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Intr oduction

This documentdescribeshow the RenderPark sourcecodeis structured. It is meantasa starting
point for peoplewho wish to useRenderPark asa referencefor their own implementations,or who
considerto implementnew (or old) renderingalgorithms,usingthe large collectionof “tools” thatare
offeredin RenderPark. RenderPark containsalargenumberof recentlyandlessrecentlyproposed
renderingalgorithms.Thesourcecodestructurereflectsthat theserenderingalgorithmsareall built on
top of a numberof basicbuilding blocksthatarecommonfor many algorithms.An exampleof sucha
basicbuilding block is for instancethetracingof arayin orderto determineto nearestintersectionpoint
alongtheraywith thesurfacesof thescene.

Why is collaboratingin aprojectlikeRenderPark interesting?

� Sharingwork is saving work: you don’t have to do everythingyourselfasa lot thingsyou need
arealreadythere,it is goodfor thequalityof theimplementations,allowsto testeachotherswork,
it is an impulseto provide documentation(so otherscanuseyour work), leadsto morecareful
design,a moreefficient implementationof a commonsubtaskis advantageousfor all algorithms
thatarebuilt on topof this subtask(e.g.ray-tracingaccelerationschemes),. . . ;

� It makesa fair comparisonof renderingalgorithmspossiblesinceall algorithmsarebuilt upona
common“tool box” andusethesameconventions. . .

� It makesinterestingdemonstrations;

� RenderPark is aprototyperenderingengine,thatshouldbeeasyto tunefor aparticularapplic-
ation,andit canbea referenceimplementationfor your renderingalgorithms;

� It’s goodpublicity for your work andwill bebetterpublicity asmorepeopleuseit;

� . . .

RenderPark is madeby globalilluminationresearchersandis alsomainly targeted,but not restricted,
to researchersin this exciting field.

Thisdocumentcontainstwo parts:first apartdescribingwhatcanbefoundin whichsourcefile ( � 1),
next a partdescribingthemaindatastructures( � 2). Section3 and4 presenttheactualimplementation
of renderingalgorithms.
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Chapter 1

Sourcecodestructur e

1.1 Main dir ectory

Seefigure1.1.Themaindirectorybasicallycontains:
� themainprogram(main.c);

� routinesfor readingMGF andVRML’97 scenes(main, readmgf, readvrml, PhBRML),
building ascenedatastructureandauxiliarystructures(see� 2), saving animagein PPM or TIFF
format, saving the “illuminated” scenemodelafter radiositycomputationsin VRML’97 format
(writevrml) . . .

� everything of the graphicaluser interface that doesnot concernspecificrenderingalgorithms
(ui *, X/Motif simplifiedwith asmalluserinterfacetoolkit in uit);

� driversfor graphicshardware(OpenGL,IrisGL andstarbase),manipulationof thevirtual camera
usingthemouse,objectselection(to updatematerialpropertiese.g.),. . . (render, render-
common, canvas, camera, ...). Renderingalgorithmsthat usegraphicshardwarefor
visualisationof the resultshall fill in thecolour to beusedfor eachpatchor vertex in thepatch
andvertex datastructuresthatareoffered(vertex type.h, patch type.h);

� monitor calibration(to setmonitor white point, gammacorrection,andbrightnessadjustment)
andtonemapping(color.c, eye.c);

� commandline option processing(options.*), batchandoffscreenrendering(batch), Inter
ProcessCommunicationcontrol(ipc);

� a “tool box” for renderingalgorithms:

– ray-objectintersectionroutines(geom, grid, patch, shaftculling, shadow-
caching);

– numericalintegrationon thesquare,triangle,3D cube(cubature);

– ID-rendering,determinationof directlyreceivedvisualpotential(render, potential),

– uniform and ���	��
 samplingof sphericaltriangles(spherical), or patches(patch)

– KD-trees,transforms,line-planeandline-line intersectioncomputation,. . . ;

– . . .

