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Abstract

In this suney reportwe presenta studyof how featurescanbe usedto solve the
problemsin handling3D geometricmodels.We outline the basicaspectof feature
basedprocessingf modelsanddiscusssomerepresentate applicationareas.The
reportalsolists the currentareasof researchn this subject.

1 Intr oduction

Overthelastfew years,useof 3D geometrianodelshave beenusedincreasinglyin vari-
ousfields. The dominantfields have beenCAD/CAM, virtual reality, digital prototyping
and entertainment.The requiremenif geometricdataprocessingn all the areasvary
dueto the differentendgoals.However, the pursuitto automateprocessingf geometric
dataandminimisingmanualefforts to handlecomple< andlarge geometricdatahasbeen
persistent.This requiresautomaticadaptatiorof the geometricalgorithmsto the specific
featuresn the givenmodels.For exampletheresearclon computeraidedprocesglan-
ning (CAPP)[11] hasbeenconcentratingon the recognitionof featuresn solid models
for the purposeof planninga sequencef machiningoperations.The machiningopera-
tionsaretypically milling, drilling, turning,andsoon. Similar examplescanbefoundin
literaturein the areasof computeraideddesign,meshgenerationandotherareas.

In this report,we presenthe studyof basictechniquesandtheoryin usefor featurebased
techniquesppliedto geometrianodels.

1.1 Somedefinitions

Featurediave beendefinedby variousscientistan broadcontects. Somedefinitionsfol-
low:

e “A featureis aregion of interestonthe surfaceof apart” — Pratt,1985[9].

e “Featuresare definedas geometricand topological patternsof interestin a part
modelandwhichrepresenhigh level entitiesusefulin partanalysis. — Henderson,
1990[4].

The maindifficulty hereis that, in trying to be generalenoughto cover all possibilities,

thesedefinitionsfail to pin thingsdown sufficiently to give a clearpicture. To make these
definitionsmoreconcretewe give a classificatiorof features:
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functionalfeature:for example,a pivot,
designfeature:arotatingpin supportedy two raisedlugs,

manugcturingfeature:aturnedcylinder, a milled slotwith anin-line reamechole
throughbothwalls, etc.

applicationspecificfeature: thesecould be ary combinationof topological,geo-
metric, metric, colourandtexture attributesor non-visualfeatures.

It is importantto note thatfor a given 3D model, differentsetsof featuresmay be ex-
tracted. The featuresidentifiedfor a modelin the designfeature-spaceould be much
differentfrom thoserecognisedn the manufcturingfeaturespace For differentapplica-
tions,themodelunderconsiderationmay be describedn differentfeaturespaces.

1.2

Various aspectsof useof features

In orderto make useof featuresin processinggeometricmodels,somecore common
aspectexist. Theseapplyirrespectve of thedomainof problemsandthe particularprob-
lemsat hand.Therelevanceof individual aspectsnayvary. Theseare:

1.

Identificationof features: A particularfeatureof interestin a given3D modelmust
be specifiedin a way suchthatit canbe algorithmicallyidentifiedin the 3D data.
Thisdefinitioncanbeamix of topologicalpropertiesgeometrianetrics,colourand
texture attributesandso on. Somehighetrlevel featuresmay bedefinedin termsof
simplerlow-level features Suchhierarchieof featuresarecommonin literature.

Recanition of featules: Recognitiorof afeaturein thegiven3D modelis anessen-
tial computationapartfeature-basedrocessingf geometrianodels.For detecting
anindividual model,typically specialisedilters needto beimplemented.

Suppessingfeatures: By suppressing featurewe meanremoving alocal instance
of thefeaturewhile minimally disturbingthe dataaroundthefeature.

Reconstructiorof featules: This is aninverseof “suppressingeatures. By re-
constructionwe meanrestorationof a previously suppressedeaturein the data,
preferablywithout arny lossof informationof the original data.

Encodingof featues: A machinerepresentationf features preferablya compact
one,mustbedeveloped.

Feature spacecorversion: Given a model describedin one featurespace,often
thereis arequiremento corvertthedescriptionto anotherfeaturespace.



1.3 Featuresfor what?

As notedabove, the specificdefinitions of featuresare dependenbn the task at hand
and also the representatiorof the 3D data. For example, 3D modelsdesignedusing
CSGtechniqueswill have definitionsof featuresthat are completelydifferentfrom B-
repmodelsconstructedisingthe boundingsurfaces.

