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Summary
TheCommonFocalPoint(CFP)technologyinvolvestheestima-
tion of one-waytravel timeoperatorsgescribinghepropagation
effectsfrom a selectionof gridpointsat reflectinginterfacesto-
wardsthe surfacelocations. Theseoperatorscan be obtained
from the datawithout using ary velocity depthmodel. These
operatorscan be usedin several data-diven processingsteps:
prestackredatuming,internal multiple removal and velocity-
depthmodelestimation.In ary of theseapplicationsupdating
of mary CFP gathersalongonespecificboundaryplaysa cen-
tral role. To reduceuserinteraction,3D volume visualization
and automatictracking are usedto get an optimumcontrol on
theprocess.

Introduction

Volumevisualisationmay improve parameteestimationin 2D
(and3D) seismicprocessindy optimally exploring lateralgeo-
logically basedcoherenciesin this paperit is demonstratedn
CFP-relateddata-drven processing.

Within CFP-relatedorocessingthe updatingof one-vay time
operatorgBolteandVerschuurl998)playsacentralrole. These
updatedCFPoperatordorm thebasisof severalseismigprocess-
ing steps:

1. Model-independenwave field redatumingKelamiset al.,
1999), wherethe seismicdatacanbe redatumedn a full
prestacksensetowardsone of the reflectorsbelav a com-
plex nearsurfaceor overturden.

2. Internalmultiple removal (Verschuuetal. 1998;Berkhout
andVerschuurl999),wherethe CFP gatherrelatedto the
internalmultiple generatingooundaryare usedto predict
theinternalmultiplesin the original shotrecords.

3. Inversionof focusingoperatorgHeggeetal., 1998),where
the velocity-depthmodelis found by tomographicinver-
sionof theestimatedCFPoperators.

4. Integratedoperatorupdatingandvelocity-depthmodeles-
timation (Kabir, 1997),in which the velocity-depthmodel
is simultaneouslestimatediuring CFPoperatoupdating.
Marny of theseapplicationsarelayeroriented,whereCFP
locationsarechoseralonga geologicalboundary

We proposea semi-automatigicking procedureto updateall
DTS panelsrelatedto onereflectingboundary This is doneby
updatingthemasone 3D volumeinsteadof updatingeach2D
panelseparatelythussaving alot of userinteractiontime. Also
the lateral cohereng becomesvident betweerthe differential
time shifts of theseDTS panels. They composea 2D coherent

surfacein the 3D volume. Tracking this surfacein a full 3D
sensemprovestheupdatingprocedure As the DTS panelsplay
a similar role as CommonReflectionPoint gathersin corven-
tional migrationvelocity analysisthis proposedmethodwould
alsobevalid for updatingthe move-outwithin thesegathers.
Deter mination of move-out in DTS panels

The CFPoperatoupdatingmethodcanwork in two modes:

e Model-driven, interactively estimatinga velocity model
(Kabir, 1997).

e Fully data-drven, whereone-vay time operatorsare ob-
tained(Bolte etal., 1999).

In eithermode,alayerstrippingapproaclcanbe adoptedpick-
ing analysispositionsalongthe next boundaryin depthor time
respectrely. From thesepositions,focusingoperatorsare cal-
culated. They describethe propagatiorof seismicenegy from
the chosergrid pointto the surfacelocations. The CFPgathers
areobtainedby collectingthe responsef applyingeachfocus-
ing operatoras an inversepropagatioroperatorto the seismic
data.By this synthesistep,avirtual sourcehasbeenpositioned
in the positionof analysig(grid pointor CFPposition),whereas
thereceversarestill atthesurface.

