OpenMesh — a generic and efficient polygon mesh data structure

M. Botsch S.Steinbeg S.Bischof

L. Kobbelt

Lehrstuhlfir Informatik VI1II
Computegraphikund Multimedia
RWTH Aachen

Abstract

We describeheimplementatiorof a half-edgedatastructurefor the
static representatiorand dynamic handling of arbitrary polygonal
meshesTheparticulardesignof thedatastructuresandclassesims
at maximumflexibility and high performance.We achieve this by
usinggeneratie programmingconceptsvhich allow thecompilerto
resole mostof the specialcasehandlingdecisionsat compiletime.
We evaluateour datastructurebasecbn prototypicimplementations
of meshprocessin@pplicationsuchasdecimatiorandsmoothing.

1 Introduction

Polygonalmeshesrethe mostappropriategeometryrepresentation
for interactive 3D graphicsapplications. They areflexible enough
to approximatearbitraryshapego ary approximatiortoleranceand
they canbe processecfficiently by the currentgraphicshardware
whichis availableevenontodays low costPCs.

Oneof thelong-termgoalsof the OpenSGplusnitiative is to de-
signandimplementa setof softwaretoolsto enhancehe OpenSG
API with high level functionality for handlingcomplex geometric
objects. In this contet a properly designedgeometrykernelplays
animportantrole sincemosthigh level algorithmswill be basedon
it. The natureof the plannedtarget applicationssuchas level-of-
detailmanagemerdndsubdvision surfacesmpliesthatthis unified
geometryrepresentatioshouldbe basedn polygonalmeshes.

In this short paperwe describethe designand implementation
of our polygonalmeshdatastructure. We startby identifying the
specificrequirementgor thedatastructurein the context of the par
ticular algorithmsthat are plannedwithin the OpenSGplugroject.
Theserequirementsllow us to identify three major designgoals
which areflexibility (with respecto the underlyingimplementation
andto the higherlevel algorithms),efficiency(in time andmemory
usage)andease-of-us€the API hasto hide the compleity of the
underlyingdatastructures).

2 Requirements

The main designgoal for our library is flexibility. Sincewe do not
want to overly restrictthe setof applications,it shouldbe ableto
provide randomlyaccesdo vertices,edgesand faces,wherefaces
canbearbitrarypolygonsandnotjusttriangles.The usershouldbe
ableto choosebetweenarraysor lists asunderlyingcontainertypes
andarbitraryscalartypes.

The secondgoal is time and spaceefficiency Especiallyalgo-
rithms like decimationor smoothingof meshesneedto navigate
throughthe one-ring-neighborhoodf a vertex. Sowe mustallow
fastaccesso suchinformation. For spaceefficiency, memoryshould
beallocatedonly for elementsactuallyused.e.g.,polygonswith no
attributesdo not allocatepointersto their elements.

Thethird goalis ease-of-useThe API shouldbe easyto under
standandto usefor non-expertsso thatit canbe integratedeasily
into ary otherlibrary like, e.g.,OpenSGOurgoalis auserinterface
thatwrapsandhidesthe complex underlyingstructurewith asimple
API.

3 Previous Work

A polygonalmeshconsistsof a setof vertices,edges,facesand
topologicalrelationshetweerthem.Basedon theserelations,adata
structuredefineshow eachelements storedandwhatreferenceso
its neighborhoodt needs.In the following we give a shortsuney
over suchdatastructures.

We mainly distinguishbetweenface-basednd edge-baseddata
structuresFace-basedatastructurestorefor eachfacepointersto
its verticesandits neighboringfaces.This makesit possibleto nav-
igatearoundeachvertex by visiting all surroundingfaceswhich is
frequentlydonein mary algorithms.However, specialkcasehandling
is neededwhen navigation runs over itemswith variablevalence.
Supposea meshthat consistsof trianglesaswell as quadrangles,
thennavigationwould notwork without mary time consumingcase
distinctions.

