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Abstract

Having a betterway to representandto interactwith largegeologi-
cal modelsaretopicsof high interestin geoscience,andespecially
for oil andgascompanies.We presentin this paperthedesignand
implementationof a visualizationprogramthat involvestwo main
features.It is basedon thecentraldatamodel,in orderto display
in real time themodificationscausedby themodeler. Furthermore,
it benefitsfrom the different immersive environmentswhich give
theusera muchmoreaccurateinsightof themodelthana regular
computerscreen.Then,we focuson the difficulties that comein
thewayof performance.
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1 Introduction

Integrating information coming from different sources,getting a
betterunderstandingof 3D geologicalobjects’ relationships,hav-
ing a betterway to representandto interactwith large geological
modelsaretopicsof high interestin geoscience,andespeciallyfor
oil andgascompanies.

Geosciencetoolkits musthave extendedmodelingcapabilities,
in orderto ensurethe model’s consistency. Thesecapabilitiesare
groupedin several different kinds of modeling tools: structural,
geophysical(velocitymodeling)or reservoir-specific(geostatistics,
well planning.. . ) tools. All thesefeaturesare basedon the in-
terpolationcapabilitiesof themodeler, andinteractdirectly with a
centraldatamodel.

Feedbackto the useris mostly provided throughthe visualiza-
tion of geologicalstructureslikehorizons,faults,well pathsor seis-
mic data.This involvestwo mainfeaturesof thevisualisationtool:
it mustbe basedon the centraldatamodel, in orderto display in
real time themodificationscausedby thedifferentmodelingtools;
furthermore,it shouldbenefit from the different immersive envi-
ronmentswhich give theusera muchmoreaccurateinsightof the
modelthana regularcomputerscreen.

We choseto extend the capacitiesof a standardgeoscience
program, GOCAD1 [9], to enablethe visualizationof its model
within different immersive environments, like CAVESTM ,
REALITYCENTERSTM or workbenches.

In this paper, we will briefly describethemainpointsof thede-
signandimplementationof theprogram.Then,wewill focusonthe
solutionschosento adaptthesoftwareto immersive environments.
This will leadus to presentthe main feedbackandthe difficulties
that showed up during theexperiments.Finally, we will conclude
andpresentour futurework.
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1The GOCAD (GeologicalObjectComputerAided Design)softwareis
maintainedanddistributedby T-Surfhttp://www.t-surf.com

2 System overview

We basedtheimmersive toolkit on GOCAD’s library which imple-
mentsa wholesetof modelingfunctionalities.

The displayedgeologicalstructuresareorganisedinto a scene
graphreferringto thecorrespondingdatain thecentraldatamodel.
This enablesdataduplicationto be minimized,andfacilitatesthe
visualupdatewhenthemodelis changed.

2.1 Modeling process

The purposeof 3D modelingin the geosciencesis to createa re-
alistic representationof the underground. It may be thoughtof as
a partitionof the3D spaceinto regions,boundedby interfacesbe-
tweendifferent rock layers,and discontinuitiescorrespondingto
faults. An accuraterepresentationof the geometryis requiredto
enabletheuserto have a global view of thestructuresto bemod-
eled.

Themaindifficulty raisedby geologicalmodelingis thediversity
of the initial dataavailable,bothin termsof natureandin termsof
reliability.

� Wellsprovideexactdata,in theform of well markers,indicat-
ing which geologicallayer is traversedat a givendepth.But
wells arevery expensive to dig, andonly a small numberof
themareavailable,irregularlyscatteredall over thedomainof
interest.

� Seismicacquisitionsprovidedataby causinganexplosionand
by measuringthevibrationsreflectedandrefractedby theun-
dergroundstructures. Combiningthe datagiven by a large
numberof captorsresultsin a3D seismiccube,similarto ara-
diographyof theunderground.Oneshouldkeepin mind that
dueto the differentcausesof precisionloss, inducedby the
captorsandby the computationsinvolved in the reconstruc-
tion of theseismiccube,this informationis quiteinaccurate.

� The last kind of information to be taken into accountis the
a-priori knowledgeof geologistsconcerningthe domainto
be studied. For this reason,the modelingprocessshouldbe
slightly interactive, whichmeansthatasolutionshouldbeau-
tomaticallyprovided to the user, who thenhasthe ability to
edit it andto inject moreinformationinto thesystem.

The challengeof geologic modeling is to take into account
variouskind of information, suchaswell markers, setsof points
correspondingto interfacesandfaultspicked from seismiccubes,
while letting theuserinteractively introduceadditionalinformation
at eachstepof theprocess(fig. 3). Theresultingmodelis nameda
structuralmodel,sinceit representsthe geometricstructureof the
underground.

