SYSTEM AND METHOD FOR SEI SM C TRACE ANALYSI S BACKGROUND 1. Field of the

I nvention [0001] The present invention relates generally to processing of
geol ogi cawoaesasaasd nore particularly to a systemfor reduaisegosifierts of
aliasing in sanpled data. 2. Description of the Related Art [0002] Si mc

surveys tend t o Rk a. This can
result from une§gﬁﬁ$§\g%§ﬁgﬂ§%%}§§g{$ gggﬁfﬁnhi“(ﬁ?gst e%}gxﬁgﬂénaw gation

i nperfection, culture obstacles @adxmsebilpitti ve cost of |arge instrument
arrays. On the other hand, many data processing and visualization systens
and net hods requi re data that is densely and regularly sanpled as input. As

a result sary to transformdata such that it has an
appropri at%%ééa%% i hg %%%%? SUMVARY [ 0003] Aspects of enbodi nents of the

present [pgENtion W@yﬂ&@@n&{mhh@@ reéiftenridredainf topsrocesshn gf gesrighled
seismc trace representing information relating to a subsurface regj on,

i ncl udi gt %@ffima%\w*ﬁ%w%é@ Ecuriaifantsisrar i de rEpiRsisg ﬁb‘é*‘t&‘i% a

di scret %&E urier transform selecting the estimated Fourier coefficients by
appl yi ng a coherence criterion to the estimted Fourier coefficients to
reduce an armunt of a ased energy represented by the Fourier coefficients,

re-orth ogﬁal ,gé& 5{%& %ch {# e, Fourier coefficients, and using the
re-ort h%o SFFORESR rf‘g ents to produce a seismc inage of the
{Da03} Setamic suneys fend o produce sparsely andior uiavenly sampled
aata. This can resull rom uneven sourss and recaiver pasition, systam and
navigation imperfaction, culture abslacles and prohibitive cost of largs instrumant
arrays. On the other hand, many dats processing and visualization systems and
methods requiire data thet s densaly and reguiary sampled as inpul. As g resulf,
{ s often necessary o ransform data such that | has an appropriste sampling

DASIS,

SUMMARY

§0003} Aspacts of embodiments of the present invention provide a msthod
of method of processing & samplad seismic trace rsprasenting information
refatingg o & subswrises region, indluding estimating Fourier cosflinients of the
seismie frace using a disorste Fourler transfonm, selscting the estimated Fourler
coafficients by applving & coherence oriterkn o the estimated Fourar
coeffinients o redune an amount of aliagsed anergy reprasentad by the Fourler
cosfficients, re-orthogonalizing, in & -space, the Foursr coaflicients, and using
the re-orthogonalized Fourtar coaflicients to produce & seismic image of the
subsiriace region.
LS Aspeots of ambadiments of the present fnention ncluds 3 method

f imaging a subsurface featurs, including recaiving 3 sampled seigmis race
including formation redating to the subsurfaces festure, estimating Fourler

preficlents of the saismio race wsing a disgrete Fourder ransgform, selecting the

“}~



subsurface region. [0004] Aspects of enbodi nents of the present invention
i nclude a nethod of imaging a subsurface feature, including receiving a
sanpl ed swp2mIx15523ace i ncl uding information rel ating toPChaSsasursbace
feature, estimating Fourier coeffici ents of the seismc trace using a

di screte_Four.i I Four iLciLents by
appl yi nggigg‘reﬁ%% rg% %ﬁ%@%i‘% %5 g%‘?‘gggiﬁf%g 11rcsbg(—}]"c“‘l‘ F%hlmh s to

reduce snuaspunitiokngl nakedes mr@m{zﬁm’f@m@bﬁw@my hewEousikbemyaaef ficients,
re- orthogonal Lzing, in Jt -space, the Fourier coefficients, and gggl yi ng an

i nver se rfsmfa' Gretigantsr éﬁ?ﬁ*mﬁsﬁé&sﬁm i dgipare 488 uigniceekisiants|
Aspect s ,0b BIbAdi ATRALS FOLLNEa AKEHLE O SR [RElIR A SORRUIRLT cadiab o

