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Abstract

This paperdescribegools and techniquedor the exploration of
geo-scientificdatafrom the oil andgasdomainin stereoscopiwir-
tual ervironments.Thetwo mainsourcef datain theexploration
task are seismicvolumesand multivariate well logs of physical
propertiesdowvn a bore hole. We have developeda props-based
interactiondevice calledthe cubic mouseto allow moredirectand
intuitive interactionwith a cubic seismicvolume. This device ef-
fectively placegheseismiccubein theusers hand.Geologistsvho
have tried this device have beenenthusiasti@boutthe easeof use,
andwereadeptonly afew momentsafterpickingit up.

We have also developeda multi-modal visualisationand soni-
fication techniquefor the dense multivariatewell log data. The
visualisationcan shav two well log variablesmappedalong the
well geometryin a bivariate colour schemeandanothervariable
onaslidinglens.A sonificationprobeis attachedo thelenssothat
othervariablescanbeheard.Thesonificationis basedn a Geiger
countermetaphorthat is widely understoodand which males it
easyto explain. Thedatais sonifiedat higheror lower resolutions
dependingn the speedof thelens. Sweepsanbe madeat slower
ratesandover smallerintenalsto homein on peakspoundarie®r
otherfeaturesn thefull resolutiondataset.

1 Introduction

Theoil andgasindustryacquiressnormousamountsf datafor the
explorationof potentialnew reserwirs. The two main sourceof
dataare seismicsuneys and multivariate measurementsf physi-
cal propertieslovn aborehole. Expertssightandinterpretthedata
to discover subsuraicestructuresvherethe preciousoil andgasis
likely to be found. The explorationand interpretationprocesss
mostly performedwith sophisticatedoftware systemson desktop
computerworkstations. However the small display size and the
corventional desktopinterfaceis in stark contrastto the compli-
catedthree-dimensionaubsurécestructuresandwell topologies
thatneedto beunderstoodnddiscussedh interdisciplinaryteams.
We developeda systemthatallows expertsfrom the oil andgas
industryto explore their datain stereoscopiwirtual environments
like Caves[5] andResponsie Workbenche§l1]. Thelargedisplay
size of thesesystemssupportscollaboratve work andthe stereo-
scopicprojectionfacilitatesthe understandingf datain threedi-
mensions.In this paperwe focuson novel interaction,visualiza-

Figure 1: Controlling a geo-scientificscenariowith the cubic
mouse.

tion, andsonificationtechniquesievelopedfor thesehighly inter-
active virtual ervironments.

In oil andgasexplorationthecentraldatastructurefor mosttasks
is the seismiccube,a scalarvolumetricgrid producedoy process-
ing the raw datafrom seismicsuneys. The cubic mouse,shavn
in Figurel, is a cube-shapedracked input device, which literally
putsthe seismiccubeinto the users handandallows very intuitive
controlof viewing parametersThecubicmousehasalsothreeslid-
ing rodswhich pasghroughits centerandareusedto positionthree
orthogonakeismicsections.

Theotherimportantsourceof informationfor interpreterss well
log datawhich they useto determinethe stratigraphyand char
acterisethe petrophysicslowvn a drill-hole. We have developeda
multi-sensonsonificationandvisualisatiorntool for exploring well
log data. Two attributescanbe mappedo the coloursin thevisual-
ization,andadditionalattributescanbe mappedo the soundsof a
Geigercounter

The systemhasbeenwell receved by the geologistsand geo-
physicistave have beenworking with in our developmentprocess.
Thisis despitethe factthatit containsonly a fraction of the func-
tionality of commercialgeo-scientificsystems.During evaluation
sessiongheexpertsfrom theoil andgasindustryindicatedthatthe
cubicmouseis a majorsteptowardsmoreintuitive interactionwith
their data. Even from their first experience somegeologistspre-
dictedthatthe cubicmousewill becomea standardor their appli-
cationdomainwithin the next years. The combinedvisualization
and sonificationseemsto help the perceptionof information for
densemultivariatewell logs. This is afirst stepin the directionof
multi-sensorydataexplorationandwe areencouragedo continue
investigationsn this direction.