TheCFPgatherhasavery interestingproperty:if thegrid point
in thefocusingstepis choseratareflectorandif thecorrectop-
eratorhasbeenusedfor the synthesi®operationtheresponsef
thereflectorappearsn the CFP gatherat the sametravel times
asthe time-reversedsynthesisoperator This canbe easilyun-
derstood becauseahey both describethe propagatiorfrom the
chosergrid pointto thesurfacelocations.Thispropertyis called
the principle of equaltraveltime andis discussedy Berkhout
(1997)and Thorbecle (1997). By a correlationin time of the
CFPgatherandits correspondingynthesioperatoranaligned
eventatzerotime shouldoccur If thisis notthecasethemacro
modelthatwasusedto generatehe synthesiperatoris appar
entlywrong,andfrom thedeviation with t=0in eachDTS panel
a new operatorneedbe constructed. This can be doneeither
in the model-drven mode,via an updateof the velocity-depth
parametergseeKabir, 1997)or in the data-drven mode,via a
directtranslationof travel time errorsinto a newv one-vay time
operator(Berkhout1997;Thorbecle 1997;Bolte andVerschuur
1998). Whenthe velocity-depthmodelis correct(model-drven
mode)or whenthe operatorhasbeencorrectly updated(data-
drivenmode),the reflectionin eachDTS panelalignshorizon-
tally.
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(a) DTS panelsresultingfrom initial hyperbolictraveltime operators
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(b) DTS panelsresultingfrom updatedraveltime operators/model
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Fig. 1. Exampleof 2D Differential Time Shift(DTS)panelsalonga boundaryin the North Seadata set,that showsthe misfitbetweerthe modeled
opemtor in the updatedmodeland the CommorFocal Point (CFP) gatherover the offsetalongthe seismidine. If the modeledbpeiator andthe

CFP gathercoincide theeventof interestis alignedat t=0.
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Fig. 22 Zoomof the staded sectionfrom the North Seadata with the
boundaryindicatedby a track overlay (white),andthe userdetermined
picks denotedby thebladk squaes.

Dependingn the DTS intenal, the offsetrangewith respecto
thelateralcoordinateof thefocal pointthatis sampledn aDTS
panelpartially overlapstherangeof thenext panel.

3D Volumizer visualization

A software module hasbeenbuilt being able to read seismic
dataandto display a 3D volume. To display the 3D volume
the OpenGL Volumizer API SGI (1998) hasbeenused. The
Volumizer API is a library of C++ classeghat facilitatesthe
display and manipulationof volumetricdataandis a layer of
functionality that sits on top of OpenGL.By using Volumizer
we canconcentrat®ur efforts on addingusefultoolsanddon't
have to worry aboutlow-level graphicgprogrammindanguages,
suchas OpenGL.Besidesbeing a handylibrary, Volumizeris
implementedn an optimizedway for different platformsand
alsointroducesa new way of displayingvolumes.In Volumizer
the geometry(e.g. a cube)of a volumetricshapeis decoupled
from is appearancévoxels representinghe data). The basic
geometricabprimitive introducedin Volumizeris a tetrahedron.
Like atriangleis usedto constructsurfacesatetrahedroris the
simplestand most efficient primitive you canuseto represent
volumetricgeometry

Amongthetoolswe addedto our 3D visualizationmoduleare:
anopacityeditorby whichthetransparenccanberegulatedand
theamplitudeintenval thatis displayedatool for picking points
in a3D volume;integrationof surfaceswith thevolume.

Automatic 3D tracking

The automatic3D tracking schemeis basedon the single-
interface detection/trackinglgorithm describedin Spagnolini
andRampa(1999). This 2-D horizonpicking schemes based
on a statisticalmodel. It describesmall variationsof the hori-
zonfor neighbouringraces.Sincethis algorithmis basedon a
traceto tracebasis the methodcanbe extendedo threedimen-
sionswith little effort. Bienati et al. (1999) alreadyproposed
a multidimensionalracking schemefor automatictracking of
horizonsin 3 dimensionahmigrateddatavolumes.lt is aregion
growing method,which hasproved to be successfubven over
afaulty area. Thereforewe have usedthis schemeo developa
trackingalgorithmwhich canbe usedbothin two andin three
dimensionabatavolumes.

Procedure

Starting from calculatedDTS panelsbasedon initial (hyper
bolic) operatorgshaving a certainmove-out)thatareregularly
sampledalongthe seismicline, the datais readinto the visual-
ization package.Then, several points at the move-outvolume
arepicked, asshawvn in Figure3. Next, the 3 dimensionabuto
tracker is activated. Subsequentlythe move-out surface over
theentireseismidine is determined Fromthis move-outa nev
velocity-depthmodeluntil thereflectorthatis considereds de-
rived. Then,againDTS panelsalongtheline arecalculatedand
theresidualmove-outis calculated.This is the processindlow
thatis applieduntil the move-outis at zerodifferentialtime and
the optimal operatorsto the consideredayer are determined.
This canbedonefor all reflectorghatareneeded.

