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Summary
In this paperwe extendthe CommonFocusPoint (CFP)pro-
cessingtechnique[2] to mode-converteddata. We showthat,
by introducingminorsimplifications,thedifferentdatatypescan
bemigratedindependentlyin exactlythesamemannerasin the
acousticsituation.
WRW-model for multi-component data
It has beenshown that the

�����
-model for compressional

waves [1] can be logically extendedto convertedand shear
waves[3], accordingto ���	��
�������

(1)

where �	�����������
(2)

or � ����� ������� �� �!� � � �!� �!" � � ����� �#�$�%� ��&�!� �'�(�!� �!"*)� � �%� � � �%� ��+�!� � ���!� �!" � � ��� � � ��� ��(�!� ���&�!� �!" � � � ,, ���-"�. (3)

Here
�

and
�

representthe multi-componentdatamatricesin
termsof particlevelocitiesandpotentials,respectively. Thesub-
scripts/ and 0 in equation(3) referto thedifferentwavetypes.
Thelatterequationcanbedecoupledinto anumberof indepen-
dentdatamodelsif mode-conversionis ignoredeitherduringre-
flectionor duringpropagation.Hence,this meansthatwe con-
siderfirst-ordermodeconversioneffectsonly.

Ignoringmode-conversionduring reflection.
For conventionalmarinedatathe main modeconversionmay
occur during transmissionthrougha hard sea-bottom,i.e. in� �!� �

and
� ��� �

. Ignoringthemode-convertedreflectionmatri-
ces
� �!� �

and
� �%� �

, settingtheshearsourcesto zero(
� � � ,

),
equation(3) yieldsfor

���%� �
:� �%� � �21 � �%� � � �%� � � �%� ��3 � �%� � � �!� � � �!� �54 � � . (4)

Ignoringmode-conversionduringpropagation.
Forsoftsea-bottomsandfor land-data,conversionduringtrans-
missionis lessimportant. Ignoring in equation(3) the mode-
convertedpropagationmatrices

� �!� �
and

� �%� �
, four indepen-

dentequationsareobtained,accordingto����� ��� 1 �$�%� �6� �%� �7���%� � 4 �8�6�
(5)���%� �9� 1 �$�%� �6� �%� �!�(�!� � 4 ���:�
(6)� �!� ��� 1 �&�!� �!���!� �7����� � 4 �8�7�
(7)� �!� �*� 1 �&�!� �!���!� �!�&�!� � 4 ��� . (8)

Eitherequation(4)or thesystemof equations(5) through(8) can
beusedasastartingpoint for CFP-processing,dependingonthe
situation.In thefollowing weonlyconsiderthesecondcase.We
will assumethatelasticdecomposition(inversionof equation1)
hasbeencarriedout [3].
Elastic CFP operators
Analogousto theacousticCFPmethod[2], wedefineelasticfo-
cusingoperatorsastherowsandcolumnsof theinverseextrap-
olationmatrices:

1. Operatorfor focused/ -detectorsat ;=<?> �!@%A�B : the C th row
of D ��� � ; @%A��E@GFGBH�I�KJ��� � ; @%A��!@GFGB , hence1MLN O> ; @�A��!@GFGB 4P��� � �QLR�O> ; @%A�BS� J�%� � ; @%AT�!@GF%B . (9)

2. Operatorfor focused0 -detectorsat ;=< > �!@ A B : the C th rowofD �!� � ; @ A �!@ F BU��� J�!� � ; @ A �!@ F B , hence1VLN O> ; @ A �!@ F B 4 �!� �U�QLR�O> ; @ A BS� J�!� � ; @ A �!@ F B . (10)

3. Operatorfor focused/ -sourcesat ;=<VW �!@ A B : the X thcolumn
of D ��� � ; @GF��Y@�A�BH�I�KJ��� � ; @GF��Y@�AZB , hence1 LN W ; @GF7�!@%A�B 4P��� � ��� J��� � ; @5F%�!@%A�B LR W ; @%AZB . (11)

4. Operatorfor focused0 -sourcesat ;=<[W �!@ A B : the X thcolumn
of D �!� � ; @ F �!@ A BH�\� J�!� � ; @ F �!@ A B , hence1 LN WG; @ F �:@ A B 4 �!� �U��� J�!� � ; @ F �Y@ A B LR W%; @ A B . (12)

Vectorswith adagger( ] ) denoterow vectorsandvectorswithout
the daggerdenotecolumnvectors;

LR O> ; @%A�B denotesa unit row
vectorwith ‘1’ at the C th position,

LR W%; @ A B a unit columnvector
with ‘1’ at the X th position.
Focusing in detection
Usingtheoperatorsdefinedin equations(9) and(10), theequa-
tions for elasticfocusingin detectionof the upgoingmeasured/ - or 0 -wavesaregivenby1 L/ O> ; @%AT�!@GF%B 4^�%� � �_1 LN O> ; @%AT�!@GFGB 4P�%� � � ��� � ; @GFGBE� (13)1VL/ O> ; @%AT�!@GF%B 4^�%� � �`1VLN O> ; @%AT�:@GFGB 4^�%� � � �%� � ; @GFGBE� (14)1 L/ O> ; @ A �!@ F B 4 �!� �a�`1 LN O> ; @ A �:@ F B 4 �!� �!� �!� � ; @ F BE� (15)1VL/ O> ; @ A �!@ F B 4 �!� �H�_1VLN O> ; @ A �Y@ F B 4 �!� �!� �!� � ; @ F B . (16)

