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Summary

In this paperwe extendthe CommonFocusPoint (CFP) pro-

cessingtechnique[2] to mode-convertedlata. We showthat,

by introducingminor simplificationsthedifferentdatatypescan

be migratedindependentlyn exactlythe samemannerasin the

acousticsituation.

WRW-model for multi-component data

It has beenshown that the WRW -model for compressional
waves[1] can be logically extendedto convertedand shear
waveg[3], accordingto

V=D PD", 1)

where
P = WRWS,
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HereV andP representhe multi-componentlatamatricesin
termsof particlevelocitiesandpotentialsrespectively Thesub-
scriptsP andsS in equation(3) referto the differentwavetypes.
Thelatterequationcanbe decouplednto anumberof indepen-
dentdatamodelsf mode-conversiois ignoredeitherduringre-

flection or during propagation.Hence this meanghatwe con-
siderfirst-ordermodeconversioreffectsonly.
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Ignoring mode-conversioduring reflection.

For conventionalmarine datathe main mode conversionmay
occur during transmissiorthrough a hard sea-bottomj.e. in
W, , andW, .. Ignoringthemode-convertedeflectionmatri-
cesR. , andR, ., settingtheshearsourcedo zero(S. = O),
equation(3) yieldsfor Py, ,,:

Pp,p = [WEPRPWWEP + WP75R575W57P]SP'

Ignoring mode-conversioduring propagation.

For soft sea-bottomandfor land-dataconversiorduringtrans-
missionis lessimportant. Ignoring in equation(3) the mode-
convertedpropagatiormatricesw . , andW, ., four indepen-
dentequationsareobtained accordingo

4

Pop = [WypRpp Wi p]Sp, (5)
Pp. = [Wp,Rp W, (]S, (6)
P.p = [W..R.;W,;;]Sp, (7)
P.. = [W,.R.,.W,.]S.. ®)

Eitherequation(4) or thesystenof equationg5) through(8) can
beusedasastartingpointfor CFP-processinglependingnthe
situation.In thefollowing we only consideitheseconctase We
will assumehatelasticdecompositior{inversionof equationl)
hasbeencarriedout[3].

Elastic CFP operators

Analogougo theacousticCFPmethod[2], we defineelasticfo-
cusingoperatorsastherowsandcolumnsof theinverseextrap-
olationmatrices:

1. Operatorfor focusedP-detectorsat (z;, z,,): theith row

Of Fy, p(2m, 20) = W, ,(2m, 20), hence

[F! s 20)lpp = T (2 ) W (2m, 20)- O)
. Operatofor focusedS-detectorst(z;, z,, ): thesth row of
F. (zm, 20) = W ;(zm, 20), hence

8,8

[Fl(zm, 20)]s,s = LN (zm) W2 i (2m, 20). (10)
. Operatofor focusedP-sourcesit(z;, zmm ): the jthcolumn
of Fp p(20, 2m) = W, (20, zm ), hence

[ﬁ] (20, 2m)]p.p = Wp (20, Zm)l_;(zm)~ (11)
. Operatofor focusedS-sourcesit(z;, zm ): thejth column
of Fs s(z0, 2m) = W (20, 2m), hence

8,8 8,8

[F](Zo,zm)]s,s :W:,S(Zovzm)]-;(zm)' (12)

Vectorswith adaggel(t) denoteow vectorsandvectorswithout

the daggerdenotecolumn vectors;fiT (zm) denotesa unit row

vectorwith ‘1’ attheith position, I;(z,,) aunit columnvector

with ‘1" atthe jth position.

