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Abstract

Many of the mostinterestingbehaiors in the biologicalworld have to do with interactionsbetweenspecies.The
predatofprey interactionsamongaquaticorganismsis an interestingpart of the naturalworld which hasnot been
seenmuchin computeranimation.This paperexplorestheinteractionbetweernvariousseaanemonesndthe starfish
Dermasterias imbricata. Althougha simulationbetweenra specificseaanemoneSomphia coccinea to Dermasterias
imbricata was created,an approachwastaken suchthat differentanemoneganwith minor parametechangese
usedto replaceS. coccinea. Theanimationwascreatedusinga parametrickeyframeapproactof proceduramodels.
The anemonend starfishwere modeledusingthe BlobTree . The implicit modelwithin the systemis definedasa
hierarchicakcompositionof multiple objects.Usinga hierarchicalconstructiorof the model,we canrefinethe model
locally anddeformit globally while maintainingthe integrity of surfacedetails.
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1 Intr oduction

This sectionprovides a generalintroductionto implicit

surfacesandthe applicationpresentedn this paper The
surface of an implicit object denotedby S may be
derivedfrom animplicit function f (z, y, z). Thisfunction
representsghe points of spacewhosevalue equalssome
thresholddenotedby T'.

Implicit modelshave beenusedin a numberof applica-
tionssuchasgeometridesign scientificvisualizationand
computermnimation.Implicit surfacesoffer theadwantage
of guaranteedmoothlyblendedandcontinuoussurfaces.

Invertebratesreanimaldackingbackbonesndmary
of them have small, soft, flabby bodiesthat drift, crawl,
burrow, glide or inch their way along. Since implicit
objects are suitable for modeling smoothly blended,
soft objectswhich deform during motion and undego
topologychangegshis makesthemanidealmodelingand
animationtool for invertebrateswWe have choserto model
the structureand behavior of two suchcreaturesthe sea
star and the seaanemone. Not only do thesecreatures
have incredibly beautiful variationsin structurebut they
alsoexhibit interestingoehaviors. The escapeesponsef
certainanemone$rom Dermasterias imbricata hasbeen
of greatinterestto mary scientists. The reasonfor this
is thatanemonesave relatively simple nernoussystems
but they have a relatively complex escapaesponse.So
overtheyearsresearcherbave beentrying to understand
the neuralbasisof this behaior. The chainof eventsdue
to specifictriggerswhich releasehe swimmingbehaior
andthe coordinatednotor activities which follow within
a few seconds,is not a simple reflex but shavs that
the sea anemoneposse some elaborateand effective
structuresascanbe seenby their performanceAlthough
the motion may seemrandom, detailed studiesof the
motion shaws that all anemoneswhich respondto D.
imbricata display a sequenceof patterns[16]. There
are diverse applicationsof this response[B including
behaioral [16] [18], neurophysiologicalthe discipline
involving the study of the makeup and function of the
nenoussystem) [17] morphologicalabranchof biology

that dealswith the form and structureof animalsand
plants)[14, ecological[13] andchemical.

Themainaim behindthis paperis to studythegeneral
behaior of seaanemonedo the starfishDermasterias
imbricata and to animate the behaior of a specific
anemoneSomphia coccinea to Dermasterias imbricata.
As a resulta proceduralapproachwas taken to model
S coccinea. By changingvarious parameterdifferent
anemonesould be built and madeto interactwith D.
imbricata anddependingon the parameterinvolved, the
appropriateeactionsaresimulated.

The paperis organizedasfollows. In section2, we
summarizeprevious work in this area. A detailedde-
scriptionof thebehavior of S. coccineato D. imbricata is
givenin section3. Sectiord describesheimplementation
details. Section5 presentsour conclusionsand future
work.

2 RelatedWork

Previous relevantwork will be discussedn this section.
TheBlobTree andthe hierarchicaimplicit surfacerefine-
menttechnique,usedto build the models,the collision-
basedspiral phyllotaxis approachusedto position the
anemones tentaclesanda descriptionof how the models
werecreatedwill beoutlinedin this section.

