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Abstract

Implicit surfacemodelingsystemshavebeenusedsince
the mid-1980's for the generation of cartoon-like charac-
ters. Recentlyimplicit modelscombinedwith constructive
solid geometry(CSG)havebeenusedto build engineering
modelswith automaticblending. This work is basedon a
structured implicit modelingsystemwhich includesCSG,
warping, 2D texture mappingandoperationsbasedon the
BlobTree, and its application to the generation of a com-
plex andvisuallyaccuratebiological modelof theseashell
Murex cabritii. Sincethemodelis purely procedurally de-
�ned and doesnot rely on polygonmeshoperations, it is
resolutionindependentand can be rendered directly using
ray tracing. An interfacehasbeenbuilt for the BlobTree
usingan interpretedprogramminglanguage (Python).The
languageinterfacereadilyallowsa userto procedurally de-
scribetheshellbasedonnumericdatatakenfromtheactual
object.

Key Words: Modeling- Seashells- Implicit Surfaces-
Constructive SolidGeometry

1. Intr oduction

Theseeminglysimplemathematicalcharacterof shells,
whichyield agreatvarietyof beautifulshapes,hasattracted
muchattentionfrom computermodelers.Two motivations
for suchwork areto synthesizerealisticimagesthatcanbe
incorporatedinto computer-generatedscenes,andto gain a
betterunderstandingof the mechanismof shell formation
(Fowler et al.1992,Meinhardt1995). This paperis con-
cernedwith the �rst of thesetwo goalsandis basedupon
implicit modelingtechniquesusingtheBlobTree(Wyvill et
al. 1999).

The BlobTree has made possible the constructionof
muchmorecomplex modelsthanthe cartoonlike charac-
ters as depictedin movies suchas (Wyvill 1988). In the
BlobTreesystemmodelsarede�ned by expressionswhich
combineimplicit primitives using blending,warping, and
booleanset operationsin an homogeneousfashion. The
BlobTree also incorporatescontrolledblending (Guy and
Wyvill 1995),and2D texturemapping(TiggesandWyvill
1998,TiggesandWyvill 1999),without which it is dif�cult
to capturenaturallyoccurringshapesandpatterns.

The �rst shell model intended speci�cally for use
in computer graphics was developed by Kawaguchi
(Kawaguchi1982).He createdshellmodelsusingpolygon
meshes.Othermethodsof modelingshellshave included
theuseof inter-penetratingspheres,andgeneralizedcylin-
ders. Fowler et al. 1992reviewed previous work on shell
modeling,andextendedthe �eld by introducingfree form

parametriccurvesto capturetheshapeof shellaperture,and
by usingreaction-diffusionmethodsto incorporatepigmen-
tationpatternsinto themodels.

Fowler et al. 1992describesseveral openproblemsin
themodelingof shells.Two of theseare:

� Modeling of spines. Previous methodsof modeling
have beenable to capturesmall perturbationsof the
surfaceof theshell. Largemodi�cations of theshape
suchasthespinesin Murex cabritii (Fig. 13)have not
beencapturedby existingmethods.

� Capturingthethicknessof shellwalls. Theparametric
representationsusedthusfar typically modeltheshell
walls asmathematicalsurfaceswhich have no actual
thickness.Renderingtheinsideandoutsidedifferently
canproducethe illusion of a substantive wall, but the
openingof theshell is notproperlyvisualized.

In this work both of the above problemsareaddressed
usingtheBlobTree. A modelof Murex cabritii is described
which includesthe large spines,shell walls of non-zero
thickness,andallows differenttexturesto beappliedto dif-
ferent partsof the shell while automaticallyblendingthe
textureswherethesepartsjoin. Our modelis resolutionin-
dependentandcanbepolygonizedatanarbitraryresolution,
aswell asray traceddirectly, for higherquality images.

This paperis organizedasfollows. Section2 discusses
existing methodsthat have been combinedto build the
model. Section3 presentsthe methodof modelconstruc-
tion. The obtainedresultsarepresentedanddiscussedin
Section4.

2. Background

Backgroundwork will beconsideredin two parts. For-
mulasthatdescribethegeometryof shellswill bediscussed
in Section2.1.TheBlobTree, which is usedto constructthe
model,is introducedin Section2.2.