Edge-basedlatastructuresstorefor eachedgepointersto both
verticesandto the neighboringedges Sincean edgehasalwaysthe
sametopological structure,it is possibleto handlepolygonswith
variablevalencein onemesh.

Thereareseveraledge-basedariantsthatdiffer only in thetopo-
logical information they store. The winged-edg data structure
[2, 12] storesfor eachedgereferencedo its vertices,to both poly-
gonssharingthis edge,andto the four neighboringedgesor wings
(seeFigurel). Traversingthe neighborhoodequiresonecasedis-
tinction per step, becausean edgedoesnot encodeits orientation
explicitly.

Thehalf-edg datastructuresolvesthis problemby splitting each
edgeinto two halves, where eachhalf-edgepointsto its opposite
half-edgeanincidentvertex andanincidentpolygon. For adetailed
descriptionseg[7].

The ComputationalGeometry Algorithm Library, CGAL?, is
closelyrelatedto our meshdatastructure.lt is basedon half-edges
and consistsof threemain parts. The first part managesnd orga-
nizesthegeometrigrimitives(vertices.edgesandfaces)thesecond
parthandleghetopologicalrelationsbetweerthe primitivesandthe
third partprovidesadditionalfunctionality like circulators,iterators
and|/O support.

CGAL isaverypowerful library becausef its flexibility andeffi-
cieng. Butin thecontext of our applicationssomedesigndecisions
have to bereconsidered.

The CGAL programmingnterfacedoesnot supportheinclusion
of specializedmeshkernelssuchas, e.g.,quad-treeor array-based
representationfor recursvely refinedsubdvision surfaceswhich,
however, are necessaryor their efficient implementation.This re-
strictionwill alsoforbid laterenhancementgk e moresophisticated
kernelsthatareableto dealwith non—manifoldmeshesseeSection
4.1

Moreover, for array—-basedCGAL meshesthe size hasto be
known a priori to the constructar Therefore,applicationsthat dy-
namicallychangehemeshcompleity have to usethelessspaceef-
ficientlist—-basedCGAL mesh.In theOpenMeslimplementatiorwe
provide, in contrast,dynamicmemorymanagemenalsofor array-
basedmeshes.

http://wwwcgal.og



4 OpenMesh

This sectionwill describethe basicdesigndecisiondeadingto the
currentOpenMeshmplementationTheprogrammingnterfaceand
someof the implementationdetailsare explainedbasedon simple
examples. A more detaileddescriptioncan be found in the docu-
mentation10].
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Figurel: Halfegedatastructure.

4.1 Data Structure

Thefirst designdecisionfor a meshlibrary is to chooseone of the
datastructuresntroducedn thelastsection.

To beasflexible aspossiblewe shouldrepreseneachof themesh
items (vertices,edgesand faces)explicitly, in orderto be ableto
attachadditionalattributesandfunctionalityto them. Sincee.qg. pri-
mal subdvision algorithmsneedto store new point positionsper
edge(see[13)), it is moreefficient to provide an edgeor halfedge
typein additionto verticesandfacesandto storethis new pointin
theedgeitself.

Although every generalpolygonalmeshcan be tesselatedo a
meshconsistingof triangularfacesonly, we do notrestrictthemesh
library to puretrianglemeshesinsteadwe provide a generabpolyg-
onalmeshontheonehand,andamoreefficienttrianglemeshonthe
otherhand,sothatthe usercantradeoff betweenspeedandgener
ality.

Whendealingwith arbitrary polygonalmesheshalfedge—based
representationalso provide a much simpleralgorithmic structure:
Sincehalfedgesstorethe mainconnectiity informationandalways
have thesametopology vertices(half-)edgesandfacesaretypesof
constansize. In contrasta face—basedepresentatiohasto storea
variableamountof vertex handledn eachface.

In mary real world applicationsone has to deal with non—
manifold input data. Thesemeshesnay containtwo typesof non—
manifolddegeneracies:

e Comple vertices The neighorhoodof theseverticesis not a
topologicaldisc(nor a halfdiscatthe boundary).

e Compl edges are characterizedy belongingto morethan
two faces.

