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Intr oduction

SWIFT++is acollision detectionpackagecapableof detectingntersectionperformingtolerance
verification, computingapproximateand exact distance,and determiningthe contactsbetween
pairsof objectsin ascenecomposeaf generakigid polyhedralmodels.

It is a robust and efficient library showvn to be substantiallyfasterthan currently available
packages.lIt is a powerful packagefrom its input interfaceto its query interface providing a
rich featureset. Thereare mary settingsavailable but the basicprinciplesarerathersimpleand
straightforvard.

A preprocessads providedwith thelibrary. It is calledthedecomposeandit is usedto process
modelsbeforethey areprovidedto SWIFT++.

This manualwill attemptto cover all the featuresavailablein SWIFT++aswell as provide
useful shortcutsand efficiency tips. The materialwill first be coveredin generalfollowed by
addeddetail.
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1 LicenseAgreement

The SWIFT++ library is Copyright 2001 The University of North Carolinaat ChapelHill. The
LICENSE file that accompanieshe distribution givesin detail what this meansalongwith the
restrictionson ary executablehatthis library is linkedwith. SWIFT++is writtenin C++ andall
the sourcecodeis includedin the distribution. The LICENSE file alsocoversredistribution and
codemodifications.

2 Customization, Build, and Installation

To useSWIFT++, you will needthe Qhull library. You will alsoneedto build the decomposer
programandthe SWIFT++library. Thiscanbedonein Unix/Linux usingthe provided Makefiles.
It canalsobe donefor Windows usingthe VC++ 6.0 workspacefiles. Seethe README file
includedwith thedistribution for moredetails.

3 Architectural Overview

The applicationmakesuseof SWIFT++ by including SWIFT.h (in the SWIFT++/include/direc-
tory) and creatinga SWIFT.Sceneobject. More thanone SWIFT.Scenemay exist at ary given
time. A SWIFT.Scenecanimport objectgeometrytestobjectsfor intersectionperformtolerance



verification,computedistanceor determinecontactsbetweernthem,find closestfeaturesclosest
points,contactnormals,andproducereportsontheresults.All applicationcallsaremadeto meth-
odsof the SWIFT.Sceneobject. More detailson thesemethodsareprovidedin detaillaterin this
document.

Therearetwo mainphasesn the useof the SWIFT++system.Thefirst is the precomputation
phasewhereinformationis computedfor the objectsin the scenein preparationfor the query
phasegthesecondne).

3.1 PrecomputationPhase

1. The bulk of the precomputatiorfor non-comwvex or non-closedpolyhedrais done by the
decomposeprogram. Closedcorvex polyhedracan be givento SWIFT++ without ary
precomputationReferto the decomposemanualfor instructionson usingthe decomposer
SWIFT++canprocessitherdecompositiorfiles or hierarchyfiles. Hierarchyfiles require
a relatively smallamountof processingas comparedwvith decompositiorfiles. Hierarchy
files aregenerallyabout10 timesbiggerin size,however.

2. Createa SWIFT Sceneobjectandsetthe desiredsceneconfiguration.Reasonableefaults
arepreset.

3. Add or copy all of theobjectswvhichcomposehescenédyy callingthe Add_Cornvex_Object(),
Add_GeneralObject(),and Copy_Object() methods. Note that if two or more objectsare
composedf exactly the samegeometryandinput transformationthenit is betterto cause
the objectto be copied(after the first time) so thatits geometryis not replicated. Copied
objectscanstill move independentlyn the sceneandthereis no performancedossfrom this
geometrysharing.

The Add_* _Object() methodsare meantto precomputanformationthatis usedat query
time. If they arecalledduringthequeryphaseperformancenaysuffer. UsingCopy_Object()
duringthe queryphaseshouldnot causeary performanceroblems.

Therearetwo typesof objects: fixed andmoving. Whenan objectis added,one of these
typesis choserandcannotbe undone.Fixed objectsare usuallyonesthatnever move such
aswalls or otherstaticobjects.They arenevertestedagainsioneanother(but canbe moved
aroundif sodesired).

4. Selectpairsof objectsto be testedby activating and/ordeactvating them. By default, all
objectpairsareinitially deactvatedif both objectsarefixed andactivatedif eitherof the
objectsis not fixed. Pairs that are actvatedor deactvatedstay that way for subsequent
gueriesuntil the activationstateis changed.This stepis listedin the precomputatiophase
becausét incursanoverheadf doneduringthequeryphaself atall possibletry to activate
or deactvateasmary pairsaspossiblebeforethe queryphase.Only changethe activation
statusof objectsduringthequeryphasef it cannotoedeterminediuringthe precomputation
phase.



5. Setthefirst transformation®of all the objectsincluding the fixed objectsusing one of the
SetObject Transformation()nethods. Fixed objectsneednot (and shouldnot) have their
transformationsver setagainsincethey do not move. Transformationsnustbe only ro-
tations and translations(within floating point error). If non-rotationmatricesare given,
SWIFT++will malfunction.

6. Sincethefirst queryis likely to be slow for anapplicationwhosescenesxhibits high coher
ence adummyquerymay bedesirablebeforethe queryphaseto “initialize” thequery The
objectsshouldobviously bein theirinitial positions.

3.2 Query Phase

1. Setobjecttransformationsisingeitheroneof the Set Object Transformation()nethodsor
oneof the SetAll _ObjectTransformations(inethodswhich setthe transformationgor all
of the moving objectswith a singlecall. It is highly recommendethat objecttransforma-
tionsbe setat mostonceperobjectperquerysinceanoverheads incurredfor eachsetting.
The fixed objecttransformationshouldonly be setduring the precomputatiorphase(but
they canbe setduringthethe queryphaseaswell, if sodesired).Furthermoremoving ob-
jecttransformationshouldonly be setif the objectactuallymoves. Transformationsnust
be only rotationsandtranslationgwithin floating point error). If non-rotationmatricesare
given, SWIFT++will malfunction.

2. CallaQuery*() methodbasedntheapplicationsneeds.Therearefive choicesthedetails
of which will be exploredlater They are: intersectiondetection,toleranceverification,
approximatalistancecomputationgxactdistancecomputationandcontactdetermination.

3. Objectsmay be deletedduring the courseof the queryphaseby usingthe Delete Object()
method.Objectsmaybe copiedandaddedduringthis phaseaswell but theapplicationmust
be carefulasthe overheadcould be quite high for the addition.More on this later.

