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Abstract

Contentcreationfor 3D graphicssystemsyirtual reality walkthroughsandinter
actionsandmultimediapresentationkasbeenknown to bealabouriousanddifficult
problem.A lot of researchs beingcarriedouttowardsrapidgeneratingletailedand
realistic3D geometricdata,2D imagesfor texturesto be mappedonthem. This re-
port presenta brief surney of stateof the art of variousdata,modelandinteraction
aquisitiontechniquesurrentlyin usefor 3D Visual Computing. More stresss put
on representatiomnd processingf the dataratherthanthe physicalprocessesnd
gadgetausedto obtainthedata.

1 Motivation

Last few yearshave seena rapid improvememntin the performanceof graphicshard-
ware. It is now possibleto obtainPCshaving fairly good 3D graphicscapabilitiesand
developinteractve graphicsapplicationswith reasonablomplex geometrianodelsand
sophisticatedenderingalgorithms.This developments largely dueto: (a) improvement
in the processingpeedof the processoren thesemachines(b) enhancedrchitectures
for systemswhich allow high speed3D graphics.e.g. AcceleratedGraphicsPort (AGP)
architectureon PCs,multi-pipelinerenderinghardwareon SGI machinesand(c) imple-
mentationof powerful 3D graphicsAPIs andtheir efficientimplementationsvhich take
adwantageof theunderlyinghardware.

Creatingcompellinganddetailedgraphiccontentto take advantageof powerful hardware
and software platform hasbeenthe focus of researchn graphicscommunityin recent
years. Traditionaltechniquedor generatingcontenthave beenextremely expensve and
labourious.Most of the softwaretools createdor generatiorof 3D modelsandtextures
expecthumansto enterthe detailsof the 3D modelsmanuallyusingthe graphicaluser
interfaceof the packages.Currentefforts have concentrate@n automaticcapturingof
detailedgeometricobjectsby directobsenationof thereallife objects.Thesetechniques
“scan” 3D objectsandtheir attributesto obtainsufficientinformationto renderthemin a
digital ervironment.

In thisreport,we surwey andcomparehesetechniquesn thefollowing aspects:
e Capturednformation
e Preprocessingndfiltering required
e Storagaequirements

e Surwy of availableliterature



2 Survey of model acquisition techniques

2.1 Modeling packagesfor polyhedral and smooth surfaces

Modeling packagesik e 3D Studio, Alias/Wavefront, etc. have beenusedextensvely to

creategeometriccontent. Thesepackageprovide a comprehensie setof toolsto create
complex geometricshapesusinggeometricprimitives. Variousmodelingtechniquesre
supporteccommonly:

1. Constructive solid geometry (CSG): Thistechniqueas usedto build complex geo-
metric shapegrom primitiveslik e rectangulaparallelopipedspheregcylinder and
their transformedshapes.Thetools to combinethesebasicshapego obtaincom-
plex shapesrebooleanoperationdik e intersectionunion, subtractiorof shapes.

2. Modeling of smoothi surfaces. To modelsmoothsurfacesthesepackagegrovide
facilities to createand edit polynomial surfacessuchas Bezier patches B-Spline
or NURBS surfaces. Thesesurfaceare definedusing control pointsdescribingthe
controlmeshof thesurface.The shapeof the surfaceis determinedy the positions
of thecontrol points.

3. Specialised techniques. Somespeciatechniquedik efractal-basedt graftal-based
modelingareusedto modelstructuredoundin naturesuchas mountainsandter-
rains.

4. Attribute Editing: To edit attributeslike material propertiesand texture, these
packagegrovide specialisedools. The tools are often simple 2D drawing and
imageprocessindacilities.

5. Miscellaneous tools: Variousothertechniqguessuchas modelingsweepsurfaces
by sweepingashapealongapath,extrusionof a2D shapeapplicationof modeling
transformation®n simple3D geometricshapesetc.arevery common.

While usingthesefacilities, the usersmusthave fairly goodartistic capabilities. Theuse
of thesepackageso createsubstantiallycomplex andrealisticmodelsis non-trivial and
laborious.

Sincethesemodelsare “hand-crafted, very little or no preprocessingieedsto be done
beforeusingthemin 3D applications.The only processinghatmaybe neededs obtain-
ing themodelatvariousresolutiongo ensurghattheapplicationgenderthesemodelsin
reasonabléime.

