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Abstract

Thispaperdescribesa new splineformulationthat sup-
ports deformationof polygonalshapesinto smoothspline
surfacemodels. Oncea polygonalshapewith underlying
rectangulartopology is specifiedby theuser, it is deformed
into a smoothsurfacethat interpolatesall the polygonal
vertices.Theusercanthenmodifythedefaultsmoothsur-
facebyincreasingor decreasingtheamountofdeformation,
eitherglobally or locally. This is accomplishedby interac-
tively controlling theshapeparameters associatedwith the
polygonalvertices. This modelingparadigmis conceptu-
ally simple, andallows

���
continuoussurfacesto beeasily

designed,evenbya noviceuser.

1. Introduction

Deformationfrom polygonalshapesto smoothsurfaces
is an attractive designtool sinceit relieves the userfrom
the burdenof having to first specifya large setof control
pointsandthenstitchingcomplex patchestogether. Thispa-
perpresentsanew interpolatingsplineformulationthatsup-
portssuchamodelingparadigm.It only requirestheuserto
manipulatequadrilateralsto designpolygonalshapeswhich
arethensmoothedor deformedby controllingtheshapepa-
rametersassociatedwith thevertices.Theresultingsurface
is

���
continuousand interpolatesthe given vertices. The

formulation allows sharpcornersto be easily introduced
withoutusingmultipleknotsor multiplecontrolpoints.

Our deformation formulation applies only to polyg-
onal shapesof rectangular topology. Cylindrical or
toroidal topology is also supportedsince they can be
tiled by rectangularpatches. The smoothingof polygo-
nal shapesis achieved by combininga network of singu-
larly reparametrizedbilinear patches[12] with a piecewise�
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smoothsurfaceto obtaina new surfacethat interpolatesall
thepolygonalvertices.In additionto notneedingto solvea
systemof equationsto achieve interpolation,this approach
hastheadvantagesof having localtensionshapeparameters
andbeing

���
continuous.

2. Related work

Barr [2] introduceddeformationoperationsfor twisting,
stretching,bendingandtaperingsurfacesarounda central
axis.His work wasfollowedby Sederberg andParry’s [13]
more generalizeddeformationtechnique,called the Free-
Form Deformation(FFD) method. The FFD methodem-
bedsthe object to be deformedin a lattice of control ver-
ticesthat definesa trivariateBéziervolume. Deformation
is done by altering the lattice and recalculatingthe new
positionsof the points of the embeddedobject basedon
theiruniqueparametervalues.Severalextendedversionsof
FFDshavesincebeenproposed,incorporatingB-splineand
NURBStrivariatevolumes[11] andallowing latticesof ar-
bitraryshapeandtopology[9]. Othermorerecentdeforma-
tion techniquescanbe found in the comprehensive survey
paperof Bechmann[4]. Noneof them,however, addresses
deformationof polygonalshapesto smoothsplinesurfaces.

In additionto purelygeometricdeformationapproaches,
there are physics-baseddeformablemodels. A physics-
basedmodelemploys elasticity theory to constructan en-
ergy functional,andcalculatesthe model’s shapedirectly
by findingaminimumto theenergy functionalor bysolving
asetof differentialequations[6, 16]. Physics-basedmodels
canmostcloselymimic the sculptingeffect and their op-
timization algorithmsautomaticallyproducefair surfaces.
However, they typically requireintensivecomputations.

To producecurvedsurfacesfrompolygonalshapes,atra-
ditional methodis to roundsharpcornersandedgesusing
parametricblendingandfilleting techniques[7, 8]. Para-
metricblendstypically join thebasesurfaceswith only

���
continuity. Another methodis to replaceeachfaceof a
polyhedronby analgebraicsurfacepatch.BajajandIhm[1]
replaceeachfaceof a triangulatedpolyhedronby a low de-
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gree(5 or 7) algebraicsurfacepatch,whichhasindependent
degreesof freedomthatprovide local shapecontrol. More
recently, subdivision techniques[5, 10, 14] have emerged
as a popularmethodfor obtainingsmoothsurfacesfrom
polygonalmeshes;this is largely dueto their elegancein
supportingmeshesof arbitrarytopologyandtheir relation-
shipwith multiresolutiontechniqueslike wavelets.

