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Abstract

Having a betterway to represenandto interactwith largegeologi-
calmodelsaretopicsof highinterestin geoscienceandespecially
for oil andgascompaniesWe presenin this paperthe designand
implementatiorof a visualizationprogramthat involvestwo main
features.It is basedon the centraldatamodel,in orderto display
in realtime themodificationscausedy the modeler Furthermore,
it benefitsfrom the differentimmersive ernvironmentswhich give
the usera muchmoreaccuratensight of the modelthana regular
computerscreen. Then,we focuson the difficulties that comein
theway of performance.

Keywords. visualization,geosciencesmmersie environments,
multi-piperendering.

1 Introduction

Integrating information coming from different sources,getting a
betterunderstandingf 3D geologicalobjects’relationshipshav-
ing a betterway to representindto interactwith large geological
modelsaretopicsof highinterestin geoscienceandespeciallyfor
oil andgascompanies.

Geoscienceoolkits musthave extendedmodelingcapabilities,
in orderto ensurethe model’s consisteng. Thesecapabilitiesare
groupedin several different kinds of modelingtools: structural,
geophysica(velocity modeling)or reserwir-specific(geostatistics,
well planning..) tools. All thesefeaturesare basedon the in-
terpolationcapabilitiesof the modeler andinteractdirectly with a
centraldatamodel.

Feedbacko the useris mostly provided throughthe visualiza-
tion of geologicalstructuredik e horizons faults,well pathsor seis-
mic data. This involvestwo mainfeaturesof the visualisationtool:
it mustbe basedon the centraldatamodel, in orderto displayin
realtime the modificationscausedy the differentmodelingtools;
furthermore,it shouldbenefitfrom the differentimmersie envi-
ronmentswhich give the usera muchmoreaccuratansight of the
modelthanaregularcomputerscreen.

We choseto extend the capacitiesof a standardgeoscience
program, Gocab® [9], to enablethe visualizationof its model
within different immersive ervironments, like CAves™,
REALITYCENTERS™ or workbenches.

In this paperwe will briefly describethe mainpointsof the de-
sighandimplementatiorof theprogram.Then,wewill focusonthe
solutionschoserto adaptthe softwareto immersie ervironments.
This will leadusto presenthe main feedbackandthe difficulties
thatshawved up during the experiments.Finally, we will conclude
andpresenbur futurework.
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2 System overview

We basedheimmersve toolkit on GocAD’s library which imple-
mentsa whole setof modelingfunctionalities.

The displayedgeologicalstructuresare organisedinto a scene
graphreferringto the correspondinglatain the centraldatamodel.
This enablesdataduplicationto be minimized, andfacilitatesthe
visualupdatewhenthe modelis changed.

2.1 Modeling process

The purposeof 3D modelingin the geosciencess to createa re-
alistic representationf the undeground. It may be thoughtof as
a partition of the 3D spacento regions,boundedby interfacesbe-
tweendifferent rock layers, and discontinuitiescorrespondingo
faults. An accuraterepresentatiomf the geometryis requiredto
enablethe userto have a global view of the structurego be mod-
eled.

Themaindifficulty raisedby geologicalimodelingis thediversity
of theinitial dataavailable,bothin termsof natureandin termsof
reliability.

e Wellsprovide exactdata,in theform of well markers,indicat-
ing which geologicallayer is traversedat a given depth. But
wells arevery expensve to dig, andonly a small numberof
themareavailable,irregularly scatteredll over thedomainof
interest.

e Seismicacquisitiongprovide databy causinganexplosionand
by measuringhevibrationsreflectedandrefractedby theun-
demgroundstructures. Combiningthe datagiven by a large
numbetrof captorgesultsin a3D seismiccube similarto ara-
diographyof the undeground. Oneshouldkeepin mind that
dueto the differentcausesof precisionloss,inducedby the
captorsand by the computationsnvolved in the reconstruc-
tion of the seismiccube thisinformationis quiteinaccurate.

e Thelastkind of informationto be taken into accountis the
a-priori knowledge of geologistsconcerningthe domainto
be studied. For this reasonthe modelingprocessshouldbe
slightly interactive, whichmeanghata solutionshouldbe au-
tomatically provided to the user who thenhasthe ability to
editit andto injectmoreinformationinto the system.

The challengeof geologic modeling is to take into account
variouskind of information, suchaswell marlers, setsof points
correspondingdo interfacesandfaults picked from seismiccubes,
while letting the userinteractvely introduceadditionalinformation
ateachstepof the procesgfig. 3). Theresultingmodelis nameda
structuralmodel, sinceit representshe geometricstructureof the
undeground.