� hooksfor renderingalgorithms:we make adistinctionbetweenpixel-basedrenderingalgorithms
(suchasstochasticraytracing,raytracing) andworld-spacealgorithmssuchasradiosity(ra-
diance).
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0README bsdf_methods.h lightlist.C shadowcaching.h
ARCHIVE btdf.c lightlist.H shaftculling.c
BREP btdf.h lightmeter-
ing.c shaftculling.h
Boolean.h btdf_methods.h lightmetering.h shooting.rw
ChangeLog bzero.c main.c spectrum.h
Config.Alpha camera.c material.c spectrum_type.h
Config.FreeBSD camera.h material.h spherical.c
Config.HP canvas.c materiallist.c spherical.h
Config.Linux canvas.h materiallist.h splitbsdf.c
Config.SGI cie.c monitor.c splitbsdf.h
Config.Solaris cie.h monitor.h starbase.c
Config.common cluster.c motif.h statistics.h
Config.site cluster.h mymath.h stratification.C
Config.site.default color.c namedvertex.c stratification.H
DEST color.h namedvertex.h sub.sh
DOC color.h.antiek opengl.c surface.c
Float.h compound.c options.c surface.h
GALERKIN compound.h options.h topology.c
GDT cubature.c packedcolor.c topology.h
GENETIC cubature.h packedcolor.h transform.c
HURA defaults.h patch.c transform.h
IMAGE deps patch.h ui.h
MCRAD edf.c patch_flags.h ui_camera.c
MCRAD.2 edf.h patch_type.h ui_canvas.c
MCRAD.stable edf_methods.h patchlist.c ui_config.c
MGF error.c patchlist.h ui_debug.c
MGF-2.0a error.h patchlist_geom.h ui_file.c
Makefile eye.c phong.c ui_help.c
NON_PUBLIC eye.h phong.h ui_main.c
PARTICLE fileopts.h polygon.h ui_material.c
PHOTONMAP fix.c pools-1.4 ui_material.h
PNM fix.h potential.c ui_phong.c
POOLS geom.c potential.h ui_phong.h
PhBRML.C geom.h radiance.c ui_radiance.c
PhBRML.H geom_methods.h radiance.h ui_raytracing.c
QMC geom_type.h ray.h ui_render.c
RAYTRACING geometry3d.c raycasting.h uit.c
RenderPark geometry3d.h raytracing.c uit.h
SCENES geomlist.c raytracing.h vector.c
SE geomlist.h readmgf.c vector.h
SGL gl.c readmgf.h vectorlist.c
TODO grid.c readvrml.C vectorlist.h
TOOLS grid.h readvrml.H vectoroctree.h
ad2c.script gridP.h render.h vectortype.h
appdata.h hemirenderer.C rendercommon.c vertex.c
batch.c hemirenderer.H renderhook.c vertex.h
batch.h hitlist.c renderhook.h vertex_type.h
bidir-lab.fig hitlist.h renderhook_priv.h vertexlist.c
bidir-lab.fig.bak hitlist_type.h rgb.h vertexlist.h
bounds.c ipc.c rtdummy.C writevrml.c
bounds.h ipc.h rtdummy.h writevrml.h
brdf.c jacobian.c scene.c xxdf.c
brdf.h jacobian.h scene.h xxdf.h
brdf_methods.h kdtree.C select.c
bsdf.c kdtree.H select.h
bsdf.h lib shadowcaching.c

Figure1.1: Filesin theRenderPark maindirectory
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1.2 subdirectories
� DOC/: documentation;

� TOOLS/: sub-directoryfor small testprogramsandtools for e.g. comparingimages.Doesnot
containcodethatis neededto build theRenderPark executable

� Auxiliary libraries:

– GDT/: genericdatatypes(in C, to besuperceededby C++ sometimesin thefuture);

– POOLS/: memorymanagement;

– MGF/: MGF parserlibrary;

– SGL/: Simple GraphicsLibrary (for clusteringin Galerkin radiosity methodse.g., also
usefulfor otherpurposes);

– BREP/: BoundaryREPresentatielibrary;

– QMC/: low-discrepancy (quasi-MonteCarlo)numbergenerators;

– SE/: containsply file format library + simplify programneededfor meshdecimationin
densityesitmation.

– IMAGE: Imageoutputin PPMor TIFF format.

