 � ����� � n anda
locationalongtherachisr p ��
 0 � 1� . TheEuclideandistance
betweencv0 andcvn is clampedto 
 0� 1� andonly thecontrol
verticesneedto bestored,asthe refinedcurve is computed
at run-time.Theseremarkswill beexplainedfurtherin Sec-
tion 4.2.1.A secondbarbparameter is thebaseanglebaand
tip angleta whichdefinetheanglesof thebarbsto therachis
at the rachisbaseand tip in the planeof the vane.There
aretwo setsof theseanglesdefiningthe left (vlba, vlta) and
right (vrba, vrta) vaneasshown in Figure4. Thebarbangle
is thenlinearly interpolatedat run-time.A third barbparam-
eter is the spacingalong the rachis.Thereareboth a base

spacingspb anda tip spacingspt with a linear interpolation
inbetween. Thespacingis symmetriconbothvanes.

The final parameter in determining the shapeof the
featheris thelengthof thebarb. This canbeconstantor de-
finedby asetof silhouetteboundarypoints.

4.2. Interpolation

Our feathermodelusesinterpolationat threelevels of de-
tail. Interpolationis usedto generatehundredsof barbson
a featherin real-timewhile only storingthecontrolvertices
for a few key barbs.Interpolationis alsousedto generatea
smoothtransitionbetweenfeathertypesandbetweenfeather
ages.Finally, usingthesesmoothtransitions,a collectionof
featherswith realistic variationscan be createdfrom only
a few key feathers.Below, the detailsof the interpolation
to createthe intermediatebarbsandthevariationin feather
typesandagesis presented.

4.2.1. Generating the barbs

Whendesigningthe feather, only key barbsarespecifiedto
definethe curvatureof the vane.Any barbbranchingfrom
the rachisbetween key barblocationsmustbe interpolated
from thekey barbsfoundimmediatelyabove andbelow the
branchlocation.Thus,if Ba is thekey barbfoundaboveand
Bb is thekey barbfoundbelow a barbbk, thenbk would be
aBeziercurvedefinedby thesetof n controlverticesbk

cvi :

� i � � 0� 1� �	�	� � n 
 : bk
cvi ��� 1 � t ��� Ba

cvi � t � Bb
cvi (1)

where,t ��� bk
r p � Bb

r p ����� Ba
r p � Bb

r p � . This is a linearinterpo-
lation betweeneachof thekey barbscontrolvertices,where
the interpolationparametert is normalizedto the distance
betweenthetwo key barbs.

In the absenceof a key barb below, a default key barb
Bd f 1 is usedandis definedasfour randomlygeneratedcon-
trol vertices.If thereis no key barbdefinedabove,a default
key barbBd f 2 is usedandis definedasa curve with slight
front-to-backcurvature.Thesetwo default barbswerecho-
sensincemany feathertypeshave a plumulaceous baseand
pennaceoustip. If thereareno key barbsdefinedat all, then
Bd f 1 is usedgiving the impressionof an entirely plumula-
ceousfeather(i.e. down feather).

Finally if thenumberof controlverticesof thetwo barbs
tobeinterpolateddonotmatch,thenthecurvewith thelesser
numberissimplyelevatedusingthefact20 thataBeziercurve
of degreen with controlverticescv0

� cv1
� ����� � cvn canbeel-

evatedto degreen � 1 by fixing the end-points(cv�0 � cv0,
andcv�n� 1 � cvn) andcomputingtherestas:

cv�i � i
n � 1

cvi � 1 � � 1 � i
n � 1

� cvi , for i � 1� ����� � n �

Once the barb control vertices are obtained,they are
scaledby the lengthof thebarb. With a Euclideandistance
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t = 0.0 t = 0.2 t = 0.4 t = 0.6 t = 0.8 t = 1.0

Figure 5: Interpolationbetweenleftmostandrightmostfeathers showingkey barbs(top)andfeatherstructure (bottom).

of 1 betweencv0 andcvn the relative curvatureof the vane
is maintained throughthescale,but whenthedistanceis less
than1 thebarbsscalenon-linearlywith respectto eachother.
Thiscanbeusedto creatediscontinuitiesin thefeathervane.