2.1.Modeling Shell geometry

As reviewed in (Fowler et al. 1992,Meinhardt1995),
the surfaceof a shell without protrusionsmay be de�ned
by sweepinga closedgeneratingcurve C in the shapeof
the apertureof the shell along a logarithmic helico-spiral
S. Thescaleof thegeneratingcurve increasesin geometric
progressionastheangleof rotationaroundtheshell's axis
increasesarithmetically.

Thehelico-spiralis convenientlydescribedin acylindri-
cal coordinatesystem.TheradiusR (distanceof a point P
on the helico-spiralfrom the shell axis) is an exponential
functionof theangleof revolution � aroundtheaxis:

R(� ) = R0� ( �
360 � ) ; R0 > 0; � > 1; � � 0; (1)
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Figure 1. One half of a longitudinal cross­
section of a turbinate shell, illustrating Equa­
tions 2 and 3

whereR0 is the initial radiusand� is theratio of theradii
correspondingto a rotationof 360� . Theverticaldisplace-
mentH of pointP increasesin proportionto theradius:

H (� ) = R(� ) cot � ; � > 0; (2)

where� is theanglebetweentheaxisof thespiralandaline
L passingthrough successive whorls of the helico-spiral
(Fig. 1). A whorl is de�ned as a single turn or volution
of aspiralshell.

The sizeof the generatingcurve C at point P caneas-
ily be determinedunderthe assumptionthat C is a circle
of radiusD lying in the planeincluding the shell axis and
the point P, andthat the circlesin consecutive whorls are
tangentialto eachother. FromFig. 1 we thenobtain:

D (� ) = R (� )
sin �

� � 1
� +1 : (3)

In the caseof non-circulargeneratingcurves,Equation
3 remainsusefulasan approximateindicatorof the curve
size.

2.2.The BlobTree

The major advantageof implicit surfacemodelingsys-
temshasbeentheuseof automaticblendingbetweenskele-
tal elements.Recentdevelopmentsin suchsystemsinclude
the addition of spacewarping which provides a method
of implementingdeformations(Crespinet al. 1996), and
Booleanoperationsusedin CSGsystems(Pasko etal. 1995,
Wyvill and van Overveld 1996). CSG systemstypically
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Figure 2. A sample BlobTree

usea treestructureto describethe relationshipof Boolean
setoperationssuchasunionandintersectionbetweenhalf-
spaceprimitives.

The BlobTree (Wyvill and Guy 1999) hasbeenintro-
ducedas a methodof organizing all of theseoperations
in a mannerthat enablesglobal andlocal operationsto be
exploited in a generaland intuitive fashion. In the Blob-
Tree, an implicit surfacemodelis de�ned usinga treedata
structurewhichcombinesimplicit surfaceprimitivesasleaf
nodes,with arbitraryoperationssuchasblending,warping,
andBooleanoperationsasinterior nodes.We refer to the
structureastheBlobTree.

One advantageof the BlobTree is that it is easily ex-
tendedto incorporatenew functionality. Several problems
have beenassociatedwith theuseof implicit surfacesasa
generalmodelingmethod.Of greatimportanceis theabil-
ity to make objectsblend selectively (locally) ratherthan
globally, andalso the lack of a naturalcoordinatesystem
to allow 2D texturing. Theseproblemshave recentlybeen
addressed,andtheir solutionshave beenincorporatedinto
theBlobTree: see(Guy andWyvill 1995)and(Tiggesand
Wyvill 1998,TiggesandWyvill 1999). The natureof the
BlobTreecleanlyallows us both local andglobal texturing
of implicit models.

Modelsarede�ned by expressionswhich combineim-
plicit primitives and the operators[ (union), \ (intersec-
tion), � (difference),+ (blend), � n (super-elliptic blend),
c (controlledblend),w (warp),t (translate),s (scale),r (ro-
tate), and m (2D texturemap). At the lowest level these
operatorsacton oneor moreprimitives.Theresultof each
operationis a BlobTree, andmaybepassedto anotherop-
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Figure 3. Super ­elliptic blending

erator. Theoperatorslistedabove aren-arywith theexcep-
tion of warp, af�ne transformationsand 2D texture map-
ping, which areunaryoperators.An exampleof a simple
BlobTreemodelis givenin Fig. 2.