Except for a few specific objects (the wells, channelsand
lenses), the geological objects’ representationsn GOCAD are
based on regular or irregular meshes(point sets, polygonal
lines, triangulatedsurfaces, tetraedralizedsolids and regular or
stratigraphicgrids). Thesemeshedbasedobjectsare well suited
for a Boundary Representation (B-Rep) modelisation first repre-
sentedby winged edge structureg[1, 10]. Lately, B-Rep models



were generalisedby cellular models representedy Generalized
Map (G-Map) structures[6]. Theserepresentationsllow for a
topologicalrepresentatiof the model (with neighbourrelation-
ships),andthegeometrycanbeconsidere@sonespecificproperty

The modelcanbe provided with valuesrepresentingroperties
suchas porosity or permeability Any propertydefinedon mesh
nodes can be interpolated acrossthe model with an original
method the Discrete Smooth Interpolation (DSI) [7].

In ageomodelingroject,severalteamscooperatendexchange
informationin a form specificto eachteam. Structuralgeologists
manipulatesurfaces,geophysicistause tetraedralizedsolids, and
reservir engineerpreferhexaedralgrids. GocaD’slibrary feder
atesthemodelingprocessnto acoherenformalismandacommon
setof toolsworking on a singledatabaseThe mainconcernsre:

e the generationand interactize edition of geologicalobjects
constrainedy well markersandseismicdata;

e thegeneratiorof structuredandunstructuredneshes;
e thestatisticalanalysisof properties;

e geostatistic and stochastic simulations (generation of
equiprobablenodels).

In ary case,oneof the mostcommonway to exploit the model
is clearlyto visualizeit.

2.2 Datavisualization

The standardvisualizationprocesss the following: first, the user
selectsthe different geologicalobjectsto be displayed;then, an
internal scenegraphis built accordingto theseobjectsand their
properties(color, shading,transparenc..); finally, this graphis
traversedfor therenderingstage.

In orderto minimize the duplicationof data,every shapenode
of the scenegraphpointsto the internaldatamodel. This means
thatthe geometricakepresentationf the shapeis built out of the
topologicalmodel.For example for atriangulatedsurface theren-
deringalgorithmhasaccesgo alist of triangles.But for efficiency
considerationsalist of trianglestripswill be generatedbeginning
with onetriangle of the surface,the algorithmwill addone of its
neighbourghatcanbe retrieved throughtopologicalrelationships.
The triangle strip endswhenno otherneighbourcanbe found for
thelasttriangle. Trianglestripsaregeneratedintil all thetriangles
arerendered.

Flags are usedto avoid displaying twice the sametriangle.
They indicateif the triangle hasalreadybeentaken into account.
Unfortunately these flags are actually directly storedin each
triangle. As will be shawn later, this leadsto nasty side effects
whentwo threadshave to usesimultaneouslyheseflags.

A home-mademplementatiorhasbeendevelopedto visualize
volumetricdata.Only parallelepipedsanbevisualizedasvolumes.
Thecoreof thevolumevisualizationalgorithmproceedsy slicing
thebox by a setof planes[2]. They areeitherplanesaxis-aligned
accordingto the box’s coordinatesystemor perpendiculato the
view direction. The numberof slicing planesis controlledby the
user Increasingthis numberenhanceshe quality of the volume
renderingatthe costof loweringtheframe-rate.

Thevolumetricdatais a 3D textureimagewhich is decomposed
into a setof bricks. Eachbrick is mainly a smallbox of volumetric
texture, so that the setof bricks coversthe cube. The bricks are
then sortedfrom backto front dependingon their distanceto the
camera.Then,dependingon the graphicsboards capability they
aresentdown to theboardasa 2D or 3D texture.

3 Multi-pipe visualization process

In orderto give the usera betterinsightinto the geologicalmodel,
we decidedto enhancehe visualizationprocess. Two major en-
hancementbave beenimplemented.First, we extendedthe exist-
ing softwareto run in immersie ervironmentswhich represents.
considerabléask.Indeed therearemultiple hardwarechoicesand
someimportantimplementatiorconsiderationbadto betakeninto
account.Secondweimprovedthevisualizationprocessn orderei-
therto have a betterframe-rateor to displaylargerdatabasesBoth
improvementshelpto increaseaheinteractionwith themodel.

3.1 Immersive environments

An immersve toolkit shouldbe flexible enoughto accommodate
several ervironments,ranging from the simple userdisplay (the
commoncomputerscreen}o immersve VR ervironments.In these
high end configurations the global representatiormf the sceneis
displayedo theuserby meansf multiple sub-imagegrojectedon
screens.

At first, we developedour own internallibrary allowing for an
external hardware configurationfile, and implementingmultiple
pipesmanagemerfacilities.