� Actual implementationof renderingalgorithms:

– GALERKIN/: Galerkinradiosity;

– MCRAD/: MonteCarloradiosity:HierarchicalWDRS,RandomWalkRadiosityandStochastic
RayRadiosity;

– RAYTRACING/: ray-casting,classicalandstochasticraytracing;

– DEST/: DensityEstimation(contributedby OliviéCeulemans,UCL/KUL Belgium);

– HURA/: The Ultimate RenderingAlgorithm (Het Ultieme RenderingAlgoritme): for the
time being just a templatethat you can copy to add your own renderingalgorithmsto
RenderPark.

Therule is thatsubdirectoriescanusedatastructuresandglobalvariablesfrom their parentdir-
ectory, but not viceversa,exceptfor theauxiliary librariessuchasGDT andPOOLS.

1.3 Adding a new rendering algorithm
� First decidewhat classyour renderingalgorithmbelongsto: world-spaceor pixel-based.This

determineswhatroutines(“methods”)youhave to implementin orderto hookup youralgorithm
in theRenderPark programandhow it will fit in theuserinterface.Supposeyouwantto adda
world-spacealgorithm(addingapixel-basedalgorithmis similar);

� make a separatesub-directoryfor your algorithmandcopy the(template)files in theHURA sub-
directory. Changethename’hura’ to somethingof yourown;

� adda pointerto your renderingalgorithmhandleto the tableof supportedalgorithmsin radi-
ance.c. If youwantto addapixel-drivenalgorithm,updateraytracing.c;

� changethe Makefile in order to compileandlink you codeaswell whenyou do ’make’ in the
maindirectory;

� of course,implementthemethodsdefinedin radiance.h or raytracing.h.
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Chapter 2

Data structur es

2.1 The scenedata structur e

Scenesarerepresentedusingthefollowing datastructuresandglobalvariables(declaredin scene.h):

� A linearlist of materialdescriptions:
MATERIALLIST *MaterialLib
The type MATERIALLIST representsa linear list of materialdescriptionsMATERIAL and is
declaredin materiallist.h. The typeMATERIAL is declaredin material.h. Seealso
below, � 2.7.

� A linearlist of geometries:
GEOMLIST *World
The typeGEOMLIST (geomlist.h) is a linear list of GEOM structures(geom type.h). A
GEOM structurerepresentsall informationaboutageometry(object),see� 2.2.

� A coupleof datastructuresderivedfrom theabove whenreadingin anew scene:

– PATCHLIST *Patches: linearlist of all patchesmakingup togetherthewholescene;

– GEOM *ClusteredWorldGeom: hierarchicalscenerepresentationwith an automatic-
ally generatedandmostoftenbetterhierarchyof boundingboxes;

– GRID *WorldGrid: thescenepackedintoavoxel grid for raytracingacceleration(grid).

Lists and other datastructuressuchas binary trees,octrees,. . . are derived (using macros,seee.g.
patchlist.h) from a genericimplementationin theGDT (GenericDataTypes)library.

2.2 The GEOM type

Therearebasicallytwo typesof geometriesin theprogram:

� COMPOUND objects(compound.h: anaggregateobject:basicallyalist of constitutingGEOMetries,
see� 2.3;

� SURFACEs (surface.h): a primitive objects: basicallya list of PATCHes(patch.h) that
approximatethesurfaceof someobject,see� 2.4;

GEOM shouldbe seenasa superclassof COMPOUND andSURFACE. The implementationis in C and
not C++ for historicalreasons.We considerreimplementingeverythingin C++, after redesigningthe
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whole scenerepresentationdatastructure. This hasquite low priority however becausethe current
implementationfulfills ourneedswell andhasprovento beprettyreliable.

TheGEOM structure(geom type.h) contains:

� A pointerto object-specificdata:
void *obj
For compoundobjects,it is apointerto aCOMPOUND struct(compound.h), for asurfaceobject,
it is apointerto aSURFACE struct(surface.h);

� A pointer to a GEOM METHODS struct (geom methods.h). This structurecontainspointers
to a setof functions(methods)for manipulatingtheobjectdata. This “methods”have thesame
interfacefor all kind of objects,but, of course,theimplementationis differentfor differenttypes
of objects.For compoundobjects,themethodsareimplementedin compound.c, for surfaces
in surface.c. Someexamplesof methods:ray-objectintersectiontesting,requestinga list of
constitutinggeometries(for acompoundobject),. . .

� A boundingbox (typeBOUNDINGBOX, seebounds.h).

