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One-wayrepresentationin integral form
One-wayrepresentationsof seismicreflectiondataarethe“forward models”for prestackdepthmigrationschemes.
We presentanoverviewof variousdecompositionsof one-wayrepresentationsaswell asof one-wayoperators.
In thespace-frequencydomaintheone-wayrepresentationof seismicreflectiondatareads���������
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Theangularfrequency, is suppressedfor notationalconvenience.Fromright to left, oneencounterssubsequently:
downwardpropagationfrom the sourceat

��
to
�

, reflectionat
�

and upwardpropagationfrom
�

to thedetector
at
���

. At the last EAEG meetingthefirst authorhasshownthat this representationappliesfor primary aswell as
“generalizedprimary” reflections.In the lattercasetheextrapolators

� �
and

� �
accountfor theangledependent

dispersioneffectsrelatedto internalmultiplescatteringbetweenthesmallscaleheterogeneities.

One-wayrepresentationin matrix form
In Berkhout’smatrixnotationtheone-wayrepresentationof equation(1) reads-
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Eachcolumnof matrix
-
˜

� �/.*�>	�.?�!�
representsa discretizedshotrecord.The @ th elementin the A th columndenotes

the responseat the @ th detectorrelatedto the A th source.This is visualizedin Figure1a for
.B�C�D.?�

. The other
matricesin equation(2) aredefinedin a similar way. Matrix : ˜ � �;. 5 	0.?��� is shownin Figure2afor thespecialcase
of a homogeneousmacromodel.Prestackdepthmigrationessentiallycomesto resolving

<
˜

� �;. 5 � from equation(2)
by applingtheinverseversionsof matrices: ˜ � and : ˜ � to thedatamatrix

-
˜

� �;. � 	0. � �
. Whentheaforementioned

dispersioneffectsarenegligible,theinversematricesmaybeapproximatedby E : ˜ ��F?G and E : ˜ �HFIG , respectively,
where

G
denotesthecomplexconjugatetranspose.
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Figure1: Threedecompositions(b,c,d)of theoriginaldata(a).



Decompositionof the data matrix
We applya transformationto thedatamatrix
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The transformmatrix
c
˜

maystandfor the Fouriertransform,theGabortransformor for thewavelettransform.In
thesethreecases,equation(3) representsadecompositionin “planewaveexperiments”(Figure1b),“Gaussianbeam
experiments”(Figure1c),or “scaleexperiments”(Figure1d),respectively.

Decompositionof the one-wayrepresentation
Therepresentationfor thetransformeddatamatrix

b-
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follows easilyby applyingthetransformmatrices

c
˜and
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to equation(2) in thefollowing mannerc
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Theresultingrepresentationhasthesameform asequation(2). Hence,prestackdepthmigrationof thedecomposed
datamatricesis essentiallythesameasdescribedbelowequation(2).

Decompositionof the one-wayoperators
Accordingto equation(4), decompositionof theone-waydownwardpropagatoris describedbyb: ˜ � �/. 5 	�. � ���dc ˜ : ˜ � �/. 5 	0. � ��c ˜ � 8 + (5)

A similarrelationholdsfor theupwardpropagator: ˜ � �;. � 	�. 5 � . Forthespecialcaseof ahomogeneousmacromodel,

thedecomposedmatrix
b: ˜ � �/. 5 	0.?�!� is shownin Figures2b,candd for eachof thethreeinterpretationsof thetrans-

form matrix
c
˜

(Fourier, Gaborandwavelettransform,respectively).Notethatanyof thesematricesis sparserthan
theoriginalmatrix in Figure2a. In particular, notethattheFouriertransformedpropagatorin Figure2b is purelydi-
agonal.Hence,for a homogeneousmacromodelplanewavedecompositionis fully equivalentwith theeigenvalue
decomposition.For inhomogeneousmacromodelsthedecomposedmatricesaregenerallylesssparsethanin Figures
2b,candd. Of coursein thiscasetheeigenvaluedecompositionwouldstill yieldadiagonalmatrix. Thetheoreticaland
practicalaspectsof theeigenvaluedecompositionarefurtherdiscussedin acompanionpaper[Grimbergen,Wapenaar
andDessing:One-wayoperatorsin laterallyvaryingmedia].

Conclusions
TheFouriertransform,theGabortransformandthewavelettransformof one-wayrepresentationsandone-wayoper-
atorshavebeeninterpretedin termsof decompositionsin planewaveexperiments,Gaussianbeamexperimentsand
scaleexperiments.Theconsequencesfor prestackdepthmigrationwill bediscussedduringthepresentation.{ |
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Figure2: Threedecompositions(b,c,d)of theoriginalpropagator(a)


