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Abstract

TherecentlydevelopedDoublyLinkedFaceList (DLFL)
structueintroducesa powerfulmodelingparadigmthatal-
lowsusessto alternativelyapplytopolagical change opera-
tionsand subdivisionoperationson meshstructue. More-
over, the DLFL is topolagically robustin the sensethat it
alwaysguaranteesvalid 2-manifoldsurfaces|in this paper
we further studythe relationshipbetweerDLFL structue
and subdivisionalgorithms. The paper has three contri-
butions. First, we developa new corner cutting scheme
which providesa tensionparameterto contmol the shapeof
subdividedsurface Secondwe developa careful and ef -
cientalgorithmfor our cornercuttingschemeonthe DLFL
structue that usesonly the basic opemations provided by
the DLFL structue. Thisimplementatiorensuesthat our
new corner cutting schemepreservesopolagical robust-
ness. The compaative study showsthat the corner cut-
ting schemesreatebetterhandlesand holesthan Catmull-
Clark stcheme

1. Intr oduction

We have recentlyintroduceda new datastructureDou-
bly Linked FaceList (DLFL), which guaranteetpological
consisteng andpravidestopologicalchange$l, 8]. By us-
ing DLFL, it is easyto changethe topology of polygonal
meshes.The topologicalchangesve demonstraténclude
openingand closing holes, creatingand deletinghandles,
connectingtwo disjoint meshesinto one, and separating
one meshinto two disconnectednes. Thesetopological
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changesresimply doneby insertingor deletingedgedo a
polygonalmesh.During theseoperationswe alsoguaran-
teethatpolygonalmeshesemainvalid 2-manifolds.

Our operationsare also subdvision friendly, i.e., sub-
division operationanalways smoothout the mesheb-
tainedby our operations. We have recentlyimplemented
Catmull-Clark subdvision algorithm [7] over the DLFL
structurg2]. By usingCatmull-Clarksubdvision, we have
improvedthequality of handlesandholes.Ourresultshovs
thatour approachs notonly suitablefor modelinginitial 2-
manifoldpolygonalmesheshut alsousefulfor changinghe
topologyof a 2-manifoldpolygonalmeshthatis smoothed
by subdvisionoperationsSincesubdvision operationsare
essentiafor theimprovementof the quality of meshesper
forming the topologicalchangeoperationsandthe subdvi-
sionoperationglternatvely providesa powerful interactve
shapemodelingapproactihatsupports hierarchyof topol-
ogy changesndqualityimprovementsatdifferentlevelsof
details.

In this work, we further studythe relationshipbetween
theDLFL structureandsubdvisionalgorithms.We rst de-
velopanew cornercuttingalgorithmandimplementt over
the DLFL structure.The new algorithmis similar to Doo-
Sabinsubdvision schemeandhave the propertythatusers
cancontroltheshapeof subdvidedsurfacevia aparameter
This parameteis independentf the valenceof the faces
(thevalenceof afaceis thenumberof sidesof theface).

A challengingssuein theimplementatiorof cornercut-
ting algorithmsis that the new meshresultedfrom a cor-
ner cutting algorithmis entirely disjoint from the original
mesh. Therefore the topologically robust operationgro-
videdby the DLFL structure suchasedgeinsertandedge
delete arenotdirectlyapplicablen theimplementationOn
the otherhand,usingoperationsot provided by the DLFL
structuremightintroducetopologicalinconsisteng. We de-
velopa new algorithmin usingthe operationgrovided by
the DLFL structure sothatthe subdvision schemedased
on cornercutting canbe directly implementedusing only
operationgrovided by the DLFL structure. Most impor-
tantly, this implementationapproachguaranteeshe topo-
logical robustnesof our subdvision algorithmsbasedon



cornercuttingschemes.

Finally, we compareour new subdvisionalgorithmwith
other subdvision algorithmsimplementedon the DLFL
structure,and shav thatthe new cornercutting algorithm
improvesthe quality of handlesandholescreatedy topol-
ogy changeoperation®nthe DLFL structure.