� A pointertodatafor thegeometrythatarespecificfor agivenrenderingalgorithm.Whenyouneed
to associatespecificdatawith ageometryin your renderingalgorithm,youallocatespacefor this
dataandfill in thispointerfor eachgeometryin thescenewheninitialising youralgorithm.When
terminating,you needto disposeof theallocatedstorageandsetthepointerto NULL again.The
pointeris initialisedtoNULL whenreadingin ascene.(seealsoradiance.h or theexamplein
theHURA/ sub-directory).

2.3 COMPOUNDs

Theobjectspecificdatafor a compoundobjectis nothingelsethana pointerto a linear list containing
theconstitutingGEOMetries.Theseconstitutinggeometriesmaybesurfacesor againcompoundobjects,
soyoucanbuild ahierarchicalrepresentationof your scene.

2.4 SURFACEs

Besidesanidentificationnumber, usefulfor debugging,aSURFACE structcontains:

� aMATERIAL *material pointerto thematerialdescriptionof theobject;

� a linearlist VECTORLIST *points of coordinatesof patchvertices;

� a linearlist VECTORLIST *normals of vertex normalvectors;

� a linearlist VERTEXLIST *vertices of vertex descriptions(see� 2.5);

� a linearlist PATCHLIST *faces of thepatchesthattogethermake up thesurface(see� 2.6).

2.5 Vertices: the VERTEX type

For eachvertex of apatch,thefollowing informationis kept(vertex.h):
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� a pointerVECTOR *point to the vertex coordinates.Coordinatescan be sharedby several
vertices.Westorethecoordinatesonly oncefor saving storage.It is alsomoreefficientto compare
a pointerto the coordinatesthanto comparethe coordinatesthemselves if you want to know if
two verticeshave thesamecoordinates;

� a pointerVECTOR *normal to the vertex normal if specifiedin the input file, or NULL if no
vertex normalwasspecified;

� a linear list PATCHLIST *patches of patchessharingthe vertex. Useful for computinga
vertex color astheaveragecolor of thepatchessharingthevertex for smoothshadinge.g.;

� acolor (RGB type)to renderthevertex whenusingGouraudinterpolation.Thiscolor needsto be
computedandfilled in theVERTEX structuresby your renderingalgorithmif youwantto usethe
existing routinesfor smoothshadedrenderingwith graphicshardware;

� a pointerto renderingalgorithmspecificdataattachedto thevertex. This pointeris initialisedto
NULL whenreadinga sceneandneedsto besetto NULL againafteryou disposeof thedatayou
attachedto thevertex whenyour renderingalgorithmis terminated.It is usedin thesameway as
renderingalgorithmspecificdatafor GEOMetries.

2.6 Faces:the PATCH type

Thisvery crucialdatatype,declaredin patch type.h, containsbesidessomelessimportantthings:

� anID-numberfor debuggingandID-rendering;

� anarrayVERTEX *vertex[PATCHMAXVERTICES]of PATCHMAXVERTICES (=4)pointers
to theverticesof thepatch(lastpointeris aNULL pointerfor triangles);

� thenumberof vertices(3 or 4);

� a back-pointerSURFACE *surface to thesurfaceto which thepatchbelongs.Useful to find
thematerialcharacteristicse.g.;

� aboundingbox: this is aNULL pointeruntil aboundingbox is neededthefirst time;

� patchplanenormalandplaneconstant,midpoint,index of dominantnormalcomponent,jacobian
of parametertransform,. . .

� acolorRGB color: to befilled in by yourrenderingalgorithmin orderto usegraphicshardware
for renderingyour results;

� a pointer to renderingalgorithmspecificdatafor the patch,usedin the sameway asvertex or
geometryspecificdataradiance.h;

� . . .

2.7 Materials: the MATERIAL type

Besidesa namefor the materialand an indication whetheror not to considersurfacesof the given
materialastwo-sidedor one-sidedsurface,theMATERIAL typecontainspointersto two functionsthat
modeltheopticalcharacteristicsof thesurface:
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� Emittance Distribution Function: only definedfor light sources.Determineshow intenselight
is emittedby a light sourceasa functionof direction;

� Bidir ectional Scattering Distribution Function: describeshow light is scattered(reflectedor
broken)atagivensurface.

