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Intr oduction

SWIFT is a collision detectionpackagecapableof detectingthe intersection,computingtheap-
proximatedistance,computingthe exact distance,or determiningthe contactsamidsta scene
composedof rigid convex-piecedpolyhedralmodels.

It is a robust and efficient library shown to be substantiallyfasterthan currently available
packages.It is a powerful packagefrom its input interfaceto its query interfaceproviding a
rich featureset. Therearemany settingsavailablebut thebasicprinciplesarerathersimpleand
straightforward.

Thismanualwill attemptto coverall thefeaturesavailablein SWIFTaswell asprovideuseful
shortcutsandefficiency tips. Thematerialwill first becoveredin generalfollowedby addeddetail.
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1 LicenseAgreement

The SWIFT library is Copyright 2000 The University of North Carolinaat ChapelHill. The
LICENSE file that accompaniesthe distribution gives in detail what this meansalongwith the
restrictionson any executablethatthis library is linkedwith. SWIFT is written in C++ andall the
sourcecodeis includedin thedistribution. TheLICENSEfile alsocoversredistribution andcode
modifications.

2 Customization,Build, and Installation

Assumingthatthelibrary hasbeenunpackedinto thedirectorySWIFT/, follow thesestepsto get
acompiledlibrary:

1. Look throughtheconfigurationfile in theSWIFT/include/directorycalledSWIFT config.h
andsetall desiredoptions.Variouscompile-timefeaturesmaybeselectedincludingfloating
point type, usageof the hierarchy, type of hierarchyto be used,debugging,etc. Refer to
section4.1andSWIFT config.hfor full details.

2. Compilethelibrary

� If compilingusingVC++ 6.0useswift.dsp.
� Elseif compilingfor someUnix look throughSWIFT/Makefile anddo thefollowing:

– SetCC to point to thepropercompilerandCFLAGSto thedesiredcompileflags

– Uncommentthe Qhull andQSlim flags andpoint them to the currentsystem’s
installationof thosepackagesif the QSlim hierarchyis desired(and the option
wasturnedon in SWIFT config.h).
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– Type“make” in theSWIFT/directoryandalibrarywill bebuilt asSWIFT/lib/libSWIFT.a.
Theremaybea few warningswhichcanbesafelyignored.

� Elseyouwill have to createyourown compilerconfiguration

3 Ar chitectural Overview

Theapplicationmakinguseof SWIFT interfacesby includingSWIFT.h (in theSWIFT/include/
directory)andcreatingaSWIFTSceneobject.MorethanoneSWIFTScenemayexist atany given
time. A SWIFTScenecanimport objectgeometry, testobjectsfor intersection,computedistance
or determinecontactsbetweenthem,find closestfeatures,closestpoints, contactnormals,and
producereportson the results. All applicationcalls aremadeto methodsof the SWIFTScene
object.More detailson thesemethodsareprovidedin detail laterin this document.

Therearetwo main phasesin the useof the SWIFT system.Thefirst is theprecomputation
phasewhereinformation is computedfor the objectsin the scenein preparationfor the query
phase(thesecondone).

Thestepsto usingtheSWIFT systemaretypically performedin theoutlinedordergivenhere
for eachof thetwo phases.Thisorderis theintendedorderandis thereforethemostefficient.

3.1 PrecomputationPhase

1. Createa SWIFTSceneobjectandsetthedesiredsceneconfiguration.Reasonabledefaults
arepreset.

2. Add or copy all of the objectswhich composethe sceneby calling the Add * Object()
methods.Notethat if two or moreobjectsarecomposedof exactly thesamegeometryand
input transformation,thenit is betterto causetheobjectto becopied(afterthefirst time)so
thatits geometryis not replicated.Copiedobjectscanstill move independentlyin thescene
andthereis no performancelossfrom this geometrysharing.

The Add * Object() methodsare meantto precomputeinformation that is usedat query
time. If they arecalledduringthequeryphase,performancewill suffer greatly.

Therearetwo typesof objects:fixed andmoving. Whenan object is added,oneof these
typesis chosenandcannotbeundone.Fixedobjectsareusuallyonesthatnevermovesuch
aswallsor otherstaticobjects.They arenever testedagainstoneanother(but canbemoved
aroundif sodesired).

3. Selectpairsof objectsto be testedby activating and/ordeactivating them. By default, all
objectpairsareinitially deactivatedif both objectsarefixed andactivatedif eitherof the
objectsis not fixed. Pairs that are activatedor deactivatedstay that way for subsequent
queriesuntil theactivationstateis changed.This stepis listedin theprecomputationphase
becauseit incursanoverheadif doneduringthequeryphase.If atall possibletry to activate
or deactivateasmany pairsaspossiblebeforethequeryphase.Only changetheactivation
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statusof objectsduringthequeryphaseif it cannotbedeterminedduringtheprecomputation
phase.

4. Setthe first transformationsof all the objectsincluding the fixed objectsusingoneof the
SetObject Transformation()methods.Fixed objectsneednot (andshouldnot) have their
transformationsever setagainsincethey do not move. Transformationsmustbe only ro-
tationsand translations(within floating point error). If non-rotationmatricesare given,
SWIFT will malfunction.

5. Sincethefirst queryis likely to beslow for anapplicationwhosesceneexhibitshighcoher-
ence,adummyquerymaybedesirablebeforethequeryphaseto “initialize” thequery. The
objectsshouldobviouslybein their initial positions.

3.2 Query Phase

1. Setobjecttransformationsusingeitheroneof theSetObject Transformation()methodsor
oneof theSetAll ObjectTransformations()methodswhich setthetransformationsfor all
of themoving objectswith a singlecall. It is highly recommendedthatobjecttransforma-
tionsbesetatmostonceperobjectperquerysinceanoverheadis incurredfor eachsetting.
The fixed objecttransformationsshouldonly be setduring the precomputationphase(but
they canbesetduring thethequeryphaseaswell if sodesired).Furthermore,moving ob-
ject transformationsshouldonly besetif theobjectactuallymoves. Transformationsmust
beonly rotationsandtranslations(within floatingpoint error). If non-rotationmatricesare
given,SWIFT will malfunction.

2. Call aQuery *() methodbasedontheapplication’sneeds.Therearefour choices,thedetails
of which will be explored later. They are: intersectiondetection,approximatedistance
computation,exactdistancecomputation,andcontactdetermination.

3. Objectsmaybedeletedduring thecourseof thequeryphaseby usingtheDeleteObject()
method.Objectsmaybecopiedandaddedduringthisphaseaswell but theapplicationmust
becarefulastheoverheadcouldbequitehigh for theaddition.More on this later.

4 Sketchof Provided Functionality

Herea sketchof thefunctionalitythatSWIFT providesis laid out. Detailsarefilled in lateron in
section6. For now, theaimis to justshow whatis possible.First thecompile-timeconfigurationis
discussed,thenlibrary configuration,thensceneconfiguration,andthenobjectconfiguration.The
input geometrypossibilitiesarethendescribed,followedby adescriptionof theavailableoutput.

4.1 Compile Configuration

SWIFT maybeconfiguredin variouswaysat compile-time.Theconfigurationcanbedonein the
following waysby editingSWIFT config.hbeforecompilation:
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� Floating Point Type: thefloatingpoint typecanbechosenasfloat or doubleby defining
theSWIFT USE FLOAT variableor not. The typeSWIFTRealis thefloatingpoint type
that is useduniversallythroughoutSWIFT, including the interface. This shouldbe set to
matchtheapplication.Thedefault is double.

� Maximum Vertex Valence:setthemaximumvalencethatany vertex givento SWIFT will
have.

� Lookup Table: a lookup tablemay be usedto provide initialization to speedup queries.
Turningthisonmeansthatinitializationof thedistanceminimizationroutineis always done
throughthe lookup table. Seethe technicalreport for more details. The lookup table is
enabledby definingtheSWIFT ALWAYS LOOKUP TABLE variable.Note that thehi-
erarchyoptioncannotbeon if this optionis on. Thedefault is off.

� 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
degrees,or 5.625degrees.They arechosenby definingoneof LUT RESOLUTION 22 5,
LUT RESOLUTION 11 25, or LUT RESOLUTION 5 625. The storagecostsareap-
proximately0.5 kB, 2 kB, and 8 kB respectively. There is not much of a performance
differencebut in general,thehighestresolutionprovidesthehighestperformance.

� ConvexHierar chy: ahierarchyof simplerconvex objectsmaybeusedto speedupqueries.
This is enabledby definingtheSWIFT HIERARCHY variable.Notethatthelookuptable
optioncannotbeon if this optionis on. Thedefault is off.

