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Intr oduction

SWIFT is a collision detectionpackagecapableof detectingthe intersectioncomputingthe ap-
proximatedistance,computingthe exact distance,or determiningthe contactsamidsta scene
composeaf rigid corvex-piecedpolyhedralmodels.

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

Thismanualwill attemptto coverall thefeaturesavailablein SWIFT aswell asprovide useful
shortcutsandefficiency tips. Thematerialwill first becoveredin generafollowedby addeddetail.
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1 LicenseAgreement

The SWIFT library is Copyright 2000 The University of North Carolinaat ChapelHill. The
LICENSE file that accompanieshe distribution givesin detail what this meansalongwith the
restrictionson any executablehatthislibrary is linkedwith. SWIFT is writtenin C++ andall the
sourcecodeis includedin thedistribution. The LICENSE file alsocoversredistritution andcode
modifications.

2 Customization, Build, and Installation

Assumingthatthelibrary hasbeenunpacledinto the directorySWIFT/, follow thesestepsto get
acompiledlibrary:

1.

2.

Look throughthe configuratiorfile in the SWIFT/include/directorycalledSWIFT_config.h
andsetall desiredoptions.Variouscompile-timefeaturesnaybeselectedncludingfloating
point type, usageof the hierarchy type of hierarchyto be used,dehugging, etc. Referto
section4.1andSWIFT_config.hfor full details.

Compilethelibrary

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

— SetCCto pointto the propercompilerandCFLAGSto the desiredcompileflags

— Uncommentthe Qhull and QSlim flags and point themto the currentsystems
installationof thosepackagesf the QSlim hierarchyis desired(andthe option
wasturnedonin SWIFT_config.h).



— Type“make” in theSWIFT/directoryandalibrary will bebuilt asSWIFT/lib/libSWIFT.a.
Theremaybe afew warningswhich canbe safelyignored.

e Elseyouwill haveto createyour own compilerconfiguration

3 Architectural Overview

The applicationmakinguseof SWIFT interfacesby including SWIFT.h (in the SWIFT/include/
directory)andcreatinga SWIFT.Scenabject. More thanoneSWIFT.Scenanayexist atary given
time. A SWIFT.Sceneanimport objectgeometrytestobjectsfor intersectioncomputedistance
or determinecontactsbetweenthem, find closestfeatures,closestpoints, contactnormals,and
producereportson the results. All applicationcalls are madeto methodsof the SWIFT.Scene
object.More detailson thesemethodsareprovidedin detaillaterin thisdocument.

Therearetwo main phasesn the useof the SWIFT system. Thefirst is the precomputation
phasewhereinformationis computedfor the objectsin the scenein preparationfor the query
phasgthesecondone).

The stepsto usingthe SWIFT systemaretypically performedn the outlinedordergivenhere
for eachof thetwo phasesThis orderis theintendedorderandis thereforethe mostefficient.

3.1 PrecomputationPhase

1. Createa SWIFT.Sceneobjectandsetthe desiredsceneconfiguration.Reasonableefaults
arepreset.

2. Add or copy all of the objectswhich composethe sceneby calling the Add_* _Object()
methods.Notethatif two or moreobjectsarecomposef exactly the samegeometryand
inputtransformationthenit is betterto causethe objectto be copied(afterthefirst time) so
thatits geometryis not replicated.Copiedobjectscanstill move independentlyn thescene
andthereis no performancdossfrom this geometrysharing.

The Add_* __Object() methodsare meantto precomputenformationthatis usedat query
time. If they arecalledduringthe queryphaseperformancewill suffer greatly.

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

3. Selectpairsof objectsto be testedby activating and/ordeactvatingthem. By default, all
objectpairsareinitially deactvatedif both objectsarefixed andactivatedif eitherof the
objectsis not fixed. Pairs that are activatedor deactvated stay that way for subsequent
gueriesuntil the activationstateis changed.This stepis listedin the precomputatiorphase
becausét incursanoverheadf doneduringthequeryphaself atall possibletry to activate
or deactvateasmary pairsaspossiblebeforethe queryphase.Only changethe activation



statusof objectsduringthequeryphasef it cannotbedeterminedluringthe precomputation
phase.

. Setthe first transformation®f all the objectsincluding the fixed objectsusingone of the

SetObject Transformation()nethods. Fixed objectsneednot (and shouldnot) have their
transformationsgver setagainsincethey do not move. Transformationsnustbe only ro-
tations and translations(within floating point error). If non-rotationmatricesare given,
SWIFT will malfunction.

. Sincethefirst queryis likely to be slow for anapplicationwhosesceneexhibits high coher

enceadummyquerymay bedesirablebeforethe queryphaseto “initialize” thequery The
objectsshouldobviously bein theirinitial positions.

Query Phase

1. Setobjecttransformationsisingeitheroneof the SetObject Transformation()nethodsor

oneof the SetAll _ObjectTransformations(inethodswhich setthe transformationgor all
of the moving objectswith a singlecall. It is highly recommendedthatobjecttransforma-
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.

. CallaQuery*() methodbasedntheapplicationsneeds.Therearefour choicesthedetails

of which will be explored later They are: intersectiondetection,approximatedistance
computationgxactdistancecomputationandcontactdetermination.

. Objectsmay be deletedduring the courseof the query phaseby 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 functionality that SWIFT providesis laid out. Detailsarefilled in lateronin
section6. For now, theaimis to justshav whatis possible Firstthecompile-timeconfigurations
discussedthenlibrary configurationthensceneconfigurationandthenobjectconfiguration.The
inputgeometrypossibilitiesarethendescribedfollowedby a descriptionof the availableoutput.

4.1

Compile Configuration

SWIFT maybeconfiguredn variouswaysat compile-time.The configurationcanbe donein the
following waysby editing SWIFT_config.hbeforecompilation:
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e 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

e Maximum Vertex Valence: setthe maximumvalencethatary vertex givento SWIFT will
have.

e 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
enabledby definingthe SWIFT _ALWAYS_LOOKUP _TABLE variable. Note thatthe hi-
erarchyoptioncannotbeonif this optionis on. Thedefaultis off.

e 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.

e ConvexHierarchy: ahierarchyof simplercornvex objectsmaybeusedto speedup queries.
Thisis enabledby definingthe SWIFT _HIERARCHY variable.Notethatthelookuptable
optioncannotbeonif thisoptionis on. Thedefaultis off.

e QSlim ConvexHierar chy: ahierarchythatusegheQSlimpackagéeo createsimplerlevels.
Thisis enabledvy definingthe SWIFT _QSLIM _HIER variable.We have foundthatQSIlim
hierarchiegperformbetter In orderto usethis type of hierarchy the applicationmustedit
the Makefile to pointto Qhull andQSlim distributionson the system.Thesepackagesnust
alsobelinkedto by the application.If thisis off but the hierarchyis on, the hierarchywill
be built usinga modifiedDobkin-Kirkpatrickmethod.The defaultis off.

e Dehug: delugginginformationmay 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. Thedefaultis off.