Focusing in detection

Usingthe operatorgiefinedin equationg9) and(10), the equa-
tions for elasticfocusingin detectionof the upgoingmeasured
P- or S-wavesaregivenby

[ﬁiT(va 20)]pp = [ _‘z‘T(Zﬂh 20)]ppPpp(20),  (13)
[P} (zm, 20)]p,s = [ (2m, 20)]p.pPp,s(20),  (14)
[P} (zm, 20)]s.0 = [F (2m, 20)]e,s P p(20),  (15)
[Pl (zm, 20)]s.s = [F (zm, 20)]s,sPs s (20).  (16)

Forillustrationpurposesye simulatedmulti-componentatain
the horizontallylayeredmodelof Figurel. We focusedthe up-
goingwavefield from onepoint of the secondeflector using
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Fig. 1: Simpleelasticmodel.

lateral position (m)

anerroneousnacromodelwith P- andS-wavevelocitiesin the

secondayerthatareapproximatelyl0%too low. The P-P and

P-S responsearefocusedwith the erroneous’-wave CFPop-

erator[ﬁf(zz), z0)]p,p andthe S-P and S-S responsewith the

erroneousS-wave CFP operator £ (22, z0)]. .. Theresulting

four CFPgathergfixedz; atz», variablez, atz,) aredisplayed
in Figure2. In this samefigure, thetraveltimesof the erroneous
time reversedoperators[F (22, z0)],, are plotted over the

erroneous’-P andS-P CFPgathersaandthetraveltimesof the

erroneoustime reversedoperators[£ (22, z0)]s,. are plotted

overtheerroneous’-S and.S-S CFPgathers.
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Fig. 2: ElasticCFPgathers
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‘theresultoffocusingheupgoingwavefield

(focusingin detection)ontoonegridpoint at the secondreflectorusing
slightly erroneousoperators. Theoperatorsare shownin this figure as

solid curves.
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Thesmallmismatchncreasesvith offsetandis dueto theerrors
in the P- andS-wavevelocities. ThecorrectP- andS-operators
arefounditerativelyby interpolatingbetweerthetraveltimesn
the operatorsaandthe correspondingventsin the CFP gathers.
Notethatthe actualestimationof the P- and.S-macromodelsis
thuspostponedintil after migration.

Focusing in emission
Usingtheupdatedperatorstheequationgor elasticfocusingin
emissiorof thedowngoinginducedP- or S-wavesaregivenby

[Pis(zm)]lpp = [ _‘Z‘T(va ZO)]p,p[ﬁJ (20, zm)]p.p,  (17)
[Pi;(zm)]p,s = [ﬁiT(va 20)]p,s[ 3(207 zm)]ss,  (18)
[Pis(zm)]sp = _;‘T(va 20)]s.p( _‘J(207 Zm)lpp,  (19)
[Pis(zm)]s e = [Pl (m, 20)]s o[ (20, 2m)]ss. (20)

We applied thesefocusing stepsto the updatedCFP gathers
of Figure2. The resultinggridpoint functions(fixed z; at z»

and variablez; at z;) are shownin Figure 3 and their 7, p-

transformedrersionsn Figure4. The samplesat zerotime and
zerooffsetof thegridpointfunctionsin Figure3 representheav-

eragereflectioncoeficientsat the chosergridpoint(outputof
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Fig. 3: Elastic gridpoint functions: the P- and S-wavesourceshave
beenfocusedon the secondreflector usingthe correctoperators. Note
thefocusecheadwaven d).

confocalelasticmigration). Thecross-sectionat zerointercept-
time of the gridpointfunctionsin Figure4 representhe angle-
dependenteflectioncoeficientsof the secondreflector(output
of bifocalelasticmigration).Figure5 showstheextractedeflec-
tion amplitudes.
Conclusions
Theacousticdoublefocusingprocessanbe easilyextendedo
the elastodynamicsituation by introducingfocusingoperators
for P- and.S-wavefields.Errorsin theoperatorcanbe detected
andasimpleupdatingstepexists.ElasticCFPmigrationis suited
for conventionamarinedata seabottondataaswell aslanddata.
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Fig. 4: 7-p transformedgridpoint functions. Note that the angle-
dependenteflectioninformationoccursat - = 0.
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Fig. 5: The estimatedangle-depenentreflectioncoeficientsfor one
gridpoint on the secondreflector obtainedby selectingamplitudesat
ze intercept-timeof the 7 -p transformedgridpoint functionsin Fig. 4.
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