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Summary
The decompositionprocedurefor separatingmulticomponent
ocean-bottomdatainto up- anddowngoingP- andS-waves is
basedon a combinationof the pressure,horizontaland verti-
calvelocitycomponents.Thismakesthedecompositionmethod
lesseasyto applyonfielddata– differencesbetweenthecompo-
nentsnot dueto theearthproperties(e.g. instrumentresponse,
couplingwith the sea-bottom)have to be compensatedfor. In
additionthe mediumparametersjust below the sea-bottomare
neededasinput for thedecomposition.Without a priori knowl-
edgeof at leastsomeof theseunknowns it is a difficult taskto
arriveat acorrectdecompositionresult.
By performingthedecompositionin twosteps–firstdecomposi-
tion into up- anddowngoingwavefields,thendecompositionof
the up- anddowngoingwavefields,respectively, into P- andS-
waves– thenumberof unknowns in eachstepis reduced.This
offers possibilitiesfor performingan elasticdecompositionon
field datawithoutany apriori knowledgeof mediumparameters
or coupling. An adaptive decompositionscheme,applicableto
field data,is presentedhere.
Introduction
In order to get elastic information about the sub-sea-bottom,
ocean-bottomdatacanbedecomposedinto up- anddowngoing
P- andconvertedS-waves([1],[4]). TheconvertedS-wavescan
thenbeseparatelyprocessed(e.g.migration,inversion)from the
P-waves.
Therearecertainconditionswhich thedecomposeddatahave to
satisfy, namely� for thedecompositionjustabovethebottom,nosub-bottom

primariesshouldbepresentin thedowngoing waves;� for the decompositionjust below the bottom, no direct
sourcewave and no water bottom multiples should be
presentin theupgoing P- andS-waves.

Thesequality conditionsare usedto searchfor the unknown
mediumparametersaswell astheunknown differencesbetween
the components(e.g. dueto differentcoupling,instrumentre-
sponse,etc.).
Application of acoustic decomposition(just above the sea-
bottom) into up- and downgoing pressurefields to field data
is straightforwardandhasbeendemonstratedpreviously in [2].
Theamountof unknownsto beevaluatedin theelasticdecompo-
sition (just below thesea-bottom)makesits applicationto field
datamore problematic. As the quality conditionsfor the de-
compositionresultsdo not distinguishbetweenP- andS-waves,

a decompositioninto merelyup- anddowngoingwaveswould
suffice. It turnsout thata decompositionin two steps(first up-
/down separationand then P-/S separation)requireslessdata
componentsat the sametime, making it a morepracticalpro-
cedurefor field data.

The operatorsderived for a two-stepdecompositionin a land
acquisitionsetting([3]) will be rewritten for the ocean-bottom
case.Thenanadaptivedecompositionschemeapplicableto real
data,combiningthe one-and two-stepdecompositions,is ex-
plained.

One-step versus two-step decomposition

In the following “decomposition”standsfor “elasticdecompo-
sition just below thesea-bottom”.Somedecompositionresults
will bedemonstratedwith asyntheticdataset.Theocean-bottom
modelandthesyntheticdatathatwill beusedareshown in Fig-
ure1.
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Fig. 1: a) Model used to obtain 3-component synthetic data at the sea-
bottom (at 500 m depth). b) Pressure component. c) Horizontal velocity
component ��� . d) Vertical velocity component ��� .
Thegeneralrelationsbetweenthetwo-way andone-way wave-
field vectorscanbewrittensymbolicallyin thespace-frequency
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domainas(see[4] for theoperators)	�
�� ������������������� 	����� ����� � �� ��������! ����� � �! ����� �#" �$ � ������$ � �����&% (1)

and

" �$ � ������$ � ����� % � 	�' � � ����� ' �! �����' �� ����� ' �! ����� � 	�
�� � ������������� �)( (2)

where �� ������� �+*, �� �-���������/. ��������� �0�������213 ( �������� � *4,
�� � ������� . ������� � ����� 1053 (3)

and �$ � ����� � *4,
�6 � ������7 � ������8 � ����� 1 53 ( �$ � ����� � *4,

�6 � ������7 � ������8 � ����� 1 53#9 (4)

Here
��;: � ����� and

�� : ����� for < �>=?(A@B( � containthe discretized
two-waywavefieldsatdepthlevel � in termsof stressandveloc-
ity components;

�6DC ����� , �7EC ����� and
�8 C ����� containtheone-way

wavefieldsin termsof downgoingandupgoing
�

- and F -waves.
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Fig. 2: One-step decomposition into up- and downgoing P- and S-waves
just below the sea-bottom. a) Downgoing P-waves. b) Downgoing S-
waves. c) Upgoing P-waves. d) Upgoing S-waves.

