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Abstract

Contentcreationfor 3D graphicssystems,virtual realitywalkthroughsandinter-
actionsandmultimediapresentationshasbeenknown to bealabouriousanddifficult
problem.A lot of researchis beingcarriedout towardsrapidgeneratingdetailedand
realistic3D geometricdata,2D imagesfor texturesto bemappedon them.This re-
port presenta brief survey of stateof theart of variousdata,modelandinteraction
aquisitiontechniquescurrentlyin usefor 3D VisualComputing.More stressis put
on representationandprocessingof thedataratherthanthephysicalprocessesand
gadgetsusedto obtainthedata.

1 Motivation

Last few yearshave seena rapid improvememntin the performanceof graphicshard-
ware. It is now possibleto obtainPCshaving fairly good3D graphicscapabilitiesand
developinteractivegraphicsapplicationswith reasonablycomplex geometricmodelsand
sophisticatedrenderingalgorithms.This developmentis largely dueto: (a) improvement
in theprocessingspeedsof theprocessorsin thesemachines,(b) enhancedarchitectures
for systemswhich allow high speed3D graphics,e.g. AcceleratedGraphicsPort (AGP)
architectureon PCs,multi-pipelinerenderinghardwareon SGI machinesand(c) imple-
mentationsof powerful 3D graphicsAPIs andtheir efficient implementationswhich take
advantageof theunderlyinghardware.

Creatingcompellinganddetailedgraphiccontentto takeadvantageof powerful hardware
andsoftwareplatform hasbeenthe focusof researchin graphicscommunityin recent
years.Traditionaltechniquesfor generatingcontenthave beenextremelyexpensive and
labourious.Most of thesoftwaretoolscreatedfor generationof 3D modelsandtextures
expecthumansto enterthe detailsof the 3D modelsmanuallyusingthe graphicaluser
interfaceof the packages.Currentefforts have concentratedon automaticcapturingof
detailedgeometricobjectsby directobservationof thereallife objects.Thesetechniques
“scan” 3D objectsandtheir attributesto obtainsufficient informationto renderthemin a
digital environment.

In this report,wesurvey andcomparethesetechniquesin thefollowing aspects:

� Capturedinformation

� Preprocessingandfiltering required

� Storagerequirements

� Survey of availableliterature
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2 Survey of model acquisition techniques

2.1 Modeling packages for polyhedral and smooth surfaces

Modelingpackageslike 3D Studio,Alias/Wavefront,etc.have beenusedextensively to
creategeometriccontent.Thesepackagesprovide a comprehensive setof toolsto create
complex geometricshapesusinggeometricprimitives. Variousmodelingtechniquesare
supportedcommonly:

1. Constructive solid geometry (CSG): Thistechniqueis usedto build complex geo-
metricshapesfrom primitiveslike rectangularparallelopiped,sphere,cylinder and
their transformedshapes.The tools to combinethesebasicshapesto obtaincom-
plex shapesarebooleanoperationslike intersection,union,subtractionof shapes.

2. Modeling of smoothi surfaces: To modelsmoothsurfaces,thesepackagesprovide
facilities to createandedit polynomialsurfacessuchasBezierpatches,B-Spline
or NURBS surfaces.Thesesurfacearedefinedusingcontrol pointsdescribingthe
controlmeshof thesurface.Theshapeof thesurfaceis determinedby thepositions
of thecontrolpoints.

3. Specialised techniques: Somespecialtechniqueslikefractal-basedot graftal-based
modelingareusedto modelstructuresfound in naturesuchasmountainsandter-
rains.

4. Attribute Editing: To edit attributes like materialpropertiesand texture, these
packagesprovide specialisedtools. The tools are often simple 2D drawing and
imageprocessingfacilities.

5. Miscellaneous tools: Variousother techniquessuchasmodelingsweepsurfaces
by sweepingashapealongapath,extrusionof a2D shape,applicationof modeling
transformationson simple3D geometricshapes,etc.areverycommon.

While usingthesefacilities,theusersmusthave fairly goodartisticcapabilities.Theuse
of thesepackagesto createsubstantiallycomplex andrealisticmodelsis non-trivial and
laborious.

Sincethesemodelsare“hand-crafted,” very little or no preprocessingneedsto be done
beforeusingthemin 3D applications.Theonly processingthatmaybeneededis obtain-
ing themodelatvariousresolutionsto ensurethattheapplicationsrenderthesemodelsin
reasonabletime.

