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Summary
TheCommonFocalPoint(CFP)technologyinvolvestheestima-
tionof one-waytravel timeoperators,describingthepropagation
effectsfrom a selectionof gridpointsat reflectinginterfacesto-
wardsthe surfacelocations. Theseoperatorscan be obtained
from the datawithout usingany velocity depthmodel. These
operatorscan be usedin several data-driven processingsteps:
prestackredatuming,internal multiple removal and velocity-
depthmodelestimation.In any of theseapplications,updating
of many CFPgathersalongonespecificboundaryplaysa cen-
tral role. To reduceuser-interaction,3D volumevisualization
andautomatictrackingareusedto get an optimumcontrol on
theprocess.
Introduction
Volumevisualisationmay improve parameterestimationin 2D
(and3D) seismicprocessingby optimallyexploring lateralgeo-
logically basedcoherencies.In this paperit is demonstratedon
CFP-related,data-drivenprocessing.
Within CFP-relatedprocessing,the updatingof one-way time
operators(BolteandVerschuur, 1998)playsacentralrole.These
updatedCFPoperatorsformthebasisof severalseismicprocess-
ing steps:

1. Model-independentwave field redatuming(Kelamiset al.,
1999),wherethe seismicdatacanbe redatumedin a full
prestacksensetowardsoneof the reflectorsbelow a com-
plex nearsurfaceor overburden.

2. Internalmultiple removal (Verschuuret al. 1998;Berkhout
andVerschuur1999),wheretheCFPgatherrelatedto the
internalmultiple generatingboundaryareusedto predict
theinternalmultiplesin theoriginalshotrecords.

3. Inversionof focusingoperators(Heggeetal.,1998),where
the velocity-depthmodel is found by tomographicinver-
sionof theestimatedCFPoperators.

4. Integratedoperatorupdatingandvelocity-depthmodeles-
timation(Kabir, 1997),in which thevelocity-depthmodel
is simultaneouslyestimatedduringCFPoperatorupdating.
Many of theseapplicationsarelayer-oriented,whereCFP
locationsarechosenalongageologicalboundary.

We proposea semi-automaticpicking procedureto updateall
DTS panelsrelatedto onereflectingboundary. This is doneby
updatingthemasone3D volumeinsteadof updatingeach2D
panelseparately, thussaving a lot of userinteractiontime. Also
the lateralcoherency becomesevident betweenthe differential
time shiftsof theseDTS panels.They composea 2D coherent

surfacein the 3D volume. Tracking this surfacein a full 3D
senseimprovestheupdatingprocedure.As theDTSpanelsplay
a similar role asCommonReflectionPoint gathersin conven-
tional migrationvelocity analysisthis proposedmethodwould
alsobevalid for updatingthemove-outwithin thesegathers.

Determination of move-out in DTS panels
TheCFPoperatorupdatingmethodcanwork in two modes:

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

� Fully data-driven, whereone-way time operatorsare ob-
tained(Bolteetal., 1999).

In eithermode,a layerstrippingapproachcanbeadopted,pick-
ing analysispositionsalongthenext boundary, in depthor time
respectively. From thesepositions,focusingoperatorsarecal-
culated.They describethepropagationof seismicenergy from
thechosengrid point to thesurfacelocations.TheCFPgathers
areobtainedby collectingtheresponseof applyingeachfocus-
ing operatorasan inversepropagationoperatorto the seismic
data.By thissynthesisstep,avirtual sourcehasbeenpositioned
in thepositionof analysis(grid pointor CFPposition),whereas
thereceiversarestill at thesurface.
TheCFPgatherhasavery interestingproperty:if thegrid point
in thefocusingstepis chosenata reflectorandif thecorrectop-
eratorhasbeenusedfor thesynthesisoperation,theresponseof
thereflectorappearsin theCFPgatherat thesametravel times
asthe time-reversedsynthesisoperator. This canbe easilyun-
derstood,becausethey both describethe propagationfrom the
chosengrid pointto thesurfacelocations.Thispropertyis called
theprinciple of equaltravel timeandis discussedby Berkhout
(1997)andThorbecke (1997). By a correlationin time of the
CFPgatherandits correspondingsynthesisoperator, analigned
eventatzerotimeshouldoccur. If this is not thecase,themacro
modelthatwasusedto generatethesynthesisoperatoris appar-
entlywrong,andfrom thedeviationwith t=0 in eachDTSpanel
a new operatorneedbe constructed.This can be doneeither
in the model-driven mode,via an updateof the velocity-depth
parameters(seeKabir, 1997)or in the data-driven mode,via a
direct translationof travel time errorsinto a new one-way time
operator(Berkhout1997;Thorbecke 1997;BolteandVerschuur
1998).Whenthevelocity-depthmodelis correct(model-driven
mode)or whenthe operatorhasbeencorrectlyupdated(data-
drivenmode),the reflectionin eachDTS panelalignshorizon-
tally.
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(a)DTSpanelsresultingfrom initial hyperbolictraveltimeoperators
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(b) DTSpanelsresultingfrom updatedtraveltimeoperators/model