ThecorrespondingdatatypesEDF (edf.h) andBSDF (bsdf.h) arebaseclassesin thesameway as
GEOM is abaseclassfor COMPOUND andSURFACE. Thesebaseclassstructsbasicallycontainapointer
to instancedataandto methodsto operateon thedata.

2.7.1 Material data

TheEDF/BSDFrepresentationdependson theinput file format(MGF or VRML).
MGF supportsonly a diffuseEDF andPhong-like reflectionandrefraction.TheBSDFconsistsof

separatedatafor reflectionandrefraction(splitbsdf.[ch]):

� BidirectionalReflectanceDistribution Function: describeshow intenselight comingfrom a first
directionis beingreflectedinto aseconddirection.Only definedfor reflective materials;

� BidirectionalTransmittanceDistribution Function: describeshow intenseincident light from a
givenfirst directionis beingtransmittedinto aseconddirection(pointinginto theothersideof the
material).Only definedfor transparentmaterials;

AlsoBRDF (brdf.h) andBTDF (btdf.h) arebaseclasses,similar toBSDF . . . . Theimplementation
of thePhong-like BR/TDF canbefoundin phong.c.

VRML’97 is beingextendedwith a very flexible andgeneralEDF andBSDFmodel,extendingthe
simpleOpenGL-like materialmodelthatis availablein thestandard.Therepresentationof thismaterial
modelis not a partof RenderPark, but is kept in a separatelibrary. Theinterfaceto this library canbe
foundin readvrml.C andPhBRML.C.

2.7.2 Material methods

Besidesroutinesfor creating,printing,duplicatinganddestroying materialdata,themainEDFmethods
are:

� Evaluationof theEDF for a givenpoint in spaceand(outgoing)direction;

� Samplingof aoutgoingdirectionatagivenpoint. Besidesthesampleddirection,alsotheprobab-
ility densityof generatingthedirectionis returned.

� Computationof emittance: theintegralof EDFtimescosinew.r.t. thesurfacenormalover thefull
hemisphereata givenpointon asurfacein thescene.

A distinctionis madebetweendiffuse,directionaldiffuse(glossy)andspecularemission.
ThemainBSDFmethodsare:

� Evaluationof the BSDF at a given point of a surfaceof the sceneandfor given incomingand
outgoingdirections;

� Samplingof a outgoingdirection for given incoming direction at a given point. Besidesthe
sampledoutgoingdirection,alsotheprobabilitydensityof generatingthedirectionis required;

� Computationof the albedo: the integral over all outgoingdirectionsof the BSDF for given in-
comingdirectionatagivenpoint;
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� Computationof therefractionindex atagivenpoint ona transparantsurface.

In theformerthreeroutines,a restrictioncanbemadeto any combinationof

� reflectionor refraction;

� diffuseor directionaldiffuse(glossy)or specularcomponent.

A restrictionto only emission,reflectionor refractionin any of the threeglossinessrangesis needed
for multipassmethods.A radiosityalgorithmwill computeonly diffuse illumination components.A
secondpassraytracingmethodwill addtheglossyandspecularcomponent.The“glossy” component
canbecomputedandstoredwith radiosity-like algorithmsbut theborderbetweenglossyandspecular
is furthermorearbitrary. (Finite-elementmethodsfor directionaldiffuseenvironmentshavenotyetbeen
implementedin RenderPark.)

The implementationof thesemethodsis in phong.c for themodifiedPhongmodelin MGF, and
in theVRML library for VRML’97. Theinterfaceto theVRML materiallibrary is in PhBRML.C.
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Chapter 3

Radiancemethods

This sectiondescribesthe actual implementationin RenderPark of world-spacebasedrenderingal-
gorithms.