Our currentOpenMeshmplementatiorcanhandlecomple ver
tices, but doesat the momentnot supportcomplex edges. This
functionality could be addedby providing a meshkernel for non—
manifoldmeshegseethe next section).

In orderto enablesfficientimplementatiorof standardalgorithms
like e.g. smoothing,subdvision or decimation,the mostfrequent
atomic meshoperationgperformedby thesealgorithmshave to be
takeninto accounwhendesigningthe datastructure.ln additionto
the ususalconnectity information,all of thesealgorithmsrequire
accesgo the one—ringneighborhoof a vertex, possiblyin terms
of verticesor incidentedgesor faces.

Consideringthese special requirementsimplies the use of a
halfedge—basedatastructure,wherewe have a naturalrepresen-
tation of all typesof meshitemsandarbitrarypolygonalfaces.The
halfedgestructurealso provides fast, constant-timeaccesso the
one-ringneighborhooaf vertices.Startingatanoutgoinghalfedge
of a certainvertex, the next halfedgein clockwise order can be
reachedby two indirections: go to the next halfedgeof the face,
thento its oppositehalfedge.Facebasedstructureshave to perform
anexpensve searchwithin the currentfacein orderto find this next
halfedge.

The connectiity informationstoredin our implementationis il-
lustratedn Figurel.

4.2 Interface

Dependingon the applicationone often needsto store additional
datafor certainmeshitems. The codein Listings1 and2, e.g.,has
to storeoneadditionalpointfor eachvertex (thecenterof gravity of
its neighbors) While anadditionalarraycouldbe usedto hold these
points, this approachwill becomecumbersomend error-proneif
more and more external elementsare to be storedand have to be
synchronizedwith the mesh. The naturalsolutionis to pack this
datadirectly into the correspondingneshitems, like e.g. attaching
the additional point coordinateto the vertex type. This approach
will alsoresultin morecoherencén the memoryfootprint, thereby
improving cacheefficiencgy aswell.

To provide this flexibility, meshesanbe custom—tailoredor the
needof specificalgorithmsby parameterizinghemby a so—called
traits class. The restof this sectionwill describethe customizing
possibilities,their implementatiordetailswill be discussedn sec-
tion 4.3. To fully specifyamesh severalparametersanbegiven:

FaceType: Specifiesvhetherto usea generalpolygonalmeshor
the (moreefficient) trianglemesh.

Kernel: Themeshkernelis responsibldor storingthe meshitems
internally For dynamicmeshege.g. for meshdecimation)a
kernelbasedon doubly linked lists canbe used,sinceinsert-
ing/deletingelementsto/from lists is more efficient than for
arrays.An array—baseé#ternelin turn providesfastertraversal
and consumedessmemoryand shouldthereforeby usedfor
applicationgdealingwith staticmesheonly.

Traits: In additionto the previoustwo points,the meshis param-
eterizedby atraitsclass thatallows to enhanceneshitemsby
arbitraryfunctionality Theseuserdefined:lassesireaddedo
the correspondingneshitemsin termsof inheritance.In ad-
dition the usercanchoosefrom a setof pre—defineccommon
attributeslike e.g. normalvectoror color and attachthemto
certainmeshitems,too. Thetraitsclassalsoselectghe coordi-
natetypeandthescalartypeof themesh sothat— depending
ontheapplication— 2D—, 3D—or n—D vectorsandfloat, dou-
ble, or evenexactarithmeticcanbeused.

All combination®f facetype andmeshkernelsareconveniently
accessibleghroughpre—definedctlassesthat are further parameter
izedby the usertraits (seeListing 1).

Themeshtemsarereferredto by handletypes thataredefinedby
themeshkernel:anarray—basekernelusesndicesto addresgtems,
alist-basedernelusespointers.ThereforemostAPI functionsare
basedn theseabstrachandletypes.