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 aboutthe formatof thefiles. The procedurdor building a
customfile readelis simpleandis describednorein section9.



4.3 SceneConfiguration

SWIFT maybeconfiguredn variouswaysduringSWIFT.Scenebjectcreation.Differentcreated
scenesnaybe 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, theneachobjects box is locally sortedas soonasthe object’s
transformationis updated. This option hasno effect if the broadphasealgorithmis not
turnedon. Thedefaultis global.

4.4 Object Configuration

Objectsthatareaddedo ascenecanbe configuredn variousways. Theonly objectconfiguration
that shouldbe doneat querytime is the position and orientationof an objectand possiblyits
activation statuswith respectto otherobjects. All other possibleconfigurationsof objectsare
donewhenthey areaddedandcannotbe changedhereafter Thesestatic configurationsarethe
following:

e Geometry: anobject’s geometrycanbe givenasarraysof verticesandfaces(indicesinto
thevertices)or asfilenameghatindicatefilesto readthe geometryfrom. In the caseof files,
SWIFTwill attemptto readthe givenfiles usingwhateverfile readerhave beenregistered.
An objectcanbe composedf oneor morecorvex pieces.SWIFT allows for the copying
of ary alreadyaddedpiece. This canusuallyavoid geometryreplication. More detailsare
givenlater SWIFT will automaticallytriangulateary corvex polyhedralmodelcomposed
of corvex polygonalfaces.In otherwords,thefacesneednot betriangles.SWIFT will also
fully sharethe verticesthataregivenaccordingto strict equality In otherwords,a vertex
may beduplicatedaslong asit hasthe exactsamecoordinates.

e Hierarchy: anobjectwill have acorvex hierarchybuilt aroundit if theappropriateeompile-
time variablewasdefined(seeabove). Alternatively, the applicationcanprovide the hierar
chyto beused. SWIFT will enforcethe appropriatehierarchyconstraintssuchasregistra-
tion, boundednessndparenting Eachhierarchycanhave upto 32levels. If morearegiven
or if morecanbe created SWIFT will usethefirst 32 available. Application provided hi-
erarchiesarenot subjectto the sceneconfigurationparametergaffecting hierarchies.Those
parametersnly affect hierarchiesuilt by SWIFT.

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 not incorporatednto the movementtransforma-
tionswhich canonly berotationsandtranslationsDo NOT attemptto work a scalingfactor
into themovementrotationmatrices.Thiswill causeSWIFT to malfunction.

If acopy is donethenthe geometrywill not bereplicatedf theinputtransformatiorgiven
is theidentity transformationptherwiseit will *. Thedefaultis identity.

e Bounding Box Type: therearetwo typesof boundingboxes available. 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 costsmoreto updatewith
eachtransformatiorbut fits the underlyinggeometrybetter causingfewer boxesto overlap.
The applicationcanchosefrom five options: DEFAULT, CUBE, DYNAMIC , CHOOSE,
or COPY. If the DEFAULT optionis given,thenthe defaultsasdescribedelow areused.
The secondtwo choiceshave alreadybeenexplained. If the CHOOSE optionis chosen,
then SWIFT will calculatethe maximumand minimum spreadof the objectand usethis
aspectratio to decidewhat type of boundingbox to usebasedon the objectconfiguration
parametefcubeaspectatio) describedelon. The COPY optionis only allowedif acopy
is beingdone.Thetype of boundingbox thatis setfor the piecebeingcopiedis choserfor
the piecebeingcopiedto. Thisis therecommendedettingwhena copy is doneexceptfor
the casewherea copy is donefrom a fixed objectto a moving objectsincea fixed object
alwayshasadynamicboundingbox. Thedefaultis CUBE if nocopy is doneandthe object
is moving. If the objectis fixedandno copy is donethenthe box typeis alwayssetto be
DYNAMIC . If acopy is donefroma moving objectto a moving object,thenthedefaultis
COPY. If thecopy is donefromafixedobjectto amoving object,thenthedefaultis CUBE.
If the copy is doneto a fixed object,thenDYNAMIC is usedsincethe fixed objectis not
assumedo move (althoughthisis possible).

e Bounding Box Enlargements:aboundingbox maybe enlagedby anabsoluteand/orrel-
ative amount.Thisis usefulif theapplicationis interestedn performingtolerancedjueries
suchasdistanceor contacts.In this casean absoluteenlagementequalto the desiredtol-
eranceshouldbe used.Eventhoughenlaging boundingboxescausesnoreoverlap,it can
be usedto maintaincoherencdor objectsthat arerelatively closeover several frames. In
this case,a relative enlagementmay be desirable. The default is 0.0 for bothrelative and
absoluteenlagements.

e Minimum Triangle Count: thenumberof trianglesbelov which the hierarchyis not built.
This quantityindicateswhento stopbuilding coarserevelsfor the hierarchy This option
hasno effectif the hierarchyis not compiledon. This option only affectshierarchieghat
arebuilt by SWIFT andnot thosedefinedby the application.The defaultis 50.

Lif this turnsout to causean unnecessargxplosionin termsof storagefor someapplications bring this to our
attentionandsomethingcanbe doneaboutit.




e QSIlim Triangle Ratio: theratio of trianglesbetweentwo levels of the QSlim hierarchy
sincethis canbe controlled. This optionhasno effectif the hierarchyis not compiledon or
if the QSlim hierarchyis not compiledon. This optiononly affectshierarchieghatarebuilt
by SWIFT andnotthosedefinedby the application.Thedefaultis 0.25.

e Cube AspectRatio: the ratio betweenthe maximumspreadandthe minimum spreadof
an objectbelowv which a cubeis usedfor the sweepand prunealgorithmif the bounding
box option of anobjectis 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 senseo setthisto belessthan1.0. Thedefaultis 2.0.

4.5 Input Geometry

The input geometryhasto be corvex polyhedrathatareclosed. If the geometryis passedising
arraysthenthevertex arrayis indexedby theelementof thefacearrayto determineconnectvity.
Facesdo not have to be triangular Thingsaresimplerif they arehowever. As mentionedabove,
aninput transformationrmay be appliedto the input geometry The input transformatiorcanbe
quite usefulin assemblingsay a multiple pieceobject.

Thefollowing geometricpropertieamustbe satisfiedby all input geometry:

e The objectdescriptionmustbe cornvex which alsoimplies thatthe topologyis homeomor
phicto asphere.

e It mustbeclosed.Every edgemustbelongto exactly two faces.

e Theremustnot be ary degenerateslementssuchaszerolengthedges collinearedges,or
zeroareafaces.