3.1 The radiancemethodsinterface

All world-spacebasedrenderingalgorithmsprovide animplementationof theinterfacedefinedin ra-
diance.h. Themainelementsof this interfaceare:

� nameof theworld-spacebasedrenderingalgorithmandotherdatafor userinterfacebuttonsand
commandline options;

� a routinethatinitialisesglobalvariablesof thealgorithmto a default value.This routineis called
onceduring initialisation of RenderPark, beforeloadingscenesandbeforethe userinterfaceis
created;

� a routineto parseandto print commandline optionsfor thealgorithm;

� aroutinethatinitialisesthealgorithmwheneveranew sceneis loadedor whentheuserselectsthe
renderingalgorithmfor analreadyloadedscene:for instance,initialisationof radiositydatafor
eachpatchin thescene;

� a routine to perform onestepof the computations,for instanceone iterationof a radiosityal-
gorithm;

� a routineto terminatethecomputationswith thealgorithmon thegivenscene.This routinefrees
all memorythatwasexplicitely allocatedin theinitialisationroutineor duringthecomputations;

� aroutinereturningtheradianceemittedatagivenpointonagivenpatchandinto agivendirection
(for multipassmethodsor ray-castingof theresultfor instance);

� optionalroutinesto allocatememoryfor algorithm-specificdatato beassociatedwith eachpatch
in thescene,to print this data,andto freethis memory. Theallocationroutineis calledfor every
patchin thescenebeforetheinitialisationroutineis calledwhenloadinganew scene,or selecting
the algorithmfor renderingan alreadyloadedscene.Theseroutinesarenot required: thesame
work couldbedoneby theinitialisation/termination routines,but they aresometimesconvenient;

� routinesfor creating,destroying anddisplayinga control panelfor the renderingalgorithm, in
orderto let theusersetoptionsandparametersof thealgorithm;
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� a routinethatshows a panelwith statisticsinformationabouta run of thealgorithm,for instance
computationtime,memoryusage,. . . ;

� a optional routine to renderthe sceneif the default hardware-basedrenderingroutine is not
sufficient. If this routine is not implemented,default hardware-basedrendering(render.c,
rendercommon.c) is used.Thedefault renderingroutineexpectsthatadisplayRGBcolouris
filled in for everypatchandvertex in thescene.A radiositymethodfor instancewill computeand
fill in thesecolourvaluesandusethedefault renderingroutinefor displayof theresult;

� a routineto recomputedisplayRGBcoloursof verticesandpatchesafterfor instanceachangeof
thegammacorrectionparameterin themonitorcalibrationpanel;

� a routine that allows the renderingalgorithm to reacton a changeof materialcharacteristics,
currentlyunused;

� anoptionalroutineto save theresultof thecomputationsin aVRML’97 file. This routineis only
neededif thedefault VRML’97 saving routine(writevrml.c) is not sufficient. In general,a
renderingalgorithmwill needbothits own displayroutineandVRML saving routine,or noneof
both.
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Chapter 4

Raytracing methods

4.1 Adding a ray tracing method

struct RAYTRACINGMETHOD : (raytracing.h)Provide a numberof functionsanddatafor a new
raytracingmethod.

� Variables

– char *shortName: Shortnamefor theraytracingmethod,for useasargumentof raytracing
commandline option.

– int nameAbbrev: how shortcantheshortnamebeabbreviated?*/

– char *fullName : Full nameof theraytracingmethod.

– char *buttonName: Namefor thebuttonfor activatingthemethodin theraytracingmethod
menu.

� Initialisation & Termination

– void (*Defaults)(void): Functionfor settingdefault valuesetc... Calledonly uponstartup
of RenderPark. Soswitchingbetweenmethodsdoesnot revert to default settings.

– void (*ParseOptions)(int *ar gc,char **ar gv): Functionfor parsingmethodspecificcom-
mandline options.

– void (*PrintOptions)(FILE *fp) : Functionfor printing methodspecificcommandline op-
tions

– void (*Initialize)(v oid): Initializes the currentscenefor raytracingcomputations.Called
whenanew sceneis loadedor whenselectingaparticularraytracingalgorithm.

– void (*Terminate)(void): Terminateraytracingcomputations.Freeup any memorythat is
still allocatedfor the method. Calledwhenanotherraytracingmethodbecomesactive or
uponexit.

� Computing an image

– void (*Raytrace)(ImageOutputHandle *ip): Raytracethecurrentsceneasseenwith thecur-
rentcamera.If ’ip’ is notaNULL pointer, write theraytracedimageusingtheimageoutput
handlepointerdto by ’ip’.