4 Sketchof Provided Functionality

Herea sketchof the functionalitythat SWIFT++ providesis laid out. Detailsarefilled in lateron
in section6. For now, theaimis to justshav whatis possible Firstthe compile-timeconfiguration
is discussedthenlibrary configuration,then sceneconfiguration,andthenobjectconfiguration.
The input geometrypossibilitiesare then described followed by a descriptionof the available
output.

4.1 Compile Configuration

SWIFT++may be configuredin variouswaysat compile-time.The configurationcanbe donein
thefollowing waysby editing SWIFT_config.hbeforecompilation.Most of the optionsareturned
off andmustbe un-commentedo be enabled.Theoptionsare:



Floating Point Type: the floating point type canbe chosenasfloat or doubleby defining
the SWIFT _USE_FLOAT variableor not. Thetype SWIFT.Realis the floating point type
thatis useduniversally throughoutSWIFT, including the interface. This shouldbe setto
matchthe application.Thedefaultis double

Lookup Table: alookup table may be usedto provide initialization to speedup queries.
Turningthis on meanghatinitialization of the distanceminimizationroutineis always done
throughthe lookup table. Seethe technicalreportfor more details. The lookup table is
enabledoy definingthe SWIFT _ALWAYS_LOOKUP _TABLE variable.

Lookup Table Resolutions: a lookup table is always built aroundeachobject (even if
SWIFT_ALWAYS_LOOKUP_TABLE is not defined)andis usedto initialize the queryin
somecases.The lookup tableresolutionmustbe chosento be oneof 22.5degrees,11.25
degreespr 5.625degrees.They arechoserby definingoneof LUT _RESOLUTION _22.5,
LUT _RESOLUTION _11.25, or LUT _RESOLUTION _5.625 The storagecostsare ap-
proximately 0.5 kB, 2 kB, and 8 kB respectiely. Thereis not much of a performance
differencebut in generalthe highestresolutionprovidesthe highestperformance.

Debug: dehugginginformationmay be turnedon to help uncover faultsin theinput. This
is enabledby definingthe SWIFT _DEBUG variable. Extensve input geometrychecking
is doneaswell assomelimited querychecking.Performances slower whenthis optionis
turnedon.

Polyhedral Boundary: if you areusingpolyhedrawith boundaryandaregoingto berely-
ing oncontactfeatureand/orcontactnormalcomputationSWIFT _ALLO W_BOUNDARY
shouldbe defined.Thedetailsof this reportingin the presenc®f boundaryareexplainedin
moredetailin section6.5. OtherwiseSWIFT++will assumehatall thepolyhedrat handles
areclosedwith respecto thosereports.

Only Triangles: if you areusingpolyhedracomposedsolely of triangles,thenyou should
definethe SWIFT _ONLY _TRIS variable.The polyhedrathataregivento the decomposer
musthave beencomposedf trianglesfor this to be defined. Whetherit is definedor not,
SWIFT++will functioncorrectly This settingis for optimizationandadditionalreporting
functionality. If thepolyhedraarecomposedolelyof trianglesthencontactfeatureghatare
edgescanbe reportedwith asingleid. Otherwisethey would be reportedoy giving theids
of their endpoints Seethe next item.

Edgeld Reporting: if all the polyhedrabeingusedarecomposedolely of trianglesthen
contactfeatureghatareedgesnaybereportedy giving asingleid. Thisis doneby defining
theSWIFT _REPORT_EDGE_IDS variable. TheSWIFT _ONLY _TRIS variablemustalso
be definedor this optiondoesnot have ary effect.

PieceCaching: thisis an optimizationthat affectsintersectiontoleranceverification,and
distancegueries.It involvesstoringthe pair of pieceghatyieldedtheansweiin the previous
gueryandtrying themfirst in thenext query Thisoptionis goodto useif thequeriesexhibit



motion coherence.Turn it on by definingthe SWIFT _PIECE_CACHING variable. This
optionandthe next two canall be simultaneouslyenabledo provide fasterqueries.

e Priority DirectedSearch: thisis anoptimizationthataffectsdistancequeries.It involves
computingdistancesetweencurrently closestnodesfirst to honein to the minimum dis-
tancemorequickly. Thisoptionis goodevenif thequeriesdo notexhibit motioncoherence.
Turnit on by definingthe SWIFT _PRIORITY _DIRECTION variable.

e GeneralizedFront Tracking: this is an optimizationthat affectsall queries. It involves
startingthe searchbetweena pair of hierarchiesat a “front” that provided the answerfor
thelastquery It avoidsunnecessarwork involving pairsatthetop of the hierarchiesThis
optionis goodto useif the queriesexhibit motion coherence.Turn it on by definingthe
SWIFT _FRONT _TRACKING variable.

4.2 Library Configuration

The only library configurationthat may be doneat run-time is the registrationof application-
definedfile readers.This may be usefulif the applicationwishesto have SWIFT++ readcertain
files directly without SWIFT++knowing abouttheformatof thefiles. Only files describingclosed
cornvex polyhedramaybereadinto SWIFT++usingaplug-infile reader A plug-infile reademay
alsobeusedwith the decomposeprogramto readin non-cotvex andnon-closednodels.Seethe
decomposemanualfor moredetails. The procedurdor building a customfile readeris simple
andis describedmorein section9.

4.3 SceneConfiguration

SWIFT++ may be configuredin variousways during SWIFT.Sceneobject creation. Different
createdscenesnay be configureddifferently. A scenecanbe configuredn thefollowing ways:

e Broad Phase: a sweepand prune algorithm basedon axis-alignedboundingboxes and
dimensionreductioncanbe usedto cull away a large numberof moreexpensve tests.This
is achiezed by constructingooxesto meet“region of interest”criteria. Note thatwhenthe
hierarchyis on, the boundingboxesarecreatedaboutthe coarsestevel. Thedefaultis on.

e Global or Local Sorting: the sortingstepof the sweepand prunealgorithmcanbe either
local or global. If it is global, thenthe boxes are sortedall at onetime at the beginning
of aquery If it is local, then eachobject’s box is locally sortedas soonas the objects
transformationis updated. This option hasno effect if the broad phasealgorithmis not
turnedon. Thedefaultis global.