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

4.6 Output

TheoutputthatSWIFT providesis accessethroughthequerymethods Thefour methodgrovide
arich setof proximity queries.An early exit optionis providedfor eachqueryto exit assoonas
anintersectioris found. If the earlyexit optionis turnedon, thereis noreportingif anintersection
is found. If thereis nointersectiorthenreportingoccursasnormal. Thefour typesof queriesare:

e Intersection: the objectsaretestedfor intersectiorandall pairsof intersectingobjectsare
reported.

2All pieceswith the samegeometrybut differenttransformationsvithin the objectarecurrentlyreplicated. This
is in ourfuturework sectionattheendof themanual.



e Approximate Distance: the objectsaretestedfor intersectiorby traversingthe hierarchies
andif they arefoundto bedisjoint, the approximatedistanceas givenby the distanceof the
two levelsthatwerefoundto be disjoint andthe erroris givenasthe sumof the deviations
of the levels from their original objects. The exactdistancelies in the range[approximate
distance,approximatedistance+error]. This query reportsthe approximatedistanceand
associateerror for pairswhoseapproximatedistances lessthanan applicationspecified
distancetoleranceand whoseassociatecerror is lessthan and applicationspecifiederror
tolerance Notethatif thehierarchyis notcompiledon, thentheapproximatalistancequery
is the sameasthe exactdistancequery

e ExactDistance:theobjectsaretestedor intersectiorbut whenthey arefoundto bedisjoint,
thetestdoesnot stopimmediatelybut ratherdescendsll theway to the finestlevelsof the
two hierarchiesvhosedistances the exactdistance.This queryreportsthe exactdistance
for pairswhoseexactdistancds lessthananapplicationspecifiedolerance This allows for
thetestto bestoppedshortof thefinestlevelswhena sufficiently largeapproximatelistance
hasbeenfound.

e Contact Determination: the objectsaretestedthe sameasfor exactdistance.lf thefinest
levels are reachedandthe distanceis within the applicationspecifiedtolerance thenthe
applicationcanbe givenvariousreports. The reportscanbe ary combinationof: distance,
nearesipoints, contactnormals,and nearestfeatures. From theseitems contactresponse
may be computed.

5 Conventions

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

¢ All transformationgreappliedby 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 straightforward. Sceneconfigurationhappensvhenthe SWIFT Sceneobjectis
createdandcannotbe changedafterwards.



e Constructor
Createa SWIFT.Sceneobject. Turn the broadphase(sweepand prune)algorithmon or
off (defaultis on). Turn on global sortingor local sorting (by settingglobal sortto false)
(defaultis globalsort). Seesectiord.3for moredetailon the meaningf thesesettings.

SW FT_Scene( bool broad _phase
bool gl obal _sort

DEFAULT_BP,
DEFAULT_GS );

6.2 Object Creationand Deletion

Thereare variousways to createobjects. Creatingobjectsis equivalentto addingthemto the
scene. Thereare eight differentwaysto add objects. They differ in whethergeometryis read
from files or not, whetherthereis one pieceper objector morethanone piece,andwhetherthe
applicationprovidesthe hierarchyor SWIFT builds it. Eachhierarchythatis givenor createdcan
have at most32 levels. Objectscanalsobe deleted.

Eachof the methodspassedack an identifier for the addedobject which can be usedon
subsequenteferencedo it whensettingtransformationsactivating, or querying. The sequence
of ids that are passedbackincreaseby 1 startingat 0. Eachmethodreturnsa booleanvalue
indicatingsucces®f theaddition. If the objectadditionfailed,therewill bea messag@rintedto
stderr indicatingthe problem.

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

e Add_Object
This pair of methodss for addinganobjectcomposeaf a singlepiece.Thefirst methodis
for input geometrystoredin arrayswhile the seconds for input geometrystoredin files. It
is possibleto copy by usingthefirst onebut notthesecondne.

bool Add_Obj 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,
int 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,
int copy_oid = DEFAULT_COPRY,
int copy_pid = DEFAULT_COPY,
int mn_tri_count = DEFAULT_M N_TCOUNT,
SWFT Real gslimtri_ratio = DEFAULT_QSLI M TRATI O
SW FT_Real cube_aspect _ratio = DEFAULT_CUBE ASPECT RATIO );

bool Add_hj ect (
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const char* filenane, 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 ENLARCGE REL,

SW FT_Real box_enl _abs = DEFAULT_BOX_ ENLARGE_ABS,

int mn_tri_count = DEFAULT_M N_TCOUNT,

SWFT Real gslimtri_ratio = DEFAULT_QSLI M TRATI O

SW FT_Real cube_aspect _ratio = DEFAULT_CUBE ASPECT RATIO );

Thefirst 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 not all 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. Notethattheindicesstoredin thefacearrayreferto
thevertex index ratherthanthe coordinatendex. Thevertex indicesstartat0. Verticesmay
have duplicateqexactly equalcoordinates) SWIFT will fully sharethe verticesinternally.
A contactdeterminatiorquerycanbe madeto reportthe closestfeatures.Theidentifiersof
thesefeaturesarerelatedto the orderingin which the verticesandfacesweregivento the
Add_Object()method.More detailson theidentifiersis givenalongwith 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
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 rotation matrix andtransshouldbe a 3 el-

ementtranslationvector The scaleparametespecifiegheinput scalingfactorwhichis by

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

objectareappliedin additionto (composeaith) theinputtransformationFor acopy, input

transformationsrecomposedSeebelow.

Next, theboundingbox settingsaregiven. Thedefaultis CUBE alongwith no enlagement
if the objectis moving. Seesection4.4for moredetailsaboutboundingbox typesandset-
tings. Theface valencegparameters usedto indicatewhethertherearearny non-triangular
facegqseeabove).
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Next, the copy parametersare given. If they are setto DEFAULT _COPY thenno copy

is done. Otherwise,copy.oid and copy pid shouldbe setto a previously addedobjectid

and pieceid within that objectrespectrely. Pieceids startat 0. If anobjectid is given
but the pieceid is givenasDEFAULT _COPY, thenthefirst pieceof the objectis the one
copied. If a copy is done,the arraysfor geometryareignored. The fixed, input transfor

mation, andthe boundingbox parametersare appliedto the piecebeingcopied. This has
the effect of composinginput transformations.For example,saythat object0 wasadded
with a scalingfactorof 2.0 andthenobjectl is copiedfrom object0 with a scalingfactor
of 2.0. Objectl would be 2 timesasbig asobjectl and4 timesasbig asthe original ge-
ometryusedto createobject0. This appliesto input orientationsandtranslationsaswell. If

identity transformation$DEFAULT _ORIENTATION, DEFAULT _TRANSLATION, and
DEFAULT _SCALE) aregiven,thenthe geometryis notreplicated.