Here, we cite someexamplesof applicationsandthe featuresin usefor processinghe
geometrianodels.

1. Featuresfor CAPP: For manufcture featureinformationcanbe consideredo be
aboutvolumesof materialto beremovedor to beaddeddependingiponthemanu-
facturingprocesdeingconsideredFor materialremoval processesuchasmilling,
thefeaturecanbeassociatewith manufcturingoperationandcutters.For exam-
ple, simple planarslotscanbe considerecas machineoperationsandteeslotscan
be consideredspecialcutteroperations.Thesefeaturescanbe semi-automatically
transferredo procesgplanningpackagesyhereupontheir cuttingpathscanbecal-
culatedandthe possibilityof collisionsaddressedrhis allows themachinetoolsto
bedrivenon the shopfloor withoutthe needfor skilled process-planners.

Theuseof featureds not limited to materialremoval processesk-or example,ma-
terial additionprocessesuchascastingandwelding canalsohave corresponding
features.

2. Featuresfor finite-elementanalysis: To carry outfinite-elementnalysisof parts
of engineeringmnodels,thereis a needto discretizethe 3D modelsinto simplices.
For example,the given surfacedescriptionof a given modelmay be transformed
into atriangulatedsurfacedescription.Thecompleity of thefinite-elementnethod
increaseswith the increasingelement(triangle) count. The triangle count sub-
stantiallyincreasesvith the increasingsurfacefeatureson the model. Very often
from theviewpoint of the FEM analysisthesefeatureshave aninsignificanteffect.
Hencethe engineershooseo supressnary smallfeaturesbeforediscretisingthe
modelsfor analysis.

Automatic simplification of featuresof geometricmodelsis extremely useful for
fasterturn-aroundimesin analysisof models[1].

3. Featuresfor healing of CAD data: The geometricmodelscreatedusinginterac-
tivemodellingpackage®r acquiredusing3D scanner®ftenhave someartifactsor
defects.Thesedefectscould be gaps/holesn surfaces foldover of geometricsur
facesjnconsistenbrientationof surfacescoincidingor overlappingtriangles,and
soon. Looking for andhealingsuchdefectsmanuallycanbe an extremelylabori-
oustask.Automaticdetectiorandcorrectionof suchdefectss neededeforeusing
the CAD datafor the end applications. Most CAD-datarepair packagesdentify
suchdefectsasfeaturego berecognisedn givenmodelsandto be healed . CADfix
is awell known exampleof atool developedfor suchoperationg7].

We notethatfeaturesareoftentied to “operators”that canintroduceor suppresshe ge-
ometric/topologicaktharacteristicshey representHowever, it is alsoimportantthatthe
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therebe analgorithmto mechanicallyrecognizethe featureandalsoa generalrepresen-
tationof thefeature.

2 Surveyof Feature Reseach

In this section,we surwey the representatie work of researcherg the areaof feature-
basedprocessingpf geometricmodels. We begin with a taxonomyof features. These
taxonomieslonotgiveusawayfinding new featuresput oncethey arefound,we classify
themandthenusethe wealth of knowledgein handlingthe classof features.Later we
describethevariousapproachetakento solve realproblemsusingfeatures.

2.1 Taxonomyof Features

Many typesof classificationshave beenpresenteddy differentresearcher§3]. In the

CAM community therehasbeenaroughconsensusn distinguishingoetweerform fea-

turesand madining features A form feature,alsoknown asa shapefeature,refersto

a shapemacroconstructedor corvenienceof constructionwith little connectionwith

function or manufcturing. A form featuremay be either positiveor negative depend-
ing on whetherit is a protrusionor a depressiontespectrely. A machiningfeatureis a

negative form featureassociatedvith a distinctive machiningprocess.

