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Abstiact

TheBlobTreeprovidesa hierarchicadatastructurefor
thedefinition of complex modelsbuilt from implicit sur
faces,CSGBooleanoperationsaandspacewarpingfunc-
tions. The implicit modelwithin the systemis defined
asa hierarchicalcompositionof multiple objects.In this
paper we describean applicationof the BlobTreeto cre-
atevisually accuratenodelsof two invertebrateshesea
anemoneStomphiaCoccineaandthe seastar Dermas-
teriaslmbricata. The seastarwascreatedusinga variety
of parametersghat could be modifiedto createdifferent
variationsof the DermasteriasmbricataspeciesWe use
the phyllotactic methodto obtainan accurateand visu-
ally pleasingarrangementf theseaanemonestentacles.
Usingahierarchicakonstructiorof themodel,we canre-
finethemodellocally anddeformit globally while main-
tainingtheintegrity of surfacedetails. Taking advantage
of the hierarchicalrepresentatiomf the object, we can
easilyadjustthe modelby simply changingsomeparam-
etersof the surfaceor by performingglobaldeformations
ontheanemoner local refinement®n thetentacles.

Key words: Implicit surfaceshierarchical surfacesmod-
eling, local refinementglobal deformationmarinecrea-
tures,spiral phyllotaxis,collision detection.

1 Intr oduction

An implicit surfaceS is characterizedsa collection of
pointsin spacewith a potential f (x, y, z) equalto some
thresholdvaluedenotecby T'.

S ={M(z,y,2) € R®, f(z,y,2) =T}

Modeling with Implicit surfacesguarantees contin-
uoussmoothlyblendedsurfacewhich is relatively easy
to deform and intuitive to specify Sinceinvertebrates
are animalslacking backbonesaand mary of them have
small, soft, flabby bodies,implicit objectsare ideal to
modelthesespongystructuresWe have choserto model
the structureandbehaior of two suchcreaturesthe sea

starandseaanemone Not only do thesecreatureshave
stunninglybeautiful variationsin structurebut they also
exhibit interestingbehaviors.

Oneof the beststudiedand mostdramaticescapee-
sponsesof marine invertebrateis the detachmentand
swimming behaior of Stomphia(S. Coccineaand S.
Didemon)in responseo certainspecief starfishsuch
as Dermasteriagmbricata[3]. The escapeaesponseof
the StomphiaCoccinedadrom Dermasteriasmbricatahas
beenof greatinterestto scientistsever sinceit wasfirst
describedn 1955by YentschandPierce[30] andhasre-
sultedin a variety of studieson differentaspectwf the
interaction:behavioral [19] [21], neurophysiologicalthe
discipline involving the study of the makeup and func-
tion of thenenoussystem) [20] morphologicalabranch
of biology that dealswith the form andstructureof ani-
malsandplants)[11, ecological[16] andchemical. The
mainaim behindthis paperis to createrealisticmodelsof
StomphiaCoccineaand Dermasteriasmbricatathatcan
be usedto studythe structureandbehavior of thesema-
rine creatures.In this paperwe focuson creatingthese
structuresprocedurally As a result, adjustmenbof vari-
ousparameterproducedifferentseastarsandchanged
the structureof the seaanemone.

The tentaclesof the anemoneare correctly positioned
by usingthe phyllotactic method. The hierarchicalrep-
resentatiorof the modelallows the structureto be easily
animatedandlocally andglobally deformed. The paper
is organizedasfollows. In section2, we summarizepre-
vious work in this area. Section3 provides a detailed
descriptionof the modelsto be developed. We explain
the generalbehaior of the seaanemoneand seastarin
sectiond. Section5 describeshe modelingimplementa-
tion details.Section6 presentsurconclusionandfuture
work.

2 Relatedwork

Previous relevantwork will be discussedn this section.
The BlobTree and the hierarchicalimplicit surface re-



finementtechnique,usedto build the models,and the
collision-basedspiral phyllotaxisapproachusedto posi-
tion theanemonestentaclesareoutlined.

2.1 TheBlobTree

The BlobTree [28] provides a hierarchicaldata struc-
ture for the definition of complex modelsbuilt from im-
plicit surfaces,CSG Booleanoperationsandfield warp-
ing functions. The implicit modelwithin the systemis
definedas the hierarchicalcompositionof multiple ob-
jects(Figurel). Thesurfaceof animplicit objectcanalso
useattributessuchas2D textures.TheBlobTreehasbeen
extendedo incorporateexturesasdescribedn [25].

