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Abstract

Implicit surfacemodelingsystem$iavebeenusedsince
the mid-19805 for the genemtion of cartoon like charac-
ters. Recentlyimplicit modelscombinedwith constructive
solid geometry(CSG)havebeenusedto build engineering
modelswith automaticblending This work is built on a
structued implicit modelingsystemwhich includesCSG,
warping 2D texture mappingand operationsbasedon the
BlobTree andits applicationto the geneation of a com-
plex andvisually accurate biological modelof the seashell
Murex cabritii. Sincethe modelis purely procedually de-
fined and doesnot rely on polygonmeshoperations, it is
resolutionindependenand can be rendeed directly using
ray tracing An interface has beenbuilt to the BlobTree
usingan interpretedprogramminglanguage (Python). The
languageinterfacereadilyallowsa userto procedually de-
scribetheshellbasedonnumericdatatakenfromtheactual
object.

1. Introduction

The seeminglysimple mathematicatharacteof shells,
whichyield agreatvariety of beautifulshapeshasattracted
muchattentionfrom computermodelers.Two motivations
for suchwork areto synthesizeealisticimagesthatcanbe
incorporatednto computergeneratedcenesandto gaina
betterunderstandingf the mechanisnof shell formation
[2, 5]. This paperis concernedvith the first of thesetwo
goalsandis baseduponimplicit modelingtechniquesising
theBlobTred12].

The BlobTree has made possiblethe constructionof
muchmorecomplex modelsthanthecartoonlik e characters
asdepictedin moviessuchas[11]. In the BlobTreesystem
modelsare definedby expressionsvhich combineimplicit
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primitivesusingblending,warping,andbooleansetopera-
tionsin anhomogeneoutashion.As well asthesefeatures
the BlobTreealsoincorporatesontrolledblending[3], and
2D texture mapping[9, 10], without whichit is difficult to
capturenaturallyoccurringshapesandpatterns.

The first shell model intendedspecifically for usein
computergraphicswas developedby Kawaguchi[4]. He
createdshell modelsusing polygon meshes.Other meth-
ods of modeling shells have included the use of inter-
penetratingspheresand generalizeccylinders. A review
of previouswork in modelingshellscanbefoundin Fowler
etal. [2], which alsoextendedthefield by introducingfree
form parametriccurvesto capturethe shapeof shell aper
ture, andthe useof reactiondiffusion methodsto incorpo-
ratepigmentatiorpatternanto themodels.

Fowler et al. [2] describesereral openproblemsin the
modelingof shells.Two of theseare:

e Modeling of spines. Previous methodsof modeling
have beenable to capturesmall perturbationsof the
surfaceof the shell. Large modificationsof the shape
suchasthe spinesin Murex cabritii (Figure13) have
notbeencapturedy existing methods.

e Capturingthethicknes=f shellwalls. The parametric
representationgsedthusfar typically modelthe shell
walls as single surfaceswhich have no actualthick-
ness.Renderingheinsideandoutsidedifferently can
produceheillusion of asubstantiewall, buttheopen-
ing of the shellis not properlyvisualized.

In this work both of the above problemsare addressed
usingtheBlobTree A modelof Murex cabritii is described
which includesthe large spines,shell walls of non-zero
thicknessandallows differenttexturesto be appliedto dif-
ferent partsof the shell while automaticallyblendingthe
textureswherethesepartsjoin. Our modelis resolutionin-
dependerdndcanbepolygonizedatanarbitraryresolution,
aswell asray traceddirectly, for higherqualityimages.

This paperis organizedasfollows: Section2 discusses
existing methodsthat have been combinedto build the
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Figure 1. One half of a longitudinal cross-
section of aturbinate shell, illustrating Equa-
tions 2 and 3

model. Section3 presentghe methodof model construc-
tion. The obtainedresultsare presentecand discussedn
Sectiord.

2. Background

Backgroundwork will be consideredn two parts. For-
mulasthatdescribehegeometryof shellswill bediscussed
in Section2.1. TheBlobTree whichis usedto constructhe
model,is introducedn Section2.2.

