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Summary. TheCommon-Reflection-Surface(CRS)stackwasoriginally introducedasadata-drivenmethod
to simulatezero-offset sectionsfrom 2-D seismicreflectionpre-stackdataacquiredalonga straightline.
This approachis basedon a second-ordertraveltime approximationparameterizedwith threekinematic
wavefield attributes.An explicit knowledgeof the subsurfacemodel is not required,but only the near-
surfacevelocity. Meanwhile,the attractive featuresof the CRS approachhave beentransferredto more
generalimagingproblems:thesimulationof 2-D and3-D finite-offset sectionsand3-D ZO sections.Our
aim is to give an overview of thesegeneralizations.Furthermore,we discussdifferent conceptshow to
considerthe topographyin the CRS stackingmethodfor dataacquiredon smoothas well ason rugged
acquisitionsurfaces.

Intr oduction. TheCommon-Reflection-Surface(CRS)stackwasintroducedby Müller (1998)andMüller
et al. (1998)asa data-driven zero-offset (ZO) simulationmethodfor 2-D thatdoesnot requireanexplicit
knowledgeof the macrovelocity model.The reflectioneventsin the pre-stackdataare locally described
by a second-ordertraveltime approximationof the kinematic reflectionresponseof a reflectorsegment
in depth.The CRS stackingoperatoris parameterizedby meansof threekinematicwavefield attributes
which representthecurvaturesandthecoincidentpropagationdirectionsof two wavefrontsemerging at the
acquisitionsurface,namelytheso-callednormal-incidence-point (NIP) wavefrontandthenormalwavefront
(Hubral, 1983).Thesewavefrontsare associatedwith two hypotheticalexperiments:the NIP wavefront
stemsfromapointsourcelocatedonthereflectorsegment,thenormalwavefrontis causedby asimultaneous
excitationof theentirereflectorsegment(explodingreflectorexperiment).
Thekinematicwavefieldattributesrepresentthereflectorsegment’sproperties,i. e.,its location,orientation,
andcurvature,aswell as the effectsof its inhomogeneousoverburden.With this parameterizationof the
CRSstackingoperator, the operatorfitting bestthe actualreflectionevent canbe directly determinedby
meansof a coherenceanalysisin thepre-stackdata.Theactualpropertiesof the reflectorsegmentandits
overburdenarenot required,thustheprocessis entirelydatadriven,similar as,e.g., anNMO/DMO/stack
approach.Dueto its moregeneralparameterizationof thereflectionevents,theCRSoperatorsbetterfit the
actualeventsandprovideahighersignal-to-noiseratioaswell asanentiresetof wavefieldattributesthatare
suitedfor variousapplications,e.g., theestimationof theprojectedfirst Fresnelzoneandthegeometrical
spreadingfactor(Vieth, 2001),inversion(Majer, 2000),or anattribute-basedtime migration(Mannet al.,
2000).
Our aim is to give an overview how theseattractive featuresof theCRSstackcanbe transferredto more
generalimagingproblems,namelythesimulationof finite-offset (FO) sectionsfor 2-D and3-D aswell as
ZO sectionsfor 3-D. Thedevelopmentof theCRSstackingoperatorsandthenumberof wavefieldattributes
arecompiledin Figure1 andwill bediscussedmoredetailedin thefollowing.
Theoriginally introducedCRSstackapproachwasnotableto handlethetopographyof theacquisitionsur-
face.As thisproblemcan,in general,notbeignoredfor landdata,wewill discusstwo differentconceptsto
handlethetopographyin theCRSstackapproach.Theseconceptscanbeintegratedinto all of thediscussed
imagingproblems.
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Figure1: Developmentof theCRSstackingoperatorsfor differentimagingproblems.Thenumberof search
parameters,i. e., wavefield attributesincreaseswith increasingcomplexity of the problem.The FO CRS
stackfor 3-D is subjectof our currentresearch.

