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Abstract
We presentan efficientandrobustalgorithmfor parameterizingtheperspectivesilhouetteof a canalsurfaceand
detectingeach connectedcomponentof the silhouette. A canal surfaceis the envelopeof a moving sphere with
varying radius,definedby the trajectoryC � t � of its centerand a radiusfunctionr � t � . This moving sphere, S� t � ,
touchesthe canal surfaceat a characteristiccircle K � t � . We decomposethe canal surfaceinto a setof charac-
teristic circles,computethesilhouettepointson each characteristiccircle, and thenparameterizethesilhouette
curve. Theperspectivesilhouetteof thesphere S� t � froma givenviewpointconsistsof a circleQ � t � ; by identifying
thevaluesof t at which K � t � andQ � t � touch, wecanfind all theconnectedcomponentsof thesilhouettecurveof
thecanalsurface.

CategoriesandSubjectDescriptors(accordingto ACM CCS): I.3.7[ComputerGraphics]:ThreeDimensionalGraph-
ics andRealism

1. Introduction

Silhouettecurves provide a visual cue to the shapeof an
object and have many practicalapplications:for instance,
in computingthe visible areaof an object, removing hid-
dencurves,back-faceculling andnon-photorealisticrender-
ing 1� 2� 3� 4� 5� 6� 7 � 8� 11� 12� 16� 17. Thereare two kinds of silhou-
ettecurve: parallelsilhouettescorrespondto idealizedview-
points at an infinite distancefrom the object; perspective
silhouettescorrespondto realviewpointsat finite locations.
Generally, theshapesof a parallelsilhouetteanda perspec-
tive silhouettearequite different,andit is moredifficult to
computethe perspective silhouettethanthe parallelsilhou-
ette.

Markosianet al. 12 useda randomizedalgorithmto find

�
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silhouettesof polyhedralmodels.They found a silhouette
edgeby examiningonly a small subsetof the edgesin the
model,andthentracedthe entiresilhouettefrom an initial
edge.BenichouandElber1 computedparallelsilhouettesof
polygonalobjectsusingtheGaussiansphere.They mapped
the normalvectorsof edgesof the objectand the view di-
rectionon to theGaussiansphere,wherethey becomegreat
arcsanda greatcircle. Then,they projectedthat datafrom
theGaussiansphereon to a circumscribingcube,wherethe
arcsandthe circle on the Gaussianspherebecomestraight
lines. They computedthe silhouettecurve by intersecting
theselines. KrishnanandManocha11 computedthe paral-
lel silhouetteof a free-formsurfaceby usingthe marching
methodto tracethesilhouettecurvesfrom patchboundaries.

Kim andLee10 presentedamethodfor computingthepar-
allel silhouetteof surfacesof revolution andcanalsurfaces.
They utilized thefactthatboththesetypesof surfacecanbe
decomposedinto a setof circles,andthenormalvectorsof
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2 Kim andLee/ ThePerspectiveSilhouette

thesecirclesform a cone.Using thesecharacteristics,they
computedtheparallelsilhouettesof thesurfaces.

The formulationof the perspective silhouetteof a para-
metricsurfaceS� u � v� from theviewpoint �O is well-known.
Thesilhouetteconsistsof a setof surfacepointswhich sat-
isfy

� S� u � v��� �O��	 �N � u � v��
 0 �
where �N � u � v� is a surfacenormal.Althoughtheequationis
not difficult to define,tracingthe curve representedby this
equationis difficult becausetheequationis animplicit form,
usuallyof high degree.

In this paper, we presentanefficientandrobustalgorithm
for parameterizingtheperspective silhouetteof a canalsur-
face,anddetectingall theconnectedcomponentsof thesil-
houette.A canalsurfaceis theenvelopeof a moving sphere
with varyingradius,andis usefulfor representinglong thin
objects:for instance,pipes,poles,ropes,3D fonts,brassin-
struments,or internalorgansof thebody 14. Canalsurfaces
arealso frequentlyusedin solid andsurfacemodelingfor
CAD/CAM. Representative examplesarenaturalquadrics,
tori, pipesurfaces,andDupin cyclides13� 15.

For computergraphicsandanimation,modelsconsisting
of canalsurfaceshave severaladvantages:

1. Renderingof themodelcanbedoneefficiently 14� 18.
2. Computingthe distancebetweenmodels(andhencede-

tectingcollisions)is relatively rapid.
3. Constructionof themodelis easy.
4. The geometricinformation to representthe modelonly

requiresa smallamountof space.

