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Abstract

Decoirating arbitrary mesheswith Celtic knotsrequires
polygonal mesheswith regular connectivityand closeto
regular face geometry Becausehesepropertiesare often
irregular, especiallyin scannedor reconstructednodels,
the Celtic knotsproducedmaybe erratic andundesieable
In this paperwe remeshmodelsbasedon planar tilings de-

ned by the user Sut pattern-orientedsurfacesallow us
to decoate modelswith attractive Celtic knotsin a consis-
tentfashionand maybeapplicableto a large numberof al-
gorithmsthatare sensitiveto meshstructuse.

1. Intr oduction

Objectdecorationhasbeena primary outlet for artistic
expressionn mary culturesyet the researchowardscom-
putergeneratediecorationdiasnotbeenproportionatto its
in uence. Computergraphicsscientistshave typically con-
centratedtheir efforts on more traditional media such as
pen-and-inkand painting. The decorationof objectswith
Celtic knotwork (a form of artwork that consistsof rhyth-
mically interwoven threads)hasbecomewidespreadn re-
centyearslt is seerfrequentlyin jewelry, tattoosandasor-
namenton mary everydayitems.

The goal of this work is to decoratethe surfacesof 3D
meshewwith Celtic knotwork. KaplanandCohen [12] de-
scribemethodsto produceCeltic artwork in both 2D and
3D. The edgesof a planargraph(in 2D) andthe 2D mani-
fold mesh(in 3D) de ne the patternof the outputknots.In
earlierwork, allowing the userto designrepetitie tilings
of geometricshapeswvas shavn to be the key to produc-
ing attractve knots. Designingtilings is easyfor a planar
surfacebut is extremelydif cult for surfaceswhich are2D
manifold. Therefore,in 3D, the edgesof the original in-
put mesheswere usedto computethe knots. In suchin-
put meshegshe geometricpropertiessuchasfacestructure
andedgeconnectity aretypically arbitraryandthe resul-
tantknotsseemedandomandlackedtherepetitve stylized
quality that makes Celtic knotwork attractie, as seenin
Figurel. Thereforewe desirea processy which the user
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candesignin nite planartilings in 2D and transfersuch
tilings onto 3D meshedor the calculationof Celtic orna-
ment.

We proposea remeshingtechniquethat imposesshape
andconnectity contraintsontheresultingmesh.Ourtech-
niguesampleghe original meshwith a patternde ned by a
planartiling thusallowing usto transferdesignsn a plane
to the meshsurface. The Celtic knots computedon such
meshesccurateltransferthe original artisticintentof the
userin a way not previously possible.Furthermorethere
may be a large classof artistic algorithmsthat canbene t
from suchmeshesThe resultingmeshesnay be more at-
tractive and artistic, due to the patternsembeddedn the
surface thanmeshegproducedisingothertechniques.

1.1. ApproachOverview

Givena surfacemeshwe obtaina sphericalparameteri-
zationof thesurfaceasdescribedy PraunandHoppe[15].
We unfold the sphericalparameterizatiointo a geometry
image.We de ne rulesthatallow the userto tile the plane
with anin nite lattice of a speci ¢ patternof interlocking
polygons.Sincethe geometryimageexistsin a 2D plane,
we constructsucha lattice within the geometryimagedo-
main.Theverticesof thislatticede ne thesamplingpattern
usedto constructa new meshfrom thegeometryimage.Fi-
nally, we computeCeltic knotsfrom the new surfacemesh.



Figure 1. An example of the knots produced
on the original bunny model is shown. Notice
that the thread pattern seems essentiall y ran-
dom.

2. RelatedWork
2.1. SurfaceParameterization

Associatinga surfacewith a planardomain hastradi-
tionally consistedf partitioningthe surfaceinto chartsand
packingthe chartsinto a texture atlas. Other approaches
have usedthe connectvity of the surface chartsto form
a domaincomple (semi-rgyular remeshing) suchasthat
describedby Khodalovsky et al. [13]. Becauseve are at-
temptingto transferanin nite tiling of a planardomain,
chartbasedmethodsvhich do notresultin a planarparam-
eterizationmay not be appropriateGu etal. [7] introduced
geometryimages,n which the geometryis resamplednto
a completelyregular 2D grid. Praunand Hoppe[15] and
Gotsmaretal. [6] bothdescribamethodgor mappinggenus
zeroobjectsto a sphereto producea sphericalparameteri-
zation.