3-D zero-offset simulation. For the 2-D ZO case,the reflectorsegment’s propertiesand the associated
wavefieldattributesarerelatedto eachotherby thetwo hypotheticalexperimentsmentionedabove. These
experimentscanbe readily extendedto the 3-D case:the reflectorsegmentis now a surfacein 3-D space
(which leadto the termCRSstackasall consideredraysarereflectedat thesamesurface).Again, a point
sourceis placedon the reflectorsegmentto obtaintheNIP wavefront.An exploding reflectorexperiment
yieldsthenormalwavefront.In 3-D, bothwavefrontsaresurfaces.Consequently, theircurvaturesandprop-
agationdirectionsalongthenormalZO ray canno longerberepresentedby scalars.Instead,thecurvatures
areexpressedby meansof symmetric2 � 2 matrices.Eachof themhasthreeindependentelementsthat
dependon the two principalcurvaturesandtheorientationof theprincipalaxeswith respectto theglobal
coordinatesystem.We expressthepropagationdirectioneitherby meansof two angles,emergenceangle
andazimuth,or by avectorwz with two components,theprojectionof thenormalizedpropagationdirection
to theacquisitionsurface.
With theseeight wavefield attributes we can parameterizethe CRS stackingoperatorfor 3-D, a four-
dimensionalhyper-surfacein thefive-dimensionalpre-stackdatahyper-volumesetup by theshot/receiver
midpoint vectorm relative to the emergencelocationof the normal ray, the half-offset vectorh, andthe
traveltimet:

t2 � �
t0 � 2

v
wz � m � 2 � 2t0

v
mT Â m � 2t0

v
hT B̂ h � (1)

wherev denotesthenear-surfacevelocity, andt0 is theZO traveltimeto besimulatedat theemergenceloca-
tion of thenormalray. Â andB̂ representthecurvaturesof theNIP andthenormalwavefront,respectively,
expressedin globalcoordinates.This hyperbolicsecond-orderapproximationhasthesamestructureasthe
CRSoperatorin the2-D ZO case.Thus,similarstrategiesasin 2-D (see,e.g, Jägeretal.,2001)canbeused
for anefficientdeterminationof thewavefieldattributes:in specificsubsetsof thepre-stackdata,e.g.,CMP
or ZO volumes,thenumberof attributesreduceswhichallows to split thesearchfor theeightattributesinto
optimizationproblemswith lessdimensions.
An alternativewayis to applythe2-D CRSstackseparatelyfor differentazimuthdirections:in thiscase,the
detectedcurvaturesarethecurvaturesof theactualspatialwavefrontsin thedirectiongivenby theazimuth
of the seismicline. The 2-D propagationdirectionrefersto the planedefinedby the seismicline andthe
actualpropagationdirection.This hastwo consequences:firstly, the2-D CRSstackdoesnot imply a 2-D
model,but yieldsa correctresultevenfor 3-D models,namelyoneZO sectionasa subsetof anentire3-D
ZO volume.Secondly, the eight wavefield attributesof the 3-D problemcanbe determinedfrom the 2-D
attributesif they areavailablefor at leastthreedifferentazimuthdirections.
Notethata setof 2-D pre-stackdatavolumesacquiredalongparallellinesis nota 3-D pre-stackvolumein
astrict sense:sucha datahyper-volumecontainsno offset-dependentinformationin cross-linedirection.



Finite-offset simulation. For theZO simulation,we consideredonly unconvertedrayswith coincidentup-
going anddown-goingray branches.This allowed us to usetwo hypotheticalexperimentswith up-going
wavefrontssuchthat the actualreflectionhadnot to be consideredexplicitely. However, in caseof finite
offset(FO) and/orconvertedwaves,thetwo ray branchesno longercoincideandtheNIP andnormalwave
experimentsarenotapplicable.For theFOcase,Zhangetal. (2001)recentlyproposedtwootherexperiments
to establisha relationshipbetweenthereflectorsegment’s propertiesandkinematicwavefieldattributesin
thetime domain:thefirst experimentis theactuallyperformedphysicalexperimentwith a point sourceat
the shot location.This experimentprovides threekinematicwavefield attributes,namelythe propagation
directionsof the wavefront along the centralFO ray at the shot and receiver location, respectively, and
the curvatureof the emerging wavefront at the receiver. The secondexperimentis a hypotheticalCMP
experimentandprovidestwo additionalwavefieldattributes:thecurvaturesof thewavefrontat theshotand
thereceiver, respectively.
For 2-D FO case,thereflectioneventsareparameterizedwith a total of five kinematicwavefieldattributes.
Similar to theZO case,thesearchfor theseattributescanbeperformedin differentsubsetsof thepre-stack
data.This reducesthenumberof attributesthathave to besimultaneouslyoptimized.Thetwo experiments
proposedfor the2-D FO casecan,of course,alsobe transferredto 3-D: thepropagationdirectionsof the
wavefrontsalongthe ray arethenrepresentedby vectorswith two componentsinsteadof scalarsandthe
wavefront curvaturesare2 � 2 matrices,eachwith threeindependentparameters.Thus,we obtaina total
of 13 wavefield attributesfor this mostgeneralsituationthat is ableto handleconvertedandunconverted
centralraysfor any offsetin 3-D. Thedevelopmentof anefficientstrategy to determineall theseparameters
is a topic of our currentresearch.