medi ume d wth conp er-exec NSt raction pertormng the
f or egoi Eg3t hod @»F\;:}‘E‘OR ecfwmh@ﬁsmgma thitwef ovegitimgay)istiede f 8006lsAspect s of

enmbodi nen}s f th‘ |nvent| ggg i ncl ude a s temlngor g(gatln t he

f or egoi PR BIRAHA SREEG ML CARE L PRGN i BT e G BT TONY t he
system bk BOE¢ Q@@ﬁ&;ﬁwt& thhendias: ﬁ‘s&?td&a@i&@@w%ﬁ? a system may
incorporate, Tor exanple, a conput progr amed to allow a user to control

t he devﬁ&i&ﬁ}n accé}v‘«gaﬂwmmm@mmaﬁm wwnmma‘mmﬁhdaﬁ 5ys09@7] These
and ot her_ s g}atu = g %rac ens{ i ﬁ pLy ese{}; i nventi on,
as wel | “%f?‘ﬁé“ﬂ%th% é’@%‘r““gp‘*é BT SO R 7 ége?f“?? &*PEPETRd el ement s
of strueburs @Ends ke MPhaaiitiancohiipans swandirecerimie s eth raRufagt ur e,

wi || become nore apparent upon consideration of the follow n%hdescrl ption

and t he "EPPBRISH YRal TS RITHE T @ PEFEREY RIGTIHBTEECBIRN? N§SURaWHEY, al | of
whi ch f oL Q,iPa5d 58 &?rkﬁhéﬁ SREGHLIHaLLAN,, WK elinbike reference nunerals

desi gnate corresponding parts in the various Figures. Hs to be
HUL ] These and other objects, featuras, and characteristics of the

presemt invention, as wall as the methods of operation and functions of the
related slemeants of structurs and the combination of parts and sceonomiss of
manufaciure, will becoms mora apparent upon consideration of the following
deseription and the sppended claims with reference to the accompanying
drawings, ail of which form a part of this specification, wherein like refersncs
numeralz designate corresponding pasts in the warous Figures, Histo be
axpressiy undarsioud, however, that the drawings ars for the purpose of
Hustration and desaription only and are nod intended 38 & definition of the limils
of the invention. As weed in the specification and in the olgims, the singular Reem

of "a", "ar’, and "the include plural referents unisss the contexd clearly dictalss

othenwiss
BRIEF DESCRIPTION OF THE DRAWINGS
fanas] FHE. 1 iilustrates an example of a gather of sampled traces;
{8008} FHS. 2 flustrates Sk spactra for the gather of FEGL 15
Ba14y FIG. 3 Hlustrates the F spectra of FIG. £ after application of &

method i soecordance with an embodiment of the preserd invention;
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expressly understood, however, that the drawi ngs are for the purpose of
illustration and description only and are not intended as a definition of
the |i m twoahowiss23pnventi on. As used in the specificati @aTarsdo0v0413hE
clainms, the singular formof "a", "an", and "the" include plural referents

e R M S R A s

traces; FEOORAHnFi G 2 illustrates f-k spectra for the gather of FIG 1;
[0010] FIG 3 illustrates the f-k spectra of FIG 2 after application of a
met hod i##%dcor dafiée. W%ﬁ“&ﬁ‘f@%éd‘f\i%”@ﬁﬁ%@ftﬁﬁéf?bﬁa%é’?ﬁmliﬁwi%’ﬁ ‘{*5001 1]

FIG 4 P%gﬁﬁ&gfr{é@t@s ﬁ@‘é‘?s&ﬁﬁﬁa’?ﬁk‘r&ﬁ ?ft{‘i%asg%fz&?@e‘??m E?esfeng iR shegkra of FIG