2 Related Work

Thereare a variety of interactve VR visualisationssystemse.g.
[2], [1], [7]- Thesesystemdocuson differentdomainslike engi-
neering,biology, medicineandsoon. For the oil andgasdomain
thereareonly a few systemswhich are developedfor interactve
virtual ervironments. Loftin etal. atthe VETL in Houston[6]

areamongthepioneerdor virtual ervironmentsvisualisatiorin the
oil andgasdomainand have developeda variety of tools to sup-
port the exploration and interpretationprocess. One of the most
interestingapproacheso interactionwith geo-scientificdatawas
doneby Sterensonet al. [10] at the CSIRO in Canberrawhere
they integratedthe Phantomhaptic force-feedbacldevice with a
virtual workbenchsystem.Their geo-seismiclemonstratoallows
you to feel for threedimensionaktructurein a hand-sizedstereo-
scopicview of aseismiccube.

Hinckley etal. [8] describethe useof interfacepropsin a neu-
rosugical visualisationtask. In their system,usershold a small
rubberspherewith anembeddedracler. Therubberspheras held
in onehandandusedto controlthe orientationof a headmodelon
the screen. The otherhandholdsa secondprop which is usedto
positiona cutting planerelative to the headprop.

Soundshave proven effective asa way to represeninulti-variate
datain studieswith botanicalclassification[15], monitoringa pa-
tient during sugery [16], the analysisof sociologicaldata[13],
atmospherichemistry[4], and delugging parallelcomputerpro-
grams[12]. The potentialfor real-timeinteractie sonificationin
virtual ernvironmentswas demonstratedvith chaotic data at the
NCSA [9]. A systematicapproachto the sonificationof seismic
tasksanddataproposecdby Hayward [3] is doubly interestingbe-
causeof both the seismicdomainandthe stepbeyond ad-hocap-
proachest presents.The interactive sonificationin our systemis
basedon a designmethodthat drawvs on that systematiapproach
togethemwith principlesof perceptuamappingdravn from scien-
tific visualisation14].

3 Geo Science Data for Oil and Gas

Oil andgasexplorationrelieson geo-sciencelatafrom two main
sources seismicsuneys andwell logs. While seismicprovides
a broadview of large structuresn a subsurdcevolume,well logs
provide detailsat samplesitesdown adrill hole.

Seismicsuneys arecarriedout by sendingacousticshockwaves
into the groundwherethey arereflectedand refracted,following
the physicalprinciplesof wave-motionin layeredmedia. Theam-
plitude andtravel time of acousticwavesreturningto the surface
are measuredand processednto regular three-dimensionadcalar
grids. Strongcoherenteflectorsand otherstructureanbe anal-
ysedfrom thesedatavolumeswhichrepresena block of theearth
subsurécethatmaybekilometreson aside.

Well log datais gatheredoy lowering instrumentsdown an ex-
isting drill-hole to measurephysicalpropertiessuchasgammara-
diation, neutrondensity bulk density electricalconductvity and
mary others. Measurementsan be madeat centimetreintenals
over hundredof metres sowell log datais high resolution,dense
andmulti-variate. Subsequenprocessinganbe doneto produce
vectordata(e.g. stresgfield anddip-direction)anddatarepresent-
ing surfacesalongthedrilling path(e.g.sedimentaryayering).

Interpretergoamthroughthe seismicdataandidentify regions
of interestwhich they matchagainstwell logsto gaininsightinto
the stratigraphyand petro-physicapropertiesin a region. Based
on this informationthey modelsubsurécestructuressuchasrock
layersand boundarieshetweenmaterials(Figure 2). The whole
processs morecomplicatedhanthis, but we have concentratedn
theinterpretatiorphasebecausé is very importantandis repeated
mary times.
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Figure2: A typical oil explorationdatasetcontainingsubsuréce
structureswells, and seismicslices. The subsurdce model con-
sistsof two mainstructureshorizonsandfaults. Horizonsseparate
two earthlayers,andfaultsarebreaksin therocks,whereoneside
is moved relative to the other Horizonsare typically horizontal
while faultsareinclined. Threeorthogonalkslicing planesareused
to visualisethe seismicvolume. The inline-sliceis typically per
pendicularto the mainfault direction. The time-sliceis horizontal
andthecrossline-slicés perpendiculato both.