Thelastthreeparameteraffectthehierarchyandtheboundingoox creation.Themin_tri _count
parameterspecifiesthe numberof trianglesto cut the hierarchycreationoff at. The gs-
lim_tri _ratio parameteis usedto specifythetrianglereductionfactorwhencreatinga QSlim
hierarchy Notethatthesewo parameterbave aneffectonly whentheappropriaténierarchy
compileconfigurationflagsareturnedon. The lastparametercubeaspecitratio, specifies
the aspectratio belowv which a cubeis usedwhenthe box settingis setto CHOOSE. See
sectiond.4for moredetailson thesethreeparameters.

The secondmethodis very similar to the first with the exceptionthatit getsthe input ge-
ometryfrom a file andno copying is allowed. If copying is desired,usethe first method.
Sectionl0 specifieghefile formatsnatively supportecdby SWIFT. Additional formatsmay
be supportedhroughapplication-definedile readerghatmay be pluggedin. More details
onthisaregivenin section6.6 andsection9.

e Add_PiecedObject
This pair of methodsis for addingan objectcomposedf morethanone piece. Thefirst
methodis for input geometrystoredin arrayswhile the seconds for input geometrystored
in files. It is possibleto copy selectpiecesn eitherof thetwo methods.

Notethatit is not possibleto perform“self” proximity queriesonthesepiecedobjectssince
theobjectmovesrigidly asawhole. All the corvex pairsthatarewithin anobjectareauto-
matically deactvated. In this versionof SWIFT, thereis no supportfor corvex hierarchies
utilizing corvex hullsto speedup piecedobjectvs. piecedobjecttesting.

bool Add_Pi eced_QObj ect (
const SWFT_Real * const* vertices, const int* const* faces,
const int* numvertices, const int* numfaces,
int num pieces, int&id,
bool fixed = DEFAULT_FI XED,
const SWFT_Orientation* orient = DEFAULT_ORI ENTATI ONS,
const SWFT_Transl ati on* trans = DEFAULT_TRANSLATI ONS,
const SWFT_Real * scal es = DEFAULT_SCALES,
const int* box_settings = DEFAULT _BOX SETTI NGS,
const SWFT_Real * box_enl _rel = DEFAULT_BOX ENLARGE REL,
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const SWFT_Real * box_enl _abs = DEFAULT_BOX ENLARCE_ABSS,
const int* const* face_val ences = DEFAULT_FACE_ VALENCESS,
const int* copy_oids = DEFAULT_COPI ES,
const int* copy_pids = DEFAULT_COPI ES,
const int* min_tri_count = DEFAULT_M N_TCOUNTS,
const SWFT _Real* gslimtri_ratio = DEFAULT_QSLI M TRATI CS,
const SWFT_Real * cube_aspect_ratio

= DEFAULT_CUBE_ASPECT_RATI CS );

bool Add_Pi eced_Ohj ect (
const char* const* fil enamnes,
int numpieces, int&id,
bool fixed = DEFAULT_FI XED,
const SWFT _Orientation* orient = DEFAULT_ ORI ENTATI ONS,
const SWFT _Transl ation* trans = DEFAULT_TRANSLATI ONS,
const SWFT_Real * scal es = DEFAULT_SCALES,
const int* box_settings = DEFAULT_BOX_ SETTI NGS,
const SWFT_Real * box_enl _rel = DEFAULT_BOX ENLARCE RELS,
const SWFT_Real * box_enl _abs DEFAULT _BOX_ENLARGE ABSS,
const int* copy_oids = DEFAULT_COPI ES,
const int* copy_pids = DEFAULT_COPI ES,
const int* min_tri_count = DEFAULT_M N_TCOUNTS,
const SWFT _Real* gslimtri_ratio = DEFAULT_QSLI M TRATI CS,
const SWFT_Real * cube_aspect _ratio
= DEFAULT_CUBE_ASPECT_RATI CS );

Thefirst methodaddsan objectto the sceneby readingthe geometryfrom the verticesand
facesarrays. The only differencefrom the first Add_Object() methodis thatthe arraysare
two-dimensionabecausehereis more thanone piece. They aregivenin “piece-major”
order Consequentlythe numverticesand numfacesparametersre one-dimensionar-
rays containingthe numberof verticesand facesfor eachpiece. The facevalencespa-
rameterbehaesthe sameasbeforeif somefacesarenon-triangular If anentire pieceis
known to be triangular thenthe correspondingsub-arrayin the facevalencesarray may
be setto DEFAULT_FACE_VALENCES. The numberof piecescomposingthe objectis
givenin the numpiecesparameter All of the geometryarraysshouldbe of lengthequal
to numpiecesin the first dimension(exceptfor the face valencesarray which may be set
to DEFAULT _FACE_VALENCESS which hasno length). The identifier of the objectis
passedackin id. If piecesever needto bereferencedthey implicitly have ids startingatO
andincreasingn theorderin which they appearedn this methodinvocation.

The fixed parametem@ppliesto the entire objectsincean objectmovesasa whole andall
its piecesmaintainthe samerelative placementst all times. Theinput transformationsre
givenasbeforeandareall identity by default. Eachpiecemay have differentbox settings.
By defaultall areof type CUBE andhave no enlagementf the objectis moving otherwise
all havetype DYNAMIC always.

Next, thecopy parameteraregiven.If they aresetto DEFAULT _COPIES thennocopying
is done.Otherwise copy oidsandcopy pidsarearraysthatspecifywhich of the piecesare
copiedandwhich arenot. They arenumpiecesin length. If anelementof the copy.oids
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arrayis setto DEFAULT_COPY thenthatpieceis not copiedbut ratherbuilt from the ge-
ometryarrays.Otherwisetheobjectgivenby theelementbf thecopy.oidsarrayis accessed
andoneof it pieceds copiedto createthecurrentpiece.Thepiecethatis copiedis identified
by thecorrespondinglemenin thecopy pidsarray unlesst is equalto DEFAULT _COPY
in which casethefirst pieceis copied.If the copy pidsis setequalto DEFAULT _COPIES
thenthefirst pieceof eachcopiedobjectis automaticallyselected Note thatnot all objects
mustbe copiedor all createdhroughgeometry A mix is allowed. The only requirements
thattherebe geometrypresenftfor the piecesthatarenot copied. For thosethatarecopied,
their positionsin thegeometryarraysmaybe empty Inputtransformationsctasbefore.

