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Abstract:
This technicalnotedescribesthemain featuresof YAMS
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YAMS

Résumé:
CerapporttechniquedécritlesprincipalesfonctionsdeYAMS

�

, unlogiciel automatiquederemaillage
adaptatifde surfaces.Les fonctionnalitésdu logiciel, les formatsdes�chiers d'entrée/sortieet une
liste demessagesd'erreursontdécritsdanscedocument.Desexemplesd'applicationssontfournis
pour expliquer les différentespossibilitésoffertespar l'algorithme et les moyensde seprocurerle
code.

YAMSaétédéveloppéauseindu projetGAMMA à l'INRIA-Rocquencourt.

Cedocumentdécrit lesfonctionnalitésdela versioncourante: versionV2.1 (Juin2001).

Figure1: Exemplederemaillagedesurfacesurunepiècemécanique.

Mots-clé : maillagedesurface,décimation,adaptationdemaillage

�

Celogiciel a été enregistréà l'APP sousle n
�

IDDN.FR.001.410006.00.R.P. 1999.000.20600le 4 octobre1999.
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1 Surfaceremeshingprocedure

1.1 Context

Usually, a surfaceremeshingalgorithmis a procedureto transformanarbitrarytriangulation(even-
tually containingill-shapedtriangles)into ahigh-qualitymesh.Thisprocedureis especiallyusefulto
generatesurfacemeshesin view of numericalsimulationsor for high-endvisualizationpurposes.It
canalsobeusedto reducetheamountof datarequiredto representacomplex 3D model.In all cases,
the resultingmeshshouldcorrespondto a goodandaccurate(piecewise linear)surfaceapproxima-
tion with a reasonablenumberof elements.Hence,theelementsizeis locally relatedto thesurface
curvature.In this respect,suchameshcanbequali�ed as"nearlyoptimal".

1.2 Yamsoverview

YAMSis a fully automaticadaptivesurfaceremeshingtool thattakesany arbitrarysurfacetriangula-
tion andproducesanadapted(curvature-based)surfacemesh.Theremeshingprocedureis governed
by thegeometricsurfaceproperties(ageometricsizemapthatrelatestheelementsizeto thelocalcur-
vatureis de�ned) aswell asby ametricmap(for instanceprovidedby ana posteriorierrorestimate),
bothbeingde�nedat theverticesof theinputmesh.Thisscalarmap1 providesasuitableelementsize
at eachmeshvertex to locally discretizethesurfaceaccurately. This sizemapis suf�cient to control
themeshdensityandthemeshgradationaswell astheelementshapequality.

The initial surfacedescriptioncanbe any triangulation,for instancesuppliedby a CAD-CAM
packageor any surfacereconstructionalgorithm. Theinput dataneedsto beorientableandmustbe
composedof trianglesand/orquadrilateralsonly. Non-manifoldmodelsarehandled.

Remark 1.1 In addition to theserequirements,additionalentitiesand informationcanbesupplied
to helpremeshingthesurface(constrainedentities,corners,ridges,normals,etc.).

Thealgorithmproceedsin threesteps.At �rst, thesurfaceis analyzedandits intrinsic properties
arecomputedbasedon theactualdiscreterepresentation.This resultsin theconstructionof thegeo-
metricsizemap.Then,thetriangulationis processedandmodi�ed accordingto thesizeprescription.
To thisend,topologicalandgeometricaloperationsareperformedto achieveameshin whichtheele-
mentsizeandtheelementshapequality arecontrolled.Finally, a local optimizationstageis carried
out to improvetheelementshapequality.

YAMSalsoproducesdiagnosticsaboutthe correctnessof the surface(regardingits orientation)
andvarioushistograms(regardingthequalityof theapproximation).

1It is a scalarmapif themeshis to beisotropic.
RT n	0252
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2 Input data

Thegeometryof thesurfaceis describedusinga simplemeshformat. Thespeci�cationof a metric
mapin thecontext of meshadaptatationis alsodescribedhereafter.

2.1 Geometrydescription

Thesurfacegeometryis describedpreferablyusingthemesh �le format. (seeAppendixfor thecom-
pletedescriptionof this format).For compatibilitypurposesthe"old" msh2 formatis alsosupported
in this release.Noticethatif quadsaresupplied,they areautomaticallyconvertedto triangles.

Themesh formatallows to preciselydescribethesurfacefeatures.For instance,corners,ridges,
normalscan be suppliedin this �le format to provide moreacurateinformation to the remeshing
procedure.This is the only de�nition of the surfacethat the programwill know asthereis no link
with a CAD modellingsystem.

� Themesh format.
This formatis composedof a single(ASCII or binary)�le, xxx.mesh or xxx.meshb . This
�le containsall theinformationneededto describeentirelythesurfacemeshandtheunderlying
geometry. It is organizedasa seriesof �elds, identi�ed by keywords.In additionto thevertex
coordinatesandthelist of faces,it allowsoneto specifyadditionalinformationsuchascorners,
edges,ridges,requiredentities(thatmustbepreservedin the�nal mesh),etc.

� Themsh2 format.
This verycrudeformatis composedof two ASCII �les, xxx.points andxxx.faces des-
cribing the geometry(vertex coordinates)and the topology (list of elements)of the surface
mesh,respectively.

2.2 Metric speci�cation

A usersuppliedsizemapcanbe describedasa singledata�le, xxx.bb , containingscalarvalues
(i.e., a sizing information)which areassociatedwith thevertices(or with theelements)of thegiven
surfacemesh.By default, whenreadingan input �le (test.mesh , for instance),theprogramwill
look to seeif thereis any sizespeci�cationattachedto this �le (test.bb ). In this case,the user-
speci�edmetricwill becombinedwith theintrinsicgeometricmetricin orderto preservetheelement
sizein highly curvedregionwhile modifying thestandardsizeby theonesuppliedby theuserin the
planarregions.

2.3 Software integration

If YAMSis integratedin a softwarepackage,only the input andoutputroutinesneedto bemodi�ed,
for ef�ciency andcompatibilitypurposes.In thiscontext, nomorethan4 routinesneedto bemodi�ed
andadaptedto supporttheuser�le formats.

INRIA
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3 Output and Err ors

3.1 Output �les

Usually, a singleoutput �le is producedat completion,representingthe resultingmesh. This �le,
xxx.meshb , is written in thebinarymesh formatby default. It containsthegeometryandtopology
of thepiecewiselinearapproximation(i.e., thevertex coordinatesandtriangles)aswell asadditional
datarelative to thespeci�c features: thecornersandridges,for instance.A morecomplete�le can
alsobeexportedin mesh formatcontainingnormals,tangents,etc,if desired.

If speci�ed, the currentsizemapcanbe written in a xxx.bb �le (similar to that usedasinput
�le).

Notice that the output �les arefully compatiblewith the input �les, thusmakingit easyto use
YAMSasanoptimizer(theoutput�les becomingtheinput �les whenrunningthecodeagain).