At thesea-bottom� � � � theshear-stressesvanish,whereasthe
normalstressis equalto minustheacousticpressurejust above

thesea-bottom.Hence,one-stepdecompositionis accomplished
by applyingequation(2) at � � � � , with
�� � ��� � � �G*, �H �H�� ��� � � 13 9 (5)

Theone-stepdecompositionresultis shown in Figure2.
In thetwo-stepdecompositionthefirst decompositionstepinto
up-anddowngoingfieldsis expressedin termsof stresses.This
choiceis arbitrary;otherwave field quantitiescouldbechosen.
However, with this choicethe decompositionoperatorshave a
simpleform. Fromequation(1) weobtain
��� � ��� � � � � � � ��� � � �$ � ��� � �I J0K L�NMOQPR�S �UTWV X � �� ��� � � �$ � ��� � �I J0K L�NMOZYR[S �UTUV ( (6)

or 	 
�� �� ��� � �
�� �� ��� � � �\� 	 � � � ��� � � ]] � �� ��� � � �#" �$ � ��� � ��$ � ��� � � % ( (7)

or, uponsubstitutionof equation(2)	 
��� �� ��� � �
��� �� ��� � � � � 	�^_�� ��� � � ^#�! ��� � �^`�� ��� � � ^a�! ��� � � � 	�
��� � ��� � ������� � �b� ( (8)

wherethepartialdecompositionoperatorsaredefinedas^ C � ��� � � � � C � ��� � � ' C � ��� � � ( (9)^ C! ��� � � � � C � ��� � � ' C! ��� � � 9 (10)

For theseconddecompositionstepinto P-andS-wavesequation
(7) is merelyinverted,yielding

" �$ � ��� � ��$ � ��� � �c% � 	�dQ� � � ��� � �Ae � � ]] df� �� ��� � �Ae � � � 	 
�� �� ��� � �
�� �� ��� � � � 9
(11)

Next, the operatorsin thefirst stepof the two-stepdecomposi-
tion aregiven in the rayparameter-frequency domainfor a 2-D
situation. This decompositionstepis given in moredetail be-
causeit is especiallyimportantfor the adaptive decomposition
schemeexplainedfurtheron. Fromequation8 weobtain
�g �� C� ��� � � � 
 g^ C � ��� � � g �� ����� � � X g^ C! ��� � � g ����� � � ( (12)

or 	 
 g� C�-� ��� � �
 g� C�0� ��� � � ���ihj " h kml0noApq l0noAr h % 	 Hg� ��� � � �
Xtsj " kvuo p

HH k_uo r %
	 g� � ��� � �g� � ��� � �W� ( (13)
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or 
 g� C�-� ��� � � � kxw�yjfzQ{ g� ��� � � k sf|jfzQ{ g� � ��� � � ( (14)
 g� C�U� ��� � � � hj g� ��� � � k sf|jQz-} g������� � � ( (15)

where

| � ~/�{?� � y
! z } z { X � ~ �

!{ 
 j y
! � !U� ( (16)

w � ~ !{?� jQz } z { 
 � ~ � !{ 
 j y
! � � ( (17)z-} � � ~ � !} 
 y

! ( (18)zQ{ � � ~ � !{ 
 y
! 9 (19)

Note the simplestructureof equations(14) and(15): only two
data-componentsare requiredsimultaneously. Also note that
equation(15) hasthesameform astheacousticdecomposition
equation,apart from the factor | (this factor approachesone
when ~ { approacheszero).Theresultof thedecompositioninto
up-anddowngoingstressesis shown in Figure3.
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Fig. 3: Two-step decomposition, step 1: decomposition into up- and
downgoing stresses a) Downgoing shear stress. b) Downgoing normal
stress. c) Upgoing shear stress. d) Upgoing normal stress.

