
BIBLIOGRAPHIE

[Ama84] J. Amanatides.Ray tracingwith cones.In SIGGRAPH1984,ComputerGraphics
Proceedings, pages129–135,1984. pages43

[Arb] Lesarbresd’amériquedu nord. http ://www.domtar.com/arbre/photot.htm.pages
21

[ARB90] J. M. Airey, J. H. Rohlf, andF. BrooksJr. Towardsimagerealismwith interactive
updateratesin complex virtual building enviroments.In ComputerGraphics(1990
Symposiumon Interactive3D Graphics), 1990. pages46

[Ber86] P. Bergeron. A generalversionof Crow’s shadow volumes. IEEE ComputerGra-
phicsandApplications, pages17–28,1986. pages42

[Bio] Bionatics.http ://www.bionatics.com.pages10,15,37,38,129

[Bli77] J. F. Blinn. Modelsof light reflectionfor computersynthesizedpictures. In SIG-
GRAPH1977,ComputerGraphicsProceedings, pages192–198,July 1977. pages
51,52

[Bli78] J. F. Blinn. Simulationof wrinkled surfaces.In SIGGRAPH1978,ComputerGra-
phicsProceedings, pages286–292,August1978. pages51

[Bli82] J.F. Blinn. Light reflectionfunctionsfor simulationof cloudsanddustysurfaces.In
SIGGRAPH1982,ComputerGraphicsProceedings, pages21–29,July1982. pages
11,55,56

[BM93] B. G. Becker andN. L. Max. Smoothtransitionsbetweenbump renderingalgo-
rithms. In SIGGRAPH1993,ComputerGraphicsProceedings, pages183–190,Au-
gust1993. pages11,54,55

[BN76] J.F. Blinn andM. E. Newell. Textureandreflectionin computergeneratedimages.
Communicationsof theACM, pages542–547,October1976. pages51

[bot] Plants of university of delaware botanic garden. http ://blue-
hen.ags.udel.edu/udbg/intro_udbg.html. pages21

[Car84] L. Carpenter. The a-buffer, an antialiasedhiddensurfacemethod. In Computer
Graphics(SIGGRAPH’84 Proceedings), pages103–108,1984. pages42

141



142
�

BIBLIOGRAPHIE

[Cat74] E. E. Catmull. A SubdivisionAlgorithmfor ComputerDisplayof CurvedSurfaces.
Ph.d.thesis,Universityof Utah,December1974. pages42,51

[CBL99] C.-F. Chang,G. Bishop,and A. Lastra. LDI tree : A hierarchicalrepresentation
for image-basedrendering.In SIGGRAPH1999,ComputerGraphicsProceedings,
pages291–298,LosAngeles,1999. pages61

[Cec01] E.Cecchet.Apportdesréseauxà capacitéd’adressage pourdesgrappesà mémoire
partagéedistribuéelogicielle - Conceptionet applications. PhD thesis,Thèsede
doctoratdel’Institut NationalPolytechniquedeGrenoble,2001. pages137

[Cha97] C. Chaudy. Modélisationet rendud’images réalistesde paysages naturels. PhD
thesis,UniversitéJosephFourier, 1997. pages10,35,36,58

[CIR] CIRAD. CentredecoopérationInternationaleenRechercheAgronomiquepour le
Développement,AMAP. http ://www.cirad.fr/produits/amap/amap.html. pages10,
24,37,38

[Cla76] J.H. Clark. Hierarchicalgeometricmodelsfor visible surfacealgorithms.Commu-
nicationsof theACM, October1976. pages46

[CMS87] B. Cabral,N. Max, and R. Springmeyer. Bidirectional reflectionfunctionsfrom
surfacebumpmaps. In SIGGRAPH1987,ComputerGraphicsProceedings, pages
273–281,July 1987. pages47,54

[COFHZ98] D. Cohen-Or, G. Fibich,D. Halperin,andE. Zadicario.Conservative visibility and
strongocclusionfor viewspacepartitioningof denselyoccludedscenes.In Compu-
ter GraphicsForum, pages243–253,1998. pages46

[Coo84] R. L. Cook. Shadetrees. In SIGGRAPH1984,ComputerGraphicsProceedings,
pages223–231,July1984. pages34

[COS95] D. Cohen-OrandA. Shaked.Visibility anddead-zonesin digital terrainmaps.Com-
puterGraphicsForum, pagesC/171–C/180,September1995. pages48