� QSlim ConvexHierar chy: ahierarchythatusestheQSlimpackageto createsimplerlevels.
Thisis enabledby definingtheSWIFT QSLIM HIER variable.WehavefoundthatQSlim
hierarchiesperformbetter. In orderto usethis typeof hierarchy, theapplicationmustedit
theMakefile to point to Qhull andQSlimdistributionson thesystem.Thesepackagesmust
alsobelinkedto by theapplication.If this is off but thehierarchyis on, thehierarchywill
bebuilt usingamodifiedDobkin-Kirkpatrickmethod.Thedefault is off.

� Debug: debugginginformationmaybeturnedon to helpuncover faultsin the input. This
is enabledby definingthe SWIFT DEBUG variable. Extensive input geometrychecking
is doneaswell assomelimited querychecking.Performanceis slower whenthis optionis
turnedon. Thedefault is off.

4.2 Library Configuration

The only library configurationthat may be doneat run-time is the registrationof application-
definedfile readers.This may be useful if the applicationwishesto have SWIFT readcertain
files directly without SWIFT knowing abouttheformatof thefiles. Theprocedurefor building a
customfile readeris simpleandis describedmorein section9.
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4.3 SceneConfiguration

SWIFTmaybeconfiguredin variouswaysduringSWIFTSceneobjectcreation.Dif ferentcreated
scenesmaybeconfigureddifferently. A scenecanbeconfiguredin thefollowing ways:

� Broad Phase: a sweepand prunealgorithm basedon axis-alignedboundingboxes and
dimensionreductioncanbeusedto cull awaya largenumberof moreexpensive tests.This
is achievedby constructingboxesto meet“region of interest”criteria. Note thatwhenthe
hierarchyis on, theboundingboxesarecreatedaboutthecoarsestlevel. Thedefault is on.

� Global or Local Sorting: thesortingstepof thesweepandprunealgorithmcanbeeither
local or global. If it is global, then the boxesaresortedall at one time at the beginning
of a query. If it is local, then eachobject’s box is locally sortedassoonas the object’s
transformationis updated. This option hasno effect if the broadphasealgorithm is not
turnedon. Thedefault is global.

4.4 Object Configuration

Objectsthatareaddedto ascenecanbeconfiguredin variousways.Theonly objectconfiguration
that shouldbe doneat query time is the position and orientationof an object and possiblyits
activation statuswith respectto other objects. All other possibleconfigurationsof objectsare
donewhenthey areaddedandcannotbe changedthereafter. Thesestaticconfigurationsarethe
following:

� Geometry: anobject’s geometrycanbegivenasarraysof verticesandfaces(indicesinto
thevertices)or asfilenamesthatindicatefilesto readthegeometryfrom. In thecaseof files,
SWIFT will attemptto readthegivenfilesusingwhateverfile readershavebeenregistered.
An objectcanbecomposedof oneor moreconvex pieces.SWIFT allows for thecopying
of any alreadyaddedpiece.This canusuallyavoid geometryreplication.More detailsare
givenlater. SWIFT will automaticallytriangulateany convex polyhedralmodelcomposed
of convex polygonalfaces.In otherwords,thefacesneednotbetriangles.SWIFT will also
fully sharetheverticesthataregivenaccordingto strict equality. In otherwords,a vertex
maybeduplicatedaslongasit hastheexactsamecoordinates.

� Hierar chy: anobjectwill haveaconvex hierarchybuilt aroundit if theappropriatecompile-
time variablewasdefined(seeabove). Alternatively, theapplicationcanprovide thehierar-
chy to beused.SWIFT will enforcetheappropriatehierarchyconstraintssuchasregistra-
tion,boundedness,andparenting.Eachhierarchycanhaveupto 32levels.If morearegiven
or if morecanbecreated,SWIFT will usethefirst 32 available. Applicationprovidedhi-
erarchiesarenot subjectto thesceneconfigurationparametersaffectinghierarchies.Those
parametersonly affecthierarchiesbuilt by SWIFT.

� Fixed or Moving: an objectcaneitherbe fixed or moving. As mentionedpreviously, if
anobjectis fixed, its transformationshouldonly besetonceat thebeginning (but maybe
setlaterif sodesired).Furthermore,fixedobjectsarenever testedagainstoneanother. The
default is moving.
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� Input Transformation: anobjectcanberotated,translated,and/orscaledupor down from
its inputgeometrywhenit is first addedto thescene.This input transformationis performed
explicitly asa precomputationstepandis not incorporatedinto themovementtransforma-
tionswhichcanonly berotationsandtranslations.Do NOT attemptto work ascalingfactor
into themovementrotationmatrices.Thiswill causeSWIFT to malfunction.

If a copy is donethenthegeometrywill not bereplicatedif the input transformationgiven
is theidentity transformation,otherwiseit will 1. Thedefault is identity.

� Bounding Box Type: thereare two typesof boundingboxesavailable. The first type is
a cube. It is relatively efficient to updatebut doesnot fit large aspectratio objectsvery
well. The secondtype is a dynamicboundingbox. This type costsmore to updatewith
eachtransformationbut fits theunderlyinggeometrybetter, causingfewerboxesto overlap.
Theapplicationcanchosefrom five options:DEFAULT, CUBE, DYNAMIC , CHOOSE,
or COPY. If theDEFAULT optionis given,thenthedefaultsasdescribedbelow areused.
The secondtwo choiceshave alreadybeenexplained. If the CHOOSE option is chosen,
thenSWIFT will calculatethe maximumandminimum spreadof the objectandusethis
aspectratio to decidewhat typeof boundingbox to usebasedon the objectconfiguration
parameter(cubeaspectratio) describedbelow. TheCOPY optionis only allowedif a copy
is beingdone.Thetypeof boundingbox that is setfor thepiecebeingcopiedis chosenfor
thepiecebeingcopiedto. This is therecommendedsettingwhena copy is doneexceptfor
the casewherea copy is donefrom a fixed object to a moving objectsincea fixed object
alwayshasadynamicboundingbox. Thedefault is CUBE if nocopy is doneandtheobject
is moving. If theobjectis fixedandno copy is donethenthebox type is alwayssetto be
DYNAMIC . If a copy is donefroma moving objectto a moving object,thenthedefault is
COPY. If thecopy is donefromafixedobjectto amoving object,thenthedefault is CUBE.
If thecopy is doneto a fixedobject,thenDYNAMIC is usedsincethefixedobjectis not
assumedto move(althoughthis is possible).

� Bounding Box Enlargements:a boundingbox maybeenlargedby anabsoluteand/orrel-
ativeamount.This is usefulif theapplicationis interestedin performingtolerancedqueries
suchasdistanceor contacts.In this caseanabsoluteenlargementequalto thedesiredtol-
eranceshouldbeused.Eventhoughenlarging boundingboxescausesmoreoverlap,it can
be usedto maintaincoherencefor objectsthat arerelatively closeover several frames. In
this case,a relative enlargementmaybedesirable.Thedefault is

�����
for both relative and

absoluteenlargements.

� Minimum Triangle Count: thenumberof trianglesbelow which thehierarchyis notbuilt.
This quantityindicateswhento stopbuilding coarserlevels for thehierarchy. This option
hasno effect if the hierarchyis not compiledon. This option only affectshierarchiesthat
arebuilt by SWIFTandnot thosedefinedby theapplication.Thedefault is � � .

1If this turnsout to causean unnecessaryexplosionin termsof storagefor someapplications,bring this to our
attentionandsomethingcanbedoneaboutit.
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� QSlim Triangle Ratio: the ratio of trianglesbetweentwo levels of the QSlim hierarchy
sincethis canbecontrolled.This optionhasno effect if thehierarchyis not compiledon or
if theQSlimhierarchyis not compiledon. Thisoptiononly affectshierarchiesthatarebuilt
by SWIFT andnot thosedefinedby theapplication.Thedefault is

���
	 � .
� Cube Aspect Ratio: the ratio betweenthe maximumspreadandthe minimum spreadof

an objectbelow which a cubeis usedfor the sweepandprunealgorithmif the bounding
box optionof anobjectis CHOOSE. This decisionis madeautomaticallyby SWIFT – no
userinterventionor spreadvaluesarerequired.This optionhasno effect if thebroadphase
algorithmis not turnedonor if anobject’sboundingboxoptionis notCHOOSE. Notethat
it doesnotmakesenseto setthis to belessthan � ��� . Thedefault is

	����
.

4.5 Input Geometry

The input geometryhasto be convex polyhedrathatareclosed. If thegeometryis passedusing
arrays,thenthevertex arrayis indexedby theelementsof thefacearrayto determineconnectivity.
Facesdo not have to betriangular. Thingsaresimplerif they arehowever. As mentionedabove,
an input transformationmay be appliedto the input geometry. The input transformationcanbe
quiteusefulin assembling,say, amultiplepieceobject2.

Thefollowing geometricpropertiesmustbesatisfiedby all input geometry:

� Theobjectdescriptionmustbeconvex which alsoimplies that the topologyis homeomor-
phic to asphere.