4.4 Object Configuration

Objectsthatareaddedo a scenecanbe configuredn variousways. The objectconfigurationthat
shouldbedoneatquerytimeis thepositionandorientationof anobjectandpossiblyits activation



statuswith respecto otherobjects.All otherpossibleconfiguration®f objectsaredonewhenthey
areaddedandcannotbe changedhereafter Thesestatic configurationscannoteven be changed
whencopying objects.They arethefollowing:

e Geometry: anobject’s geometrycanbe givenasarraysof verticesandfaces(indicesinto
thevertices)or asfilenamedhatindicatefiles to readthegeometryfrom. Thearraysmethod
only allows closedcorvex polyhedrawhich the applicationis responsibldor. In the case
of files, SWIFT++ will attemptto readthefile. It may be a file thatis the outputof the
decomposeim which casethe objectmay be non-cowvex or non-closedsinceit was pre-
processe@ppropriately Otherwise thefile canbereadin asa normalmodelfile (possibly
with a registeredfile reader)and mustbe a closedcorvex polyhedron. SWIFT++ allows
for the copying of ary alreadyaddedobject. SWIFT++will automaticallytriangulatearny
convex polyhedralmodelcomposedf corvex polygonalfaces.The decomposewill also
apply triangulationto non-coiwvex models. In otherwords,the facesneednot betriangles.
SWIFT++will alsofully sharethe verticesthat are given accordingto strict equality In
otherwords,avertex maybeduplicatedaslong asit hasthe exactsamecoordinates.

e Fixed or Moving: an objectcaneitherbe fixed or moving. As mentionedpreviously, if
anobijectis fixed, its transformatiorshouldonly be setonceat the beginning (but may be
setlaterif sodesired).Furthermorefixed objectsarenevertestedagainstoneanother The
defaultis moving.

e Input Transformation: anobjectcanberotated translatedand/orscaledup or down from
its inputgeometrywhenit is first addedo thescene Thisinputtransformations performed
explicitly asa precomputatiorstepandis notincorporatednto the movementtransforma-
tions which canonly be rotationsand translations. The verticesof the input objectare
transformedaccordingto the input transformationasthey arereadinto SWIFT++'s data
structures.Do NOT attemptto work a scalingfactorinto the movementrotationmatrices.
Thiswill causeSWIFT++to malfunction.

e Split Type: thisonly appliesto usingthe Add_GeneralObject()methodin whichthegiven
file is a decompositiorfile for which the hierarchymust still be constructed. The split
type is the split rule usedwhen creatingthe hierarchy The applicationcan choosefrom
four options:MEDIAN , MIDPOINT , MEAN, or GAP. For moreinformationreferto the
sectionin the decomposemanualentitledHierarchy ConstructionAlgorithms

e Bounding Box Type: therearetwo typesof boundingboxesavailable. Thefirst typeis a
cube. It is relatively efficient to updatebut doesnot fit large aspectatio objectsvery well.
The secondtype is a dynamicboundingbox. This type costsmoreto updatewith each
transformatiorbut fits the underlyinggeometrybetter causingfewer boxesto overlap. The
applicationcanchosefrom four options:DEFAULT, CUBE, DYNAMIC , or CHOOSE. If
the DEFAULT optionis given,thedefaultis CUBE if the objectis moving or DYNAMIC
if theobjectis fixed. Thesecondwo choiceshave alreadybeenexplained.If the CHOOSE
option is given, then SWIFT++ will calculatethe maximumand minimum spreadof the



objectand usethis aspectratio to decidewhat type of boundingbox to usebasedon the
objectconfigurationparametefcubeaspectatio) describedelow.

e Bounding Box Enlargements:aboundingbox maybeenlagedby anabsoluteand/orrel-
ative amount.Thisis usefulif theapplicationis interestedn performingtolerancedjueries
suchastoleranceverification, distance,or contacts. In this casean absoluteenlagement
equalto thedesiredoleranceshouldbeused.Eventhoughenlaging boundingboxescauses
moreoverlap,it canbe usedto maintaincoherencdor objectsthatarerelatively closeover
severalframes. In this case,a relatve enlagementmay be desirable. The default is 0 for
bothrelatve andabsoluteenlagements.

e Cube AspectRatio: theratio betweerthe maximumspreadandthe minimumspreadf an
objectbelon which a cubeis usedfor the sweepandprunealgorithmif the boundingbox
option of an objectis CHOOSE. This decisionis madeautomaticallypy SWIFT++— no
userinterventionor spreadvaluesarerequired.This optionhasno effectif the broadphase
algorithmis notturnedon or if anobject’s boundingbox optionis not CHOOSE. Notethat
it doesnot make sensdo setthisto belessthan1. Thedefaultis 2.

4.5 Input Geometry

Theinput geometryfor SWIFT++cancomefrom four differentplaces.Thefirst two areoutputs
of the decomposeprogramandare hierarchyanddecompositiorfiles. Thosetwo file typesare
the only way to import non-corvex or non-closedolyhedrainto SWIFT++. Theinput geometry
thatis passedhrougharraysor by a modeldescriptionfile (that may be readby a plug-in file
reader)hasto beclosedconvex polyhedra.lf the geometryis passedisingarrays thenthevertex
arrayis indexedby the elementsf thefacearrayto determineconnectvity. Facesgivento either
SWIFT++ or to the decomposedo not have to be triangular Things are simplerif they are
however. As mentionedabove, aninputtransformatiormaybeappliedto theinputgeometry The
following geometrigpropertiesnustbe satisfiedby all inputgeometry:

e Theremustnot be ary degenerateelementssuchaszerolengthedgescollinearedgesor
zeroareafaces.

e All verticeson afacemustbe coplanar(to within floating point precision).

4.6 Output

The outputthat SWIFT++ providesis accessedhroughthe query methods. The five methods
provide arich setof proximity queries.An early exit optionis provided for eachqueryto exit as
soonasan intersectionis found. If the early exit optionis turnedon, thereis no reportingif an
intersections found. Otherwisereportingoccursnormally. Thefive typesof queriesare:

e Intersection: the objectsaretestedfor intersectiomandall pairsof intersectingobjectsare
reported.



e ToleranceVerification: theapplicationprovidesatoleranceandall pairsof objectsthatare
closerthanthetolerancearereported.

e Approximate Distance: the applicationprovides a tolerance an absoluteerror¢,, anda
relative errore,. SWIFT++reportsall pairsof objectsthatarecloserthanthetoleranceand
reportsthe distancebetweenthemto within the given error bounds. Thatis, the reported
approximatalistanceD,, thatis lessthanthetoleranceandis in therange[ D, max (D, X
(1+¢.), D. + €,)] whereD, is the exactdistancebetweera pair of objects.

e Exact Distance: the applicationprovides a toleranceand SWIFT++ reportsall pairs of
objectsthatarecloserthanthetoleranceandreportsthe distancebetweerthem.

e Contact Determination: the applicationprovides a toleranceand SWIFT++ reportsall
pairs of objectsthat are closerthanthe tolerancealongwith all contactsbetweenthemiif
theobjectsaredisjoint. Many times,anapplicationis only interestedn knowing whentwo
objectscomesuficiently closeto warranta responseomputationand which featuresare
closest. Thereportscanbe any combinationof: distance nearespoints,contactnormals,
andnearesteatures Fromthesetemscontactresponsenay be computed.