Theaf�ne transformationsarethestandardonesandare
de�nedas:t(x; y; z)(B ) - translateBlobTreeB by (x; y; z);
s(x; y; z)(B ) - scaleBlobTreeB by (x; y; z); r (axis; � )(B )
- rotateBlobTreeB by � aboutthegivenaxisusingtheright-
handrule.

Blending operatorsare of particular importanceto the
modelconstructiondescribedin Section3 andareexamined
in detail.

Super elliptic blending allows the modelerto control
the amountof blending using the method introducedin
(Ricci 1973),andachievesa large rangeof blends. Stan-
dardblendingis referredto as Ba + Bb (i.e. the sum of
thefunctionsf B a andf B b ). Superelliptic blendingwill be
denotedasBa � n Bb andis de�ned as:

f B a � n B b = (f B a
n + f B b

n )
1
n : (4)

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

lim
n ! + 1

(f B a
n + f B b

n )
1
n = max (f B a ; f B ) : (5)

Thus,whenn variesfrom 1 to in�nity , it createsa setof
modelsinterpolatingbetweenblendingA + B and union
A [ B , Fig. 3 shows a seriesof blendswheren is varied
betweenn = 1 andn = 10, which illustratethiseffect.

This generalized blending is associative, i.e.
f (B a � n B b ) � n B c = f B a � n (B b � n B c ) . Fig. 2 shows the

nodesto bebinaryor unary, but thebinarynodescaneasily
beextendedusingtheabove formulationto n-arynodes.

Controlled blending allows us to blend one BlobTree
Ba with anotherBlobTreeBb, andto blendBb with a third
BlobTreeBc, withoutblendingBa with Bc, asdescribedin
(GuyandWyvill 1995).It is de�ned hereas:

c(b1; b2; :::; bn )(B1; B2; :::; Bm ) ,
bi = (j i ; ki ); j i ; ki 2 f 1; :::; mg8i 2 f 1; :::; ng:

(6)

where m BlobTreesare being included in the controlled
blend, and eachbi de�nes a blend betweenBlobTree B j i

and BlobTree B k i
. In the current implementationblends

within acontrolledblendarelimited to pairwiseblends,and
super-elliptic blendingis not available,however thesecan
easilybeaddedto theBlobTree.

3. Modeling Mur excabritii

To model Murex cabritii requiresa descriptionof the
partsof theshell. Themodelis derived from observations
madefrom Fig. 13, andfrom a textual descriptionof the
shellfoundin (Rehder1981,page507)whichdescribesthe
following features:

� A smallish,oval aperturein a strongly convex body
whorl.

� A long slendercanalbelow themainbodywhorl, nar-
rowly open,with threeaxialrowsof four to � vespines.

� Eachwhorl hasthreevarices(ridges)which bearsev-
eralsharpcurvingspines.

� Beadedaxial riblets (or small bumps)arepresentbe-
tweenvarices.

For theremainderof this papera whorl is de�ned asa part
of themainbodyformedby a rotationabouttheaxisof the
shell,beginningimmediatelyaftera varix, andendingafter
threevariceshave beenformed. From Fig. 13 we have
estimatedthat a whorl correspondsto a rotation of 348�

aboutthe axis of the shell, thusthe anglebetweensucces-
sivevaricesis equalto 116� .

The shell wasmodeledwith seven whorls. Five to six
spinesweremodeledin the axial rows ratherthanfour to
� veasdescribedabove. Thebumpsoccurperiodicallyboth
parallelandperpendicularto thehelico-spiral.Five setsof
bumpswereaddedalongthehelico-spiralbetweeneachpair
of varices.They-axis in thestandardcoordinatesystemis
de�ned astheaxisof rotationof theshellfor theremainder
of thispaper. Thefollowing parameterswereusedto de�ne
thehelico-spiralfor themodel:

� = 22:5� ;
� = 1:3;
R0 = 0:2;
D (� ) = R (� )

sin �
� � 1
� +1 = 0:341� R(� ):

(7)



Figure 4. Six point primitives placed on a
helico­spiral. As the size of the �eld produced
by each primitive increases, the resulting sur ­
face forms par t of the main bod y whorl of a
shell

Figure 5. Each whorl of a shell is composed
of three sections (sho wn in Fig. 4). On the left
all sections blend with all other sections, on
the right contr olled blending constrains each
section to blend onl y with its two neighbour s
along the helico­spiral

Constructionof the implicit modelof Murex cabritii will
bediscussednext. Section3.1 describesbuilding themain
body whorl of the shell. Adding the spinesandbumpsto
theshellis discussedin Section3.2.Creatinganopeningin
the shell is describedin Section3.3 andthe applicationof
2D texturesis discussedin Section3.4.