The min_tri _count parameterspecifiesthe numberof trianglesto cut the hierarchycre-
ation off at for eachpiece. If it is setto DEFAULT_MIN _-TCOUNTS then the default
is used. Similarly, the gslim.tri _ratio parametelis usedto specify the triangle reduction
factor when creatinga QSlim hierarchyand the cubeaspectratio parametelis usedto
specifythe aspectratio belonv which a cubeis usedif the boundingsettingis CHOOSE.
Theselasttwo parametersanbe setrespectrely to DEFAULT _QSLIM _TRATIOS and
DEFAULT _CUBE_ASPECT_RATIOS to usethedefaults. Seesectiord.4for moredetails
onthesethreeparameters.

Thesecondnethodis very similar to thefirst with the exceptionthatit getstheinputgeom-
etry from files whosenamesaregivenin the filenamesarray This arraymusthave length
equalto numpiecesbut may have emptyfilenamesn the positionsof copiedpieces.Sec-
tion 10 specifieghe file formatsnatively supportecby SWIFT. Additional formatsmay be
supportedhroughapplicationdefinedfile readerghatmay be pluggedin. More detailson
this aregivenin section6.6 andsection9.

Add_Hierar chical_Object

This pair of methodsshouldnot be invokedif the hierarchyis not turnedon. Thesemeth-
ods are for addingan object composedf a single piecewherethe applicationprovides
the hierarchyto be usedby SWIFT. Application provided hierarchiesarenot subjectto the
sceneconfigurationparametersffecting hierarchies. Thoseparametersnly affect hierar

chiesbuilt by SWIFT. Thelevelsof the hierarchymustbe corvex polyhedrathatareclosed.
SWIFT will processhe given hierarchyto ensurethat all the criteria are met. The only
transformationghat are appliedduring this processaretranslationsandscalings. Thefirst
methodis for input geometrystoredin arrayswhile the seconds for input geometrystored
in files. No copying is allowed in thesemethodsbecausehe first Add_Object() method
providesthatfunctionality.

bool Add_Hi erarchi cal _Obj ect (
const SWFT _Real * const* vertices, const int* const* faces,
const int* numvertices, const int* numfaces,
int numlevels, int&id,
bool fixed = DEFAULT_FI XED,
const SWFT _Orientation* orient = DEFAULT_ ORI ENTATI ONS,
const SWFT _Transl ation* trans = DEFAULT_TRANSLATI ONS,
const SWFT_Real * scal e = DEFAULT_SCALES,
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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_ ENLARGE_ABS,

const int* const* face_val ences = DEFAULT_ FACE VALENCESS,
SW FT_Real cube_aspect _ratio = DEFAULT_CUBE ASPECT RATIO );

bool Add_Hi erarchi cal _Obj ect (
const char* const* fil enanes,
int numlevels, int&id,
bool fixed = DEFAULT_FI XED,
const SWFT_Orientation* orient = DEFAULT_ ORI ENTATI ONS,
const SWFT_Transl ati on* trans = DEFAULT_TRANSLATI ONS,
const SWFT_Real * scal e = DEFAULT_SCALES,
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,
SW FT_Real cube_aspect _ratio = DEFAULT_CUBE ASPECT RATIO );

Thefirst methodaddsan objectto the sceneby readingthe geometryfrom the verticesand
facesarrays. Thesearraysare two-dimensionabecausédhe levels of the hierarchyarea
sequenc®f cornvex polyhedra. The numverticesandnumfacesarraysgive the numberof
verticesandfacesfor eachlevel of the hierarchy The hierarchyis to be givenin finestto
coarsesorder So,thefirst setof verticesandfacesarefor thefinestobjectandthelastare
for the coarsestThe parametenumlevelsgivesthe numberof levelsin the hierarchy The
facevalenceparameteactsthe sameasdescribedor the previoustwo pairsof methods.
Theidentifierof the objectis passedackin id.

The fixed parameteindicateswhetherthe objectis fixed or moving. The orient andtrans
arraysspecifythe input transformatiorto be appliedto the levels of the object. Next, the
boundingbox settingsare given. Thereis a singlebox boundingthe coarsestevel of the
hierarchy hencesettingsfor just one box. The last parameteraffects the boundingbox
creationjustlik e for the Add_Object()methods Seesection4.4 for moredetailson this.

Thesecondmethods very similarto thefirst with theexceptionthatit getstheinputgeome-
try fromfiles. Section10 specifieghefile formatsnatively supportedy SWIFT. Additional
formatsmay be supportedhroughapplicationdefinedfile readerghat may be pluggedin.
More detailson this aregivenin section6.6 andsection9.

Add_Hierar chical_Pieced Object

This pair of methodsshouldnotbeinvokedif the hierarchyis notturnedon. Thesemethods
arefor addingan objectcomposedf morethanonepiecewherethe applicationprovides
the hierarchiedfor one or more of the pieces. Entire hierarchiesmustbe given. In other
words,for a piece,eitherno hierarchyis givenor thewhole hierarchyis given. SWIFT will
build the hierarchieghat are not given. Application provided hierarchiesare not subject
to the sceneconfigurationparametersaffecting hierarchies. Thoseparameter®nly affect
hierarchiesbuilt by SWIFT. The levels of the given hierarchieamustbe convex polyhedra
that are closed. SWIFT will processthe given hierarchiesto ensurethat all the criteria
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aremet. The only transformationghatareappliedduring this processaretranslationsand
scalings.Thefirst methodis for inputgeometrystoredin arrayswhile theseconds for input
geometrystoredin files. It is possibleto copy selectpiecesn eitherof thetwo methods.

bool

bool

Add_Hi er archi cal _Pi eced_nhj ect (

const SWFT_Real * const* const* vertices,
const int* const* const* faces,
const int* const* numyvertices, const int* const* numfaces,
const int* numlevels, int numpieces, int& id,
bool fixed = DEFAULT_FI XED,
const SWFT Orientation* const* orient = DEFAULT_ ORI ENTATI ONSS,
const SWFT _Transl ation* const* trans = DEFAULT_TRANSLATI ONSS,
const SWFT_Real * const* scal es = DEFAULT_SCALESS,
const int* box_settings = DEFAULT_BOX_ SETTI NGS,
const SWFT_Real * box_enl _rel = DEFAULT_BOX ENLARCGE RELS,
const SWFT_Real * box_enl _abs = DEFAULT_BOX ENLARCGE_ABSS,
const int* const* const* face_ val ences

= DEFAULT_FACE_VALENCESSS,
const int* copy_oids DEFAULT_COPI ES,
const int* copy_pids DEFAULT_CORI ES,
const int* min_tri_count = DEFAULT_M N_TCOUNTS,
const SWFT Real* gslimtri_ratio = DEFAULT_QSLI M TRATI CS,
const SWFT_Real * cube_aspect _ratio

= DEFAULT_CUBE_ASPECT_RATI CS );

