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Abstract

Point-BasedSurfacesanbedirectlygeneatedby 3D scannes andavoidthegeneation andstorage of an explicit
topolayy for a sampledgeometrywhich savesime and storage spacefor very denseand large objects,suc as
scannedstatuesand other archaeol@ical artefacts[DDGM ]. We proposea fast processingpipeline of large
point-basedsurfacesfor real-time appeaancepreserving polygonalrendering Our goal is to reducethe time
neededetweera pointsetmadeof hundied of millions samplesanda high resolutionvisualizationtakingbene t
of moderngraphicshardware, tunedfor normal mappingof polygons.Our appmoach starts by an out-of-coe
geneation of a coarselocal triangulationof theoriginal model.Theresultingcoarsemeshs enrichedby applying
a setof mapswhich captue the high frequencyfeatuies of the original data set.\\e chooseas an examplethe
normalcomponenbdf sampledor thesemaps sincenormalmapsprovideef ciently anaccuratelocalillumination.
But our appmadh is also suitablefor other point attributessud as color or position(displacemeniap).These
mapscomealso from an out-of-coe process,using the completeinput data in a streamingprocess.Sampling
issuef the mapsare addressedisingan ef cient diffusionalgorithmin 2D. Our maincontributionis to directly
handlesud large unomanizedpoint cloudsthroughthis two passalgorithm,withoutthetime-consumingneshing
or parameterizatiorstep,required by current state-of-the-arhigh resolutionvisualizationmethods One of the
main advantaesis to expressmostof the ne featuespresentin the original large point cloudsas texturesin
the huge texture memoryusually provided by graphicsdevices,usingonly a lazy local parameterization Our
techniqguecomesas a complementaryool to high-quality but costly out-of-coe visualizationsystemsDirect
applicationsare: interactive preview at high screenresolutionof very detailedscannecdbbjectssud as scanned

statuesjnclusionof large point cloudsin usualpolygonal3D enginesand 3D database$rowsing

1. Intr oduction

Most of thevisualizationsystemalesignedor large 3D ob-
jects(tensor hundredf millions samplesprebasedn an
initial mesh Evenhigh-qualitymultiresolutionsystemsuch
as QSplat[RLOQ] or the SequentialPoint Trees[DVS03,
regularly mentionedfor their ability to usepointsin order
to displaygiganticmodels requiresuchaninitial mesh,and
do notdirectly handlepoint clouds.In the caseof verylarge
scanneabjectg(e.g.Digital MichelangeldLPC 00]), anon
trivial surfacereconstructiorhasthusto be performed This
processs very time consumingfrom hoursto daysof com-
putationon a single workstation),andis followed by other
severalexpensve algorithmsbeforeinteractve displayis ac-
tually possiblef CGG 04, GBBKO04]. Moreover, in addition
to the point data,a large memory overheadis requiredto
storethetopology which becomeshallengingwhenwork-
ing on standardvorkstations.

It is clearly out of the scopeof this sectionto recall all
the approacheshat have beenproposedn recentyearsto
obtain an interactive visualizationof large objects.Essen-
tially, theseworkscanbeclassi edaccordingo threediffer-
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entprinciples.The rst one,distributedrenderingWDS04,
has shawvn its efciency on modelsreachingone billion
samplesHowever, this methodrequiresexpensve hardware
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 some cache
friendly data structures,both for storageand rendering,
which offer ef cient disk-to-memoryupdatesaccordingto
themodi cation of viewing parametersAdaptiveTetra Puz-
zle[CGG 04] is currentlyoneof themostef cient systems,
reachingthe competitve framerateof 60 framespersecond
with the well-knowvn St Matthev model [LPC 00]. Other
out-of-coremethodshave also focusedon adwancedreal-
time renderingeffect, suchasshadavs [GBBKO04]. Finally,
thelastproposedrincipletriesto (dramatically)reducethe
amountof data,while preservingalmostthe sameappear
ancefor therenderedbject.In [COM9§], the very innova-
tive idea of meshsimpli cation combinedwith simultane-
oustexture generatiorto capturethe underlyingdetailshas
beenproposedMulti-resolution approachessuch as Pro-
gressiveMeshes[Hop9§, can also be enhancedy com-
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bining a normalmap with simpli ed geometry[SSGHO0].
Nowadays,sucha processcanbe directly implementedon
programmableGPU that allow the useof normal mapsto
representne detailswithin a perpixel shading[TCS03.
But it shouldbe noticedthata completeparameterizationf
themodelhasto be performedto constructhe normalmap,
whichis a challengingaskfor hugemodels.