4.2.2. Acquiring the Parameters

A set of silhouetteboundarypoints for determinationof
thebarblengthcanbeartificially constructedor determined
from a flatbedscanof anactualfeather. In fact,usingimage
processingalgorithms,not only canwe extract barblength
from thescan,but alsotheplacement andcontrol pointsof
key barbs,barbspacingandbarbangle.However, thefront-
to-backcurvaturewill have to beaddedmanually.

4.2.3. Modelling Feather Types

As outlinedin Section3, a wide varietyof feathertypesex-
ist. Taxonomiescoarselycategorizefeathertypes;however,
generallythereis acontinuumbetweenthesecategories.For
instance,featherscanbe found rangingcontinuouslyfrom
down to semi-plumeto contour. Also feathertypesin differ-
ent regionsareoftenblendedwherethe regionsjoin. Thus,
it is desirablethatourparameterizationenablesblending.

Ourparameterization is designedto easilygenerateacon-
tinuumof feathertypessimply by linearly interpolatingthe
rachisandcalamuslengthsandwidths,therachiscurvatures,
thebarbanglesandspacing,in additionto thekey barbinter-
polationoutlinedin Section4.2.1.Thekey barbinterpolation
acrossfeathersis very similar to the interpolationusedto
generatethebarbswithin asinglefeather. First thekey barbs
arelinearly interpolatedacrossfeathersthenthe remaining
barbsaregeneratedasbefore.Wheninterpolatingbetween
two featherswith varyingnumbersof key barbs,thenumber
of key barbson thefeatherwith fewer is artificially inflated
until they areequalasshown in Figure5.

4.2.4. Modelling Feather Growth

Dueto thesequentialloss/regrowth of feathersandthecycli-
cal natureof moulting, a feathercoat very rarely consists
of entirelyfull developedfeathersandin somemoult stages
only a few feathersarefully developed. Thus,it is important
to modelfeathersat variousdevelopmental stages.

Feathergrowth canbemodelledby interpolatingthesame
parametersfound in theprevioussection.However, instead
of linearly interpolatingall parameterssimultaneously, their
interpolationis staggeredto simulategrowth. The feather
grows encasedin a sheathuntil all substructuresarenearly
fully developed.Thesheathis shedfrom thetip to thebase.
As the sheathshedsgrowth ceasesin that region. From
this informationaninterpolationschedulefoundin Figure6
was constructed.The shaft length and width increasedur-
ing thefirst 30%of thefeatherdevelopment. Next, thebarbs
lengthento the midpoint of development.When the barbs
start lengthening three extra key barbs are addedto the
feather. Two of theseare straight barbswith an angle of
180� —oneat thebaseof rachisandoneat thetip. Thethird
is a straightkey barbwith an angleof 180� that startsout
locatedat the tip of the rachisandmigratesto thebase,in-
terpolatingits anglebetweenthetip andbaseangles.Finally
in the last 20% of the development,the extra barbsat the
tip andbaseareremovedandtherachiscurvatureandactual
key barbangleandcurvatureincrease.An exampleof some
of thesefeathergrowth stagesareshown in Figure7, andin
thevideosequences.

4.3. Implementation

Oncethefeatherstructureis specifiedwe mustgeneratethe
geometryataparticularlevel of detailandthenpossiblyadd
a texture map.The barbsarealphablendedto simulatethe
presenceof barbules.OpenGL wasusedfor rendering.
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Figure 6: Sequencingof parameterinterpolationfor growth.

t = 0.25 t = 0.5 t = 0.75 t = 0.9 t = 1.0

Figure 7: Simulatedfeathergrowth from interpolationse-
quencein Figure6. Timestepsat 25%,50%,75%,90%and
100%of development.

4.3.1. Geometry and Alpha Blending

Thefeatheris drawn usingageneralizedcylinder for thege-
ometryof the shaft,andpolylinesor trianglestrips for the
geometryof the barbs.The rachis is also a Bezier curve
scaledby the rachislength.The four control verticesused
for thecurve aredefinedby the two curvaturesr lc andrvdc��
 0 � � 1� . Thecontrolverticesarethencomputedasfollows:

cv0 � 0.0 0.0 cl
cv1 � rvdc � r l r lc � r l cl � r l � 1� 0 � 3� 0
cv2 � rvdc � r l r lc � r l cl � r l � 2� 0 � 3� 0
cv3 � 0.0 0.0 cl � r l

The numberand location of barbsalong the rachisare
computedasafunctionof rachislengthr l andthebarbspac-
ing spb, spt . A barbb j at eachlocationr p is generatedus-
ing theinterpolationbetween key barbs(Section4.2.1).The
barbb j is thenrotatedby the angleto the rachisaboutthe
vectorperpendicular to the planesuchthat the vectorfrom
bcv0 to bcvn ! 2 lies within theplaneof thevane.This rotation
ensurescontinuityacrosstherachis.