3. Singularly reparametrized line segment

A singularly reparametrized(SR) line segmentis a line
segment that possessesparametricderivative(s) equal to
zeroat eachend. It is obtainedby blendingtwo endpoints
with a singularblendingfunction[12, 15]. A function 	�

��� ,
����� ������� , is calledan � th-level singularblendingfunctionif

1. it is monotonicallyincreasingfrom 	�
�������� to 	�
 �!�"�#�
2. its first to � thderivativesareequaltozeroat �$�%� and

�&�'� ; i.e., 	)(+*-,-
��.�$�/	)(+*-,�
��!�$�0� for 12�'�)��343+34�5� .

Onepossibilityfor an � th-level singularblendingfunction
is 	 � 
����6�7�98:
 �;8�� <9= � ��<9= � . A lower degreealternative for
thesamelevel canbedevelopedasa specialcase,	 � 

��� , of
theHermitepolynomial[3]. In addition,for ourpurposeof
formulating

���
continuoussplines,wenotethatthesecond-

level singularblendingfunctionis sufficient. In thiscaseof
�>�@? , 	 � 

���6�A�98B
 �C8D� EF� E andtheHermitepolynomialis
	 � 

���G�H�!�I� E98J�FKL��M�N2OI� P . Comparing	 � 

��� with 	 � 

��� , the
latterhasa lower degreebut requiresslightly morecompu-
tation. For the remainderof this paper, we do not assume
any specific 	�
���� function, it canbe any second-or higher
level singularblendingfunction.

Using a singularblendingfunction 	�

��� , we can blend
two adjacentpointsV Q andVQ = � to produceanSRline seg-
mentLQ.

��� ; thatis,

L Q.

���$�R
 �S87	�

����� V QTNU	�

��� V Q = � ���A� ������� (1)

whichinterpolatesthetwo pointsaswell assatisfiesthefol-
lowing property

L VQ 
��.�$� L VQ 
 �F�$� L V VQ 
����$� L V VQ 
 �F�$�W�C3
4. Singular blending

Given a
���

continuouspiecewise curve (comprisinga
sequenceof curve segments),a sequenceof SR line seg-
mentscanbeblendedwith it tocreateanew piecewisecurve
thatpreservesthecontinuityof thegivencurve. Theblend-
ing introducesa parameterwhichcansimulatetheeffectof
tension. Denotingthe given piecewise curve by C 
���� and
the sequenceof SR line segmentsby LQ 

��� , XY�Z�.�[3+343+��\ ,
thenthenew piecewisecurveQ(t) is

QQ 
����$�'
��S8A]^� C Q 

���_NU] L Q 

���-� X`�a�)��343+34�5\ (2)

where�cbd]7b@� . If theSRline segmentsareverydifferent
from thegivenpiecewisecurveC Q.

��� , thentheparameter]
simply indicatestheblendingproportions;however, if they
are a linearizedapproximationof the given C 
���� , then ]
cansimulatethetensioneffect. SincebothC 
���� andL Q.
���� ,
Xe�>�)�[3+3+34�5\ , are

���
continuous,thusthe curve Q 

��� must

alsobe
���

.
Fig. 1(a) illustratestheconceptof singularblendingby

blendinga polygon P � � P � � P E � P M with a smoothingunit
circle C 

��� . In this case,the edgesof the polygonarede-
finedasSRline segmentsasspecifiedin Eqn.(1)for L Q.
���� ,
X`�'�)�[3+3+34�5f , whereV gh� P g , i&�j�.�[3+343+��f , andthesmoothing
circle is definedby

CQ.
����$�'
�k�l�m ?Ln$
+X�8d�TN7���
f �5m5o4p ?In$
4Xq8Y�TNH���

f �
�U�r� �C�[���s�tXR�u�.�[3+343+��f . By blendingthe polygon with
thecircle usingEqn.(2),we obtaina

���
continuousclosed

curve Q 

��� which can be interpretedas a deformedor
smoothedversionof thepolygon.

