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Intr oduction

This documentdescribeshowv the Render Par k sourcecodeis structured. It is meantasa starting
point for peoplewho wish to useRender Par k asa referenceor their own implementationspr who

considerto implementnew (or old) renderingalgorithms,usingthe large collectionof “tools” thatare
offeredin Render Par k. Render Par k containsalargenumberof recentlyandlessrecentlyproposed
renderingalgorithms.The sourcecodestructurereflectsthattheserenderingalgorithmsareall built on

top of a numberof basicbuilding blocksthatarecommonfor mary algorithms.An exampleof sucha

basicbuilding blockis for instancehetracingof arayin orderto determingo nearesintersectiorpoint

alongtheray with the surfacesof thescene.

Why is collaboratingn a projectlike Render Par k interesting?

e Sharingwork is saving work: you don't have to do everythingyourselfasa lot thingsyou need
arealreadythere,it is goodfor thequality of theimplementationsallows to testeachotherswork,
it is animpulseto provide documentatior{so otherscanuseyour work), leadsto more careful
design,a moreefficientimplementatiorof a commonsubtaskis adwvantageousor all algorithms
thatarebuilt ontop of this subtaske.g.ray-tracingacceleratiorschemes),..;

¢ It makesa fair comparisorof renderingalgorithmspossiblesinceall algorithmsarebuilt upona
common‘tool box” andusethe samecorventions. ..

e It makesinterestingdemonstrations;

e Render Par k is aprototyperenderingengine thatshouldbe easyto tunefor a particularapplic-
ation,andit canbe areferencamplementatiorfor your renderingalgorithms;

¢ It'sgoodpublicity for your work andwill bebetterpublicity asmorepeopleuseit;

Render Par k is madeby globalillumination researcherandis alsomainly tamgeted but notrestricted,
to researcherm this exciting field.

Thisdocumentontaingwo parts:first a partdescribingvhatcanbefoundin which sourcefile (§1),
next a partdescribingthe maindatastructureq§2). Section3 and4 presenthe actualimplementation
of renderingalgorithms.



Chapter 1

Source codestructur e

1.1

Main dir ectory

Seefigure 1.1. Themaindirectorybasicallycontains:

themainprogram(mai n. c);

routinesfor readingMaG- andVRM.’ 97 scenegnai n, readngf, readvrm , PhBRM),
building a scenedatastructureandauxiliary structuregsee§?2), saving animagein PPMor Tl FF
format, saving the “illuminated” scenemodelafter radiosity computationsn VRM.' 97 format
(Wwitevrm)...

everything of the graphicaluserinterface that doesnot concernspecificrenderingalgorithms
(ui *, X/Motif simplifiedwith a smalluserinterfacetoolkit in ui t );

driversfor graphicshardware (OpenGL,IrisGL andstarbase)manipulationof thevirtual camera
usingthe mouse objectselection(to updatematerialpropertiese.g.),...(r ender, render -
common, canvas, canera, ...). Renderingalgorithmsthatusegraphicshardware for
visualisationof the resultshallfill in the colourto be usedfor eachpatchor vertex in the patch
andvertex datastructureghatareoffered(vert ex_t ype. h, pat ch_type. h);

monitor calibration(to setmonitor white point, gammacorrection,and brightnessadjustment)
andtonemapping(col or. c, eye. c);

commandine option processingopt i ons. *), batchand offscreenrendering(bat ch), Inter
ProcesCommunicatiorcontrol (i pc);

a“tool box” for renderingalgorithms:

ray-objectintersectiorroutineglgeom grid, patch, shaftculling, shadow
cachi ng);

numericalintegrationonthesquaretriangle,3D cube(cubat ur e);

ID-rendering determinatiorof directlyrecevedvisualpotential(r ender, potenti al ),
uniform andcos 8 samplingof sphericakriangles(spheri cal ), or patchegpat ch)
KD-trees,transforms|ine-planeandline-line intersectionrcomputation, . . ;

hooksfor renderingalgorithms:we make a distinctionbetweemixel-basedenderingalgorithms
(suchasstochasticaytracing,r ayt r aci ng)andworld-spacelgorithmssuchasradiosity(r a-
di ance).
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Figurel.1: Filesin theRender Par k maindirectory
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1.2

1.3

subdirectories

DOC/ : documentation;