4 Seismic Data

The seismiccubeis the centraldatastructurefor mostexploration
and interpretationtasks. Subsuréce structuredike horizonsand
faults are definedrelative to the seismiccube and typically dis-
playedaspolygonalmodels.Thetraditionalway of representinghe
seismicvolumeis throughthreeorthogonaklicescalledcrossline,
inline andtime slice (Figure 2). We developedthe cubic mouse
for navigatingin the seismicvolumeandfor positioningthe three
slices. This cube-shapedracked input device, shawvn in Figure3,
mimicsthe shapeof the seismiccube. The cubic mouseis tracled
with a6 DOF sensoandtheorientationof theseismiccubefollows
in sync,effectively placingthe seismiccubein your hand.Rotating
thecubicmouserotateghe seismiccube.Sincethe otherstructures
like horizons,faults, andwells are definedrelative to the seismic
cube they move with it.

As you canseein Figure 3 the cubic mousehasthreesliding
rodspassinghroughit. Eachof theserodspositionsoneof thetra-
ditional seismicslices. The slicesarealignedwith the facesof the
cubicmouseandkeepin syncasit moves,sotherodsstayalways
perpendiculato the slices. The cubic mousehasthreebuttonson
thetop. Two buttonsarefor scalingthe seismiccubeup or down.
Whenbothof thesebuttonsarepressedhtthe sametime thecentre



Figure3: Thefirst prototypeof the cubicmousedevice

of rotationandscalingof the seismiccubeis setto a new point at

theintersectiorof thethreeslices.Thisis importantwhenyouwant

to scaleup acertainfeature.Setthenew centreof rotationandscal-
ing to beatthefeatureandscaleup. Thefeaturegetsscaledaround
the new centreandnow rotatingthe cubic mouselets you look at

thefeaturefrom differentdirections. Thethird buttonis the clutch

which disengagethe connectiorbetweerthe cubicmouseandthe

seismiccube. By de-clutchingyou canput the cubic mousedown

while leaving the seismiccubein somefixed position. In addition

to the threestandardorthogonalseismicsliceswe provide an un-

constrainedseismicslice combinedwith a slightly offset clipping

plane. The slice canbe attachedo the handand moved through
the datasetlike a wiper. Due to the slight offset of the clipping

planethehorizonsandfaultspiercethroughtheseismicslicewhich

allows verificationof their alignmentwith the seismicdata. As an

alternatve to two-dimensionakeismicsectionsve implementech

volumerenderindensshavn in Figure4. Semi-transparemlume
renderingis performedinsidea cubiclens,which canbe attached
to the users hand. Moving the lensthroughthe volumeallows the

userto view andfollow subsurficestructuresn arbitrarydirections
in threedimensionakpace.

Figure4: Thevolumerenderingens

5 Well Log Data

As mentionecdearlierthewell logs present challengingvisualisa-
tion problemdueto the densemulti-attribute data. We have taken
a multi-sensoryapproachby visualisingtwo variableswith a bi-
variatecolourschemeandallowing additionalvariableso beheard
with a Geigercountersonification. The visualisationshaws drill
holesastubeswith thewell log datacolourmappedntothem(Fig-
ureb). For example,colouringneutronporosityblueandbulk den-
sity yellow will colourthewell log in a similar mannerto thetra-
ditional methodin which interestingregionsappeatasstrongblue
andyellow stripesnext to eachother The well log visualisation
canalsoshav vectordata(e.g. stress-fielcanddip-direction)and
planes/sudces(e.g. structuraldip, sedimentaryayers)asiconsat
pointsdown thedrill-hole. A magnifyinglenscanbeslid overinter-
estingregionssuchasa blue/yellav striping signature Oneor two
additionalvariablesmay be visualisedwith a secondaryanelthat
alsoslidesalongthedrill-hole. A graphicline-plot of thevariables
canalsobeactivatedonthe panel.