� It mustbeclosed.Everyedgemustbelongto exactly two faces.

� Theremustnot be any degenerateelementssuchaszerolengthedges,collinearedges,or
zeroareafaces.

� All verticeson a facemustbecoplanar(to within floatingpoint precision).

4.6 Output

TheoutputthatSWIFTprovidesis accessedthroughthequerymethods.Thefour methodsprovide
a rich setof proximity queries.An earlyexit optionis providedfor eachqueryto exit assoonas
anintersectionis found.If theearlyexit optionis turnedon,thereis noreportingif anintersection
is found. If thereis no intersectionthenreportingoccursasnormal.Thefour typesof queriesare:

� Intersection: theobjectsaretestedfor intersectionandall pairsof intersectingobjectsare
reported.

2All pieceswith thesamegeometrybut differenttransformationswithin theobjectarecurrentlyreplicated.This
is in our futurework sectionat theendof themanual.
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� Approximate Distance: theobjectsaretestedfor intersectionby traversingthehierarchies
andif they arefoundto bedisjoint, theapproximatedistanceis givenby thedistanceof the
two levelsthatwerefoundto bedisjoint andtheerror is givenasthesumof thedeviations
of the levels from their original objects.Theexactdistancelies in the range[approximate
distance,approximatedistance+error].This query reportsthe approximatedistanceand
associatederror for pairswhoseapproximatedistanceis lessthanan applicationspecified
distancetoleranceandwhoseassociatederror is lessthanandapplicationspecifiederror
tolerance.Notethatif thehierarchyis notcompiledon,thentheapproximatedistancequery
is thesameastheexactdistancequery.

� ExactDistance: theobjectsaretestedfor intersectionbut whenthey arefoundto bedisjoint,
thetestdoesnot stopimmediatelybut ratherdescendsall theway to thefinestlevelsof the
two hierarchieswhosedistanceis theexactdistance.This queryreportstheexactdistance
for pairswhoseexactdistanceis lessthananapplicationspecifiedtolerance.Thisallowsfor
thetestto bestoppedshortof thefinestlevelswhenasufficiently largeapproximatedistance
hasbeenfound.

� Contact Determination: theobjectsaretestedthesameasfor exactdistance.If thefinest
levels are reachedand the distanceis within the applicationspecifiedtolerance,then the
applicationcanbegivenvariousreports.Thereportscanbeany combinationof: distance,
nearestpoints,contactnormals,andnearestfeatures. From theseitemscontactresponse
maybecomputed.

5 Conventions
� Thecoordinatesystemusedis a right-handedone.

� All matricesaregivenin row-majororder.

� All transformationsareappliedby left-multiplication: ��������� .

6 DetailedDescription of the Interface

In this sectiona detailedexplanationof eachSWIFTScenemethodis given alongwith all the
subtleties.Referto thearchitecturaloverview in section3 to seethegeneralorderin which to call
themethods.SWIFT.h containslimited documentationthatis similar to this.

6.1 SceneCreation (Configuration) and Deletion

Scenedeletionis straightforward. SceneconfigurationhappenswhentheSWIFTSceneobjectis
createdandcannotbechangedafterwards.
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� Constructor
Createa SWIFTSceneobject. Turn the broadphase(sweepandprune)algorithm on or
off (default is on). Turn on global sortingor local sorting(by settingglobal sort to false)
(default is global sort).Seesection4.3 for moredetailon themeaningsof thesesettings.

SWIFT_Scene( bool broad_phase = DEFAULT_BP,
bool global_sort = DEFAULT_GS );

6.2 Object Creationand Deletion

Thereare variousways to createobjects. Creatingobjectsis equivalent to addingthemto the
scene. Thereareeight differentways to addobjects. They differ in whethergeometryis read
from files or not, whetherthereis onepieceper objector morethanonepiece,andwhetherthe
applicationprovidesthehierarchyor SWIFT builds it. Eachhierarchythatis givenor createdcan
haveatmost32 levels.Objectscanalsobedeleted.

Eachof the methodspassesback an identifier for the addedobject which can be usedon
subsequentreferencesto it whensettingtransformations,activating,or querying. The sequence
of ids that are passedback increaseby � startingat

�
. Eachmethodreturnsa booleanvalue

indicatingsuccessof theaddition. If theobjectadditionfailed,therewill bea messageprintedto
stderr indicatingtheproblem.

The typesSWIFTOrientation and SWIFTTranslationare definedin SWIFT.h as constant
lengtharraysof size9 and3 respectively andareusedasparametertypesin thefollowing object
creationfunctions.They representrow-majorrotationmatricesandtranslationvectors.

� Add Object
Thispairof methodsis for addinganobjectcomposedof asinglepiece.Thefirst methodis
for input geometrystoredin arrayswhile thesecondis for input geometrystoredin files. It
is possibleto copy by usingthefirst onebut not thesecondone.

bool Add_Object(
const SWIFT_Real* vertices, const int* faces,
int num_vertices, int num_faces, int& id,
bool fixed = DEFAULT_FIXED,
const SWIFT_Orientation& orient = DEFAULT_ORIENTATION,
const SWIFT_Translation& trans = DEFAULT_TRANSLATION,
SWIFT_Real scale = DEFAULT_SCALE,
int box_setting = DEFAULT_BOX_SETTING,
SWIFT_Real box_enl_rel = DEFAULT_BOX_ENLARGE_REL,
SWIFT_Real box_enl_abs = DEFAULT_BOX_ENLARGE_ABS,
const int* face_valences = DEFAULT_FACE_VALENCES,
int copy_oid = DEFAULT_COPY,
int copy_pid = DEFAULT_COPY,
int min_tri_count = DEFAULT_MIN_TCOUNT,
SWIFT_Real qslim_tri_ratio = DEFAULT_QSLIM_TRATIO,
SWIFT_Real cube_aspect_ratio = DEFAULT_CUBE_ASPECT_RATIO );

bool Add_Object(

10



const char* filename, int& id,
bool fixed = DEFAULT_FIXED,
const SWIFT_Orientation& orient = DEFAULT_ORIENTATION,
const SWIFT_Translation& trans = DEFAULT_TRANSLATION,
SWIFT_Real scale = DEFAULT_SCALE,
int box_setting = DEFAULT_BOX_SETTING,
SWIFT_Real box_enl_rel = DEFAULT_BOX_ENLARGE_REL,
SWIFT_Real box_enl_abs = DEFAULT_BOX_ENLARGE_ABS,
int min_tri_count = DEFAULT_MIN_TCOUNT,
SWIFT_Real qslim_tri_ratio = DEFAULT_QSLIM_TRATIO,
SWIFT_Real cube_aspect_ratio = DEFAULT_CUBE_ASPECT_RATIO );

Thefirst methodaddsanobjectto thesceneby readingthegeometryfrom theverticesand
facesarrays.Thevertex arrayis a list of coordinatevalues(x,y,z) in 3D. Thelengthof the
vertex arrayis 3 timesnum vertices. If all thefacesaretriangularthenthelengthof theface
arrayis 3 timesnumfaces. If not all the facesaretriangularthenthe array facevalences
shouldbe numfaceslong andeachelementindicatethe numberof verticesfor eachface.
Then,the lengthof the facearrayis the sumof the numberof verticesfor eachfaceover
all faces.Thedefault is thatall facesaretriangularsignifiedby thefacevalencesparameter
beingDEFAULT FACE VALENCES. Notethattheindicesstoredin thefacearrayreferto
thevertex index ratherthanthecoordinateindex. Thevertex indicesstartat0. Verticesmay
have duplicates(exactly equalcoordinates).SWIFT will fully sharetheverticesinternally.
A contactdeterminationquerycanbemadeto reporttheclosestfeatures.Theidentifiersof
thesefeaturesarerelatedto theorderingin which theverticesandfacesweregiven to the
Add Object()method.More detailson theidentifiersis givenalongwith thedescriptionof
thequery. Theidentifierof theobjectis passedbackin id.

Thefixedparameterindicateswhethertheobjectis fixedor moving. Objectsaremoving by
default. If theobjectis fixed,it is fitted with a DYNAMIC boundingbox regardlessof the
typesetfor it sinceits transformationsshouldneverchange(afterthefirst one)andit might
aswell usethe tightestbox possible.Note thatan objectcannotbe “un-fixed” onceit has
beendeclaredfixedor vice-versa.All pairsof fixedobjectsarenever testedsofixedobjects
canintersectarbitrarily.

The orient and trans arraysspecify the input transformationto be appliedto the object.
If they areset to DEFAULT ORIENTATION andDEFAULT TRANSLATION respec-
tively, thenthey areconsideredthe identity transformation(this is thedefault). Otherwise,
orient shouldbea 9 element3 by 3 row-major rotationmatrix andtransshouldbea 3 el-
ementtranslationvector. Thescaleparameterspecifiestheinput scalingfactorwhich is by
default � ��� (no scaling).All subsequent(movement)transformationsthatareappliedto an
objectareappliedin additionto (composedwith) theinput transformation.For acopy, input
transformationsarecomposed.Seebelow.