2.1 TheBlobTree

The BlobTree [23] providesa hierarchicaldatastructure
for the definition of complex modelsbuilt from implicit

surfacesCSGBooleanoperationandfield warpingfunc-

tions. Theimplicit modelwithin the systemis definedas
the hierarchicalcompositionof multiple objects(Figure
1). Thesurfaceof animplicit objectcanalsouseattributes
suchas 2D textures. The BlobTree hasbeenextendedto

incorporatetexturesasdescribedn [21].

2.2 Hierarchical Implicit Surface Refine-
ment

Since the BlobTree createsa static model, then once
the structure is defined it cant be easily changed.
A hierarchicalimplicit surface refinementtechniqueto
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Figurel: Exampleof a modelbuilt up from a BlobTree
(23]

further extendthe useof the BlobTree wasintroducedin
[11]. Thismethodconsistof ahierarchicatepresentation
andconstructiorof implicit objects.

e Hierar chical Representationof Implicit Surfaces

An implicit object is createdas a hierarchy of
implicit surfaces. Each hierarchy containslocal
surfacesanda setof sub-hierarchieslLocal surfaces
are definedby the BlobTree as leaf nodesrelative
to higher level hierarchies. Sub-hierarchiesare
definedasinternalnodesandrepresentocal surface
detail. Surfacedetailsrelatedto a specificsurface
beingrefinedarewithin the samehierarchicalevel.
Using this representationimplicit objectsat each

level consistof the local surface S}, ,;,,, andall the
surfacesof its sub-hierarchiesy_ S5 face at

leveli:

) i )

;urface — “global OPrefinement ngub—SUTface'
whereO P, finement representshe operationof the
hierarchy

This hierarchical structure of implicit surfacesis
illustratedby Figure2.

According to refinementoperations,four kinds of
hierarchiesaredesigned:

— Blending

— ControlledBlending

— PreciseContactModeling

Level

- / o \
1 1 1
%IOIMI\ Plgroupnl
2
2
leeaf p groupzy PzgouanI
3

Figure2: Hierarchyof theimplicit object
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They representour differentkindsof operationghat
combineglobalsurfaceswith their details.Blending
usesthe superelliptic blending method described
in [1]. Controlledblendingis implementedby the
methodproposedn [8]. Precisecontactmodeling
usesthe approachdescribedn [6]. CSGoperations
perform intersection,difference,or union between
thelocal surfaceandtherefinedsurface.

Surface Construction

Initially animplicit surfaceis usedto createa root
hierarchy A sequenceof sub-hierarchiesre then
recursvely built by refiningselectedsurfaces.These
refined surfacesS* are introducedto define local
surfacedetails.

The final implicit objectis obtainedby combining
all the leaf surfacesaccordingto the differenthier-
archical properties. The lowest level is processed
first. Thenthe surface constructedat this layer is
combinedwith thehigherlevel surfacesusingblend-
ing, controlledblending, precisecontactmodeling,
or CSGoperations.This processcontinuesuntil all
the higherlevel surfacesareincluded.

This methodofferstwo main advantagesthe ability

to apply hierarchicallocal refinementand to apply
global deformationsto models. Local refinement
allows the userto introducemore detailedsurfaces
at ary givenlevel. Global deformationchangeshe
overall shapeof the surface while maintainingthe
integrity of surfacedetails.



2.3 The Collision-based Model of Spiral
Phyllotaxis

This sectiongivesa generabverview of spiralphyllotaxis
and its applicationto generatecollision-basedmodels,
usedto position the anemones tentacles. Phyllotaxis
is the regular arrangemenbf organssuchas flowers or
leaves often seenin mary plants. It is characterizedy
spiralsor parastichies;omposedaf sequencesf adjacent
organsforming the structure. The numberof parastichies
runningin oppositedirectionsareusuallytwo consecutie
Fibonaccinumbers[5]. The divergenceangles,taken
from the center of the structure, measuredbetween
consecutie formedorgansis closeto the Fibonacciangle
of 360%7 2 = 137.5° wherer = (14++/5)/2. Thequality
of the patterngeneratediependon this angle[15].