Thesonificationis attachedo thelensto provide accesso other
datavariableghatarenotshowvn visually. Thesonificationis based
onthe Geigercounterdevice for detectingandmeasuringadiation
thatis familiar to mostgeo-physicistsA Geigercountermalesa
clicking soundthat increasesn rate with the numberof radioac-
tive particlespassingthroughits sensar The widespreaduse of
the Geigercounterindicatesthat the soundsare widely and cor
rectly understood. The virtual Geigercounterrespondsto mea-
suredgammaradiationin asimilarmanneto areal Geigercounter
Clicks aregeneratedy a granularsynthesisalgorithm. The click
rateis perceptuallyscaledby fractionationto give 10 equalsteps
in auditory differenceas the datagoesfrom 0.0 to 1.0. The vir-
tual Geigercounterhasthe advantagethatit cansenseotherwell
log variablessuchasneutrondensity bulk density electricalcon-
ductvity etc. andseveralvariablescanbe sensedtthe sametime.
Thereis a separatesynthesisefor eachactie field andthe outputs
aremixedtogether Correlationis heardasa singletexture, while
ade-correlatioris heardastwo or moredistinctly separatehythm
streamsn thesound.As you move theprobeup anddown thewell
log you canlisten for answergo questionssuchas”whereis the
data?”,"are thereary outliers?”,and”how doesthewell log relate
to otherdata?”. For exampleyou canlisten to the gammaradia-
tion while looking at stripedregionson the well log visualisation,
or listenatpointswherethedrill-hole passeshroughaninterpreted
surface,or in the vicinity of structuredn the surroundingseismic
cube. The Geigerprobeis attachedo the lensthatis controlled
by a manualslider potentiometenttachedo the wand. The speed
of the lensvariesin a continuousmannerwith the distanceof the
slider from the middle position. Positioningthe slider closeto the
middle causedhe lensto stay stationary toward the top movesit
upward,andtowardsthe bottommovesit downward. The speecbf
the probecauseghe datato be accesseat 3 levels of resolution.
At high speedshe low resolutiondatasetis sonified,while atlow
speedghe high resolutiondatais heard. The slidercanbe usedto
scanthewell log at high speedor regionsof interest.Sweepscan
be madeat slower ratesover smallerintervalsto homein on peaks
or boundarie®r otherfeatures.

6 Experiences and Discussion

Theinitial prototypeof our systenuseda corventionalvirtual tools
basedapproacHor interaction.Usershadto pick up differenttools
for eachtask,e.g. azoomtool, arotationtool, andsoon. To drag
arounda seismicslice, the userhadto pick up a dragtool with a
trackedwand, pointto the slice, pressthe button on thewand,and
movethesliceby moving thewand. This versionwasdemonstrated
to expertsfrom the oil andgasindustryin June1998. It wasimme-
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Figure5: A shortsectionof awell asit is visualisedby our system.
Theneutronporosityis assignedheyellow value,the bulk density
of therockthebluevalue.As it canbeseentheneutronporosityis
highin theupperpart,while thebulk densityis low for this section.
In the lower partit is inverse. The panelnext to the well in the
upperpartshavs the naturalgammaradiationasa greyscale-map
ononesideandasa graphon the other The lower partshavs the
magnifyinglens.

diatelyclearthattheintegrationof theseismicsuney, thewell logs
andthe interpretedsurfacesall in the samethree-dimensionalis-
play wasa major advantage makingit mucheasierto understand
andverify relationsbetweerthe differentdatatypes. In particular
the direct interactiontechniquesnadeour systemreally different
from a conventionaldesktopsystemandweregreatlyappreciated.
For example,userscould just reachinto the environment,pick up
a horizon,take a closerlook atit or move it out of theway if nec-
essary Someproblemsthey identifiedincludedthe needto more
finely positionslicesthroughthe seismiccube,the needto be able
to seestructuresn the cubeasthree-dimensionatlementsather
thanby two-dimensionaklices,the needto accessnulti-attribute
datain thewell log visualisationsandthe needfor moreresolution
ontheinterpretedsurfaces.Sometimeshe sliceswerehardto find
whenthey werehiddenbehindfaultsor horizons.

During the secondround of developmentwe built the cubic
mouseto addresshe problemsof interactingwith the seismicdata,
the volume lensfor visualizing three-dimensionastructuresand
the multi-modal visualisationand sonificationof well logs. We

evaluatedthis versionwith a geologistfor threedays, then pre-
sentedthe systemfor four hoursto 20 expertsfrom a consortium
of oil andgascompaniesAfter thepresentationve continuedwith
anotherevaluationsessionwith threegeologistsfrom thosecom-
panies. It was generallyagreedthat the cubic mousemademost
commontasksimmediatelyavailableandeasyto perform,andthe
othervirtual toolswereonly neededccasionallyFineadjustments
to the slice positionsis easiemwith the rodsthanwith virtual tools
becausdrictional force givessomeextra feedbackandcontrolthat
is nottherewhenmoving your handin thin air. Becauseheseismic
cubeis alwaysin syncwith the cubicmousetherodsthatmove the
seismicslicesarealwaysperpendiculato the slicing planesmak-
ing it intuitive to find the desiredrod withoutlooking atthe device.
During our evaluationsessionsomegeologistspredictedthat the
cubic mousewill becomea standardor their applicationdomain
within thenext years.