A lot of featureresearcthasbeenconcernedwith interpretingthe CAD datain termsof
matchiningfeaturesand focuseson threemachiningfeatures:holes, slots and pockets.
A holeis generatedy a vertical sweepof a drilling cutter Typically, slotsandpockets
are madeby milling cutters. A slot is usually machinedby a single linear sweepof a
cyndricalend-millingcutter A pocketis machinedoy aseriesof cutswith anend-milling
cutter We assumdsimplistically) thatthe cutterhasa flat end. Then,the pocket feature
is representetdy anarbitraryshapedlanarprofile anda sweepingvector

Dixon etal [2] have classifieddesignfeaturesasfollows:

e StaticFeatures

1. Primitive

2. Intersections
3. Add-on

4. Macros

5. Whole-forms

¢ Kinetic Features
Pratt[8] presentsis classificatiorof form featuresas:
e Implicit Features

1. Modifier



(a) Face
(b) Edge
(c) Vertex
2. Generic
(a) Prismatic
(b) Rotational
(c) Sweeplinear, rotational,other

e Explicit Features

1. Throughhole

(a) Face:completeor partial
(b) Edge
(c) Vertex
2. Depression
(a) rotational:completeor partial
(b) prismatic
3. Protrusion
(a) rotational:completeor partial
(b) prismatic
4. Area

(a) with attributes
(b) withoutattributes

2.2 Feature Recognition

Featurerecognitionfrom solid modelshasbeena subjectof researctsincethe 1980s.
Eitherboundaryrepresentatiofb-rep)or constructve solid geometry(CSG)is typically
usedfor the solid representatiomf the input part. B-rep basedfeaturerecognitionhas
beendominantsince,unlike a CSGrepresentatiorh-repuniquelydefinesthe facesof a
solid, andsosearchingor b-repfacepatternas morepromisingthansearchingor CSG
patterns.

Many approachebave beentried for recognitionof features.They include: graph-based
matching,corvex-hull decompositiongcell-baseddecompositiorand hint-basedeason-
ing.

Graph-basedMatching: In thisapproach5], theb-repof apartis translatednto agraph
whosenodesepresentacesandwhosearcsrepresenedges Additionalinformationmay
beincorporatednto the graph,for example,edge-cowexity, faceorientation,etc. Primi-
tive featureqfeaturetemplates}o be searchedrealsorepresentetyy graphs.Subgraph
isomorphisms usedto searchHor the subgraphshatmatchthe featuretemplates.



Subgraphisomorphisnis awell-known NP-completgroblem.Therefore the graphpat-
tern matchingapproachhasbeencriticisedfor its computationacompleity. The criti-
cismmaybeunwarranteecause¢hetemplatefeaturegraphwhichto bematchedagainst
the part may be very smallfor matchingfeaturedik e slots, pockets, etc. For thesefea-
tures,n is sosmallthattheasymptoticcomplexity analysiss notrelevant.

Themainproblemeiththegraphpatternmatchingapproachs in its inability to recognize
intersectingfeatures notits compleity. Theapproachasbeensuccessfuin recognising
isolatedfeatures Whenfeaturesntersectmary of the facesof afeaturemaybeentirely
absentpartially missing,or fragmoentednto severalregions.

In addition,the graphpatternmatchingapproachdoesnot ensureghe machinabilityof the
recognisedeaturesaslong asthe featureis definedasthe collectionof faces.The non-
volumetricnotion of a featuremaycauseproblemsin usingthis approacHor machining
applications.

Convex Hull Decomposition: This approactwasoriginally proposedy Woo [13], who
usedcorvex hull and setdifferenceoperators. The corvex hull of CH(P) of a polyhe-
dronP is the smallestcorvex setcontainingP. The corvex hull difference or deficieng,

CHD(P) is the regularisedsetdifference(—x) betweenCH(P) andP. Corversely P can
bedecomposedsCH(P) —x CHD(P).If P is corvex, CHD(P)is emptyandthedecom-
positionterminatesOtherwisethedecompositioris appliedrecursvely to thedeficieny

CHD(P). Woo obsened the patternof alternatingvolume contributions and called this
an Alternating Sumof Volumes(ASV) decomposition However, it is importantto note
thatASV decompositiormay not necessarilycorverge. Kim [6] proposedhe ASP with

Partitioning (ASVP) decompositiorior usein generatingorm feature model.

Thefeaturerecognitionalgorithmusingthe cornvex hull decompositions a two-stepap-
proach:ASVP decompositiorandform featureclassification ASVP decompositiorgen-
eratesasetof volumes(ASVP componentsjo which featureclassifications applied.The
ASVP decompositions completelyseparatedrom the featureclassificationandis not
guidedby thegoalof recognizingspecifictypesof features.

While this techniquecan be extendedand usedto generatemachinableinstructionfor
automatidfabrication,it still is not capableof handlingintersectingeatures.