Figure3: The collision-basednodelof phyllotaxis. Ten-
taclesare distributed on the anemones upper
disk using a fixed divergenceangle of 137.5°
and are displacedwhen collision occursto the
next innerlayer, tangento the upperdisk

The collision-basednodelof phyllotaxisproposedn
[5] is usedto distribute primordia on the surfaceof the
receptacle. Primordiaare a group of cells that can be
initially identified as a future body part. In [5], the
receptacles viewed asa surfaceof revolution, generated
by a curve rotatedarounda vertical axis. Spheresvhich
represenprimordiaareaddedo thestructuresequentially
with a divergenceangleof 137.5°. A horizontalring at
the baseof the receptaclds formedby this initial group

of primordia. When a primordium just addedcollides
with an existing one, the addition of primordia, to this

ring stops.Thecolliding primordiumaremovedalongthe

generatingurve, tangento its closesineighbor The next

group of primordia are placedsimilarly, on generating
curnvestangentto their closestneighbors,determinedby

the divergenceangleasshowvn in Figure 3. The addition
of primordia continuesuntil there is no more room

to add anotherone. Since anemoneshave flower-like

tentaclearrangements slightly modifiedcollision-based
phyllotacticmethodwas usedto arrangethe tentaclesas
describedn [12].

2.4 Modeling S coccinea and D. imbricata

This section gives a general description of the sea
anemone,S coccinea and seastar D. imbricata sum-
marizedfrom [12]. Seaanemonedive attachedo firm
objectsin the sea, usually the seafloor, rock or coral.
They comein mary shapessizesandcolorsandaremade
up of four main componentsthe column, base (pedal
disk), upperdisk andtentacles.The columnarbody has
a single body opening,the mouth, which is surrounded
by tentacles. The tentaclesprotectthe anemonesince
they arestuddedvith nematogsts(stingingcapsulesand
catchits food. S. coccinea’s base upperdisk andcolumn
formthemainbodyandweremodeledusingtwo torii and
a cylinder. The tentaclesvere modeledusing a tapered
line primitive and were placedon the anemones upper
disk usinga modified versionof the phyllotactic pattern
asdescribedn [12]. Thetentaclesvereplacedin 4 cycles
eitherin 6,12,18,36= 72 or 6,10,16,32= 64 ( with 6
beingtheinnermostcycle), takenfrom [20]. The starfish
was modeledusing five conesfor the armsand a bump
texturewasappliedusingarandomdistribution of spheres
tangentto the surface. The modelswerecreatedusinga
hierarchicalrepresentationwhich allowed the structures
to be easilyanimatedandlocally andglobally deformed.
Sincethey werebuilt usinga proceduramethoddifferent
parametergould be changedo createdifferenttypesof
anemonesr seastars. The modelsusedto createthe
animationwereslightly modifiedversionsof thosefound
in [12]. The seaanemones tentacleswere arrangedn
4,4,8,16cycles= 32with 16 beingtheoutermostayerand
the starfishs bump texture which was previously created
usingpoint primitiveswasreplacedoy atexture.



3 Behavior of the Anemone and
Starfish

One of the best studied and most dramatic escape
response®f marineinvertebratas the detachmenbf S

coccinea in responseto D. imbricata [3]. A general
descriptionof the responsef anemonego D. imbricata

will beexplained followedby amoredetaileddescription
of the reactionandlastly somecharacteristicspecificto

theanemoneS. coccinea will beoutlined.

e General Behavior
Nearly all seaanemoneawvhich respondto D. im-
bricata display the following behaviors taken from
[16]:-

1. Tentacles and sphincter response

. Expansion

. Detachment (sometimes)

. Swimming movements

. If swimmingmovementbccursRecovery isthe
laststep

ga b~ wWwN

Detachmentdoesnt always occur and may be re-
gardedasasideeffectandtheswimmingmovements
do notoccuruntil the columnhaselongated.
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Figure4: Themainfeaturesof the swimmingbehaior of
theseaanemones. coccinea to D. imbricata

e Detailed Behavior Description The generalfive
stepbehaior just outlinedwill be explainedin more
detail. This descriptionwasmainly takenfrom [16]
but alsofrom thesesourceq17][3] andthe behaior
is alsoillustratedin figure4 takenfrom [16].