3.2 Err or messages

At completionof theremeshingprocedure,two casescanbeencountered:

� A mesh �le hasbeencreated,hencemeaningthat the resultingmeshis valid. However, this
doesnotnecessarilymeansthatthemeshis averyaccuratesurfaceapproximation,asthisresult
is stronglyrelatedto theparameterspeci�cation(seeSection5.2).

� No output�le hasbeenproduced: eitherthedataareincorrect(or missing),or thealgorithm
detectedablockingerrorandstopped,writing anerrorcode(seebelow).
Theprogrammaystopfor variousreasons,for instance:

– theinput �le (in themsh2 format)containsfacesotherthantrianglesor quadrilaterals,

– theallocatedmemorysizeis not suf�cient. Thesolutionis thento increasethememory
size: option[-m MegaBytes] ,

– thesurfaceis not orientable(aMöbiusstripor aKlein bottle,for instance).

Figure2: Examplesof non-orientablesurfacemeshes: a Möbiusstrip (left-handside)anda Klein
bottle(right-handside).

RT n	0252
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4 Technicalinformation

4.1 Language,platforms

Fromthebeginning,theprogramhasbeenentirelywritten in C (ANSI). Thecurrentversionconsists
of about17,000lines of optimizedsourcecode. Hence,the code is very portableand hasbeen
successfullycompiledandtestedonall majorcomputerarchitectures(i.e., HP, Sun,SGI, IBM, Intel-
basedPC,etc.)andoperatingsystems(Unix/Linux, WindowsNT, MacOS).

4.2 Memory requirement

Theprogramrequiresroughlyabout
�����

bytespervertex thusmakingit possibleto estimatea priori
the requiredmemorysize to completea job. As an exampleof memoryspaceneeded,a meshof

�������
	����

points( 


�����������




	

triangles)requires182MegaBytes(i.e., 351bytesperpoint). Conversely,
aworkstationhaving

�




�

MegaBytesof memorycanhandlea meshof about
�����������
�����

points.
The memoryis dynamicallyallocatedat the data�le readingstage,also,it obeys the following

simplerule. If theuserchosesto only simplify or optimizethegivenmesh,thenthememoryallocated
is strictly thememoryrequiredto storetheinputmesh.Howeverif theuserselectsameshenrichment
option, the memoryis automaticallyset up to 1.5 times the initial size (i.e., requiredto storethe
input mesh). This simple boundpreventsany memoryover�ow becauseof small artifacts in the
initial surfacediscretization.If duringtheexecution,thememoryallocationbecomesinsuf�cient, the
following errormessageis issued:

ERR 4002, proc, UNABLE TO CREATE NEWTRIANGLE

In sucha case,the usercan either decideto run the programagainand specify the total amount
of memoryusingthe [-m MegaBytes] option (seebelow) or choseto changethe minimal size
prescribedin thecon�guration�le.

4.3 CPU time estimation

TheCPUtime requiredto obtainthe �nal mesh(including theI/O) is obviously relatedto thecom-
plexity of the surface,as well as to the parametersand optionsspeci�ed. Nevertheless,one can
reasonablyexpect(seetablein section6) :

� a few secondsto simplify ameshof severalthousandsof elementsand

� a few minutesto enrichameshof severalhundredsof thousandsof elements.

4.4 Distrib ution

An evaluationcopy of YAMSsoftwarefor a limited periodof time canbeobtainedby contactingthe
authorsat INRIA :

Pascal FREY
INRIA, Domaine de Voluceau
BP 105, 78153 Le Chesnay cedex, France
Email: pascal.frey@inria.fr
http://www-rocq.inria.fr/gamma/ yams/yams .htm l

INRIA
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or by contactingSimulog,thedistributorof YAMS worldwide:

SIMULOG
1, rue James Joule
78286 GUYANCOURTcedex, France
Fax number: (33) 1 3012 2727 (attention Mark Loriot)
Email: mark.loriot@simulog.fr
http://www.simulog.fr,

section Compos. maillages/Meshing Software Components

SimulogprovidesState-of-the-Artmeshingsoftwarecomponentsthatensuresoftwaredevelopersto
successfullycreatetheirCAD/CAE applications.In this respect,Simulogcandeliversourcecodefor
integrationpurposesor binary�les (onvariousplatforms)of thecurrentversionof YAMS.

RT n	0252
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5 How to useYAMS

In this section,indicationsaboutthegeneralschemeof thealgorithmareprovidedaswell assome
hintsto achievespeci�c results.

5.1 Flowchart of the algorithm

As indicatedabove, themeshalgorithmis basedon local topologicalandgeometricalmodi�cations
(seereference[4] for moredetails).Thegeneralschemeof themethodincludesthefollowing steps:

� readingtheinput �le(s), andthemetric�le (if any),

� surfaceanalysis(orientation,normalcomputation,ridgeandcornersidenti�cation, etc.),

� iterativelocalmodi�cationsusinggeometricaloperators(noderepositioning,vertex insertion/deletion)
andtopologicaloperators(edge�ipping),

� meshoptimization(by relocatingthe verticesor using topologicaloperatorsto improve the
elementaspectratio while conformingto thesizingmap),

� writing theoutput�le(s).

5.2 Command line and options

YAMSis invokedvia asinglecommandline. At this level, only a few optionscanbespeci�ed.

5.2.1 Command line

Theusualwayof startingYAMSis to typein thefollowing line :

yams [-O n] [InputFile] .

Also, typing : yams -h will give themeaningof all thevariousoptions.
By default, thenameof theoutput�le correspondsto thebasenameof theinput �le followedby

theextension.d (for example,test.d.meshb if theinput is test.meshb ). Theusercansupply
any �le namefor theoutput�le.

Theuserneedsto specifywhich treatmenthasto becarriedouton theinputdata: i.e., simpli�ca-
tion, enrichment,optimization,adaptationor smoothing.Themeshingoptionsarespecifyusingthe
command: yams -O n, wheretheparametern means:

INRIA



YAMS: a fully automaticsurfaceremeshingtool 11

0 optimizationonly (quality improvement).The numberof nodesremainsidentical
to thatof theinitial surfacetriangulation.

1 high-qualitysurfaceremeshing.The�nal meshis suitablefor numericalsimulations
(nearlyequilateraltriangles,meshdensityrelatedto thelocal curvature).

2 geometricsurfaceremeshing(Hausdorff based). The distancebetweenthe �nal
meshandtheoriginaloneis boundedby athresholdvalue.Thetrianglesareslightly
anisotropic.

3 pattern-basedgeometricsurfaceenrichment.Nodesareaddedfor geometricpur-
poses(i.e., improving thegeometricapproximation).

9 improve surfaceapproximation.This is useful for processing"Marching-Cubes"
likemeshes(e.g.,to removestaircaseeffects).