2.2. Remeshing

A greatnumberof remeshingschemeshave beenpro-
posed.A good review is given by Alliez et al. [2]. Most
of thesecombinevertex optimizationwith meshsimpli ca-
tion but placeno constrainton thelocal shapeof meshele-
ments.Alliez etal. [1] have proposeda remeshingscheme
that samplesthe surface anistropicallyto producea mesh
whoseedgeconnectiity follows the lines of maximaland
minimal curvature While this methodis the closesin spirit
to ours, it sharesvery little in commonprocedurallywith
ouralgorithm.Guetal. [7] andPraunandHoppe[15] have
both shown how to remeshfrom geometryimages.While
they remeshwith quadrilateralsye will demonstatéow to

remesharbitrarygeometriesakinginto accounthe bound-
ary rulesthey describe.

2.3. Ornamentand Tilings

Kaplanandothershave examinedthegeneratiorandap-
plication of shapesn several contexts suchaslslamic art-
work [9], symettrohedrdl0], and Escherizedshaped11].
Both the Escherizationand Islamic art systemsproduce
tilings of interestingpolygonalshapesn a 2D plane but
aretoo speci c to their statedproblemsto fully character
ize the setof patternave might wish to produce.The sym-
metrohedrgroducepolyhedraby embeddingoolygonson
a sphere While this seemsdeal for the sphericalparam-
eterization,it doesnot encompass large enoughclassof
patterngto be sufcient for our needsand offers no ability
for higherlevel control over the patternsproduced Neyret
andCani[14] createpatternbasedornamentby construct-
ing a tiling of equilateraltriangleson the original mesh.
Their methodwas limited to triangular primitives and re-
quired extensie userdesignto achiese texture primitives
thatmatchedalongtriangleboundaries.

2.4. Celtic Knotwork

The needfor quality meshediasbeennotedextensiely
in the context of computergeneratedCeltic knots which
most often have relied on grid meshesto achieve inter
esting knots, largely due to the regularity of the struc-
ture [5, 12]. Browne[4] attemptgo constructsemi-reular
meshesaround2D shapesn orderto imposeorderon the
resultingknots and notesthe importanceof quality mesh
structurefor font generationWe usethe methoddescribed
by Kaplanand Cohen[12] dueto its ability to construct
knotsaroundarbitrarymeshcon gurationsandto construct
coherenknotsin 3D.

3. Parameterization

Sincewe are attemptingto transfera planartiling pat-
tern onto a 3D surfacewe requirea parameterizationhat
associates planardomainwith the 3D mesh.While ob-
taining a parameterizatioiis not the goal of this work it is
a critical componenif our technique.The in nite planar
tiling imposeghe constraintghatthe choiceof parameteri-
zationmodelshouldbe continuousn the planeandshould
be ableto expandto anin nite plane.If a parameteriza-
tion doesnot expandto the potentiallyin nite plane,there
will be seamsover which the continuity of the tiling pat-
ternwill bebroken.

Theseconstraintsule out the useof chartbasedmeth-
odssuchasKhodalovsky etal. [13] which have thedesire-
ablepropertieof low distortionandtheability to handlear



bitrary genusThey evaluateto a planardomainbut their at-
lasesarenot continuousTraditionaltexture atlasesalsolie
in theplanebut arenot continuousGlobalconformalmaps
[8] don't work well for genuszeroobjectssincethey intro-
ducecutsand do double covering, changingthe objectto
a higher genus.They would work for higher genusmod-
els producingseveralin nitely tiled planeswith transition
cutsbetweerthem.Thesetransitionsmake themdif cult to
work with but mightbeausefulavenuefor futurework. The
original geometryimagesdescribedby Gu et al [7] would
not allow us to tile the in nite plane and have irregular
boundaryconditionswhich it would make it dif cult to ap-
ply thetiling acrosghe seamsWe usethe sphericaparam-
eterizationdescribedby Praunand Hoppe[15]. Their pa-
rameterizatiormethodtransformsthe original meshinto a
geometrnyimagewhich de nesasquareplanardomainwith
dimensiong0! 1]in bothx; y. Thismeetourrequirements
of planarcontinuityandthe ability to expandto anarbitrar
ily large plane.This methoddoesconstrainusto usegenus
zerosurfaceshut thisdescribes largeenoughclassof mod-
elsto be considerediseful. The boundaryconditionsof the
geometryimagemay introduceseamsbut they areregular
andpredictableandcanbe handledasa specialcase.