Figurel: Exampleof a modelbuilt up from a BlobTree
(28]

2.2 Hierar chical Implicit Surface Refinement
Sincetheimplicit surfacemodelsbuilt from the BlobTree
arebasicallystaticmodels.Oncedefined the BlobTre€s
structurecan' be easilychanged.To further extendthe
useof theBlobTree, ahierarchicalmplicit surfacerefine-
menttechniquehasbeenproposedn [15]. This method
consistof hierarchicatepresentatioandconstructiorof
implicit objects.

Hierar chical Representationof Implicit Surfaces

For a givenimplicit object,we createa hierarchyof
implicit surfacesrepresentinghe object. In the hi-
erarchy eachsurfaceis a nodein thetree,eitheran
internalnodeat the coarseilevel or aleaf nodeat a
finer level. Eachhierarchycontainsa local surface
and a set of sub-hierarchies.The surface defined
by the BlobTreeis a leaf noderelative to the higher
level hierarchy Eachsub-hierarchyis an internal

nodein the overall structureandit representsocal
surfacedetail. Surfacedetailsrelatedto a specific
surfacebeingrefinedarewithin the samehierarchi-
callevel. With thisrepresentatiorimplicit objectsat
eachlevel consistof thelocalsurfaceS andall
the surfacesof its sub-hierarchies S

atlevel i:

S =S S
where representshe operationof the
hierarchy

This hierarchicalstructureof implicit surfacesis il-
lustratedby Figure2.
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Figure2: Hierarchyof theimplicit object

Accordingto the refinementoperationsfour kinds
of hierarchiesaredesigned:

— Blending

— ControlledBlending

— PreciseContactModeling
- CSG

They representfour different kinds of operations
combiningtheglobalsurfacewith its details.Blend-

ing usessuperelliptic blending method described
in [1]. Controlledblendingis implementedby the

methodproposedn [9]. Precisecontactmodeling
combineghelocal surfaceandsurfacedetailsusing
the approachdescribedn [6]. CSGoperationgper

form intersection difference,or union betweenthe

local surfaceandtherefinedsurface.

Surface Construction

We startwith an initial implicit surfaceand create
a root hierarchywith the surface. A sequenceof
sub-hierarchiesanbe built by recursvely refining
the selectedsurfaces.At eachlevel, a setof refined



surfacesS areintroducedo definelocal surfacede-
tails.

The final implicit objectis obtainedby combining
all the leaf surfacesaccordingto the differentkinds
of hierarchicalproperties.The lower level are pro-
cessedfirst. Then the surface constructedat that
layeris combinedwith its higherlevel surfaceausing
blending,controlledblending,precisecontactmod-
eling,or CSGoperationsTheprocessontinuesin-
til all theterminalsurfacesareincluded.Dueto the
hierarchicalconstructionof the refining surface,lo-
cal detailscanbe maintainedaccordingto the con-
straintsfor eachrefinement.

The adwantage®f this methodarethe ability to ap-
ply hierarchicallocal refinementand global defor

mationto the models. Local refinementallows the
userto introducemoredetailedsurfacesatary given
level. Globaldeformationchangesheoverall shape
of thesurfacewhile maintainingtheintegrity of sur

facedetails.

2.3 The Collision-basedModel of Spiral Phyllotaxis

Thissectiongivesagenerabverview of spiralphyllotaxis
and its applicationto generatecollision-basedmodels.
Phyllotaxisis the regular arrangementf organssuchas
flowersor leavesoften seenin mary plants. |t is charac-
terizedby spiralsor parastichiescomposeaf sequences
of adjacentorgansforming the structure. The number
of parastichiesunning in oppositedirectionsare usu-
ally two consecutie Fibonaccinumbers[5]. The di-
vergenceangles,taken from the centerof the structure,
measurecbetweenconsecutie formed organsis close
to the Fibonacciangle of = where

= ) . Thequality of thepatterngeneratedle-
pendson this angle[18]. This mathematicaformulahas
leadto both descriptve andexplanatorymodelsof phyl-
lotaxis[12]. Descriptive modelsarelik e thoseproposed
by Vogel[26] and Van Iterson[4] [11], they attemptto
capturethe geometryof phyllotactic patterns. Explana-
tory models,focus on the dynamic processcontrolling
the formulationof phyllotacticpatternsn nature. There
arealargenumberof competingtheoriesfor explanatory
modelsandunfortunatelyno universallyacceptednodel
hasemeged[12]. In thispapemwe usethecollision-based
modelof phyllotaxisdescribedn [5] whichcombineghe
descriptve andexplanatorycomponentsvith slight mod-
ificationsto satisfythepropertiesieededo createheten-
taclesontheseaanemone.