Noticethatnegativevaluesof n for options1 and2 canbespeci�ed,thusindicatingthatthemesh
needsonly to be simpli�ed (this option acceleratesthe global processingof the mesh).New nodes
arecreatedon aninternallybuild

���

supportto improvethequalityof thegeometricapproximation.

5.2.2 Other options

Otheroptionscanalsobespeci�edon thecommandline :
-v [n] Verbositylevel (to getmoreinformationduringtheprocess),
-b Save .bb metric�le,
-c [n] Saveconnectedcomponentn only,
-e Saveextendedinformationin output�le (normals,tangents,etc.),
-f Save formatted(ascii)output�le,
-m [n] Setthememorysizeto n MegaBytes ,
-nm Createpointon straightedge(nomappingongeometricsupport),
-no Do notwrite output�le,
-ns Disablenodesmoothingduringtheoptimizationstage,
-vrml SaveVRML (level 1) �le.

Remark 5.1 Bydefault,only theoption-O [n] andthenameof thedata�le needto bespeci�ed.

5.3 Control parameters

In additionto thepreviousoptions,a few controlparametersarerequiredto properlycharacterizethe
desiredsurfaceapproximation2. Theseparametersarestoredin asimpletext �le, namedxxx.yams
(associatedwith xxx.mesh �le) or DEFAULT.yams. The�le structureis organizedasa seriesof
�elds, composedof akeywordandascalarvalue.

Remark 5.2 For thesakeof simplicity, all parametershavebeenassignedreasonabledefaultvalues,
thusmakingit possibleto run YAMSwithoutcreatingsuch a �le .

Parametersthatcanbespeci�edareasfollows(noticethatall keywordsarenot casesensitive) :

� Absolute
indicatesthatthetoleranceandsizeparametersarespeci�edin modelunit. Default is to consi-
derrelativevalues(e.g.in 1/1000of theboundingboxsize).

2Thismakesurfaceremeshingmoretediousto controlthanvolumemeshing!
RT n	0252



12 PascalJ. FREY

� Tolerance ,
�

(Float)
usedto specifythemaximumallowablechordaldeviation

�

.
Default valueis 1/1000of theboundingboxsize(or modelunits).

� GeomApp, � (Float)
usedto control thesurfacesmoothness(boundthemaximaldeviation of themeshedgesfrom
thetangentplaneatmeshvertices).
Range: 0.001to 0.1,default value: 0.01.

� Ridge , � (Float)
allows to specifytheangularvaluefor thedetectionof ridgesandcorners(i.e., themeasureof
theanglebetweenthenormalsof adjacentfacesor edges).
Thedefault valueis

� �

degrees.

� Gradation , �����	� (Float)
indicatestherateof thesizevariationbetweenneighboringelements.
Values: -1 if no gradationis desired,range: 1. to 100,default : 1.3.

� MinSize , 
���
�� (Float)andMaxSize , 
������ (Float)
allow to prescribea minimal (resp.maximal)elementsize.
Default 
���
�� is 5/1000of theboundingbox size(or modelunits).No default valuefor 
������ .

� NbIter , � (Integer)
usedto prescribethe numberof smoothingiterationswhen invoking the option -O 9. The
default valueis setto 50.

5.4 Physical attrib utes

Inherently, the surfaceremeshingalgorithmpreserves the physicalattributesspeci�ed in the input
�le (vertex, edgeandfacereferences).However, ascanbeeasilyunderstood,thenumberingof the
verticesis affectedby the algorithm. However, with option -O 0, it may be possibleto preserve
vertex numbers(althoughnot thetrianglenumbering).

Thedifferentsurfaceconnectedcomponentsareautomaticallyidenti�ed basedontheridgedetec-
tion. In thecasewhereseveralcomponentshavebeenidenti�ed, thealgorithmcanretainonly oneof
them(usingtheoption[-c n] in thecommandline).

INRIA



YAMS: a fully automaticsurfaceremeshingtool 13

6 Application examples

This aim of this large sectionis to emphasizethe variousfeaturesof the softwarepackageYAMS.
To this end,we will illustratethe two possibleapproachesfor surfacesimpli�cation. Then,we will
focusson surfaceenrichmentandillustratehow to obtaina high-qualitysurfacemeshfor numerical
simulations.Afterwards,surfacemeshoptimizationwill bebrie�y discussedand�nally , examplesof
meshadaptationwill beprovidedto show theef�ciency of thealgorithmin thecontext of numerical
simulationsbasedon �nite element/volumemethods.

6.1 Surfacesimpli�cation

Oneof themostattractive featureof YAMSis thepossibilityof reducingthenumberof meshentities
while controlling:

i) thequalityof thegeometricapproximation,

ii) thesurfaceproperties(curvatures,ridges,etc.)and

iii) theglobalmeshquality.

Numerous�elds of applicationsareconcernedwith this feature,includingcomputergraphics,carto-
graphy, virtual reality, numericalsimulation,etc.

Given a surfacetriangulation,two optionsof meshsimpli�cation areproposedin the software
package,allowing to obtain:

� high-quality(�nite element)surfacemeshes(meshesthatareprimarily intendedfor numerical
simulations)or

� geometricsurfacemeshes(suitablefor visualizationpurposesin which elementshapequality
controlis lesscrucial).

6.1.1 High-quality decimation

This possibility correspondsto the option -O -1 of thecommandline. The original surfacetrian-
gulationis simpli�ed accordingto thegeometricsizemapcomputedinternally. Typically, thisoption
triggerstheconstructionof a high-qualitygeometricmesh(i.e., a goodgeometricapproximationof
thesurface).In thiskind of mesh,theelementsizesaredirectlyrelatedto thelocalcurvature.Thisop-
tion involvesthreeparameters: thetoleranceTolerance , thegeometricapproximationGeomApp
andthemeshgradationGradation .

Table1 reportssomeresultsfor this typeof meshsimpli�cation procedure.In this table, �

� and
��� representthenumberof pointsandtriangles, � � ��� and � ����� representrespectively theworstand
averageelementshapequality (seeAppendix), ���

�
	�� is the percentageof elementshaving a quality
betterthan2, 
 ����� and � representtheaverageedgelengthsandtheef�ciency coef�cient, �

��� denotes
the CPU time (on a 550 Mhz HP 9000 workstation). In this table, the �rst line of eachexample
indicatesthe initial valuesandthe secondline the �nal results. All exampleshave beencomputed
usingthedefault parametervalues(i.e., no .yams �le used).

