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Summary

Adaptive decompositionprocedure

The aim of wavefield decompositiorof multicomponentseis- Theadaptve decompositioschemeonsistf five stagegiven

mic ocean-bottondata,is to separaté¢he measuremeniato up-

belav (decompositiorquationg@rewrittenin therayparameter

anddowngoingP- and S-waves. To accomplistthis separation, frequeng domainfor the 2-D situation):

themediumparametergcompressionalave velocity cp, shear
wave velocity cs and density o) just belov the recever level
needto be known. In this paper estimatesof theseparame-
tershave beenobtainedfrom the dataitself. Usinganadaptve
decompositiorscheme Jeast-squaredecompositiorfilters are

obtained.Thes¢filters areinvertedinto sub-bottormparameters.

For theinversiontwo forwardmodelsfor theocean-bottomvere
investigatedIn thefirst model,thedirectarrival andthe deeper
reflectioneventsarewell separatedh time. The secondmodel
consistsof a thin layer beneaththe ocean-bottom.Reverbera-
tionsinsidethethin layerinterferewith thefirst arrival. For both
modelsvelocity anddensityestimatesvereobtained.

Intr oduction

Whenapplyingthe wave equationbaseddecompositiortheory
[1, 4] tofield datadifficultiesareencountered;p, cs andp just
belav the ocean-bottormeedto be knawn, andthe geophone
couplingis imperfect.As the very shallav sub-bottomis not of
interestin oil exploration- wherethetargetlies atgreatedepths
- measurementsf theseshallaw parameter&recommonlynot
available. Therefore estimatef cp, cs andp just belov the
receverlevel, haveto beobtainedn adifferentway. Here, it has
beenshavn that estimatef theseparametersanbe obtained
fromthedataitself. Themediumparameterariseasabyproduct
of decomposinghe datainto P- and S-waves. The parameter
inversionin itself, asan alternatve way to obtain estimatesof
cp, cs andp, might be of interestin otherapplicationsbesides
decompositione.g. marineacousticsstatics.

A morepracticalformulationof the decompositiortheorywas
obtainedby splitting the decompositiorin two steps- the first

stepconsistsonly of a decompositiorinto up- and downgoing
wavefields, the secondstepdecomposeito P- and S-waves.
Theadwantageof thistwo-stepformulationis thatlessdatacom-
ponentsarerequiredatatime Thederivation of thetwo-stepde-
compositiorwasshavn in [2]. Furthermoreby applyingthese
‘partial’ decompositiomquationsn acertainorder(theadaptve

decompositiorschemelt is possibleto estimateall unknavns

from the dataitself asyou go along[2]. An additionaladwan-

tageis the bettercontrol on the quality of the final decompo-
sition resultby obtaininggood ‘partial’ decompositiorresults.
In the following, a moredetaileddescriptionof theinversionof

the sub-bottonrparameterérom the optimizationfilters, arising
from theadaptve decompositioprocedurewill be given.

Stagel. ‘Rotation’ of the velocity componentsin this
first stagethe V., measuremerig correctedor animperfec-
tion in the acquisitionthatis not addressedh the prepro-
cessingnor furtheron in this scheme:'mechanicalcross-
coupling’, visible as convertedwavesrecordedon the V,,

componenthatcannotefoundonthe P component.

Stage2. Acoustic decompositionjust above the bottom
The acousticdecompositions usedto resole the calibra-
tion filter a(w) betweenthe pressureandvertical velocity
componentcausedy imperfectcouplingof thegeophone
to theocean-bottom:
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wherep; andg: = \/cl_Q — p? arethedensityandvertical
slownessin the waterlayer To resole a(w), the criterion
thatthereshouldbe no primary reflectionspresentin the
decomposedowngoingwavefield above the bottom (P )
is used.

Stage3. Elastic decompositioninto 72 just below the
bottom The next stageis an elasticdecompositiorbelow
thebottom,into up- anddawvngoingnormalstressfields:
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wheregs andgp,2 = 4/ c;fz — p? arethedensityandverti-

cal P-wave slovnessof the mediumjust below the bottom,
andB2 = c%,[4p’qp,2qs,2 + (c53 — 2p°)?]. Thistime

the unknawn factoris the operatofin front of the V, com-
ponentasit depend®nthemediumparametergustbelov

thebottom. To find the operatorthe expressioris replaced
by agenerarayparametedependentilter f(p):

—7E = %15 + a(w)f(p)Ve. 3)

The conditionimposedon the decompositiomesultis that
thereshouldbe no directwave andwaterbottommultiples
in theupgoingnormalstressfieldelowthe bottom.

Stage4. Elastic decompositioninto 7 just below the
bottom Thefourth decompositiorstagenvolvesthe P and
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V. componentsmakingit possibleto resolhe the calibra-
tion filter b(w) betweerthem:
ik o PP Py 2Py )
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wheregs,» = \/Cs2 — P, 72 = €5,2[29P,29s,2 — (05,2 -

2p?)] and B, asabove. Fromequation(4) we canseethat
firstthedecompositiomperatorsieedio becalculatedvith
the mediumparametergust belonv the ocean-bottombe-
fore b(w) canbeobtained.An estimateof the mediumpa-
rametersanbe obtainedby invertingthefilter f(p) found
in theprevious stage.