TOCLS/ : sub-directoryfor smalltestprogramsandtoolsfor e.g. comparingimages.Doesnot
containcodethatis neededo build the Render Par k executable

Auxiliary libraries:

— GDT/ : genericdatatypes(in C, to be superceedeldy C++ sometimesn thefuture);
POOLS/ : memorymanagement;
M3/ : MGF parselibrary;

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

BREP/ : BoundaryREPresentatibrary;
— QVIC/ : low-discrepang (quasi-MonteCarlo) numbergenerators;

— SE/ : containsply file formatlibrary + simplify programneededor meshdecimationin
densityesitmation.

— | MACGE: Imageoutputin PPMor TIFF format.

Actualimplementatiorof renderingalgorithms:

— GALERKI N : Galerkinradiosity;

— MCRAD/ : MonteCarloradiosity: HierarchicaWDRS,RandomValk RadiosityandStochastic

RayRadiosity;
RAYTRACI NG : ray-castingglassicalandstochasticaytracing;
DEST/ : DensityEstimation(contribtutedby Olivié CeulemansUCL/KUL Belgium);

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

Therule is that subdirectoriezanusedatastructuresandglobal variablesfrom their parentdir-
ectory but notvice versa,exceptfor the auxiliary librariessuchasGDT andPOOLS.

Adding a newrendering algorithm

First decidewhat classyour renderingalgorithm belongsto: world-spaceor pixel-based.This
determinesvhatroutines(“methods”)you have to implementin orderto hookup your algorithm
in theRender Par k programandhow it will fit in theuserinterface.Suppose/ouwantto adda
world-spacealgorithm(addinga pixel-basedalgorithmis similar);

male a separatesub-directoryfor your algorithmandcopy the (template)files in the HURA sub-
directory Changethename’hura’ to somethingpf your own;

adda pointerto your renderingalgorithmhandleto the table of supportedalgorithmsin r adi -
ance. c. If youwantto adda pixel-drivenalgorithm,updater ayt r aci ng. c;

changethe Makefile in orderto compileandlink you codeaswell whenyou do 'make’ in the
maindirectory;

of coursejmplementthe methodgdefinedin r adi ance. h orraytraci ng. h.



Chapter 2

Data structur es

2.1 The scenedata structure

Scenearerepresentedsingthefollowing datastructuresandglobalvariablesdeclaredn scene. h):

e A linearlist of materialdescriptions:
MATERI ALLI ST *Material Lib
The type MATERI ALLI ST represents linear list of materialdescriptionsMATERI AL andis
declaredn mat eri al I i st. h. Thetype MATERI AL is declaredn mat eri al . h. Seealso
below, §2.7.

e A linearlist of geometries:
GEOWLI ST *Worl d
The type GEOWMLI ST (geom i st . h) is alinear list of GEOM structureggeomt ype. h). A
GEOMstructurerepresentsll informationabouta geometry(object),see§2.2.

e A coupleof datastructureslerived from the abore whenreadingin anew scene:

— PATCHLI ST *Pat ches: linearlist of all patchesnakinguptogetheithewholescene;

— GEOM *C ust er edWor | dGeom hierarchicalscenerepresentationvith an automatic-
ally generate@ndmostoftenbetterhierarchyof boundingboxes;

— GRI D *Wor | dGi d: thescengacledinto avoxel grid for raytracingacceleratiorgr i d).

Lists and other data structuressuch as binary trees, octrees,. . . are derived (using macros,seee.g.
pat chl i st . h)from agenericimplementatiorin the GDT (GenericDataTypes)library.

2.2 The GEOMtype

Therearebasicallytwo typesof geometriesn the program:

¢ COVPOUND objectgconrpound. h: anaggregateobject:basicallyalist of constitutingGEQVEtries,
see§2.3;

e SURFACEs (sur f ace. h): a primitive objects: basicallya list of PATCHes (pat ch. h) that
approximatehe surfaceof someobject,see§2.4;

GEOMshouldbe seenasa superclas®f COMPOUND and SURFACE. The implementationis in C and
not C++ for historicalreasons.We considerreimplementingaverythingin C++, afterredesigninghe



whole scenerepresentatiomlata structure. This hasquite low priority however becausedhe current
implementatiorfulfills our needswell andhasprovento be prettyreliable.
The GEOMstructure(geomt ype. h) contains:

e A pointerto object-specifidata:

2.3

voi d *obj
For compoundbijectsit is apointerto a COMPOUND struct(conpound. h), for asurfaceobject,
it is apointerto a SURFACE struct(sur f ace. h);

A pointerto a GEOMMETHODS struct (geommet hods. h). This structurecontainspointers
to a setof functions(methods)or manipulatingthe objectdata. This “methods”have the same
interfacefor all kind of objects,but, of course theimplementatioris differentfor differenttypes
of objects. For compoundobjects,the methodsareimplementedn conpound. ¢, for surfaces
in sur f ace. c. Someexamplesof methods:ray-objectintersectiontesting,requesting list of

constitutinggeometriegfor acompoundbject),. ..

A boundingbox (type BOUNDI NGBOX, seebounds. h).

A pointerto datafor thegeometnthatarespecificfor agivenrenderingalgorithm.Whenyouneed
to associatespecificdatawith ageometryin your renderingalgorithm,you allocatespacefor this
dataandfill in this pointerfor eachgeometryin thescenewheninitialising youralgorithm.When
terminating,you needto disposeof the allocatedstorageandsetthe pointerto NULL again.The
pointeris initialisedto NULL whenreadingin ascene(seealsor adi ance. h or theexamplein

the HURA/ sub-directory).

COMPOUNDs

The objectspecificdatafor a compoundobjectis nothingelsethana pointerto alinearlist containing
the constitutingGEOMetries. Theseconstitutinggeometriesnay be surfacesor againcompoundbjects,
soyou canbuild a hierarchicakepresentationf your scene.

2.4

SURFACEs

Besidesanidentificationnumbery usefulfor delugging,a SURFACE structcontains:

2.5

aMATERI AL *mat eri al pointerto thematerialdescriptionof the object;
alinearlist VECTORLI ST *poi nt s of coordinate®f patchvertices;
alinearlist VECTORLI ST *nor nmal s of vertex normalvectors;
alinearlist VERTEXLI ST *verti ces of vertex descriptiongsee§2.5);

alinearlist PATCHLI ST *f aces of the patcheghattogethemalke upthesuriace(see§2.6).

Vertices: the VERTEX type

For eachvertex of a patch,thefollowing informationis kept(vert ex. h):



2.6

a pointer VECTOR * poi nt to the vertex coordinates. Coordinatescan be sharedby several
vertices.We storethecoordinate®nly oncefor saving storagelt is alsomoreefficientto compare
a pointerto the coordinateghanto comparethe coordinategshemselesif you wantto know if
two verticeshave the samecoordinates;

a pointerVECTOR *nor mal to the vertex normalif specifiedin the input file, or NULL if no
vertex normalwasspecified;

a linear list PATCHLI ST *pat ches of patchessharingthe vertex. Useful for computinga
vertex color asthe averagecolor of the patchessharingthe vertex for smoothshadinge.g.;

acolor (RGB type)to renderthevertex whenusingGouraudnterpolation.This color needgo be
computedandfilled in the VERTEX structuresy your renderingalgorithmif youwantto usethe
existing routinesfor smoothshadedenderingwith graphicshardware;

a pointerto renderingalgorithmspecificdataattachedo the vertex. This pointeris initialised to
NULL whenreadinga sceneandneeddo be setto NULL againafteryou disposeof the datayou
attachedo the vertex whenyour renderingalgorithmis terminated .t is usedin the sameway as
renderingalgorithmspecificdatafor GEOWVetries.

Faces:the PATCHtype

This very crucialdatatype,declaredn pat ch _t ype. h, containsbesidessomelessimportantthings:

2.7

anl|D-numberfor deluggingandID-rendering;

anarrayVERTEX *vert ex[ PATCHVAXVERTI CES] of PATCHVAXVERTI CES(=4) pointers
to the verticesof the patch(lastpointeris a NULL pointerfor triangles);

thenumberof vertices(3 or 4);

a back-pointefSURFACE * sur f ace to the surfaceto which the patchbelongs.Usefulto find
thematerialcharacteristice.g.;

aboundingbox: thisis aNULL pointeruntil aboundingboxis neededhefirst time;

patchplanenormalandplaneconstantmidpoint,index of dominantnormalcomponentjacobian
of parametetransform,. ..