We will describethe basicsof the sphericalparameter
ization but refer the readerto [15] for more information.
GivenasurfacemeshM , asphericaparameterizatioof the
surfaceis created(S! M) by forming a single continous
invertiblemapfrom theunit sphereo themesh.Eachmesh
edgeis mappedto a greatcircle arc and eachmeshtrian-
gleis mappedo a sphericalriangleboundedy thesearcs.
Next, a sphericalparameterizatior(S! D) of a domain
polyhedron,D, is createdfrom eithera tetrahedronpcta-
hedronor cube.Thenthe domainis unfoldedinto the ge-
ometryimage(D! |). Becauseghe domainof the polyhe-
dron parameterizatiomatcheghatof the sphericaparam-
eterization,the sphericalparameterizatiorof M can now
bemappedo thegeometryimage.Thegeometryimage(as
shown in Figure 2), is essentiallya 2D squarerepresenta-
tion of the original object. This methodis quite robust, but
will introducedistortionnearnarrov extremities.

We use an unfolded octahedronas the polyhedronto
specify the domainmap with. This unfolds cleanlyinto a
squaredomainmapandpermitssimpleextensionrulesthat
allow traversalover the boundariesn a continousmanner
Thekey is to extendthe grid by rotatingit 180 aroundthe
midpointsof the boundariesleadingto thetopologyshavn
in Figure3.

4. Tiling Patterns

Priorto theremeshingperationwetile theplanewith a
userde ned patternof speci ¢ polygonalshapesvithin the
domainof thegeometryimage.

Figure 2. The bunny and gargoyle models and
their corresponding geometry images.
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Figure 3. Left: Boundary conditions for a
sphericall y parameteriz ed geometry image
using an octahedral unfolding. The geometry
image is represented by the central square.
Right: The boundaries of the geometry image
are shown in blue on the bunny model.

Thetiling patternswve shav areperiodicandcanberep-
resentedas translationalunits and translationvectors. A
translationalunit is a setof interlockingpolygonsthatrep-
resentghe basicpattern.Translationvectorsde ne how to
translate‘copies” of eachtranslationalnit to tile the plane
with the pattern.To performthetiling, we draw aninitial
translationalunit within the geometryimagedomain.Then
we createadditional copiesof the translationalunits and
translatethemby the translationvectors.We continuethis
until the domainspaceis completelyoccupied.Any poly-
gonswhoseedgedall outsidethedomainboundaryarenot
added.In orderto align the patternappropriatelywith the
geometryimagethe boundsof thetranslationalnit should
beintegral divisorsof thedomaindimensions.

For examplesof patterndaid over geometryimagessee
Figure9.

4.1. Boundary Conditions

Theoctahedraunfoldingthatproduceshegeometryim-
agecreatesspecialboundaryconditions.Regard Figure5a.
Theunfoldingprocessssentially'slicesopen”theoctagon
alongthe edgesfrom one cornervertex. The resultof this
is thatthe cornervertex, E, actuallyoccursat all four cor-
nersof the geometryimageandeachedgeadjacento ver
tex E is “split” and occurssymmetricallyaboutthe mid-
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Figure 4. At left is a simple translational unit
with translation vectors in each of the four
cardinal directions. The planar tiling of the
translatioal unit is shown in the middle. A
more comple x pattern created with our sys-
tem is shown at right.

point of eachgeometryimageboundaryedge.

Becauseof this, arny vertex or edgecrossingthat oc-
curs along the domainboundaryedgealong the segment
AE mustalso occur symmetricallyaboutvertex A along
the s@gment AE °, as seenin Figure 5b. If this condition
doesnothold, therewill begapsin thenenw meshwherethe
edgeAE andAE °connecsincethethenew geometrywill
not approachthe edgeuniformly. Becausehe tilings must
maintainthis 180 rotationalsymmetryaboutthemidpoints
of theboundaryedgespur patterngendto have lengthsand
widths that areintegral divisors of the domaindimensions
andexpanduniformly in thex andy directions Rotatingthe
tiling patternsby anglesthatare not multiplesof 90 may
notbeappropriatén mary casesincechanginghe axis of
expansionwon't presere therotationalsymmetry

Additionally, there are several casesin which pat-
ternsmay presere the above propertiesmay still evaluate
to a non-manifoldsurface. The symmetryaboutthe mid-
point along ary boundaryedge meansthat verticesthat
are equidistant from the midpoint along the bound-
ary edgeevaluateto the sameposition,aswe would expect.
Examinethecaseshovn in Figure5c. In this casepothver-
tices that composeedgeB B © are really the samevertex.
Therefore this edgeevaluateso a singlevertex soit is re-
movedfrom the polygonalface.