[CPC98] R. Cook,T. Porter, andL. Carpenter. Distributedraytracing.In SignificantSeminal
Papers of ComputerGraphics: PioneeringEfforts that shapedtheField, pages77–
86,1998. pages136

[Cro77] F. C. Crow. Shadow algorithmsfor computergraphics.In SIGGRAPH1977,Com-
puterGraphicsProceedings, pages242–248,July 1977. pages42

[CT82] R. L. CookandK. E. Torrance.A reflectancemodelfor computergraphics.ACM
Transactionson Graphics, pages7–24,January1982. pages52

[DDTP00] F. Durand,G. Drettakis,J.Thollot, andC. Puech.Conservative visibility preproces-
singusingextendedprojections.In SIGGRAPH2000,ComputerGraphicsProcee-
dings, pages239–248,2000. pages46

[DHL � 98] O. Deussen,P. Hanrahan,B. Lintermann,R. Mech,M. Pharr, andP. Prusinkiewicz.
Realisticmodelingandrenderingof plantecosystems.In SIGGRAPH1998,Com-
puterGraphicsProceedings, pages275–286,July 1998. pages36

[DHT � 00] P. Debevec,T. Hawkins,C. Tchou,H.-P. Duiker, W. Sarokin,andM. Sagar. Acqui-
ring thereflectancefield of ahumanface.In SIGGRAPH2000,ComputerGraphics
Proceedings, pages145–156,2000. pages129

[Dis] B. Discoe.Virtual terrainproject.http ://www.vterrain.org/index.html. pages71



BIBLIOGRAPHIE 143

[Dis98] J.-M. Dischler. Efficiently renderingmacrogeometricsurfacestructuresusing bi-
directionaltexture functions. In EurographicsWorkshopon Rendering98, pages
169–180,1998. pages11,70

[dREF� 88] P. deReffye, C. Edelin,J.Françon,M. Jaeger, andC. Puech.Plantmodelsfaithful
to botanicalstructureanddevelopment. In SIGGRAPH1988,ComputerGraphics
Proceedings, pages151–158,August1988. pages37

[Dur99] F. Durand.3D Visibility : AnalyticalStudyandApplications. PhDthesis,Universite
JosephFourier, Grenoble,France,July1999. pages46

[DvGNK] K. Dana,B. vanGinneken,S. Nayar, andJ. Koenderink.Columbia-utrechtreflec-
tanceandtexture database.http ://www.cs.columbia.edu/CAVE/curet/.index.html.
pages11,53,54

[DvGNK99] K.J. Dana,B. van Ginneken, S.K. Nayar, and J.J.Koenderink. Reflectanceand
textureof real-world surfaces.ACM TransactionsonGraphics, 18(1):1–34,January
1999. pages11,53,54

[DWS� 97] Mark A. Duchaineau,Murray Wolinsky, David E. Sigeti,Mark C. Miller, Charles
Aldrich, andMark B. Mineev-Weinstein. ROAMing terrain: Real-timeoptimally
adaptingmeshes.In IEEE Visualization’97, 1997. pages40

[Ebe01] David S.Ebert.Simulatingnature: Realisticandinteractive techniques,2001. pages
55

[EKE01] Klaus Engel,Martin Kraus,andThomasErtl. High-quality pre-integratedvolume
renderingusing hardware-acceleratedpixel shading. In Workshopon Graphics
Hardware 2001. Siggraph/Eurographics,August2001. pages69

[FFC82] A. Fournier, D. Fussell,andL. Carpenter. Computerrenderingof stochasticmodels.
Communicationsof theACM, pages371–384,June1982. pages34

[Fou89] A. Fournier. The modelling of naturalphenomena.In Proceedingsof Graphics
Interface’89, pages191–202,June1989. pages35

[Fou92] A. Fournier. Normaldistribution functionsandmultiple surfaces. In GraphicsIn-
terface’92 Workshopon Local Illumination, pages45–52,May 1992. pages130

[FvDFH90] J. D. Foley, A. van Dam, S. K. Feiner, and J. F. Hughes. ComputerGraphics:
PrinciplesandPractices(2ndEdition). AddisonWesley, 1990. pages11,50,51

[GAC� 89] A. S.Glassner, J.Arvo, R. L. Cook,E. Haines,P. Hanrahan,P. Heckbert,andD. B.
Kirk. An Introductionto RayTracing. AcademicPress,London,1989. pages42,
44