3; and S a schematic ustration o ment of a
system for perform ng nmethods in accordance with enbodi ments of the present

i nvention. DETAI LED DES AN c data may be conpiled into a
two di nensional section, ﬁ%%ﬁ?eggéﬁwggjéﬁg eis illustrated in Figure 1.
in genegma a set aetwﬁgu%tg%@ g@@m% g ek e dimeRallsedfigh o epr esent

time and space respectively. Fi ure 1, the x-axis represents
di st ancedi(%efpaé‘e)emwsﬁetzes kssmtaaesmﬁfguge éxﬁeﬁewﬂé%m@&m@ daiaseonds. For

the pur BBRETBISLTarRty) PHERT TRl E¥p el SRR AL BB B g only o
R R T s kA
has beethan-pdgwedrauchs t frat intdeecsdk s e this exam;:}ie the samples are

irreguiarly spaced and sparsely sampled. For the purposs of clarily, the tracss

are largaly nodsaldess, showing only 8 number of recorded evanis 10, whils

outside of gach high-ampiituda svany, the frave is sseentially Hat with 2ero

sapituds.  Furthemmaore, the dats has been windowed such that the seismic

evants are fairly fnear.

G014} For data that are well samplsd {Le, sufficient sampling frequancy,

and sulficiently reguiarly in tme) 8 Fourler ransform may be computed using the

fast Fourier transtorm (FFT) In accordance with Enquation 1

Pl = F 3” *{e i}} {1}

whare &1 is the temporal Fourisy transform operator.

fG015] For sach fraqusnoy o, taking the dats as a funclion of x, Bquation

2 may ba wiitten:

ix = fla x} {2}

As noled above, the sssumplion may be made that the data are evenly sampled,

a0 that an svenly sampled sequance of this funclion may by expressed as

Equation 3

k= #fnAx) FESS 1S I {3



events are fairly linear. {0014] For data that are well sanpled (i.e.,
sufficient sanpling frequency, and sufficiently regularly in tine) a

Fouri er twanséorssm3may be conputed using the fast Fouri ePCrrsa@bonTset FFT) in
accordance with Equation 1 where FT is the tenporal Fourier transform

oper at og, 015] Eer each frequen >, 1 aki : L aSs function of x
et e ey, B PR R B B P T SRR B S s e
that the data argsgevenly sanpled, so that an evenly sanpl ed sequence of
this fudﬁt#@ﬁg{tﬁy‘” be expressed as EQuativoni, 3:[0016] The fdé#ward discrete
Fourier tramsform (DFT) can be expressed as: and Its inverse (IDFT) as:

[ 0017] .the ot her, d., for an unevenly sanpl ed sequence of this

functi o%éﬁ&sw#ﬁgi Surd B spectrum may be estimated by; where [0018]
However, as;notedapove, irregularities of sanpling and boundary effects
can caus‘emﬁe}ﬁg‘%ﬂ takage when enplefingit-hi.s method. Figuk® 2 illustrates a
graph of f-K igpectra for the traces of Figure 1. The dark lines 12. 14

Bvent o 19781 ne Ty her SRERRERY 8P B bAR S PSP REs BP MY Thae ©
e

t hr oughfikisticB: represent aliased energy, i.e., an artifact of the sanpling
rather than actual information about the feature to be discerned fromthe
sei snmic @*ace. Note that because the otirdilnatdtrhces are é8kentially

noi sel ess, the extranegus ene,rxgg : )
with 85y, < NAx The Fourier spectrum may be estimatad by

At .
Hyo= 2w, by V-1, N
el
whare
X
Ax #3 w
R X’m»-i_ 3L e AF Y £ ¢
TR B IS madf -2 {8
2ax .
k. g M-
Ax
8] Howsver, as notad abows, reguianities of sampling and boundssy

sffecis can cause snsgy leakage when emploving this method, Figurs 3
ilustrates a graph of FRospectra for the tracss of Figure 1. The dark lines 12, 14
passing through & =0 represent energy properly belonging to the selsmic svents
10, Gn the other hand, the dark line 18 line that fals ko pass through =0
raprasent aliasaed snergy, Le, an arlifact of the sampling rather than actual
information about the feature 1o be discermad from the seismic trace. Note that
bacause the original races are essantially nolssless, the extransous snergy
patierns cannat be attributed o nolse, but are snlirsly sliributable 1o alasing.
Though not labseled dus o their density, i can be sean iy Figure 3 that there are
additional ins palterns of Haht and dark in the plot, generally extending paralisi
o both the aliased energy and the sclual event energy, and that the event