1. The initial response phase occurswhen the
upper surface of the starfishD. imbricata’'s

is brought into contact with the anemones
tentacles. The tentaclesthen adhereto the
starfishon contact. After aninactive period of
atleastfive secondsthetentacleandsphincter
musclecontract. As a resultboththe tentacles
aredrawn inwardsandthe oral disk closes. (
Thesphinctemusclesarederivedfrom circular
musclesof the column and are locatedat or
near the edge of the column just belowv the
tentacles).

. The elongation phase occursafter stimulation

by D. imbricata, the anemonesxpandsmuch
beyond its normal size. Elongation of the
column is due to contractionof the circular
muscle.Oncearespondinganemonéoeginsto
elongatewaterrapidly entersthe gastrovascu-
lar cavity (internal cavity) throughthe mouth;
oneanemonefor exampletook in waterequal
to one-sixthof its previous volume. The end
resultis thatthetentaclesanddisk reappeaand
expandto their fullest extent.

. The detachment phase is variable, as an

anemonemay shav swimming movements
without detachingfrom the substratum.More

usually it will appearto detachitself with a
vigorousupwardjerk. Unlessthefoot is firmly

attachedt will decreasén diameter

Theactvity hastwo maincomponents:-

(a) The 'Jerk’ which is dueto contractionof
theparieto-basilamusclegthey generally
run from the columnto the pedal disk),
which lift the pedaldisk from the surface.
The centerof the foot, becomesconvex
owing to the increasedcoelentericpres-
sureandthruststhe anemoneaipwards. If
theparieto-basatontractionspreadsnore
slowly from one side, forming a concen-
tric groove, detachmenwill proceednore
gradually

(b) At thesametime,the pedal disk decreases
in diameter.

. The swimming phase may occur whether or

not detachmenbccurs. The actualswimming
movementsare precedediy elongationof the
column. In a vigorousresponsehe column
of the anemoneoften performs a whirling

movemeniaboutits axisbeforetheusualabrupt
bending movementsbegin.  This whirling

movement,if rapid is the one which initially

propelsheanimalinto the’swimming’ motion.
The swimmingmotion consistsof a seriousof
bendingactionsof the column.



5. The recovery phase occurswhentheanemone 4.1 Approaches Used to Generate the

comesto rest on its side and is relatively
unresponsieto D. imbricata andotherstimuli.
Thecolumnbecomeshorterandasthecircular

Scenes

muscleis relaxed. The disk and tentacles The frames were generatedusing a number of key
returnto normal.During thistime theanemone approaches:-

may not respondo renaved stimulation, such
as simulation from the starfish. The surface
of the pedaldisk presentlyexhibits a marked

facility of adhesion,and as it re-attachego

the substratunthe ordinary sessilepositionis

regained.Thenormalpositionmayberegained
with correspondingspeed,but in somecases
the whole recovery phaselastslonger Once
the anemonehas re-attached,t will usually
respondto stimulationwith Dermasterias by

swimmingagain.

e S coccinea’sResponseTo D. imbricata

The anemone,S coccinea’s general behaior to
D. imbricata is the sameas thoseoutlined in the
beginning of section3. Specific propertiesof this
behaior relatedto the S coccinea specieswill
be describedin this section. In S coccinea, the
more elongatedthe column, the more vigorousthe
swimmingactiity. As describedn [19], initiation
of the escapebehaior in S coccinea occursafter
contactwith the seastar in the caseof D. imbricata
it occurs after contact with the starfishs upper
surface, which containsa chemicalthat apparently
triggersswimming[22]. Originally thoughtto bean
aminopolysaccharidg?], the active chemicalhas
sincebeenidentifiedasimbricatine,amembetrof the
classof alkaloidsformerly known only from plants
[3]. A solutionof Imbricatinecancausedetachment
in S. coccinea.