Except for a few specific objects (the wells, channelsand
lenses), the geological objects’ representationsin 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 structures[1, 10]. Lately, B-Rep models



were generalisedby cellular models representedby Generalized
Map (G-Map) structures[6]. Theserepresentationsallow for a
topologicalrepresentationof the model (with neighbourrelation-
ships),andthegeometrycanbeconsideredasonespecificproperty.

Themodelcanbe provided with valuesrepresentingproperties
suchas porosity or permeability. Any propertydefinedon mesh
nodes can be interpolated across the model with an original
method,theDiscrete Smooth Interpolation (DSI) [7].

In ageomodelingproject,severalteamscooperateandexchange
informationin a form specificto eachteam. Structuralgeologists
manipulatesurfaces,geophysicistsuse tetraedralizedsolids, and
reservoir engineerspreferhexaedralgrids. GOCAD’s library feder-
atesthemodelingprocessinto acoherentformalismandacommon
setof toolsworking ona singledatabase.Themainconcernsare:

� the generationand interactive edition of geologicalobjects
constrainedby well markersandseismicdata;

� thegenerationof structuredandunstructuredmeshes;
� thestatisticalanalysisof properties;
� geostatistic and stochastic simulations (generation of

equiprobablemodels).

In any case,oneof themostcommonway to exploit themodel
is clearlyto visualizeit.

2.2 Data visualization

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

In orderto minimize the duplicationof data,every shapenode
of the scenegraphpoints to the internaldatamodel. This means
that the geometricalrepresentationof the shapeis built out of the
topologicalmodel.For example,for a triangulatedsurface,theren-
deringalgorithmhasaccessto a list of triangles.But for efficiency
considerations,a list of trianglestripswill begenerated:beginning
with onetriangleof the surface,the algorithmwill addoneof its
neighboursthatcanberetrievedthroughtopologicalrelationships.
The trianglestrip endswhenno otherneighbourcanbe found for
thelast triangle.Trianglestripsaregenerateduntil all thetriangles
arerendered.

Flags are used to avoid displaying twice the sametriangle.
They indicateif the trianglehasalreadybeentaken into account.
Unfortunately, these flags are actually directly stored in each
triangle. As will be shown later, this leadsto nastyside effects
whentwo threadshave to usesimultaneouslytheseflags.

A home-madeimplementationhasbeendevelopedto visualize
volumetricdata.Onlyparallelepipedscanbevisualizedasvolumes.
Thecoreof thevolumevisualizationalgorithmproceedsby slicing
thebox by a setof planes[2]. They areeitherplanes,axis-aligned
accordingto the box’s coordinatesystemor perpendicularto the
view direction. The numberof slicing planesis controlledby the
user. Increasingthis numberenhancesthe quality of the volume
rendering,at thecostof 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 covers the cube. The bricks are
thensortedfrom back to front dependingon their distanceto the
camera.Then,dependingon the graphicsboard’s capability, they
aresentdown to theboardasa 2D or 3D texture.

3 Multi-pipe visualization process

In orderto give theusera betterinsight into thegeologicalmodel,
we decidedto enhancethe visualizationprocess.Two major en-
hancementshave beenimplemented.First, we extendedtheexist-
ing softwareto run in immersive environments,which representsa
considerabletask.Indeed,therearemultiplehardwarechoices,and
someimportantimplementationconsiderationshadto betakeninto
account.Second,weimprovedthevisualizationprocessin orderei-
therto have a betterframe-rateor to displaylargerdatabases.Both
improvementshelpto increasetheinteractionwith themodel.

3.1 Immersive environments

An immersive toolkit shouldbe flexible enoughto accommodate
several environments,ranging from the simple userdisplay (the
commoncomputerscreen)to immersiveVR environments.In these
high endconfigurations,the global representationof the sceneis
displayedto theuserby meansof multiplesub-imagesprojectedon
screens.

At first, we developedour own internal library allowing for an
external hardware configurationfile, and implementingmultiple
pipesmanagementfacilities.

Thepossibilityof configuringthesoftwarewithouthaving to re-
compileanything is essential.As with the CAVE L IBRARY [8],
this goal is achievedby having thehardwarepartof thevirtual en-
vironmentdefinedin anexternalconfigurationfile (fig. 1). Thisfile
definesthenumberof displays,thescreengeometriesandtheir rel-
ativepositions(givenby thepositionof threecornersof thescreen),
aswell asthe differentdevicesandtheir specificparametrisations
usedto drive thevisualization.Thusit is possibleto adaptat run-
time to any hardwareenvironment.

file

device #1

specific
  data...