Energy analysis of decomposed result
The conditionthat thereis no direct (transmitted)sourcewave
in the upgoingwavefield below thesea-bottomprovidesa way
to find thesub-sea-bottomvelocitiesanddensity. The medium
parametersconstructa 3-D variablespace.Thedecomposition

canbe performedsomewherein this space.The energy is cal-
culatedin a tight window aroundthedirectarrival. Thecorrect
parametersgive a minimumenergy. An optimizationprocedure
shouldbeusedto find thisminimum.
The minima of the decompositionresultsinto up- and down-
going normalandshearstresseswereanalyzedfor a synthetic
dataset.Figures4 and5 show theminimafor theupgoingnor-
malandshearstressfieldsin the3-D parameterspace.
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Fig. 4: Parameter-sensitivity in the output of step 1 of the two-step de-
composition. The sensitivity for � �U� is expressed by the amount of energy
in the direct source wave as a function of (a) P- and S-velocity, (b) P-
velocity and density and (c) S-velocity and density. As the energy was
calculated from the upgoing � �U� , minimal energy is expected where the
parameters are correct (i.e. � }����Z�U�-�

m/s, � {����W�Q�-�
m/s and� ���-�-�-� kg/m � ).

An adaptive decomposition scheme
Thetwo-stepdecompositionnow providesthepossibilityto ap-
ply an adaptive elasticdecomposition.No a priori knowledge
of themediumparametersbelow thesea-bottomor thecoupling
parametersis needed.This canbe accomplishedwith the fol-
lowing scheme:

1) Acoustic one-step decomposition above the sea-bottom
With

�
and ����������� componentsandthewaterparameters,

theunknown couplingfilter �����D� of theverticalgeophone
can be found. The usedcriterion is that thereshouldbe
nosub-bottomprimariesin thedowngoingwavefieldabove
thebottom.

2) Elastic two-step decomposition below the sea-bottom
(step 1a)
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Fig. 5: Parameter-sensitivity in the output of step 1 of the two-step de-
composition. The sensitivity for � �-� is expressed by the amount of energy
in the direct source wave as a function of the medium parameters, (a),
(b) and (c) idem Figure 4.

Separationinto up-anddowngoing � �U� ;
 g� C�U� � �! g� k g� � ~ } (W~ { (�� �c������� g� � ,
where

g� � ~ } (W~ { (�� � � sf|�� jfz-} .

Theusedcriterion is that thereshouldbeno directsource
wave in the upgoingwavefield below the bottom. This is
a minimizationproblem. In other words, the parameters~ } (�~ { (�� areestimatedat thosevalueswheretheenergy of
thefirst arrival is minimal in theupgoingwavefieldbelow
thebottom.Notethat �Z���D� g� � is notneededin thisstep.

3) Elastic two-step decomposition below the sea-bottom
(step 1b)
Separationinto up-anddowngoing � �-� ;
 g� C�-� � k g��� � ~ } (A~ { (2� � � k g��� � � ~ } (W~ { (�� �c�Z���D� g� � 9
Using the medium parametersestimated in step 2
plus the criterion of step2, the unknown coupling filter������� of thehorizontalinline geophonecanbeestimated.

4) Elastic decomposition below the sea-bottom into P- and
S-waves
Now theelasticdecompositioninto P-andS-wavescanbe

performedwith thevaluesof ������� (2~ } (A~ { (A� and �����D� es-
timatedin steps1,2and3.

Conclusions
Two approacheshave beenusedto decomposemulticomponent
ocean-bottomdata.Theone-stepdecompositionfor multicom-
ponentocean-bottomdataworksnicely on syntheticdata. It is
moredifficult to apply to field data,asin practicethe different
datacomponentsarenot well matched.Therefore,a decompo-
sition in two steps- first up/down thenP/Sseparation- hasbeen
introduced.
Thetwo-stepdecompositionusesjust two datacomponentsat a
time, makingit easierto matchthem. An adaptive decomposi-
tion procedurethatcombinestheone-andtwo-stepdecomposi-
tion hasbeenproposed.In this procedureall unknown parame-
ters,necessaryfor performingadecomposition,canbeestimated
stepby step.
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