[Gad] B. Gadrat. Végétaux et architecture de paysage.
http ://www.designvegetal.com/gadrat. pages21

[GGSC96] S.J.Gortler, R. Grzeszczuk,R. Szeliski,andM.F. Cohen.The lumigraph. In SIG-
GRAPH1996,ComputerGraphicsProceedings, pages43–54,August1996. pages
11,61,62

[GH95] M. GarlandandP. S.Heckbert.Fastpolygonalapproximationof terrainsandheight
fields. Technicalreport,CSDept.,Carnegie Mellon U., September1995. pages40

[GK93] N. GreeneandM. Kass. HierarchicalZ-buffer visibility. In ComputerGraphics
Proceedings,AnnualConferenceSeries,1993, pages231–240,1993. pages42



144� BIBLIOGRAPHIE

[GMN94] J. S. Gondek,G. W. Meyer, andJ. G. Newman. Wavelengthdependentreflectance
functions. In SIGGRAPH1994,ComputerGraphicsProceedings, pages213–220,
July1994. pages53

[Gol97] D. B. Goldman. Fake fur rendering. In SIGGRAPH1997,ComputerGraphics
Proceedings, pages127–134,1997. pages63

[HA90] P. HaeberliandK. Akeley. The accumulationbuffer : Hardwaresupportfor high-
quality rendering. In SIGGRAPH1990,ComputerGraphicsProceedings, pages
309–318,August1990. pages42

[Hai] E. Haines.Raytracingnews guide. pages44,135

[HDKS00] W. Heidrich,K. Daubert,J. Kautz,andH.-P. Seidel. Illuminating micro geometry
basedon precomputedvisibility. In Proceedingsof theComputerGraphicsConfe-
rence2000, pages455–464,July2000. pages11,54,55

[HEB � 01] Greg Humphreys,Matthew Eldridge,IanBuck,GordonStoll, Matthew Everett,and
Pat Hanrahan. Wiregl : A scalablegraphicssystemfor clusters. In SIGGRAPH
1990,ComputerGraphicsProceedings, 2001. pages135

[HH84] P. S. HeckbertandP. Hanrahan.Beamtracingpolygonalobjects. In SIGGRAPH
1984,ComputerGraphicsProceedings, pages119–127,1984. pages43

[Hop96] H. Hoppe. Progressive meshes.In SIGGRAPH1996,ComputerGraphicsProcee-
dings, pages99–108,1996. pages10,39,40

[Hop97] H. Hoppe.View-dependentrefinementof progressive meshes.In SIGGRAPH1997,
ComputerGraphicsProceedings, pages189–198,August1997. pages39

[Hop98] H. Hoppe. Smoothview-dependentlevel-of-detail control and its applicationto
terrainrendering.In ProceedingsIEEEVisualization’98, pages35–42,1998. pages
40

[HS99] W. HeidrichandH.-P. Seidel.Realistic,hardware-acceleratedshadingandlighting.
In SIGGRAPH1999,ComputerGraphicsProceedings, pages171–178,1999. pages
54

[Jak00] A. Jakulin. Interactive vegetationrenderingwith slicing and blending. In Proc.
Eurographics2000(ShortPresentations). Eurographics,August2000. pages68

[Jon71] C.B. Jones.A new approachto the‘hiddenline’ problem.ComputerJournal, pages
232–237,August1971. pages46

[JW89] D. JevansandB. Wyvill. Adaptivevoxel subdivision for ray tracing.In Proceedings
of GraphicsInterface’89, pages164–172,June1989. pages44

[Kaj85] J. T. Kajiya. Anisotropicreflectionmodels. In SIGGRAPH1985,ComputerGra-
phicsProceedings, pages15–21,July1985. pages41,52

[KCR98] P. T. Koch,E. Cecchet,andX. Ronssetde Pina. Global managementof coherent
sharedmemoryon anSCI cluster. In Proc. of theEuropeanMultimedia,Multipro-
cessorSystemsandElectronic CommerceConference(SCIEurope’98), September
1998. pages138

[KHCR99] P. T. Koch, J. S. Hansen,E. Cecchet,andX. Ronssetde Pina. SciOS: An SCI-
basedsoftwaredistributedsharedmemory. In Proc.of the1stWorkshoponSoftware
DistributedSharedMemory(WSDSM’99), June1999. pages137



