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Abstract
Point-BasedSurfacescanbedirectlygeneratedby3D scannersandavoidthegenerationandstorageof anexplicit
topology for a sampledgeometry, which savestimeandstorage spacefor verydenseand large objects,such as
scannedstatuesand other archaeological artefacts[DDGM� ] . We proposea fast processingpipelineof large
point-basedsurfacesfor real-time, appearancepreserving, polygonalrendering. Our goal is to reducethe time
neededbetweena pointsetmadeof hundredof millionssamplesanda highresolutionvisualizationtakingbene�t
of moderngraphicshardware, tunedfor normal mappingof polygons.Our approach starts by an out-of-core
generationof a coarselocal triangulationof theoriginal model.Theresultingcoarsemeshis enrichedbyapplying
a setof mapswhich capture the high frequencyfeaturesof the original data set.We chooseas an examplethe
normalcomponentof samplesfor thesemaps,sincenormalmapsprovideef�ciently anaccuratelocal illumination.
But our approach is alsosuitablefor otherpoint attributessuch ascolor or position(displacementmap).These
mapscomealso from an out-of-core process,using the completeinput data in a streamingprocess.Sampling
issuesof themapsareaddressedusinganef�cient diffusionalgorithmin 2D. Our maincontribution is to directly
handlesuch largeunorganizedpointcloudsthroughthis twopassalgorithm,withoutthetime-consumingmeshing
or parameterizationstep,required by current state-of-the-arthigh resolutionvisualizationmethods.Oneof the
main advantagesis to expressmostof the �ne featurespresentin the original large point cloudsas texturesin
the huge texture memoryusually provided by graphicsdevices,using only a lazy local parameterization.Our
techniquecomesas a complementarytool to high-quality, but costly, out-of-core visualizationsystems.Direct
applicationsare: interactivepreview at high screenresolutionof verydetailedscannedobjectssuch asscanned
statues,inclusionof largepoint cloudsin usualpolygonal3D enginesand3D databasesbrowsing.

1. Intr oduction

Most of thevisualizationsystemsdesignedfor large3D ob-
jects(tensor hundredsof millions samples)arebasedon an
initial mesh.Evenhigh-qualitymultiresolutionsystemssuch
as QSplat[RL00] or the SequentialPoint Trees[DVS03],
regularly mentionedfor their ability to usepoints in order
to displaygiganticmodels,requiresuchaninitial mesh,and
donotdirectlyhandlepoint clouds.In thecaseof very large
scannedobjects(e.g.Digital Michelangelo[LPC� 00]), anon
trivial surfacereconstructionhasthusto beperformed.This
processis very timeconsuming(from hoursto daysof com-
putationon a singleworkstation),andis followed by other
severalexpensivealgorithmsbeforeinteractivedisplayis ac-
tually possible[CGG� 04, GBBK04]. Moreover, in addition
to the point data,a large memoryoverheadis requiredto
storethetopology, which becomeschallengingwhenwork-
ing onstandardworkstations.

It is clearly out of the scopeof this sectionto recall all
the approachesthat have beenproposedin recentyearsto
obtain an interactive visualizationof large objects.Essen-
tially, theseworkscanbeclassi�edaccordingto threediffer-

entprinciples.The�rst one,distributedrendering[WDS04],
has shown its ef�ciency on models reachingone billion
samples.However, thismethodrequiresexpensivehardware
con�gurations (PC clusters)and,sinceit is basedon ray-
tracing, is limited to low resolutionrenderingif an inter-
active framerateis required.The secondone, out-of-core
visualization[Lin03, Tol99], proposesto use somecache
friendly data structures,both for storageand rendering,
which offer ef�cient disk-to-memoryupdatesaccordingto
themodi�cation of viewing parameters.AdaptiveTetra Puz-
zle[CGG� 04] is currentlyoneof themostef�cient systems,
reachingthecompetitive framerateof 60 framespersecond
with the well-known St Matthew model [LPC� 00]. Other
out-of-coremethodshave also focusedon advancedreal-
time renderingeffect, suchasshadows [GBBK04]. Finally,
thelastproposedprincipletriesto (dramatically)reducethe
amountof data,while preservingalmostthe sameappear-
ancefor therenderedobject.In [COM98], thevery innova-
tive ideaof meshsimpli�cation combinedwith simultane-
oustexturegenerationto capturetheunderlyingdetailshas
beenproposed.Multi-resolution approaches,suchas Pro-
gressiveMeshes[Hop96], can also be enhancedby com-
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bining a normalmapwith simpli�ed geometry[SSGH01].
Nowadays,sucha processcanbe directly implementedon
programmableGPU that allow the useof normal mapsto
represent�ne detailswithin a per-pixel shading[TCS03].
But it shouldbenoticedthata completeparameterizationof
themodelhasto beperformedto constructthenormalmap,
which is achallengingtaskfor hugemodels.