For illustrationpurposes,wesimulatedmulti-componentdatain
thehorizontallylayeredmodelof Figure1. We focusedtheup-
goingwavefield from onepoint of thesecondreflector, using
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Fig. 1: Simpleelasticmodel.
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Fig. 2: ElasticCFPgathers:theresultof focusingtheupgoingwavefield
(focusingin detection)ontoonegridpoint at thesecondreflector, using
slightly erroneousoperators.Theoperatorsareshownin this figureas
solidcurves.

anerroneousmacromodelwith / - and 0 -wavevelocitiesin the
secondlayerthatareapproximately10%too low. The / - / and/ - 0 responsesarefocusedwith theerroneous/ -waveCFPop-
erator

1MLN O> ; @G¶7�!@ F B 4 �%� � andthe 0 - / and 0 - 0 responseswith the
erroneous0 -waveCFPoperator

1VLN O> ; @G¶��!@ F B 4 �!� � . Theresulting
four CFPgathers(fixed <?> at

@ ¶
, variable< � at

@GF
) aredisplayed

in Figure2. In thissamefigure,thetraveltimesof theerroneous
time reversedoperators

1 LN O> ; @5¶%�E@ F B 4 �%� � are plotted over the
erroneous/ - / and 0 - / CFPgathersandthetraveltimesof the
erroneoustime reversedoperators

1 LN O> ; @G¶��Y@ F B 4 �!� � are plotted
overtheerroneous/ - 0 and 0 - 0 CFPgathers.
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Thesmallmismatchincreaseswith offsetandis dueto theerrors
in the / - and 0 -wavevelocities.Thecorrect/ - and 0 -operators
arefounditerativelyby interpolatingbetweenthetraveltimesin
theoperatorsandthecorrespondingeventsin theCFPgathers.
Notethattheactualestimationof the / - and 0 -macromodelsis
thuspostponeduntil aftermigration.
Focusing in emission
Usingtheupdatedoperators,theequationsfor elasticfocusingin
emissionof thedowngoinginduced/ - or 0 -wavesaregivenby1 / > WG; @ A B 4 �%� �T�21VL/ O> ; @ A �!@ F B 4 �%� �V1VLN WG; @ F �:@ A B 4 �%� �V� (17)1 /H> W ; @%AZB 4^�%� � �`1 L/ O> ; @%AT�Y@5F·B 4^�%� � 1 LN W ; @GF7�!@%A�B 4-�!� � � (18)1 /H> W ; @%AZB 4S�!� � �`1VL/ O> ; @%AT�Y@5F·B 4S�!� � 1MLN W ; @GF7�!@%A�B 4P��� � � (19)1 / > WG; @ A B 4 �!� �U�21 L/ O> ; @ A �!@ F B 4 �!� �:1 LN W%; @ F �!@ A B 4 �!� � . (20)

We applied thesefocusing stepsto the updatedCFP gathers
of Figure2. The resultinggridpoint functions(fixed < W at

@ ¶
and variable < > at

@G¶
) are shown in Figure 3 and their ¸ �=¹ -

transformedversionsin Figure4. Thesamplesat zerotimeand
zerooffsetof thegridpointfunctionsin Figure3 representtheav-
eragereflectioncoefficientsat thechosengridpoint(outputof
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Fig. 3: Elastic gridpoint functions: the º - and » -wavesourceshave
beenfocusedon thesecondreflector, usingthecorrectoperators.Note
thefocusedheadwavein d).

confocalelasticmigration).Thecross-sectionsatzerointercept-
time of thegridpoint functionsin Figure4 representtheangle-
dependentreflectioncoefficientsof thesecondreflector(output
of bifocalelasticmigration).Figure5showstheextractedreflec-
tion amplitudes.
Conclusions
Theacousticdoublefocusingprocesscanbeeasilyextendedto
the elastodynamicsituationby introducingfocusingoperators
for / - and 0 -wavefields.Errorsin theoperatorscanbedetected
andasimpleupdatingstepexists.ElasticCFPmigrationissuited
for conventionalmarinedata,seabottomdataaswell aslanddata.
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Fig. 4: ¼ -p transformedgridpoint functions. Note that the angle-
dependentreflectioninformationoccursat ¼¾½À¿ .
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Fig. 5: The estimatedangle-dependent reflectioncoefficientsfor one
gridpoint on the secondreflector, obtainedby selectingamplitudesat
zero intercept-timeof the ¼ -p transformedgridpoint functionsin Fig. 4.