2. Background and Moti vations

Subdvision algorithmsrequirethat the local topologi-
calregionsmustcorrespondo simpledisks(topologically).
This implies that underlyingstructuremust be a valid 2-
manifold. Sincethequality andtopologyof thesmoothsur
faceresultingfrom subdvision dependgreatlyon theini-
tial controlmesh theoreticabhssurancef the quality of ini-
tial controlmeshess extremelyimportant.In otherwords,
the processof obtainingthe initial control meshmustbe
robustandguarantee valid 2-manifoldstructure Unfortu-
nately setoperationswhich arethe mostcommonlyused
operationan meshmodeling, canresultin non-manifold
surfaces. Moreover, the existing data structuresin mesh
modelingarespeci cally developedin suchaway thatthey
canrepresenton-manifoldsurfacesresultingfrom the set
operations. In particulay they do not guaranteevalid 2-
manifoldsurfaces Becausef thisfundamentaproblem,n
the procesf obtainingtheinitial controlmesh,unwanted
artifactscanbe generatedTheseartifactsincludewrongly-
oriented polygons, intersectingor overlappingpolygons,
missingpolygonscracksandT-junctions.Therehave been
recentresearclefforts to correcttheseartifacts[3, 26).

One of the oldestformalized data structuresthat sup-
ports manifold surfacesis the winged-ed@ representation
[5]. Baumgartalso suggestedisinga winged-edgestruc-
ture and Euler operatordn orderto obtaincoordinatefree
operations[6]. Winged-edgedata structuressupport 2-
manifold surfaces,and starting from a valid 2-manifold
meshwinged-edgereateonly valid 2-manifoldswith Eu-
ler operators. However, winged-edgestructurescan also
accepton-manifoldsurfaced5, 30]. GuibasandStol in-
troducedthe quad-edg datastructureandtwo topological
operatorsmake-edgeand splice [17]. Like winged-edge
structure, quad-edgestructure createsvalid 2-manifolds
with make-edgeandspliceoperationsf it startsfrom avalid
2-manifold. Unfortunately quad-edgelatastructurescan
still supportnon-manifoldsurfaces.

When using set operations,resulting solids can have
non-manifoldboundarieg19, 2Q]. It is worthwhileto note
thatalthoughthe datastructuressuchaswinged-edgecan
handlesomenon-manifoldsurfaces,they actuallycompli-
cate the algorithmsfor solid modeling[20, 25]. There-
fore, it is interestingto note that data structuresthat can
supporta wider rangeof non-manifoldsurfaceshave been
investigated.Examplesof suchwork are Weiler's radial-

edge structurg31], Karasicks staredge structurg24], and
Vanecelks edge-basediatastructurg29].

We proposeto returnbackto the basicconceptof co-
ordinatefree operationsover 2-manifold surfacesby ig-
noring set-operations. Similar to our approach,instead
of setoperations,the usageof Morse operatorsthat de-
scribethechange®f cross-sectionaontoursatcritical sec-
tions(peakspassesndpits) hasrecentlybeeninvestigated
[28, 15. We usetopologicalgraphoperationswvhich are
similar to Euler's operationsand basedon graphembed-
dings. The biggestadvantageof our operationss thatthey
areextremelysimpleandalwaysguarante¢opologicalcon-
sisteng. Only two operationsinsertedge andDeleteedgg,
areenoughto changehetopology andtheseoperationsare
very ef cient whenimplementedproperly The ef ciency
of theseoperationds dueto our recentlydevelopedstruc-
tureDoublyLinkedFaceList (DLFL) [1, 8].

The DLFL structureis basedon the classicaltheory of
graphrotation systemg11]. Extensve researcthasbeen
donein the study of graph rotation systems. The most
remarkableresult is that graph rotation systemsprovide
necessarand sufcient conditionsin representingalid 2-
manifolds.Our DLFL structureis anef cient implementa-
tion of graphrotationsystems.Therefore, DLFL not only
supportef cient computation®n 2-manifolds but alsoal-
waysguaranteetpologicalconsisteny, i.e. it alwaysgives
avalid 2-manifold.