However, therearedefinitelimits to the shapesthat canbe
modeledwith canalsurfaces.

A canalsurfaceisdefinedby thecentertrajectoryC � t � and
radiusfunctionr � t � of amoving sphere.Thismoving sphere,
S� t � , touchesthecanalsurfaceatacharacteristiccircleK � t � .
We decomposethecanalsurfaceinto a setof characteristic
circles,computethesilhouettepointson eachcharacteristic
circle, andthenparameterizethesilhouettecurve. Theper-
spectivesilhouetteof thesphereS� t � from agivenviewpoint
consistsof a circle Q � t � . By identifying the valuesof t at
which K � t � andQ � t � touch,we can find all the connected
componentsof thesilhouettecurve of thecanalsurface.

Thispaperis organizedasfollows. In Section2, weshow
how to decomposea canalsurfaceinto a setof circles,and
thenrepresentthesurfacein a parametricform. We param-
eterizethe perspective silhouetteof a canalsurfacein Sec-
tion 3. In Section4, we proposetwo methodsto find each
connectedcomponentof theperspective silhouette.Then,in
Section5, we presentanalgorithmto computetheperspec-
tive silhouetteandSection6 containssomeexamples.We
concludethis paperin Section7.

2. Parameterization of a Canal Surface

In thissection,we parameterizea givencanalsurfaceby de-
composingit into asetof characteristiccircles.Let usdenote
thespinecurve andtheradiusfunctionof a canalsurfaceas
C � t � andr � t � . Then,asurfacepoint �p 
�� x � y� z� , which is on
themoving spherecenteredatC � t � with radiusr � t � , satisfies
thefollowing property:

�p � C � t �

2 � r � t � 2 
 0 � (1)

Thepoint �p is on theenvelopesurfaceof themoving sphere,
sothefollowing propertyis alsosatisfied:

� �p � C � t ����	 C ��� t ��� r � t � r ��� t ��
 0 � (2)

Equations(1) and(2) defineacanalsurface.

If α � t � is the angle betweentwo vectors �p � C � t � and
C � � t � , the following equationcan be derived from Equa-
tions(1) and(2) (seeFigure1):

cosα � t ��
 � �p � C � t ����	 C � � t �
�p � C � t �

�
C � � t �




�� r � � t �
C � � t �

 � (3)

C � � t �

�pα � t �

R� t �
r � t �

C � t �
M � t �

K � t �

Figure 1: A circle K � t � on thesphere S� t � .
Let usdenotethemoving spherewith centerC � t � andra-

dius r � t � asS� t � . If S� t � touchesthe canalsurfaceat a cir-
cleK � t � , thenthenormalvectorof theplanewhich contains
K � t � is C � � t � . Using Equation(3), we computethe center
M � t � andradiusR� t � of thecircle K � t � asfollows:

M � t ��
 C � t ��� r � t � cosα � t � C � � t �
C � � t �
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 C � t ��� r � t � r ��� t � C � � t �
C � � t �


2

R� t ��
 r � t � sinα � t ��
 r � t �
� 

C � � t �

2 � r � � t � 2

C � � t �
 �

Then,thecanalsurfaceis parameterizedas

K � t � θ ��
 M � t ��� R� t ��� cosθ�b1 � t ��� sinθ�b2 � t �����
where0 � θ � 2π, and �b1 � t � , �b2 � t � arethebasisvectorsof
theplanewhichcontainsK � t � :

�b1 � t ��
 C � � t �! C � � � t �
C � � t �! C � � � t �



�b2 � t ��
 C � � t �! "�b1 � t �
C � � t �! "�b1 � t �

 �

3. Parameterization of the Perspective Silhouette

Givenacanalsurfacewith spinecurveC � t � andradiusfunc-
tion r � t � , tmin � t � tmax, let this be a regular surface.That
is, we assumethat r � t �$# 0, %&%C � � t �'%&% 2 # r � � t � 2, andC � t � is
C2-continuous.If K � t � θ � is theparametricrepresentationof
givencanalsurface,we denotethenormalvectorof K � t � θ �
as �N � t � θ � . Fromagivenviewpoint �O 
(� Ox � Oy � Oz � , theper-
spective silhouetteof the canalsurfaceis the setof points
whichsatisfy

�N � t � θ �)	�� K � t � θ ���*�O��
 0 �
Usually, the normal vector of a surfaceK � t � θ � may be

computedfrom thefollowing equation:

�N � t � θ ��
 ∂K � t � θ �
∂t

 ∂K � t � θ �
∂θ

�
However, for acanalsurface,wemaysimplify therepresen-
tationof thenormalvectorsothatit becomes

�N � t � θ ��
 K � t � θ ��� C � t ���
Theactualdegreeof this equationis usuallylower thanthat
impliedby thevectorproduct.