WhenthesmoothingcurveC 

��� doesnot interpolatethe
verticesof thepolygon,asis thecasein thisexample,there-
sultingcurveQ 

��� maybearlittle resemblanceto thepolyg-
onalshapefor low valuesof ] , whichcouldbeundesirable.
However, thereis noreasonto restricttheSRline segments
to bethepolygonedges.Instead,wewill usethefollowing
moregeneralapproach.We will determinea new sequence
of SRline segmentsLQ 

��� , Xc�j�)��343+3+��\ suchthatwhenthey
are blendedwith the smoothingcurve C 

��� , the resulting
curveQ 
���� will interpolatethepolygonvertices.

This is shown in Fig. 1(b). Given thesmoothingcircle
C 

��� , and the polygon P � � P � � P E � P M , we can find a new
sequenceof SR line segmentsLQ 
���� , Xj�v�)�[3+3+34�5\ which
whenblendedwith thesmoothingcircleproducesthecurve
Q 

��� thatinterpolatesthepolygonvertices.

This approachcanbeextendedto smoothingpolygonal
surfaces.Thesmoothedsurfacewill interpolatethepolygon
verticesand is thusguaranteedto resemblethe polygonal
shapes.

This is the centralideaof our approach.The userfirst
sketchesthe polygonal outline of the object to be mod-
eledin termsof nonplanarquadrilateralswithout regardto
smoothnessof the surface. The resultingsmoothsurface
is guaranteedto interpolateall the polygonvertices. This
providesan intuitive modelingapproachfor the user, and
shouldbeespeciallyappropriatefor novice designers.Our
modelingsysteminitializesthe ] valueto a reasonablede-
fault value,suchas0.5. Theusercanthenmodify thede-
fault smoothsurfaceby varying the ] value. To provide
further and more precisecontrol over the shape,we also
provide local tensionparameters.This is describedin the
next section.
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Figure 1. Blending a pol ygon with a smoothing cir cle.

5. Smoothing closed polygon

In the previoussection,we gave an exampleof usinga
unit circle to smoothaclosedpolygon.For thetechniqueto
beausefulmodelingtool, it mustbeimprovedin two ways.

First, to enablethe userto adjustthe tensionlocally at
eachjoint, we needto generalizethe constant] value in
Eqn.(2) to a function of � . To provide local deformation
control,weassigna local tensionparameter]&wQ to eachver-
tex P Q , X7�x�)�[3+3+34�5\ andtheninterpolatethesetensionpa-
rametersusingthesingularblendingfunction:

]�Q.

���y�R
 �S87	�

������] wQ NY	.
���� ] wQ = � X`�a�)�[3+3+34�5\&3 (3)

By replacingtheconstant] valuein Eqn.(2)by thetension
function ]zQ.
���� , we obtaina locally deformablecurve Q 
����
asfollows:

Q Q 

���y�'
 �z8{]zQ)

���5� C Q.
����INB]�Q)

��� L Q.

���|X`�'�)��343+3+��\&3 (4)

Second, we need to generalizethe unit circle to a
smoothingclosedcurve that is independentof the coordi-
natesystemandresemblesthepolygonalshape.Wewill use
a B-splineto definethesmoothingcurvesincetheB-spline
hasmany desirablegeometricandcomputationalproperties.

Let } P � �[3+343+� P ~;� betheverticesof a given \ -sidedpoly-
gon and }!]&w� �[3+343+�5]&w~ � be the set of correspondingtension
parameters.Ourapproachfirst obtainsacloseduniformcu-
bic B-splinecurveC Q.