Multi-resolution directly on point cloudsis proposedn
the Layered Point Cloud [GM04], as well as an efcient
compressiorschemein the DuoDecim system[KSWO05,
but thesemethodsrequire several hours for processinga
modellike the St Matthev [LPC 00]. We rathertamgetone
orderof magnitudefasterpreprocessinggndwe would like
to take bene t from polygonal rendering.To our knowl-
edge, the only appearance-preservingimpli cation that
doesnotrequireameshingor parameterizatioris thePhong
Splatting [BSK04], following [KV03], which usessurfels
[PZvBGO0Q (usuallyapointwith anormalandacolor) com-
binedwith normalmappingto renderpoint setswith fewer
points but similar appearanceUnfortunately surfel splat-
ting [ZPvBGO1] is not well adaptedo high resolutiondis-
play, andrequirescomplex multi-passrendering andinten-
sive useof vertex/fragmentshader§BSK05. Moreover, the
techniqueproposedn [BSK04] to encodethe normaldistri-
bution for eachrenderingprimitive performsa stronglow-
pass ltering, andthe intensve useof an underlayingkD-
Treemalesit dif cult to extendthe techniqueto an out-of-
coreimplementation.

In this paperwe proposeagenerabipelinefor converting
alargepointsetinto acoarsgyolygonalmeshwith highreso-
lution normalmaps whichis exactly thekind of representa-
tion suitablefor real-timehardwaresupportedsisualization.
We useasaninputanunoiganizedsetof samplesvhereeach
sampleis a 3D point andits associatedormal vector (we
will useindifferently “point” and“surfel” for sucha sam-
ple). Our majorgoalis to avoid time-consumingstepssuch
assurfacereconstructioror preciseparameterizationyhile
keepingnice visualresults By introducinga new rendering
primitive, calledNormal Surfel Strips we shav thatin-core
appearance-preservimgodelscanbe createdstartingfrom
hugepoint setsthrougha very fastout-of-coreprocessOur
techniguehasbeentestedon variousvery detailedscanned
objectsandstatuesfor whichaninteractve visualizationhas
beenobtainedwith a global preprocessindime that repre-
sentsonly a coupleof minutes.

2. Our Approach

2.1. Overview

Our algorithmcanbe decomposeth 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 setis quickly corverted

into hardware friendly renderingprimitives, called Sur
fel Strips organizedin a boundingbox hierarcly, named
the Stripping Treg following the fastlower dimensional
meshingof [BRS09 (seeSection2.3).

3. the Stripping Treeis usedduring the out-of-corenormal
mappingall thepointsof theoriginalmodelarestreamed
throughthe tree and distributed to their corresponding
leaves,wherethe point normalis projectedonto a quad
texture associatedo eachSurfel Strip (seeSection2.4).
This streamingprocesds the key stepof our technique,
asit allows usto handlelarge modelswith limited mem-
ory. At theendof this step,eachleafof the StrippingTree
containsa low de nition Surfel Stripsanda high de ni-
tion (possiblysparsenhormalmap.

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

Theresultingobjectin eachleaf (a coarsepieceof meshplus
ahighresolutiommormalmap),is whatwe call NormalSurfel
Strips This collectionof primitives,storedontheleaf of the
tree,aredirectly usedto provide a high quality interactve
renderingby usingconventionalperpixel shading.

Huge unorganized point cloud

%

Out-Of-Core Grid Resampling

-

Surfel Stripping

— 3 v

Out-Of-Core Normal Mapping

=

Normal Map Diffusion

=

Interactive Vizualization

Surfel Strips

In-Core
Point Cloud

Surfel Strips
with sparse
normal map

Normal
Surfel strips

Figure 1: Overviev of our apptoac for interactivevisual-
izationof large modelsTheusualexpensivestep,the mesh-
ing, is only performedon a very reducedpoint cloud, and
is no mote the bottlene&. Most of the ne details are ex-
pressedhroughthe normalmaps,geneatedon a per-surfel
strip basiswith diffusion, a faster processthan geometric
reconstructioralgorithms.
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