Fig. 1: Exampleof 2D Differential TimeShift(DTS)panelsalonga boundaryin theNorthSeadataset,thatshowsthemisfitbetweenthemodeled
operator in theupdatedmodelandtheCommonFocal Point (CFP) gatherover theoffsetalongtheseismicline. If themodeledoperator andthe
CFPgathercoincide, theeventof interestis alignedat t=0.

Fig. 2: Zoomof the stacked sectionfrom the North Seadata with the
boundaryindicatedby a track overlay(white),andtheuserdetermined
picksdenotedby theblack squares.

Dependingon theDTS interval, theoffsetrangewith respectto
thelateralcoordinateof thefocalpoint thatis sampledin aDTS
panelpartiallyoverlapstherangeof thenext panel.

3D Volumizer visualization

A software modulehasbeenbuilt being able to readseismic
dataand to display a 3D volume. To display the 3D volume
the OpenGLVolumizer API SGI (1998) hasbeenused. The
Volumizer API is a library of C++ classesthat facilitatesthe
display and manipulationof volumetricdataand is a layer of
functionality that sits on top of OpenGL.By usingVolumizer
we canconcentrateour efforts on addingusefultoolsanddon’t
haveto worry aboutlow-level graphicsprogramminglanguages,
suchasOpenGL.Besidesbeinga handylibrary, Volumizer is
implementedin an optimizedway for different platformsand
alsointroducesanew way of displayingvolumes.In Volumizer
the geometry(e.g. a cube)of a volumetricshapeis decoupled
from is appearance(voxels representingthe data). The basic
geometricalprimitive introducedin Volumizeris a tetrahedron.
Like a triangleis usedto constructsurfaces,a tetrahedronis the
simplestandmost efficient primitive you canuseto represent
volumetricgeometry.

Amongthetoolswe addedto our 3D visualizationmoduleare:
anopacityeditorby whichthetransparency canberegulatedand
theamplitudeinterval thatis displayed;a tool for pickingpoints
in a3D volume;integrationof surfaceswith thevolume.

Automatic 3D tracking
The automatic3D tracking schemeis basedon the single-
interfacedetection/trackingalgorithm describedin Spagnolini
andRampa(1999). This 2-D horizonpicking schemeis based
on a statisticalmodel. It describessmallvariationsof thehori-
zonfor neighbouringtraces.Sincethis algorithmis basedon a
traceto tracebasis,themethodcanbeextendedto threedimen-
sionswith little effort. Bienati et al. (1999)alreadyproposed
a multidimensionaltrackingschemefor automatictrackingof
horizonsin 3 dimensionalmigrateddatavolumes.It is a region
growing method,which hasproved to be successfuleven over
a faulty area.Thereforewe have usedthis schemeto developa
trackingalgorithmwhich canbe usedboth in two andin three
dimensionaldatavolumes.

Procedure
Starting from calculatedDTS panelsbasedon initial (hyper-
bolic) operators(showing a certainmove-out)thatareregularly
sampledalongtheseismicline, thedatais readinto thevisual-
ization package.Then,several pointsat the move-outvolume
arepicked,asshown in Figure3. Next, the3 dimensionalauto
tracker is activated. Subsequently, the move-out surfaceover
theentireseismicline is determined.Fromthismove-outanew
velocity-depthmodeluntil thereflectorthat is consideredis de-
rived. Then,againDTSpanelsalongtheline arecalculatedand
theresidualmove-outis calculated.This is theprocessingflow
thatis applieduntil themove-outis at zerodifferentialtimeand
the optimal operatorsto the consideredlayer are determined.
Thiscanbedonefor all reflectorsthatareneeded.