patterns cannot be attributed to noise, but are entirely attributable to

al i asi ng. Though not | abeled due to their density, it can be seen in Figure
2 that thwoeoavessmdditional fine patterns of |ight and earkiScevsowsepl ot ,
generally extending parallel to both the aliased energy and t he act ual

genor at PP B YU WA TR SBelF BB e CREEREMBr i n i1 o

al i asedﬁmﬁkﬁm@ﬁ%m FeighQALR] afkbedinvegkerbasidet ermi ned that an
anti-aljasing method can be enployed to estimate the Fouri er cogpflm ents

even f ot i@legul aFﬁﬁﬁWWﬁ%%%i geif>§“%f§“iﬁ3p?§"@dﬁ8a%ﬁé‘ FEEHETENH OPh

ilustratg L D8R GRLISF gvenl y

sanpl ed%t‘g)dc‘)% iﬁg%}tﬁ&ééiﬁ?ﬁ é tggﬁkﬂs%giagﬁjea%*or?é N\:?L 3 §??&f" s% 5 each
frequensmp&*%ﬁm&aﬁﬁsesﬁt?ﬁ e ttost zﬁmimteﬁ rebgffeeiientsZ. [0021] In order to
reduce acontripution of d energ ectrum an inhibiting
functi ot‘ézﬁé} defin Hmﬁvﬁ%ﬁ%ﬁ PRy ﬁérq@w%?f ‘719 function shoul d
retain tige .energy of the actual;jevepts; that are under stugy Equation 11
provi des o exanpl e of such an inhibiting function: [0022] inthis

exanpl ejt id hesdihi thideerBgianel (@0 ahs () RPAChAReRchUPet compuand its overal |
effect is to neasure cogerence of the signal along a line segment t hat

cr osses®HBREH GpupanragticigtSspace. Qther measurenents of coherence, for
exanpl e, StE}CkI ng in accordance th equatl on 12: may be U?%d as necessary
or desiréd:*!As can be see i éyur the lines that pass {through the w ~k
origin sent LELE t.her 1 PLE eferentially
sel ecti g%ﬁe§ er gy irﬂ&r&?gg% f°g{);€}egr§}f.@ f%mg\ugﬁ ﬂgﬁg&%}% e 1 nfluence of

al i asedspaEngy, ds mdidtiog duction s defined. A the same tme, the inhibiting

funstion should refain the energy of the aclual svends thal ars under study,
Eguation 11 providas one sxampla of such an inhibiting unction:

Fa ;}{ N e '33 P
foo k)= m B o Amk *i%ww:%, {11}
S A0E x\ \\ &3 f‘i
o023 in this sxample, the inhibiting funchion & a covanances funslion, and

s overall effect s o measurs coherance of the signal slong a ng segment that
crosses the origin iy - d-space. (ther measuremants of soheranos, for
example, stacking in accardance with equation 12

N

vi'Q{ }{“3«- z
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v
s
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Nart.

may be used as nocessary or desirad. Az can be see in Figure 3, the ines that
vass Hwyough the o-& origin represant the snergy of inferast and thersfure by
oreferentially sslscting energy that is sohavent slong such a ling, the influsnce of
aliased anargy & reduced,

{00233 For threa-dimensionad analyses, & reprasents 8 radial componant
of wave-number. Iy genecal, this funclion will produce small values at spestral
Wocations that represent aliased anargy. In accondances with an embodiment of

the present vention, the inhibiting function Is used i conjunclion with the

5.



[ 0023] For three-di nmensional analyses, k represents a radial conponent of
wave- nunber. In general, this function wll produce small val ues at
spectral wocawwsssot hat represent aliased energy. |n aceordse@e/owissh an
enbodi nent of the present invention, the inhibiting function is used in

conj unc th,th EQLL] Ay QS _,v, Jhi.sqprogedure

i nprove Qgﬁ%fmgspﬁ% %é%édf‘g%?%%%%‘ér g;i??\ %%’?%g{ leﬁﬂwg ene N%‘;%ﬁg{é\’/fL%FMen t hey
are rel atwv&k\yc;y a?ami@im&mfgwmhmi@% Wa&@ﬁgtra [0024] One
prior art method reduci ng Fourier coefftdent |eakage involves an