Next, theboundingboxsettingsaregiven.Thedefault is CUBE alongwith noenlargement
if theobjectis moving. Seesection4.4 for moredetailsaboutboundingbox typesandset-
tings. The facevalencesparameteris usedto indicatewhetherthereareany non-triangular
faces(seeabove).
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Next, the copy parametersare given. If they are set to DEFAULT COPY then no copy
is done. Otherwise,copyoid andcopypid shouldbe set to a previously addedobject id
andpieceid within that object respectively. Pieceids startat 0. If an object id is given
but thepieceid is givenasDEFAULT COPY, thenthefirst pieceof theobjectis theone
copied. If a copy is done,the arraysfor geometryareignored. The fixed, input transfor-
mation,andthe boundingbox parametersareappliedto the piecebeingcopied. This has
the effect of composinginput transformations.For example,saythat object0 wasadded
with a scalingfactorof

	����
andthenobject1 is copiedfrom object0 with a scalingfactor

of
	����

. Object1 would be2 timesasbig asobject1 and4 timesasbig astheoriginal ge-
ometryusedto createobject0. Thisappliesto input orientationsandtranslationsaswell. If
identity transformations(DEFAULT ORIENTATION , DEFAULT TRANSLATION , and
DEFAULT SCALE) aregiven,thenthegeometryis not replicated.

Thelastthreeparametersaffectthehierarchyandtheboundingboxcreation.Themin tri count
parameterspecifiesthe numberof trianglesto cut the hierarchycreationoff at. The qs-
lim tri ratio parameteris usedto specifythetrianglereductionfactorwhencreatingaQSlim
hierarchy. Notethatthesetwoparametershaveaneffectonly whentheappropriatehierarchy
compileconfigurationflagsareturnedon. The lastparameter, cubeaspectratio, specifies
theaspectratio below which a cubeis usedwhenthebox settingis setto CHOOSE. See
section4.4for moredetailson thesethreeparameters.

The secondmethodis very similar to the first with the exceptionthat it getsthe input ge-
ometryfrom a file andno copying is allowed. If copying is desired,usethe first method.
Section10 specifiesthefile formatsnatively supportedby SWIFT. Additional formatsmay
besupportedthroughapplication-definedfile readersthatmaybepluggedin. More details
on this aregivenin section6.6andsection9.

� Add PiecedObject
This pair of methodsis for addingan objectcomposedof morethanonepiece. The first
methodis for input geometrystoredin arrayswhile thesecondis for input geometrystored
in files. It is possibleto copy selectpiecesin eitherof thetwo methods.

Notethatit is notpossibleto perform“self” proximity querieson thesepiecedobjectssince
theobjectmovesrigidly asawhole. All theconvex pairsthatarewithin anobjectareauto-
maticallydeactivated.In this versionof SWIFT, thereis no supportfor convex hierarchies
utilizing convex hulls to speedup piecedobjectvs. piecedobjecttesting.

bool Add_Pieced_Object(
const SWIFT_Real* const* vertices, const int* const* faces,
const int* num_vertices, const int* num_faces,
int num_pieces, int& id,
bool fixed = DEFAULT_FIXED,
const SWIFT_Orientation* orient = DEFAULT_ORIENTATIONS,
const SWIFT_Translation* trans = DEFAULT_TRANSLATIONS,
const SWIFT_Real* scales = DEFAULT_SCALES,
const int* box_settings = DEFAULT_BOX_SETTINGS,
const SWIFT_Real* box_enl_rel = DEFAULT_BOX_ENLARGE_REL,
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const SWIFT_Real* box_enl_abs = DEFAULT_BOX_ENLARGE_ABSS,
const int* const* face_valences = DEFAULT_FACE_VALENCESS,
const int* copy_oids = DEFAULT_COPIES,
const int* copy_pids = DEFAULT_COPIES,
const int* min_tri_count = DEFAULT_MIN_TCOUNTS,
const SWIFT_Real* qslim_tri_ratio = DEFAULT_QSLIM_TRATIOS,
const SWIFT_Real* cube_aspect_ratio

= DEFAULT_CUBE_ASPECT_RATIOS );

bool Add_Pieced_Object(
const char* const* filenames,
int num_pieces, int& id,
bool fixed = DEFAULT_FIXED,
const SWIFT_Orientation* orient = DEFAULT_ORIENTATIONS,
const SWIFT_Translation* trans = DEFAULT_TRANSLATIONS,
const SWIFT_Real* scales = DEFAULT_SCALES,
const int* box_settings = DEFAULT_BOX_SETTINGS,
const SWIFT_Real* box_enl_rel = DEFAULT_BOX_ENLARGE_RELS,
const SWIFT_Real* box_enl_abs = DEFAULT_BOX_ENLARGE_ABSS,
const int* copy_oids = DEFAULT_COPIES,
const int* copy_pids = DEFAULT_COPIES,
const int* min_tri_count = DEFAULT_MIN_TCOUNTS,
const SWIFT_Real* qslim_tri_ratio = DEFAULT_QSLIM_TRATIOS,
const SWIFT_Real* cube_aspect_ratio

= DEFAULT_CUBE_ASPECT_RATIOS );

Thefirst methodaddsanobjectto thesceneby readingthegeometryfrom theverticesand
facesarrays.Theonly differencefrom thefirst Add Object()methodis that thearraysare
two-dimensionalbecausethereis more thanonepiece. They aregiven in “piece-major”
order. Consequently, the numverticesandnumfacesparametersareone-dimensionalar-
rays containingthe numberof verticesand facesfor eachpiece. The facevalencespa-
rameterbehavesthe sameasbeforeif somefacesarenon-triangular. If an entirepieceis
known to be triangular, then the correspondingsub-arrayin the facevalencesarray may
be set to DEFAULT FACE VALENCES. The numberof piecescomposingthe object is
given in the numpiecesparameter. All of the geometryarraysshouldbe of lengthequal
to numpiecesin the first dimension(exceptfor the facevalencesarraywhich may be set
to DEFAULT FACE VALENCESS which hasno length). The identifier of the object is
passedbackin id. If pieceseverneedto bereferenced,they implicitly have ids startingat 0
andincreasingin theorderin which they appearedin this methodinvocation.

The fixedparameterappliesto the entireobjectsincean objectmovesasa whole andall
its piecesmaintainthesamerelative placementsat all times.Theinput transformationsare
givenasbeforeandareall identity by default. Eachpiecemayhave differentbox settings.
By default all areof typeCUBE andhaveno enlargementif theobjectis moving otherwise
all have typeDYNAMIC always.

Next, thecopy parametersaregiven.If they aresetto DEFAULT COPIES thennocopying
is done.Otherwise,copyoidsandcopypidsarearraysthatspecifywhich of thepiecesare
copiedandwhich arenot. They arenumpiecesin length. If an elementof the copyoids
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arrayis setto DEFAULT COPY thenthatpieceis not copiedbut ratherbuilt from thege-
ometryarrays.Otherwise,theobjectgivenby theelementof thecopyoidsarrayis accessed
andoneof it piecesis copiedto createthecurrentpiece.Thepiecethatis copiedis identified
by thecorrespondingelementin thecopypidsarray, unlessit is equalto DEFAULT COPY
in which casethefirst pieceis copied.If thecopypids is setequalto DEFAULT COPIES
thenthefirst pieceof eachcopiedobjectis automaticallyselected.Notethatnot all objects
mustbecopiedor all createdthroughgeometry. A mix is allowed.Theonly requirementis
that therebegeometrypresentfor thepiecesthatarenot copied.For thosethatarecopied,
theirpositionsin thegeometryarraysmaybeempty. Input transformationsactasbefore.

The min tri count parameterspecifiesthe numberof trianglesto cut the hierarchycre-
ation off at for eachpiece. If it is set to DEFAULT MIN TCOUNTS then the default
is used. Similarly, the qslim tri ratio parameteris usedto specify the triangle reduction
factor when creatinga QSlim hierarchyand the cubeaspectratio parameteris usedto
specifythe aspectratio below which a cubeis usedif the boundingsettingis CHOOSE.
Theselast two parameterscanbe set respectively to DEFAULT QSLIM TRATIOS and
DEFAULT CUBE ASPECT RATIOS to usethedefaults.Seesection4.4for moredetails
on thesethreeparameters.

Thesecondmethodis verysimilar to thefirst with theexceptionthatit getstheinputgeom-
etry from files whosenamesaregiven in thefilenamesarray. This arraymusthave length
equalto num piecesbut mayhave emptyfilenamesin thepositionsof copiedpieces.Sec-
tion 10 specifiesthefile formatsnatively supportedby SWIFT. Additional formatsmaybe
supportedthroughapplicationdefinedfile readersthatmaybepluggedin. More detailson
this aregivenin section6.6andsection9.