For completenessye give in the following precisede-
scription of the theory of graphrotation systemsand the
DLFL structure.

De nition Let beagraph. A rotationatavertex of
is a cyclic permutationof the edge-endsncidenton

A rotation systemof  is a list of rotations,one for each

vertex of

Given a rotationsystemof a graph , to eachoriented
edge in  oneassignghe orientededge such
thatvertex is theimmediatesuccessoof vertex in the
rotationatvertex . Theresultis apermutatioronthesetof
orientededgesthatis, on the setin which eachundirected
edgeappeardwice, oncewith eachpossibledirection. In
eachedge-orbiunderthis permutationthe consecutie ori-
entededgedine up headto tail, from whichit follows that
they form a directedcycle in the graph. If thereare ori-
entededgesn anorbit,thenan -sidedpolygoncanbe tted
into it. Fitting a polygonto every suchedge-orbitesultsin
polygonson both sidesof eachedge,and collectively the
polygonsform a 2-manifold. It hasbeenproven[11, 16]
that every graphrotationsystemcorrespondso a valid 2-
manifold, constructedusing the methoddescribedabove,
andevery 2-manifoldcanbe givenby a graphrotationsys-
tem. In particulay it meansthat a graphrotation system



alwaysrepresents valid 2-manifoldstructure.
Figurel shavs a graphdrawn in arotationsystem.(the

Figure 1. A graph drawn in rotation system.

cyclic edge-endbrderingof the rotation at eachvertex is
shavn in counterclockwiseorderingin the gure.) Fig-
ure2 shavstheembeddingf the graphG onthetoruscor-
respondingdo therotationsystemn Figurel.

Figure 2. The embedding of graph G corre-
sponding to the rotation system in Figure 1.

De nition  Let be rotation systemof the graph
that representsan embeddingof the graph
on a 2-manifoldsurface . Let be the setof faces
of the embedding. A doublylinked face list (DLFL) for
the embedding is a triple , Where
thefacelist  consistsof a setof sequencesgachis
given by a balancedree and correspondso the boundary
walk of a facein the embedding The roots of
the balancedtrees are connectedby a circular doubly
linked list. The vertex array  has items. Each
is a linked list of pointersto the vertex nodesof

in the balancedtreesin The edgearray has
items.Each is doublylinkedto the rst vertex nodesof

thetwo edgesidesof theedge inthebalancedreesin

Figure3 givestheillustrationof the DLFL datastructure
for atetrahedrorfonly partof the structureis shavn).
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Figure 3. An illustration of a (partial) DLFL
data structure for a tetrahedr on.

Sincethe DLFL structureis an implementationof the
graphrotationsystemsandgraphrotationsystemsalways
guarantegopologicalconsisteng (i.e., alwaysgive valid 2-
manifold structures)the DLFL structureis topologically
robust. Moreover, the two topology changeoperationson
graphrotation systemsedgeinsertand edgedelete,have
beenefciently andeffectively implementedn the DLFL
structure[1, 2]. Thereforewhena graphicsmeshstructure
is givenontheDLFL structurewe cancornvenientlychange
thetopologyof the meshstructureusingthe operations.

3. Handle Impr ovementwith Subdivision:
Vertex Insertion vs. Corner Cutting

Considerin moredetailthe procesof insertinganedge
to agraphrotationsystemyepresentedly the DLFL struc-
ture. Let therebe two differentfacesof a meshthatis rep-
resentedy the DLFL structure.Basedon therotationsys-
tem, ary edgeinsertedby connectinghesetwo facescon-
vertstheminto a singleface. If thesetwo facesbelongto
two disconnecte@-manifold shapesafter the insertedge
operationthesetwo 2-manifold shapesdecomeconnected
by the new insertededge. If the facesbelongto the same
2-manifold,theedgeinsertoperatiorincreaseshe genusof
the2-manifoldby one,i.e.,ahandleor aholeis added.