Application to the marine Norway data set

Theprocedureof estimatingCFP operatoralongoneboundary
is illustratedon a marinedatasetfrom offshore Norway (Hal-
tenbanlken terrace,courtesySagaPetroleum). The purposefor
thisapplicationwasto obtainatableof one-way operatorgalong
this boundarywith which avolumeof CFPgatherscanbe con-
structed. TheseCFP gathers after muting all eventsrelatedto
reflectionsabove andincluding this chosenboundary are used
to predictthe internal multiples relatedto the boundary after
which they aresubtractedrom theinput shotrecords(seealso
Verschuuetal., 1998). First, pointsat the boundaryof interest
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(a) Initial DTS panelsbasedn theNMO velocity. (b) DTS panelsafteroperatomupdating.

Fig. 3: 3D displayof a setof 2D Differential Time Shift panelsall relatedto focal pointspositionedat the samereflectingboundaryat a regular
lateral interval. In this 3D volumethe eventsof interestare automaticallytracked by a 3D tradcer after a humanpicker denotedabout5 points,
blue (dark) sphees,that characterizeghe 2D-DTSsurface Theredsurface(grey) is thet=0 plane Theinlay shows2D DTSgatherthatis picked
fromthe 3D volumeat the location of the dashedlue windowframe that canbe shiftedalongall principle axesin 3D. By the opacityshift bar at
the bottomonly reflectionof an amplitudeabove a thresholdmagnitudeare shown.
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(a)2D surfacetraclkedfrom DTS panelgesultingfrominitial hyperbolictrav- (b) 2D surfacetracled from DTS panelsresultingfrom updatedtraveltime
eltimeoperators operators/model

Fig. 4: The2D surfacethatwasautomaticallytradedfromthe 3D datavolumebuilt up fromall the2D DTSpanelsalongthe sameboundary
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arechoserby theuserasindicatedin Figure2, with theaid of a

trackingalgorithm. The resultinginitial CFP pointsarechosen
regularly alongthis track. Next, usingthe available NMO ve-

locities, thesezerooffsettime picksarecorvertedin a one-vay

CFP operatortable, one traveltime curve for eachpoint along

the track. With theseoperatorsa volume of CFP gathersand

- aftermove-outcorrectionof eachCFP gatherwith its opera-
tor times- a DTS volumeis obtained.Figure1(a) shavs a few

of theseDTS panels. Note that becausenly the NMO veloc-

ity wasused,the DTS panelsdo not shav an exact flat event

at zerotime. The residualtime differencesare automatically
trackedwithin thefull DTS volume,asdisplayedn Figure3(a),

resultingin a traveltime error surface,asshavn in Figure4(a).

With this traveltime surface,the operatortable can be updated
andnew DTS panelsareconstructedAs shawvn in Figuresl(b),

3(b) and4(b), the eventsin the selectedDTS panelshave nov

beenflattened. No further iterationsare necessary The CFP

gathers,obtainedwith thesenew operators properly describe
the situationof sourcesat the interfaceandreceversstill atthe

surface,asrequiredin a prestacknternalmultiple removal pro-

cess.Notethat,to achieve this goal, no informationon the sub-
surfacemodel(otherthaninitial NMO velocitiesandtime picks

in thestack)wasused.For theinternalmultiple removal process
depth-elocity informationis not required.However, in a sepa-
rateprocedurethe velocity depthmodelcanbe estimatedy a

one-way traveltime inversionof all operatorgfor mary bound-
aries),asdescribedy Heggeetal. (1999).

Conclusions

Volumevisualizationand 3D trackinghave provento be a use-
ful toolsfor parameteestimationin CFPrelatedprocessingBy
meansof plotting all 2D DTS panelsalongone boundaryin a
3D volume,they canall betracked asa 2D geologicallycoher
entsurfacein onesweepusinga 3D tracker. Sincethetracker
alreadyperformswell on 5 interactvely positionedpicks made
in the 3D Volumizerplot, theamountof userinteractve time is
cutdown severely
Theapplicationto realdata,a North Seadataset,shawvs thatthe
DTS panelsareverywell trackedusingtheabove procedureau-
tomaticallyavoiding bad-datareasalreadyfrom thefirstinitial
stageon.
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