3.1.Main Body Whorl

Theformulasin Section2.1canbeusedto calculatepo-
sition (Equations1 and2) andsize(Equation3) of a gener-
atingcurve alonga helico-spiral,so thatsuccessive curves
placedalong the helico-spiraland connectedin a polyg-
onal meshapproximatethe surfaceof a shell. Fowler et
al. 1992usedpiecewiseBeziercurvesto constructgenerat-

ing curves,which wereappliedto modela greatvarietyof
shells.

We useda similar methodto createthe implicit model.
A generatingimplicit surfacewasdescribedusingaskeletal
implicit pointprimitive. Theplacementof aninstanceof the
generatingsurfaceon the helico-spiralat any angle� was
performedin threesteps:

1. Scaleby D(� ) - Equation3.

2. Translateby (R(� ),H (� ),0) - Equations1 and2.

3. Rotateby � aboutthey-axis.

Equation8 de�nesthefunctionB � = P(B ; � ) which takes
an arbitrary BlobTree B and returnsa new BlobTree B �

which tranformsB asdescribedabove.

B � = P(B ; � );
P(B ; � ) = r (Y; � )(T(B ; � )) ;
T(B ; � ) = t(R(� ); H (� ); 0)(S(B ; � )) ;
S(B ; � ) = s(D(� ); D (� ); D (� ))( B ):

(8)

Equation9 describestheBlobTreefor a whorl Bw
b
a , where

� s is theinterval betweenadjacentinstancesof thegenerat-
ing surfacede�ned by theBlobTreeBg, a andb de�ne the
startandendof thewhorl, andb � a + 1 is thenumberof
generatingsurfacesusedin thewhorl:

Bw
b
a =

bX

i = a

Bgi ;

Bgi = P(Bg; � s � i ):

(9)

The symbol
P

is usedto representthe blendof multiple
BlobTrees. Consecutive surfacesalongthewhorl areauto-
matically blendedtogether. Fig. 4 shows a seriesof point
primitivesplacedalonga helico-spiral:asthe �eld de�ned
by eachprimitive is increased,the resultingsurfacetends
towardashellwhorl with acircularaperture.

To avoid unwanted blending between consecutive
whorls,controlledblendingwasused.A whorl consistsof
threesectionseachof which is containedbetweentwo suc-
cessive varices,and correspondsto a 116� rotation about
the axis of the shell. A sectionwascreatedby placingsix
instancesof thegeneratingsurfaceon thehelico-spiralus-
ing Bw

a+5
a from Equation9 with � s = 116

6
�
. To create

the whole body Bm with seven completewhorls, 21 sec-
tionsarecombinedusingcontrolledblending(Equation6)
asshown in Equation10.

Bm = c(L blendpair s)(L B l obtr ees);
L blendpair s = f (i; i + 1); i 2 f 1; 2; :::; 20gg;
L B l obtr ees = f Bw

i +5
i ; i 2 f 0; 6; 12; :::; 120gg:

(10)

Thus,eachsectionis blendedwith its two immediateneigh-
bours,but notwith any othersections.Theresultingsurface



Figure 6. On the left is the generating surface
used for the model of Mur ex cabritii , on the
right is the whorl this surface de�nes

is smoothalongthehelico-spiral,but adjacentwhorlsdonot
blendtogether. Fig. 5 shows theeffect of controlledblend-
ing, usingapointprimitiveasthegeneratingsurface.

To incorporatethe long slendercanalbelow the main
body whorl, a coneprimitive, bent with a warp operator,
wasplacedbelow the point primitive. The generatingsur-
faceandtheresultingwhorl it de�nes areshown in Fig. 6.
To reducethecomplexity of themodel,thecanalwasonly
modeledin thelast11

3 whorlswhereit couldbeseen.