Thepossibility of configuringthe softwarewithout having to re-
compile anything is essential. As with the CAVE LIBRARY [8],
this goalis achiered by having the hardvware partof thevirtual en-
vironmentdefinedin anexternalconfiguratiorfile (fig. 1). Thisfile
definesghe numberof displays the screergeometriegandtheir rel-
ative positions(givenby thepositionof threecornersof thescreen),
aswell asthe differentdevicesandtheir specificparametrisations
usedto drive the visualization. Thusit is possibleto adaptat run-
time to ary hardwareenvironment.

file
L
\ \ \

# screens # | apt ops devi ce #1
nanel name2 namel name2 specific
di splayl .. posi tionl . data. .
geonetryl orientationl

proj ectionl

Figurel: Configuratiorfile.

Dependingon the characteristicef eachscreena specificsub-
image must be computed. Theseimagesare then displayedto-
gether and are seenby the userasonelarge image. Synchroniz-
ing the display of the sub-imagesmust be specially considered.
Our implementatiorhasa barrierthat synchronizeghe rendering
threadgust beforethey swap the frame-tuffers. This mustbe ap-
plied throughoutthe whole renderingprocesssincenothingguar
anteeghatthe sub-imagesrecomputedequallyfast. This solution
avoids somevisual artefactswhich can occur when the different
sub-imagesrenot displayedexactly simultaneouslyIn this case,
theglobalimagewould bedistorted.

For efficiengy, it is betterif all theimagesarecomputedsimulta-
neously Thisis possiblewith computershaving multiple graphics
pipesor graphicscards,andimplies an obvious parallelismof the
visualizationprocess.In this case the scenegraphtraversalmust
bethread-safe.

Immersedin newv hardware ervironments,the usersexpectan
improvedvisualization,allowing a fasterdisplayof largerscenes.



3.2 Multi-pipe acceleration

In orderto acceleratehe visualizationprocessH. Igehy et al. [4]
designeda parallel graphicsinterface. This API increasesthe
graphicgperformancéoy loweringthecommunicatioroverheade-
tweenthe hostsystemandthe graphicssystem. Neverthelessthe
presentedolutiondoesnot yetaddresshe puregraphicshardware
limitations.

Another solution leading to a more efficient renderingis to
allow multiple pipesto collaborateon onesingleimage. The goal
is to benefitfrom a graphicshardware parallelism. We portedour
toolkit on SGI’'s MPU? library.

Differentacceleratiordesignscanbeused:

2D composition : the imageis divided into a numberof sub-
imagescomputedby separategraphicspipes. Only a part of
the scends sentto eachpipe,thusacceleratinghe rendering
time. All theresultingimagesarethenmeigedinto onesingle
framehbuffer.

3D decomposition (fig. 2): the sceneis divided in orderedsub-
scenessortedin backto front order Eachsub-scendA, B
andC) is assignedo onepipe (respectiely #1, #2 and#3)).
The first pipe computesthe imagecorrespondingo its sub-
scene(stagea). Theresultingframebuffer is thencopiedto
the next pipe (), which adds the imagecorrespondingo its
sub-scengstageb). This processs repeatedor all the pipes
to arrive at the final image. Furthermorepnceone pipe has
passedts framebuffer to the next one,it cansimultaneously
getthe buffer from the precedingpipe andstartits local ren-
deringwith new viewing parameterbeforethetotal imageis
finished.

Pi pe #1

Figure2: 3D composition.

4D decomposition: this time decompositiorassigngo eachpipe
a different time-frameto be computed. While one pipe is

computingthe pth frame, the following pipe computesthe
(n+ 1)th frame.

Theuseof the Monstermpu allows for anearlylinearspeed-up
onthe SGI ONYX2.

2Actually, only MPU v2.0 (or Monstermpu) supportsthe presentedic-
celerationcapabilities.ContactP. Bouchaudor moreinformation.

3Thedifferencewith immersie environmentss thattheseervironments
rely on a hardware combinationof the sub-imagegfor examplewith pro-
jectors),whereashe 2D decompositiomesultsin onesingleimagethatcan
bedisplayedon onecomputerscreen.

Another software improvementhasbeenimplementedn order
to acceleratéhe rendering. The key pointis thata singlesceneis
displayedon multiple sub-imagesWhenoneobjectis completely
displayedon one sub-imagejt cannot be simultaneouslyiewed
on anothersub-image.Thus,specialcaremustbe accordedor the
view frustum clipping. This techniqueallows objectsto be dis-
cardedbeforethey aresentto the graphicspipeline, reducingthe
graphicalwork. Hierarchicalmethods,basedon octreesor bsp-
trees[3], mayacceleratesignificantlythe visualizationprocess.

Actually, someconsiderationsnustbe taken into account: the
achieved software acceleratiordepend®on the performanceof the
graphicshardware,the sizeof the displayedmodelandtheratio of
the datawhich is seen. Dependingon thesefactors,the obtained
speed-upsangefrom oneto aboulffifty.