In the caseof the sonificationthe Geigercounter metaphor
malkes it much easierto explain to peoplewho have not experi-
encedthe useof soundto representatabefore. Marny peopleare
ratherwary of a sonificationbut duringdemonstrationthe people
we shavedit to did not hesitateo try it out. Oneexpertinterpreter
playedwith it for half an hour and usedit to verify the expected
changein the sonicvelocity of the well log wherean interpreted
horizonhadbeenconstructedo passthroughit. The possibilityto
listen to more than one variable at the sametime takeslongerto
explain, andthe more complex soundseemsamore difficult to un-
derstand A commentwas”"why not usea differentsoundfor each
differentvariablesoyou cantell whichoneis playing?”. Thiscould
be an effective way to hearthe separatevariables but will require
trainingto learnmeanings.

The userinterfaceto the lensraisedmary issuesof interaction
in virtual environments. The well logs are quite small compared
to otherstructuredn the interfaceand canbe difficult to hit with
avirtual tool which works by intersectinga ray with the geometry
Moving thelensalongthe well log with the virtual tool is difficult
andtakessomepracticebecausehe ray moveswith 6 degrees-of-
freedom,andactsasa lever which amplifiesunsteadyhandmove-
ments. The dextrousresolutionof the users handalso limits ac-
cessto the datato a level that was often muchlessthanthe data
available. As a resultof theseobsenationswe attacheda manual
sliderpotentiometeas an alternatve meansto move the lens up
anddown the well log. The manualslider feels more naturaland
is mucheasietto controlbecausehe one-dimensionahputdevice
matchegthe one-dimensionapositioningtask along the well log.
In ourinitial trial we usedanabsolutemappingfrom the sliderpo-
sitionto thelenspositionalongthewell log, sothetop of the slider
wasthetop of thewell log, thebottomof the sliderwasthe bottom
of thewell log. We found problemswith this absolutepositioning
schemédecausaoisefrom thesliderpotentiometecausedhelens
to jump arounderratically and accesdo the datawaslimited by
the 8 bit resolutionof the analog-digitaktorverter Theseproblems
wereovercomewith arelative positioningschemahatmapsthepo-
sition of thesliderto the velocity of thelens. Positioningthe slider
to the top causeghe lensto move quickly upwards,positioningit
to the bottom causest to move quickly dovnwards,andin are-
gion nearthe mid-pointit remainsstationary This schemeallows
thesonificationto vary theresolutiondependingnthespeedf the
lens/Geigeiprobe sothatatlow speedshedata-setanbeheardat
full resolution.

7 Summary and Future Work

In this paperwe presentechen ideasfor the exploration of data
from the oil andgasindustryin interactve stereoscopiwirtual en-
vironments. The two mostinterestingresultsof our work arethe
developmentof a novel input device, which greatlyfacilitatesthe



interaction,and the developmentof a multi-sensoryvisualisation
andsonificationtool for well logs. Our systemhasbeenevaluated
by expertsfrom the oil andgasindustryaswell asfrom software
vendorsfor this applicationdomainandtherearealreadysomein-

dicationsthat someof our ideasare goingto be adoptedoy com-
mercialgeo-scientificsystems.

Often oil companieshave their experts working in different
placesall over the world. We are currently extendingour system
to supportacollaboratve explorationandinterpretatiorprocesgor
thesedistributedsettings.Thereis a variety of interestingssuego
resole, for examplehow to dealwith hugedatasetsandhow to
supportthe successfutoncepof propsfor thedistributedcase?

The cubicmousehaspotentialto be of benefitin otherdomains
with similar tasks. One exampleis medicalvisualisation,where
threeorthogonalslicing planesare usedto view humancrosssec-
tions from volumetric CT, MRI, and PET datasets. Anotherex-
ampleis engineeringvhich usesthreeorthogonalclipping planes
to performso called chair cuts for remaring a quadrantfrom an
engineeringnodel.

We will follow up the suggestiorio adddifferenttimbresto the
Geigercountersothatdifferentattributesof thewell log sounddif-
ferent.Spatialisatiorof the soundmayprove helpful for displaying
directionaldatain the well logs. The Geigercountercanalsobe
usedto listen to seismicdata. This could involve extendingthe
point sensotto be a planeor volume. From our experiencen this
projectwe areencouragedo continueour work in the largely un-
exploredareaof multi-modalinterfaces.
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