��� whichapproximatesthegivenver-
tices.To producetheclosedcurve,threeadditionalvertices
P � , P ~ = � , andP ~ = � areintroduced,where

P ��� P ~ P ~ = � � P � P ~ = � � P � 3
Using P Q , X�������343+34�5\�N/? asthe control pointsof the B-
splinecurve,weobtain

C Q 

���)�:� � 

��� P Q�� � N�� � 
���� PQ N�� � 

��� P Q = � N�� E 
���� PQ = � (5)

where X/���.�[3+343+��\ and � g 

��� , i������[3+3+34��� are the cubic
uniformB-splinebasisfunctions[3].

Let } V � ��343+34� V ~G� denotetheunknown pointsthatdefine
thesequenceof SRline segmentsL Q.
���� , X����.�[3+343+��\ to be
blendedwith theB-splinecurveobtained.TheSRline seg-
mentsthat are determinedmust be suchthat the blended
curve Q 

��� in Eqn.(4) interpolatesthe polygon vertices.
Thatis, we imposethefollowing \ constraints:

PQ � QQ 
��.� X`�'�)�[3+3+34�5\&3
Substitutingfor QQ 
��.� from Eqn(4),

PQ �a
��t8A] Q 
������ C Q 
��.�hNH] Q 
���� LQ 
���� X`�'�)�[3+3+34�5\&3
Substitutingfor ]zQ.
��.� from Eqn.(3) and for LQ.
��.� from
Eqn.(1)yields

PQ��R
 �S8�] wQ � C Q.
��.�hNH] wQ VQ X`�'�)��343+3+��\&3
Due to the linearity of the SR line segments,the points
definingthemareindependentof eachotherandhencecan
bedeterminedby simplecomputation.SolvingEqn.(5)for
V Q yields:

VQ#� PQTN �S8A]&wQ
] wQ 
 P QS8 CQ.
��.�5� X`�j�.�[3+343+��\&3

Notethatthegeometricinterpretationof thisequationis that
when ]^wQ ��� , thenVQ�� P Q , andas ]&wQ decreasesto 0,
V Q movesaway from P Q . When ]&wQ ��� , V Q is at infinity,
implying no suitableSR line segmentscanbe found. We
thereforerestrictthevalueof ]&wQ to bein therange
��C�[�[� .

SinceLQ 

��� , CQ 
���� , and ] Q 
���� areall
���

continuous,the
resultingcurve in Eqn.(4)is clearly

���
continuous.Differ-

entiatingEqn.(4),we notethat the endtangentsarein the
samedirectionsas thosein the B-splinecounterpart,with
themagnitudesscaledby �S8�]^wQ ; thatis,

Q VQ�� � 
 �F�$�'
��S8A] wQ � C VQ�� � 
��!� andQ VQ 
��.�$�R
 �S8�] wQ � C VQ 
����



andsinceC VQ�� � 
 �F�$� C VQ 
��.� , wehaveQ VQ�� � 
 �F�$� Q VQ 
��.� .
When ]&wQ approaches� , thecorrespondingSR line seg-

mentsthataredeterminedarecloseto thegivenpolygon.In
addition,sincethecontribution of theSR line segmentsto
thecurveQ 

��� is largeras ]&wQ approachesunity, theresulting
curvesegmentsincreasinglyresembletheSRline segments
andhencearemoretensed.In thecasewhen ] wQ �'� for all
X , weobtainthegivenpolygon.

Fig. 2 showstheeffectsof decreasingthetensionparam-
etersgloballyfrom 1 to 0.1. It illustratesthedeformationof
a squareto rounderclosedcurves.To illustratethelocalef-
fect of tensionparameters,Fig. 3 shows the samesquare
with all verticeshaving ]^wQ �0�C3 K exceptfor thelower right
onewherethe local tensionparameterdecreasesfrom 1 to
0.25.