Topography. Sofar, we assumedthatpre-stackdataareacquiredalonga straightline (2-D) or on a plane
surface(3-D). Theseassumptionshold for marinedatabut, in general,not for landdata.Dependingon the
complexity of thetopography, this problemcanbeaddressedwith two differentapproaches:
In caseof a smoothtopography, the CRSoperatoritself is not affectedby the topography. Wherever the
hyperbolicapproximationis sufficiently accuratefor dataacquiredon a planesurface,it is alsoapplicable
for asmoothacquisitionsurface.In thiscontext “smooth”meansthatthecurvatureof theacquisitionsurface
doesnot significantlyvary insidetheapertureusedfor theCRSstack.In otherwords,the topographyhas
not to be consideredfor the simulationof the ZO or FO sectionitself. However, the kinematicwavefield
attributesno longerdescribethepropagationdirectionsandcurvaturesof hypotheticalwavefrontsbut also
dependon the local curvatureandslopeof theacquisitionsurface.For a furtheruseof theattributes,they
haveto becorrectedfor thisinfluenceby meansof simplerelations,seeBergleretal. (2001).Eachsimulated
ZO or FO tracerefersto theoriginal datumgivenby thepre-stackdata.
For a ruggedtopography, the above approachis not applicableas the actualeventsin the pre-stackdata
might beof very complex shape.In this situation,additionaltermshave to beintroducedto theCRSstack-
ing operatorthat considerthe known shotandreceiver elevations.As the wavefield attributesincludethe
incidenceandemergenceanglesof thecentralray, theray segmentsbetweentheactualacquisitionsurface
andachosendatumplanecanbeeasilycalculated.Thissituationfor the2-D FOcaseis depictedin Figure2.
Thenumberof wavefieldattributesremainsthesame.This approachreadilyprovidesthecorrectwavefield
attributesreferringto thechosendatumwithouta needfor asubsequentcorrection.

Conclusions.The CRSstackmethod,originally introducedfor the simulationof 2-D ZO sectionsanda
straightacquisitionline, hasbeengeneralizedfor thesimulationof 3-D ZO sectionsaswell as2-D and3-D
FOsections.For the3-D ZO and2-D FOcase,thegeneralizedCRSstackhasalreadybeensuccessfullyap-
plied to syntheticdata.Theglobaloptimizationproblems,i. e.,thedeterminationof theoptimumwavefield
attributes,canbeperformedmoreefficiently in specificsubsetsof thepre-stackdata.
Foreachof thediscussedfour imagingproblems,thetopographyof theacquisitionsurfacecanbeconsidered
in two differentways,eitherby simplecorrectionsof thewavefieldattributesin caseof smoothtopography,
or by directly using the actualsourceandreceiver elevationsin caseof a ruggedtopography. The latter
approachincludesa redatumingwithout thein commonpracticemadeassumptionof vertical raysnearthe
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Figure2: FO ray for a ruggedtopography. TheCRSstackingoperatorfor ruggedtopographyconsidersthe
ray from S to G asif it wasacquiredon thedatumplaneatS� andG� . ThenearsurfacevelocitiesbetweenS�
andSandbetweenR� andR, respectively, areassumedto beknown andconstant.TheanglesβS andβG are
two of thefivewavefieldattributesin the2-D FO case.

surface.Additionalwavefieldattributesarenot requiredto handlethetopography.
With thediscussedgeneralizationsof theCRSstackmethodany arbitrarysectioncanbesimulatedfrom 2-D
and3-D pre-stackdatain anentirelydata-drivenway. This allows theapplicationof theCRSstackmethod
for amultitudeof situationsandpurposes.

Acknowledgments
Wewould like to thankthesponsorsof theWave InversionTechnologyConsortiumfor their support.

References
Bergler, S.,Zhang,Y., Chira,P., Vieth,K.-U., andHubral,P. (2001).Common-Reflection-Surfacestackand

attributes.In Extendedabstracts. 7th Internat.Congress,SociedadeBrasilieradeGeof́ısica.

Hubral,P. (1983). Computingtrueamplitudereflectionsin a laterally inhomogeneousearth. Geophysics,
48(8):1051–1062.
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Müller, T., Jäger, R., andHöcht,G. (1998). Commonreflectionsurfacestackingmethod- imagingwith an
unknown velocity model. In ExpandedAbstracts, pages1764–1767.Soc.Expl. Geophys.

Vieth,K.-U. (2001).Kinematicwavefieldattributesin seismicimaging. PhDthesis,Universiẗat Karlsruhe.
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