3.2.Adding Varices,Bumpsand Spines

Varicesarethespiny ridgesextendingout from themain
bodywhorl at evenintervalsof 116� aroundtheaxisof the
shell. The varix Bv was modeledas a seriesof curving
spinesof varying size, with the relative size and location
of eachspinewithin a varix determinedseparatelyfor each
whorl (Table1). Individualspinesweremodeledusingcone
primitivesbentby 30� usinga warp operator. The place-
mentof eachspineis given by Equation11 for a seriesof
spinesBs, wheren de�nes the numberof spines,B k de-
�nes a spinelying on the x-axis with its baseat the origin
andthetip bentin thedirectionof thepositive y-axis,xk is
thedistanceto theedgeof theshell,and� i and� i aregiven
by Table1:

Bs =
nX

i =1

r (Z; � i )(Tk (Bk )) ;

Tk (Bk ) = t(xk ; 0; 0)(Sk (Bk )) ;
Sk (Bk ) = s(� i ; � i ; � i )(Bk ):

(11)

Figure 7. Creation of a varix. Top left: bent
cones are placed as cur ved 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
� max along helico­spiral (Equation 12)

Most of the spinesin the varix of Murex cabritii are not
freestanding,but areblendedtogetherin a ridge.Two con-
centrictorusprimitiveswereaddedto connectthespinesto
eachotherneartheshellsurface.To maketheshorterspines
standout from theridge,they weremodeledwith a thicker
top, andwhenscalingthe spinesby the � i (from Table1),
� max (� max is the maximumvalueof all � i from Table1)
wasusedto scaleeachspinealongthez-axisto increasethe
width of spinesacrossthe varix. Equation12 shows these
operationswhereBk i is a bentspinewith a variablewidth
of tip and de�nes the BlobTree for a varix B v , B r is the
BlobTreefor thetwo tori. Theeffect of eachof theseoper-
ationscanbeseenin Fig. 7.

Bs =
nX

i =1

r (Z; � i )(Tk (Bk i )) ;

Tk (Bk i ) = t(xk ; 0; 0)(Sk (Bk i )) ;
Sk (Bk i ) = s(� i ; � i ; � max )(Bk i );
Bv = Bs + B r :

(12)

To includea varix at anarbitrarypositionalongthehelico-
spiral,Bv is placedusingEquation8:

Bv � = P(Bv ; � ): (13)



Table 1. Relative size (� i in Equation 11) of
cur ving spines at each of 3 varices per whorl
in the model of Mur excabritii . Angle indicates
rotation in the plane of the generating cur ve
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 0.8 1.5 0.55 1.62
50 0.8 0.9 1.5 0.64 0.96 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 scaled by (� x ; � y ; � z + 0:8), where � d =
n(s; s

10 ); d 2 f x; y; zg, s is the default size of a bump
andn(�; � ) returnsa pseudorandomnumberwith a nor-
mal distribution where� is themeanand� is thestandard
deviation. The numberof bumpsin eachsetof bumpsis
determinedby thenumberof spinesde�ned for thecurrent
whorl. Onebumpwasplacedfor everysecondcurvedspine
usingthesamemethodemployedto placethecurvedspines
(Equation11).

Super-elliptic blending was employed to blend the
bumps with the surface of the shell. This was required
to avoid the tendency of the whorl surface to blend too
smoothlywith thebumps,ascanbeseenin Fig. 8. To create
a muchmoreabruptblend,a valueof n = 400wasusedin
Equation4. Sucha high valueof n wasrequireddueto the
fact that the implicit primitivesde�ning the whorl de�ned
a muchlargerandstronger�eld thanthatproducedby the
bumpprimitives.Fig. 8 shows two whorl sectionswith � ve
setsof bumpson them,onewith regular blendingandno
randomscaling,andtheotheremploying bothsuper-elliptic
blendingandrandomscaling.