2.2 3D digitizers

To obain3D digital modelsof existing real world objectsor to obtain suchdatafrom
claymodels,3D stylusbaseddigitizersarecommonlyused.Figure1 illustratesonesuch
digitizer. Themodeof usagefor suchdigitizer involvesthefollowing steps:

1. Createa rectangulargrid of pointson the3D surfaceto bedigitized

2



2. Placetheobjectin therangeof stylusandinitialize thedigitizer so that the frame
of referenceis fixed

3. Digitize (recordthe3D positionsof) thepointson a patchof thesurfacein a sys-
tematicrow or columnorder. Digitizing eachpoint involvesplacingthestyluson
thepoint in thegrid andclicking the“record” button.

Figure1: A 3D digitizer

Oncethis datais obtained,varioussoftwaretechniquesareusedto eitherretainthedig-
itized dataasa collectionof bilinear patchesor a higherordersurfaceis fit on to this
data. As a result,oneobtainsa piecewise continuouspatchesof the surfacedescribing
themodelbeingdigitized.Besidesthispre-processingstage,oftenthereis aneedto filter
andsmooththedatato correctthehumanerror

2.3 3D Scanners

Laserrangescanningdevicesbasedon light interferometryprovide a muchmoreauto-
matic tool for obtaininga digital modelof an existing 3D object. Thesescannersare
rotatedarounda givenobjectat a specificstepsizeanda largenumberof measurements
are taken. Thesemeasurementsoften consistof geometricpositionaswell as the tex-
tureinformationat thescannedpoint. Thescanningprocessgivesacompletedescription
neededto rendertheobject.Figure2 showsanexampleof awholebodyscannerthatcan
produceadetaileddescriptionof humansizedobjects.

Like thepreviously discussed3D digitizer, this technologyalsoreturnsa setof system-
atically row-wiseor column-wisescannedpoints.Dependingon theapplication,thedata
is convertedto eithera trianglemeshor a quadrilateralsproviding a piecewise bilinear
modelof thesurface.

Thedataautomaticallyscannedby rangescannerstendsto beextremelyverbose.Evenif
thescannedsurfaceis mostlyflat in many places,a largenumberof pointsarerecorded
to describethepart. This unrequiredcombinatoriccomplexity of themodelneedsto be
reducedby polygonalmeshsimplificationmethods.A largenumberof peoplehavebeen
researchingtheareaof meshsimplification.
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Figure2: Wholebodyrangescanner

2.4 3D Range Scanners

Rangescanningdevices are basicallydigital camerasthat capture,for eachpixel, the
distanceof theclosestobject.A singlesnapshot,however, givesthe3D informationonly
from oneviewpoint. To capturethe3D geometryfrom all directionsaroundthe3D object
of interest,multiple picturesneedto be take with substantialoverlapacrossthe images.
Suchrangeimagesarecombinedto form a new completemeshrepresentingthescanned
object.

Themergingprocessis non-trivial. Greg Turk andMark Levoy [7] presenttheiralgorithm
for reconstructingthe mesh.The basicalgorithmis describedfor merging two scanned
patchesobtainedfrom two rangeimageshaving a substantialoverlap. Their algorithm
consistsof two distinctphases:

1. Obtaininga trianglemeshfrom a rangeimage

2. Merging two trianglemesheswhich have an overlap. The overppingpartsof the
meshesaretrimmedagainstoneanotheralongthe boundaryof overlap. The un-
wantedpiecesarethrown away.

Thealgorithmusesmany geometricalgorithmsover thedomainof 3D triangles.These
algorithmsaremostlyusedto carryoutrobustintersectionof trianglesandtrianglemeshes
to obtainthecurveof intersectionandanew local triangulation.

2.5 Image based acquisition of 3D models and textures

Recovery of 3D geometryfrom a setof imagessnappedfrom known or unknown view-
pointshasbeena problemof interestin the ComputerVision field for a long time. In
recentyearscomputergraphicscommunityhasexploredtheareato acquire3D geometry
datafrom images.
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Thethreesubproblemscommonlysolvedby all theapproachescanbeabstractedoutas:

1. Obtaina point correspondence(or moregenerally, featurecorrespondence)across
imagesof the3D objectbeingreconstructed.This specificationof correspondence
alsodefinestheconnectivity of thepoints.

2. Solvecamera-poseestimationproblemto obtainthe3D relativecoordinatesof cam-
eraandsubsequentlythematchedpoints.

3. Map theappropriatetexturesfor gettingcorrectview-depepndentrenderingof the
3D objects.

Paul Debevec et al [1] presenta hybrid geometryand imagebasedapproachto model
architecturalmonuments.To capturegeometryfrom multiple photographs,thesetech-
niquesusephotogrammetrymethods.Formulatea completephotogrammetricproblem,
oneneedsto identify apoint correspondencefor at least5 pointsacrosstwo images.The
modelis obtainedby solving thephotogrammetryproblem. Theassociatedtexturesare
capturedfrom images.Viewing thesemodelsfrom arbitraryviewpointsis now possible
sincethe3D modelis available.However, thetexturemappingmustbeview dependent.
This is because,thetexturescapturedfrom imagesof the3D objectswill nothaveenough
informationabouttheoccludedgeometry. Henceastheviewpoint changeswith respect
to thereconstructedgeometry, themodel’s attributeslike textureneedto bedynamically
changed.