2.1. Modeling Shell geometry

As reviewedin [2, 5], the surfaceof a shellwithout pro-
trusionsmay be definedby sweepinga closedgenerating
curve C in theshapeof theapertureof theshellalongalog-
arithmic helico-spiralS. The scaleof the generatingcurve
increasesn geometricprogressiorasthe angleof rotation
aroundtheshell’s axisincreasesrithmetically

Thehelico-spiralis convenientlydescribedn acylindri-
cal coordinatesystem. The radius R (distanceof a point
P onth helico-spiralfrom the shell axis) is an exponential
functionof theangleof revolution # aroundthe axis:

R(8) = Roplseov);

Ry>0, p>1, 6>0, (1)

whereR, is theinitial radiusandp is the ratio of theradii
correspondindo a rotationof 360°. Thevertical displace-
mentH of point P increases proportionto theradius:

H(6) = R(0) cot 8, B>0, (@)

whereg istheanglebetweertheaxisof thespiralandaline
L passingthrough successie whorls of the helico-spiral
(Figurel). A whorl is definedasa singleturn or volution
of aspiralshell.

Thesizeof thegeneratingcurve C' atpoint P caneasily
bedeterminecassuminghatC' is acircle of radiusD lying
in the planeincluding the shell axis and the point P, and
thatthecirclesin consecutie whorls aretangentialto each
other FromFigurel we thenobtain:

D(6) = 5% 21 3)

In the caseof non-circulargeneratingcurves, Equation
3 remainsusefulas an approximateindicator of the curve
size.

2.2. The BlobTree

The major advantageof implicit surfacemodelingsys-
temshasbeenthe useof automaticdblendingbetweerskele-
tal elementsRecentdevelopmentsn suchsystemsnclude
the addition of spacewarping which provides a method
of implementingdeformationg1], andBooleanoperations
usedin CSGsystemg6, 14]. CSGsystemaypically usea
treestructureto describetherelationshipof Booleansetop-
erationssuchasunion andintersectiorbetweerhalf-space
primitives.

The BlobTree[12] hasbeenintroducedasa methodof
organizingall of theseoperationsn a mannerthatenables
globalandlocal operationgo be exploitedin a generaland
intuitivefashion.In the BlobTreg animplicit surfacemodel
is definedusing a tree datastructurewhich combinesim-
plicit surfaceprimitivesasleaf nodeswith arbitraryopera-
tionssuchasblending,warping,andBooleanoperationsas
interior nodes.We referto the structureasthe BlobTree

One advantageof the BlobTree is thatit is easily ex-
tendedto incorporatenew functionality Several problems
have beenassociateavith the useof implicit surfacesasa
generaimodelingmethod. Of greatimportances the abil-
ity to make objectsblend selectvely (locally) ratherthan
globally, andalsothelack of a naturalcoordinatesystento
allow 2D texturing. Theseproblemshave recentlybeenad-
dressedandtheir solutionshave beenincorporatednto the
BlobTree see[3] and[9, 10]. The natureof the BlobTree
cleanlyallows usbothlocal andglobaltexturing of implicit
models.

Models are definedby expressionsvhich combineim-
plicit primitivesand the operatorsJ (union), N (intersec-
tion), — (difference),+ (blend), o, (superelliptic blend),
¢ (controlledblend),w (warp),t (translate)s (scale)y (ro-
tate), and m (2D texturemap). At the lowest level these
operatorsacton oneor moreprimitives. Theresultof each
operationis a BlobTreg andmay be passedo anotherop-
erator The operatordisted above aren-arywith the excep-



Figure 2. A sample BlobTree

tion of warp, affine transformationsand 2D texture map-
ping, which are unary operators.An exampleof a simple
BlobTreemodelis givenin Figure2.

The affine transformationarethe standardnesandare
definedas:t(z,y, z)(B) - translateBlobTreeB by (z, y, 2);
s(z,y, z)(B) - scaleBlobTreeB by (z,y, 2); r(axis, 0)(B)
- rotateBlobTree B by ¢ aboutthegivenaxisusingtheright-
handrule.

