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One-wayrepresentationin integral form

One-wayrepresentationsf seismicreflectiondataarethe “forward models”for prestackdepthmigrationschemes.
We presentinoverviewof variousdecompositionsf one-wayrepresentationaswell asof one-wayoperators.

In the space-frequencgomainthe one-wayrepresentatioof seismicreflectiondatareads

P~ (xp,xs) :/vW_(XD,x)l;?+(x)W+(x,XS)SSL(XS)d?’x. 1)

Theangularfrequencyw is suppressetbr notationalconvenienceFromright to left, oneencountersubsequently:
downwardpropagatiorfrom the sourceat xs to x, reflectionat x and upwardpropagatiorfrom x to the detector
atxp. At the last EAEG meetingthe first authorhasshownthat this representatiomppliesfor primary aswell as

“generalizedprimary” reflections.In the latter casethe extrapolatorg¥’ + and W — accountfor the angledependent
dispersioreffectsrelatedto internalmultiple scatteringoetweerthe smallscaleheterogeneities.

One-wayrepresentationin matrix form
In Berkhouts matrix notationthe one-wayrepresentationf equation(1) reads

P (2p,25) = Y W (20, 20) B (20) W (2, 25)ST (25). 2)

n=1

Eachcolumnof matrix P~ (zp, zs) represents discretizedshotrecord. The pth elementin the gth columndenotes
the responsat the pth detectorrelatedto the qth source. This is visualizedin Figurelafor zp = zs5. The other
matricesin equation(2) aredefinedin a similarway. Matrix W™ (z,, z5) is shownin Figure2afor the specialcase
of ahomogeneoumacromodel. Prestacldepthmigrationessentiallicomesto resolvingR.* (z,,) from equation(2)
by applingthe inverseversionsof matricesW* andW ™~ to thedatamatrix P~ (zp, zs). Whentheaforementioned
dispersioreffectsarenegligible, the inversematricesmay be approximatedy {W*}7 and{W~}7 respectively
where’ denoteghe complexconjugateranspose.
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Figurel: Threedecompositiongb,c,d)of theoriginal data(a).



Decompositionof the data matrix
We applyatransformatiorio thedatamatrix P~ (zp, zs), accordingio

P (zp,zs) =P (zp,25)L 7" (3)

The transformmatrix T may standfor the Fouriertransform the Gabortransformor for the wavelettransform. In
thesethreecasesequation(3) representadecompositionn “planewaveexperiments’{Figurelb),“Gaussiarbeam
experiments{Figurelc), or “scaleexperiments{Figureld), respectively

Decompositionof the one-wayrepresentation

Therepresentatiofor the transformediatamatrix P (zp, zs) follows easilyby applyingthe transformmatricesl’
andL'~! to equation(2) in the following manner

IP L' =) TW I IR'T TWHD ' Isir . 4
. n=1 _ . B M
P (eps) Wen) B Wit STeo

Theresultingrepresentatiohasthe sameform asequation(2). Hence prestackdepthmigrationof thedecomposed
datamatricess essentiallythe sameasdescribedelowequation(2).

Decompositionof the one-wayoperators
Accordingto equation(4), decompositiorof the one-waydownwardpropagators describedy

W (20, 25) = CW* (20, 26)0 . )

A similarrelationholdsfor theupwardpropagatoW ~ (zp, z,, ). Forthespeciataseof ahomogeneousiacromodel,
thedecomposedatrix V:V+ (zn, zs) is shownin Figures2b,candd for eachof thethreeinterpretation®f thetrans-
form matrix ' (Fourier Gaborandwavelettransform respectively).Notethatany of thesematricesis sparsethan
theoriginal matrixin Figure2a. In particulay notethatthe Fouriertransformedropagatoin Figure2bis purely di-
agonal.Hence,for a homogeneousmacromodelplanewavedecompositions fully equivalentwith the eigenvalue
decompositionForinhomogeneousacromodelsthedecomposecdhatricesaregenerallylesssparsehanin Figures
2b,candd. Of coursedn thiscasaheeigenvalualecompositiomnvouldstill yield adiagonamatrix. Thetheoreticabnd
practicalaspect®f theeigenvalualecompositiormrefurtherdiscusseih acompaniorpape{Grimbeigen,Wapenaar
andDessing:One-wayoperatorsn laterallyvaryingmedia].

Conclusions
TheFouriertransformthe Gabortransformandthewavelettransformof one-wayrepresentatioreandone-wayoper

atorshavebeeninterpretedn termsof decompositionin planewaveexperimentsGaussiabeamexperimentand
scaleexperimentsTheconsequencdsr prestacldepthmigrationwill bediscussediuringthe presentation.
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Figure2: Threedecompositiongb,c,d)of the original propagatofa)
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