– void (*InterruptRayTracing)(void): Interruptsraytracingassoonaspossible.(Normallysets
an’interrupt’ flag)

12



� Imagecontrol

– int (*Redisplay)(void): Redisplayslast raytracedimage. ReturnsFALSE if there is no
previousraytracedimageandTRUE thereis.

– int (*SaveImage)(ImageOutputHandle*ip) : Saveslastraytracedimagein thefile describe
dby theimageoutputhandle.

� User interface

– void (*Cr eateControlPanel)(void *parent widget): Functionfor creatinguserinterface
panelfor interactively settingmethodspecificparametersparentwidget is passedasa void
*. Thetypeishowever’Widget’,but wedon’t wantto includetheXt headerfilesin interface-
independentfiles.

– void (*ShowControlPanel)(void): Show userinterfacecontrol panel. Calledwhen’Con-
trol’ buttonin raytracingmenuis selected.

– void (*HideContr olPanel)(void): Hide userinterfacecontrolpanel

To adda methodprovide a new ’RAYTRACINGMETHOD’ structureandall theneededfunctions
andaddthenew methodto ’raytracing.c’

4.2 Utility classes/functionfor ray tracing

4.2.1 Screeniterator (screeniterate.C/H)

Utility functionsto iterateall pixels in the image. A callbackfunctionmustbeprovided that is called
for every pixel in theimage.Theiteratefunctionsshow resultsonscreen,but do not storetheimage!

Currentavailablefunctions:

void ScreenIterateSequential(SCREENITERATECALLB ACK callback,void *data) Iteratepixels
from top left to bottomright.

ScreenIterateProgressive(SCREENITERATECALLB ACK callback,void *data) ’Progressive’ eval-
uationof pixels.

4.2.2 ClassCPathNode

A pathnodeis onevertex in apath.CPathNodecontainsall necessaryinformationneededfor evaluation
of paths.E.g. hit point, hit surface,normal,bsdfevaluation,incomingdirection,depth,pointerto next
andpreviousnode,. . .

4.2.3 Sampler Classes

Samplerclassesareusedfor building andextendingpaths.Themostimportantfunctionin theseclasses
is ’Sample’whichfills in anew pathnode,possiblydependingonacurrentandpreviouspathnode.

Function:virtual bool Sample(CPathNode *prevNode, CPathNode *thisNode,
CPathNode *newNode, double x 1, double x 2);

All ’Sample’ functionsreturna booleanvaluethat indicatesif thenew nodeis filled in. ’x 1’ and
’x 2’ arerandomnumbersfrom 0.0 to 1.0.

Files: eyesampler.C/H
Thereareanumberof differentsamplersavailable,all with a differentpurpose
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Eyesampler

Samplea point on theeye surface.Currentlya pinholecameramodelis used,sothat this samplerfills
in thepathnodewith theeye point.

Files: eyesampler.C/H

Pixel sampler

Samplearandompointonapixel. Tracearay throughthatpointandfind thenearestintersectionpoint.
Thenew pathnodeis filled in with informationfrom this intersectionpoint.

Files: pixelsampler.C/H

Surfacesamplers

Surfacesamplersfill in thenew pathnodewith apointsomewherein thescenethatis usuallygenerated
by samplingadirectionandtracinga ray from thecurrentpathnodein thatdirection.

Files: bsdfsampler.C/H, specularsampler.C/H

Light sampler

A light samplersamplesacertainpoint on a light source.This is usedfor next eventestimation(Stoch.
Raytracing)andfor generatingstartingpoint for light paths(Bidir. pathtracing).

Files: lightsampler.C/H

Light dir ectionsampler

Thecurrentpathnodeshouldbe on a light source.A directionis chosenan a ray traced.A new path
nodeis filled in with thenew hit point information.

Files: lightdirsampler.C/H

4.2.4 ClassCScreenBuffer

Classfor storingpixel radianceinformation. Method examplesare ’add radiance/fluxto a specified
pixel’, ’ renderthe buffer to screen(converts radianceto rgb)’, ’save buffer asppm or high dynamic
rangetiff ’, . . .

Files: screenbuffer.C/H

4.3 Example: Tracing of a path
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: Path node

Eye sampler

Pixel sampler

Surface sampler

Light sampler

Figure4.1: Exampleof how a pathis tracedandwhich samplersareusedto create/fillin therespective
pathnodes
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