4 Implementation Details

The animationwas createdusing a parametrickeyframe

approach. The modelswere createdusing hierarchical
implicit objectsthatweremodeledorocedurally Thissec-
tion describeghetechniquesisedto build the animation
scenesandgivesa detaileddescriptionof the operations
appliedto createthe animationphases. Lastly, the ap-

proachtakento animatethe BlobTree will beoutlined.

e ProceduralModeling

Themodelswerecreatedprocedurallyby associating
variousalgorithmsand parametersvith the objects
as describedin [12]. For example a modified
collision-basedphyllotactic algorithm was usedto

placethetentaclentheanemonesupperdisk. The

parameterausedin the scenewere relatedto the

anemonendstarfish.

The anemonehad the following parametersassoci-
atedwith it:-

1. Thelengthandradiusof body.

2. Theradii of upperandlower disk.
3. Thenumberof tentacles.
4

. Thelengthandradiusof the taperedine used
to createthe tentaclesand their orientation
parameter$ eg randombendanglesranges).

5. Thetentaclepatternsandthe numberof layers
used.

6. The materialpropertiedor all the modelcom-
ponents.

A numberof parametershovn belowv wereusedto
createthe starfish:-

1. Thenumberof arms.

2. The length and radius of the conesusedto
createthearms.

3. Theorientationof eacharm.

4. The material properties (these can include
complicatedpropertiessuch as bump texture
details).

e Parametric Keyframe Animation

Eachobjectwas characterizedy a numberof pa-
rameterasdescribedatthebeginningof thissection.
Thekeyframeswerecreatedy specifyingtheappro-
priate setof parametewaluesat specifictimes, pa-
rametersaretheninterpolatedandimagesarefinally
individually constructedrom the interpolateddata.
The parameteraluesare createdusing tracks, that
will bedescribedn 4.3. Five phasesasdescribedn
section3 were associatedvith the anemone;These
includetheinitial responseglongationdetachment,



swimming and recovery phase. The behaiors that

were associatedvith eachphasecould be modified

or the intensity of them could be increasedor de-

creasedvia parametemaodifications. The anemone
hada numberof phasesssociateavith it, in a spe-

cific sequence.

Hierar chical Implicit Object Construction

The hierarchicalapproachwas usedto easeboth
the modeling and animation process. Using this
method,theanemoneavasbuilt with four layers,the
lower disk, column,upperdisk andtentaclesGlobal
deformationswhich include affine transformations
and spacewarping were appliedto the model. The
operationswvere always appliedto the column. For
example when the anemones column was scaled,
the upperlayers,which include the upperdisk and
tentacleshad the sametransformationsapplied to
them and were automaticallyadjusted. Similarly
whenthecolumnof theanemonavasbentduringthe
swimming motion, the upper layers automatically
adjusted.The bendingpropertiesof implicit objects
were usedor controlled as needed. For example
the tentaclesblend with the seastars arm when
they touched,sincethey wererequiredto blendon
contact. However, controlledblendingdescribedn
[8] was appliedbetweenthe tentacles so that they
would notblendwith eachothet



Figureb: The starfishmovestowardstheanemone

Figure6: Thestarfishs armtouchesheanemonestentacles

Figure7: Theanemonestentaclesaremadeto bendinwards
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Figure8: Theanemonestentaclesnoveinto the upperdisk

Figure9: Theanemonavith hiddententacledeginsto elongates

Figure10: Theanemonestentacleseappeaandelongate

Figure11: Theanemonanovesupwardsandspinsaboutthey axis

Figurel12: Theanemonédends



Figurel3: Theanemondallsto its side

Figure14: Theanemone bodyorientationandsizearegraduallyrestored

Figure15: Theanemones body orientationandsizearegraduallyrestored

Figurel6: Theanemonestentacledengthandsizereturnbackto normal



Figurel7: The shapeof the detachecelongatedS. coc-

cinea

4.2 Animation Phases

This sectiondescribesthe operationsappliedto create
the animation. Section4.3 containsmore detailsrelated
to tracksusedto obtain parametewalues. Initially the

starfishmovestowardstheanemonevith a slightbending
movemenbf its arms.Themotionis createdisinganurbs
pathto orientthe starfishs movementasshown in figure
5. The starfishthenmovestowardsthe anemoneandits

armsbendto touch the tentaclesurface as shawvn in 6.