Notice that the averagequality is usuallyvery closeto 1 andthe numberof elementshaving a
qualitybetterthan2 is above �

���

, althoughthereis noguarantee(noranumericalbound)onthe�nal
meshquality. In somecases,a few badly-shapedtrianglesmayremainbecauseof somegeometrical
constraint(e.g.,askiny trianglelocatedbetweentwo ridges).
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Testcases �

�

� � � � � � � ����� � �

�
	��


 ����� � �

��� (sec.)
voiture 4,557 9,110 15.7 1.83 75.8 -

3,385 6,786 5.8 1.45 91.85 1.06 0.92 2.6
hotrod5 17,910 34,950 12.7 1.86 71.09 -

4,779 9,152 12.2 1.37 96 0.84 0.93 6.5
head 67,106 134,208 2.7 1.2 99.98 -

10,178 20,352 2.7 1.23 99.88 0.77 0.89 19.8
total 116,384 232,776 � 3.14 96 -
(Fig. 3, top) 25,181 50,370 221 1.4 97.6 0.88 0.91 51.6
igea 134,345 268,686 47.14 1.44 99.08 -
(Fig. 3, bottom) 27,871 55,738 47.14 1.25 99.69 0.72 0.87 59.8
happy 543,652 1,087,716 115 3.42 69.5 -

173,769 347,950 183. 1.63 90.23 0.43 0.6 295

Table1: Statisticsrelativeto high-qualitymeshsimpli�cation (option-O -1 ).

Figure3: Examplesof high-qualitymeshsimpli�cation usingoption-O -1 . Left ; original surface
meshes.Right: high-qualitysimpli�ed meshes.
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YAMS: a fully automaticsurfaceremeshingtool 15

6.1.2 Geometry-driven decimation

This featurecorrespondsto option-O -2 of thecommandline options.It allowstheuserto generate
asurfaceapproximationcorrespondingto aboundeddeviationfrom theoriginalsurfacetriangulation.
Thetolerancevaluecanbeseenasaprotectiveenvelopesurroundingtheoriginaltriangulation.In this
option, theHausdorff betweenthe two surfacesis computedto make surethat thesurfacedeviation
remainsboundedbelow the thresholdvalue. Usually, the resultingmeshespresentanisotropicfea-
tures,theelementsbeingstretchedalongthemaindirectionsof curvature.Hence,resultingmeshes
aremainly intendedfor visualizationpurposes,wherethe geometricaccuracy is neededwhile the
elementshapequality is lessimportant.Specifyinga MaxSize allows theuserto boundthenatural
stretchingof theelements.

Table2 reportssomeresultsfor this meshsimpli�cation procedure( � ����� representsthe worst
meshquality, �

� � denotesthe CPU time on a HP 9000workstation). In this table, the �rst (resp.
second)line of eachexamplecorrespondsto theinitial (resp.�nal) meshes.

Testcases �

�

��� � ����� �

��� (sec.)
pda06(Fig. 4) 6,768 13,540 68.2 -

717 1,438 68.2 0.7
corvette5 11,155 21,750 52.3 -

1,472 2,735 51.9 1.4
isis (Fig. 5) 45,749 91,494 173 -

5,891 11,778 173 7.6
r96012-250 126,157 250,413 2,942 -

20,247 38,828 54 29
igea 134,345 268,686 47.14 -

19,512 39,020 47.14 22.6
total88 876,487 1,812,094 5.98 -

12,133 33,002 41.9 76

Table2: Statisticsrelativeto geometry-drivenmeshsimpli�cation (option-O -2 ).

Figure4: Exampleof geometry-drivenmeshsimpli�cation usingoption-O -2 . Left : original mesh.
Right: simpli�ed surfacemesh.
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Figure5: Exampleof geometry-drivenmeshsimpli�cation usingoption-O -2 . Left : original mesh.
Right: simpli�ed surfacemesh.
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Table3: Evolutionof cputime(in sec.on a HP 9000workstation)vs.numberof points.

Table3 showstheevolutionof thecputimefor varioussurfacemeshesfor bothdecimationoptions
(-O -1 and-O -2 ). In this table,theusercanseethatoption-O -2 runsalwaysfasterthanoption
-O -1 . This plot tendsto con�rm the intuition that extractinga high-qualitymeshrequiresmore
work thansimply creatinga geometricmesh.
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6.1.3 Application : creation of hierarchical meshes

In somecases,for instancefor visualizationpurposes,it maybedesirableto createvariousoccurences
of the samemodel at different level of detail. This is possibleusing YAMSwith options-O -1
or -O -2 increasingthe value of the Tolerance parameter(seeexampleFigure 6). It is also
possibleto generateasurfacemeshatany level thatis composedof asubsetof thenodesof theinitial
triangulation. In this case,the userhasto specify -ns on the commandline to prevent the nodes
to berelocatedduringthesimpli�cation stage.Theinitial mesh(not displayedin Figure6) contains

�������
	����

vertices.

h1 h2 h3 h4

Figure 6: Geometricmeshsimpli�cation applied to the constructionof hierarchical meshes.The
meshescontains

�




	�����	


 vertices, 


	�	��������

vertices,
	������

� � verticesand
��������	��

vertices,respecti-
vely(datacourtesyStanford University, CGdept.).

h1 h2 h1 h3 h1 h4

Figure7: Useof hierarchical meshesfor visualizationpurposes.
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6.2 Surfacemeshenrichment

If the given surface triangulationis a poor approximationof the underlyingsurfacegeometryor
if it doesnot have enoughnodesor if the meshelementsare not well shaped,then surfacemesh
enrichmentbecomesnecessary. In this contexte, YAMSoffers the possibility of enrichinga given
mesh,i.e. of addingverticeson the surface. The softwarebeingnot directly relatedto any CAD
system,a procedurehasto be de�ned to answera querylike : "givena point �nd the closestpoint
ontothesurface".To this end,a geometricsupport(

� �

continuous)is de�ned internallythatwill be
usedto locatepointsontothesurfaceandto answerqueries,henceemulatingthebehavior of asimple
geometricmodeller. This geometricsupportrepresentsthe analyticalde�nition of the underlying
geometry[6, 7].

Again,two optionsareconcernedwith this feature,thatallow to de�ne :

� high-qualitysurfacemeshes(for numericalsimulations),

� geometricsurfacemeshes(withoutelementshapequality control).

6.2.1 High-quality geometricsurfacemeshes

This featurecorrespondsto option-O 1 of thecommandline. As for thecorrespondingdecimation
option, an internal curvature-basedmetric is constructedthat prescribe,at eachmeshvertex, the
desiredelementsize,dependingon theTolerance , GeomAppandGradation valuesspeci�ed.

Table4 reportsstatisticsaboutthemeshenrichmentprocedurefor varioussurfacemeshes.In this
table, �

� and � � representthenumberof pointsandtriangles, � � ��� and � ����� representrespectively
the worst andaverageelementshapequality, �

�

�
	�� is the percentageof elementshaving a quality
betterthan2, 
 ����� and � representtheaverageedgelengthsandtheef�ciency coef�cient, �

��� denotes
theCPUtime (on a HP 9000workstation).In this table,the �rst line of eachexampleindicatesthe
initial valuesandthesecondline the�nal results.