In orderto navigate throughthe mesh,the OpenMeshprovides
iteratorsandcirculators thatareusedin thesameway asSTL itera-
tors. Iteratorsjust enumeratell meshitemsof onetype: in Listing
2aVert exl ter isusedto iteratethroughall thevertices ranging
frommesh. verti ces_begi n() tonesh. vertices_end().

Cornvenientaccessgo the one—ringneighborhoodof verticesis
provided by vertex circulators. Given a centervertex, all one—
ring information (incoming/outgoinghalfedgesincidentfacesand
neighboringvertices)canbeaccessedsingasimilar syntaxasfor it-
erators.In Listing 2 thecenterof gravity of eachvertex is computed



#include <ACG/MeshTriMesh.ArrayKernelT.hhy>
struct MyTraits : public DefaultTraits
template <classBase> classVertexT : public Base
L
public:
const Vec3®& cog() const { return cog-; }
void setcog(const Vec3®& cog) { cog- = cog; }

private:
Vec3fcog;

}
X
typedef TriMesh ArrayKernelT<MyTraits> MyMesh

Listing 1: Defininga custom—tailoreagneshthatstoresanadditional
pointpervertex.

#include <ACG/MeshlOMeshReadehh>
#include <ACG/MeshlQMeshWriterhh>

int main(nt amc, char x*amgv)

unsignedint i (0), N(atoi(amgv [1]));
MyMesh mesh

MyMesh:Vertexiter v_it ;

MyMesh:Vertexiter v_endmeshyverticesend ());
MyMesh:Const\értexVertexlter c.i ;

/I read meshfrom argv[2]
MeshlQ:readmesh(meshargv [2]);

/I smoothN iterations
for (; i<N;++i) {
for ( v_it=meshverticesbegin ();
vit!=v_end ++v.it ) {
Vec3fc (0,0,0);
float valence(0.0);

for ( c.i=MyMesh:Const\ertexVertexlter(mesh v_it . handle());
ci;++ci){
¢ += meshpoint(x c_it ); ++valence

v_it — >setcog(c/alencg;

}

for ( v_it =meshverticesbegin (); v.it!=v_end ++v_it)
if (! mesh.isboundaryv_i .handle()))
meshsetpoint(xv.i , v_i—>cog());

}

/I write result to arg\{3]
MeshlQ:write_mestfmesh agv [3]);

Listing 2: This exampleshavs how to navigate throughthe mesh
usingiteratorsandcirculators. It smootheghe meshby iteratively
moving eachvertex into the barycentenof its neighbors.

usinga Const Vert exVert exl t er, i.e. aniteratorcirculating
arounda centervertex andenumeratingll one—ringvertices.Since
the one-ringverticeswill not be changedwe usethe Const ver
sionof thecirculator In the sameway all verticesor (half-) edges
of agivenfacecaneasilybetraversedusingfacecirculators.

4.3 Implementation

The low—level implementationof the halfedgedata structureof a
meshis encapsulateéhto the meshkernel It is responsibldor the
storageof meshitems,for accessinghemthroughtheir correspond-
ing handlesandfor keepingthe connectiity informationconsistent.
Thechosemeshkernelactsastemplateparametefor thepolygonal
mesh,thatinheritsfrom the kernelandaddshigherlevel function-
ality, like e.g.topologicaloperatoraisedin meshdecimation.
Themeshcanbefurtherparameterizetly atraitsclassthatholds

memberclassegorrespondingo thedifferentmeshitems. Thefinal
item typeswill be derived from theseclassesso that ary desired
functionality canbe pluggedin by puttingit into theseclasses.In
Listing 1 theclassVer t exT is definedto storethe pointcoordinate
cog-.