The collision-basednodel of phyllotaxis proposedn
[5] is usedto distribute primordia on the surfaceof the
receptaclePrimordiaarea groupof cellsthatcanbeini-
tially identifiedasafuturebodypart. As describedn [5],

Figure3: Thecollision-basednodelof phyllotaxis. Pri-
mordiaaredistributedon thereceptaclaisingafixed di-
vergenceangleof andaredisplacedalongthegen-
eratingcurvesto becometangentto their closestneigh-
bors. Courtesyimagesof [5]

the receptaclés viewed asa surfaceof revolution, gen-
eratedby a curve rotatedarounda vertical axis. Spheres
which represenprimordiaare addedto the structurese-
guentiallywith a divergenceangleof . A horizon-
tal ring atthe baseof thereceptaclés formedby thisini-
tial group of primordia. Whena primordiumjust added
collideswith an existing one, the additionof primordia,
to this ring stops. The colliding primordiumare moved
alongthe generatingcurve, tangentto its closestneigh-
bor. The next group of primordia are placedsimilarly,
on generatingcurvestangentto their closestneighbors,
determinedby the divergenceangleas shown in Figure
3. The additionof primordiacontinuesuntil thereis no
moreroomto add anotherone. Sincethe anemonesve
aremodelinghave aflowerlik e tentaclearrangementye
usethis phyllotacticmethodto arrangeentacleof vary-
ing sizeson arbitrarysurfacesof revolution. It canthere-
fore beusedto createa wide variety of seaanemones.

3 Properties of CoccineaStomphia and Dermaste-
rias Imbricata

This sectiongives a generaldescriptionof the marine
creaturedo be createdfollowed by a moredetailedde-
scriptionof the specificspeciego be modeled.

3.1 StomphiaCoccinea

Anemonesor the flower animalasthey areoften called,
have a single body cavity that sernesasa stomach,in-
testineand circulatory system. They fastenthemseles
to somethingfirm with their basesand have one body
opening (the mouth), throughwhich everything passes



in or out. The mouthis surroundedby fingerlike ten-
tacles,studdedwith nematogsts(stingingcells). Nema-
tocystsareactive in capturingfood andtransferringit to
themouthfor defense.

The five main component®f StomphiaCoccineaob-
tainedfrom, the textural descriptiondound in [24] [22]
andobsenationsof picturesin [10] areexplainedbelow:

1. The column which is cylindrical and not divided
into regions. It is never as wide as the baseor
disk. The outermembrands generallythin andof-
ten transparentaind always smooth. It canhave a
seriesof strangeforms. In contraction the column
is low, firm and dense. In extensionthe body is
soft and the skin becomessmoothand translucent
when sufficiently extended. The color of the col-
umnrangesrom solid orangeto palewhite. Many
are pale orangewith irregular orangeor red areas
scatteredn thecolumn.

2. The base which is adherentslightly irregularand
much wider thanthe columnis usedto attachthe
anemoneo the substrate.

3. The upper disk is circularandtransparemnvith or-
angepatchescatterednit. Thereis alargecentral
areawhich is free of tentacleswherethereis a slit
for themouth. Thesurfaceof thediskis oftenirreg-
ular.

4. The tentacleswhich surroundhe mouthmaybeup
to 1.5 cmlong, conical,andfully coveredwhenre-
tracted;therecanbe 64 but thereareusually 72, al-
thoughindividualswith asmary as86 canbefound.
They are generallyarrangedin four or five cycles
with thoseof the inner cyclesbeingslightly longer
thanthoseof theouterones.Thesix tentaclef the
first or inner cycle areusuallyheld pointing inward
overthedisk, whereashoseof theoutertwo or three
cyclesbenddown overthe mamgin. Thecolor of the
tentaclesare white or transparentvith two orange
rings encirclingthemanda small white spotat the
baseof each.