5 Conventions

e Thecoordinatesystemusedis aright-handedne.
e All matricesaregivenin row-majorordet

e All transformationsireappliedby left-multiplication: P, = RP,.

6 Detailed Description of the Interface

In this sectiona detailedexplanationof eachSWIFT Scenemethodis given alongwith all the
subtleties Referto thearchitecturabverview in section3 to seethe generalorderin whichto call
themethods SWIFT.h containdimited documentatiorthatis similar to this.

6.1 SceneCreation (Configuration) and Deletion

Scenedeletionis straightforvard. Sceneconfigurationhappensvhenthe SWIFT.Sceneobjectis
createdandcannotbe changedafterwards.

e Constructor
Createa SWIFT.Sceneobject. Turn the broad phase(sweepand prune)algorithm on or
off (defaultis on). Turn on global sortingor local sorting (by settingglobal sortto false)
(defaultis global sort). Seesectiond.3 for moredetail onthe meaningf thesesettings.

DEFAULT_BP

SW FT_Scene( bool broad_phase
t DEFAULT_GS );

bool gl obal _sor

9



6.2 Object Creationand Deletion

Therearevariouswaysto createobjects.Creatingobjectsis equialentto addingthemto thescene
or copying them. Therearetwo differentwaysto addobjectsandoneway to copy them. Objects
canalsobedeleted.

Eachof thecreationmethodgassedackanidentifierfor thecreatedbjectwhich canbeused
onsubsequentferenceso it whensettingtransformationsactivating,or querying.Eachmethod
returnsa booleanvalueindicatingsucces®f the creation.If the objectcreationfailed, therewill
beamessag@rintedto stderr indicatingthe problem.

The types SWIFT.Orientation and SWIFT Translationare definedin SWIFT.h as constant
lengtharraysof size9 and 3 respectiely andareusedasparametetypesin the following object
creationfunctions.They representow-majorrotationmatricesandtranslationvectors.

e Add_Convex Obiject
This methodis for addinga closedcornvex objectwith theinput geometrystoredin arrays.

bool Add_Convex_Qbj ect (
const SWFT _Real * vertices, const int* faces,
int numvertices, int numfaces, int&id,
bool fixed = DEFAULT_FI XED,
const SWFT _Orientation& orient = DEFAULT_ORI ENTATI ON,
const SWFT_Transl ation& trans = DEFAULT_TRANSLATI ON,
SW FT_Real scal e = DEFAULT_SCALE,
i nt box_setting = DEFAULT_BOX_ SETTI NG,
SW FT_Real box_enl _rel = DEFAULT_BOX_ ENLARGE_REL,
SW FT_Real box_enl _abs = DEFAULT_BOX ENLARCGE_ABS,
const int* face_val ences = DEFAULT_FACE VALENCES,
SW FT_Real cube_aspect _ratio = DEFAULT_CUBE ASPECT RATIO );

This methodaddsan objectto the sceneby readingthe geometryfrom the verticesand

facesarrays.Thevertex arrayis alist of coordinatevalues(x,y,z) in 3D. Thelengthof the

vertex arrayis 3 timesnumvertices If all thefacesaretriangularthenthelengthof theface

arrayis 3 timesnumfaces If notall the facesaretriangularthenthe arrayfacevalences
shouldbe numfaceslong and eachelementindicatethe numberof verticesfor eachface.

Then,the length of the facearrayis the sumof the numberof verticesfor eachfaceover

all faces.Thedefaultis thatall facesaretriangularsignifiedby theface valencegparameter
beingDEFAULT _FACE_VALENCES. Notethatthe indicesstoredin the facearrayrefer

to the vertex index ratherthanthe coordinateindex. The vertex indicesstartat 0. Vertices
may have duplicates(exactly equalcoordinates). SWIFT++ will fully sharethe vertices
internally. A contactdeterminatiorgquery canbe madeto reportthe closestfeatures.The

identifiersof thesefeaturesarerelatedto the orderingin which the verticesandfaceswere

givento the Add_Cornvex_Object() method. More detailson the identifiersis given along

with the descriptionof thequery Theidentifierof the objectis passedackin id.

Thefixedparametemdicateswhetherthe objectis fixed or moving. Objectsaremoving by
default. If the objectis fixed, it is fitted with aDYNAMIC boundingbox regardlessof the
type setfor it sinceits transformationshouldnever changgafterthefirst one)andit might
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aswell usethetightestbox possible.Note thatan objectcannotbe “un-fixed” onceit has
beendeclaredixedor vice-versa.All pairsof fixedobjectsarenevertestedsofixedobjects
canintersectarbitrarily.

The orient and trans arraysspecify the input transformationto be appliedto the object.
If they aresetto DEFAULT _ORIENTATION and DEFAULT_TRANSLATION respec-
tively, thenthey areconsideredhe identity transformatior(this is the default). Otherwise,
orient shouldbe a 9 element3 by 3 row-major rotationmatrix andtransshouldbe a 3 el-

ementtranslationvector The scaleparametespecifiesheinput scalingfactorwhichis by

default 1.0 (no scaling). All subsequentmovement)transformationsghatareappliedto an

objectareappliedin additionto (composeaith) theinputtransformationFor acopy, input

transformationsrecomposedSeebelow.

Next, the boundingbox settingsaregiven. Thedefaultis CUBE alongwith no enlagement
if the objectis moving. Seesection4.4for moredetailsaboutboundingbox typesandset-
tings. Theface valencegarameters usedto indicatewhethertherearearny non-triangular
faceg(seeabove).