� Add Hierar chical Object
This pair of methodsshouldnot be invokedif thehierarchyis not turnedon. Thesemeth-
ods are for addingan object composedof a single piecewherethe applicationprovides
thehierarchyto beusedby SWIFT. Applicationprovidedhierarchiesarenot subjectto the
sceneconfigurationparametersaffecting hierarchies.Thoseparametersonly affect hierar-
chiesbuilt by SWIFT. Thelevelsof thehierarchymustbeconvex polyhedrathatareclosed.
SWIFT will processthe given hierarchyto ensurethat all the criteria aremet. The only
transformationsthatareappliedduring this processaretranslationsandscalings.Thefirst
methodis for input geometrystoredin arrayswhile thesecondis for input geometrystored
in files. No copying is allowed in thesemethodsbecausethe first Add Object() method
providesthatfunctionality.

bool Add_Hierarchical_Object(
const SWIFT_Real* const* vertices, const int* const* faces,
const int* num_vertices, const int* num_faces,
int num_levels, int& id,
bool fixed = DEFAULT_FIXED,
const SWIFT_Orientation* orient = DEFAULT_ORIENTATIONS,
const SWIFT_Translation* trans = DEFAULT_TRANSLATIONS,
const SWIFT_Real* scale = DEFAULT_SCALES,
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int box_setting = DEFAULT_BOX_SETTING,
SWIFT_Real box_enl_rel = DEFAULT_BOX_ENLARGE_REL,
SWIFT_Real box_enl_abs = DEFAULT_BOX_ENLARGE_ABS,
const int* const* face_valences = DEFAULT_FACE_VALENCESS,
SWIFT_Real cube_aspect_ratio = DEFAULT_CUBE_ASPECT_RATIO );

bool Add_Hierarchical_Object(
const char* const* filenames,
int num_levels, int& id,
bool fixed = DEFAULT_FIXED,
const SWIFT_Orientation* orient = DEFAULT_ORIENTATIONS,
const SWIFT_Translation* trans = DEFAULT_TRANSLATIONS,
const SWIFT_Real* scale = DEFAULT_SCALES,
int box_setting = DEFAULT_BOX_SETTING,
SWIFT_Real box_enl_rel = DEFAULT_BOX_ENLARGE_REL,
SWIFT_Real box_enl_abs = DEFAULT_BOX_ENLARGE_ABS,
SWIFT_Real cube_aspect_ratio = DEFAULT_CUBE_ASPECT_RATIO );

Thefirst methodaddsanobjectto thesceneby readingthegeometryfrom theverticesand
facesarrays. Thesearraysare two-dimensionalbecausethe levels of the hierarchyarea
sequenceof convex polyhedra.Thenumverticesandnumfacesarraysgive thenumberof
verticesandfacesfor eachlevel of thehierarchy. The hierarchyis to be given in finestto
coarsestorder. So,thefirst setof verticesandfacesarefor thefinestobjectandthelastare
for thecoarsest.Theparameternumlevelsgivesthenumberof levelsin thehierarchy. The
facevalencesparameteractsthesameasdescribedfor theprevious two pairsof methods.
Theidentifierof theobjectis passedbackin id.

Thefixedparameterindicateswhethertheobjectis fixed or moving. Theorient andtrans
arraysspecifythe input transformationto be appliedto the levelsof the object. Next, the
boundingbox settingsaregiven. Thereis a singlebox boundingthe coarsestlevel of the
hierarchy, hencesettingsfor just one box. The last parameteraffects the boundingbox
creationjust like for theAdd Object()methods.Seesection4.4 for moredetailson this.

Thesecondmethodis verysimilar to thefirst with theexceptionthatit getstheinputgeome-
try from files. Section10specifiesthefile formatsnatively supportedby SWIFT. Additional
formatsmaybesupportedthroughapplicationdefinedfile readersthatmaybepluggedin.
More detailson this aregivenin section6.6andsection9.

� Add Hierar chical PiecedObject
Thispairof methodsshouldnotbeinvokedif thehierarchyis not turnedon. Thesemethods
arefor addinganobjectcomposedof morethanonepiecewheretheapplicationprovides
the hierarchiesfor oneor moreof the pieces. Entire hierarchiesmustbe given. In other
words,for a piece,eithernohierarchyis givenor thewholehierarchyis given.SWIFTwill
build the hierarchiesthat arenot given. Application provided hierarchiesarenot subject
to the sceneconfigurationparametersaffecting hierarchies.Thoseparametersonly affect
hierarchiesbuilt by SWIFT. The levelsof the givenhierarchiesmustbe convex polyhedra
that are closed. SWIFT will processthe given hierarchiesto ensurethat all the criteria
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aremet. Theonly transformationsthatareappliedduring this processaretranslationsand
scalings.Thefirst methodis for inputgeometrystoredin arrayswhile thesecondis for input
geometrystoredin files. It is possibleto copy selectpiecesin eitherof thetwo methods.

bool Add_Hierarchical_Pieced_Object(
const SWIFT_Real* const* const* vertices,
const int* const* const* faces,
const int* const* num_vertices, const int* const* num_faces,
const int* num_levels, int num_pieces, int& id,
bool fixed = DEFAULT_FIXED,
const SWIFT_Orientation* const* orient = DEFAULT_ORIENTATIONSS,
const SWIFT_Translation* const* trans = DEFAULT_TRANSLATIONSS,
const SWIFT_Real* const* scales = DEFAULT_SCALESS,
const int* box_settings = DEFAULT_BOX_SETTINGS,
const SWIFT_Real* box_enl_rel = DEFAULT_BOX_ENLARGE_RELS,
const SWIFT_Real* box_enl_abs = DEFAULT_BOX_ENLARGE_ABSS,
const int* const* const* face_valences

= DEFAULT_FACE_VALENCESSS,
const int* copy_oids = DEFAULT_COPIES,
const int* copy_pids = DEFAULT_COPIES,
const int* min_tri_count = DEFAULT_MIN_TCOUNTS,
const SWIFT_Real* qslim_tri_ratio = DEFAULT_QSLIM_TRATIOS,
const SWIFT_Real* cube_aspect_ratio

= DEFAULT_CUBE_ASPECT_RATIOS );

bool Add_Hierarchical_Pieced_Object(
const char* const* const* filenames,
const int* num_levels, int num_pieces, int& id,
bool fixed = DEFAULT_FIXED,
const SWIFT_Orientation* const* orient = DEFAULT_ORIENTATIONSS,
const SWIFT_Translation* const* trans = DEFAULT_TRANSLATIONSS,
const SWIFT_Real* const* scales = DEFAULT_SCALESS,
const int* box_settings = DEFAULT_BOX_SETTINGS,
const SWIFT_Real* box_enl_rel = DEFAULT_BOX_ENLARGE_RELS,
const SWIFT_Real* box_enl_abs = DEFAULT_BOX_ENLARGE_ABSS,
const int* copy_oids = DEFAULT_COPIES,
const int* copy_pids = DEFAULT_COPIES,
const int* min_tri_count = DEFAULT_MIN_TCOUNTS,
const SWIFT_Real* qslim_tri_ratio = DEFAULT_QSLIM_TRATIOS,
const SWIFT_Real* cube_aspect_ratio

= DEFAULT_CUBE_ASPECT_RATIOS );

The first methodaddsan object to the sceneby readingthe geometryfrom the vertices
and facesarrays. Thesearraysare three-dimensionalto accomodatemultiple piecesand
multiple levels per piece. Consequently, the numverticesandnum facesparametersare
two-dimensionalarrayscontainingthenumberof verticesandfacesfor eachlevel of each
piece. The facevalencesarray actsas previously documented.The arraysare given in
“piece-major”ordermeaningthat the piecesform the first dimension,the levels the sec-
ond, and the verticesor facesthe third. The numberof piecescomposingthe object is
givenin thenum piecesparameter. All of thegeometryarraysshouldbeof lengthequalto
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numpiecesin the first dimension(exceptfor the facevalencesarraywhich may be setto
DEFAULT FACE VALENCESSS which hasno length). The seconddimensionmustbe
of lengthequalto thenum levelselementfor the currentpiecesinceeachpiecemay have
a variablenumberof levels. If theapplicationdesiresSWIFT to build a hierarchythenthe
objectgeometryfor thatpiecemustbegivenasif therewasonelevel. Thenumlevelsentry
shouldbesetto 0 to tell SWIFT to build thehierarchyfor thecorrespondingpiece. If the
numlevelsentry were1, thenSWIFT would assumethat only 1 level is desiredandnot
build anything. Theidentifierof theobjectis passedbackin id.