The StomphiaCoccineais up to 3 or 4 cm tall with
thecolumnbeingusuallylessthan3 cmin diameter The
disk of a specimerthis sizewould be about3 cm wide
andthebaseabout5 cm.

3.2 Dermaterias Imbricata

This sectiondescribeghe generafeaturesof the seastar
andfeaturesspecificto Dermateriadmbricata. Seastars
vary in shapesizeandcolor. They canbefrom lessthan
1/2 of aninch in diameterto more than 3 feet across.
Their shapesvary from regular starswith five or more

armsto pentagonaindalmostcircularseastars[2]. The
mostcommoncolorsfoundin seastarsare orange,yel-
low, pink, or red but gray, green,blue andpurplecolors
canalsobefound. Thearmsof seastarsareactuallypart
of its body ratherthanappendageslf one of theseani-
malsis turnedupsidedown to exposeits mouthsurface,
eacharmis seento have alengthwisegroove filled with
moving tube-feet Within eacharmthestarhasoneor two
branchef its reproductve organsand often extensions
from the digestive tract aswell. The starfishthat will
be modeledis the Dermasteriasmbricataor the Leather
star It hasslightly webbedraysusually5 thatareup to
12cmin length.It’ sskinis smoothandslipperyandfeels
like wetleather Dermasteriagmbricatas bodycomesn
a variety of colors. However it is usually mottled with
reddishbrown to orangeblotchesoutlined with grey. It
possessealarge, high disk at the centerof the bodyand
thetips of its arm arefrequentlyupturned. A ratherun-
usualpropertyof it, is the factthatit often hasa strong
odorof garlic.

4 The General Behavior of the Anemone and
Starfish

This sectiondescribeghe interactionbetweenthe Coc-
cineaStomphiaand Dermetriadmbricata. Although we
have notyet animatedthe models,it is interestingto ob-
sene the variationsin the model's structureover time as
illustratedin Figure4. A numberof parametersasso-
ciatedwith our modelswill enableus, in the future, to
createa realisticanimation. For example,the anemone
hasvariouslengths widthsfor eachcomponenandspac-
ing parametersor thetentaclesandrandombendingan-
gles. For the starfishtheseparameterincludethe length
of the legs and their anglesand the dimensionsused.
By adjustingtheseparametersur structurescould eas-
ily beadaptedo differentinteractionsituationsbetween
theanemoneandstarfish.

The general pattern of the swimming behaior in
StomphiaCoccineadescribedwas illustrated in detail
both through a diagram, shavn in Figure 4 and from
a textural descriptiontaken from [3]. The interaction
betweenthe Dermasteriasmbricataand StomphiaCoc-
cineaconsistof a numberof phases:

1. Thestimulusphase occurswhenthe surfaceof the
starfishDermasteria$mbricatacomesin brief con-
tactwith theanemones tentacles.

2. During the initial responsephase the anemones
tentaclesadherdo thestarfishon contact.After sev-
eralsecondshetentaclesontract followedatonce
by contractionof the column.



Figure 4: The swimming behaior in Stomphiaof the
anemones

3. Theelongatiorphaseoccurswhenthecolumnelon-
gates.Thetentaclesanddisk thenreappeaandex-
pandto their fullest extent.

4. The detacimentphaseoccurswhenthe pedaldisk
of the anemonebecomeddetached. This phaseis
variable asananemonenayshonr swimmingmove-
mentswithout detachingrom the substratum.

5. The swimmingphaseconsistsof a seriesof abrupt
bending movementsof the column, which may
causeheanimalto ‘swim’.

6. The recovery phaseis an inactive period during
which the anemoneesumests normalshape.The
surfaceof thepedaldiskthenbecomesdhesie,and
soit re-attachego the substratunmandthe ordinary
permanenthattachedpositionis regained.

Althoughthe swimmingresponsef Stomphiais vari-
able, nearly all anemoneswvhich respondto Dermaste-
rias display the initial responsegxpansionusually fol-
lowedby detachmenbr the swimmingmaovement3]. If
theswimmingmovementoccursthenrecoveryis thelast
phase.Detachmentnay beregardedasa sideeffect and
doesnt alwaystake place.

5 Implementation details

In this sectionthe proceduresusedto model the sea
anemoneandseastarwill bedescribed.