The axial rows of spines protruding from the lower
canalweremodeledusingconeprimitives.Thereis onerow
of spinesbelow eachof the threevariceson the lastwhorl

Figure 8. Creation of bumps. Left: similar
bumps blended to shell using + operator .
Right: randoml y scaled bumps blended to
shell with � 400 operator . The value 400 was
required due the great disparity in strength
and extent of �eld between the large whorl
and small bumps

Table 2. Relative size of axial spines belo w
last 3 varices in the model of Mur ex 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

1 0.96 0.95 1.00
2 0.92 0.99 0.90
3 0.84 0.76 0.92
4 0.68 0.51 0.70
5 0.45 0.35 0.60
6 0.25 0.28

of theshell. Thespineswereplacedat even intervals from
eachotheralong the canal. Threeinstancesof the spines
werethentransformedusingEquation8 usingthesamean-
gle at which the last threevaricesareformedon the main
bodyof theshell. The relative sizesandnumberof spines
weredeterminedseparatelyfor eachrow, asspeci�edin Ta-
ble2.

The spinesarenot perfectlystraightin nature,so each
spinewasrandomlybentby 3� to 9� oneto threetimesus-
ing a warpoperator. Thespinescanbeseenin Fig. 9 with
andwithout therandombendingwarps.



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

3.3.Creatingan Opening

Combiningthe elementsdescribedthus far provides a
good approximationof the exterior of a Murex cabritii
shell. To constructan openingin the shell, a solid model,
Bopening , wasconstructedwhich matchedtheshapeof the
hollow portionof theshell.A CSGdifferenceoperationre-
moved Bopening from the model of the shell creatingthe
interior space.

Bopening wascreatedusingthesamemethoddescribed
for themainbodywhorl. A similar generatingsurfacewas
createdwhich was slightly smallerin eachdimensionor-
thogonalto the helico-spiral. The basisof the generating
surfacewasformedfrom a singlepoint primitive, slightly
smallerthanthatof themainwhorl's. The innercanalwas
modeledby four slendercones,bentas in the main body
whorl'sgeneratingsurface.Fourconeswererequiredasin-
gle conewastoo slenderto describea suf�cient arcof the
whorl. Four additionalcones,wereusedto extendthe in-
ner edgeof the surfaceto the edgeof the previous whorl.
Equation14 shows how theopeningwascarvedout of the
shell whereBshel l is the completeshell without the open-
ing, B inside de�nes a whorl generatedwith thegenerating
surfacefor theinsideof theshellandBw

b
a is from Equation

9:
Bmur ex = Bshel l � Bopening ;
Bopening = B inside � Bw

108
94 :

(14)

Thepreviouswhorl is subtractedfromtheinsidewhorl to
createBopening , which in turn is subtractedfrom themain
bodywhorl. Thiskeepsthepreviouswhorl intact.Thegen-
eratingsurfaceusedto createthehollow portionof theshell,
thewhorl it de�nes,andthesurfacewhich is usedto cutout
theopeningfrom themainshellareshown in Fig. 10.

Figure 10. On the left is the generating surface
used for the inside of Mur ex cabritii , in the
center is the whorl this surface de�nes, and
on the right is the �nal surface whic h will be
cut out of the main shell to create the opening

Observation of sea shells similar to Murex cabritii
(Murex troschel) revealthattheopeningis roughlycircular.
Theopeningwhichis carvedoutin Equation14is notcircu-
lar. An insidewall wasmodeledseparatelythenaddedinto
themodelaftercarvingout theopening.Equation15shows
the �nal combinationwhich was usedto de�ne Bmur ex ,
whereB inside wal l is theBlobTreefor theinteriorwall. The
openingwith andwithout the insidewall is shown in Fig.
11.

Bmur ex = (Bshel l � Bopening ) [ B inside wal l : (15)

3.4.Texturing the Shell

Themodelcapturesmostof the form of Murex cabritii,
but to geta morerealisticimagefour 2D texturesandtwo
separatetexturing methodswereappliedto themodel.The
texturesareshown in Fig. 12, andwereall createdusing
standardpaintprograms.

The main body whorl is textured in parts using the
method introducedin (Tigges and Wyvill 1998). This
methodworks by �rst mappingthe texture to a bounding
parametricsurfaceS with a known 2D parameterization.
Theuv coordinatesfor texturingonany pointpi on theim-
plicit surfaceI aredeterminedby following a combination
of the gradientof the �eld, anda vectornormal to S, to-
wardsS. WhenS is reachedatpointps, theuv coordinates
for pointps areusedfor texturingpi .