Thelastparametercubeaspectratio, specifieshe aspectatio belov which a cubeis used
whenthe box settingis setto CHOOSE. Seesection4.4 for more detailson thesethis
parameter

Add_General Object

Thismethodis for addinganobjectthatis describedn afile. Thefile maybeahierarchyor
decompositiorile thatis the outputof the decomposeprogramor it mayamodelfile. If it
is amodelfile, thenit mustdescribea closedcorvex polyhedron.

bool Add_General nject(
const char* filename, int& id,
bool fixed = DEFAULT_FI XED,
const SWFT _Orientation& orient = DEFAULT_ORI ENTATI ON,
const SWFT_Transl ation& trans = DEFAULT_TRANSLATI ON,
SW FT_Real scale DEFAULT _SCALE,
SPLI T_TYPE split DEFAULT_SPLI T_TYPE,
i nt box_setting = DEFAULT_BOX_ SETTI NG,
SW FT_Real box_enl rel = DEFAULT_BOX ENLARCGE REL,
SW FT_Real box_enl _abs = DEFAULT_BOX ENLARCGE_ABS,
SW FT_Real cube_aspect ratio = DEFAULT_CUBE ASPECT RATIO );

This methodis very similar to the first methodwith the exceptionthatfiles areusedinstead
of arrayfor theinputgeometry Sectionl0 specifieghefile formatssupportedy SWIFT++.
Additional formatsmay be supportedhroughapplication-definedile readerghat may be
pluggedin. More detailson this aregivenin section6.6 andsection9.

Thesplit parametespecifieghetypeof splittingto applywhentheinputis adecomposition
file. Seesectiond4.4for moredetailson this parameter

Copy_Object
This methodis for makinga copy of anexisting object.
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bool Copy_(bject( int copy_oid, int&id);

Theid of the objectto be copiedis givenin the copy oid parameteandtheid of the newly
createdbijectis givenbackto theapplicationin theid parameter

e Delete Object
This methodis for deletinganexisting object.

bool Delete Cbject( int id);

Theid of the objectto be deletedis givenin theid. Thisid shouldnot be usedary longer
unlessa subsequentbjectcreationreturnsthis id to the application. Calling this function
hasthe effect of deletingall memoryindependentlyelatedto the object.

6.3 Object Transformation

The only transformationghat are allowed by SWIFT++ arerotationsand translationsgiven by

3-vectorsand 3 by 3 matricesrespectiely. Scaling,skewing, andary othertransformationsre
notallowed. If they aremixedinto therotationmatrix, SWIFT++will malfunction.For maximum
gueryperformanceavoid settingan object’s transformationrmorethanonceper query Eachob-

ject’s transformatiormustbe setat leastonceafterits creationto ensurecorrectquerying. There
arefour differentwaysto settransformationsThey differ in whethera singleobjects transforma-
tion is setor all the objects’transformationare setat once,andwhetherthe transformationsre
givenseparatelyr togetheras3 by 4 matrices.

e Set Object_Transformation
This pair of methodgs for settingthe transformatiorof a singleobject.

void Set_Object _Transformation( int id, const SWFT_Real * R,
const SWFT _Real* T );

void Set_(bject_Transformation( int id, const SWFT_Real * RT );

The first methodis for settingthe rotationandtranslationseparately Theid of the object
(gottenfrom an Add_* _Object() method)is givenin id. The rotationand translationare
givenin row-majororderin RandT asarraysof length9 and3 respectiely.

The secondmethodis similar to thefirst but differentin thattherotationandthetranslation
aregiventogetherin asingle3 by 4 matrix. The leftmost3 by 3 is the rotationmatrix and
thefourth columnis thetranslationvector Thisalsois givenin row-majororderasanarray
of length12.

e SetAll _Object_Transformations

This pair of methodss for settingthe transformation®f all the objectsat once. The only
savingsthis hasoverthe previous pair of methodss methodinvocationoverhead.
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void Set_All _nject_Transformati ons( const SWFT_Real * R
const SWFT _Real* T );

void Set Al _(nbject _Transformati ons( const SWFT _Real* RT );

The arraysare given as a sequentiaktreamof row-major matrices,one for eachmoving
object. Fixed objecttransformationshouldnot bein thesdists. If fixedobjecttransforma-
tions needto be set,thenoneof the first pair of methodsshouldbe used. The orderingof
the objectsto which the transformationspply is the sameasthe orderin which they were
createdn thescengwhichis not necessarilfhe sameasthe orderof theirids).

Thefirst methodis for settingtherotationsandthetranslationseparatelyTherotationsand
translationsaregivenin row-majororderin RandT asarraysof lengthequalto 9 timesthe
numberof moving objectsand3 timesthe numberof moving objectsrespectiely.

The secondmethodis similar to the first but differentin thatthe rotationsandthe transla-
tions are giventogetherasa seriesof 3 by 4 matricesin the sameform asfor the second
SetObject Transformation(methoddescribedoreviously. The arrayis of lengthequalto
12 timesthe numberof moving objects.

6.4 Pair Activation

If apairis active,thenit is testedduringaquery If it is not, thenit is nottestedandtherewill not
be ary resultsreportedfor it. Pairs whereboth objectsarefixed, are never active (andcannever
besetactive). Therearesix differentactivationmethods.They differ in whetheranactiationor a
deactvationis done,andwhethertwo, one,or noids aregiven.

e Activate
Thesemethodsarefor activatingpairsof objects.

void Activate( int idl, int id2);
void Activate( int id);
void Activate( );

e Deactivate
Thesemethodsarefor deactvatingpairsof objects.

voi d Deactivate( int idl, int id2);
void Deactivate( int id);

voi d Deactivate( );

Thefirst groupof threemethodsarefor activating pairsandthe lastgroupof threearefor
deactvatingpairs. Thefirst methodin eachgroupis for changingthe activationof exactly a
singlepair givenby thetwo objectids id1 andid2 if allowed (both non-fixed). The second
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methodin eachgroupchangeghe activation of all pairscontainingthe objectidentifiedby
id (if allowed). Thethird andlastmethodin eachgroupis usedto actvateor deactvateall
the pairsin the scene.They canbe usedto resetthe activation of the scene.The resultof
callingthe Activate()methods thesameasthedefault activationprovidedby thesceneThe
objectids mentionedabove aregottenfrom the Add_* _Object()or Copy_Object()methods.

6.5 Query

SWIFT++computeghe centerof massof eachobjectwhich canbe queried.
e Get Center_.Of_Mass

void Get _Center OF _Mass( int id,
SWFT_Real & x, SWFT_Real & y, SWFT Real & z );

The parameterd specifieghe objectwhosecenterof massis beingqueried. The centerof
massthatis returnedis the centerof massof the objectafter its input transformationwas
appliedbut notary of theothertransformationshatmayhave beensetfor it. Its coordinates
arereturnedn thex, y, zparameters.