5.1 Modeling the Anemone

Theanemonds modeledusinghierarchicaimplicit sur
facerefinementpproach.The mainbodyis first created
astheroothierarchy ThenaCSGhierarchyis introduced
to modelthemouthwhichtakesthedifferenceof themain
bodyfrom aline primitive. Thetentaclesareaddedasthe

third layer. All the tentaclesarecreatedn two consecu-
tive layers.TheFirstlayermodelsthe mainbranchof the
tentacleand the secondmodelsthe tip of the tentacles.
They arepositionedfollowing the phyllotacticpattern.

When modelingthe tentacleswe have chosento as-
sumethatthey surroundthemouthin 4 cycles6,12,18,36
=72o0r6,10,16,32= 64 (with 6 beingtheinnermostcy-
cle),takenfrom[24]. Thesdormulasaresubjecto minor
irregularities, affecting the outer tentacleson the whole
morethantheinnerones.Thefollowing sectionslescribe
detailsfor building the model.

The Main Body

The main body consistsof the base the columnandthe
disk (component,1,3in section3.1). A cylinder was
usedfor the body and a toruswas usedfor the baseand
upperdisk. All threeobjectswere blendedtogetheras
shawn in Figure5 (left).

The mouth of the anemonds modeledwith the CSG
differenceoperation.A line primitive is subtractedrom
themainbodyto createamouthin thecenterof theupper
disk (Figure5(right)). The tentacleswill be positioned
aroundthis mouth.

Figure5: The main body is a blend of two tori and a
cylinder andthe mouthwas createdby applyinga CSG
differencebetweerthemainbodyandaline primitive

The Tentacles

The tentaclesare createdusing a taperedine primitive.
They areinitially placedonaplaneandthenshiftedto the
implicit surfaceof the mainbody moving from the outer
cycletoinnercycles.Basedonthecollision-baseadnodel
of thespiralphyllotaxisasdescribedn section2.3,anew
algorithmis createdto accuratelyplacethe tentacleson
the implicit surface. The generalprocedureis outlined
below:

Formalization: In orderto calculatethe positions
of thetentacleswefirstassumehatthetentaclesre
placedon the planeof the anemones upperdisk as



Theanglevarieswhencollision occurs.Addition of
tentaclego asinglelayerisn’t terminateduntil each
layerfollowsthepattern6,12,18,36describedatthe
beginningof this section.

Figure 6: Tentaclesare positionedin a circle using the
modifiedPhyllotacticapproach

shown in Figure6. Theinitial positionis described

by the parametrieequation: Figure7: Tentaclesaremovedtangentto the anemones

top surface
r = ()
Z i y( ), Surface searching: Furthermorethe patterngen-

where is the radiusof the circle underconsider

ationand is the orientationof the tentaclessepa-
ratedwith . Thetentaclesareplacedsequen-
tially with anangleof following the pattern
illustratedin Figure3.

Formulation of layered tentacle pattern: With

this simplealgorithm, the new tentaclemay collide

with a tentacleat the samelayer. In this case,in-

steadof moving the tentacledirectly to the next in-

nerlayer, we searchthe currentlayerfor any possi-
ble position. If sucha placecannotbe found, it is

thenmovedto the next inner layer. This recursve

formulationof the tentaclepatterncanbe described
asfollows:

where is the radiusof the currentlayer Whena
collisionoccursanew radius is obtainby sub-
tractingthediameterof the currenttentaclefrom

If collision still exists, we simply adjustthe radius
by a predefinedcstepsize .

With this algorithm, the angle at which the new
tentaclewill beplacedsat( ) . However,

eratedso far only providestentaclepositionsat the
planeof theanemones upperdisk (Figure6). Since
thebodyis asmoothlyblendingsurface someof the
tentaclesnayappeainsideor outsideof thetop sur
face. Thereforethe tentaclesare placedtangentto
the surface. This is achiezed by moving all theten-
taclesto the surface.We first checkif thetentacles
positiongivenby the previousformulasis insideor
outsideof the surface. We thenchoosean opposite
pointalongthe normalandfind the pointonthe sur
face,i.e. f(z,y,2) = _ . Theassumptions
madewerethat the surfaceusedfor calculatingthe
phyllotactictentaclepositionis a sectionof the up-
per disk of the anemoneandthat the radiusof the
intersectionis within the boundingbox. The algo-
rithm is outlinedbelow:

1. Calculate the possible tentacle position
(z,y, z) accordingto the modified phyllao-
tacticmodel,

2. Calculatethe boundingbox of thebody;

3. Find the normalof (z,y, z) on the surface,
ie.

(@,y,2)=(f,f,f)

wheref is thefield functionof theimplicit sur
faceandf , f , andf arethe partial deriva-
tivesof thefield functionat

4. Find a point  insidethe surfaceif f( )
- or apoint outsidethe surfaceif
) _ . This canbe donesimply
by searchingalongthe surfacenormalwith a



givenstepsize. In this case,aninsideor out-
sidepointis guaranteedo befoundaslong as
thestepsizeis lessthantheradiusof thebody:.

5. Searchthe exact correspondingsurface point
of alongtheline betweertheinsideandout-
sidepoints and . A binarysearchmethod
wasimplementedo find the surfaceposition.

Figure7 shovsthetentaclepatternafterthisprocess.
Thetentaclesrealsoorientedalongthesurfacenor-
mals.

AnemoneDeformations

This sectiondescribeghe deformationof the tentacles
andthe main body. Anemonetentaclesexhibits various
shapesand deformations. They have slightly different
sizesat eachlayerandall tendto bendin certaindirec-
tionsasdescribedn 3.1. Thisis achieved by placingthe
tentaclesaccordingto the normalsand the phyllotactic
angles.

The outertentacleshendover the mamgins, the inner
mostonesbendinwards,while the restbendrandomly
All tentaclesare orientedbasedon several noise func-
tions. Thesefunctionswereappliedto thebendingangle,
bendingcenterbendingrange andorientationsasshavn
Figure8. Otherfunctionssuchasthe 4D noisefunctions
describedn [29] could be usedto provide bettercontrol
overthetentaclesappearance.

Figure8: Body deformatiorwith automatianaintenance
of tentacleintegrity

An anemones body is deformedwhen it is stimu-
lated by anotherobject, suchas a starfish. The tenta-
clesandbody experiencevariousstagesof deformation
as describedin section4. Sincethe anemoneis con-
structedhiearchicallyas statedat the beginning of sec-
tion 5.1, globaldeformationcaneasilybe appliedto any
partof the object. To modelthe bendingcharacteristics
of theanemoneglobaldeformatioris appliedto themain

body Thenall thetentaclesareautomaticallyadjustedo
maintainthe integrity of the structure.Figure8 shows a
anemondodybent270degrees.

Final anemonemodels

Two anemonesverecreatedisingour proposednethod.
Textureswere appliedto the anemones main body and
tentaclesFigure9 shavs ananemonenodelwith the 64
tentaclesandfigure 10illustratesthetypical 72 tentacles.
Both of theseanemonebave beenrotatedby 45 degrees.
As canbe seen thetentacledollow the phyllotacticpat-
tern. Theouterlayertentaclearebentsharplyagainsthe
body and have an outward orientation. The secondand
third layer tentaclesare slightly bentand randomlyori-
ented. The inner layer tentacleshendinwards. Overall,
the tentaclesarrangemenshows the beautyof the phyl-
lotatic patternandthe randomnessppliedcreatesmore
lively looking seaanemones.

Figure9: An anemonevith 64tentaclesaroundtheupper
disk

Figure10: An anemonewith 72 tentaclesaroundthe up-
perdisk



5.2 Modeling the Starfish
Thestarfishwasmodeledasdescribedelow:-

1. Five coneswerecreatedor thearms.

2. Thestar's armswere rotatedand translated to the

correctpositions. They were rotatedto lie in the

planeandweretranslatedo lie in acircle.

The initial positionis describedby the parametric
equation:

€T =
y =
z = Y

Where is theradiusof starfishsurface.Theangles
usedweremeasuredrom a pictureof the starfish.

3. Atexturewasappliedto thecones(Figurell (left)).

Figurell: Starfishlegsarecreatedisingconeprimitives
andthecorrecttexturewasapplied(left). A bumpsurface
wascreatedusingpoint primitives(right)

4. Smallbumpswere createdalongtheconeprimitives.
Thetop surfaceof thestarfishwe chooseéhadarather
unusualtexture thatrequiredthe useof point prim-
itivesto achiese the surfacetexture. Unlike some
starfishour examplehadairregularsurface.To cre-
atethetexture,agrid like patternof pointswascre-
atedon eachcone(Figure 11 (right)). The spheres
weremovedto the surfaceof the coneusingthesur
facesearchingmethoddescribedn section5.1. A
Randomoffsetwas subtractedrom the position of
the spheresothatsomespheresvould be hiddenin
the surface. Thereforethe final texture would con-
sistof someirregularitiesto achieze morereallistic
model. The sphereswvere blendedwith eachother
and control blendedwith the surface. Controlled
blendingof the spheresvith thesurfaceallowedthe
shapeandtextureto beclearlyobsenedasshavnin
Figurel2.