Theequationof theperspective silhouetteof K � t � θ � may
beexpandedasfollows:

� K � t � θ ��� C � t ����	'� K � t � θ �����O��
 0 �
By replacing K � t � θ � with M � t �"� R� t ��� cosθ�b1 � t �"�
sinθ�b2 � t �+� , thefollowing equationis derived:

A � t � cosθ � B � t � sinθ � D � t ��
 0 � (4)

where

A � t ��
 �b1 � t �)	�� C � t ��� �O�
B � t ��
 �b2 � t �)	�� C � t ���,�O�
D � t ��
 � r � � t ��� C � t ��� �O��	 C � � t ��� r � t �


C � � t �


2

C � � t �
 � 

C � � t �

2 � r � � t � 2 �

UsingEquation(4), wecanderive thefollowing formulafor
thefunctionsof θ in Equation(4) :

cosθ 
 � A � t � D � t ��- B � t � � A � t � 2 � B � t � 2 � D � t � 2
A � t � 2 � B � t � 2

sinθ 
 � A � t � cosθ � D � t �
B � t � �

Substitutingback, we are able to parameterizethe per-
spective silhouetteof thecanalsurfaceasfollows:

�p � t ��
 M � t ��� R� t ��� c � t � �b1 � t ��� s� t � �b2 � t ����� (5)

where

c � t ��
 � A � t � D � t ��- B � t � � A � t � 2 � B � t � 2 � D � t � 2
A � t � 2 � B � t � 2

s� t ��
 � A � t � c � t ��� D � t �
B � t � �

4. Detecting each Connected Component

In Section3, wederivedtheparametricrepresentationof the
perspective silhouettecurve of a given canalsurface, �p � t �
(Equation(5)). If wecomputeasetof points �p � t � by varying
thevalueof theparametert, andconnectthem,thenthecom-
ponentsof the silhouettearetraced.The valueof A � t ./� 2 �
B � t .0� 2 � D � t .0� 2 determineswhetherthecircle K � t .1� θ � con-
tainsa silhouettepointor not. If A � t . � 2 � B � t . � 2 � D � t . � 2 is
positive, thenK � t . � θ � containstwo silhouettepoints;if it is
negative,K � t .�� θ � containsnone.

Functions A � t � , B � t � , and D � t � are continuous; thus,
A � t � 2 � B � t � 2 � D � t � 2 is alsoa continuousfunction.If there
aretwo valuest0 and t1, suchthat tmin � t0 � t1 � tmax, and
whichalsosatisfyA � t0 � 2 � B � t0 � 2 � D � t0 � 2 � 0 andA � t1 � 2 �
B � t1 � 2 � D � t1 � 2 # 0, thenthereexistsa valuetm betweent0
andt1 suchthatA � tm � 2 � B � tm � 2 � D � tm � 2 
 0.Thereforethe
solutionsof t whichsatisfyA � t � 2 � B � t � 2 � D � t � 2 
 0 repre-
senttheboundaryvaluesof t for theconnectedcomponents
of thesilhouette.

In order to find eachconnectedcomponentof the per-
spective silhouette,we needa way to solve A � t � 2 � B � t � 2 �
D � t � 2 
 0. Thisequationis expandedasfollows:

C � � t �

2 �

C � � t �


2 � r � � t � 2 �

��� �b1 � t ��	'� C � t ��� �O��� 2 �2� �b2 � t ��	�� C � t ��� �O��� 2 ��3�+� r �4� t ��� C � t ��� �O��	 C ��� t ��� r � t �

C �4� t �


2 � 2 
 0 � (6)

If thebasisvectors�b1 � t � and �b2 � t � of thecharacteristiccir-
clesarerepresentedasequationsof low degree,thenEqua-
tion (6) maybesolvedwithoutgreatdifficulty. However, the
vectors�b1 � t � and�b2 � t � containcross-productandsquareroot
terms,sothedegreeof thisequationis usuallyhigh.Wenow
introducea methodspecificallyfor suchcases.