Randomlygenerated controlverticesareusedfor key barb
Bd f 1 to simulatea plumulaceous vane. In order to have
frameto frameconsistency, atableof randomverticesis pre-
computedandreusedin every frame.

Oncethe barbis generated asspecifiedin Section4.2.1,
it is drawn either as a polyline or two triangle strips.The
two trianglestripsaredrawn on eithersideof the polyline

with constantwidth in the planeof the vane.They areal-
phablendedtoward the tip of the barbandaway from the
centersimilar to KohandHuang’s12 approachfor hair. In or-
derto ensureproperblending,not only is theshaftandbarb
drawing order important,but the drawing orderof the left
v.s.right vaneis dependent onthecameralocation.Thebarb
trianglestripsaredrawn from barbtip inwardsfor thevane
closestto the cameraand in the oppositedirection for the
vanefurtheraway.

4.3.2. Tessellation

Dependingon the desiredlevel of detail the amountof ge-
ometrycanbeadjustedby adjustingtheshaftandbarbtes-
sellations.The sametechnique for elevating the degreeof
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 tessellationof the generalized cylin-
der for the rachisis alsovaried.The new level of detail is
never stored,but simply recomputedfor rendering.Figure8
showsa featherwith low andhigh tessellation.

Figure 8: Left: Four cvsperbarb/rachis andtrianglecross-
sectionfor shaft.Right:Much highertessellation.

4.3.3. Texture

Thebarbsmaybetexturemappedby generatingtextureco-
ordinatesignoringrachiscurvatureto make thetexturemap
generationsimpleandreusable.The texturemapcanbear-
tificially generatedasshown in Figure9 or taken from the
scanof anactualfeatherasshown in Figure14.Thetexture
canbespecifiedin threeways:onthebarb,onthevane,or at
thebaseof therachisduringfeathergrowth. If thetextureco-
ordinatesaregeneratedonthebarb,theu-coordinateis spec-
ified relative to thelengthof thebarbandthev-coordinateis
theattachmentpoint of thebarbto therachis.Regardlessof
changesin barbangleor curvaturethe texture remainsat-
tachedto thebarb. This is usefulin creatingdifferentfeather
patternsgiventhelocationsof pigmentalongthebarb.

If the texturecoordinatesaregeneratedon thevane,they
arerelative to the projectedlocationof eachcontrol vertex
on eachbarb. Consequentlyas the barbcurvatureor angle
to rachis change, the texture swims on top of the barbs.
This methodis useful for generatingfeatherswith particu-
lar markingsin specificlocations,while still beingable to
alterthebarbstructure.
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Figure 9: Feathers texturemappedwith middletexture.

Thethird texturecoordinategenerationmethodis relative
to growth. The v-coordinateis varied with time while the
u-coordinateis mappedto the circular cross-sectionof the
emerging feather(seeFigure3). This methodcanbe used
to approximatethenaturalof patternformationof feathers,
but is not biologically precisesincepigmentscan migrate
slightly afterdeposition.

4.4. Modelling the Feather Coat

Generatinga collectionof feathersfrom our parameteriza-
tion is natural.The featherswithin the convex hull of the
key feathers are automatically generatedusing bilinear in-
terpolationto blend the closestkey feathers.Finally, since
alphablendingis usedfor renderingthefeathers,they must
bedrawn from thebottomfeatherto thetop.

5. Results

Figure 10: Bottom:Featherstructuregeneratedwithourpa-
rameterization.TopRight: key barbsusedfor feathergener-
ation (nonefor down).Barb lengthwasspecifiedwith a sil-
houetteshape. Compare thesewith thefeathers in Figure2.

Figure 11: Semi-plume(black) with afterfeather(blue)Left:
Polyline version.CenterandRight: Triangle stripsversion.
Thecenter featherhaslessbarbsfor illustration.