5. Randomcolors were appliedto all point primitives
selectedrom 6 brown colorsthatwerefoundonthe
starfish(Figure12).

Figure12: Thefinal bumptexturewascreatedy moving
the point primitivestangento the surfacewith arandom
noisefunctionapplied

A similar approachwas applied to create another
leatherstar that hada very differenttexture. The point
primitivesweremovedtangento thesurfacebut thistime
only afew wereaddedo thecenter They wereaddedus-
ing randomanglesand randomradiusvalues. The final
modelof this seastar’s legswereslightly bentasin Fig-
urel3.

Figure13: AnotherLeatherStarfishwith a differentsur
faceappearance

6 Conclusionsand Futur e work

In this paperwe have presenteda methodto modeltwo
invertebratesthe seaanemoneStomphiaCoccineaand



the seastar Dermasteriasmbricataasan applicationof

the BlobTree. The model combinesimplicit surfaces,
CSG, controlledblending, 2D texture mappingand the
collision-basednodel of phyllotaxis. The resultsshav

implicit surfacesbeingcapableof modelingcomplex sea
creaturesusinga proceduralapproach.We arecurrently
working on generatingmore realisticimagesusing ren-
deringtechniquessuchas Photonmaps[13, 14] to cor-

rectly reproducethe effect of transpareng and translu-
ceng, obsenedin someof thesecreaturesWe arelook-

ing towardscreatingarealisticsimulationof thebehavior

of thesemarinecreaturesusing a physically basedap-
proach. We have found that the BlobTree provides an
excellentstructureon which to basesuchmodels. Us-

ing thetechnique®f Cani-GascuedndDesbrun[8], we

intendto simulatethe interactionshetweertheseobjects
andtheirernvironment.We areinvestigatingheextension
of the BlobTreeto incorporatethesefeaturesto provide
bettertoolsfor implicit modeling.

7 References

[1] J. Bloomenthal,C. Bajaj, J. Blinn, M. P. Cani-
Gascuel A. Rockwood, B. Wiyvill, andG. Wyvill.
Introduction to Implicit Surfaces.Morgan Kanf-
mannPublisherdnc., California, 1997.

[2] R. Buchsbaumand L. J. Milne. Living Inverte-
bratesof the World. HamishHamilton LTD, Lon-
don,1960.

[3] J.K. Elliot, D. M. RossC. PathiranaS.Miao, R. J.
Anderson,P. Singer Kokke W. C. M. C. andAyer
W. A. Inductionof Swimmingin Stomphia(Antho-
zoa:Actiniaria) by Imbricatine, A Metaboliteof the
AsteroidDermasteriagmbricata.ln Biological Bul-
letin, 176:73-74 April 1989.

[4] R. O. Erickson.The Geometryof Phyllotaxis.In J.
E. Dale and F. L. Milthrope editors, The Growth
and Functioningof leaves pages3-88.University
PressCambridge1983.

[5] D. R. Fowler, P. Prusinkiavicz, J. Battjes. A
Collision-basedModel for Spiral Phyllotaxis. In
ComputerGraphics 26(2),July 1992.

[6] M. P. Gascuel.An Implicit Formulation for Pre-
cise ContactModeling BetweenFlexible Solids.In
SIGGRAPH’93,ComputerGraphics Proceedings
pages313-320,1993.

[7] M. P. Cani-GascuelLayeredModelswith Implicit
SurfacesIn Graphicsinterface’98 pages201-208,
Vancouer, Canada,Junel998.

[8] M. P. Cani-Gascueland M. Desbrun.Animation
of DeformableModels Using Implicit Surfaces.In

IEEE Transactionson Misualizationand Computer
Graphics 3(1):pages89-50,1997.

[9] A. GuyandB. Wyvill. ControlledBlendingfor Im-
plicit Surfaceslmplicit Surfaces’95April 1995.