The fixedparameterappliesto the entireobjectsincean objectmovesasa whole andall
its piecesmaintainthesamerelative placementsat all times.Theinput transformationsare
givenasin theAdd PiecedObject()methodandareall identity by default. If a pieceis to
have its hierarchybuilt by SWIFT, thereshouldbeonly onecorrespondinginput transfor-
mationfor thepiece.Eachpiecemayhave differentbox settings.Recallthat thereis only
a singlebox settingperpiece(not per level). By default all areof typeCUBE andhave no
enlargementif theobjectis moving.

Next, thecopy parametersaregiven.If they aresetto DEFAULT COPIES thennocopying
is done.Otherwise,copyoidsandcopypidsarearraysthatspecifywhich of thepiecesare
copiedandwhich arenot. They arenumpiecesin length. If an elementof the copyoids
arrayis setto DEFAULT COPY thenthatpieceis not copiedbut ratherbuilt from thege-
ometryarrays.Otherwise,theobjectgivenby theelementof thecopyoidsarrayis accessed
andoneof it piecesis copiedto createthecurrentpiece.Thepiecethatis copiedis identified
by thecorrespondingelementin thecopypidsarray, unlessit is equalto DEFAULT COPY
in which casethefirst pieceis copied.If thecopypids is setequalto DEFAULT COPIES
thenthefirst pieceof eachcopiedobjectis automaticallyselected.Notethatnot all objects
mustbecopiedor createdthroughgeometry. A mix is allowed.Theonly requirementis that
therebegeometrypresentfor thepiecesthatarenot copied.For thosethatarecopied,their
positionsin thegeometryarraysmaybeempty. If a pieceis to becopied,thereshouldbe
only onecorrespondinginputtransformationfor thepiece.Otherwise,inputtransformations
actasbefore.

Themin tri countparameterspecifiesthenumberof trianglesto cut thehierarchycreation
off at for eachpieceonly if the pieceis to have its hierarchycreatedby SWIFT. If it is
setto DEFAULT MIN TCOUNTS thenthedefault is used.Similarly, theqslim tri ratio
parameteris usedto specifythe trianglereductionfactorwhencreatinga QSlim hierarchy
andthecubeaspectratio parameteris usedto specifytheaspectratiobelow whichacubeis
usedif theboundingsettingis CHOOSE. Theselasttwo parameterscanbesetrespectively
to DEFAULT QSLIM TRATIOS andDEFAULT CUBE ASPECT RATIOS to usethe
defaults.Seesection4.4for moredetailson thesethreeparameters.

Thesecondmethodis verysimilar to thefirst with theexceptionthatit getstheinputgeom-
etry from files whosenamesaregiven in thefilenamesarray. This arraymusthave length
equalto num piecesin thefirst dimensionandlengthequalto theelementof thenumlevels
arrayfor thecurrentpiecein theseconddimension.It mayhaveemptysub-arraysin thepo-
sitionsof copiedpieces.Section10 specifiesthefile formatsnatively supportedby SWIFT.
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Additional formatsmay be supportedthroughapplicationdefinedfile readersthatmay be
pluggedin. More detailson this aregivenin section6.6andsection9.

� DeleteObject
Thismethodis for deletinganexistingobject.

bool Delete_Object( int id );

The id of theobjectto bedeletedis givenin the id. This id shouldnot beusedany longer
unlessa subsequentobjectcreationreturnsthis id to theapplication.Calling this function
hastheeffectof deletingall memoryindependentlyrelatedto theobject.

6.3 Object Transformation

The only transformationsthat areallowed by SWIFT arerotationsandtranslationsgiven by 3-
vectorsand3 by 3 matricesrespectively. Scaling,skewing, andany othertransformationsarenot
allowed.If they aremixedinto therotationmatrix,SWIFTwill malfunction.For maximumquery
performance,avoid settingan object’s transformationmore thanonceper query. Eachobject’s
transformationmustbe setat leastonceafter its creationto ensurecorrectquerying. Thereare
four differentwaysto settransformations.They differ in whethera singleobject’s transformation
is setor all theobjects’transformationsaresetatonce,andwhetherthetransformationsaregiven
separatelyor togetheras3 by 4 matrices.

� Set Object Transformation
Thispair of methodsis for settingthetransformationof asingleobject.

void Set_Object_Transformation( int id, const SWIFT_Real* R,
const SWIFT_Real* T );

void Set_Object_Transformation( int id, const SWIFT_Real* RT );

The first methodis for settingthe rotationandtranslationseparately. The id of the object
(gottenfrom an Add * Object()method)is given in id. The rotationand translationare
givenin row-majororderin R andT asarraysof length9 and3 respectively.

Thesecondmethodis similar to thefirst but differentin thattherotationandthetranslation
aregiventogetherin a single3 by 4 matrix. The leftmost3 by 3 is therotationmatrix and
thefourthcolumnis thetranslationvector. Thisalsois givenin row-majororderasanarray
of length12.

� Set All Object Transformations
This pair of methodsis for settingthe transformationsof all theobjectsat once. Theonly
savingsthis hasover thepreviouspair of methodsis methodinvocationoverhead.

void Set_All_Object_Transformations( const SWIFT_Real* R,
const SWIFT_Real* T );

void Set_All_Object_Transformations( const SWIFT_Real* RT );
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The arraysaregiven asa sequentialstreamof row-major matrices,one for eachmoving
object.Fixedobjecttransformationsshouldnot bein theselists. If fixedobjecttransforma-
tionsneedto be set,thenoneof thefirst pair of methodsshouldbeused.Theorderingof
theobjectsto which thetransformationsapply is thesameastheorderin which they were
addedto thescenewhich is thesameastheorderof their ids.

Thefirst methodis for settingtherotationsandthetranslationsseparately. Therotationsand
translationsaregivenin row-majororderin R andT asarraysof lengthequalto 9 timesthe
numberof moving objectsand3 timesthenumberof moving objectsrespectively.

Thesecondmethodis similar to thefirst but differentin that the rotationsandthe transla-
tions aregiven togetherasa seriesof 3 by 4 matricesin the sameform asfor the second
SetObject Transformation()methoddescribedpreviously. The arrayis of lengthequalto
12 timesthenumberof moving objects.

6.4 Pair Activation

If apair is active, thenit is testedduringaquery. If it is not, thenit is not testedandtherewill not
beany resultsreportedfor it. Pairswherebothobjectsarefixed,arenever active (andcannever
besetactive). Therearesix differentactivationmethods.They differ in whetheranactivationor a
deactivationis done,andwhethertwo, one,or no idsaregiven.

� Activate
Thesemethodsarefor activatingpairsof objects.

void Activate( int id1, int id2 );

void Activate( int id );

void Activate( );

� Deactivate
Thesemethodsarefor deactivatingpairsof objects.

void Deactivate( int id1, int id2 );

void Deactivate( int id );

void Deactivate( );

Thefirst groupof threemethodsarefor activatingpairsandthe lastgroupof threearefor
deactivatingpairs.Thefirst methodin eachgroupis for changingtheactivationof exactlya
singlepair givenby thetwo objectids id1 andid2 if allowed(bothnon-fixed). Thesecond
methodin eachgroupchangestheactivationof all pairscontainingtheobjectidentifiedby
id (if allowed). Thethird andlastmethodin eachgroupis usedto activateor deactivateall
thepairsin thescene.They canbe usedto resettheactivationof thescene.The resultof
calling the Activate()methodis the sameasthe default activation provided by the scene.
Theobjectidsmentionedabovearegottenfrom theAdd * Object()methods.
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6.5 Query

Therearefour differentwaysto querySWIFT. Eachof themethodsreturnsa booleanindicating
whetherintersectionwasdetectedanywherein thescene(amongtheobjectsbeingtested).All the
arraysthatareusedfor reportingtheresultsof thequeryaremanagedby theSWIFT system.Do
NOT allocateor deallocatethem.

� Query Intersection
Thisqueryis for finding thepairsof objectpiecesthatareintersectingin ascene.

bool Query_Intersection( bool early_exit, int& num_pairs, int** oids );

The return value indicatesif therewas at leastone intersectingpair in the scene. If the
early exit parameteris setto true, thenthecomputationis stoppedwhenthefirst intersection
is found and true is returnedbut no pairsarereported.If it is setto false, thenreporting
occursandall intersectingpairsarefound.Theoidsarrays(objectids)will beallocatedand
filled in by this methodif intersectionis detected.Thereare2 timesnum pairs elements
in the array. For example,oids[0] andoids[1] arean intersectingpair (if numpairs � 0).
Note that theremaybe multiple pairsreportedfor the samepair of objectsif oneof them
hasmultiple pieces.Notealsothat thereis no specificorderingin theoidsarray. A return
valueof falseaswell asnumpairs � 0 indicatesthatthereareno intersectingpairs.