In all thesecasesa new facecreatedby the edgeinsert
operations, in fact,ahandleasshown in Figure4. We call
thistypeof facea “face-handle”. It is noteasyto visualize
thisface-handle-it is a bit strangdooking. We noticethat
subdvision operationscan smooththis polygonand make
thestructureof thehandlebecomepparenasshavnin the
last gure in Figure4.
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Figure 4. Handle becomes apparent after sub-
division operations.

Theexisting subdvisionschemesanbeclassi edbased
on threecriteria [33, 34]: (1) the type of re nementrule
(e.g.vertex insertionor cornercutting) (2) thetype of gen-
eratedmesh(e.g. triangularor quadrilateral)(3) whether
theschemas approximatingor interpolating.We obsened
that, for theimprovementof face-handlegyiangularor in-
terpolatingschemearenotappropriatehoices.Thisobser
vationlimited our choicesto approximatingand quadrilat-
eralschemesWe have earlierimplementedCatmull-Clark
subdvision algorithm|[7], which is a vertex insertion,ap-
proximatingandquadrilaterakchemepn the DLFL struc-
ture [2]. Basedon this implementationwe have demon-
stratechow the DLFL structuresupportsef ciently andef-
fectively thealternatve performancesf topologicalchange
operationsand subdvision operations. In particular we
shaved how a handlecanbe addedto a cup basedon the
system(seg[2] for details).

Onefeaturethatis notcompletelysatisactoryis thatthe
constructiorof the handlebasedon a vertex insertionsub-
division operationincludesan extraordinaryvertex with a
high valence.(The “valence”of a vertex is the numberof
edgesncidentonthevertex.) This extraordinaryvertex oc-
cursatthe middle of the handleasshavn in Figure4. The
valenceof the extraordinaryvertex on a handleis at least

. Theresultingsurfacedoesnot alwayslook smoothnear
this extraordinaryvertex becauseof the unusualstructure
aroundthis extraordinaryvertex asshavn in Figure5.

It is possibleto remove this phenomenorandavoid high
valenceverticessimply by insertingnew edgeslf asecond
edgeis insertedto connectary two verticesof the face-
handle,the nenv edge separateshe face-handldnto two
faceswithout changingthe topology of the mesh. By in-
sertingnew edgesthe quality of handlecanbe improved
further. In our earlierwork, we have improvedthe quality
of thehandleshy insertingnew edges.

In the following, we shav that the quality of face-
handlescan be further improved by using corner cutting
schemes.Cornercutting schemeslo not createadditional

Figure 5. Examples of surfaces that do not
look smooth near extraor dinary vertices.

extraordinaryvertices. Under a corner cutting scheme,
theface-handleventuallybecomes high-valencedlanar
facewhichisapartof = smoothhandle After afew num-

berof iteration,this high-valencedacedoesnot createary

visualdistractionsinceit becomesalmostplanar

3.1 Corner Cutting Schemes

The re nementrulesfor a generalcornercutting algo-
rithm areasfollows:

Step 1 : For each vertex of a face
of the mesh,createa new
vertex . Computethe positionof thenew vertex as
1)
where arereal coefcients describedy the cor-

nercuttingscemeand is thevalenceof theface.

Step?2 : For eachface,creatanew faceby connecting
all thenew pointsthathave beengenerateéh thatface;

Step 3 : For eachvertex, connectall the new points
that have beengeneratedor that vertex (in all faces
whoseboundarycontainghevertex);

Step 4 : For eachedge,connectthe four new points
thathave beengeneratedor thetwo endsof theedge.

Step5: Removeall old verticesandedges.



Forary subdvisionschemaisingapproximationtheco-
efcients in stepl in theabove algorithmmustsatisfy
thefollowing conditions(we assumehatthevertex indices
aregivenin theorderof afacetraversing):

1. forall and 'sand

2. forall 's

Theseconditionsguaranteecorvergenceof the algorithm
andprovide  continuityandaf ne invarianceproperties.