6 Smoothing open polygon

In theprevioussection,we have assumedthat thegiven
vertices } P � ��343+34� P ~;� form a closedpolygon. For the case
wheretheseverticesform an openpolygon, the polygon
must be smoothedby an openB-spline curve. Sincethe
polygonhas \U8'� segments,to obtain the samenumber
of segmentsin the openuniform cubicB-splinecurve, we
introducetwo phantomvertices� � , � ~ = � where

���#�/?I� � 8�� � and �D~ = � �0?)�D~q8��D~6� � 3
ThephantomverticesarechosensothattheB-splinecurve� Q.
���� , Xe�>�)��343+34�5\�8/� interpolatesthe endpoints� � and
�D~ [3]. Theinterpolationconstraintsimposedon ��

��� then
become

� Q �@� Q 
��.���"X`�a�)��343+34�5\:8d� and � ~ �0� ~6� � 
 �F�-3
Thus, the verticesof the SR line segmentscan be solved
from

� � �a� � � ~2�0�D~
� Q � PQ N �S8A]&wQ

] wQ 
 PQ 8 CQ 
��.�5� Xc�W?���343+3+��\�8Y�.3

7. Singularly reparametrized bilinear patch

Next, we will generalizethe above idea from curve
to surface design. We first introduce the singularly
reparametrized(SR)bilinear patch, which is geometrically
equivalenttoabilinearsurfacebuthasvanishingendderiva-
tives. That is, anSRbilinearpatchis definedby four ver-
tices } V g�� Q)� V g�� Q = � � V g = � � Q�� V g = � � Q = � � :
L g�� Q.

�������t��
 �C8q	�
��G�5��
 �98q	�

����� V g�� Q6N�
 �C8q	�
��G�5��	�

��� V g�� Q = �Nz	�
��G�[
 �C8q	�
��6�5� V g = � � Q N{	�

�z��	�

��� V g = � � Q = � (6)

DifferentiatingL g�� Q.

������� in Eqn.(6) and evaluatingat
�a��� , �'��� , �W��� , and �%��� , yields the following
singularproperties:�� 

L g�� Q 
��C������� �6 
L g
� Q 
��)������� �6¡

L g�� Q 

���5����� �6¡
L g�� Q 

���[�!�"������ � 

L g�� Q 
��C������� � � 
L g
� Q 
��)������� � �¡

L g
� Q 
��h���.�"� � �¡
L g�� Q 

���[�!�"������ � F¡

L g�� Q.
��C������� � � F¡
L g
� Q�
��)�5�6�"� � � F¡

L g�� Q.

���5����� � � F¡
L g
� Q�
��h���!�"����3

8. Smoothing polygonal surfaces

We now apply the idea to the smoothingof polygo-
nal surfaces,in particularquadrilaterals.Let } P g
� QU¢�i2�
�)�[3+3+34�5�e£{Xr� �.�[3+343+��\^� be a network of vertices. Let
}!]&wg
� Q ¢�iy�'�.�[3+343+���A£zX{�¤�.�[3+343+��\^� bethecorrespondingset
of tensionparameters,where ��¥�]^wg�� Q b�� . The network
canhavearectangular, cylindrical, or toroidaltopology.

First,weassumethatthenetwork hasacylindrical topol-
ogy, wherei is theindex in thecloseddirectionand X is the
index in theopen-endeddirection. That is, thenetwork of
verticeshas��¦A
�\:8d�!� quadrilaterals.

To obtaina B-splinesurfaceS g�� Q.

������� , iT�§�.�[3+343+��� and
X`�'�)�[3+3+34�5\�8�� , from thenetwork of vertices,wefirst intro-
ducesomeadditionalpointsasin thecaseof curves.Analo-
gousto handlingopencurves,weaddtwo rowsof phantom
vertices����� Q and � <¨= � � Q whereX`�j�.�[3+343+��\ ; thatis,

���[� Q#�/?I� � � Q¨8�� � � Q and � <¨= � � Q��/?I� < � QS8A� < � � � Q
X:���.�[3+343+��\ . Analogousto handlingclosedcurves,we add
threerowsof verticesto wraparoundtheendvertices

� g
� � �%� g�� ~ � g
� ~ = � �W� g�� � � g�� ~ = � �W� g�� �
i^�%�C�[3+343+����N%� . TheB-splinesurfaceis then