Application to the marine Norway data set
Theprocedureof estimatingCFPoperatorsalongoneboundary
is illustratedon a marinedatasetfrom offshoreNorway (Hal-
tenbanken terrace,courtesySagaPetroleum).The purposefor
thisapplicationwasto obtainatableof one-wayoperatorsalong
thisboundary, with which avolumeof CFPgatherscanbecon-
structed.TheseCFPgathers,after muting all eventsrelatedto
reflectionsabove andincluding this chosenboundary, areused
to predict the internal multiples relatedto the boundary, after
which they aresubtractedfrom the input shotrecords(seealso
Verschuuret al., 1998).First, pointsat theboundaryof interest
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(a) Initial DTSpanelsbasedon theNMO velocity. (b) DTS panelsafteroperatorupdating.

Fig. 3: 3D displayof a setof 2D Differential TimeShiftpanelsall relatedto focal pointspositionedat thesamereflectingboundaryat a regular
lateral interval. In this 3D volumetheeventsof interestare automaticallytracked by a 3D tracker after a humanpicker denotedabout5 points,
blue(dark)spheres,thatcharacterizesthe2D-DTSsurface. Theredsurface(grey) is thet=0 plane. Theinlay shows2D DTSgatherthat is picked
fromthe3D volumeat thelocationof thedashedbluewindowframe, that canbeshiftedalongall principleaxesin 3D. By theopacityshift bar at
thebottomonly reflectionsof anamplitudeabovea thresholdmagnitudeareshown.

(a)2D surfacetrackedfrom DTSpanelsresultingfrominitial hyperbolictrav-
eltimeoperators

(b) 2D surfacetracked from DTS panelsresultingfrom updatedtraveltime
operators/model

Fig. 4: The2D surfacethatwasautomaticallytrackedfromthe3D datavolumebuilt up fromall the2D DTSpanelsalongthesameboundary.
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arechosenby theuserasindicatedin Figure2, with theaidof a
trackingalgorithm. Theresultinginitial CFPpointsarechosen
regularly alongthis track. Next, usingthe availableNMO ve-
locities,thesezerooffset time picksareconvertedin a one-way
CFPoperatortable,one traveltime curve for eachpoint along
the track. With theseoperatorsa volume of CFP gathersand
- after move-outcorrectionof eachCFPgatherwith its opera-
tor times- a DTS volumeis obtained.Figure1(a)shows a few
of theseDTS panels.Note that becauseonly the NMO veloc-
ity was used,the DTS panelsdo not show an exact flat event
at zero time. The residualtime differencesare automatically
trackedwithin thefull DTSvolume,asdisplayedin Figure3(a),
resultingin a traveltimeerrorsurface,asshown in Figure4(a).
With this traveltime surface,the operatortablecanbe updated
andnew DTSpanelsareconstructed.As shown in Figures1(b),
3(b) and4(b), the eventsin the selectedDTS panelshave now
beenflattened. No further iterationsare necessary. The CFP
gathers,obtainedwith thesenew operators,properly describe
thesituationof sourcesat the interfaceandreceiversstill at the
surface,asrequiredin a prestackinternalmultiple removal pro-
cess.Notethat,to achieve this goal,no informationon thesub-
surfacemodel(otherthaninitial NMO velocitiesandtimepicks
in thestack)wasused.For theinternalmultipleremoval process
depth-velocity informationis not required.However, in a sepa-
rateprocedure,thevelocity depthmodelcanbeestimatedby a
one-way traveltimeinversionof all operators(for many bound-
aries),asdescribedby Heggeet al. (1999).

Conclusions

Volumevisualizationand3D trackinghave proven to bea use-
ful toolsfor parameterestimationin CFPrelatedprocessing.By
meansof plotting all 2D DTS panelsalongoneboundaryin a
3D volume,they canall betrackedasa 2D geologicallycoher-
ent surfacein onesweepusinga 3D tracker. Sincethe tracker
alreadyperformswell on 5 interactively positionedpicksmade
in the3D Volumizerplot, theamountof userinteractive time is
cutdown severely.
Theapplicationto realdata,aNorthSeadataset,shows thatthe
DTSpanelsareverywell trackedusingtheaboveprocedure,au-
tomaticallyavoidingbad-dataareas,alreadyfrom thefirst initial
stageon.
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