# screens

name1
display1
geometry1
projection1

name2
...

# laptops

name1
position1
orientation1

name2
...

Figure1: Configurationfile.

Dependingon thecharacteristicsof eachscreen,a specificsub-
imagemust be computed. Theseimagesare then displayedto-
gether, andareseenby the userasonelarge image. Synchroniz-
ing the display of the sub-imagesmust be specially considered.
Our implementationhasa barrier that synchronizesthe rendering
threadsjust beforethey swap the frame-buffers. This mustbe ap-
plied throughoutthewhole renderingprocess,sincenothingguar-
anteesthatthesub-imagesarecomputedequallyfast.Thissolution
avoids somevisual artefactswhich can occur when the different
sub-imagesarenot displayedexactly simultaneously. In this case,
theglobalimagewould bedistorted.

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

Immersedin new hardware environments,the usersexpect an
improvedvisualization,allowing a fasterdisplayof largerscenes.



3.2 Multi-pipe acceleration

In orderto acceleratethevisualizationprocess,H. Igehy et al. [4]
designeda parallel graphicsinterface. This API increasesthe
graphicsperformanceby loweringthecommunicationoverheadbe-
tweenthe hostsystemandthe graphicssystem.Nevertheless,the
presentedsolutiondoesnot yetaddressthepuregraphicshardware
limitations.

Another solution leading to a more efficient renderingis to
allow multiple pipesto collaborateon onesingleimage.Thegoal
is to benefitfrom a graphicshardwareparallelism.We portedour
toolkit on SGI’s MPU2 library.

Differentaccelerationdesignscanbeused:

2D composition : the image is divided into a numberof sub-
imagescomputedby separategraphicspipes. Only a part of
thesceneis sentto eachpipe,thusacceleratingtherendering
time. All theresultingimagesarethenmergedinto onesingle
framebuffer3.

3D decomposition (fig. 2): the sceneis divided in orderedsub-
scenes,sortedin backto front order. Eachsub-scene(A, B
andC) is assignedto onepipe (respectively #1, #2 and#3)).
The first pipe computesthe imagecorrespondingto its sub-
scene(stagea). The resultingframebuffer is thencopiedto
thenext pipe( � ), which adds the imagecorrespondingto its
sub-scene(stageb). This processis repeatedfor all thepipes
to arrive at the final image. Furthermore,onceonepipe has
passedits framebuffer to thenext one,it cansimultaneously
get thebuffer from theprecedingpipeandstartits local ren-
deringwith new viewing parametersbeforethetotal imageis
finished.

Pipe #1 Pipe #2 Pipe #3

A
B

C

α

β
b

c

a

Figure2: 3D composition.

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

computingthe � th frame, the following pipe computesthe	 � 
 � � th frame.

Theuseof theMonsterMPU allows for a nearlylinearspeed-up
on theSGI ONYX2.

2Actually, only MPU v2.0 (or MonsterMPU) supportsthepresentedac-
celerationcapabilities.ContactP. Bouchaudfor moreinformation.

3Thedifferencewith immersiveenvironmentsis thattheseenvironments
rely on a hardwarecombinationof the sub-images(for examplewith pro-
jectors),whereasthe2D decompositionresultsin onesingleimagethatcan
bedisplayedon onecomputerscreen.

Anothersoftwareimprovementhasbeenimplementedin order
to acceleratethe rendering.Thekey point is thata singlesceneis
displayedon multiple sub-images.Whenoneobjectis completely
displayedon onesub-image,it cannot be simultaneouslyviewed
on anothersub-image.Thus,specialcaremustbeaccordedfor the
view frustum clipping. This techniqueallows objectsto be dis-
cardedbeforethey aresentto the graphicspipeline, reducingthe
graphicalwork. Hierarchicalmethods,basedon octreesor bsp-
trees[3], mayacceleratesignificantlythevisualizationprocess.

Actually, someconsiderationsmustbe taken into account: the
achievedsoftwareaccelerationdependson theperformanceof the
graphicshardware,thesizeof thedisplayedmodelandtheratio of
the datawhich is seen. Dependingon thesefactors,the obtained
speed-upsrangefrom oneto aboutfifty.

4 Results and discussion

The immersive extensionof the geosciencetool hasalreadybeen
successfullytestedin various VR environments: in a CAVETM

(fig. 4) drivenby four pipes,in variousREALITYCENTERSTM with
oneor threepipes(fig. 5), or on workbenches...ThesimpleASCII
configurationfile providesefficient run-timeportabilityof thesoft-
warefor any hardwareenvironment.Theusersimply hasto define
the numberof screens,their resolutionandtheir relative position.
Thissufficesto defineatrun-timetheprojectionsto bedoneto com-
putethedifferentsub-images.