© g�� Q 

�������y� Eª
«�¬ �

Eª
­ ¬ � � « 

�z� � ­ 

��� � g = « � � � Q = ­ � � (7)

i$�¤�.�[3+343+���A£zX{�¤�.�[3+343+��\�8®� . Let ¯yg�� Q�

������� , iy�¤�)��343+34�5� ,
Xj�v�.�[3+343+��\H8¤� be the unknown SR bilinear patchesto
beblendedwith theB-splinesurface.Theblendedsmooth
surfaceis givenby

Q g
� Q 
��h�5�6�$�R
 �.8t] g�� Q 

��������� S g
� Q 
��h�5�6��N�] g�� Q 

������� L g
� Q 
��h�5�6�
(8)

where

] g�� Q 

�������y�'
 �C8q	�
��G�5��
 �98q	�

����� ] wg�� Q N�
��C8q	�

�z���5	�

��� ] wg
� Q = �N�	�

�z��
��C8q	�

������] wg = � � Q N{	�

�z��	�

��� ] wg = � � Q = � (9)

i^�j�.�[3+343+���A£;Xc�a�.�[3+343+��\�8d� .
To find the points } V g�� Q ¢yi{�Z�.�[3+343+���A£TX®�°�.�[3+343+��\^�

thatdefinetheSRbilinearpatches,we imposea setof con-
straintson Q 
��h�5�6� to interpolatethepolygonalvertices:

�Dg
� Q`�R�Bg
� Q.
������.� i^�j�.�[3+343+���A£;Xc�a�.�[3+343+��\�8d�)�
� g
� ~ �R� g
� ~�� � 
������!� i��'�)��343+34�5�e3



Figure 2. Decreasing the tension parameter s globall y from 1, 0.75, 0.5, 0.25 to 0.1.

Figure 3. Decreasing the tension parameter locall y (at the lower right ver tex) from 1, 0.75, 0.5 to 0.25.
All the other ver tices have ±�²³�´¶µ_·¹¸ .

Substitutingfor �Bg
� Q.
����5��� and �Bg
� ~�� � 
������!� from Eqn.(8),
wehave

� g�� Q �º
 �S8�] g
� Q 
����5����� S g
� Q 
������.��NU] g�� Q 
��C�5��� L g�� Q 
������.�
i^�j�.�[3+343+���A£;Xc�a�.�[3+343+��\�8d�)�

�Dg�� ~»�º
 �S8�]�g
� ~6� � 
������!��� S g�� ~6� � 
������!�
N�]hg�� ~6� � 
��C�[�!� L g
� ~�� � 
������!� i^�'�)��343+3+���A3

Substitutingfor ] g
� Q 
������.� and ] g�� ~6� � 
������!� from Eqn.(9)
andfor ¯ g�� Q 
����5��� and ¯ g
� ~�� � 
������!� from Eqn.(6),wehave

�Dg
� Q¼� 
��S8A] wg�� Q � S g�� Q.
��C�5����NH] wg
� Q V g
� Q
i&�a�.�[3+343+���A£;Xc�j�)��343+3+��\�8Y�.�

�Dg
� ~ � 
��S8A] wg�� ~ � S g�� ~6� � 
����[�F��NH] wg�� ~ V g
� ~
i&�a�.�[3+343+���A3 (10)

Substituing
© g
� � 
��C�5���^�0� g�� � and

© g�� ~6� � 
��C�[�!�&�0� g
� ~ , i^�
�.�[3+343+��� , andsimplifying yields

� g�� � �%�Dg�� � � g�� ~{�0�Dg�� ~ i��'�)��343+34�5�e3
TheremainingV g
� Q canbesolvedfrom Eqn.(10)asfollows:

V g
� Q#� P g�� Q�N �S8�]&wg
� Q
] wg�� Q 
 P g
� Qt8 S g�� Q.
������.�5�

i��½�.�[3+343+���A£�Xj��?��[3+343+��\U8'� . Note that the equations
for computingV g�� Q arevery simple. Thecomputationthat
is neededis muchsimplerthanmany surfaceinterpolation
approacheswhich requiresolvinga systemof linearequa-
tions.