Testcases �

�

��� � ����� � ����� �
�

�
	��

�

���


 ����� � �

��� (sec.)
coupelle 329 540 17.4 2.1 74.8 -

1,555 2,778 10.1 1.5 84. 0.91 0.94 1.7
pump 1,646 3,312 45.7 5.2 32.5 -
(Fig. 1) 7,101 14,222 11.7 1.4 88.8 0.92 0.94 11
thepart 994 1,992 65 7.1 18.4 -
(Fig. 8, top) 7,377 14,758 13.6 1.3 97.7 0.95 0.95 16.2
b1 3,013 6,062 4.3 1.4 89.6 -

18,535 37,106 8.9 1.4 89.4 0.52 0.7 41.1
airbus 4,878 9,752 8.5 1.1 99.1 -

17,608 35,212 16.4 1.4 96.7 0.8 0.89 29.
modelb 17,445 34,930 9.5 1.4 98.39 -

21,500 43,040 14 1.3 94.76 0.9 0.93 41

Table4: Statisticsrelativeto high-qualitymeshenrichment(option-O 1).
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Figure8: Exampleof high-qualitysurfacemeshenrichment. Left : original surfacetriangulation.
Right: high-qualitymesh.

Figure9: Exampleof high-qualitysurfacemeshenrichment. Left : original surfacetriangulation
with minimalnumberof vertices.Right: high-qualitymesh.

6.2.2 Geometricsurfacemeshes

This featurecorrespondto option-O 2 of thecommandline. As for thecorrespondingdecimation
option, the resultingsurfacemeshesare slightly anisotropic. Here also, the meshesare primarily
intendedfor visualizationpurposes,whentheelementshapequality is lessimportantthanpreserving
thegeometricaccuracy of thesurfacediscretization.

Remark 6.1 In this version, theoption-O 3 of thecommandline allowstheuserto stopafter the
point insertionstage (without removing extra vertices).Thismakespossiblethecreationof geome-
trically accuratemeshesthat maybeconsideredasgeometricalsupport(i.e., themeshstandsfor the
geometryde�nition, cf. Figure10).

6.2.3 Mesh gradation control

The elementshapequality is of utmostimportancein numericalsimulationsas it may impact the
accuracy of the numericalsolutions. Usually, the quality of an elementcan be controlledby the
surfaceremeshingprogram. However, the shapequality is also relatedto the local meshdensity
andthesizedistribution function [2]. YAMSallows theuserto control the rateof thesizevariation
RT n	0252
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Figure10: Exampleof thecreationof a geometricsurfacemeshusingoption-O 3.

(i.e., how the elementsizechangesalonga meshedge),by adjustingthe parameterGradation .
Figure11 illustratesthein�uence of themeshgradationparameter.

Figure11: Exampleof meshgradationcontrol. Left : Gradation parametersetto 1.3 (default).
Right: Gradation parametersetto 4 (datacourtesyHondamotor, Japan).
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6.3 Surfacemeshoptimization

As the accuracy of thenumericalsolutionsarerelatedto the meshquality in �nite element/volume
methods[3], it may be desirableto improve the meshquality, while keepingthe numberof nodes
unchanged.Thisrequirementis alsoof interestasthequalityof asurfacemesh(de�ning theboundary
of avolume)affectsthequalityof a 3D tetrahedralmesh.

In this respect,YAMSallows oneto improve theelementshapequality of thegivensurfacetrian-
gulation,while preservingthegeometricapproximation.

6.3.1 Mesh quality impr ovement

A straightforward way of optimizing a meshis to keepthe numberof meshverticesconstantand
simply make local adjustements(edge�ipping, noderelocation)soasto improve theelementshape
quality. This featurecorrespondsto option -O 0. Figure 12 illustratesthe quality improvement
procedure.

Remark 6.2 Thisoptionmayalsobeusefulto slightly improvethequalityof a surfacemeshproces-
sedbyYAMS. It usuallyleadsto removebadly-shapedelementsthata previoustreatmentwasunable
to delete(aslocal curvaturesare recomputed).

Figure12: Exampleof surfacemeshoptimization.Left : original surfacetriangulation(datacourtesy
IFP, Paris). Right: optimizedsurfacemesh.

6.3.2 Surfaceapproximation impr ovement

The"MarchingCubes"algorithmis oneof themostpopularsurfacereconstructionalgorithmwhen
dealingwith discretedata(for instance,suppliedby sensingor scanningdevices).However, themajor
drawbacksof thisalgorithmis that:

i) it usuallyproducestoomany meshelements,

ii) thesurfaceapproximationis usuallyverypoor(staircaseeffect).

YAMSprovidesaneasysolutionto overcometheseproblems.Usingoption-O 9 thecodecanim-
prove thesurfaceapproximation(i.e., remove thestaircases).Then,theusermaychooseto simplify
the meshusingoptions-O -1 or -O -2 . Figure13 illustratesthe option -O 9 on a biomedical
data.
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Figure13: Exampleof surfaceapproximationimprovement.Top left : original mesh(
	����




���

ver-
tices), top right : 'smoothed'meshafter 100 iterations. Bottomleft : after option -O -1 ( �

���




�

vertices,20.1sec),bottomright : afteroption-O -2 (
���������

vertices,9.7sec.).
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6.4 Meshadaptation

In thecontext of numericalsimulationsbasedon�nite element/volumes,it is oftendesirabletocontrol
themeshdensitymorepreciselythanjust takingthesurfacegeometryinto account.For instance,in
CFD, it is requiredto have small elementsin shock-wave or boundarylayer regions, even if the
geometryis locally planar. Themeshdensityis thenprescribedusinga user-speci�edsizemap(for
instanceconstructedfrom ana posteriorierrorestimate).

In this regard,YAMScanalsobeusedasameshadaptationtool, to adaptthemeshto theproblem
to solve (i.e., to a speci�c sizemap). To this end,thealgorithmwill combinethegeometricmetric
(computedinternally)with theusersuppliedmetric.Hence,theresultingmeshwill haveameshden-
sity relatedto thelocalcurvatureof thesurfaceaswell asto theuserprescribedsizemap.Thisfeature
canbeachievedusingtheoption-O 1 (theoneusedto createhigh-qualitymeshes)in combination
with thereadingof axxx.bb �le to feedthealgorithmwith a requiredsizepervertex.

Figure14showsanexampleof meshadaptationonaCFDexample(transonic�o w overaONERA
M6 wing, Mach0.84,angleof attack3.06).
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Figure14: ONERAM6 wing : adaptedmeshesandiso-mach linesassociatedto iterations1 (
��� �
���

�

vertices),4 ( �

	����


 � vertices)and7 ( 


�����������

vertices).
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6.5 2D applications

AlthoughYAMSis inherentlyasurfaceremeshingsoftware,it canalsoprocess2D(triangular)meshes.
In this case,2D triangulationsareconsideredasplanarsurfaces.All availableoptions(exceptoption
-O 9) applyto planarmeshesaswell asto surfacemeshes.Figures15 and16 illustratetheoptimi-
zationandadaptationof planarmeshes.