4.1 Interaction and interface considerations

Theimmersive visualizationgivestheusersmorefreedomto inter-
actwith themodel. Thus,they aretemptedby manipulationsthey
wouldnot try with a window-basedinterface.

For example,a commonrequestis to implementthepossibility
to pick an object in the scene,to drag it aroundto have a better
view of this particular object (without having the whole scene
moving around),andthento drop it sothat it automaticlysnaps to
it’ soriginalposition.

Meanwhile, the main difficulty for the users is to adapt to
the new environment. They have to switch from the standard
screen/keyboard/mousescheme,with theGraphicalUserInterface
they areusedto, to a new immersive environmentwithout thecon-
ceptof a frameor a window definingthework area.Usershave the
mostdifficulty adaptingto thenew interface,which givesaccessto
thenumerousfunctionalitiesof themodeler(about700functions).

We beganto developa time consumingsolution,which consists
in redesigninga brandnew 3D interfacefrom scratch. Unfortu-
nately, nostandardAPI existsto helpbuilding suchinterfaces.

A betteralternative is to usevideo mappingtechniquesto dis-
play thestandardinterfaceon a panel(3D rectanglecalledlaptop)
embeddedin the3D world. Theimplementationis quiteeasy, and
theuseris againfacedwith theinterfaceheis usedto. Furthermore,
any existing interfacecanbedisplayedon thelaptop,without writ-
ing any new linesof code.

4.2 Parallelism considerations

Differentsolutionsexist to parallelizeanalgorithm,eitherusinga
process-level parallelismbasedon theC functionfork, or using
threadslike the posix threads4 [5]. The main differencebetween
both approachesconcernsthe way the memoryis shared. When
using processes,eachprocessruns in a separateaddressspace.
Sharingdata requiresallocating specialstructurescalled shared

4The standardfor UNIX threadsis defined in ANSI/IEEE POSIX
1003.1-1995



memory objects. In contrast,the threadapproachenablesseveral
tasksto run in thesameaddressspace.Thus,all thedatastructures
andvariablesaresharedbetweenthethreads.

In the caseof a geosciencetool including modelingfunction-
alities, it is essentialto sharethe geologicaldatamodel between
therenderingandthemodelingprocesses.Indeed,thefunctionali-
tiesbasedon interpolationalgorithmscandeeplychangethewhole
database.Thus, the different renderingprocesseshave to access
thesedatain order to guaranteethe consistency of the displayed
sceneand the model. This is one of the aspectsthat makes the
threadsolutionbestsuitedfor this application,sincethe memory
cannot beeasilysharedwith afork-basedapproach.

Nevertheless,this solutionstill hassomedrawbacks:thewhole
applicationmustbemadethread-safe.Theprogrammerhasto en-
surethat the datawill not be displayedwhile the modelerthread
is performingany changesto the data. This can happenfor ex-
ampleduring an interpolationstage,that alsorelieson the above-
mentionedflags.Duringa time-consuminginterpolation,thescene
graphis automaticallyinformedthat the modelchanged,thusthe
triangle strips are recomputed.This resetsall the flags currently
usedfor theinterpolation...

5 Conclusion and future work

Variousproblemsarosefrom extendingthewindow-basedsequen-
tial softwareto a multi-threadedprogramrunningin immersive en-
vironmentswith multiple pipes:

� the ability of the visualizationtool to handlevery large data
modelswhicharecommonin geoscience;

� theflexibility to dealwith differentmulti-pipeenvironments,
which impliesa parallelrenderingprocess;

� the sideeffectsinherentto this parallelismmustbe fixed, in
particularwhen both the modelingand renderingprocesses
accessthemodel’s data.

Different improvementsin the visualizationprocessareunder-
taken:

� replacingtheactualinternalscenegraphby a supportedAPI
like OPTIMIZER or even FAHRENHEIT. This will reducethe
maintenancecosts,and allow us to benefit from the latest
hardwareandOPENGL enhancements;

� exploiting thespecificgeometryof thesuperposedgeological
layers: techniquesbasedon occlusionculling, implemented
in OPTIMIZER or presentedin [11], shouldprove to be very
effective.
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Figure3: GOCAD’sstandardGUI, displayingwells andseismicdatarenderedwith a giventransparency.

Figure4: Visualisationof thesamescenein a CAVETM -like environmentwith a four pipesconfiguration(courtesyof Arco).

Figure5: Visualisationof thesamescenein a 3 pipesREALITYCENTERTM (courtesyof SIL ICON GRAPHICS’sCortaillod’s office).