� Query Approximate Distance
This query is for finding the error boundedapproximatedistancebetweenpairsof object
piecesthat arecloseenoughin a scene.An approximatedistanceis given alongwith an
error suchthat the exact distanceis in the range[approximatedistance,approximatedis-
tance+error].

bool Query_Approximate_Distance(
bool early_exit, SWIFT_Real distance_tolerance,
SWIFT_Real error_tolerance, int& num_pairs,
int** oids, SWIFT_Real** distances, SWIFT_Real** errors );

The return value indicatesif therewas at leastone intersectingpair in the scene. If the
early exit parameteris setto true, thenthecomputationis stoppedwhenthefirst intersection
is found and true is returnedbut no pairsarereported.If it is setto false, thenreporting
occursandall closeor intersectingpairsarefoundandtheirapproximatedistancesreported.
Theoidsarrayfunctionsthesameasin theintersectionquery.

Thedistancesanderrorsfor eachpair aregivenin thedistancesanderrorsarrays.They are
eachof lengthequalto numpairs. Approximatedistanceis reportedif it is within thedis-
tancetolerancefor apair. Thisensuresthatany exactdistancewithin thedistancetolerance
is caught.An errorboundequalto error toleranceis guaranteed.If thebroad phasesetting
is turnedon for the scene,then the approximatedistanceis reportedonly for thosepairs
whoseboundingboxesoverlapandwhoseapproximatedistanceis lessthanor equalto the
givendistancetolerance.So,if theapproximatedistanceis desiredfor pairsto within a tol-
erance,theboundingboxesof theobjectsshouldbeenlargedby anabsoluteamountat least
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equalto thedistancetolerance.Intersectingpairsarereportedashaving a distanceequalto� � ��� andanerrorof
�����

. Thedistanceandtheerrorreportedwhenthereis intersectionare
NOT ameasureof penetrationdepth.

� Query Exact Distance
This query is for finding the exact distancebetweenpairs of object piecesthat are close
enoughin a scene.

bool Query_Exact_Distance(
bool early_exit, SWIFT_Real tolerance, int& num_pairs,
int** oids, SWIFT_Real** distances );

The return value indicatesif therewas at leastone intersectingpair in the scene. If the
early exit parameteris set to true, then the computationis stoppedwhen the first inter-
sectionis found and true is returnedbut no pairsare reported. If it is set to false, then
reportingoccursandall closepairsarefoundandtheir exactdistancesreportedalongwith
any intersections.Theoidsarrayfunctionsthesameasin theintersectionquery.

Thedistancesfor eachpairaregivenin thedistancesarray. It is of lengthequalto num pairs.
Exactdistanceis reportedif it is within the tolerancefor a pair. If thebroad phasesetting
is turnedon for the scene,then the exact distanceis reportedonly for thosepairswhose
boundingboxesoverlapandwhosedistanceis lessthanor equalto thegiventolerance.So,
if theexactdistanceis desiredfor pairswhosedistanceis within a tolerance,thebounding
boxesof theobjectsshouldbeenlargedby anabsoluteamountat leastequalto thetolerance.
Intersectingpairsarereportedashaving a distanceequalto � � ��� . The distancereported
whenthereis intersectionis NOT ameasureof penetrationdepth.

� Query Contact Determination
This query is for finding the exact distancebetweenpairs of object piecesthat are close
enoughin a sceneanddeterminingadditionalcontactinformationsuchasnearestfeatures,
nearestpoints,andcontactnormals.

bool Query_Contact_Determination(
bool early_exit, SWIFT_Real tolerance, int& num_pairs,
int** oids, SWIFT_Real** distances = NO_DISTANCES,
SWIFT_Real** nearest_pts = NO_NEAREST_PTS,
SWIFT_Real** normals = NO_NORMALS,
int** pids = NO_PIDS, int** feature_types = NO_FEAT_TYPES,
int** feature_ids = NO_FEAT_IDS );

The return value indicatesif therewas at leastone intersectingpair in the scene. If the
early exit parameteris setto true, thenthecomputationis stoppedwhenthefirst intersection
is found and true is returnedbut no pairsarereported.If it is setto false, thenreporting
occursandall closepairsarefoundreportedupon.Theoidsarrayfunctionsthesameasin
theintersectionquery.
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The variousthings that may be reportedfor a contactare: exact distance,nearestpoints,
contactnormals,andnearestfeatures.They areselectedindividually for reportingby pass-
ing anarraypointerfor thecorrespondingarrayto beassignedby SWIFT. To not selectan
item for reporting,simply passthedefault parameterfor thatarray. The default is that all
itemsaredeselected.

The nearestpointsarereportedif the nearestpointspointer is not the default value. The
arraywill be 6 times numpairs elementslong. For eachpair, the 6 valuesare the x,y,z
coordinatesof thenearestpointon thefirst object/piecefollowedby thex,y,z coordinatesof
thenearestpointonthesecondobject/piece.If apairisdisjoint,thentheactualnearestpoints
arereported.If therearemany equallynearestpoints,thenanarbitrarypair is reported.If
a pair is intersecting,thenthenearestpointsthatarereportedarethoseon the intersecting
features(aswould bereportedasthenearestfeatures).Thesenearestpointsareequivalent
to thenearestpointsfor thefeaturesasif they werefloatingby themselvesfreein space.The
nearestpointsaregivenin eachobject’s local coordinates(beforetheobjecttransformation
thatwassetis appliedbut aftertheinputtransformationgivento anAdd * Object()method).

Thecontactnormalsarereportedif thenormalspointeris not thedefault value. Thearray
will be3 timesnum pairselementslong. For eachpair, thevaluesarethex,y,z coordinates
of thenormalpointingfrom object2 towardsobject1. Thenormalis givenin global(world)
coordinates.A normalizedvectoris givenfor thenormal.Thecomputationof thenormals
is discussednext.

If a pair is disjoint, thenthereare4 casesfor thepair of featuretypes.TheseareV-V, V-E,
V-F, andE-E. In the V-F case,the contactnormal is simply the facenormal. In the E-E
case,the crossproductof the edgedirectionvectorsis the contactnormal. The V-V and
theV-E casesaredegeneratein thesensethat for two closeobjects,they will almostnever
happen. However, they do sometimesso we needto handlethem. In the V-E case,the
contactnormalis givenby a line from thevertex to thenearestpoint on theedge.For the
V-V case,thecontactnormalis computedasfollows. First a normalis computedfor each
vertex asanaverageof thenormalsof theneighboringfaces.Thenthetwo vertex normals
areaveragedto yield thecontactnormal.

If apair is intersectingthenthereare2 casesfor thepairof featuretypes.TheseareV-F and
E-E.Thecontactnormalsarecomputedthein thesameway asthedisjoint casefor eachof
thesecases.

Thenearestfeaturesarereportedif noneof thepids, feature types, andfeature ids param-
etersareset to their default values. The pieceids (pids) arraywill be 2 timesnum pairs
elementslong andspecifiesthe ids of thepiecesthatarecontacting.The featuretypesar-
ray will be2 timesnumpairs elementslong. The featureids arraywill beat least2 times
numpairs elementslong but may be longerdueto featureswhich areedges.The feature
typesare identified by SWIFT VERTEX , SWIFT EDGE, or SWIFT FACE (the three
typesof featuresfor a polyhedron).Thefeatureids aregivenasfollows. If the featureis a
vertex, a singleid is givenwhich is thenumberof thevertex in theorderthat it wasgiven
to oneof theAdd * Object()methodsstartingat 0. If it is anedge,two vertex idsaregiven
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(onefor eachendof theedge).Facesarenumberedthesameway asverticesstartingat 0.
Notethat if faceswith morethanthreeedgesaregivento any of theAdd * Object()meth-
ods,SWIFTtriangulatesthem.Therefore,anedgemightcorrespondto anedgethatwasnot
on theboundaryof aninput facebut ratherintroducedby thetriangulationof theface.Note
also,thatif theverticesthataregivento any of theAdd * Object()methodswereduplicated
(not fully shared)thenthevertex id that is reportedfor oneof thesenon-sharedverticesis
the id of anarbitraryinstanceof theduplicatedvertex. This hasramificationsfor theedge
ids thatarereported.Theendpointsof anedgemayhave ids suchthatthereexistsno edge
with thoseendpointids thatwasgivento anAdd * Object()method.

6.6 Plug-In Registration

6.6.1 File Readers

In order to readfiles that arenot in eitherof the SWIFT formats,a file readerplug-in may be
providedby theapplication.For moreinformationon file readerconstruction,seesection9 and
SWIFT fileio.h in theSWIFT/includedirectory.