Theanemoneghengoesinto a sequencef phases-

1. Theinitial response phase

The tentacle orientationsbegin to changedue to

the sphincter muscle contraction and they begin

to gradually move inwards. This is achieved by

usingthe modifiedcollision-basedpiral phyllotaxis
algorithmto generateshe tentacles. The tentacles
wereputin four layers

(a) layer one, the innermostlayer, bendsinwards
from 0° to 120°

(b) Layer two, bendswith random orientations,
betweer0? to 90°.

(c) Layer three, bendsoutwardsfrom 60° to 150°
(d) Layer four, whichis theoutermostayer, bends

partof layeronethatis orientedinwards. This grad-

ual procesds shawn in figure 7. Thetentacleghen

move graduallyinto the upperdisk of the anemone
asillustratedin figure8

. The elongation phase

A global scaling operation is applied to the

anemones hierarchicalstructure.Sincethereareno

tentaclesatthebeginningof this stage, thecolumn’s

scalingautomaticallyonly seento be appliedto the

upperdisk asillustrated by figure 9. It continues
to elongateand gradually the tentaclesreappear
asshawn in figure 10. They continueto elongate
until they are longer than their original length. A

sketchof the body shapeafterthe elongatiorstageis

illustratedin figure 17 takenfrom [4].

. The detachment phase

Global translation and rotation is applied to the
anemones hierarchical structure. The anemone
translatesn the y direction and then rotatesabout
its y axisanumberof timesasshovn in diagram11.

. The swimming phase

A bending operationis applied to the column of
the anemoneand the upper disk and tentaclesare
automaticallyreadjustecsshawn in figure 12

. Therecovery phase

The anemonerotatesabout the z axis a total of
90° as shavn in diagram 13 and as a result the
anemondalls onits side. Theaffine transformations
that were originally appliedto the anemonethen
graduallygetreversed.Theanemoneotatesup to a
standingpositionandscalesdown to its normalsize.
Thetentaclegeturnto their normallengthandtheir
normallayer distribution which is 4,4,8,16cycles=
32. As aresultthe normaltentacleorientationsare
restored. The final recovery stepsareillustratedby
figuresl4,15and16.

Our animationapproachshouldallow usin thefuture

out the most and is assigneda randombend !0 generatedifferentanemoneand starfishstructuresby

anglebetweers0° to 270°.

To simulatethe movementof the tentaclesthe out-

modifyingthevariousobjectparametersCertainoptional
phasecanberemovedto createdifferentsequenceand
they canalsobeintensifiedor madesimplerasrequiredby

ermostlayersgraduallybecamethe next innermost modifying the object parametersangesfor ary specific
layer. This processds repeateduntil all tentaclesare motion.
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Figure18: The blobtreestructureusedto createthe star,
alongwith thetracksusedwith this model

»-"

-//

o
i e~
0 ©

Figurel9: The blobtree structure used to create the
anemonealongwith the tracksusedwith this
model
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4.3 Animation in the BlobTree

This sectiondefinestracks, the overall track hierarchy
createdandtheir applicationto animatethe starfishand
anemone.The BlobTree wasanimatedusingthe concept
of tracks. A trackis the setof eventsthat describethe
activity of a parameterover time. It may be queried
to returna value for ary given point in animationtime
as describedin [7]. A hierarchyof trackswas created
whichincludesthreemainkindsof tracks, matrixtracks,
path tracks and multiple tracks. Matrix tracksinclude