On a canal surface K � t � θ � , the characteristiccircle
K � t .�� θ � is embeddedin asphereS� t .0� with centerC � t .0� and
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C � � t �

α � t �
M � t � K � t �

C � t � S� t �
β � t �

Q � t �

�q � t �

�O
Figure 2: CirclesK � t � andQ � t � on a sphere S� t � .

radiusr � t .0� . Froma givenviewpoint �O, theperspective sil-
houetteof S� t ./� maybecomputedasfollows. Let �p denote
an arbitrary point on S� t . � , and let �Np denotethe normal
vectorof S� t ./� at �p. Then, �Np canberepresentedas

�Np 
 �p � C � t .5�
andtheperspective silhouetteof S� t .0� consistsof thepoints
whichsatisfy

� �p � �O��	 �Np 
6� �p � �O��	�� �p � C � t . �+�7
 0 �
Notice that � �x � �O�8	9� �x � C � t .5���:
 0, where �x ; IR3, repre-
sentsa spherewith center � �O � C � t . ����< 2 andradius


�O �

C � t . �

< 2. Thus,thepoint �p is embeddedin the intersection

of two spheres,andthelocusof �p formsa circle.Wedenote
this circleasQ � t .0� (seeFigure2).

Let usconsiderthesilhouettepointson thecanalsurface
as the intersectionof two circles.The silhouettepoints lie
on thesphereS� t � . All pointson thecanalsurfacethatlie on
S� t � areembeddedin thecircleK � t � , sothesilhouettepoints
areon K � t � . From the viewpoint �O, the silhouettepoint on
S� t � is embeddedin Q � t � . Thus,amongthe pointson S� t � ,
thesilhouettepointsof thecanalsurfaceconsistof theinter-
sectionbetweenK � t � andQ � t � (seeFigure3(a)).

In orderto computethe silhouettepointsby varying the

(a)

(b)

K � t0 �
Q � t0 �

K � t1 �
Q � t1 � Q � t2 �

K � t2 �

K � ti = 1 �

K � ti �

Figure 3: A silhouettecurveconsistsof K � t ��> Q � t � .

valueof t continuously, let usassumethatK � t �?> Q � t �A@
�B ,
whereti = 1 � t � ti ; andK � t �)> Q � t �7
CB , whereti = 2 � t �
ti = 1 andti � t � ti D 1. Then,for ti = 1 � t � ti , theintersection
betweenK � t � andQ � t � comprisesoneconnectedcomponent
of thesilhouette(Figure3(b)). In thiscase,for t ;FE ti = 1 � ti G ,
thecirclesK � t � andQ � t � touchat a singlepoint. Thevalue
of t at eachsuchpoint is a boundaryvalue of one of the
connectedcomponentsof thecanalsurfacesilhouette.

Therelative positionof two circlesK � t . � andQ � t . � may
beclassifiedinto threecases:i) they intersectat two points,
ii) they do not intersect,andiii) they intersecttangentially.
WhenK � t ./� andQ � t ./� intersectat two points,thesepoints
are embeddedin the silhouetteof the canalsurface (Fig-
ure 4(a)). If K � t . � and Q � t . � do not intersect,then K � t . �
doesnot containany silhouettepoints(Figure4(b)). In the
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lastcase,K � t . � andQ � t . � touchatapoint,or thetwo circles
arecoincident(Figure4(c)).

We may detectthe caseswhen K � t � and Q � t � touch by
consideringtheconeswhich containK � t � andQ � t � , respec-
tively. ThesurfacenormalsatpointsonK � t . � θ � form acone
Γ � t .0� with its vertex atC � t .0� andits axisparallelto C � � t .0� .
Thehalf-angleof Γ � t ./� , α � t .0� , satisfiesEquation(3) (please
referto Section2 andFigure1). CircleK � t . � θ � is embedded
in the sphereS� t . � with centerC � t . � andradiusr � t . � . Let
usdenotetheconewith vertex C � t ./� , andcontainingQ � t .0� ,
asΓq � t ./� . Theaxisof Γq � t .0� is parallelto �O � C � t .5� . If we
denotethehalf-angleof theconeasβ � t . � , thenthefollowing
relationis satisfied(seeFigure2):

cosβ � t ��
 r � t �
�O � C � t �

 � (7)

Thenecessaryandsufficient conditionfor K � t � andQ � t �
to have a tangentintersectionis that thetwo conesΓ � t � and
Γq � t � touch,andthisconditionis representedby theequation