Fig. 12(a)shows the texture appliedto eachsectionin
L B l obtr ees (de�ned in Equation10). Thepartsof themain



Figure 11. On the left is the opening whic h
is carved out by Equation 14, on the right is
the �nal shape of the opening after adding in
B inside w all as in Equation 15

body whorl wheretwo textured sectionsare blendingare
positionedsothatthey arecoveredby avarix. Thisconceals
discontinuitiesin thepatternresultingfrom by theblending
of two sectionsseparatelytexturedwith the sametexture-
map.

The texturing methoddescribedabove is computation-
ally expensive, but wasrequiredto achieve the desiredef-
fect on the main whorl. A fastermethodof texturing was
usedfor all of theothertexturedpartsof themodel. These
includethespinesin thevarices,thespinesbelow themain
body whorl and the bumpson the main body whorl. In
this methodtexturesare mappedto a known 2D parame-
terizationof eachof theprimitives. Whenblendingtwo or
moretexturedBlobTrees, theresultingcolouratapointP in
spaceis determinedusingalinearcombinationof thecolour
of eachBlobTreescaledby its �eld valueat point P. This
methodis fully describedin (TiggesandWyvill 1999).

An inherent feature of the texturing methodsimple-
mentedin the BlobTree is that all of the texturesare au-
tomaticallyblendedwith eachother. This givesour model
a naturallook whereseparatelytexturedpartsof themodel
arejoined. The useof all of thesetexturescanbe seenin
Fig. 14.

4. Resultsand Conclusion

We have presentedanapplicationof a structuredmodel-
ing techniquethatcombinesimplicit surfaces,CSG,and2D

(a) Main
body
whorl

(b)
Spinesin
varices

(c) Axial
rows of
spines

(d)
Bumps
on main
whorl

Figure 12. Textures and their corresponding
uses in the model of Mur excabritii

texturemapping.This combinationof techniquesis incor-
poratedin animplementationof theBlobTreedevelopedat
theUniversityof Calgary(Wyvill etal. 1998).A procedural
interfaceis availablefor thedescriptionof models,allowing
exactandconcisede�nition of modelswhichareeasilyma-
nipulated. Speci�cally the equationsfor BlobTreesshown
in thispaperwereimplementedin thePythonprogramming
language,which allowedusto createfunctionsthatde�ned
eachindividual part of the shell and then combinethese
functionsin otherfunctionsuntil we hada functionwhich
de�ned theentireseashell.

Using the BlobTree, a realistic model of Murex cabri-
tii wasbuilt (Fig. 14). This modelnot only demonstrates
that implicit surfacesarea valid choicefor modelingnatu-
ral forms,but thatthey arecapableof creatingmodelswhere
traditionalmethodsfail. Speci�cally, largeprotrusionsona
seashellssurfacehave beencapturedby switchingfrom a
parametricto animplicit de�nition of theshellform.

Our modeldoesnot rely on polygonmeshoperations,it
is resolutionindependent,andcanberendereddirectly us-
ing raytracing.Fig. 14tookapproximatelytwo hoursto ray
traceon a clusterof 14, 500MHz DEC Alphas. This rep-
resentsa signi�cant amountof computation.Work is under
way to improve theef�ciency of our renderingmethods.

The following areasof the model remainopento im-
provement: the openingwas modeledby observingthe
openingonsimilarshells(Murex troschel); thepositionand
numberof spinesandbumpswerebasedonasingleview of
the shell, the numberandplacementof thesefeatureswas
arbitraryandsuddenlychangefrom onewhorl to another;
the textureswerecreatedin a paintprogramandpastedon
togiveagoodapproximationonly; thevaricesdonotextend
to thelowercanal.

Thecontrolledblendingusedin thecurrentmodeldoes



Figure 13. Mur excabritii

notallow much�e xibility . Theblendscanonly bespeci�ed
betweentwo objectsat once,andsuperelliptic blendsare
not allowed. An explorationof this areamight prove quite
fruitful. A major extensionof the modelwould be to use
reactiondiffusiontechniquesto placespinesandbumpson
theshell.
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