acolorRGB col or : to befilled in by yourrenderingalgorithmin orderto usegraphicshardware
for renderingyour results;

a pointerto renderingalgorithm specificdatafor the patch,usedin the sameway asvertex or
geometryspecificdatar adi ance. h;

Materials: the MATERI AL type

Besidesa namefor the materialand an indication whetheror not to considersurfacesof the given
materialastwo-sidedor one-sidedsurface,the MATERI AL type containspointersto two functionsthat
modelthe optical characteristicef the surface:



e Emittance Distrib ution Function: only definedfor light sources Determineshow intenselight
is emittedby alight sourceasa function of direction;

e Bidir ectional Scattering Distrib ution Function: describeshow light is scatteredreflectedor
broken)ata givensurface.

ThecorrespondinglatatypeseDF (edf . h) andBSDF (bsdf . h) arebaseclassesn the sameway as
CEOMis abaseclassfor COMPOUND and SURFACE. Thesebaseclassstructsbasicallycontaina pointer
to instancedataandto methodgo operateon thedata.

2.7.1 Material data

The EDF/BSDFrepresentatiodepend®ntheinputfile format(MGF or VRML).
MGF supportsonly a difftuse EDF and Phong-lile reflectionandrefraction. The BSDF consistsof
separatelatafor reflectionandrefraction(spl i t bsdf . [ ch] ):

¢ BidirectionalReflectanc®istribution Function describesow intenselight comingfrom afirst
directionis beingreflectednto a secondlirection. Only definedfor reflectve materials;

¢ Bidirectional TransmittanceDistribution Function describeshow intenseincidentlight from a
givenfirst directionis beingtransmittednto asecondlirection(pointinginto the othersideof the
material).Only definedfor transpareniaterials;

Also BRDF (br df . h) andBTDF (bt df . h) arebaseclassessimilarto BSDF .. .. Theimplementation
of the Phong-lile BR/TDF canbefoundin phong. c.

VRML’97 is beingextendedwith a very flexible andgeneraEDF andBSDF model,extendingthe
simpleOpenGL-like materialmodelthatis availablein the standardTherepresentatioof this material
modelis not a partof RenderRrk, but is keptin a separatdibrary. The interfaceto this library canbe
foundinr eadvr m . CandPhBRML. C.

2.7.2 Material methods

Besidegoutinesfor creating printing, duplicatinganddestrging materialdata,themain EDF methods
are:

¢ Evaluationof the EDF for a givenpointin spaceand(outgoing)direction;

e Samplingof a outgoingdirectionatagivenpoint. Besideghesampleddirection,alsothe probab-
ility densityof generatinghedirectionis returned.

¢ Computatiorof emittance theintegral of EDFtimescosinew.r.t. thesurfacenormaloverthefull
hemispherata givenpointon a surfacein thescene.

A distinctionis madebetweerdiffuse,directionaldiffuse (glossy)andspeculaemission.
ThemainBSDF methodsare:

e Evaluationof the BSDF at a given point of a surfaceof the sceneandfor givenincomingand
outgoingdirections;

e Samplingof a outgoingdirection for given incoming direction at a given point. Besidesthe
sampledoutgoingdirection,alsothe probability densityof generatinghedirectionis required;

e Computationof the albedo the integral over all outgoingdirectionsof the BSDF for givenin-
comingdirectionata givenpoint;



e Computatiorof therefractionindex ata givenpointon atransparansurface.
In theformerthreeroutines arestrictioncanbe madeto ary combinationof

e reflectionor refraction
o diffuseor directionaldiffuse(glossy)or specularcomponent.

A restrictionto only emission,reflectionor refractionin ary of the threeglossinessangesis needed
for multipassmethods. A radiosity algorithmwill computeonly diffuseillumination components.A
secondpassraytracingmethodwill addthe glossyandspecularcomponent.The “glossy” component
canbe computedandstoredwith radiosity-like algorithmsbut the borderbetweenglossyandspecular
is furthermorearbitrary (Finite-elemenmethoddor directionaldiffuseenvironmentshave notyetbeen
implementedn RenderR@rk.)