Figure15: Exampleof planarsurfaceremeshing.

Figure16: Exampleof planar surfaceadaptationin CFD. Left : original (
�����

vertices)and �nal
adapted(

	��
� ���

vertices)meshes.Right: thecorrespondingisodensityvalues.
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7 Limitations

Thissectionis intendedfor makingpreciseseveralassumptionsaboutsurfacemeshing.It consistsof
aseriesof answerssaboutsurfaceremeshingquestionstheusersmaybefacedwith. It is alsointended
for precisingthelimits of thesoftware(i.e., thethingsit cannotdo)3.

7.1 De�ning the surfacegeometry

As alreadymentioned,YAMSis not relatedto any CAD modellingsystem. Therefore,the surface
geometryis only guessedfrom thegivensurfacetriangulation.To beableto remeshthis surfaceand
obtainahigh-qualitysurfacemesh,theusermusttakecareof supplyingatriangulationthatis already
a good(if not accurate)piecewise linear approximationof the modelgeometry. This may not be
alwayspossible,especiallywhendealingwith scanneddata(seeFAQ in Appendix).

Notice that YAMSkeepsthe topologyof the meshunchanged,if the initial triangulationis not
conformal,theresultingmeshwill alsonot be.

Usually, CAD systemsare able (i.e., have an option) to output an initial surfacetriangulation
that containsa large numbersof equallyspacednodesthusrepresentinga gooddescriptionof the
underlyingsurface. In suchcases,thetaskis madeeasyfor YAMS. Indeed,meshsimpli�cation will
bemorelikely to give thedesiredresult.

However, recentexperienceshave shown that CAD systemsnow export, presumablyoptimal,
triangulationswith a minimal amountof nodes(seeFigure17, for instance).If thesetriangulations
maybeusedfor graphicpurposes,they arenot, by all means,geometricmeshes(seeFigure17,right-
handside, for a local enlargementshowing the problem). The usermustbe convincedthat YAMS
cannotdo a goodjob on suchsurfaces,becausethegeometryof thesurfaceis not well captured(the
local curvatureis violated, the geometrictoleranceis varying a lot, etc.). Consequently, YAMSis
probablynot theright tool to beappliedonsuchtriangulations.

Figure17: Exampleof 'pseudo-geometric'surfacetriangulation. Right : enlargementon a problem
areawhere thetwodirectionsof curvaturearenotwell captured.

3Someof thesequestionscouldhave�gured in theFAQ list.
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7.2 CAD repair tool

Be consciousthatYAMSis not a CAD repairtool. Indeed,thesoftwarewill preserve themeshtopo-
logy andgeometryde�ned by theinitial surfacetriangulation.In particular, if thegiventriangulation
is non-manifold,theresultingmeshwill alsobenon-manifold(althoughoption-c n cansometimes
get rid of the problemby saving a speci�c connectedcomponent).Similarly, YAMSwill preserve
the meshconformity andwill not �ll the holesand gapbetweenelements. If the surfaceis self-
intersecting,this characteristicwill alsoremainin the�nal mesh.

7.3 About cornersand ridges

Usually, cornersandridgesarede�ned basedon theRidge parameterin the.yams �le. Ridgesare
de�ned whenthe dihedralanglebetween2 facesexceedsthe prescribedlimit. Cornersarede�ned
when3 incidentridgesmeetata vertex or if 2 ridgesform asmallangle.

Thelimit between2 sub-domains(neighboringtriangleswith differentreferences)de�nesacurve
tracedontothesurface.Thiscurvewill beremeshedaccordingto theprescribedtolerancevalue,thus
inducingsomemoreconstraintin theremshingprocess.
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8 Appendix

This sectionwill provide informationabouttheerrormessages,�le formats,shapeandsizequality
functionsusedin YAMSsoftware.At theendof thissectiona list of FrequentlyAskedQuestionswill
helptheuserto betterunderstandthemainconceptsandcontrolparametersof YAMS.

8.1 List of error messages

Warnings,errorsandpossiblecauseof failureareidenti�ed andlistedhereafter. Usually thesyntax
of errormessagesis thefollowing :
ERR xxxx, proc, MESSAGE, list ,
wherexxxx standsfor theerrornumber, proc is thenameof theprocedurein which theerrorwas
detected,MESSAGEis theerrordiagnosticandlist is a(facultative)list of argumentsrelatedto this
error(e.g.a list of meshentities).The�rst digit of theerrornumberindicatesthestageof theprocess
in which theerroroccured:

0 theprocesswasin thepreliminarystage(readinginput �les),
1 analysisstage: surfaceorientation,normalsandtangentscomputation,etc.,
4 surfaceremeshingproblems,
9 runtimeor system-dependenterrors: cancelledjob, hardwareproblem,etc.

Thelist of diagnosticsis asfollows:

[L0 ] Level 0 : inputdatarelatederrors.
Theseerrorsaremainly relatedto incorrectdata�le or memoryallocationproblems.

ERR MESSAGE DIAGNOSTIC/ CORRECTION
0000 WRONGDATA TYPE,

�

. Incorrectdata�le (wrongdimensionor vertex
�eld missing).

0001 NO INPUT DATA No elementfoundin theinputmesh.
0002 NOT ENOUGHMEMORY Not enoughmemoryspaceto storethemesh

structure. Solution : useoption [-m Me-
gaBytes] on thecommandline to increase
mem.size.

0003 WRONGFILE NAME Checkspelling.
0004 DATA NOT CONSIDERED Thisdatais notprocessed.
0005 UNABLE TO OPENFILE Unableto opendata�le. Solution : set the

correctreadpermissions.
0010 NORMAL AT VERTEX DISCAR-

DED
Normalvectordiscarded(wrongvertex num-
ber)

0011 NORMAL AT TRIANGLE VERTEX
DISCARDED

Normalvectordiscarded

0020 FACEDISCARDED Face
�

discardedfrom thetriangulation.
0021 EDGE(S)IGNORED Setof edgesdiscarded(memoryproblem).
0022 � FACESDISCARDED Numberof discardedfaces
0030-33 MEMORY REALLOC PROBLEM Unableto expandmemoryspace.

(HASH, NORMALS, TANGENTS) Solution: useoption[-m n]
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[L1 ] Level 1 : Surfaceanalysisandtopologyerrors.
Theseerrorsaremainly relatedto topologyproblems(e.g.,orientation,etc.).

ERR MESSAGE DIAGNOSTIC/ CORRECTION
1001 EDGEPROBLEM

�

����������	

Edge
�

�������

, face
	

discarded.
1010 � ADJACENCYPROBLEM Samefaceoccursat leasttwice.
1011 ORIENTATION PROBLEM Surfacemeshis notorientable.
1012 WRONGTOPOLOGY Meshtopologycorrupted.
1013 EDGEFLIP PROBLEM Unableto updatedatastructure.
1014 WRONGEDGETOPOLOGY Unableto updateadjacentfaces.
1015 EDGENOT CORRECTLY HASHED Internaldatastructurecorrupted.
1020 NO ROOT FORCOMPONENT Unableto correctly identify connectedcom-

ponent
�

.