2.2 3D digitizers

To obain 3D digital modelsof existing real world objectsor to obtain suchdatafrom
clay models 3D stylusbasedligitizersarecommonlyused.Figurel illustratesonesuch
digitizer. Themodeof usagdor suchdigitizer involvesthefollowing steps:

1. Createarectangulagrid of pointsonthe 3D surfaceto bedigitized
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2. Placethe objectin therangeof stylusandinitialize the digitizer so thatthe frame
of referencas fixed

3. Digitize (recordthe 3D positionsof) the pointson a patchof the surfacein a sys-
tematicrow or columnorder Digitizing eachpoint involvesplacingthe styluson
thepointin thegrid andclicking the “record” button.

Figurel: A 3D digitizer

Oncethis datais obtained varioussoftwaretechniquesreusedto eitherretainthe dig-

itized dataasa collection of bilinear patchesor a higher order surfaceis fit on to this

data. As a result,one obtainsa pieceavise continuouspatchesof the surfacedescribing
themodelbeingdigitized. Besideghis pre-processingtage pftenthereis a needto filter

andsmooththe datato correctthe humanerror

2.3 3D Scanners

Laserrangescanningdevicesbasedon light interferometryprovide a muchmore auto-
matic tool for obtaininga digital model of an existing 3D object. Thesescannersare
rotatedarounda given objectat a specificstepsizeanda large numberof measurements
aretaken. Thesemeasurementsften consistof geometricpositionaswell asthe tex-
tureinformationatthe scannegoint. The scanningprocessyivesa completedescription
neededo renderthe object. Figure2 shovs anexampleof awholebodyscannethatcan
producea detaileddescriptionof humansizedobjects.

Like the previously discussed®D digitizer, this technologyalsoreturnsa setof system-
atically row-wise or column-wisescannegoints. Dependingon the application thedata
is corvertedto eithera triangle meshor a quadrilateralgproviding a piecavise bilinear
modelof thesurface.

Thedataautomaticallyscannedy rangescannersendsto be extremelyverbose Evenif
the scannedsurfaceis mostly flat in mary places,alarge numberof pointsarerecorded
to describethe part. This unrequiredcombinatoriccompleity of the modelneedgto be
reducedoy polygonalmeshsimplificationmethods A large numberof peoplehave been
researchinghe areaof meshsimplification.



Figure2: Wholebodyrangescanner

2.4 3D Range Scanners

Rangescanningdevices are basically digital cameraghat capture,for eachpixel, the
distanceof the closesiobject. A singlesnapshothowever, givesthe 3D informationonly
from oneviewpoint. To capturethe 3D geometryfrom all directionsaroundthe 3D object
of interest,multiple picturesneedto be take with substantiabverlapacrosshe images.
Suchrangeimagesarecombinedo form a new completemeshrepresentinghe scanned
object.

Themeigingprocesss non-trivial. Greg Turk andMark Levoy [7] presentheiralgorithm
for reconstructinghe mesh. The basicalgorithmis describedor merging two scanned
patchesobtainedfrom two rangeimageshaving a substantiabverlap. Their algorithm
consistf two distinctphases:

1. Obtainingatrianglemeshfrom arangeimage

2. Merging two triangle mesheswvhich have an overlap. The overppingpartsof the
meshesare trimmed againstone anotheralongthe boundaryof overlap. The un-
wantedpiecesarethrown away.

The algorithmusesmary geometricalgorithmsover the domainof 3D triangles. These
algorithmsaremostlyusedo carryoutrobustintersectiorof trianglesandtrianglemeshes
to obtainthe curve of intersectioranda new local triangulation.

2.5 Image based acquisition of 3D models and textures

Recaorery of 3D geometryfrom a setof imagessnappedrom known or unknown view-
points hasbeena problemof interestin the ComputerVision field for a long time. In
recentyearscomputergraphicscommunityhasexploredtheareato acquire3D geometry
datafrom images.



Thethreesubproblemgommonlysolvedby all theapproachesanbeabstracteautas:

1. Obtaina point correspondencgr moregenerally featurecorrespondencejcross
imagesof the 3D objectbeingreconstructedThis specificatiorof correspondence
alsodefinesthe connectity of the points.