i ter at i FEISISSR ISR Hffﬁéuﬁf@@?ﬁ*@é&?ﬁﬁ“%l ents are calculated, then those
coefficran i géﬁl W t h%%@m&&% %&Qﬂ?&%'e?«gz%&gcogﬁﬁﬁﬁs‘?'ﬂ}c{é&%@' on of those

maxi mu i tude ficients 1s subtract to reorthogonaitze: which

| eads t brvof@825] iidlaties dugt intkihish fetbed cdplisiondt caddriesistad) éma;s Sumeof

hi gh- power .ai i be seen in Figure. I n.be expected
Chat ot CPEBENS HOR Fr R i (s R B ad Seatgly ha0 BETTaIoe Mgt habl 6 f 1 om
the trugRAREYMaSlRudd BhaBXAMR R siltiSicRA & RNsAB@indike: dark line 16 is
conparable n strength to the portion 20 of dark line 14. [0026]

Furt hernore, begause tihere{fmy: tend to be a high conput atlp al cost for
such anr’I‘Pt éra}t“l*veiip% élgtr;he cert”?ar‘msteb‘s ?ray be taken t&'tleduce such
costs. In particular, |t is possible to nove the stow Fourier transform out
of the mﬁmﬁ%&sdsﬁkoop so that the data are processed within the wave- nunber
domain within the entire loop, ft can be shown that the re-orthogona zation
process fdesd¥i bed above is equival ent to: where Gk) is alpfle-conput bd

function. As a result, the conputational cost )
[Hoes Note that this method does not address the Issue of high-powsr

ahased anargy. As can be sean iy Figure 2, # can ba expeciad that at least a
portion of the slissed snsigy may be indist ﬂgm shable from the true energy.
See, for exampls, the portion 18 of the dark ling 18 s comparable i strength to
the porfon 20 of dak ling 14,

fO828Y Furthermove, becauss thare may lend o be a high compulstionat
post oy such an Rergtive procedurs, curlain slops may be taken o reduce such
costs. In particudar, Ris possible to move the slow Founer transtorm suwt of the
fterative loop so that the data are processed within the wave-number domain
within the antire op. 1 can bs shown that the re-orthogonalization process
dascribed above is equivalent &

Do
¥
KK R
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where () s 2 pre-computed function.  As a result, the computational cost
within the loop is now of N}, instead of [%[ Ag a special case, when spatial
samping is even, G{4) becomes a perindic & function.

[O0ET1 in an algoriiem in accordancs with an ambodimeant of the invention,
# first step Involves computstion of all estimated Fourier coefficients M%w &)

from Plex, ). As an initial starting point set Plaé)=0. Once initialized, an



within the loop is now o(N), instead of . AS a special case, when spati al
sanpling is even, G k) beconmes a periodic S function. |0027] In an

al gori t hrworeo@xcissasdance with an enbodi nent of the i nvenPrcomS2@9fu13s2 St ep
i nvol ves conputation of all estimated Fourier coefficients fromAs an
Initial startin oint _set Once initialized, aniterative |oop over /. The
above- &3@“@?‘{%@% ‘%ﬁi?gl ??*ﬁ’d’@ﬁc‘fﬁ?wﬁﬁg *f&%ﬁﬁgﬁmﬁ{b’m@fh{éﬁh&?@r each w, the
Fourier coefficient.at , . wth the maxinal and is sel ected. The |oop

concl udeE RitER Bt hogdnaiteadeT 8RS rige St REPEEN F dsWiBithy i n
equation 16: wh \rg,.eupon t{"ﬁ oop is iterated fromthe conputation of the

v p i l 3 N 4
i nhi bi tmﬁg‘?majﬁi‘f‘?i@rff}f%ﬂ o sids BRigatoopy op Gor8ldes Wik 23 i1 lustrates

an output of the foregoing algorithmas applied toth df Fes 1 and 2. As
may be e iGbUSTESSIURECN (18], revdresepiriyt HE transforned |ines 12,
14 fromvgi g_kgrepg g{e«& re.clearly distinguishable fromthe background 22.
line 187k ) EHdax -*hf}!]‘;[g“ét"t"}ern of darker and |ighter backg¥duind have been