Whena gure hasa similar topologyto Figure 5c¢ but
thereis a vertex at the midpoint, asseenin Figure 5d, the
edgeson eithersideof the midpoint A arereally the same
edge.Geometricallythis evaluatesto a polygonthat hasa
setof edgeghatmove towardstheinterioranddoubleback
on eachother To make this facevalid, we remove both of
theseedgedrom the polygon.

In Figuressc-d,edgeremoval left uswith apolygonwith
only two edgeswhich cannotbe a closedpolygonalface.
We remove suchfacesfrom the outputmeshandtheresult-
ing boundaryseamon eithersidewill beBC.

Anotherproblemthatmay occuris whentwo shapesre
geometricallyidenticalin 3D despiteoccuypying different
areasof the domainin 2D. In Figure 5e, both faceshave

B B B
C c c
¢ A A A A
E
B B B' B

() (b) (© (d) (e)

Figure 5. a)Unfolding an octahedral domain
into a planar domain. b) Domain boundary
symmetr y requirements. The red lines repre-
sent the boundar y of the geometry image do-
main. A is the midpoint of the left edge of the
geometry image. Any vertex B along a do-
main boundar y edge must be matched by an
equiv alent vertex 180 about A. Edges such
as AB and AB °are geometricall y identical. c-
e) Error conditions near boundar y midpoints.

matchingboundaryverticesandidenticalinterior vertices.
Sinceboth of theseshapesareidentical,we endup with a

geometricallyat areaon theremeshednodel,whereboth

facesendup beingessentiallyip sidesof a coin. We de-

tect suchsituationsand subdvide the non-boundaryedges
CB andCB °to differentiatebetweerthetwo faces.

We apply polygonsacrossdomain boundariesso that
the patternfully tiles the remeshedmodel. In somein-
stanceshowever, polygonsappliedacrosshe boundarydo
not matchup with the availablespaceon the opposingside
of theboundaryThis mayoccurwhenpatterngionotmain-
tain the requiredrotationalsymmetryor aredrawn off-axis
or at the wrong scale.Suchcasesshouldstill be handled
sincetheremaybe mary patternghatwe would like to use
thatdo not meetthe previously statedrequirements.

Whenthis doesoccur it leavesholesin the new mesh
asseenin Figure 6. While theremay be no perfectsolu-
tion to this, besidegeorientingthe patternsothatit is situ-
atedcorrectly thereareseveral methodsthatwill allow us
to obtainuseablameshesFirst,we canpull all verticesnear
the domainboundaryto actuallylie on the domainbound-
ary. This hasthe effect of lling the remainingspaceand
preservingthe topology of the patternthoughshapesnay
becomdargerthanthey would normally be andthe transi-
tions betweenshapesalongthe boundarymay not be pre-
sened. Secondwe can |l the remainingopenspacenear
the boundariesby insertingpolygonsin that space.These



Figure 6. If a pattern does not approach the
boundar y correctl y (as in the two leftmost im-
ages), a variety of techniques may be used to
handle the boundaries appropriatel y. In this
case, the vertices near the boundary have
been dragged to the boundar y and adjacent
polygonal faces across the domain bound-
ary have been stic hed tog ether. Here, the left
edges of the rectangular images are the left
boundar y edges of the geometry image.

polygonsareformedby walking alongthe remainingopen
edgeof the patternandcreatingpolygonsbetweervertices
thattouchthe domainboundary This minimizesdistortion
of the patternbut doesnot presere the patterntopology
Becausdhe domainboundariesequirerotationalsym-
metry abouttheir midpoints,if the patternof verticesand
edgecrossingsbetweersegmentsAE andAE °, asseenin
Figure5b,donotmatch thentherewill bediscontinuitiesn
thenew mesh.To handlethis, for eachvertex in AE thatis
notmatchedn AE °we insertanew vertex atthe appropri-
atelocationandvice versa.The edgesandpolygonsalong
AE andAE °areremappedo take thenew verticesinto ac-
count. This methoddoesnot presere the topology of the
patternbut is importantfor producingclosedmodels.