Cell-based Decomposition: This approachwas proposedby Sakuraiet al [10] andis

gainingfavour. Thedeltavolumeis decomposedhto minimal cell by extendingandin-

tersectinall thesurfacesor halfspacesf hedeltavolumeandthenthecellsarecombined
(composedjo generatenachiningfeatures.

Thisapproactrevealsseriougproblemsn boththedecompositiomndcompositiorsteps.
The main problemin the cell decompositions the global effect of local geometry A

featureusually leavestraces(faces)in a localizedareaof the part. However, the cell
decompositiorstepextendsthe surfacesor halfspacesssociatedvith the facesglobally
within the delta volume and quite often generates large numberof cells. Whenwe
have n cells, all possiblecombinationsconstituteits power set. Although someclever
heuristicscanbe appliedto prunethe set,the algorithmstill hasexponentialcomplexity.



2.3 Feature-basedDesign

Here,we briefly overview feature-basedesignsystemsln a Feature-baseDesignSys-

tem (FBDS),genericdescription®f featuresarestoredin afeaturelibrary. The designer
initiates featureinstancesby specifyingdimension/locatiorparametersnd various at-

tributes.Thefeaturegypically areinsertednto a workpiecethroughBooleanoperations.
FBDSsmay be roughly classifiedinto three cateyories: (a) designwith manufctring

features,(b) designwith form features,and (c) featuremodelingcombinedwith solid

modeling.

Designwith manufacturing features: This approacHorcesthe designeto definea part
usinga setof featuresassociateavith specificmanugcturingprocesseskor machining,
the featuresavailable to the designerare limited to negative features,all of which are
subtractedrom the stock.

Theadvantageof this approachs thatthe machiningfeaturesaredirtectly availablein the
partmodelandtherefeaturerecognitionis not neededor planningmachiningsteps.in
orderto make decision®nprocesselectiongcutterpathgenerationetc.,procesplanners
canlook primarily atlocal featuregatherthanat the entirepath.

However, this approacthassomeseriousdravbacks. Typically, a designeliis interested
initially only in theshapeandfunctionalityof thepart. Thebestwayto manugctureapart
shouldbe determinedby downstreamapplicationssuchas processplanning,not by the
designerThe“designby manufcturingfeatures’approachassumeshatthe designerhas
amplemanugcturingknowledgeandforceshim/herto transformthe designinto manu-
facturingfeatures. This often leadsto a drasticshift in thinking processfrom positive
featurego negative features.

Designwith form features: Ideally, (from a designers viewpoint) a designshouldbe
specifiedusingfeatureshat have a true functionalmeaning but oftenis specifiedusing
positive and negative form features. Many FBDSsusing form featureshave beenpro-
posed.However, usingthe modelsdesignedn suchsystemdoesrequirea large work of
featurerecognitionto be built sothatthe designcanbe streamediown to the machining
processes.

Feature modeling with solid modeling: The mostflexible designapproachis to allow

the designertto usewhatever is corvenientfor describinga product. An FBDS may pro-

vide arich library of featureprimitives,a powerful ability to modify andcombinethese
primitives,andsomecapabilityfor userdefinedfeatureq42]. However, designersnaynot
wantto designa partin termsof featuresonly. A few systemdhave beenproposedvhere
both featureoperationsandsolid modelingoperationsanbe usedin parallelduringthe
designof apart[12].

2.4 Feature Model Conversion

Featurenodelcorversionis requiredacrossary two differentapplicationghatusemodels
describedn differentfeaturespaces.The convertermusttake a modelin anapplication
and generatea new featuremodel for a differentapplication. The applicationcanbe
designmachining,molding,assemblyetc.



Thisis anopenresearctareacurrentlyin feature-basetechniques.
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Conclusion

Fromthe studycarriedoutin this surwey, we concludethat:

1.
2.

designandmanufcturingfeaturesareoftendifferent,

designshouldbe donein termsof the designfeaturesor solid modelingoperations,
and

. the part model (which may be a designfeaturemodel, or a combinationof both)

shouldbe corvertedinto a manugcturingfeaturemodel.

In featuremodelcorversion,it is now generallyacceptedhat featurerecognitionis re-
guiredwhendirectmappingfrom designfeaturego manugcturingfeaturess not possi-
ble. Hencedifferentaspectof featurerecognitioncontinueso be a usefulresearctarea
to pursue.
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