Theseadditional attributes are addedto the systempart of the
vertex usingsomegeneative or aspecibrientedprogrammingech-
nigues(see[1, 5]). This avoids problemswith mulitple inheritance
(ambiguity no controlledoverloading)by building a linear inheri-
tancechaininstead:

template <classBase>
class AddNormal: public Base

{
public:
const Point& normal)) const { return normal; }
void setnormal(const Point& _n) { normal = _n; }
private:
Point normal;

typedef AddNormak Some\érte<> Some\értexWithNormat

Listing 3: Adding the attribute normalvectorto vertices.

Sincethehandletypesdependnthecontaineraisedby themesh
kernel(e.g.aVer t exHandl e maybeaVert ex* orani nt), the
kernelitself dependson the meshitems (in orderto constructthe
handletypes),andtheitemsrequirethe handleqa vertex muststore
a halfedgehandle),we have to usetemplateforward declarations
to get“safe” handletypes(see[7]). Using thistechniquetheitem
typesknow eachother and their respectie handletypes, thereby
avoiding to useandcastvoi d pointers.This alsoenablesisto use
the handlestypesin the traits classesg.qg. if the facetype should
containavertex handle seeListing 4.

HeretheclassLi st Ker nel T getsthefinal meshitemsastem-
plate parameterand the classFi nal Meshl t ensT expectsthe
kernel as templateargumentin turn. Thereforethe classFi -
nal Meshl t ens T doesa forward declarationof the meshkernel,
resultingin the classKer nel . This classnow providesall types
of items and their correspondinghandles,and hencecan be used
astemplateargumentfor the internalvertex aswell asfor the user
traits. Thefully specifiedFi nal Meshl t ems canthenbe usedas
theactualtemplateargumentof theLi st Ker nel T.

As we have seenwe usea custom-tailoreaneshfor eachappli-
cation. All thesemeshesawill be differentC++ types. If we want
to designalgorithmsoperatingon all of thesemeshtypes,we either
have to derive all meshedrom a commonvirtual baseclass,or do
it the STL way and usegenericprogrammingmethods. Sincevir-
tual functions/ classedeadto a certainoverheadn spaceandtime,
we have choserthe genericapproachevery algorithmgetsthetype
Mesh in form of atemplateparameter

This leadsto the problemthat certainalgorithmshave to know
aboutsomedetailsof themesh e.g.whethethemeshprovidesface
normalsfor surfacelighting. Using generatre programmingmeth-
ods(se€[1, 5]), thisinformationcanbechecledfor atcompile—time:
if themeshprovidesfacenormals they will beusedautomatically

Another exampleis the optional previous halfedgehandle (cf.
Fig. 1): if the meshstoresthe previous halfedgein additionto the
next—halfedgenandle askingfor prev_halfedggustreturnsthis han-
dle. Otherwisethefacehasto betraversedby iteratively jumpingto
thenext halfedgeuntil the original oneis reachedagain.SeelListing
5 for theimplementationthe usercalls prev_halfedge this function
in turn calls oneof its helperfunctions,dependingon the resultof
(Halfedge::Attritutes& HasPrgHalfedge). If we addthe previous
halfedgeto our vertex class,it will automaticallyregister itself to
the vertex, so that (Halfedge::Attriutes& HasPreHalfedge)will
be true. This decisionis madeat compiletime, sothatwe addno
run—timeoverhead.

As we have seenthe OpenMestis highly customizablefrom the
userspoint of view by pluggingin differenttraits classesandfrom



struct Listltems

/I internal vertex
template <classKerneb> class VertexT

t
public:

/I use references provided by Kernel
typedef typenameKernel:: HalfedgeHandleHalfedgeHandle;

}
X
struct ListKernel
template < classFinalMeshltems classKernelT
public:
/I use provided items& define handles
typedef typenamerinalMeshltemsVertex  Vertex;
typedef Vertexx VertexHandleg

. /I define HalfedggHandle EdgeHandle FaceHandle

template <classMeshKerne| class Sysltems class Traits>
struct FinalMeshltemsT

/I forward declamtion of meshkernel

typedef FinalMeshltemsk MeshKerne| SysltemsTraits> This;
typedef typenameMEshKernel:template KernelT< This> Kernel