Someotherauthorshavereportedmodel-basedmethodsfor reconstructionof 3D objects.
RockwoodandWinget [5] reportsuchmethodwhich startswith a connonicalmodelof
thetargetshapeto bereconstructed.For example,to reconstructa vasefrom images,the
connonicalmodelwould be a cylinder mesh. An error function is formulatedbetween
therenderedimageof thecurrentapproximationof themodelandthephotographs.Sim-
ulatedannealingalgorithmis usedto purturbthe pointson the meshof the modeluntil
the renderedversionof the model is closeto the photographsof the 3D object being
reconstructed.

2.6 Image-based rendering

In image-basedrenderingtechniques,no attemptis madeto reconstructthe3D geometry
of theactual3D world objects,but thecapturedimagesarewarped,transformed,clipped
andpastedin appropriateplacesto generateanimagerythatgivesanillusion of 3D scene
navigationastheviewing parametersof theviewerchange.Theaimis gatherenoughdata
aboutthemodelto beableto createa reasonablyrealisticreproductionof the3D object
from anarbitraryviewpointandpossiblydifferentilluminationconditions(see[8]).

Imagemosaicingapproachof [6] constructsa panoramicview of 360 degreesaround
a viewer for a fixed positionto give a limited virtual reality experience.The viewer is
madeto believe that he/sheis viewing a 3D world arounda fixed position,iteractively.
However, actually what is renderedis a mosaicof imagesmappedon a cylinder or a
sphere.Constructionof a panoramicsingleimagefrom a setof overlappingimagesof a
sceneis thecontributionof Szeliski’swork.
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Lumigraphdemostratedby Gortleret al [2] is anotherexampleof image-basedmodeling
andrenderingof 3D objects.This approachcapturesa setof imagesof a 3D objectfrom
many positionsaroundit. Basedon thepositionof theviewer, aninterpolatedversionof
a setof imagesrelatedto the viewpoint is displayedto the viewer. The paperpresents
theformulationof continuousversionof Lumigraph,but discussesanimplementationof
discretemodelfor achieving real-timerenderingof Lumigraph.

PlenopticmodelingapproachpresentedbyLeonardMcMillan andGaryBishop[4] presents
analgorithmfor view depenedentrenderingof modelscapturedasrangeimagesandtex-
ture images. This work, however, requiresadditionaldataof rangeimagesto handle
depthinformation,while thepositiveaspectof thiswork is thatfewer imagesarerequired
to reconstructtheviewsof thecapturedmodelfrom otherviewpoints.

2.7 Volumetric data visualization

3D datais alsoobtainedasdiscretevolumetricdataby MRI scanningor computedtomog-
raphy(CT-scan).Visualizationof this datais a commonrequirementin medicalimaging
(seeFigure3) andindustrialnon-destructive testingapplications.

The datais representedasa 3-dimensionalarrayof scalaror vectorvaluessampledat
discretepointsin a3D volume.Veryoftenthecaptureddatarequirespreprocessingof the
following kinds:

1. Filteringof noiseandirregularities:Thisdatais oftenfilteredby usingsomespatial
filter like theGaussianfilter to removethemeasurementerrorsandspikes.

2. Subsamplingof densedata: The capturedvolumetricdatais too denseto load in
thememoryat onetime. To beableto interactively visualizethevolumetricdata,a
low resolutionof versionis obtainedby subsampling.

Figure3: A 3D digitizer
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Variousapproachesexist for visualizationof the volumetric data. The requirementof
visualization,however, is uniform acrosstheseapproaches:the volumetric dataneeds
to be visualizedas an iso-surfaceat a particularthresholdvalueof the selectedscalar
attribute.

Thetwo majorapprochesfor visualizationare:

1. Constructionof a trianglemeshof the iso-surfaceusingalgorithmslike marching
cubes[3] or marchingtetrahedra.

2. Visualizationby shootingraysthroughthepixel to berenderedinto thevolumedata
andaccumulatingtheintensitiesbetweenthethresholdvalue’scrossoverpoints.

3 Conclusions

In this reportwe have presenteda survey of representative techniquesof obtaining3D
contentfor visualrendering.Variousrepresentationalandalgorithmicissuesin capturing
andusingthedatahavebeenhighlighted.In our futurestudy, we intendto concentrateon
image-basedmodelingandrenderingof 3D environments.
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