SWIFT++ providesfive differentproximity queries.Eachof the methodseturnsa booleanindi-

catingwhetherintersectionvasdetectecanywherein the scenglamongthe objectsbeingtested).
All the arraysthat are usedfor reportingthe resultsof the queryare managedy the SWIFT++
system.Do NOT allocateor deallocatehem.

e Query_Intersection
This queryis for finding the pairsof objectsthatareintersectingn ascene.

bool Query Intersection( bool early exit, int& numpairs, int** oids );

The return value indicatesif therewas at leastone intersectingpair in the scene. If the

early_exit parameteis setto true, thenthecomputatioris stoppedvhenthefirstintersection
is found andtrue is returnedbut no pairsarereported.If it is setto false thenreporting
occursandall intersectingpairsarefound. Theoidsarrays(objectids) will beallocatedand
filled in by this methodif intersectionis detected.Thereare 2 timesnum.pairs elements
in thearray For example,oids[0] andoids[1] arean intersectingpair (if numpairs > 0).

Note thatthereis no specificorderingin the oidsarray A returnvalueof false aswell as
numpairs = O indicatesthattherearenointersectingpairs.

e Query_Tolerance Verification
This queryis for finding the pairsof objectsthatare closeto within sometolerancein the
scene.

bool Query_Tol erance_Verification( bool early exit, SWFT Real tolerance,
int& numpairs, int** oids );
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This querybehaesthe sameastheintersectiordetectionquerywith the exceptionthatthe
applicationprovidesatolerancendicatinghow closeobjectsmustbein orderto bereported.
Intersectiordetections the sameastoleranceverificationwith atoleranceof 0.

If thebroad phasesettingis turnedon for the scenethenonly pairswhoseboundingboxes
overlapandwhosedistanceis lessthanor equalto the giventolerancearereported.Thus,
if atrue toleranceverificationis to be done,the boundingboxes of the objectsshouldbe
enlagedby anabsoluteamountat leastequalto thetolerance.This is donewhenan object
is created.

Query_Approximate_Distance
This queryis for finding the approximatedistancebetweenpairs of objectsthat are close
enoughin ascene.

bool Query_Approxi mate_Di st ance(
bool early exit, SWFT_Real tolerance,
SWFT Real abs error, SWFT Real rel _error,
int& numpairs, int** oids, SWFT_Real ** di stances );

The applicationprovidesa tolerance an absoluteerror ¢,, anda relatve errore,.. No ap-
proximatedistancesdelav the tolerancearereported. The reportedapproximatedistances
lie in therange[ D, maxz (D, x (1+¢€,), D + €,)] WhereD, is theexactdistancebetweera
pair of objects.Theapproximatalistancesrereportedn thedistancesarray It is of length
equalto numypairs.

If the broad phasesettingis turnedon for the scene thenthe approximatedistanceis re-
portedonly for thosepairswhoseboundingboxesoverlapandwhosedistances lessthan
or equalto thegiventolerance.Thus,if theapproximatalistancdas desiredfor pairswhose
distances within a tolerance the boundingboxesof the objectsshouldbe enlagedby an
absoluteamountat leastequalto the tolerance.Intersectingpairsarereportedashaving a
distanceequalto —1.0. Thedistancereportedwhenthereis intersections NOT a measure
of penetratiordepth.

Query_Exact_Distance
This queryis for finding the exactdistancebetweemnairsof objectsthatarecloseenoughin
ascene.

bool Query_ Exact Di stance(
bool early exit, SWFT_Real tolerance, int& numpairs,
int** oids, SWFT_Real ** di stances );

This querybehaesthe sameasthe approximatedistancegquerywith the exceptionthatthe
applicationdoesnotprovide arny errorboundssincetheexactdistancds beingreported.The
exactdistancesarereportedn thedistancesarray It is of lengthequalto numpairs.

If thebroad phasesettingis turnedon for thescenethentheexactdistances reportedonly
for thosepairswhoseboundingboxesoverlapandwhosedistanceis lessthanor equalto
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thegiventolerance.Thus,if the exactdistancds desiredfor pairswhosedistancds within
a tolerance the boundingboxes of the objectsshouldbe enlaged by an absoluteamount
atleastequalto thetolerance.Intersectingpairsarereportedashaving a distanceequalto
—1.0. The distancereportedwhenthereis intersectionis NOT a measureof penetration
depth.

Query_Contact_Determination
Thisqueryis for finding thecontactdbetweerobjectsin thescene Contactinformationsuch
asnearesfeaturesnearespoints,andcontactnormalscanbereported.

bool Query_Contact_ Determ nation(
bool early exit, SWFT _Real tolerance, int& numpairs,
int** oids, int** numcontacts,
SW FT_Real ** di stances = NO_DI STANCES,
SW FT_Real ** nearest_pts = NO NEAREST_PTS,
SWFT_Real ** nornmals = NO_NORMALS,
int** feature_types = NO _FEAT_TYPES,
int** feature_ids = NO FEAT_IDS );

The variousthingsthat may be reportedfor a contactare: exact distance nearesfpoints,
contactnormals,andnearesteatures.They areselectedndividually for reportingby pass-
ing anarraypointerfor the correspondingrrayto be assignedy SWIFT++. To not select
anitemfor reporting,simply passhe default parametefor thatarray Thedefaultis thatall
itemsaredeselected.

The num.pairs parameterefersto the numberof object pairs being reportedand not the
numberof contactdbeingreported.Thereare2 timesnum pairs elementsn the oidsarray

Therearenumpairs elementsn thenum.contactsarraywhichis usedto specifythenumber
of contactsfor eachpair. If a pairis intersectingthe num.contactsentry will be-1. This

is considered singlecontactbetweerthe objectssothe non-NULL arrayswill have to be
advancedappropriatelyln theintersectingcasetheelemenof thedistancearraywill be-1

andthecontentsf theotherarrayswill notbemeaningful.lf theobjectsarenotintersecting
thenthe num.contactsentrywill begreateror equalto 1.

The nearesfpointsare reportedif the neaestpointspointeris not the default value. The
arraywill be 6 timesthe total numberof contactdong. For eachcontact,the 6 valuesare
thex,y,z coordinate®f thenearespointonthefirst objectfollowedby thex,y,z coordinates
of the nearespoint on the secondobject. If a pairis disjoint, thenthe actualnearespoints
arereported.If therearemary equallynearespoints,thenanarbitrarypairis reported.The
nearespointsaregivenin eachobjects local coordinategbeforethe objecttransformation
thatwassetis appliedbut aftertheinputtransformatiorgivento anAdd_* _Object()method).