Blending operatorsare of particularimportanceto the
modelconstructiordescribedn Section3 andareexamined
in detail.

Super dliptic blending allows the modelerto control
the amountof blending using the methodintroducedby
Ricci [8], andachievesa large rangeof blends. Standard
blendingis referredto as B, + By (i.e. thesumof thefunc-
tions f, and fg,). Superelliptic blendingwill be denoted
asB, ¢, B, andis definedas:

FBaonny = (fB." + fB,")™ - (4)

The standardblending operator+ is a specialcaseof
Equation4 with n = 1. Moreover:

1

Jim (fs." + f,")" =max(fs,,fB). (5
Thus,whenn variesfrom 1 to infinity, it createsa setof
modelsinterpolatingbetweenblending A + B and union
A U B, Figure3 shows a seriesof blendswheren is varied
betweem = 1 andn = 10, whichillustratethis effect.

Figure 3. Super-elliptic blending

This generalized blending is associatie, i.e.
f(BaonBy)onBe = [Buon(ByonB.)- Figure 2 shaws the
nodesto be binary or unary but thebinarynodescaneasily
beextendedusingthe above formulationto n-arynodes.

Controlled blending allows us to blend one BlobTree
B, with anothemBlobTree By, andto blend B, with athird
BlobTree B.., withoutblending B, with B, asdescribedn
[3]. It is definedhereas:

C(bl,bQ,...,bn)(Bl,BQ,...,Bm) s (6)
b; = (ji,k‘i), ji,ki S {1, ,m}Vz S {1, ,n}

wherem BlobTreesare beingincludedin the controlled
blend, and eachb; definesa blend betweenBlobTree B;,
andBlobTree B,,. In the currentimplementationblends
within acontrolledblendarelimited to pairwiseblends.and
superelliptic blendingis not available, however thesecan
easilybeaddedo the BlobTree

3. Modeling Murex cabritii

To model Murex cabritii requiresa descriptionof the
partsof the shell. The modelis derivedfrom obsenations
madefrom Figure 13, andfrom atextual descriptionof the
shellfoundin [7](page507)which describeghe following
features:

e A smallish, oval aperturein a strongly corvex body
whorl.

¢ A longslendercanalbelown the main bodywhorl, nar
rowly open,with threeaxial rows of four to five spines.



Figure 4. Six point primitives placed on a
helico-spiral. As the size of the field produced
by each primitive increases, the resulting sur-
face forms part of the main body whorl of a
shell.

e Eachwhorl hasthreevarices(ridges)which bearser-
eralsharpcurvingspines.

e Beadedaxial riblets (or small bumps)are presentoe-
tweenvarices.

For theremaindetrof this paperawhorl is definedasa part
of themainbodyformedby arotationaboutthe axis of the
shell,beginningimmediatelyaftera varix, andendingafter
threevariceshave beenformed. From Figure 13 we have
estimatedthat a whorl correspondgo a rotationof 3 °
aboutthe axis of the shell, thusthe anglebetweensucces-
sive varicesis equalto 116°.

The shell was modeledwith seven whorls. Five to six
spineswere modeledin the axial rows ratherthanfour to
five asdescribedabore. The bumpsoccurperiodicallyboth
parallelandperpendiculato the helico-spiral. Five setsof
bumpswereaddedalongthehelico-spirabetweereachpair
of varices. They-axisin the standarccoordinatesystemis
definedasthe axis of rotationof theshellfor theremainder
of this paper Thefollowing parametersvereusedto define
thehelico-spiralfor the model:

g= .°
p=13,
Ro = 0. , )

D) =221 =031 R(@).

Constructionof the implicit model of Murex cabritii will

be discussediext. Section3.1 describesuilding the main
body whorl of the shell. Adding the spinesand bumpsto
theshellis discussedh Section3.2. Creatinganopeningin
the shellis describedn Section3.3 andthe applicationof
2D texturesis discussedh Section3.4.