BIBLIOGRAPHIE 145

[KK89] J. T. Kajiya andT. L. Kay. Renderingfur with threedimensionaltextures. In SIG-
GRAPH1989,ComputerGraphicsProceedings, pages271–280,July 1989. pages
11,56,63,64

[KN01] T.-Y. Kim andU. Neumann.Opacityshadow maps.In EurographicsWorkshopon
Rendering2001, July2001. pages47

[KS01] J. KautzandH.-P. Seidel. Hardwareaccelerateddisplacementmappingfor image
basedrendering.In GraphicsInterface, May 2001. pages69

[LD] Lintermannand Deussen. Xfrog. http ://www.xfrogdownloads.com/.
pages15,37,129

[Len00] J. E. Lengyel. Real-timefur. In EurographicsWorkshopon Rendering2000, June
2000. pages68

[Lew94] R.R.Lewis. Makingshadersmorephysicallyplausible.ComputerGraphicsForum,
pages109–120,June1994. pages52

[LH96] M. Levoy andP. Hanrahan.Light field rendering.In SIGGRAPH1996,Computer
GraphicsProceedings, pages31–42,August1996. pages11,61,62

[Lin68] A. Lindenmayer. Mathematicalmodelsfor cellularinteractionsin development,I &
II. Journalof Theoretical Biology, pages280–315,1968.
Lindenmayer’s original articlesonL-Systems.pages36

[LKR � 96] P. Lindstrom,D. Koller, W. Ribarsky, L.Hodges,N. Faust,andG. Turner. Real-time
continuouslevel of detailrenderingof heightfields. In SIGGRAPH1996,Computer
GraphicsProceedings, pages109–118,1996. pages10,40,45

[LL94] P. LacrouteandM. Levoy. Fastvolumerenderingusingashear-warpfactorizationof
theviewing transformation.In SIGGRAPH1994,ComputerGraphicsProceedings,
pages451–458,July 1994. pages66

[LPFH01] J. Lengyel,E. Praun,A. Finkelstein,andH. Hoppe. Real-timefur over arbitrary
surfaces. In ACM 2001Symposiumon Interactive3D Graphics, USA, Mar 2001.
pages11,68

[LV00] T. Lokovic and E. Veach. Deepshadow maps. In SIGGRAPH2000,Computer
GraphicsProceedings, pages385–392,2000. pages47

[LW85] M. Levoy andT. Whitted.Theuseof pointsasadisplayprimitive. Technicalreport,
ComputerScienceDepartment,Universityof North Carolinaat ChapelHill, 1985.
pages59

[Man78] B. Mandelbrot.Fractals: Form,chance, anddimension. W. H. Freeman,New York,
1978. pages34

[Max88] N.L. Max. Horizon mapping: shadows for bump-mappedsurfaces. The Visual
Computer, pages109–117,July1988. pages10,47,48,108,110

[Max96] N. Max. Hierarchicalrenderingof treesfrom precomputedmulti-layerZ-buffers. In
EurographicsRenderingWorkshop1996, pages165–174.Eurographics,June1996.
ISBN 3-211-82883-4.pages61,63

[MB95] L. McMillan andG. Bishop. Plenopticmodeling: An image-basedrenderingsys-
tem. In SIGGRAPH1995,ComputerGraphicsProceedings, pages39–46,August
1995. pages61



146� BIBLIOGRAPHIE

[MC01] A. Meyer and E. Cecchet. Stingray: Conetracing using a software dsm for sci
clusters. In Third IEEE International Conferenceon Cluster Computing,, 2001.
pages96,135

[McC00] M. D. McCool. Shadow volumereconstructionfrom depthmaps.In ACM Transac-
tionson Graphics, pages1–26,2000. pages42

[MDK99] N. Max, O. Deussen,and B. Keating. Hierarchicalimage-basedrenderingusing
texturemappinghardware. In EurographicsWorkshopon Rendering99, pages57–
62,1999. pages61,63,77

[Met] Metacreations.Bryce. http ://www.metacreations.com/products/bryce4/. pages34

[Mil86] G. S.P. Miller. Thedefinitionandrenderingof terrainmaps.In SIGGRAPH1986,
ComputerGraphicsProceedings, pages39–48,August1986. pages34

[Mil88] G.S.P. Miller. From wire-framesto furry animals. In Proceedingsof Graphics
Interface’88, pages138–145,June1988. pages11,56