3.2 Doo-SabinAlgorithm

For example,in the well-known Doo-Sabinsubdvision
schemethecoefcients in equation(1) arecomputed
usingthefollowing formulas:

- — if

otherwise

It is easyto verify thatin Doo-Sabinscheme eachcoef-
cient is alwaysgreaterthanzeroandthe coefcients add
upto . By usingFourieranalysis Doo-Sabinshovedthat
this schemehasthreedistincteigervalues . One
eigervectorhasthe eigervalue , two eigervectorscorre-
spondto eigervalue and the rest of the eigervectors
correspondo the smallesteigervalue . This structure
of eigervaluesof Doo-Sabinschemeguaranteeshat the
schemeprovidestangentplanecontinuity[10].

3.3 A NewCorner Cutting Algorithm with Tension

Ournew cornercuttingschemas inspiredby Doo-Sabin
algorithm. Let vertex indicesin a facebe given by a ro-
tation order, we usethe following formulato computethe
coefcients 'sto computethe positionof

if

otherwise

(2)

where

In theseequationsparameter in equation(2) is provided
by usersandit is usedasatensionparametef4]. Thenew
algorithm gives subdvision rulesfor generatingquadratic
B-splinetensorproductsurfacesfor and
Note that, in our casethe coefcients add up to
eachcoefcient is greatetthanzero.

and if

By using Fourier analysis,similar to Doo-Sabin$ ap-
proach,we canshawv that the new schemealso hasthree
distincteigervalues

andif thenregardlesof thevalueof thesequence
is strickly decreasing.Similar to Doo-Sabinschemepnly
oneeigervectorcorrespond$o eigervalue , two eigervec-
torscorrespondo thesecondargesteigervalueandtherest
of the eigervectorscorrespondo the smallesteigervalue.
Thisresultdemonstratethatour schemealsoprovidestan-
gentplanecontinuity.

There also exists a lower limit over the value of
To have positive eigervalues,for a triangularface. (i.e.,

) mustbe larger than (Note thatin triangle
casethethird eigervaluewill notexist.) For aquadrilateral
face(i.e., ) mustbelargerthan . Otherwise,
the smallesteigervaluecanbecomenegative. It is saferto
choose asa lower boundfor sincein cornercut-
ting schemesve cannotavoid quadrilateral¢edgesecome
guadrilateralafterthe applicationof cornercuttingscheme
once.)

Figures6 and7 shav the rst four consecutieiterations
of the new cornercuttingschemeéor a cubecontrolshape.
In theseexampleswe usedthe parameters and

As it is shawvn in the Figures,thelarger values,
thelessroundedshapebecomesThis is becausdor larger
valuestheposition  will geometricallybe closerto the
positionof . By usingthis property the usercancontrol
thedegreeof smoothness.

4. Algorithm Details

It is straightforvard to implement vertex insertion
schemegsuchas Catmull-Clark)over the DLFL structure
by only using insert edgeand subdvide edgeoperations
[2] which guarantegopologicalrobustnessiuring the pro-
cess. Unfortunately the samecannotbe directly donefor
thedevelopmenbf algorithmsto implementcornercutting
schemessincethe new meshstructureresultingfrom cor-
ner cutting schemes completelydisjoint from the initial
mesh. More seriously if the new meshis constructecy
operationgthat is not provided by DLFL structure,topo-
logical inconsisteng might be introducedduring the pro-
cess. In following, we presenta cornercutting algorithm
thatonly usesthe operationgprovidedby DLFL structure.
SinceDLFL structureandtheseoperationsaretopological
robust,ouralgorithmalwaysguaranteempologicalconsis-
tengy.