� Register File Reader
This methodallows for theregistrationof a file readerwith SWIFT. It will thenbeusedto
readfiles thatstartwith thegivenstring(magicnumber).A file readerdoesnot have to be
registeredfor everyscenecreatedbut only oncefor theentireprogram.

bool Register_File_Reader( const char* magic_number,
SWIFT_File_Reader* file_reader ) const;

Thefirst parameteris thestringthat is matchedat thebeginningof thefile thatis read.It is
referredto asthefile’s magicnumber. Thesecondparameteris a file readerobjectpointer
thatreferencesareaderableto readfileswith thegivenmagicnumber. If a readeris already
assignedto thegivenmagicnumberthanthenew readerwill replaceit. Only onereadercan
handlea giventypeof file. A singlereadercanhowever readdifferenttypesof files sothis
methodcanbeinvokedwith multiplemagicnumbersandthesamereader. Thereturnvalue
indicatessuccess.On failureamessageis written to stderr.

7 Easeof UseTips

SWIFT hassomeconvenientfeatureswhichcanmake theapplication’s job easier. They are:

� UsetheCHOOSE type for boundingboxesso thatSWIFT candecidewhat the besttype
of box to useis. Keepin mind however, that the applicationis responsiblefor settingthe
thresholdaspectratio for thisdecision.Theprovideddefault is not thebestoverallsolution.

� Usethe input transformationsto positionobjectsrelative to eachother. This is especially
usefulwhencreatingpiecedobjects.Note that therearepitfalls with usinginput transfor-
mationssuchasreplicationof geometry.
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� Usethe copy featurewhenever possible.This is possiblewhentwo pieceshave the same
input geometry(minusaninput transformation).This is alsomoreefficient for theprecom-
putation.

� Insteadof applyinginput transformationson fixedobjects,applythetransformationsasthe
moving (initial andonly) transformationsfor them. This allows copying if multiple fixed
objectshave theexactsamegeometry. Thiswill notwork if scalingis involvedhowever.

� Takeadvantageof thetriangulationandvertex sharingfeaturesthatSWIFT provides.

� Take advantageof thefactthatSWIFT reportsa largequantityof contactinformationfrom
thecontactdeterminationquery. Normally, thiswouldbetheapplication’sresponsibilitybut
SWIFT includesthis functionalityto increaseoverall efficiency of applicationsneedingthe
standardcontactinformation.

8 Efficiency Tips

Therearevariousthingsto keepin mind in orderto useSWIFT in anoptimalmanner. They are:

� Only setfixedobjecttransformationsat thebeginning(beforethefirst query).

� Only seteachmoving object transformationat mostonceper query. Also, do not setan
objecttransformationif it hasnot moved from the previous transformationsincesettinga
transformationincursanoverhead.

� Try to reusegeometryby usingthecopy featureif at all possible.Avoid usinginput trans-
formationsthatwill replicategeometryif possible.Althoughthereplicationstoragecostis
not largefor a few objects,it caneasilybecomequitelargefor many objects.Sometimesit
is possibleto rephrasetransformationsof motionin termsof theinput transformations.

� Whenquerying,only querywhatis absolutelynecessary. Thequeriesareorderedfrom most
efficient to leastefficientas:

1. Intersection

2. ApproximateDistance

3. ExactDistance

4. ContactDetermination

For example,whenrunninga dynamicsimulation,usethe intersectiontestuntil an inter-
sectionis detected,thenusethe contactdeterminationqueryduring the bisectionsearch.
Furthermore,only askthecontactdeterminationqueryfor theminimal amountof informa-
tion required(by settingsomeof theparametersto their default values).

� If not many piecesaremoving relative to thetotal numberof pieces,it might bebeneficial
to considerusinglocalboundingbox sortinginsteadof globalboundingboxsorting.
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� Usepiecedobjectsif anentiresetof piecesis to move in theexactsamemanner.

9 Application DefinedPlug-In’ s

SWIFT allows the applicationto provide classderivationsthat act asextensions.Currently, the
only extensionis afile readerextensionwheretheapplicationcancreateits ownfile reader, register
it with SWIFT, anduseit to accessapplicationspecificfile types.No othersimpleextensionshave
yet cometo mind but if our usersconceive of any usefulones,pleaselet usknow. In this section
wedescribetheconstructionof plug-in’s. For plug-in registrationseesection6.6.

9.1 File Readers

The headerfile SWIFT fileio.h in the SWIFT/includedirectory includesthe abstractbaseclass
from which to derive new file readers.An exampleis given by the SWIFTBasicFile Reader
class(seealsoSWIFT/src/fileio.cpp).All that mustbe provided is a methodthat doesreading.
Themethodis givenas:

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

The fin parameteris the input file streamto be readfrom. The vs parameteris a referenceto
the vertex coordinatearray. The fs parameteris a referenceto the facevertex index array. The
parametersvn and fn are the numberof verticesand facesrespectively. The parameterfv is a
referenceto thefacevalences.

TheRead()methodis to readthecontentsof a file referencedby fin. Thefile is openandthe
position is set to be the beginning. This allows the readerto be ableto readthe magicnumber
for itself if needbe. The vs array is to be allocatedto a lengthequalto 3 timesthe numberof
vertices(coordinatesin 3D) andvn setto thenumberof vertices(not thenumberof coordinates).
The fs arrayis to be allocatedto a lengthequalto the total numberof faceverticesrequiredto
describeevery faceand fn setto the numberof faces(not the numberof vertex indices). If the
facesareall triangular, fswill have lengthequalto 3 timesfn. In this case,fv maybesetto NULL
whichsignifiesthatall facesaretriangular(which is thecasea lot of times).If notall thefacesare
triangular, fv shouldbeallocatedto a lengthequalto fn andeachentryshouldreflectthenumber
of verticesperface.Thecaller(SWIFT)will beresponsiblefor deallocationof thearrays.

10 SWIFT File Formats

SWIFT providestwo file formatsin order to import geometry. Thereareotherwaysto import
geometrysuchasthrougharraysor by readingnon-SWIFTfile typesby providing oneor more
plug-in file readers(seesection9).

This sectiongivesa descriptionof the formats’ simplesyntaxandsemantics.The first file
formatis for triangularmodelsandwill becalledtheTRI file format. Theotherprovidedformat
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is for generalpolyhedralmodels(with facesnotnecessarilytriangular).It will becalledthePOLY
file format.Whitespaceis ignoredin bothfile formats.They arebothascii.

10.1 TRI format

TheTRI formatis afile formatfor triangularmodels.It supportsarbitrarytriangularmodels(some
of whichmaynotbesuitablefor usewith SWIFT).Following arethesyntaxandthesemantics:

TRI

nv<int> = number of vertices
nf<int> = number of faces

coordinates<real> = list of the vertex position coordinates as reals.
There are 3*nv coordinates.

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

First the magicnumber“TRI” is given. Thenthe numberof vertices,thenthe numberof faces,
thenthevertex coordinates,thenthefaceindiceswhichindex into thevertex list by identifyingthe
vertex position(not thecoordinateposition).Vertex indicesstartat 0. An exampleof aTRI file is
includedin thedistribution in theexample/directory.

10.2 POLY format

ThePOLY format is a file format for arbitrarypolyhedralmodels.Following arethesyntaxand
thesemantics:

POLY

nv<int> = number of vertices
nf<int> = number of faces

coordinates<real> = list of the vertex position coordinates as real.
There are 3*nv coordinates.

-- for each face
nfv<int> = number of vertices in the face
face indices<int> = list of the vertex indices given in CCW orientation.
-- end for

First themagicnumber“POLY” is given.Thenthenumberof vertices,thenthenumberof faces,
thenthevertex coordinates.Following arethe faces.Eachfaceconsistsof an integerspecifying
thenumberof verticesin thefacesfollowedby theindicesof thatmany vertices.Thefaceindices
areusedto index the vertex list by identifying the vertex position(not the coordinateposition).
Vertex indicesstartat0. An exampleof aPOLY file is includedin thedistribution in theexample/
directory.
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11 Futur eWork

Therearemany waysin whichSWIFTcanbeexpandedandimprovedupon.Therearenopromises
on whatwill bedonebut we would like feedbackfrom our usersif thereis futurework that they
would like to see.Someof our improvementideasare:

� LessGeometry Replication: allow input transformationsto bejoinedto moving transfor-
mationssothatsame-geometrypieceswithin thesameobjectdo nothave to bereplicated.

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

� Penetration Depth: provideapproximatepenetrationdepthoverall directionsor exactpen-
etrationdepthin asingledirection.

� Convex Composition: build a hierarchyto speedup testingof objectscomposedof more
thanoneconvex piece.

� Object Deletion: deleteobjectsfrom thescene.This maybeusefulif anobjecthasbeen
destroyed in somesort of gameor simulationandis not neededanymore. Currently, this
sameeffectcanbeachievedby deactivatingthedestroyedobjectwith respectto all theother
objectsin thescene.Thememorywill notbereleasedhowever.

Let usknow if any of theseareof interest.
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