[MKM89] F. KentonMusgrave, Craig E. Kolb, andRobertS. Mace. The synthesisandren-
deringof erodedfractalterrains.In SIGGRAPH1989,ComputerGraphicsProcee-
dings, pages41–50,July1989. pages10,34,35

[MN98] A. MeyerandF. Neyret. Interactive volumetrictextures.In EurographicsWorkshop
onRendering1998, pages157–168,June1998. pages11,66,67,68

[MN00] A. Meyer andF. Neyret. Multiscaleshadersfor the efficient realisticrenderingof
pine-trees.In GraphicsInterface, May 2000. pages6, 73

[MNP01] A. Meyer, F. Neyret, andP. Poulin. Interactive renderingof treeswith shadingand
shadows. In EurographicsWorkshopon Rendering, Jul 2001. pages7, 99

[MO95] N. Max and K. Ohsaki. Renderingtreesfrom precomputedZ-buffer views. In
EurographicsWorkshopon Rendering1995, June1995. pages61,63

[MRP98] G.S.P. Miller, S. Rubin, andD. Ponceleon. Lazy decompressionof surfacelight
fields for precomputedglobal illumination. EurographicsWorkshopon Rendering
1998, pages281–292,June1998. pages61

[MZG01] J. van BaarM. Zwicker, H. PfisterandM. Gross. Surfacesplatting. In Computer
Graphics(SIGGRAPH’01 Proceedings), August2001. pages59

[NC99] F. Neyret andM.P. Cani. Pattern-basedtexturing revisited. In SIGGRAPH1999,
ComputerGraphicsProceedings, pages235–242,August1999. pages11,68

[Ney95] F. Neyret. A generalandmultiscalemethodfor volumetric textures. In Graphics
Interface’95Proceedings, pages83–91,May 1995. pages63,64

[Ney96] F. Neyret. Synthesizingverdantlandscapesusingvolumetrictextures. In Eurogra-
phicsWorkshoponRendering’96, pages215–224,June1996. pages11,63,64,65,
130

[Ney98] F. Neyret. Modelinganimatingandrenderingcomplex scenesusingvolumetrictex-
tures. IEEE Transactionson VisualizationandComputerGraphics, January1998.
pages63,64

[Nom95] T. Noma. Bridging betweensurface renderingand volume renderingfor multi-
resolutiondisplay. In EurographicsWorkshopon Rendering1995, pages31–40,
June1995. pages65



BIBLIOGRAPHIE 147

[OBM00] M.M. Oliveira, G. Bishop,and D. McAllister. Relief texture mapping. In SIG-
GRAPH2000,ComputerGraphicsProceedings, ComputerGraphicsProceedings,
July2000. pages61

[ON94] M. OrenandS. K. Nayar. Generalizationof lambert’s reflectancemodel. In SIG-
GRAPH1994,ComputerGraphicsProceedings, pages239–246,July 1994. pages
52

[PC01] Franky PerbetandM.-P. Cani. Animatingprairiesin real-time.In ACM Symposium
on Interactive3D Graphics, USA, Mar 2001. pages41

[PCD� 97] K. Pulli, M. Cohen,T. Duchamp,H. Hoppe,L. Shapiro,andW. Stuetzle. View-
basedrendering: Visualizingreal objectsfrom scannedrangeandcolor data. In
EurographicsWorkshopon Rendering97, pages23–34,June1997. pages60

[PF90] P. PoulinandA. Fournier. A modelfor anisotropicreflection.In SIGGRAPH1990,
ComputerGraphicsProceedings, pages273–282,August1990. pages11,52, 53,
56

[PG01] M. Pauly andM. Gross. Spectralprocessingof point-sampledgeometry. In SIG-
GRAPH2001,ComputerGraphicsProceedings, August2001. pages59

[PH96] M. PharrandP. Hanrahan.Geometrycachingfor ray-tracingdisplacementmaps.In
EurographicsRenderingWorkshop1996, pages31–40,1996. pages45

[PHL91] J. W. Patterson,S. G. Hoggar, and J. R. Logie. Inversedisplacementmapping.
ComputerGraphicsForum, 10(2):129–139,June1991. pages45

[PJM94] P. Prusinkiewicz, M. James,andR. Měch. Synthetictopiary. In SIGGRAPH1994,
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Thèsededoctoratensciencesdel’Uni versitéJosephFourier