R. M. Harbo.whelks To Whales.CoastalMarine
Life Of ThePacific NorthwestHarbourpublishing,
BC, Canadal949.

G. Van Iterson.Mathematischeind Mikroskopish-
AnatomischeStudien berBlattstellungenGusta
FischerJena1907.

R. V. Jean MathematicaModelingin Phyllotaxis:
The Stateof the Art. In MathematicaBiosciences
64:paged-27,1983.

H. W. Jensen,). LegakisandJ. Dorsg. Rendering
of WetMaterials.In Renderinglechniques99. Eds.
D. Lischinski and G. W. Larson.SpringefVerlag,
pages273-282,1999

H. W. JensenGlobal Illumination Using Photon
Maps, In RenderingTedhniques’96 Eds. X. Pug/o
andP. SchrderSpringerVerlag,pages21-30,1996.

[15] X. Liang. HierarchicalModeling of the BlobTree.
ResearciReportN0.99/561/11 University of Cal-
gary, Departmenbf ComputerScience 1999.

K. P. Mauzegy, C. BirkelandandP. K. Dayton.Feed-
ing Behavior of AsteroidsandEscaperesponsesf
Their Prey in the PugetSoundRegion. In Ecolagy,
49(4),1968.

D. J. Petga. An Anatomical Study of the Ner-
vous Systemand SomeAssociatedTissuesof the
AnemoneStomphiaCoccineaPHD thesis,Univer
sity of Alberta,Canadal976.

P. Prusinkiavicz andA. LindermayerTheAlgorith-
mic Beautyof Plants.SpringerVerlag,New York,
1990.With J.Hanan,F. D. FracchiaD. R. Fowler,
M. J.M. deBoer, andL. Mercet

E. A. Robson.Some Obsenationson the Swim-

ming Behavior of the Anemone StomphiaCoc-

cinea.InJournalof ExperimentalBiology, 38:pages
343-363,1961.

E. A. Robson.The Swimming Responseand its
Pacemalkr Systemin the AnemoneStomphiaCoc-
cinea.In Journal of Experimentabiology, 38:pages
685-694,1961.

D. M. Ross.A Third Speciesof Swimming Acti-
nostoid(Anthozoa:Actiniaria) on the Pacific Coast
of North America.ln CanadianJournal of Zoolagy,
57:page®43-945,1979.

[10]

[11]

[12]

[13]

[14]

[16]

[17]

[18]

[19]

[20]

[21]



(22]

(23]
(24]

(25]

(26]

[27]

(28]

(29]

(30]

(31]

A. E. Siebert.A Descriptionof the SeaAnemone
StomphiaDidemonsp. nov. andits Development.
In Pacific Science27(4):page863-376,1973.

J. M. Shick. A Functional Biology of Sea
AnemonesChapmarandHall, London,1991.

T. A. StephensonThe British SeaAnemonesAr-
lardandSon,Limited, London,GreatBritain, 1934.

M. Tigges and B. Wyvill. Texture Mapping the
BlobTree. In Implicit Surfaces’98, June 1998,
pages.123-130.

H. Vogel.A BetterWay to Constructhe Sunflover
Head.In MathematicaBiosciencesl00:page461-
199,1990.

J.A. Ward. An Investigationon the SwimmingRe-
actionof the AnemoneStomphiaCoccineall. His-
tological Location of a ReactingSubstancen the
Asteroid Dermasteriasmbricata.In Journal of Ex-
perimentalZoolagy, 158:page865-370,1965.

B. Wyvill, A. Guy, andE. Galin.ExtendingtheCSG
TreeWarping,BlendingandBooleanOperationsn
an Implicit Surface Modeling System.In Implicit
Surfaces98, pagesl13-121 Junel998.

G.  Wyill and K. Novins.  Filtered
Noise and The Foruth Dimension.
In http://atlas.otayo.ac.nz:800 ge-
off/graphics/Noiséntml, 1998.

C. S. Yentsch and D. C. Pierce. Swimming
Anemonegrom PugetSound,122:page4231-1233,
1955

R. Zonenschein,J. Gomes, L. Velho, and L.H.

Figueiredo.Texturing Implicit Surfaceswith Parti-

cle Systemsln Technical Sketch in Visual Proceed-
ings SIGGRAPHL997, pagel72,August1997.