/I final Vertex type

typedef typenameSysltems:template VertexT<Kernet> Sys\ertex;
typedef typenameTraits :: template VertexT < Sys\ertex> Vertex;

. Il define Halfedge, Edge andFace

struct MyTraits : public DefaultTraits
template <classBase> struct FaceT: public Base

typenameBase:Kernel:: VertexHandle my_vertex_handle

typedef FinalMeshltems¥k ListKerne| Listitems, MyTraits> FinalMeshltems;
typedef ListKernel:: KernelT<FinalMeshltems MyMeshKerne|
typedef TriMeshT<MeshKernet> MyMesh

Listing 4: Templateforward declaratiorprovidestype—safehandles
for theinternalmeshitemsaswell asfor the usertraits.

enum { HasPreHalfedge= (1< < something)};
template <bool b> classBool2Type { enum { my_bool=b }; };

HalfedgeHandleprev_halfedgehandle(HalfedgeHandleheh) {
return
prev_helper(_heh,
Bool2Type< (Halfedge:Attributes& HasPreHalfedgg>());

}

HalfedgeHandleprev_helper(HalfedgeHandleheh, Bool2Type<true>) {
/I halfedg handle is stored
return halfedge_heh). prev_halfedgehandle();

}

HalfedgeHandleprev_helper(HalfedgeHandleheh, Bool2Type<false>) {
/I cycle through the face to find the previous halfedg

Listing 5: Checkingfor certainfeaturesat compiletime

the developerspoint of view by implementingnev meshkernels.
Sincemostof theseoptionscanbe checled for atcompile—time we
do notloseefficiengy by providing this generality

5 Examples and Applications

In the following sectionwe presentsomeexampleapplicationghat
we have implementedusing the OpenMeshlibrary. Theseappli-
cationstake strong advantageof the OpenMeshlibrary’s generic
conceptiong.g. the possibility to associatarbitraryattributeswith
the meshprimitivesat compile-time.This enabledlexible, custom-
tailoredmeshtypeswithouttherun-timeoverheacknown from other
programmingtechniquedik e virtual inheritance. Although the in-
ternalstructureof the OpenMesHibrary is quiteinvolved, theactual
usageof thelibrary is not: Well known designpatterndike adaptors,
iteratorsandtraitsfacilitatetheaccess$o themeshhenceapplication
programmingeffort is keptata minimum.

As attributesareonly allocatedvhenactuallyneedednho memory
is wastedfor unusedattributes. For the mereconnectvity informa-
tion the OpenMesHibrary needgo allocate4 bytes(= onepointer)
per vertex, 12 bytes(= threepointers)per halfedgeand4 bytes(=
onepointer)perface.Any userspecifiedattributeswill increasehe
memoryrequirementsccordingly

Becauseall attributesof a meshare statically definedat com-
pile time, it is not possibleto add further attributesto the meshat
run-time. This functionality however, is desireabldor someappli-
cations,in particularwhenthe attribute in questionis neededonly
temporarilyin theapplications life-time. Hencewe assigna unique
identifierto eachprimitive which canthenbe usedasanindex into
an array of attributesthat is kept outsideof the actualmeshdata
structure.

5.1 Mesh Smoothing

Becauseof the limitations that areinherentto a physicalsampling
processmesheshatareacquiredby a3D scanneusuallyarenoisy.
To remove this noise,so-calledsmoothingalgorithmshave beende-
veloped(seee.g.[11]). A notedlysimpleoneis derived from min-
imizing the membraneenegy of the meshandis implementedcby
repeatedlymoving verticesto the centerof gravity of their neigh-
bors. Listing 2 shawvs how this algorithmcanbe implementedn a
few linesof codeusingonly thestandardunctionsthatareprovided
by the OpenMesHlibrary. Note that only the necessarattributes
are attachedto eachvertex (in this casethe verte<' position) and
that no further memoryis allocatedfor unusedattributes(like the
verteX’ normal). Becauseahe OpenMesHibrary supportsconstant-
time (w.r.t. the total numberof vertices)iterationarounda vertex,
the smoothingalgorithmis very fast. Figure2 shavs the resultof
applyingthe smoothingalgorithmto a noisymesh.