Let be meshgivenin the DLFL structuresuchthat
wewill applyacornercuttingalgorithmon . If  has
vertices, edgesand facesthenthenew meshstructure



aftercornercuttingalgorithmwill have faces: DELETE deletegsheedge from thecurrentmesh.

eachfacein inducesa new face of the samevalence Thisis thecorverseoperationof edgeinsertion.
in (seeStep2 of the generaldescriptionof the corner .
cutting scheme);eachedgein inducesa new face of SusDIV subdvidesthe edge by a
valence in (seeStep4 of the description);andeach new vertex  of degree sothattheedge becomes
vertexin  inducesanew faceof valence in  , where two new edges and

is thevalenceof thevertex (seeStep3 of thedescription). DELETE deleteshevertex from the currentem-

beddingif the valenceof the vertex is lessthanor
equalto . Thisisthecorverseoperatiorof subdvide
edge.

Basedon theseoperationspur cornercutting algorithm
over the DLFL structureproceedsas follows for a given
mesh  undertheDLFL structure,

First iteration Second iteration

Initial mesh

Third iteration Fourth iteration

Figure 6. The r st four consecutive iterations
with

First iteration Second iteration

Initial mesh

Fourth iteration

Figure 7. The r st four consecutive iterations
with

Four basicoperationgyivenbelov have beendeveloped
andimplementecdver the DLFL structureq2]. Theseop-
erationsguaranteehe topologicalconsisteng and canbe
computedn timelogarithmicin thenumberof verticesin a
givenface.

INSERT insertsthe new edge to the mesh
structurebetweenthe facecorners and (a face
corneris a subsequencef afaceboundarywalk con-
sisting of two consecutie edgesplus the vertex be-
tweenthem).

Step1: for eachface in the
mesh
1.1.for to do

subdvide edge by a new
vertex

1.2. computethe positionsof the new vertices ,
, usingtheformulas(1), and(2);

1.3.for to do
insertthenew edges into the
face;

Remark 1. Traversingthe facesof themesh can
be simply doneby calling the operationFACETRAV
provided by the DLFL structure whoserunningtime
is linearin thevalenceof thefacebeingtraversed.

Remark 2. Eachedge in  istraversedexactly
twicein Stepl, oncefrom to andoncefrom to
. After the rst traversetheedge of issub-
dividedinto . In consequencayhenthe edge
is traversedn thesecondime,thenew vertex  isalso
encounteredTherefore,in the above facetraversing,
thenew addedverticesshouldbe simplyignoredwhen
facesin aretraversed. In particular after Step1,
eachedge in themesh is subdvidedby two
new vertices and of valence2 andtheedge
becomedhreeconsecutie edges , , and
(seeFigure8B).

Remark 3. It will be helpfulto comparehetopolog-
ical view and geometricview for Step1. Topologi-
cally, eachedge in  issubdvidedby two nen
vertices and of valence2 (SeeFigure 8B). On
the other hand, from geometricpoint of view, since
thelocationsof the new vertices and arerecom-
puted,the sggmentsequence , , is
no longeron a singlestraightline but becomegigzag
(seeFigure8C).

Remark 4. In Step 1.3, since the new edges
areall insertedn thegivenface



, the face cornersfor eachnew insertededgeare
uniquelydeterminedAlso notethatafter Stepl, each
new vertex become®f valence3. (seeFigure8D).

Step2 : Now for eachold vertex in themesh
supposeahe neighborsof , which areall new added

commonedgewith the old mesh . Eventhe new
edgesresultedfrom subdviding the old edgesof
areeventuallyalsoremoved. Thereforefor implemen-
tationconveniencewe cansimply creataseparat@en
Vertex list andnew Edgelist for the new verticesand
edgesrespectrely, insteadof modifying the old Ver-

verticesareorderecby therotationat as , ,

. Insertnew edges for
(seeFigure8E).
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tex list andold Edgelist. Theold Vertex list andEdge
list will beentirelydeletedattheendof thealgorithm.

The resultingstructurefrom the algorithmis the mesh
structure  obtainedby subdviding themesh by our
cornercuttingscheme.