Add_Hi er archi cal _Pi eced_nhj ect (

const char* const* const* fil enanes,
const int* numlevels, int numpieces, int&id,
bool fixed = DEFAULT_FI XED,
const SWFT _Orientation* const* orient = DEFAULT_ ORI ENTATI ONSS,
const SWFT_Transl ation* const* trans = DEFAULT_TRANSLATI ONSS,
const SWFT_Real * const* scal es = DEFAULT_SCALESS,
const int* box_settings = DEFAULT _BOX SETTI NGS,
const SWFT_Real * box_enl _rel = DEFAULT _BOX ENLARGE RELS,
const SWFT_Real * box_enl abs = DEFAULT_BOX ENLARGE ABSS,
const int* copy_oids DEFAULT_COPI ES,
const int* copy_pids DEFAULT_CORI ES,
const int* mn_tri_count = DEFAULT_M N_TCOUNTS,
const SWFT Real* gslimtri_ratio = DEFAULT_QSLI M TRATI CS,
const SWFT_Real * cube_aspect _ratio

= DEFAULT_CUBE_ASPECT_RATI CS );

The first methodaddsan objectto the sceneby readingthe geometryfrom the vertices
andfacesarrays. Thesearraysare three-dimensionao accomodatenultiple piecesand
multiple levels per piece. Consequentlythe numverticesand numfacesparametersare
two-dimensionahrrayscontainingthe numberof verticesandfacesfor eachlevel of each
piece. The facevalencesarray actsas previously documented. The arraysare givenin
“piece-major” order meaningthat the piecesform the first dimension,the levels the sec-
ond, and the verticesor facesthe third. The numberof piecescomposingthe objectis
givenin thenumpiecesparameterAll of the geometryarraysshouldbe of lengthequalto
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numpiecesin the first dimension(exceptfor the face valencesarraywhich may be setto
DEFAULT _FACE_VALENCESSS which hasno length). The seconddimensionmustbe
of lengthequalto the numlevelselementfor the currentpiecesinceeachpiecemay have
avariablenumberof levels. If the applicationdesiresSWIFT to build a hierarchythenthe
objectgeometryfor thatpiecemustbegivenasif therewasonelevel. Thenumdlevelsentry
shouldbe setto 0 to tell SWIFT to build the hierarchyfor the correspondingiece. If the
numlevelsentry were 1, then SWIFT would assumethatonly 1 level is desiredand not
build anything. Theidentifierof the objectis passedackin id.

The fixed parametemppliesto the entire objectsincean objectmovesasa whole andall
its piecesmaintainthe samerelative placementst all times. Theinput transformationsre
givenasin the Add_PiecedObject()methodandareall identity by default. If a pieceis to
have its hierarchybuilt by SWIFT, thereshouldbe only one correspondingnput transfor
mationfor the piece. Eachpiecemay have differentbox settings.Recallthatthereis only
asinglebox settingper piece(not perlevel). By default all areof type CUBE andhave no
enlagementf the objectis moving.

Next, thecopy parameteraregiven.If they aresetto DEFAULT _COPIES thennocopying
is done.Otherwise copyoidsandcopy pidsarearraysthatspecifywhich of the piecesare
copiedandwhich arenot. They arenumpiecesin length. If anelementof the copy.oids
arrayis setto DEFAULT_COPY thenthatpieceis not copiedbut ratherbuilt from the ge-
ometryarrays.Otherwisetheobjectgivenby theelementbf thecopyoidsarrayis accessed
andoneof it pieceds copiedto createthecurrentpiece.Thepiecethatis copiedis identified
by thecorrespondinglemenin thecopy pidsarray unlesst is equalto DEFAULT _COPY
in which casethefirst pieceis copied.If the copy pidsis setequalto DEFAULT _COPIES
thenthefirst pieceof eachcopiedobjectis automaticallyselected Note thatnot all objects
mustbe copiedor createdhroughgeometry A mix is allowed. Theonly requirements that
therebe geometrypresenfor the piecesthatarenot copied.For thosethatarecopied,their
positionsin the geometryarraysmay be empty If a pieceis to be copied,thereshouldbe
only onecorrespondingnputtransformatiorior thepiece.Otherwisejnputtransformations
actasbefore.

The min_tri_countparametespecifieshe numberof trianglesto cut the hierarchycreation
off at for eachpieceonly if the pieceis to have its hierarchycreatedby SWIFT. If it is
setto DEFAULT _MIN _-TCOUNTS thenthe default is used. Similarly, the gslim_tri _ratio
parameters usedto specifythe trianglereductionfactorwhencreatinga QSlim hierarchy
andthecubeaspectratio parameters usedto specifytheaspectatio below whichacubeis
usedif theboundingsettingis CHOOSE. Thesdasttwo parametersanbesetrespectiely
to DEFAULT _QSLIM _TRATIOS and DEFAULT _CUBE_ASPECT_RATIOS to usethe
defaults. Seesectiond.4for moredetailson thesethreeparameters.

Thesecondnethodis very similar to thefirst with the exceptionthatit getstheinputgeom-
etry from files whosenamesaregivenin the filenamesarray This arraymusthave length
equalto numpiecesn thefirst dimensionandlengthequalto the elementof thenumlevels
arrayfor thecurrentpiecein theseconddimension.It mayhave emptysub-arraysn thepo-
sitionsof copiedpieces.Sectionl10 specifieghefile formatsnatively supportedoy SWIFT.
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Additional formatsmay be supportedhroughapplicationdefinedfile readerghat may be
pluggedin. More detailsonthis aregivenin section6.6 andsection9.

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 are rotationsand translationsgiven by 3-
vectorsand3 by 3 matricesrespectrely. Scaling,skewing, andary othertransformationgsrenot
allowed. If they aremixedinto therotationmatrix, SWIFT will malfunction.For maximumquery
performanceavoid settingan object’s transformatiormore thanonceper query Eachobjects
transformatiormustbe setat leastonceafter its creationto ensurecorrectquerying. Thereare
four differentwaysto settransformationsThey differ in whethera singleobject’s transformation
is setor all the objects’'transformationsresetat once,andwhetherthetransformationsregiven
separatelyr togetheras3 by 4 matrices.

e Set Object_Transformation
This pair of methodss 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 rotation and translationare
givenin row-majororderin RandT asarraysof length9 and3 respectiely.