Représentationsd’arbr es
réalisteset efficaces

pour la synthèsed’imagesdepaysages

AlexandreMeyer

Résumé: Cettethèse,situéedansle cadrede la synthèsed’imagesde paysages,estconsacréeà des
représentationsd’arbresadaptéessoit au rendude haute-qualité,soit au rendutempsréel.Les techniques
demodélisationd’arbresdonnentà cejour debonsrésultatsentermesdediversitéd’espèceset deformes
représentables.Cependant,leur représentationgéométriquenécessiteunemultitudedepolygonesreprésen-
tantdesdétailsfins,sourced’un coûtdecalculimportantetdegrosproblèmesd’aliassagelorsdurendude
l’image.Pourtant,la constructiondeniveauxdedétailsparsimplificationdemaillagenepeuts’appliquerà
un arbresansenmodifier l’opacitéet l’illumination globale,à causedu caractèredisparateet noncontinu
du feuillage.En suivant l’idée dereprésenterun ensembledeprimitives(feuillesou branches)parpaquet
intégrantlesaspectsgéométriqueset photométriques,nousavonsconçudeuxnouvellesreprésentations.

La première,destinéeaurenduhaute-qualité,estbaséesur le calculanalytiquedu modèled’illumina-
tion globald’unegéométriereprésentantun rameaud’aiguillesde conifère.En nousservantdesconnais-
sancesapriori concernantla distributiongéométriquedesaiguilles,nousavonsmis aupointunehiérarchie
detroisshaderscapablesdereprésenterà uneéchelledonnéeleseffetscumulésdesniveauxplusfins,sans
avoir à leséchantillonner, et entenantcomptedel’auto-ombrageetdela visibilité. Le caractèreanalytique
decesshaderspermetà la fois d’accélérerconsidérablementlestempsdecalculetd’obtenirdesimagesde
qualité,enparticulieravectrèspeud’aliassage.

La deuxième,destinéeau rendutempsréel, secomposed’une hiérarchied’imagescorrespondantà
l’échantillonnagedesdirectionsdevueet delumière,quenousaffichonsà l’aide debillboardseninterpo-
lant les images.Nousy associonsunestructuredevisibilité pré-calculée,baséesurdescubesdevisibilité,
pourtraiterl’auto-ombrageetl’ombrageentempsinteractif.Notreimplémentationpermetl’affichageinter-
actif d’uneforêt de1000arbresavecillumination, auto-ombrage,ombrage,et avecpossibilitédedéplacer
interactivementla sourcedelumière.

Mots-Clés : Synthèsed’Images,ScènesNaturelles,Modèlesd’Illumination, Lancerde Rayons,Ni-
veauxdeDétails,RenduTempsRéel,Réalisme,Visibilité, Ombrage.

Abstract : This PhD thesisis dedicatedto the representationof treesfor high quality or real time
landscapesrendering.Techniquesof treemodelinggive goodresultsin termsof diversity of speciesand
shapes.However, themultitudeof polygonsof theirgeometricalrepresentationsgeneratesahighcomputing
costandimportantproblemsof aliasingatrendering.Meshsimplificationin orderto build levelsof detailsis
notadaptedto treessinceit altersglobalilluminationandopacity, becauseof thediscontinuousrepartitionof
theleaves.With theideaof representinggroupsof primitives(leavesor branches)usingpacketscombining
geometricandphotometricappearance,we have introducedtwo new representations.

The first, intendedto high quality rendering,is basedon the analyticcomputationof the global illu-
minationmodelof a geometricbranchof needles.By usingthe knowledgeof the geometricdistribution
of needles,we computedanalyticallya hierarchyof threeshaders ableto representeffect of lower levels,
withoutsamplingandwith self-shadowing andvisibility. Theanalyticaspectof theseshadersallows in the
sametime theaccelerationof computingtime andgoodimagequality, particularlywith little aliasing.

Thesecond,intendedto realtimerendering,is basedonhierarchicalsetsof imagescorrespondingto the
samplingof view andlight directions,whichwerenderusingbillboardsby interpolingimages.Weassociate
a precomputedvisibility structure,basedon visibility cubesmaps,for self-shadowing andshadows. Our
implementationallows the interactive renderingof a forest of 1000 treeswith shading,self-shadowing,
shadowing andthecapabilityof moving light positioninteractively.

Key words : ComputerGraphics,NaturalScenes,Shaders,Ray-tracing,Levelsof Details,Real-Time
Rendering,Realism,Visibility, Shadowing.