5. Remeshing

The verticesof the tiling patternare the locations at
which we samplethe geometryimageandthe edgesof the
patternde ne the connectvity of the new mesh.For each
samplevertex, we nd the barycentriccoordinatesof the
trianglethatthe sampldocationlies within in thegeometry
image.The new vertex positionis the locationde ned by
the barycentriccoordinateswithin the trianglein the orig-
inal modelthatthe geometryimagemapsto. The resultof
this algorithmis a 2D manifold meshwith the patternof
shapeembeddedhto its structure.

We have shavn simpleperiodictilings heresincethatis
theclassof patternghatwork well with the Celtic knotsal-
gorithms.Thereis no reasorthatotherpatternghat Il the
domainspacecouldnot be usedto performtheremeshing.

At this point, we have essentiallremeshedwice; once
to obtainthe geometryimageanda secondime to embed
the pattern.It is possibleto insteadtransformthe pattern
verticesback througheachof the mappings(parametriza-
tion and geometryimage)to the original modelinsteadof
doing a linear approximationdirectly on the geometryim-
agewith the tradeoff of slightly more complex code.We
chosenotto do this sincethe geometryimageswe worked
with wereextremelyhigh resolutionandthe resultswe ob-
tainedworkedwell with the Celtic Knotsprogramandwere
visually appealing.

6. Knotwork

Celtic knotwork is a type of art that consistsof inter
twinedthreadshatmaintainacharacteristiover-underpat-
ternateachcorssing The methodof producingCeltic knots
describedby Kaplan and Cohen[12], usesthe midpoints
of eachedgein the meshto de ne the crossingpositions
andconnectiity of thethreadsn theknot. Thethreadpaths
connectadjacentrossingpositionswhichis thereasorthat
the shapeof the edgesis of critical importancein design-
ing Celtic knots(seeFigure?).

An importantquestionto askis: if we have a planarpa-
rameterizatiorof the meshand can calculateplanarknots
easily why remeshat all? Why not usethe parameteriza-
tion astexture coordinatesandtexture mapthe ornament?
Why shouldthe meshstructurebearthis load?The answer
is that the knots programconstructssplinespathsfor the
threadshasedon the midpointsof eachedge.If we texture
mapaplanarknotontothesurface theknotthreadswill ap-
peardisjoint and “painted” onto the surface of the object
whereascalculatingknots basedon the new meshwill re-
sultin smoothknotsthatapproximatehe surfacebut do not
exactly lie onit.

Thecrossingpatternf the Celtic knotscanbechanged
by associatinga breakpointvalue at every edge. These
breakpointvalues(0,1 or 2) areusedto changethe thread
pathsof theknotandgive interestingvariationson knot pat-
terns.With large meshesit is very time consumingo input
thesebreakpointdy hand.We associatéreakpointvalues
with eachedgeof eachpolygonde ned in the patternap-
plicationsystemWe save thebreakpointnformationalong
with themodel le andthey arereadasapairinto the Celtic
knots programwhich computeghe knotsautomatically as
seenin Figure9 bottom.

7. Results

Theresultsof this algorithmmay be evaluatedfrom two
perspecties: the quality of the remeshednodelsand the
quality of the knotsproducedrom thesemesheghoughit



Figure 7. An example of a 2D Celtic knot
produced on a graph of 2x2 squares. Notice
that crossings occur at each edge midpoint
and connect adjacent edge midpoints except
at the breakpoint edges. Regular edges are
colored black. Breakpoint edges are colored
blue and yellow.

must be stressedhat the remeshednodelsare a pleasant
by-productratherthanour goal.

A variety of remeshedxamplesappeaiin Figures6- 9.
The classof tilings thatwe cansuccessfullycreateandem-
bedthat maintainthe boundaryconstraintss large anden-
compassesll of the patternswe transferredfrom the 2D
CelticknotprogramWith thetechniquesve have presented
for handlingboundaryconditions we areableto handleall
2D patternsthoughthe behaior nearthe boundariess not
guaranteedb presenre thetopologyor minimizedistortion.