Thesecondmethodis similar to thefirst but differentin thattherotationandthetranslation
aregiventogethern asingle3 by 4 matrix. The leftmost3 by 3 is the rotationmatrix and
thefourth columnis thetranslationvector This alsois 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.

void Set Al _nject_Transformati ons( const SWFT_Real * R,
const SWFT Real* T);

void Set Al _(nject _Transformati ons( const SWFT _Real* RT );
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The arraysare given as a sequentiaktreamof row-major matrices,one for eachmoving
object. Fixed objecttransformationshouldnot bein thesdlists. 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
addedo the scenewhichis the sameastheorderof 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 whetheranactivationor 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.

void 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
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
calling the Activate() methodis the sameas the default activation provided by the scene.
Theobjectids mentionedabove aregottenfrom the Add_* _Object()methods.
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6.5 Query

Therearefour differentwaysto query SWIFT. Eachof the methodsreturnsa booleanindicating
whetherintersectiorwasdetectedanywherein the scenglamongthe objectsbeingtested) All the
arraysthatareusedfor reportingthe resultsof the queryaremanagedy the SWIFT system.Do
NOT allocateor deallocatehem.

e Query_Intersection
This queryis for finding the pairsof objectpieceshatareintersectingn 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, thenthecomputationis 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 the array For example,oids[0] andoids[1] areanintersectingpair (if numpairs > 0).

Note that theremay be multiple pairsreportedfor the samepair of objectsif oneof them

hasmultiple pieces.Note alsothatthereis no specificorderingin the oidsarray A return
valueof falseaswell asnumpairs = 0 indicatesthatthereareno intersectingpairs.

e Query_Approximate Distance
This queryis for finding the error boundedapproximatedistancebetweenpairs of object
piecesthat are closeenoughin a scene. An approximatedistanceis given alongwith an
error suchthat the exact distanceis in the range[approximatedistance approximatedis-
tance+error].

bool Query_Approxi mate_Di st ance(
bool early exit, SWFT_Real distance_tol erance,
SWFT Real error_tolerance, int& numpairs,
int** oids, SWFT_Real ** di stances, SWFT_Real ** errors );

The returnvalue 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 closeor intersectingpairsarefoundandtheir approximatelistanceseported.
Theoidsarrayfunctionsthe sameasin theintersectiomuery

Thedistancesanderrorsfor eachpair aregivenin thedistancesanderrors arrays.They are
eachof lengthequalto numpairs. Approximatedistances reportedif it is within the dis-
tancetolerancefor apair. Thisensureshatary exactdistancewithin thedistancetolerance
is caught.An errorboundequalto error_toleranceis guaranteedif the broad phasesetting
is turnedon for the scene thenthe approximatedistanceis reportedonly for thosepairs
whoseboundingboxesoverlapandwhoseapproximatedistances lessthanor equalto the
givendistanceolerance So,if theapproximatedistances desiredfor pairsto within atol-

erancethe boundingboxesof the objectsshouldbe enlagedby anabsoluteamountat least
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equalto thedistanceolerance Intersectingpairsarereportedashaving a distancesqualto
—1.0 andanerrorof 0.0. Thedistanceandthe errorreportedwhenthereis intersectiorare
NOT ameasuref penetratiordepth.

Query_Exact_Distance
This queryis for finding the exact distancebetweenpairs of object piecesthat are close
enoughin ascene.

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

The return value indicatesif therewas at leastone intersectingpair in the scene. If the
early_exit parameteiis setto true, thenthe computationis stoppedwhen the first inter-
sectionis found andtrue is returnedbut no pairsarereported. If it is setto false then
reportingoccursandall closepairsarefound andtheir exactdistanceseportedalongwith
ary intersectionsTheoidsarrayfunctionsthe sameasin theintersectiomuery

Thedistancegor eachpairaregivenin thedistancesrray It is of lengthequalto num pairs.
Exactdistances reportedif it is within the tolerancefor a pair. If the broad phasesetting
is turnedon for the scenethenthe exact distanceis reportedonly for thosepairs whose
boundingboxesoverlapandwhosedistances lessthanor equalto the giventolerance So,
if the exactdistances desiredfor pairswhosedistances within atolerancethe bounding
boxesof theobjectsshouldbeenlagedby anabsoluteamountatleastequalto thetolerance.
Intersectingpairs are reportedas having a distanceequalto —1.0. The distancereported
whenthereis intersections NOT a measuref penetratiordepth.

Query_Contact_Determination

This queryis for finding the exact distancebetweenpairs of object piecesthat are close
enoughin a sceneanddeterminingadditionalcontactinformationsuchasnearesteatures,
nearespoints,andcontactnormals.

bool Query_Contact_ Determ nation(
bool early exit, SWFT_Real tolerance, int& numpairs,
int** oids, SWFT_Real ** di stances = NO_DI STANCES,
SW FT_Real ** nearest _pts = NO NEAREST_ PTS,
SWFT_Real ** nornmals = NO NORVALS,
int** pids = NOPIDS, 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 parameteis setto true, thenthecomputationis stoppedvhenthefirstintersection
is found andtrue is returnedbut no pairsarereported.If it is setto false, thenreporting
occursandall closepairsarefoundreportedupon. The oidsarrayfunctionsthe sameasin

theintersectiorguery
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The variousthingsthat may be reportedfor a contactare: exact distance nearesfpoints,
contactnormals,andnearesteatures.They areselectedndividually for reportingby pass-
ing anarraypointerfor the correspondin@rrayto be assignedy SWIFT. To not selectan
item for reporting,simply passthe default parametefor thatarray The defaultis thatall

itemsaredeselected.

The nearestpointsare reportedif the neaestpointspointeris not the default value. The
arraywill be 6 timesnumpairs elementdong. For eachpair, the 6 valuesare the x,y,z
coordinate®f the nearespoint onthefirst object/piecdollowedby thex,y,z coordinate®f
thenearespointonthesecondbject/piecelf apairis disjoint,thentheactualnearespoints
arereported.If therearemary equallynearespoints,thenanarbitrarypair is reported.If
a pair is intersectingthenthe nearespointsthat arereportedarethoseon the intersecting
featureqaswould be reportedasthe nearesteatures).Thesenearespointsareequialent
to thenearespointsfor thefeaturesasif they werefloatingby themselesfreein spaceThe
nearespointsaregivenin eachobject’s local coordinategbeforethe objecttransformation
thatwassetis appliedbut aftertheinputtransformatiorgivento anAdd_* _Object()method).

The contactnormalsarereportedif the normalspointeris not the default value. The array
will be 3 timesnum.pairs elementdong. For eachpair, the valuesarethex,y,z coordinates
of thenormalpointingfrom object2 towardsobjectl. Thenormalis givenin global (world)
coordinatesA normalizedvectoris givenfor the normal. The computatiorof the normals
is discussedahext.

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.

If apairis intersectinghenthereare2 casedor thepair of featuretypes.TheseareV-F and
E-E. The contactnormalsarecomputedhein the sameway asthe disjoint casefor eachof
thesecases.