5. Implementation and Results

The Algorithm has beenimplementedas a C++ pro-
gramandaddedasafunctionto the existing DLFL system.
We appliedthe new corner cutting algorithmto the con-
trol shapesve usedfor Catmull-Clarksubdvisionto obtain
smoothhandlesandholes[2]. It is interestingto notethat
the cornercutting algorithmcreatesetterlooking handles
andholesthanCatmull-Clarkalgorithm.

C. Geometrical view D. New edges in old faces

E. New edges around old vertices F. Final mesh

Figure 8. lllustration of corner cutting algo-
rithm on DLFL.

Remark 5. TheDLFL structurealsoprovidesa VER-
TEXTRAV operationthatallows to traversethe neigh-
borsof avertex in theorderin therotationatthevertex
in time linearin the valenceof the vertex. Therefore,
Step2 canbedonevery ef ciently. Moreover, theface
cornersfor the new insertededge
are in the face that also containsthe face corner
, sothey canbe found corve-
niently.

Step 3 : Finally, we deleteall edgesof form ,
where and arethenew verticessubdvidinganold
edge in themesh , anddeleteall old vertices
in andthe edgesincidentto them (by repeatedly
using the edgedeleteoperationfollowed by a single
vertex deleteoperation).

Remark 6. A carefulexaminationshavs thatthe new
meshstructure  sharesieithercommonvertex nor

1]
s
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No edge inserted

Initial mesh

One edge inserted

Two edges inserted

Three edges inserted

Figure 9. Creation of a handle for a cup.

Figure 9 showvs addinga handleto a cup. Figure 10

shavs how to createa hole in a cube. Figure 13 shavs



connectingwo disconnectedoroidswith differentnumber
of edges.Figure1l and 12 areexamplesof creatinghan-
dlesfor a small stellateddodecahedrof82]. Note thatin
theseexamples,unlike in the Catmull-Clarkcase handles
andholeslook smootherevenfor only oneedgeinsertion.
Insertingadditionaledgesfurther improvesthe quality of
thehandlesandholes.
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Figure 10. Creating a hole in a cube.

6. Discussion.Conclusionand Futur e Work

In this paper we continueto studythe relationshipbe-
tweenthe DLFL structureandsubdvision algorithms.We
have developeda new cornercuttingalgorithm,which pro-
videsatensionparameteto controltheshapeof subdvided
surface. We have alsoimplementedthe new cornercut-
ting algorithm,overthe DLFL structure We have obsened
thatthe cornercuttingschemesiremoreappropriatdor the
improvementof face-handlessthey createbetterhandles
andholesthan Catmull-Clark. It will be interestingto de-
velop vertex insertionschemeghat caneffectively smooth
our face-handles.This paper alongwith [2], shaws that

the DLFL structureis subdvision friendly. Since subdi-
vision operationsare essentiafor the improvementof the
quality of meshesperformingthetopologicalchangeoper

ationsandthe subdvision operationslternatvely provides
apowerful shapemodelingapproachhatsupportsa hierar

chy of topologychangesand quality improvementsat dif-

ferentlevelsof details.

We are planningto enhancdurther our DLFL system.
Onedirectionis to helpusersto construcishapesvith high
geometricalquality (No self-intersectiorand at least
continuity everywhere).We obsene thatthis is closelyre-
lated to the visibility of the correspondingacesand the
underlyingsubdvision schemes.Basedon the techniques
from computatiorgeometrywe will developef cient algo-
rithmsto identify the caseghatcanresultin poorquality in
shapegeometry

Anotherenhancemenill be the developmentof a 2D
interfacefor painting2-manifoldmeshes.Initial sketchof
thisideais describedn oneof ourrecentpapergl]. Forthis
purposeave needto studythe structureof the corresponding
2D representationfr ary given2-manifoldmesh.We will
alsodevelopef cient andintuitive manipulationsof the 2D
representations.
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Figure 11. Creation of various handles for
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Figure 13. Connecting two toroids.
Figure 12. Handle impr ovement for small stel-

lated dodecahedr on.