1o AR LSRR, A T80 PSR BED 0 e
r egul arzednidienddtamsiuch that they are sanpled at the Nyqutst frequency
rendering a data in range. [0029] Once the aliased energy has been renoved,
the i nv@%§§§ Four | B¥as ansrbaihal i s icegtingaigorNspat epaied esul ti ng
bo i nt o Rr S Bn L n " AR L P el e TR, P2, The subeurrace
f eat ur eepodsdntingnbs trafafdrhen irsuche, i ¥ brmelfijore Hwys berasdekin
determ ﬁqg*ti%gom?sw{beg %ﬁ:&!} ek ggﬁ%}ff&&r@& Eng Line 18 and the faint pattamn of darker

and Hghter background have bean significantly reduced, # not eliminated. The

angle batweean the two lines 127, 147 is more scute beoause the application of

the algorithm has reguilarized the data such that they ame sampled af the Nyquist

frsquaney randsring afl data in ranges.

{Hire)] Cnce the alinsed snergy has been ramoved, the inverse Fourler

transform may be applied o the B spectra, resulling iy the plot Slustrated in

Figive 4. The regulanzed ssismio data may then be interpreted and ussd {o

make dedermingtions regarding the subsurface fealures of interest. Further,

such information may be used i determinations regarding looations of

hydrocarbon deposits or other genlogios! featurss of intarest

[on30] A system for performing the method is schamatically Hlustrated in

Figure 5. A svslem includes a data sforage devics or memory 202, The stored

data may be made available (o a processor 304, such as & programmable

genaral purpose computer. The progsssor 204 may include lerface

componsnis such as a display 200 and a graphioal user interfage 208, The

graphicat user interfacs may be used both to display dats and proosssaed data

products and (o allow the usar o select among options for implemeanting aspscls

of the method, Dala may be ansferred to the aystem 00 via a bus 210 sther

o



hydr ocar bon deposits or other geological features of interest [0030] A
systemfor performng the nethod is schematically illustrated in Figure 5.
A syst emwochudiss23a dat a st orage device or nenory 202. Pha/Gst@awadiddat a nmay
be made avail abl e to a processor 204, such as a programabl e gener al

pur pos rf oy onents such
as a di %&‘?’gg%%bé 3 éué?% ?ﬁ&ﬁg?\% e%y%ﬁ?nﬂ ngg“%& oﬁ@% ra%ﬁl cal user

|nterfm@ammgéaasggq;@bpﬁmw@\ di spl ay data and processed date products and
to allow the user to sel ect anong options for %I enenting aspects of the

met hod. I98dtta ay dhgudinirednred fifb“%@%@?s‘i@éhﬁ* ey fpudersgpuse
her di s
el t her dieeld i QMReA %E@a@%&k%&t%ﬁ r%g%cl?% f;t i &?;Ezrkaﬁ‘ﬂsﬁ{i aRdi ate

storage or processl ng city (not s e I nvention has
been deswdétbaiicnmodétants, Ko it he m&i@m@em dfatlduchsistat isat @aﬁesdt‘mh what i s
ed.to be the al .. and rred i ments,

tI
o § o bRl ARG PEUaBE St Bataihied g Bt RaBoHiRsEetind « hat
the i nventiOBohkiSarOh ihigheads t&w&h&dﬁﬁ%&;@ﬁ@@m@%@WMR&M{MM@&H the
contrar is intended to cover nodifications and equi val ent "arrangenent s

that ar# &Wtﬁwﬁﬁ@ﬁéﬁ‘ﬁﬁ ﬁ%?lﬁﬁffawpéﬁc@piév@ﬁ*?ﬁﬁé?ﬁﬁﬁ%ﬁ”éed“@l%w sRdeugkanyl e,
hough ESLERE0GEnRRdR IR SldhsLe SRALSELINDALEAIATLY rangled data,