Figure 5. Each whorl of ashell is composed of
three sections (shown in Figure 4). On the left
all sections blend with all other sections, on
the right contr olled blending constrains each
section to blend only with its two neighbour s
along the helico-spiral.

3.1. Main Body Whorl

Theformulasin Section2.1 canbe usedto calculatepo-
sition (Equationsl and?2) andsize(Equation3) of agener
ating curve alonga helico-spiral,sothat successie curves
placedalong the helico-spiraland connectedn a polyg-
onal meshapproximatethe surface of a shell. Fowler et
al. [2] usedpiecavise Beziercurvesto constructgenerat-
ing curves,which wereappliedto modela greatvariety of
shells.

We useda similar methodto createthe implicit model.
A generatingmplicit surfacewasdescribedisinga skeletal
implicit pointprimitive. Theplacemenbf aninstanceof the
generatingsurfaceon the helico-spiralat any angled was
performedn threesteps:

1. Scaleby D(0) - Equation3.
2. Translateby (R(6),H (8),0) - Equationsl and2.
3. Rotateby 6 aboutthey-axis.

Equation8 definesthefunction By = P(B, §) which takes
an arbitrary BlobTree B and returnsa new BlobTree By
whichtranformsB asdescribedabore.

By = P(Bva)v

P(B,6) =r( ,0)( (B,0)), .
(B,0) = t(R(6), H(6),0)(S(B,9)),

S(B,0) = s(D(89),D(8),D(6))(B)

Equation9 describeghe BlobTreefor awhorl B %, where
0 istheinterval betweeradjaceninstance®f thegenerat-
ing surfacedefinedby the BlobTree B , a andb definethe



Figure 6. On the left is the generating surface
used for the model of Murex cabritii, on the
right is the whorl this surface defines.

startandendof thewhorl, andb — a + 1 is the numberof
generatingurfacesusedin thewhorl:

b
B ZZ B i 9)
Bi:P(B ,0 ).

The symbol s usedto representhe blend of multiple
BlobTrees Consecutie surfacesalongthe whorl areauto-
maticallyblendedogether Figure4 showvs a seriesof point
primitivesplacedalonga helico-spiral:asthefield defined
by eachprimitive is increasedthe resultingsurfacetends
towarda shellwhorl with a circularaperture.

To avoid unwanted blending between consecutie
whorls, controlledblendingwasused. A whorl consistsof
threesectionseachof whichis containecbetweertwo suc-
cessve varices,and correspondgo a 116° rotation about
the axis of the shell. A sectionwascreatedby placingsix
instancef the generatingsurfaceon the helico-spiralus-
ing B ¢* from Equation9 with § = 11-°. To create
the whole body B,,, with seven completewhorls, 21 sec-
tions arecombinedusing controlledblending(Equation6)
asshowvn in Equationl0.

BmZC(Lb n ai )(LB b )7
Ly n wi ={Gi+1),i€{l, ,, 0},  (10)
Lg » ={B ™ ,i€{0,6,1,..,1 0}}.

Thus,eachsectionis blendedwith its two immediateneigh-
bours,but notwith any othersectionsTheresultingsurface
is smoothalong the helico-spiral,but adjacentwhorls do
not blendtogether Figure5 shaws the effect of controlled
blending,usinga point primitive asthegeneratingsurface.

To incorporatethe long slendercanal belov the main
body whorl, a cone primitive, bentwith a warp operatoy
was placedbelow the point primitive. The generatingsur
faceandtheresultingwhorl it definesareshown in Figure

Figure 7. Creation of a varix. Top left; bent
cones are placed as curved spines. Top right:
two concentric tori blend spines tog ether.
Bottom left: smaller spines are modeled with
wider tips. Bottom right; All spines scaled by
along helico-spiral (Equation 12).