affine transformationmatricesand the constantmatrix
track which has the samevalue at all pointsin time.
Path tracksinclude, interpolationtrackssuchas uniform
and non-uniformlinear tracks and variouscurves. The
cunvesincludenurbs,bsplineandbeziercurves. Multiple
matrix tracksare usedto combinetrackstogethereither
by addition,subtractionmultiplicationor division. There
arealsodatatracksusedto storealist of valuesat specific
pointsin time, a noise track and a constanttrack that
returnsthe samevalueatall pointsin time. The BlobTree
usedto modelthestarfishis seenin figure 18. Thestarfish
is madeup of taperedline primitives that are blended
together The line primitives representhe star’s legs.
Two of theselegs werebent. To animatethe starfishthe
approachdescribedn section4.2 wasused. The values
generatedvere createdusing tracks. As seenin figure
18, the armswere taperedusing constantvaluestaken
from a constantrackandwerebentusingrandomvalues
generatedhroughthenoisetrack. A nurbstrackwasused
to move the whole starfishand a datatrack was usedto
storethe anglesfor eachseastarleg. The BlobTree used
to createthe anemonas shown in diagram19. After the
bodyis createdh differenceoperations usedto createthe
mouthof the anemone.The tentacleshad varioustrack
valuesassociatedvith them at different pointsin time,
theseinclude noisetracks, to generaterandomtentacle
bendinganglesand matrix trackssuchas scale,rotation
and translationtracks. Finally the anemonevas moved
in the sceneusingvaluesgeneratedrom nurbs,rotation,
scaleandtranslationtracks. Currentlytracksrepresent
separatédierarchyfrom the BlobTree.

5 Conclusionsand Futur e work

In this paperwe have presentech methodto createthe
interactionof two invertebratesthe seaanemones. coc-
cinea, andthe seastar D. imbricata asa new application
of the BlobTree . The modelcombinesmplicit surfaces,
CSG, controlled blending, 2D texture mappingand the
collision-basednodelof phyllotaxis. We have foundthat
the BlobTree providesan excellentstructureon which to
basesuchmodels. We are also working on generating
more realistic imagesusing renderingtechniquessuch
asPhotonmaps[10, 9] to correctlyreproducethe effect
of transpareng and transluceng, obsered in some of
thesecreatures. The resultsshov implicit surfacesasa
tool capableof animatingcomplex seacreaturesisinga
parametrickeyframeapproach We arecurrentlylooking
into creatinga behaioral physically basedanimation.
The creaturescould be createdwith built in instinctsfor
avoidance escapeandwanderingasappropriateor both

11



predatorsand prey. The physicallybasedanimationwill
be doneusingthe precisecontactmodelingtechniquef
Cani-Gascueand Desbrun[2], including volumepreser
vation. Thesefeatureswill enableuseto createaccu-
rate simulationsof theseobjectsand their ernvironment.
We are also planning on adding virtual musclesto the
anemonego have more precisecontrol of their motion,
contractingthe musclesor relaxing them respondingto
obstaclewr threatsin the immediateervironmentasap-
propriate. Animation tracksshouldbe applicableto any
nodein the BlobTree . We areinvestigatingthe extension
of the BlobTree to incorporatethesefeaturesto provide
bettertoolsfor implicit modelingandanimation.

6 Acknowledgements

The authorswould like to thankthe mary studentspast
and presentwho have contributed towards the implicit

modeling researchproject at the University of Calgary
We would alsolike to thankthe departmenbf computer
scienceandthe MACI projectfor theuseof alargecluster
of workstationsfor high performancecomputing. This

work is partially sponsoredy the Natural Sciencesand
EngineeringResearciCouncil.

References

[1] JulesBloomenthal. Introduction to Implicit Sur-
faces. Morgan Kaufmann,ISBN 1-55860-233-X,
1997. Editedby JulesBloomenthaWith Chandrajit
Bajaj, Jim Blinn, Marie-Paule Cani-GascuelAlyn
Rockwood,Brian Wyvill, andGeof Wyvill.

Marie-Paule Cani-Gascueland Mathieu Desbrun.
Animation of deformable models using implicit
surfaces. |IEEE Transactions on Misualization and
Computer Graphics, 3(1):39-50,January- March
1997.1SSN1077-2626.

(2]

J. K. Elliot, D. M. Ross, C. Pathirana,S. Miao,

R. J. Anderson,P. Singer W. C. M. C. Kokke, and
W. A. Ayer. Inductionof Swimmingin Stomphia
(Anthozoa:Actiniaria) by Imbricatine,a Metabolite
of the Asteroid Dermasteriasmbricata. Biological

Bulletin, 176:73—-78April 1989.