The quality of the approximationcan be affected for
threereasonsparameterizationpatternscale(i.e. sample
volume) and patternshape We do not measurehe distor
tion of the geometricpropertiesof the new meshsincethat
is aproblemwith parameterizatioandasparameterization
techniquesmprove, sowill theresultsof our method Dis-
tortion doesoccuron narrov extremitiesconsistentvith the
distortionin thesphericallyparameterizedeometryimage.

The imagespresentechere were done with relatively
coarsepatterns.To minimize the error betweenthe origi-
nal andnewvw meshesthetiling patternscanbe dravn at as

ne a scaleasdesired.Becausehe samplingpatternpro-
ducedby thetiling may not be uniform, different partsof
the remeshednodel may approximatethe original model
lesswell thanothersdependingon the densityof samples.
Also, becausehe polygonsof eachfaceare not tesselated
andmay be arbitrarily complex (dependingon userprefer
ence) the facesaremostprobablynon-planarfor arny non-
triangularfaces.Fortunately this is not a problemfor us
sincetheCelticknotsprogramdoesnotrequireplanarfaces.

The 3D knotwork producedwith this techniques a sig-
ni cant improvementover previous results.An exampleof
knotsproducedwith the previous methodis shawvn in Fig-
urel atleft. Notethatthethreadsareessentiallrandomand
containnorepetitive patternsor motifs (a hallmarkof Celtic
design).Examplesof the type of resultspossibleusingthe
the remeshednodelsare shavn in Figure 9. The new im-

agesshav avarietymotifs takenfrom classicalCeltic knot-
work repeatedver the surfaceof the models.The threads
arecoherenfindcreaterepeatedgures thattraversetheen-
tire surfacein a consistentashion.

Becausethe output of the Celtic knots programis so
dependenin the quality of the mesh, prior work only
shoved quality knots calculatedover uniform polyhedra
sincethe quality of more interestingmodelswas so poor.
The remeshingprocedurepresentecdhere has made knot
decoratiorof 3D meshes viabletool for animatorsandde-
signers.

8. Conclusionand Futur e Work

We have presentedechniquesfor creating2D tilings
of userde ned patternsof polygons,for remeshingmod-
elswith thosepatternsandfor applyingthe resultsof these
methodgo theautomatedaonstructiorof Celtic knotwork.

Ourremeshednodelsare2D manifoldandcorrectlyem-
bedthedesiredpatternof shapegyetthereareseveralnatu-
ral avenuedor furtherresearchCurrently our systemonly
handlesgenuszero models.We would like to extend this
to include othermethodsof parameterizationthatinclude
modelsof highergenus Remeshindhasbeena widely re-
searchedareain recentyearsand we believe that the ap-
plicationsreleventto pattern-orientedemeshingwill grow
assuchmeshedecomeavailable. Our techniquenaturally
compresseshe meshbut is almostde nitely not an opti-
mal compression.

This areaof researcthasa numberof naturalextensions
to texturesynthesigechniqueskEachvertex of theremeshed
modelcanbeusedascoordinatesn atexture parameteriza-
tion with texture coordinatesould be generatechutomati-
cally from thetiling application.

The 3D Celtic knotwork producedn this framework is
signi cantly betterthan 3D resultsfrom previously pub-
lished work. The ability to embedarbitrary patternsof
shapesnto the meshesllows usto transferpreviously de-
signedmotifs and designsfrom 2D onto modelsallowing
us a large measureof control in designingspeci ¢ deco-
rations.The extensionof this systemto includennon-genus
zeromodelswould allow usto usemodelsof all thecharac-
ter symbols.This would allow usto decorateanentirefont
set( atraditionalCeltic decoratiormotif) automaticallyby
remeshingll thecharactemodelswith asinglepatternand
computingknotson theremeshednodelsautomatically

Pattern-orientedemeshinghasfurther implicationsfor
transferringdecoratve toolset§rom 2D to 3D. It seemsat-
ural to extendthework of Wongetal.[16] in oral decora-
tion, KaplanandSalesin11] in escherizatiomndothersto
compute3D decorationsisingsuchmeshesThis mayhave
far reachingimplicationsfor creatinga wide variety of or-



namentirectly on 3D modelswhich could be a usefultool
for artistsandanimators.
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Figure 9. Each row represents: At left are the geometry images with tiling patterns overlaid. Inset
are larger views of the tiling patterns. Blue areas near the borders are edges that overlap the do-

main boundar y. Next are the results of a remeshing performed with the tiling pattern. At right are
examples of Celtic knots computed on the remeshed models.