Figure 2: Left: Cunatureplot of a noisy meshacquiredby a 3D

scannef(400000triangles).Right: Curvatureplot of the meshafter
applying 50 iterationsof the smoothingalgorithm. The complete
smoothingtook about10 second®n a standardPC.



5.2 Mesh Decimation

Meshesthat are generatedoy scanningphysical modelstypically
consistof millions of triangles(se€[9]). Becausenary dowvnstream
algorithmscannothandlethis much dataefficiently, meshdecima-
tion techniqueshave beendevelopedto reducethe numberof faces
of a polygonalmesh(see[8]). This is doneby repeatedlyremor-
ing verticesfrom a mesh,e.g. by collapsingedgesor by removing
the trianglesadjacentto a vertex and retriangulatingthe resulting
hole. Becausehe OpenMesHibrary alwayskeepstrackof thelocal
connectiity information,these(Euler)operationsanefficiently be
performedandare, in fact, alreadyprovided by the library. Using
the OpenMests traits conceptit is furthermoreeasyto consistently
associateand updatean a global approximatiorerror, like e.g. the
distanceto the original meshor the so-callederrorquadric(se€[6]),
to eachvertex. Light-weight vertex handlescanthenbe storedin
a priority-queueto schedulehe decimationorder Our implemen-
tation basedon the OpenMesHiibrary useserrorquadricsas error
measureandachiezesa decimationrate of 20000trianglesper sec-
ond (Figure3).

Figure 3: Left: Bunry consistingof 70000triangles(model cour
tesyof StanfordUniversity ComputerGraphicsLaboratory).Right:
Bunry aftermeshdecimatiorusingtheerrorquadrictechniqug700
triangles). The completedecimationprocessook lessthan4 sec-
onds.

5.3 Geometry Transmission

We have developeda schemefor robustly transmitting3D geome-
try over a network (se€[3]). This schemas robustin the sensehat
a certainpercentagef vertex lossdueto network jammingis tol-

eratedby the client-sidereconstructioralgorithm (Figure 4). The
implementatiorusesa numberof techniquego speedup andfacil-

itate the reconstructiorprocess.For example,a spacepartitioning
schemes usedto efficiently locatetrianglesand edgesin the spa-
tial vicinity of a transmittedvertex. Using the handleconceptof

the OpenMesHibrary, the spacepartitioning createsonly minimal

memoryoverhead. Furthermoreattributeslik e featureinformation
areeasilyattachedo eachvertex or edgeusingthe OpenMeshraits
concept.

6 Conclusions and Future Work

The OpenMesHibrary is an efficient and versatileimplementation
of a halfedgedatastructure. Becauseof its genericapproacht al-
lows for advancedoptimizationsat compile-timeandhenceusually
resultsin very fastexecutables.This flexibility is achiezed by us-
ing involved templateconceptsof the C++ programminganguage
asdefinedin thelSO C++ standardUnfortunately atthetime being
someC++ compilersarenot|SO C++ compliantandfail to compile
theOpenMesHibrary. As anext developmenttepwethereforeplan
to provide workarounddor thesecompilers.

Besidesthat, the OpenMesHibrary currently provides only the
halfedgedatastructurepe seanda few supportingcomponentsin

Figure4: Local reconstructiorof a horsemodel. Notetheirregular
meshstructurethatrequiresa flexible halfedgedatastructure.

analogyto the STL (StandardTemplateLibrary) we plan to also
provide commonalgorithmsworking on that structure Jike e.qg. for
meshsmoothingor meshdecimation.Thesealgorithmswill alsobe
genericandhencewill provide anoptimalinteractionwith themesh
structure.
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