t he net ho evvl Sé &6 Te densel'y sanpl ed data
as wel Im El&kéh@@ éw’aspmﬁﬁfwmw dsdiondentady aaﬁm’&fmﬁah a4 il may i nclude a

gener aI ut er ) se-built c ut er an ASI C granmed to
execut e M BERERE RSB DTS 1 P47 I FetiBrReY BB SRR R opr | at e
conput i gy @%'“@aﬁ‘zm@é 3 Mﬁ&@@fm@%@%b%r' i sib %r@@r&%@%%%‘%@&@t the
present | nvent ion contenplates that, the extent "possible, one or nore
f eat ur eiechutiyls, a computer aray o et m( m wther appropiate wmwﬁ NG

device. As a further example, itis I be undersiood that the present invantion

suntemiplates that, 1o the sxtent possible, one or more feahures of any

gmbodimant can ba combined with one or mors featires of any other

ambodiment.



enbodi nent can be conbined with one or nore features of any other

enbodi nent. What is Clained is: 1. A nethod of processing a sanpled seismc
trace repwoemissz3oi nformation relating to a subsurfacePCE&FiSeon9/0eBapri si ng:
estimating Fourier coefficients of the seismc trace using a discrete

Fouri er w80 &Q ;{'{Q@:ﬁ@' ecting the estimated Fourier coefficients by applying
a coherence Triterron to the estimted Fourier coefficients to reduce an
anount of aliased energy represent ed by the Fourier coeffl cients;

re- orthggonalrzr n% t he Fourier coefficien afnd usi ng the

r e- or t hbgonafir2ei fﬁcﬁfrﬂ‘@?@ @rgﬁ"@ﬁ?% "?B‘ﬁﬁro@%é‘*@‘s“&ﬁ ﬁ?(‘f F’ﬁ‘ﬁ@%ﬁibf t he
subsurf&g&;;{(}eﬁgqubgmfﬁAé@ﬂgg C%c.g}r% 419 to claiml, further conprising:

sel ecting, for each frequency ourier coefficient having a maximum val ue
of an ali asrﬁ@f*mm@rwwr mﬁiﬁwm @iritls semaxicimenigng eutiesste the discrete
Fouri erﬁg?@{( r%,‘g Etn% 3. Anethod as in claim1, wherein the coherence
criterio T seés ‘an inhibiting function 4. Arrethod as in claimi1i,

wherein the sgbeiente efirtskidiuemobiesets bynghhong khatweanput es
coherence al ong a Tine segment that crosses an orrgrn in k - space. 5 A

mot hod BEEIAN dallth FSURARKET PN S SOHarER de Fer yHeRT @R‘W@%\%tackr ng of
anpl i tug§@§§ %g@%gg%ﬁ%fb\n%{@pgag@ éé’ef&s@hi@ 1, further conprising, after the
i'ng e’ ‘

re-ort hogon _
raxer"imz;enaiézingg i &-spacs, the Founer cosfiicients; and
using the re-orthogonglized Fourler poofficients to produce a selamiin

image of the subsuaface rsgion

2. A method according o oigiivm 1, further comprising:
ssdscting, Tor each Tsquency, a Fawier scefficient having & maximum
value of an sliasing inhibition funolion and a maximum magnitude of the discrete

Fourier coeffivlends.

S A method as i olaim 1, whavein the coherenos ariterion comprizes an

S IN 4 _Aar A%
siibsiting function B ke o ge* f»}mxun,i. Sl
Agee- \‘3; G
b X A4
4, A& method as it claim 1, whersin the ooherence oritenon comprisss a

furction that computes cohersnos along 8 ine segment that crosses an origin in

k~space.