6. To reducethe compleity of the model, the canalwas
only modeledn thelast11 whorlswhereit couldbeseen.

3.2. Adding Varices, Bumps and Spines

Varices arethespiry ridgesextendingoutfrom themain
bodywhorl atevenintervalsof 116° aroundthe axis of the
shell. Thevarix B was modeledas a seriesof curving
spinesof varying size, with the relative size and location
of eachspinewithin avarix determinedseparatelyor each
whorl (Tablel). Individual spinesveremodeledusingcone
primitives bentby 30° usinga warp operator The place-
mentof eachspineis given by Equation11 for a seriesof
spinesB , wheren definesthe numberof spines,B de-
finesa spinelying on the x-axis with its baseat the origin
andthetip bentin the directionof the positive y-axis,z is
thedistanceo theedgeof theshell,and ; and ; aregiven
by Table1:

n

B =, ) (B)),

(B )=tz ,0,0(S (B ),
S B)=s(4 i i)(B).

Most of the spinesin the varix of Murex cabritii are not

(11)



freestandingput areblendedtogetherin aridge. Two con-
centrictorusprimitiveswereaddedo connecthe spinesto
eachotherneartheshellsurface.To maketheshorterspines
standout from theridge, they weremodeledwith athicker
top, andwhenscalingthe spinesby the ; (from Table1),

ma ( me 1Sthemaximumvalueof all ; from Table1)
wasusedto scaleeachspinealongthe z-axisto increasehe
width of spinesacrossthe varix. Equation12 shows these
operationsvhereB ; is a bentspinewith a variablewidth
of tip and definesthe BlobTreefor avarix B , B is the
BlobTreefor thetwo tori. The effect of eachof theseoper
ationscanbeseenin Figure?.

n

B = r( 5 ) (Ba),

(B 2)1= t(z ,0,0)(S (B ;)), (12)
s (‘B 1) :3( iy iy ma )(B i):
B =B +B.

To includea varix at anarbitrarypositionalongthe helico-
spiral, B is placedusingEquation8:

B , = P(B ,6). (13)

Table 1. Relative size ( ; in Equation 11) of
curving spines at each of 3 varices per whorl
in the model of Murex cabritii. Angle indicates
rotation in the plane of the generating curve
from a horizontal orientation.

Whorl
Angle(®) [ 1] 2 3 4 5 6 7
-90 0.55
-80 0.64
-70 0.55
-60 1.14
-50 0.55
-40 1.92
-30 0.55
-20 0.82
-10 0.55| 0.55
0 0.8 | 1.44
10 1.55| 0.64
20 0.9 | 0.64| 0.64
30 0.7 | 0.7 | 0.55
40 08| 1.5 | 055| 1.62
50 08|09| 15| 064|096 0.72
60 0.7| 1.06| 0.6 | 0.64
70 0.55
80 0.5

Bumps were modeled using single point primitives
which were scaledby ( , , + 0. ), where =

Figure 8. Creation of bumps. Left: similar
bumps blended to shell using operator .
Right: randomly scaled bumps blended to
shell with operator. The value was
required due the great disparity in strength
and extend of field between the large whorl
and small bumps.

n(s, ), € {z,y,2}, s is the default size of a bump
andn( , ) returnsa pseudorandomnumberwith a nor-
mal distribution where is themeanand is the standard
deviation. The numberof bumpsin eachsetof bumpsis
determineddy the numberof spinesdefinedfor the current
whorl. Onebumpwasplacedfor every seconcturvedspine
usingthesamemethodemployedto placethecurvedspines
(Equationll).

Superelliptic blending was employed to blend the
bumpswith the surface of the shell. This was required
to avoid the tendeng of the whorl surfaceto blend too
smoothlywith the bumps,ascanbe seenin Figure8. To
createa muchmoreabruptblend,avalueof n = 00 was
usedn Equatiord. Suchahighvalueof n wasrequireddue
to thefactthattheimplicit primitivesdefiningthewhorl de-
fined a much larger and strongerfield thanthat produced
by the bump primitives. Figure8 shavs two whorl sections
with five setsof bumpson them, onewith regular blend-
ing and no randomscaling,andthe otheremploying both
superelliptic blendingandrandomscaling.