[L4 ] Level 4 : Surfaceremeshingerrors.

ERR MESSAGE DIAGNOSTIC/ CORRECTION
4000 UNABLE TO CREATE NEW POINT Not enoughmemoryto addnew vertex.
4001 UNABLE TO CREATE NEW TRI-

ANGLE
Not enoughmemoryto createnew triangle.

4006 POORSHAPEQUALITY Element
	

is verybadly-shaped.
4007 SURFACETOOSMALL
4008 SMALL INRADIUS Badlyshapedelement.
4010 CURVE TANGENT PROBLEM Curve equationnot reliable. Solution : use

option -nm to avoid building geometricsup-
port.

4011 NORMAL VARIATION New vertex normal differs from old one by
morethan15 deg.

4012 INCONSISTENTBALL OFVERTEX Topologycorrupted.

[L8 ] Level 8 : Outputerrors.

ERR MESSAGE DIAGNOSTIC/ CORRECTION
8000 UNABLE TO SAVE MESHFILE. Checkwrite permissions
8001 UNABLE TO SAVE METRIC FILE.
8003 CURRENTMESHNOT SAVED. Becauseof apreviouserror

[L9 ] Level 9 : errorsrelatedto softwareproblems(�oating point exceptions,segmentationfault,
job cancelled,etc.).Thecurrentmeshwill not besaved.

ERR MESSAGE
9900 ABNORMAL STOP.
9901 FLOATING-POINTEXCEPTION.
9902 ILLEGAL INSTRUCTION.
9903 SEGMENTATION FAULT.
9904 PROGRAM KILLED.
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8.2 Isotropic remeshing

Theaimof thesurfaceremeshingalgorithmis toproducehigh-qualitygeometricsurfacemeshes.This
meansthat thedesiredelementshapeis the(nearly)equilateraltriangle. Theelementsizeis locally
relatedto the surfacecurvatureasprescribedby the geometricsizemap. The otherrequirementis
to obtaina valid andaccuratepiecewise linear approximationof the surfacegeometry. Therefore,
the metric map that is constructedinternally is able to take into accountboth the shapeand size
requirements.

8.2.1 Shapequality

For a triangle,theshapequality functionmeasurestheaspectratio of theelementandis de�ned as
follows :

�

���

�


 � � �

�

�

�

(1)

where 
�� ��� is theelementdiameter(i.e., its longestedge),�

� is theinradiusof triangle � and � is
a normalizationcoef�cient chosensothat thequality of theequilateraltriangleis equalto 1. Notice
thatthis functionrangesbetween1 and � , theoptimalvaluebeing1. For amesh� , aglobalquality
measureis computedas:
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8.2.2 Sizequality

Thelengthof ameshedge��� with respectto thesizespeci�cationcanbecomputedas:


����

�

�

�

�

�

�

�

�

� �







���

�

�

�

�

(2)
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is theEuclideandistancebetween� and � and 
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is a monotonoussizevariation
functionalong ��� . Furthermore,anef�ciency index canthende�ned as:
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 , � � beingthenumberof meshedges.A valueof � greater
than0.93indicatesthattheresultingmeshconformswell to thesizemap.

8.2.3 Geometricsupport

To improvetheaccuracy of thepiecewiselinearapproximationof thesurface,ageometricsupportof
class

�

�

is locally constructed.It is usedto locatea point on thesurfacewhensplitting an edgeor
moving anode.To someextent,this supportemulatessomequeriesof ageometricmodeller.

INRIA



YAMS: a fully automaticsurfaceremeshingtool 31

8.3 File formats

As mentionedin the secondsection,the geometryof the surfaceis describedusinga simplemesh
format.Themesh formatallows to specifysurfacefeaturessuchasridges,corners,normals,etc.

8.4 The mesh format

This format is composedof a single(binary or text) data�le. Its structureis organizedasa series
of �elds identi�ed by keywords. The blanks,”newline” or $ CR( andtabsareconsideredasitem
separators.A commentline startswith thecharacter# andendsat theendof theline. Thecomments
areplacedexclusively betweenthe�elds.

Themesh�le muststartwith thedescriptor:

MeshVersionFormatted 1
Dimension 3

Theother�elds supportedby YAMSareeitherrequiredor faculative. Therequired�elds correspond
to thegeometry(i.e., thecoordinates)andto thetopologydescription(i.e., themeshentities).In the
folowing tables,the term �


 indicatesa vertex number(i.e., the
�����

vertex in the vertx list), � 
 is an
edgenumber,

�


 is a trianglenumberand � 
 is aquadrilateralnumber. Noticethattheverticesarereal
numbersin singleprecision.

Keyword Card. Syntax Range
Vertices �

� �


	� 
�
 
�� �
� 
 �

�

�




�

�

���

Edges � � �

�




�

	




� �
� 
 �

�

�




�

� �

�

Triangles �

�

���




� �
� 
 �

�

�




�

�

�

�

�

���

�




���

�

Quadrilaterals ���

�
�




� �
� 
 �

�

�




�

���

�

�

���

�




� �

�

Then,follows thedescriptionof constrainedentitiesor singularities.In particular, a cornerpoint
Corner is a point wherethereis a �

�

continuitybetweentheedgessharingit (this typeof item is
necessarya meshvertex). By analogy, a Ridge is anedgewherethereis a �

�

continuitybetween
the adjacentfaces.The �elds of type Requiredxx make it possibleto specifyany type of entity
thatmustbepreservedby themeshingalgorithm.

Keyword Card. Syntax Range
Corners ���

�


 �

�

�




�

���

�

RequiredVertices � �

� �


 �

�

�




�

� �

���

Ridges � � � 
 �

�

�




�

� �

�

RequiredEdges � � � � 
 �

�

�




�

� � �

�

RequiredTriangles � �

� �


 �

�

�




�

� �

�

�

RequiredQuadrilaterals � ��� � 
 �

�

�




�

� ���

�

As mentionedabove, it is alsopossibleto specifynormalsandtangentsto thesurface.Thenor-
mals(resp.tangents)aregivenasalist of vectors.Thenormalatavertex, keywordNormalAtVer-
tices , is speci�edusingthevertex numberandtheindex of thecorrespondingnormalvector. The
normalatavertex of a triangle,NormalAtTriangleVertices , correspondsto thecombination
of thetrianglenumber, theindex of thevertex in thetriangleandtheindex of thenormalvectorat this
vertex. Similarly for the �eld correspondingto the keyword NormalAtQuadrilateralVer-
tices . Thetangentvectorsaredescribedin thesameway.
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Keyword Card. Syntax Range
Normals � �

�


 � 
	
 
 �

�

�




�

� �

�

Tangents � �

�

�


 � 
	
 
 �

�

�




�

� �

�

�

NormalAtVertices �

� �


�� 
 �

�

�




�

�

� �

NormalAtTriangleVertices �

�

�

�




�

�

� 
 �

�

�




�

�

�

� �

NormalAtQuadrilateralVertices ���

�

� 


�

�

��
 �

�

�




�

���

� �

TangentAtEdges
�

� � 


�

�

�


 �

�

�




�

�

�

�

Finally, thedatastructuremustendwith thekeyword : End.