We have assumeda cylindrical topology; the caseof a
rectangulartopologycanbehandledin asimilarway. Since
both the � and � parametricdirectionsareopen-ended,we
addtwo rows of phantomverticesin both directions. The
pointsdefiningthe 

�¾8%�!�t¦H

\�8%�!� SRbilinearpatches
are
� g�� � �a�Dg�� � � g�� ~2�0�Dg�� ~ i^�a�)��343+34�5�e�� � � Q`�a� � � Q �

< � Q#�W� < � Q Xc�j�)��343+3+��\&�
V g
� Q � P g�� Q N �S8�]&wg
� Q

] wg�� Q 
 P g
� Q 8 S g�� Q 
������.�5�
i&�0?��[3+343+���º8d�)£zX`�0?��[3+3+34�5\:8d�)3

9. Results

To illustrate the proposedmodelingparadigm,we will
now show how a vasecanbemodeledusingour prototype
system.Theuserfirst specifiesapolygonalshape,asshown
in Fig. 4(a).Oursystemthenusestheseverticesto definea
smoothB-splinesurface,which is shown in Fig. 4(b). This
B-spline surfaceonly approximatesthe polygonalshape.
Next, thesystemassumesaglobaltensionvalueof ] = 0.5,
anddeterminesa setof SR bilinear patches(Fig. 4(c)) to
beblendedwith theB-splinesurfaceto producethesmooth
vaseshown in Fig. 4(d). Thissmoothsurfaceis

���
continu-

ousandinterpolatesall thegivenvertices(theblacksquares
shown in thefigure).

Fig. 5 and6 show somepossiblewaysof modifying the
default shape( ] = 0.5) generatedby thesystem.The left-
mostvasein all thesefiguresis the default shape.Fig. 5



(a) (b) (c) (d)

Figure 4. A user -input pol ygonal shape (a), then the B-spline surface (b) and the SR bilinear patc hes
(c) are blended tog ether using ± ´½µ_·¹¸ to generate vase (d). The black squares in (d) indicate the
pol ygonal ver tices in (a).

shows theeffectsof changingthetensionparametersglob-
ally; the vasecan be madeto have sharpercorners(Fig.
5(a)) or be rounder(Fig. 5(b)). The usercanalsomodify
the vaselocally. Fig. 6 shows the effectsof varying the
tensionparametersof thoseverticesin thethird row.

10. Conclusion

Wehavepresentedanew splineformulationfor deform-
ing polygonalshapesto smoothsurfaces.It is conceptually
simpleandeasytouseevenfor noviceusers.Theuserneeds
only to specifya polygonalshapeand then the modeling
systemwill generatea default smoothsurfaceinterpolating
all thepolygonalvertices.Theusercanthenmodify thede-
faultsmoothsurface,eithergloballyor locally, by changing
the local tensionparameters.The methodis computation-
ally simple,andguarantees

���
continuity. Theusefulness

of this new modelingparadigmhasbeendemonstratedby
severalmodelingexamples.
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(a) Increasingthetensionparameterglobally from 0.5(left), 0.75(center)to 1 (right).

(b) Decreasingthetensionparameterglobally from 0.5(left), 0.35(center)to 0.25(right).

Figure 5. Star ting from the default shape ( ± ´¶µ_·¹¸ ), the vase can be modified to become either more
tensed (a) or rounder (b).

(a)Thetensionparametersof thethird row of verticesareincreasedfrom 0.5(left), 0.75(center)to 1 (right).

(b) Thetensionparameterof thethird row of verticesaredecreasedfrom 0.5(left), 0.35(center)to 0.25(right).

Figure 6. Star ting from the default shape ( ± ´Áµ�·�¸ ), the lower par t of the vase can be modified to
become either more tensed (a) or rounder (b).