The axial rows of spines protruding from the lower
canalweremodeledisingconeprimitives. Thereis onerow
of spinesbelon eachof the threevariceson the lastwhorl
of the shell. The spineswereplacedat evenintervalsfrom
eachotheralongthe canal. Threeinstancef the spines
werethentransformedisingEquation8 usingthe samean-
gle at which the last threevaricesare formedon the main
body of the shell. Therelative sizesand numberof spines
weredeterminedseparatelyor eachrow, asspecifiedn Ta-
ble 2.

The spinesare not perfectly straightin nature,so each
spinewasrandomlybentby 3° to © oneto threetimesus-



Figure 9. Axial rows of 5-6 spines. Left:
spines are straight. Right: each spine ran-
domly bent to  1-3times.

ing awarpoperator Thespinescanbeseenn Figure9 with
andwithout therandombendingwarps.

Table 2. Relative size of axial spines below
last 3 varices in the model of Murex cabri-
tii. Varix number corresponds to the order
in whic h they were formed (eg. varix 3 is the
last varix formed and is at the opening of the
shell).

Varix
Spine| 1 2 3

0.96 | 0.95| 1.00
0.92| 0.99 | 0.90
0.84| 0.76 | 0.92
0.68| 0.51| 0.70
0.45| 0.35| 0.60
0.25| 0.28
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3.3. Creating an Opening

Combining the elementsdescribedthus far providesa
goodapproximatiorof theexteriorof aMurex cabritii shell.
To constructan openingin the shell, a model was con-
structedof the hollow portion of the shell B ,,;,, , then
a CSG differenceoperationremoved B ,,;,, from the
modelof theshell.

The openingwas createdusing the samemethodde-
scribedfor the mainbodywhorl. A similar generatingsur
facewascreatedvhich wasslightly smallerin eachdimen-
sion orthogonatto the helico-spiral. The basisof the gen-
eratingsurfacewas formed from a single point primitive,

Figure 10.On the left is the generating surface
used for the inside of Murex cabritii, in the
center is the whorl this surface defines, and
on the right is the final surface whic h will be
cut out of the main shell to create the opening.

slightly smallerthanthat of the main whorl's. The inner
canalwas modeledby four slendercones,bentasin the
mainbodywhorl’'s generatingsurface.Four coneswerere-
quiredasingleconewastoo slendetto describea sufficient
arc of the whorl. Four additionalcones,were usedto ex-
tendtheinneredgeof thesurfaceto theedgeof theprevious
whorl. Equation14 shavs how the openingwascaredout
of the shellwhere B is the completeshell without the
opening,B;, ; definesa whorl generatedvith the gen-
eratingsurfacefor theinside of the shelland B © is from
Equation9:

gm . :BBm 1- f g 10’ (14)
Thepreviouswhorlis subtractedrom theinsidewhorl to
createB  ,;n , Whichin turnis subtractedrom the main
bodywhorl. This keepsthe previouswhorl intact. Thegen-
eratingsurfaceusedo createhehollow portionof theshell,
thewhorl it definesandthe surfacewhichis usedto cutout
theopeningfrom the mainshellareshowvn in Figure 10.

Obsenation of sea shells similar to Murex cabritii
(Murex troschej revealthattheopeningis roughlycircular
Theopeningwhichis carvedoutin Equationl4is notcircu-
lar. An insidewall wasmodeledseparatelyhenaddednto
themodelaftercarvingouttheopening.Equationl5 shavs
the final combinationwhich was usedto define B,,, ,
whereB;,, ; . istheBlobTreefor theinteriorwall. The
openingwith andwithouttheinsidewall is shovn in figure
11.



Figure 11. On the left is the opening which

is carved out by Equation 14, on the right is

the final shape of the opening after adding in
as in Equation 15.

B, = (B —B ain )UBii o - (15)

3.4. Texturing the Shell

The modelcaptureamostof the form of Murex cabritii,
but to geta morerealisticimagefour 2D texturesandtwo
separateexturing methodswvereappliedto the model. The
texturesareshawvn in Figure12, andwereall createdusing
standardpaintprograms.