The contactnormalsarereportedif the normalspointeris not the default value. The array
will be 3 timesthe total numberof contactslong. For eachpair, the valuesarethe x,y,z
coordinateof the normalpointing from object2 towardsobjectl. The normalis givenin
global (world) coordinates A normalizedvectoris givenfor the normal. The computation
of thenormalsis discussechext.
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If apairis disjoint, thenthereare4 casedor the pair of featuretypes. TheseareV-V, V-E,
V-F, andE-E. In the V-F case,the contactnormalis simply the facenormal. In the E-E
case,the crossproductof the edgedirectionvectorsis the contactnormal. The V-V and
the V-E casesaredegeneratan the sensethatfor two closeobjects,they will almostnever
happen. However, they do sometimesso we needto handlethem. In the V-E case,the
contactnormalis givenby aline from the vertex to the nearespoint on the edge. For the
V-V case the contactnormalis computedasfollows. First a normalis computedor each
vertex asanaverageof the normalsof the neighboringfaces.Thenthetwo vertex normals
areaveragedo yield the contactnormal.

The nearestfeaturesare reportedif noneof the feature_typesand featue_ids parameters
aresetto their default values. The featuretypesarraywill be 2 timesthe total numberof
contactslong. The featureids arraywill be at least2 timesthe total numberof contacts
long but may be longerin somecasesdueto featureswhich are edges.The featuretypes
areidentifiedby SWIFT VERTEX, SWIFT _EDGE, or SWIFT _FACE (thethreetypesof
featuredor a polyhedron).Thefeatureids thatarereportedarebasedupontheinputto the
decomposeor to SWIFT++,whichererreadthe modelfile. They arereportedasfollows:

e Vertex: asingleid is given which is the numberof the vertex in the orderthat it
wasgivento oneof the Add_*_Object() methodsstartingat 0. If the verticesthatare
givento ary of the Add_* _Object()methodsvereduplicated notfully shared}henthe
vertex id thatis reportedfor one of thesenon-sharedverticesis theid of anarbitrary
instanceof theduplicatedvertex.

e Edge: for an edgetherearetwo cases. Thefirst is that SWIFT++ is configuredto
acceptonly triangles(SWIFT _ONLY _TRIS defined)and configuredto enableedge
id reporting(SWIFT _REPORT _EDGE_IDS defined)in which casethe edgeids that
arereturnedare equalto 3x the faceid of the facethe edgebelongsto + theid of
the edgewithin the face. Theid of an edgewithin a faceis either0, 1, or 2. A face
is input asthreevertex indices. If the edgespansindex 0 andindex 1 thenit hasan
id of 0, the edgefrom index 1 to index 2 hasid 1 andthethird edgehasid 2. If the
polyhedronthe edgebelongsto is not closed,anedgemay be found which is not part
of the original mesh. In this case,it is reportedwith anid of -1. This shouldonly
happerif the SWIFT _ALLO W_BOUNDARY variableis defined.

Otherwise the edgeis reportedastwo ids that arethe vertex ids of its endpoints. If
faceswith more thanthree edgesare given to ary of the Add_* _Object() methods,
SWIFT++triangulategshem. Therefore anedgemight correspondo anedgethatwas
not on the boundaryof aninput facebut ratherintroducedby the triangulationof the
face.Thishasramificationdor theedgeidsthatarereported. Theendpointof anedge
may have ids suchthatthereexists no edgewith thoseendpointids thatwasgivento
an Add_* _Object() method. If the polyhedronthe edgebelongsto is not closed,an
edgemaybefoundwhichis not partof theoriginal mesh.In this casethetwo vertices
belongingto theedgearestill reportedout this pair of verticesmaynotmake ary sense
to theapplication.
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6.6

e Face: asingleid in the samemannerasthe vertices,startingat 0. If the polyhedron
thefacebelongsto is not closed,a facemay befoundwhich is not partof the original
mesh.In this casejt is reportedwith anid of -1.

Plug-In Registration

6.6.1 File Readers

In orderto readfiles thatarenotin eitherof the SWIFT++formats,a file readerplug-in maybe
provided by the application. For moreinformationon file readerconstruction seesection9 and
SWIFT fileio.h in the SWIFT++/includedirectory

Register File_Reader

This methodallows for theregistrationof afile reademwith SWIFT++. It will thenbeused
to readfiles that startwith the givenstring (magicnumber).A file readerdoesnot have to
beregisteredfor every scenecreatedout only oncefor the entireprogram.

bool Register_Fil e Reader( const char* magi c_nunber,
SWFT_File_Reader* file_reader ) const;

Thefirst parameters the stringthatis matchedat the beginning of thefile thatis read.It is
referredto asthefile’s magicnumber The secondparameters afile readerobjectpointer
thatreferencesreaderableto readfiles with thegivenmagicnumber If areadeiis already
assignedo thegivenmagicnumberthanthe new reademill replacet. Only onereadercan
handlea giventype of file. A singlereadercanhowever readdifferenttypesof files sothis
methodcanbeinvokedwith multiple magicnumbersandthe samereader Thereturnvalue
indicatessuccessOn failureamessagés writtento stderr.

7 Easeof UseTips

SWIFT++hassomecorvenientfeaturesvhich canmalke the applicationsjob easier They are:

Usethe CHOOSE typefor boundingboxessothat SWIFT++candecidewhatthebesttype
of box to useis. Keepin mind however, thatthe applicationis responsibldor settingthe
thresholdaspectatio for this decision.Theprovideddefaultis notthe bestoverall solution.

Usethe copy featurewhenerer possible. This is possiblewhentwo pieceshave the same
inputgeometryandthe sameinput transformation.

Insteadof applyinginput transformation®n fixed objects,apply thetransformationgsthe
moving (initial andonly) transformationgor them. This allows copying if multiple fixed
objectshave the exactsamegeometry Thiswill notwork if scalingis involvedhowever.

Take advantageof thetriangulationandvertex sharingfeaturegshat SWIFT++ provides.
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e Take advantageof the fact that SWIFT++ reportsa large quantity of contactinformation
from the contactdeterminatiorquery Normally, this would be the applications responsi-
bility but SWIFT++includesthis functionalityto increaseoverall efficiency of applications
needinghe standardccontactinformation.