The nearesteaturesarereportedif noneof the pids, featue types andfeature_ids param-
etersare setto their default values. The pieceids (pids) arraywill be 2 timesnumpairs
elementdong andspecifieshe ids of the piecesthat are contacting. The featuretypesar-

ray will be 2 timesnumpairs elementdong. Thefeatureids arraywill be atleast2 times
numypairs elementdong but may be longerdueto featureswhich are edges. The feature
typesare identified by SWIFT _VERTEX, SWIFT _EDGE, or SWIFT _FACE (the three
typesof featuredor a polyhedron).Thefeatureids aregivenasfollows. If thefeatureis a
vertex, a singleid is givenwhich is the numberof the vertex in the orderthatit wasgiven
to oneof the Add_* _Object()methodsstartingat 0. If it is anedge two vertex ids aregiven

22



(onefor eachendof the edge).Facesarenumberedhe sameway asverticesstartingat O.

Notethatif faceswith morethanthreeedgesaregivento ary of the Add_* _Object()meth-
ods,SWIFT triangulateshem. Therefore anedgemight correspondo anedgethatwasnot

ontheboundaryof aninputfacebut ratherintroducedby thetriangulationof theface.Note
also,thatif theverticesthataregivento ary of the Add_* _Object()methodsvereduplicated
(notfully sharedXhenthe vertex id thatis reportedfor oneof thesenon-sharederticesis

theid of anarbitraryinstanceof the duplicatedvertex. This hasramificationsfor the edge
ids thatarereported.The endpointsof an edgemay have ids suchthatthereexistsno edge
with thoseendpointids thatwasgivento an Add_* _Object()method.

6.6 Plug-In Registration
6.6.1 File Readers

In orderto readfiles that are not in either of the SWIFT formats, a file readerplug-in may be
provided by the application. For moreinformationon file readerconstruction seesection9 and
SWIFT fileio.h in the SWIFT/includedirectory

e Register File_Reader
This methodallows for the registrationof a file reademwith SWIFT. It will thenbe usedto
readfiles that startwith the givenstring (magicnumber).A file readerdoesnot have to be
registeredfor every scenecreatecbut only oncefor the entireprogram.

bool Register_ File 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 secondoarameters afile readerobjectpointer
thatreferencesireaderableto readfiles with thegivenmagicnumber If areadels already
assignedo thegivenmagicnumberthanthenew readewill replacet. Only onereadercan
handlea giventype of file. A singlereadercanhowever readdifferenttypesof files sothis
methodcanbeinvokedwith multiple magichnumbersandthe samereader Thereturnvalue
indicatessuccessOn failurea messagés writtento stderr.

7 Easeof UseTips

SWIFT hassomecorvenientfeaturesvhich canmake theapplications job easier They are:

e Usethe CHOOSE type for boundingboxessothat SWIFT candecidewhatthe besttype
of box to useis. Keepin mind however, thatthe applicationis responsibldor settingthe
thresholdaspectatio for this decision.The provideddefaultis notthe bestoverall solution.

e Usetheinput transformationgo positionobjectsrelative to eachother This is especially
usefulwhencreatingpiecedobjects. Note that thereare pitfalls with usinginput transfor
mationssuchasreplicationof geometry
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Usethe copy featurewhenever possible. This is possiblewhentwo pieceshave the same
inputgeometry(minusaninput transformation)This is alsomoreefficient for the precom-
putation.

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 sharingfeatureshatSWIFT provides.

Take advantageof thefactthat SWIFT reportsa large quantityof contactinformationfrom
thecontactdeterminatiorguery Normally, thiswould betheapplicationsresponsibilitybut
SWIFT includesthis functionality to increaseoverall efficiency of applicationsneedingthe
standardccontactinformation.

8 Efficiency Tips

Therearevariousthingsto keepin mindin orderto useSWIFT in anoptimalmanner They are:

Only setfixed objecttransformationst the beginning (beforethefirst query).

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

Try to reusegeometryby usingthe copy featureif atall possible.Avoid usinginput trans-
formationsthatwill replicategeometryif possible.Althoughthereplicationstoragecostis
notlarge for afew objects,it caneasilybecomequite large for mary objects.Sometimest
is possibleto rephrasdransformation®f motionin termsof theinput transformations.

Whenquerying,only querywhatis absolutelynecessaryThequeriesareorderedrom most
efficientto leastefficientas:

1. Intersection

2. ApproximateDistance

3. ExactDistance

4. ContactDetermination
For example,whenrunninga dynamicsimulation,usethe intersectiontestuntil aninter-
sectionis detectedthenusethe contactdeterminationquery during the bisectionsearch.

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

If not mary piecesaremoving relative to the total numberof pieces,t might be beneficial
to considerusinglocal boundingbox sortinginsteadof globalboundingbox sorting.
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e Usepiecedobjectsif anentiresetof piecess to movein theexactsamemanner

9 Application DefinedPlug-In’s

SWIFT allows the applicationto provide classderivationsthat act as extensions. Currently the
only extensionis afile readerextensiorwheretheapplicationcancreatdts own file readerregister
it with SWIFT, anduseit to accesspplicationspecificfile types.No othersimpleextensionhave
yetcometo mind but if our usersconceve of ary usefulones,pleasdet usknow. In this section
we describethe constructiorof 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 SWIFT.BasicFile_Reader
class(seealso SWIFT/src/fileio.cpp).All that mustbe providedis a methodthat doesreading.
Themethodis 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
whichsignifiesthatall 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 providestwo file formatsin orderto import geometry Thereare otherwaysto import
geometrysuchasthrougharraysor by readingnon-SWIFTfile typesby providing oneor more
plug-infile readergseesection9).

This sectiongives a descriptionof the formats’ simple syntaxand semantics. The first file
formatis for triangularmodelsandwill be calledthe TRI file format. The otherprovidedformat
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is for generapolyhedraimodels(with facesnotnecessarilyriangular).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 whichmay not be suitablefor usewith SWIFT). Following arethe syntaxandthe semantics:

TRI

nv<i nt > = nunber of vertices

nf <int> = nunber of faces

coordi nates<real > = list of the vertex position coordi nates 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> = |ist 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
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11 FutureWork

Therearemary waysin which SWIFT canbeexpandedandimprovedupon. Therearenopromises
on whatwill bedonebut we would like feedbackirom our usersif thereis future work thatthey
would lik e to see.Someof ourimprovementideasare:

e LessGeometry Replication: allow input transformationso bejoinedto moving transfor
mationssothatsame-geometrgieceswithin the sameobjectdo nothave to bereplicated.

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

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

e Convex Composition: build a hierarchyto speedup testingof objectscomposedf more
thanonecorvex piece.

e Object Deletion: deleteobjectsfrom the scene.This may be usefulif anobjecthasbeen
destryed in somesort of gameor simulationandis not neededanymore. Currently this
sameeffectcanbeachiezedby deactvatingthe destroyedobjectwith respecto all theother
objectsin thescene Thememorywill notbereleasehowever.

Let usknow if ary of theseareof interest.
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