Figure 12: GeneratedPeacock feather.

Usingtherelationshipbetween barbdescriptionandbarb
length,shapediscontinuitiesin thevanecanbecreated(al-
thougharerare)usinga silhouetteshapeor by placingtwo
key barbsdirectly adjacentto eachotherto drasticallyalter
thelengthof thebarb. In Figure10thefiloplume’ssharpdis-
continuity wascreatedby specifyingkey barbsthat hadall
four controlverticesat thesamelocationandusinga square
shapesilhouetteto tailor the length for the top barbs.Al-
ternatelythe bristle usessilhouetteinformationto form the
sharpdiscontinuityin thevanes.

Figure 11 shows a generated semi-plumewith an after-
feather. Generatedshapedatawasusedfor barblength.One
straightkey barbwaspositionedat the rachistip. The right
two feathers’barbsaredrawn with trianglestrips;themain
featherin blueandtheafterfeatherin black.Figure12shows
a generatedpeacock feather, using the texture shown and
threesetsof key barbs:onestraightsetatthetip of therachis,
anotherbelow the eye anda third curved setat the baseof
the eye. Figure 13 shows the textured growth sequenceof
thefeatherfrom Figure8.

Figure14showsthecomparisonof ourgeneratedfeathers

Figure 13: Growthsequenceof featherfromFigure8.
c

�
TheEurographicsAssociationandBlackwellPublishers2002.



Streit andHeidrich / ModellingFeathers

Figure 14: Left: GeneratedHawk feather. Center:Flatbed
scanof anactualHawkfeather. Righttop: GeneratedBudgie
feather. Rightbottom:Flatbedscanof actualBudgiefeather.
Left/centerusebarblengthfromscan.Rightusesbarblength
fromshapedatashown.Bothtexturesare fromthescans.

on theleft (top) with a flatbedscanof therealfeatherin the
center(bottom).Thefeatheron theleft usesbarblengthex-
tractedfrom thecenter image.Thefeatheron theright uses
barblengthspecifiedby generatedshapedata.Both figures
usetexturesfrom thescans.Theonly adjustmentwasto the
rachisplacementandto resamplethetexture(powerof two).

Figures15 and16 show the useof featherinterpolation
for creatinga feathercoat.The two specifiedfeathertypes
areshown on thebottomleft andright. In eachof thesefig-
ureskey featherswerespecifiedto form the convex hull of
thefollicles.Therestof thefeatherswereautomaticallygen-
erated.All the feathershave default constantorientationto
thesurface.Figure15 usesa regularhexagonal follicle dis-
tribution,whereFigure16hasapseudo-randomdistribution.

Finally, individual featherscanbecomputed andrendered
in realtimeusingbasicOpenGLrendering.Thecollectionof
feathersin Figure15 with 64 featherscanalsobecomputed
in real time, thoughrenderingdropsto approx.15 fps on a
PIII 800 GeForce2PC dueto the thousandsof barbs,each
containingnumerouspolygons.

6. Conclusions and Future Work

In thispaperwehavepresentedanovel parameterizationfor
modelling feathersbasedon the notion of key attributesat
variouslevelsof detail.Thetwo mostimportantattributesof
ourparameterizationarethekey feathersandkey barbs. Our
parameterization cancreatea wide variety of feathertypes
andnaturallyinterpolatesbetween ages,typesandlevelsof
detailto quickly andeasilygenerateacollectionof feathers.
Finally, theinterpolationallows for automaticgenerationof
spatiallyvaryingfeathertypesoverasurface.

Figure 15: Top: Bilinear interpolationof four key feathers
generatedfrom scansof Budgiefeathers. Bottom:an inter-
polationbetweentwoof thekey feathers.

The modeldoesnot allow for specificationof morethan
four controlverticesfor therachisanddoesnotenabledirect
control over the placement of thesevertices.This could be
easilyadapted to amethodsimilar to thebarbspecification.

Our modelusesonly basicOpenGLrenderingandleaves
a lot of roomfor incorporatingmoresophisticatedrendering
techniquessuchas22. In thefuturewewould liketo work on
renderingissuessuchasself-shadowing, useof BRDFsfor
distantviews, illumination attributesof feathersaswell as
possiblyexploring non-photorealisticrenderingstylessimi-
lar to Figures1 to 3.

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