8 Efficiency Tips

Therearevariousthingsto keepin mind in orderto useSWIFT++in anoptimal manner They
are:

e Only setfixedobjecttransformationsit the beginning (beforethefirst query).

e Only seteachmoving objecttransformatiorat mostonceper query Also, do not setan
objecttransformationf it hasnot moved from the previous transformatiorsincesettinga
transformatiorincursanoverhead.

e Try to reusegeometryby usingthe copy featureif atall possible.The replicationstorage
costcanquickly becomequitelarge sotry to avoid replicationif possible.

e Whenquerying,only querywhatis absolutelynecessarylrhequeriesareorderedrom most

efficientto leastefficientas:

1. Intersection

2. ToleranceVerification

3. ApproximateDistance

4. ExactDistance

5. ContactDetermination
For example,whenrunning a dynamicsimulation,usethe intersectiontestuntil an inter-
sectionis detectedthenusethe contactdeterminationquery during the bisectionsearch.

Furthermorepnly askthe contactdeterminatiorgueryfor the minimal amountof informa-
tion required(by settingsomeof the parameter$o their default values).

e If not mary piecesaremoving relative to the total numberof pieces,it might be beneficial
to considersinglocal boundingbox sortinginsteadof globalboundingbox sorting.

9 Application DefinedPlug-In’s

SWIFT++ allows the applicationto provide classderivationsthat act as extensions. Currently
the only extensionis a file readerextensionwherethe applicationcan createits own file readey
registerit with SWIFT++, anduseit to accessapplicationspecificfile types. No othersimple
extensionshave yetcometo mind but if our usersconceve of arny usefulones pleasdet usknow.
In this sectionwe describehe constructiorof plug-in’s. For plug-inregistrationseesection6.6.
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9.1 File Readers

Theheadeffile SWIFT fileio.hin the SWIFT++/includedirectoryincludesthe abstracbaseclass
from whichto derive new file readersAn exampleis givenby the SWIFT.Basic File_Readerclass
(seealsoSWIFT++/src/fileio.cpp) All thatmustbe providedis a methodthatdoesreading.The
methodis givenas:

virtual bool Read( ifstream& fin, SWFT_Real *& vs, int*& fs,
int& vn, int& fn, int*& fv ) = 0;

The fin parameteiis the input file streamto be readfrom. The vs parametelis a referenceto
the vertex coordinatearray The fs parameteis a referenceo the facevertex index array The
parametersyn and fn are the numberof verticesand facesrespectiely. The parameteffv is a
referenceo thefacevalences.

The Read()methodis to readthe contentsof afile referencedy fin. Thefile is openandthe
positionis setto be the beginning. This allows the readerto be ableto readthe magichumber
for itself if needbe. Thevsarrayis to be allocatedto a lengthequalto 3 timesthe numberof
vertices(coordinatesn 3D) andvn setto the numberof vertices(not the numberof coordinates).
Thefs arrayis to be allocatedto a length equalto the total numberof faceverticesrequiredto
describeevery faceandfn setto the numberof faces(not the numberof vertex indices). If the
facesareall triangular fswill have lengthequalto 3 timesfn. In this casefv maybesetto NULL
which signifiesthatall facesaretriangular(whichis thecasealot of times).If notall thefacesare
triangular fv shouldbe allocatedto a lengthequalto fn andeachentry shouldreflectthe number
of verticesperface.Thecaller(SWIFT++)will beresponsibldor deallocatiorof thearrays.

10 SWIFT++ File Formats

SWIFT++ providesfour file formatsin orderto import geometry The hierarchyanddecomposi-
tion file formatsarenot requiredto be understoody a SWIFT++ usersothey arenot discussed
further here. The othertwo formatsare discussedere. They are usedto import geometryinto
thedecomposeprogramaswell. If they areusedto import geometryinto SWIFT++,the geom-
etry mustbe closedcornvex polyhedra.Thereareotherwaysto import geometrysuchasthrough
arraysor by readingnon-SWIFT++file typesby providing oneor moreplug-infile readergsee
section9).

This sectiongives a descriptionof the formats’ simple syntaxand semantics. The first file
formatis for triangularmodelsandwill be calledthe TRI file format. The otherprovidedformat
is for generapolyhedraimodels(with facesotnecessarilyriangular).It will becalledthePOLY
file format. White spacds ignoredin bothfile formats.They arebothascii.

10.1 TRI format

TheTRI formatis afile formatfor triangularmodels.It supportsarbitrarytriangularmodels(some
of whichmaynotbesuitablefor usewith SWIFT++). Following arethe syntaxandthesemantics:
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TR

nunber of vertices
nunber of faces

nv<i nt >
nf <i nt >

coordi nates<real > = list of the vertex position coordinates as reals.

There are 3*nv coordi nat es.

face indices<int> = list of the vertex indices given in CCWorientation
for each face. There are 3*nf indices.

First the magicnumber“TRI” is given. Thenthe numberof vertices,thenthe numberof faces,
thenthevertex coordinatesthenthefaceindiceswhichindex into thevertex list by identifying the
vertex position(not the coordinateposition). Vertex indicesstartat 0. An exampleof a TR file is
includedin thedistributionin the example/directory

10.2 POLY format

The POLY formatis afile formatfor arbitrarypolyhedralmodels. Following arethe syntaxand
thesemantics:

POLY

nv<i nt > = nunber of vertices

nf <i nt > = nunber of faces

coordi nates<real > = list of the vertex position coordinates as real

There are 3*nv coordi nat es.

-- for each face

nfv<i nt> = nunber of vertices in the face

face indices<int> = |list of the vertex indices given in CCWorientation
-- end for

Firstthemagicnumber‘POLY” is given. Thenthe numberof vertices thenthe numberof faces,
thenthe vertex coordinates Following arethe faces.Eachfaceconsistsof aninteger specifying
thenumberof verticesin thefacesfollowedby theindicesof thatmary vertices.Thefaceindices
areusedto index the vertex list by identifying the vertex position (not the coordinateposition).
Vertex indicesstartat0. An exampleof aPOLY file is includedin thedistributionin the example/
directory

11 FutureWork

Thereare mary waysin which SWIFT++ canbe expandedandimproved upon. Thereare no
promiseson whatwill be donebut we would like feedbackirom our usersif thereis future work
thatthey would lik e to see.Someof ourimprovementideasare:
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e LessGeometry Replication: allow scaledobjectsto sharegeometry

¢ Articulated Bodies: allow a scenegraphfor multiple pieceobjects. In addition, have the
optionof detectingself-collisionor not.

e Penetration Depth: provide approximateenetratiordepthoverall directionsor exactpen-
etrationdepthin asingledirection.

Let usknow if ary of theseareof interest.
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