Stage5. Elastic decompositioninto ®* and ¥ In the
last stagethe estimatedparametergust belov the ocean-
bottomandtheresultsof theelasticdecompositiofinto up-
anddowngoingstressfieldsire simply combinedto obtain
theup-anddowvngoingP- andS-waves:
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Thefirst threestageof the adaptve decompositiorschemeare
readily applicableto multicomponenbcean-bottontata. They
consistof least-squaregptimizationsensuringthe bestpossible
resultfor the particulardataset.If the ocean-bottonis not too
shallav, the windows in which enepy is minimized,areeasily
determinedbasedon local waterdepthandvelocity. To apply
stagest and5, however, aninversionfor the mediumparamers
just belav the ocean-bottonis necessaryThe mediumparam-
etersareinvertedfrom the least-squareSlter f(p) obtainedin
stages.

In the following, we will take a closerlook at the inversion
of f(p). With field datausually a frequeng-dependenfilter
f(p,w) is found. Therefore,also an analytic expressionfor
frequeng-dependeninversionis derived.

Least-squaesfilter f(p)

To calculatethefilter f(p), awindow is put over the directar
rival and/orwaterbottommultiples. Theenegy in this window
is minimizedin aleast-squaresenseby f(p). Fromequations
2 and3 it followsthattheoreticallyf (p) %. In Figurelthe
filter f(p) obtainedfrom a syntheticdataseis shawvn together
with thebest-fittingdecompositiomperatoi(line with dots).An
initial estimateof the mediumparameterss obtainedfrom the
locationof the singularities(giving cp). Fromtheamplitudeat
p = 0 (whichis equalto half theimpedancepan estimateof o
is obtained.An initial estimatefor cg is obtainedby assuming
arealisticvelocity ratio (cp/cs). Onceaninitial estimatehas
beenobtainedthe actualcurwe fitting is donein the pre-critical
rayparametedomain[—4 - 107*,4 . 10~*] s/m. Otherwisethe

large amplitudesof the singularitiesinfluencethe curwve fitting
for otherrayparametevaluestoo much.
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Fig. 1: Least-squasopeiator f(p) fromsyntheticdata, togetherwith
the best-fittingtheoetical decompositiomperator (line with dots). The
mediumparametes just belowthe ocean-bottonare cp = 1700 m/s,
cs = 600 m/sand g = 1470 kg/n®.

In Figure2 an exampleof f(p) obtainedfrom a field dataset
is shavn. Note that the filter is frequeng-dependent.e. the

differentlines do not overlap. A possiblemodelto explain the

frequeng-dependenc in f(p) can be given with the ocean-
bottommodelshavn in Figure 3 a. This modelconsistsof an

ocean-bottonwith athin sedimentayeron top. Thethickness
of thelayeris chosersuchthatthe arrival time of thereflection
from the bottom of the layer cannotbe distinguishedrom the

directsourcearrival. The layer merely causes lengtheningof

the wavelet. Therefore the optimizationfilter thatis estimated
notonly removesthe directwave but alsothe reflectionandre-

verberationsnsidethethin layer Thereforejt is notapurede-

compositioroperatorarymore. Thefilter f(p, 7) for thismodel

is shavn in Figure3 b, anexampleof f(p, 7) for afield dataset
is givenin Figure3 c. For this specificmodelananalyticexpres-
sionfor f(p,w) canbederived, whichwill bedonein the next

section.

Analytic expressionfor f(p,w)

Acousticcase As f(p,w) removesthe enegy from the direct
sourcearrival aswell asthe reverberationgrom the thin layer,
this is similar to obtainingthe upgoingfield just belov depth
level z» (seeFigure3 a). A decompositiorat 22 is givenby
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and[P(z2), V2 (22]T arerelatedto the wavefieldsat the ocean-
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Fig. 2: Least-squagsopetor f(p) fromafielddataset.Thesolidlines
are differentfrequencies theinterval betweerl3-53Hz.
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Fig. 3: Anocean-bottormodelwith a thin layer on top of a half-space
(a), bthefilter f(p, T) thatoptimallyremaesthefirstarrival, andc an
exampleof f(p, 7) obtainedfroma field dataset.
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bottom(z1) by thetwo-way wavefield extrapolationmatrix [3]

(P(é?)) N

- 8
cos(wqi1Az) “’1 sin(wq1 Az) (P(z1)) ®
A sin(wqiAz) cos(wq1 Az) Vi(z1))
Substitutingequation(8) into equation(7) gives
PHzm)\ _1 (A —2.B) (P(x) 9)
P (z)) 2\C —g—iD Vi(z1))’
where
A = cos(wqilAz) — Je291 sin(wq1 Az), (10)
0192
B = jsin(wqiAz)— 10201 cos(wqr1Az), (11)
0192
C = cos(wqiAz)+ J‘Qqul sin(wq1 Az), (12)
D = jsin(wg:1Az)+ JQ‘Q qq1 cos(wqi1Az).  (13)