γ � t ��
*%α � t ��- β � t �'% �
whereγ � t � is the anglebetweenthe axesof Γ � t � andΓq � t �
(i.e.betweenC � � t � and �O � C � t � ), and0 � γ � t �7� π (seeFig-
ure4(c)). Wecannow derive thefollowing equation:

cosγ � t ��
 cos� α � t �9- β � t �+��
 cosα � t � cosβ � t �9- sinα � t � sinβ � t �H�
UsingEquations(3), (7), andcosγ � t ��
 C � � t ��	�� �O � C � t ���

C � � t �
�
�O � C � t �


,

this equationcanbeexpandedto become:

���/�O � C � t ����	 C ��� t ��� 2 � 2r � t � r �4� t �����O � C � t ����	 C ��� t �
�

�O � C � t �


2 �

C �4� t �


2 � r ��� t � 2 �

�

C �+� t �


2r � t � 2 
 0 � (8)

Thesolutionof Equation(8) providestheboundaryvaluesof
t for eachconnectedcomponent.Comparedto thedegreeof
Equation(6), thatof Equation(8) is lower, soEquation(8)
providesthebettersolutionto find theboundaryvaluesof t.

5. Algorithm

In the algorithmPersp_Silhouette_of_Canal_Surface, we
have implementeda methodof computingperspective sil-
houetteof a givencanalsurfacepresentedin Sections3 and
4.

6. Examples

In this section,we presentsomeexamplesof computingthe
perspective silhouettesof canalsurfaces.

Helical Surfaces

We may representa helical surfaceasa canalsurfacewith
the spine curve C � t �A
I� Λcost � Λsint � kt � and the radius

(a)

(b)

(c)

α � t �
β � t �

C � t �

K � t �

Q � t �

C � � t �

�O � C � t �

C � t �

K � t �

Q � t �

C � � t �

α � t �
β � t �

�O � C � t �

C � t �

K � t �

Q � t �

C � � t �

α � t �
β � t �

�O � C � t �

Figure 4: Therelativepositionof twocirclesQ � t � andK � t � .
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6 Kim andLee/ ThePerspectiveSilhouette

Algorithm:
Persp_Silhouette_of_Canal_Surface

Input:
C � t ��
6� x � t ��� y � t ��� z� t ��� , /* spine curve */
r � t � , /* radius function */�O 
6� Ox � Oy � Oz� , /* viewpoint */

begin
/* degenerate case */
for each t . ;JE t % A � t ��
 0 and B � t ��
 0 G do
if D � t ./��
 0 then
draw a circle K � t .�� θ � , 0 � θ � 2π;

/* generic case */
T = E tmin � tmaxGLK E t %��� �O � C � t ����	 C � � t �+� 2 � 2r � t � r � � t ��� �O � C � t ����	 C � � t ��


�O � C � t �


2 �

C � � t �


2 � r � � t � 2 ���


C � � t �


2r � t � 2 
 0G ;

sort t values in T : T = E ti % 0 � i � n G ;
for i = 1 to n � 1 do begin

t .M
*� ti = 1 � ti ��< 2;
if A � t . � 2 � B � t . � 2 � D � t . � 2 N 0 then begin
for ti = 1 � t � ti, draw a curve

M � t ��� R� t ��� ca�b1 � t ��� sa �b2 � t ��� , where

ca 
 � A � t � D � t ��� B � t � � A � t � 2 � B � t � 2 � D � t � 2
A � t � 2 � B � t � 2 ,

and sa 
,�4� A � t � ca � D � t ���+< B � t � ;
for ti = 1 � t � ti, draw a curve

M � t ��� R� t ��� cb�b1 � t ��� sb �b2 � t ��� , where

cb 
 � A � t � D � t ��� B � t � � A � t � 2 � B � t � 2 � D � t � 2
A � t � 2 � B � t � 2 ,

and sb 
,�4� A � t � cb � D � t ���+< B � t � ;
end

end
end

functionr � t ��
 λ. Thecenterandradiusof eachcharacteris-
tic circle maybewrittenas

M � t ��
O� Λcost � Λsint � kt �
R� t ��
 λ

with thebasisvectors

�b1 � t ��
 � ksint �P� kcost � Λ �Q
Λ2 � k2

�b2 � t ��
O� cost � sint � 0�H�
We assumethat theviewpoint is �O 
R� Ox � Oy � Oz � . Then

the perspective silhouetteof the helical surface is repre-
sentedby theimplicit equation

A � t � cosθ � B � t � sinθ � D � t ��
 0 �

where

A � t ��
 1Q
Λ2 � k2

� Λkt � Oxksint � Oykcost � OzΛ �
B � t ��
 Λ ��� Oxcost � Oysint �
D � t ��
 λ �
The implicit equationA � t � 2 � B � t � 2 � D � t � 2 
 0, which

representstheboundaryvaluesof t for eachconnectedcom-
ponentof thesilhouette,cannow bederived:

� Λ � Oxcost � Oysint � 2
� 1

Λ2 � k2 � Λkt � Oxksint � Oykcost � OzΛ � 2 � λ2 
 0 �
Figure 5 shows an example of a perspective silhouette

computedfor a helicalsurface.