Multi-resolution directly on point cloudsis proposedin
the Layered Point Cloud [GM04], as well as an ef�cient
compressionschemein the DuoDecim system[KSW05],
but thesemethodsrequire several hours for processinga
modellike the St Matthew [LPC� 00]. We rathertarget one
orderof magnitudefasterpreprocessing,andwe would like
to take bene�t from polygonal rendering.To our knowl-
edge, the only appearance-preservingsimpli�cation that
doesnotrequireameshingor parameterization,is thePhong
Splatting [BSK04], following [KV03], which usessurfels
[PZvBG00] (usuallyapointwith anormalandacolor)com-
binedwith normalmappingto renderpoint setswith fewer
points but similar appearance.Unfortunately, surfel splat-
ting [ZPvBG01] is not well adaptedto high resolutiondis-
play, andrequirescomplex multi-passrendering,andinten-
siveuseof vertex/fragmentshaders[BSK05]. Moreover, the
techniqueproposedin [BSK04] to encodethenormaldistri-
bution for eachrenderingprimitive performsa stronglow-
pass�ltering, and the intensive useof an underlayingkD-
Treemakesit dif�cult to extendthe techniqueto anout-of-
coreimplementation.

In thispaper, weproposeageneralpipelinefor converting
alargepointsetinto acoarsepolygonalmeshwith highreso-
lution normalmaps,which is exactly thekind of representa-
tion suitablefor real-timehardwaresupportedvisualization.
Weuseasaninputanunorganizedsetof sampleswhereeach
sampleis a 3D point and its associatednormalvector (we
will useindifferently “point” and“surfel” for sucha sam-
ple). Our majorgoal is to avoid time-consumingstepssuch
assurfacereconstructionor preciseparameterization,while
keepingnicevisual results.By introducinga new rendering
primitive,calledNormalSurfelStrips, we show that in-core
appearance-preservingmodelscanbe createdstartingfrom
hugepoint setsthrougha very fastout-of-coreprocess.Our
techniquehasbeentestedon variousvery detailedscanned
objectsandstatues,for whichaninteractivevisualizationhas
beenobtainedwith a global preprocessingtime that repre-
sentsonly acoupleof minutes.

2. Our Approach

2.1. Overview

Our algorithmcanbedecomposedin four steps(seeFigure
1):

1. we perform an out-of-core simpli�cation of the huge
model(seeSection2.2)

2. the resulting simpli�ed point set is quickly converted

into hardware friendly renderingprimitives,calledSur-
fel Strips, organizedin a boundingbox hierarchy, named
theStrippingTree, following the fastlower dimensional
meshingof [BRS05] (seeSection2.3).

3. theStrippingTreeis usedduring theout-of-corenormal
mapping;all thepointsof theoriginalmodelarestreamed
through the tree and distributed to their corresponding
leaves,wherethe point normal is projectedonto a quad
textureassociatedto eachSurfelStrip (seeSection2.4).
This streamingprocessis the key stepof our technique,
asit allows usto handlelargemodelswith limited mem-
ory. At theendof thisstep,eachleafof theStrippingTree
containsa low de�nition SurfelStripsanda high de�ni-
tion (possiblysparse)normalmap.

4. anormalmapdiffusion�lls theholesof eachnormalmap
by usingdiffusionalgorithm,to geta continuousnormal
�eld, interpolatingtheoriginalnormalsof thehugemodel
(seeSection2.5).

Theresultingobjectin eachleaf(acoarsepieceof meshplus
ahighresolutionnormalmap),is whatwecall NormalSurfel
Strips. Thiscollectionof primitives,storedon theleafof the
tree,aredirectly usedto provide a high quality interactive
renderingby usingconventionalper-pixel shading.

Figure 1: Overview of our approach for interactivevisual-
izationof large models.Theusualexpensivestep,themesh-
ing, is only performedon a very reducedpoint cloud, and
is no more the bottleneck. Most of the �ne details are ex-
pressedthroughthenormalmaps,generatedona per-surfel
strip basiswith diffusion, a faster processthan geometric
reconstructionalgorithms.
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