8.4.1 Example

# Mesh generated by YAMS (INRIA) V2.1
MeshVersionForma tt ed 1
Dimension 3

# Set of mesh vertices
Vertices
7902
-3.299989 1.829990 -4.139999 0
-3.209990 1.620000 -3.939990 0
.....

# Set of mesh edges (v1,v2,ref)
Edges
891
401 13 0
13 389 0
410 15 0
.....

# Set of mesh triangles (v1,v2,v3,ref)
Triangles
15346
13 389 401 0
410 15 406 0
.....

# Set of corners
Corners
82
1
2
9 (point 9 is corner)
.....

# Set of ridges
Ridges
891
1
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2
3
.....

# List of normal vectors
Normals
8299
0.244684 0.031587 -0.969088
0.254205 0.033309 -0.966576
.....

# Normals at vertices
NormalAtVertices
7006
406 1391
412 6 (normal vector 6 associated with vertex 412)
.....

End

8.5 The msh2 format

This �le format is a very crudedataformatprovidedfor bacwardcompatibilitypurposes.It is com-
posedof two ASCII �les, xxx.points andxxx.faces . The �le .points hasthe following
structure:

�

�

�


	� 
�
 
�� �
� 


representingthe vertex coordinatesin singleprecisionandthe vertex reference.The �le .faces
representsthemeshtopologyandcontainsthefollowing records:

� �

�

�

�




�

	




�

�




� �
� 
 � �
�

�




� �
�

	




� �
�

�




where � is either3 (triangles)or 4 (quad),�


 representsa vertex number, � �
� 
 is thereferenceof the
sub-domaincontainingthefaceand � �
�

�




aretheedgereferences.

8.6 the bb format

This ASCII �le containsscalarvaluesassociatedwith a mesh�le. It is usedto specify the sizes
associatedwith meshvertices.This �le hasthefollowing structure:

�


 
 �

�

�

�


 , ���

�




�

�

���

Thevalues�


 representthelocalsizesassociatedwith meshvertices.Noticethatthevalues
�


 
 and
�

on the�rst recordmustbespeci�edasit (othercodesusedifferentvalues).
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8.7 List of FAQ's

The aim of this sectionis to provide a setof questions/answersthat canhelp the userto obtaina
correctandaccuratesurfacemeshfrom a givensurfacetriangulation.In somecases,theanswersare
veryshort,while for others,theansweris moreelaborate.In any case,theauthorsencouragetheuser
to playwith thevariousoptionsandparametersto getabetterunderstandingof YAMSbehavior.

Q1. Howto geta high-qualitymeshsuitablefor FE computations?
Option-O 1 will dothejob. Also useoption-O 0 onagivenmeshto improvethemeshquality.
Noticealsothatthemeshquality is relatedto theGradation parametervalue(a valueof 1.3
shouldgivegoodresults).

Q2. Howto getan optimalmesh?

Usually, the resultingmeshis a goodcompromisebetweenthe quality of the geometricap-
proximation,theelementshapequality andthenumberof elements.In this sense,themeshis
'optimal'.
Notice that this meshis not Delaunay ! (as the Delaunaypropertyneedsto be de�ned on
surfaces...).

Q3. Howto control thenumberof nodes/elements?

It is notpossibleto controlpreciselythenumberof verticesin amesh.However, runningYAMS
two or threetimesandadjustingslightly theTolerance or GeomAppparameters,youshould
beableto getameshhaving roughlythedesirednumberof vertices.

Q4. Howto preventthevertex positionsto bemodi�ed ?

Useyams -ns to preventthemeshverticesto bechanged.

Q5. Howto preservespeci�c meshentities?

In amesh �le Usethe�elds Requiredxx to constrainmeshentitiesin amesh �le.

Q6. Howto dealwith scanneddata?

After MarchingCubesreconstructionalgorithms,�rst useoption -O 9 to remove staircases
effects. Then,on a secondrun, useoptions-O 1 or -O 2 to createa high-qualitymeshor a
geometricmesh.

Q7. Howto removesmallfeatures?

Set the parameterMinSize in the .yams �le to a suitablevalue. Notice that this value is
usedto truncatetheintrinsicmetric.Hence,if thevalueis toohigh,thegeometryof thesurface
canbeaffected.Anotheroption is to increasetheTolerance valueanduseoption-O 2 to
remeshthesurfacewithin this tolerance(thetolerancevaluehasto belargerthanthesizeof the
smallfeatureto beremoved).

Q8. Howto control sizevariations?

Themeshgradationis controlledby theGradation parameter.

Q9. Howto avoidlocal over-re�nement?

Usually, if themeshdensityis locally to large, this is mainly dueto small feature(or highly-
curved regions) that may be artifacts. To prevent the creationof too small elements,set the
parameterMinSize in the.yams �le to asuitablevalue.
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Q10. Howto removebadly-shapedtriangles?

Sometimes,poor-shapedtrianglesremainafter surfaceremeshing.This may be due to geo-
metricconstraints(2 ridgestoo close)or becauseof numericalroundoff problems.Try to run
YAMSagainwith options-O 0 or -O 1 on theresultingmeshto improvethemeshquality.

Q11. Howto createconstantsizemeshes?

Therearetwo waysof achieving constant-sizemeshes.The�rst oneis to settheMinSize and
MaxSize parametersto thesamevaluein the .yams �le. Theotherway is to settheGra-
dation parameterto 1 in this �le. In thesecondcase,thesizeof theelementwill bealmost
constant,but adjustedto thesmallestsizein themesh(dictatedby thegeometryrequirements).

Q12. Howto visualizeresultingsurfacemeshes?

As othermeshingtools developedat INRIA, YAMSdoesnot offer a graphicaluserinterface
(GUI). However, a .mesh �le is easyto readandcanthusbe sendout to standardgraphic
softwarepackages.
Notice that a naturalcompanionof YAMSis Medit , a 3D interactive meshdisplaysoftware
(alsodevelopedat INRIA-Rocquencourt).For moreinformationon thissoftware,see:
http://www-rocq.inria.fr/gamma /medi t/me dit.h tml
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Unité derechercheINRIA Sophia-Antipolis,2004routedesLucioles,BP 93,06902SOPHIA-ANTIPOLISCedex
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