Theimplementatiorof thesemethodss in phong. ¢ for the modified Phongmodelin MGF, and
in theVRML library for VRML'97. Theinterfaceto the VRML materiallibrary is in PhnBRM.. C.



Chapter 3

Radiancemethods

This sectiondescribeghe actualimplementationin RenderRrk of world-spacebasedrenderingal-
gorithms.

3.1

The radiance methodsinterface

All world-spaceébasedenderingalgorithmsprovide animplementatiorof the interfacedefinedin r a-
di ance. h. Themainelementf thisinterfaceare:

nameof the world-spacéasedrenderingalgorithmandotherdatafor userinterfacebuttonsand
commandine options;

aroutinethatinitialisesglobalvariablesof the algorithmto a default value. This routineis called
onceduring initialisation of RenderRrk, beforeloading scenesand beforethe userinterfaceis
created;

aroutineto parseandto print commandine optionsfor the algorithm;

aroutinethatinitialisesthealgorithmwheneer anew scends loadedor whenthe userselectshe
renderingalgorithmfor an alreadyloadedscene:for instancejnitialisation of radiosity datafor
eachpatchin thescene;

a routineto performone stepof the computationsfor instanceone iteration of a radiosity al-
gorithm;

aroutineto terminatethe computationsvith the algorithmon the given scene.This routinefrees
all memorythatwasexplicitely allocatedn theinitialisationroutineor duringthe computations;

aroutinereturningtheradianceemittedata givenpointonagivenpatchandinto agivendirection
(for multipassmethodsor ray-castingof theresultfor instance);

optionalroutinesto allocatememoryfor algorithm-specifialatato be associatedavith eachpatch
in the sceneto print this data,andto free this memory The allocationroutineis calledfor every
patchin thescenebeforetheinitialisationroutineis calledwhenloadinga new scenepr selecting
the algorithmfor renderingan alreadyloadedscene.Theseroutinesare not required: the same
work couldbedoneby theinitialisation/terminéion routines but they aresometimegonvenient;

routinesfor creating,destrying and displayinga control panelfor the renderingalgorithm, in
orderto let the usersetoptionsandparametersf the algorithm;

10



aroutinethatshawvs a panelwith statisticsinformationabouta run of the algorithm,for instance
computatiortime, memoryusage, . . ;

a optional routine to renderthe sceneif the default hardware-basedenderingroutine is not
sufficient. If this routineis not implementeddefault hardware-basedendering(r ender . c,
r ender common. ¢)is used.Thedefault renderingroutineexpectsthata displayRGB colouris
filled in for every patchandvertex in thescene A radiositymethodfor instancewill computeand
fill in thesecolourvaluesandusethe default renderingroutinefor displayof theresult;

aroutineto recomputalisplayRGB coloursof verticesandpatchesfterfor instancea changeof
the gammacorrectionparametein the monitorcalibrationpanel;

a routine that allows the renderingalgorithmto reacton a changeof material characteristics,
currentlyunused;

anoptionalroutineto save theresultof the computationsn aVRML’97 file. Thisroutineis only
neededf the default VRML’97 saving routine(wr i t evr i . c¢) is not suficient. In generala
renderingalgorithmwill needbothits own displayroutineandVRML saving routine,or noneof
both.

11



Chapter 4

Raytracing methods

4.1 Adding aray tracing method

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

e Variables

char *shortName: Shortnamefor theraytracingmethod for useasargumentof raytracing
commandine option.

int nameAbbrev: how shortcanthe shortnamebe abbraiated?*/

char *fullName: Full nameof theraytracingmethod.

char *buttonName: Namefor thebuttonfor activatingthemethodin theraytracingmethod
menu.

e Initialisation & Termination

— void (*Defaults)(void): Functionfor settingdefault valuesetc... Calledonly uponstartup
of RenderRrk. Soswitchingbetweermethodsdoesnot revertto default settings.

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

— void (*PrintOptions)(FILE *fp): Functionfor printing methodspecificcommandine op-
tions

— void (*Initialize)(v oid): Initializes the currentscenefor raytracingcomputations.Called
whenanew scends loadedor whenselectinga particularraytracingalgorithm.