2. Solvecamera-posestimatiorproblemto obtainthe3D relative coordinate®f cam-
eraandsubsequentlyhe matchedoints.

3. Map the appropriateexturesfor gettingcorrectview-depepndentenderingof the
3D objects.

Paul Debevec et al [1] presenta hybrid geometryandimage basedapproachto model

architecturalmonuments.To capturegeometryfrom multiple photographsthesetech-

niquesusephotogrammetrynethods.Formulatea completephotogrammetrigroblem,

oneneeddo identify a pointcorrespondencir atleast5 pointsacrosgwo images.The

modelis obtainedby solving the photogrammetryproblem. The associatedexturesare

capturedrom images.Viewing thesemodelsfrom arbitraryviewpointsis now possible
sincethe 3D modelis available. However, the texture mappingmustbe view dependent.
Thisis becausethetexturescapturedrom imagesof the 3D objectswill nothave enough
informationaboutthe occludedgeometry Henceasthe viewpoint changeswith respect
to thereconstructedgeometrythe models attributeslik e texture needto be dynamically

changed.

Someotherauthorshave reportedmodel-basednethoddor reconstructiorof 3D objects.
Rockwood andWinget [5] reportsuchmethodwhich startswith a connonicalmodel of
thetargetshapeo bereconstructedrFor example,to reconstruct vasefrom imagesthe
connonicalmodelwould be a cylinder mesh. An error function is formulatedbetween
therenderedmageof the currentapproximatiorof the modelandthe photographsSim-
ulatedannealingalgorithmis usedto purturbthe pointson the meshof the modeluntil
the renderedversionof the modelis closeto the photographsf the 3D object being
reconstructed.

2.6 Image-based rendering

In image-basedenderingtechniquesno attemptis madeto reconstructhe 3D geometry
of theactual3D world objects but the capturedmagesarewarped transformedclipped
andpastedn appropriatglaceso generatanimagerythatgivesanillusion of 3D scene
navigationastheviewing parametersf theviewerchange Theaimis gatherenoughdata
aboutthe modelto be ableto createa reasonablyealisticreproductionof the 3D object
from anarbitraryviewpointandpossiblydifferentillumination conditions(se€[8]).

Image mosaicingapproachof [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
scends the contribution of Szeliskis work.



Lumigraphdemostratetby Gortleretal [2] is anotherexampleof image-basedhodeling
andrenderingof 3D objects.This approacttapturesa setof imagesof a 3D objectfrom
mary positionsaroundit. Basedon the positionof the viewer, aninterpolatedversionof
a setof imagesrelatedto the viewpoint is displayedto the viewer. The paperpresents
the formulationof continuousversionof Lumigraph,but discusseanimplementatiorof
discretemodelfor achiering real-timerenderingof Lumigraph.

Plenoptionodelingapproactpresentetby LeonardVicMillan andGaryBishop[4] presents
analgorithmfor view depenedenienderingof modelscapturedasrangeimagesandtex-
ture images. This work, however, requiresadditionaldataof rangeimagesto handle
depthinformation,while the positive aspecbf thiswork is thatfewerimagesarerequired
to reconstructheviews of the capturednodelfrom otherviewpoints.

2.7 Volumetric data visualization

3D datais alsoobtainedasdiscretevolumetricdataby MRI scanningor computedomog-
raphy(CT-scan).Visualizationof this datais a commonrequirementn medicalimaging
(seeFigure3) andindustrialnon-destructie testingapplications.

The datais representeds a 3-dimensionakrray of scalaror vectorvaluessampledat
discretepointsin a 3D volume. Very oftenthe capturediatarequiresgpreprocessingf the
following kinds:

1. Filtering of noiseandirregularities: This datais oftenfilteredby usingsomespatial
filter lik e the Gaussiarilter to remove the measuremerdrrorsandspikes.

2. Subsamplingpf densedata: The capturedvolumetricdatais too denseto load in
thememoryatonetime. To beableto interactvely visualizethe volumetricdata,a
low resolutionof versionis obtainedoy subsampling.

Figure3: A 3D digitizer



Variousapproachesxist for visualizationof the volumetric data. The requirementof
visualization,however, is uniform acrosstheseapproachesthe volumetric dataneeds
to be visualizedas an iso-surficeat a particularthresholdvalue of the selectedscalar
attribute.

Thetwo majorapprochesor visualizationare:

1. Constructionof a triangle meshof the iso-surficeusingalgorithmslike marching
cubed3] or marchingtetrahedra.

2. Visualizationby shootingraysthroughthe pixel to berenderednto thevolumedata
andaccumulatinghe intensitiesbetweernthethresholdvalue’s crosseer points.

3 Conclusions

In this reportwe have presented surwey of representatie techniquesof obtaining3D
contentfor visualrendering.Variousrepresentationalndalgorithmicissuesn capturing
andusingthedatahave beenhighlighted.In our future study we intendto concentrat®n
image-basedodelingandrenderingof 3D ervironments.
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