Figure 5: Theperspectivesilhouetteof a helical surface.

The Dupin Cyclide

A Dupin cylide

� x2 � y2 � z2 � µ2 � b2 � 2 � 4 � ax � cµ� 2 � 4b2y2 
 0 �
wherea2 
 b2 � c2, a � b # 0 andc � µ N 0,mayberepresented
asa canalsurfacein thefollowing form 9:

C � t ��
O� acost � bsint � 0�
r � t ��
S� ccost � µ�

Thecentertrajectoryandtheradiusof thecharacteristiccir-
clesare

M � t ��
O� acost � bsint � 0�
� csint �+� ccost � µ� �+� asint � bcost � 0�

a2 sin2 t � b2 cos2 t

R� t ��
 b �+� ccost � µ��
a2 sin2 t � b2 cos2 t

�
submittedto COMPUTERGRAPHICSForum(10/2002).
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with thebasisvectors

�b1 � t ��
O� 0 � 0 � 1�
�b2 � t ��
 � bcost � asint � 0��

a2 sin2 t � b2 cos2 t
�

With using the conditiona2 
 b2 � c2, the functionsA � t � ,
B � t � , andD � t � maythenbederived:

A � t ��
T� Oz

B � t ��
S� ab � Oxbcost � Oyasint ��< � a2 � c2cos2 t

D � t ��
S� ccost �+� b2 � µccost � Oybsint � Oxacost �
� a � µa � Oxc����<�� b � a2 � c2 cos2 t ���

To compute the values of t which correspondto the
boundaryof eachconnectedcomponent,we may use ei-
thertheequationA � t � 2 � B � t � 2 � D � t � 2 
 0 or Equation(8).
When we comparethe degreeof thesetwo equations,we
find that the degreeof A � t � 2 � B � t � 2 � D � t � 2 
 0 is 12, but
thatof Equation(8) is only 8. It is thereforeeasierto solve
Equation(8), andthisequationcanthenbeexpanded:

�4� Oxasint � Oybcost � c2 cost sint �
�4� Oxasint � Oybcost � c2 cost sint � 2µcsint �
� b2 �


�O

2 � 2Oxacost � 2Oybsint � b2 � 2µccost � µ2 �

� c2 sin2 t � c2 cos2 t � 2µccost � µ2 ��
 0 �
Figure 6 shows an example of a perspective silhouette

computedfor a Dupin cyclide.

Figure 6: Theperspectivesilhouetteof a Dupincyclide.

Other Examples

Figure 7 shows examplesof the perspective silhouetteof
three-dimensionalmodelsconsistingof canalsurfacesonly.
The degreeof the spinecurvesandradiusfunctionsof the
canalsurfacesin thesemodelsareamaximumof three.

(a)

(b)

(c)

Figure 7: Theperspectivesilhouettesof a teapot,a scoop,
andan octopus.

7. Conclusions

We have presenteda methodto computetheperspective sil-
houetteof a canalsurface.We proposeda methodto param-
eterizetheperspective silhouetteof a canalsurfaceandpre-
sentedan efficient and robust methodto find all the con-
nectedcomponentsof a silhouette.

A canalsurfaceis theenvelopeof a moving spherewith
varyingradius.We decomposeda canalsurfaceinto a setof
circles,andcomputedthe silhouettepoints on eachcircle.
To find eachconnectedcomponentof the silhouettecurve,
we utilized two circlesdefinedon the moving sphereS� t � ,
whichcontainstheperspective silhouetteasacircleandalso
a characteristiccircle of the canalsurface.The intersection
of thesetwo circlesis embeddedin the perspective silhou-
ette of the canalsurface.By computingthe valuesof t at

submittedto COMPUTERGRAPHICSForum(10/2002).
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whichthetwo circlestouch,wewereableto find all thecon-
nectedcomponentsof theperspective silhouetteof thecanal
surface.
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