— void (*Terminate)(void): TerminateraytracingcomputationsFreeup ary memorythatis
still allocatedfor the method. Called when anotherraytracingmethodbecomesactive or
uponexit.

e Computing animage

— void (*Raytrace)(ImageOutputHdte *ip): Raytracehe currentsceneasseenwith thecur
rentcameralf 'ip’ isnotaNULL pointer write theraytracedmageusingtheimageoutput
handlepointerdto by 'ip’.

— void (*InterruptRayTacing)(wid): Interruptsraytracingassoonaspossible (Normally sets
an’interrupt’ flag)
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e Imagecontrol

— int (*Redisplay)(wid): Redisplaydast raytracedimage. ReturnsFALSE if thereis no
previousraytracedmageandTRUE thereis.

— int (*Savelmage)(ImageOutputHandle*ip) : Saveslastraytracedmagein thefile describe
dbytheimageoutputhandle.

e Userinterface

— void (*Cr eateContmlPanel)(wid *parent.widget): Functionfor creatinguserinterface
panelfor interactvely settingmethodspecificparameterparentwidgetis passedisa void
*. Thetypeis however'Widget', but we don't wantto includethe Xt headefilesin interface-
independentiles.

— void (*ShowControlPanel)(wid): Shav userinterfacecontrol panel. Calledwhen’Con-
trol’ buttonin raytracingmenuis selected.

— void (*HideContr olPanel)(wid): Hide userinterfacecontrolpanel

To adda methodprovide a nev 'RAYTRACINGMETHOD' structureandall the neededunctions
andaddthenew methodto 'raytracing.c’

4.2 Utility classes/functiorfor ray tracing

4.2.1 Screeniterator (screeniterate.C/H)

Utility functionsto iterateall pixelsin theimage. A callbackfunction mustbe provided thatis called
for every pixel in theimage.Theiteratefunctionsshav resultson screenput do not storetheimage!
Currentavailablefunctions:

void ScreenlterateSequential(SCREENITERAECALLB ACK callback, void *data) Iteratepixels
from top left to bottomright.

ScreenlteratePogressie(SCREENITERATECALLB ACK callback, void *data) 'Progressie’ eval-
uationof pixels.

4.2.2 ClassCPathNode

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

4.2.3 SamplerClasses

Samplerclasseareusedfor building andextendingpaths.The mostimportantfunctionin theseclasses
is 'Sample’whichfills in anew pathnode,possiblydependingon a currentandprevious pathnode.

Function:vi rtual bool Sanpl e(CPat hNode *prevNode, CPat hNode *t hi sNode,
CPat hNode *newNode, double x_1, double x_.2);

All "'Sample’functionsreturna booleanvaluethatindicatesif the nev nodeis filled in. 'x_1" and
'x_2" arerandomnumberdrom 0.0to 1.0.

Files: eyesampleC/H

Therearea numberof differentsamplersvailable,all with a differentpurpose

13



Eye sampler

Samplea point on the eye surface. Currentlya pinholecameramodelis used,sothatthis sampleffills
in the pathnodeawith theeye point.
Files: eyesampleC/H

Pixel sampler

Samplearandompointon apixel. Tracearay throughthatpointandfind the nearestntersectiorpoint.
Thenew pathnodeis filled in with informationfrom this intersectiorpoint.
Files: pixelsamplelC/H

Surfacesamplers

Surfacesamplerdill in thenew pathnodewith a pointsomevherein the scenghatis usuallygenerated
by samplinga directionandtracingaray from the currentpathnodein thatdirection.
Files: bsdfsampleC/H, specularsamplegz/H

Light sampler

A light samplersamplesa certainpointon alight source.Thisis usedfor next eventestimation(Stoch.
Raytracinglandfor generatingstartingpointfor light paths(Bidir. pathtracing).
Files: lightsampleiC/H

Light directionsampler

The currentpathnodeshouldbe on a light source.A directionis choseranaray traced. A newn path
nodeis filled in with the new hit pointinformation.
Files: lightdirsamplelC/H

4.2.4 ClassCScreenBuffer

Classfor storing pixel radianceinformation. Method examplesare 'add radiance/fluxto a specified
pixel’, ' renderthe buffer to screen(corverts radianceto rgh)’, 'save buffer as ppm or high dynamic
rangetiff’, ...

Files: screenbffer.C/H

4.3 Example: Tracing of a path
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Figure4.1: Exampleof how a pathis tracedandwhich samplersareusedto createffillin therespectie
pathnodes
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