The acousticdecompositiorequationfor the situationwithout
thethin layerreads

(14)
where

==, 15
o (15)
Forthesituationwith thethin layer, theupgoingwavefieldbelon
thelayeris obtainedwith

5 (22) = Lo — 2 pp

P~ (2) = 5CP = 2-DV., (16)
seeequation(9). In practicetheparametersf thethin layerand
thelayer underneattare unknavn andthereforethe operatorC
is unknavn. Whenbothssidesof equation(16) aredividedby C
to obtain

P~ 1. -

< = §P— flp,w)Vz, (17)
f(p,w) canbe obtainedin the sameway as f(p) in equation
(14),only thistime theexpressiorto invertis:

(18)

Notethatin the caseof a thin layer the upgoingwavefield ob-
tainedby matchingP andV, is a scaledversionof the upgoing
pressuravavefieldwhenno thin layeris present.



Inversionfor the sub-bottom parameters

Elasticcase In theelasticcasea decompositiojust belowv z;
into up- anddowngoingwavefieldsis givenby

—?EZ(ZQ)
(—%zt(@))_l 2 1 0 22N\ [ 7 ()
—72(22) 2\ 2 10 —% Va(z2) |’
V. (22)
(19

see[2]. Furthermore[—7z.(22), =72z (22), Vu(22), Vi (22)]F
arerelatedo thewavefieldsattheocean-botton{z; ) by thetwo-
way elasticwavefield extrapolationmatrix [5]

—Trz(22) Wi Wiz Wiz Wi 0

—T2(22) | _ | War Waz Waz W P(z1)
Va(22) Wi Wi Wiz Wi Va(21)
Va(22) Wa Wi Wig Was) \Vi(21)

Theelement®f thetwo-way elasticextrapolationmatrix arede-
pendenbn the frequeny, mediumparameterandthicknessof
layerl andaregivenin [5]. Substitutingequation(20)into equa-

tion (19) gives
(—%”(zz)> 1 (—— 1o ‘*B )
_z= 2P _e
T2 (ZZ) 2 qg,z 10 q2P22
Win Wiz Wiz Wiy 0 (21)
War Wi Wiz Wy {3(21)
Wi Wi Wiz Waa Va(21) |7
War Wiz Wiz Waa V.(z1)
or
- 1 =~ . -
—7.(22) = §AP(z1) — BV, (z1) — CVy(21), (22)
where
A = ﬂle + Wap — 025 Waa, (23)
qpr,2 qpr,2
1 .
B = -2 Wis — —Was + 025 Waa, (24)
2qp,2 2 2qp,2
1
c = - 2P Wiz — -Waz + 02 Was. (25)
2qp,2 2 2qp,2

Theelasticdecompositiorequatiorfor thesituationwithoutthe
thin layerreads

) = P — @) (26)
where
_ o
fp) = 2r" (27)

For the situationwith the thin layer the upgoingwavefield is
given by equation(22). In practicethe parametersf the thin

layer andthe layer underneattare unknavn andthereforethe
operatorA is unknavn. Whenboth sidesof equation(22) are
dividedby A to obtain

7. (22) B - C -
- —ZVZ(21)—ZV$(21),

f(p) canbe obtainedin the sameway asin equation(26), pro-
vided the contritution of the V,, componentanbe neglected.
Notethatin the caseof a thin layer the upgoingwavefield ob-
tainedby matchingP andV. is a scaledversionof the upgoing
normal stressfieldwhen no thin layeris present. The expres-
sion for f(p) becomes: f(p,w) = Z. Inversionusing this
expressiorresultsin seven mediumparameters the velocities
anddensitieof thethin layerandthe mediumbeneathandthe
thicknesof thethin layer.
Conclusions
Experiencesvith theadaptve decompositioprocedurenfield
datahave resultedin frequeng-dependenbptimizationfilters
obtainedin the stageof the decompositiorinto up- and down-
going normal stressfield{stage3). The optimizationfilter is
theninvertedfor the mediumparametergust below the ocean-
bottom as if it were a pure decompositionoperatoy i.e. in
a frequeng-independentway. To betterrepresenthe ocean-
bottom, a forward model is necessarythat can explain the
frequenyg-dependenbehaiour of the optimizationfilter andis
simple enoughto provide an analytic expression. The model
proposecdhere consistsof a thin layer over the ocean-bottom.
For this model analytic expressionsare derived that describe
frequeng-dependenbehaiour of the optimizationfilter. Fur
thermorejt will beinvestigatechow well the parameterarede-
terminedn theinversionproblem.A betterrepresentationf the
ocean-bottomwill leadto amorereliabledecompositiomesult.
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