3]

Virfinia L. Ellis, D. M. Ross, and L. Sutton.
The Pedal Disc of the Swimming Sea Anemone
Soomphia coccinea During DetachmentSwimming

[4]

12

(5]

(6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

and Resettlement. Canadian Journel of Zoology,
47:333-3421969.

DeborahR. Fowler, Przemysla Prusinkievicz, and

Johanne8attjes.A Collision-basedodelof Spiral

Phyllotaxis. Computer Graphics, 26(2):361—-368,
July 1992.

Marie-Paule Gascuel. An Implicit Formulationfor
PreciseContactModeling BetweenFlexible Solids.
Computer Graphics (Proc. SGGRAPH 93), pages
313-320August1993.

JulianE. Gomez. Twixt: A 3D Animation System.
Computers and Graphics, 9(3):291-2981985.

Andrew Guy andBrian Wyvil. Controlledblending
for implicit surfaces.In Implicit Surfaces ' 95, April
1995.

H. W. Jensen. Global lllumination Using Photon
Maps. Rendering Techniques 1996, pages21-30,
1996.

H. W. Jensen,). Legakis,andJ. Dorsg. Rendering
of WetMaterials.Rendering Techniques 1999, pages
273-282,1999.

X. Liang andBrian Whvill. HierarchicalModeling
of the BlobTree. Research Report N0.99/561/11,
University of Calgary, Department of Computer
Science, 1999.

Xikun Liang, Mai Ali Nur, andBrian Wyvill. Mod-
eling the Structureof the SeaAnemone,Stomphia
Coccineaandthe SeaStar Dermasteriagmbricata
Using Implicit Surfaces. Research Report, Univer-
sity of Calgary, Department of Computer Science,
November2000.

Karl P. Mauzey, CharlesBirkeland, and Paul K.
Dayton. FeedingBehavior of AsteroidsandEscape
Responsesf their Prey in the PugetSoundRegion.
Ecology, 49(4),1968.

D. J. Petgga. An Anatomical Study of the Nervous
System and Some Associated Tissues of the Anemone
Somphia Coccinea. PhD thesis, University of
Alberta,Canadal976.

P. Prusinkievicz andA. Lindermayer The Algorith-
mic Beauty of Plants. SpringerVerlag,1990. With
J.Hanan,F. D. FracchiaD. R. Fowler, M. J. M. de
Boer, andL. Mercer

ElaineA. Robson.SomeObsenationsonthe Swim-
ming Behavior of the Anemone Stomphia Coc-
cinea. Journal of Experimental Biology, 38:343—
363,1961.



[17] ElaineA. Robson.The SwimmingResponsandits
Pacemakr Systemin the AnemoneStomphiaCoc-
cinea. Journal of Experimental Biology, 38:685—
694,1961.

[18] D. M. Ross. A Third Speciesof Swimming
Actinostoid (Anthozoa: Actiniaria) on the Pacific
Coastof North America. Canadian Journal of
Zoology, 57:943-9451979.

[19] J.M. Shick. A Functional Biology of Sea Anemones.
ChapmarandHall, 1991. Publishedn London.

[20] T.A. StephensorThe British Sea Anemones. Arlard
andSon,Limited, 1934. Publishedn London.

[21] Mark TiggesandBrianWyvill. TextureMappingthe
BlobTree. Implicit Surfaces, 3, Junel998.

[22] JackA. Ward. An Investigationon the Swimming
Reactionof the Anemone StomphiaCoccinea,|.
Partial Isolation of a Reacting Substancefrom
the Asteroid Dermasteriadmbircata. Journal of
Experimental Zoology, 158:357-3641965.

[23] BrianWyvill, Eric Galin,andAndrew Guy. Extend-
ing The CSGTree.Warping,BlendingandBoolean
Operationsn anImplicit SurfaceModeling System.
Computer Graphics Forum, 18(2):149-158,June
1999.

13