&. A method as in claim 1, whaveln the coherenes griterion corprises

stacking of amplituds spectrum e = i Flopr Ak T+~ {1
Saee-Ai '\ R 3 _f



Fourier coefficients, applying an inverse Fourier transformto obtain

regul ari zed seismc data. 7. A nethod of inaging a subsurface feature,
conpri si YO 20@cks528bng a sanpl ed seism c trace incl udi ng PCAfUSROVONTIA2
relating to the subsurface feature; estimating Fourier coefficients of the

Four i or Scoof FIAPEREL LY STy it comstBhe <BRf g BeRb it b Pt o

Four i er Fegehfdeimnbsist Qppoiucs, ancaoBdlyief rakdsed e ntgy « “é%ﬁ)&e&ﬁm ed by
t he Fourier coeffl cients; re-orthogonalizing, in k-space. e Fourier

coef f i cFERFSS d&ldd appl ying an inverse Fourier transformto produce

regul ari zed seismc data. 8. A nethod as in claim?7, further conprising
di spl ayi ng, based on the regul arized seismc data, a seismc trace image.
9. Anmethod as in claim?7, further conprisi ng sel ecting, for each

frequengy, a Fou r .coef fnl cien xi.mum val ue of an aliasing

i nhi bit{on f'ﬁﬁf??{h&ﬁ Adgage %&%h@%%@@ b?’mt@?fé "Wast Fourier
coef fi ci ent Sperk@ainf\aRENNE: 38idR: QJ&@%@MW@% Blratibe ré&'&ﬁ%@@% criterion
conprises an inhibitlng function 11. A nethod as in claim wherein the

coher eng¢yiaceripgi@onpri ses a function that computes coherence along a

i ne segrent o Lal el pS86s, ALALEAINLINKRRGE 2k TRiladas 10 claim 7,

further conp05|ng, SI'hg regu arize
Fourter transkwny

selecting the estimated Fourler cosfficlents by applying & cohsranes
griterion tu the sslimated Fouwrier cvefficients o reducs an amount of allased
SRergy representad '&:sy‘ the Fourier coeffivlents;

re-orthogonalizing, i k-spang, the Founler coefficiants; and

sppieing an inverse Fourler transform to produce regulrized selamic dats.

8. A method as in glaim 7, further comprising displaying, basead on the

raguiarized selsmic data, 3 selsmic frace mage.

g & mathoed ag inclaim 7, further comprising:
selenting, for sach fenusnay, a Fourler cosfliciant having & maximuan valug
of an aliasing nhibition function and & maxkimum magnifude of the fast Fourler

cosfficients.

100 Amsthod as in olaim 7, wharsin the coherence orifedon comprises an

ihibiting function #° {o k)

1. Amethod gs in claim 7, wharein the coheranos criferion comprises &
function that compides coherance along a ling segment that crosges sn ongin in
&-space,

4D -



data in determning a probability of existence of hydrocarbon resources in
a vicinity of the subsurface feature. 13. A systemfor inmaging seismc data
rel ati ng wo 2a09%u33ar f ace feature, conprising: a data stecags2eewise2 havi ng
conput er readable date including date relating to a sarrpl ed seismc trace

i ncl udi g | N orsmbL O el Akl RO AL RESHORHT (866 hEALYNEH, & BLRRRSSOr,

conflgured and arrange Xecu I nevexec % stored
ina pr@sﬁassdetmm&glsbbmmw gt Easispesfdhyingahor thadicenpr & si ng:

esti mati ny i er cpe{fl CJ ents of the seismic trace using a discrete

Fouri er ¥'fFH UG H§'He estimted Fourier coefficients by applying
a coherence crlterlon to the estimated Fourier coefficients to reduce an
amount of aliased energy represented by the Fourier coefficients;

r e- or t hbJonahisgsing; ermmegingpagismic deteReiatingriccostbsisiaent feptiand appl ying an
i nver se@&gg&k;%, transformto produce regul arized sei sm c data.

a data storage devies having compider readable date including data
redating by 8 sampled selamic frace including information rslating o the
sutisurface fagturs

3 processey, configuvad and aranged b sxecute machine exsouliable
instructions stored i & procsssor acenssible memaory for perfonming a msthod
comprising:

sstimating Founsr coaflicients of the seismic tracs using o disorele
Fourtar trangform;

ssdecting the sstimated Fourler cosfficients by aspplving a
eohergnce ariterion (o the astimated Fourler eoefficlents kv reducs an amount of
aliased energy representad by the Fourler coofficients;

re-orthogonalizing, v & -space, the Fourler sosfficients; and

spplving an inverse Fourdsy transferm (o produne regularized
ssismic data.

L