4 Results and discussion

The immersve extensionof the geosciencéool hasalreadybeen
successfullytestedin various VR ervironments: in a CAVE'™
(fig. 4) drivenby four pipes,in variousREALITY CENTERS™ with
oneor threepipes(fig. 5), or on workbenches..The simpleASCII
configuratiorfile providesefficient run-timeportability of the soft-
warefor ary hardwareervironment. The usersimply hasto define
the numberof screenstheir resolutionandtheir relative position.
Thissufiicesto defineatrun-timetheprojectiongo bedoneto com-
putethedifferentsub-images.

4.1 Interaction and interface considerations

Theimmersve visualizationgivesthe usersmorefreedomto inter-
actwith the model. Thus,they aretemptedby manipulationshey
would not try with awindow-basednterface.

For example,a commonrequests to implementthe possibility
to pick an objectin the scene,to dragit aroundto have a better
view of this particular object (without having the whole scene
moving around),andthento dropit sothatit automaticlysnaps to
it's original position.

Meanwhile, the main difficulty for the usersis to adaptto
the new environment. They have to switch from the standard
screen/kyboard/mouseschemeywith the GraphicalUserInterface
they areusedto, to anev immersie ervironmentwithout the con-
ceptof aframeor awindow definingthework area.Usershave the
mostdifficulty adaptingto the new interface,which givesaccesso
thenumeroudunctionalitiesof the modeler(about700functions).

We beganto develop atime consumingsolution,which consists
in redesigninga brandnew 3D interface from scratch. Unfortu-
nately no standardAPI existsto helpbuilding suchinterfaces.

A betteralternatie is to usevideo mappingtechniquego dis-
play the standardnterfaceon a panel(3D rectanglecalledlaptop)
embeddedn the 3D world. Theimplementatioris quite easy and
theuseris againfacedwith theinterfaceheis usedto. Furthermore,
ary existing interfacecanbe displayedon the laptop,without writ-
ing ary new linesof code.

4.2 Parallelism considerations

Differentsolutionsexist to parallelizean algorithm, eitherusinga
process-leel parallelismbasedon the C functionf or k, or using
threadslike the posix thread$ [5]. The main differencebetween
both approachesoncernsthe way the memoryis shared. When
using processesgachprocessruns in a separateaddressspace.
Sharingdata requiresallocating special structurescalled shared

4The standardfor UNix threadsis definedin ANSI/IEEE POSIX
1003.1-1995



memory objects. In contrast,the threadapproachenablessereral
tasksto runin the sameaddresspace.Thus,all thedatastructures
andvariablesaresharedbetweerthethreads.

In the caseof a geoscienceool including modelingfunction-
alities, it is essentiato sharethe geologicaldatamodel between
therenderingandthe modelingprocessesindeed the functionali-
tiesbasedninterpolationalgorithmscandeeplychangehewhole
database.Thus, the differentrenderingprocesse$ave to access
thesedatain orderto guarantedghe consisteng of the displayed
sceneand the model. This is one of the aspectshat makes the
threadsolution bestsuitedfor this application,sincethe memory
cannot beeasilysharedwith af or k-basedapproach.

Neverthelessthis solutionstill hassomedrawvbacks:the whole
applicationmustbe madethread-safe The programmemhasto en-
surethat the datawill not be displayedwhile the modelerthread
is performingary changedo the data. This can happenfor ex-
ampleduring aninterpolationstage that alsorelieson the above-
mentionedlags. During atime-consumingnterpolation the scene
graphis automaticallyinformedthat the modelchangedthusthe
triangle strips are recomputed. This resetsall the flags currently
usedfor theinterpolation...

5 Conclusion and future work

Variousproblemsarosefrom extendingthe window-basedsequen-
tial softwareto a multi-threadegprogramrunningin immersve en-
vironmentswith multiple pipes:

o the ability of the visualizationtool to handlevery large data
modelswhich arecommonin geoscience;

o theflexibility to dealwith differentmulti-pipe ervironments,
whichimpliesa parallelrenderingprocess;

o thesideeffectsinherentto this parallelismmustbe fixed, in
particularwhen both the modelingand renderingprocesses
accesshemodelsdata.

Differentimprovementsin the visualizationprocessare under
taken:

e replacingthe actualinternalscenegraphby a supportedAPI
like OPTIMIZER or even FAHRENHEIT. This will reducethe
maintenancecosts, and allow us to benefitfrom the latest
hardwareand OPENGL enhancements;

o exploiting the specificgeometryof the superposedeological
layers: techniquesbasedon occlusionculling, implemented
in OPTIMIZER or presentedn [11], shouldprove to be very
effective.
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