The main body whorl is textured in parts using the
methodintroducedn [9]. This methodworks by first map-
ping the texture to a boundingparametricsurfaceS with a
known 2D parameterizationThe  coordinategor textur-
ing onary point ; ontheimplicit surface aredetermined
by following a combinationof the gradientof thefield, and
avectornormalto S, towardsS. WhenS is reachedtpoint

,the  coordinatedor point areusedfor texturing ;.

Figure12(a)shavsthetextureappliedto eachsectionin
Lg (definedin Equation10). The partsof the main
body whorl wheretwo textured sectionsare blendingare
positionedsothatthey arecoveredby avarix. Thisconceals
discontinuitiesn the patternresultingfrom by the blending
of two sectionsseparatelhtexturedwith the sametexture-
map.

The texturing methoddescribedabove is computation-
ally expensve, but wasrequiredto achiese the desiredef-

(a) Main (b) (c) Axial (d)

body Spinesin rows of Bumps

whorl varices spines on main
whorl

Figure 12. Textures and their corresponding
uses in the model of Murex cabritii.

fect on the mainwhorl. A fastermethodof texturing was
usedfor all of the othertexturedpartsof the model. These
includethe spinesin thevarices the spinesbelov the main
body whorl and the bumpson the main body whorl. In
this methodtexturesare mappedto a known 2D parame-
terizationof eachof the primitives. Whenblendingtwo or
moretexturedBlobTrees theresultingcolouratapoint P in
spaces determinedisingalinearcombinatiorof thecolour
of eachBlobTreescaledby its field valueat point P. This
methodis fully describedn [10].

An inherentfeature of the texturing methodsimple-
mentedin the BlobTree is that all of the texturesare au-
tomaticallyblendedwith eachother This givesour model
anaturallook whereseparatelyexturedpartsof the model
arejoined. The useof all of thesetexturescanbe seenin
Figurel4.

4. Resaults and Conclusion

We have presentedan applicationof a structuredmod-
eling techniquethat combinesmplicit surfaces,CSG,and
2D texture mapping. This combinationof techniquess in-
corporatedn animplementatiorof the BlobTreedeveloped
atthe Universityof Calgary[13]. A procedurainterfaceis
availablefor the descriptionof models,allowing exactand
concisedefinition of modelswhich areeasilymanipulated.
Specificallytheequationgor BlobTreesshavn in this paper
were implementedin the Pythonprogramminglanguage,
which allowed us to createfunctionsthat definedeachin-
dividual partof the shellandthencombinethesefunctions
in otherfunctionsuntil we hadafunctionwhich definedthe
entireseashell.

Using the BlobTreg a realisticmodel of Murex cabritii
was built (Figure 14). This modelnot only demonstrates



Figure 13. Murex cabritii, from [7].

thatimplicit surfacesareavalid choicefor modelingnatural
forms, but thatthey are capableof creatingmodelswhere
traditionalmethoddail. Specifically large protrusionsona
seashellssurfacehave beencapturedoy switchingfrom a
parametrido animplicit definition of the shellform.

Our modeldoesnot rely on polygonmeshoperationsit
is resolutionindependentandcanbe renderedirectly us-
ing ray tracing. Figure 14 took approximatelytwo hoursto
raytraceonaclusterof 14500MHz DEC Alphas.Thisrep-
resentsa significantamountof computation Work is under
way to improve the efficiency of our renderingmethods.

The following areasof the model remainopento im-
provement; the openingwas modeledby observingthe
openingon similarshells(Murex trosche}; thepositionand
numberof spinesandbumpswerebasedn a singleview of
the shell, the numberand placemenbf thesefeatureswas
arbitrary and suddenlychangefrom onewhorl to another;
thetextureswerecreatedn a paintprogramandpastedon
to giveagoodapproximatioronly; thevaricesdonotextend
to thelower canal.

The controlledblendingusedin the currentmodeldoes
notallow muchflexibility . Theblendscanonly be specified
betweentwo objectsat once,and superelliptic blendsare
not allowed. An explorationof this areamight prove quite
fruitful. A major extensionof the modelwould be to use
reactiondiffusiontechniquego placespinesandbumpson
theshell.
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