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finding and eXtracting valuable mineral resources, particularly hydrocarbon deposits such as
oil and natural gas. A well-known technique of geophysical prospecting is a seismic survey.
In a land-based seismic survey, a seismic signal is generated on or near the earth’s surface
and then travels downward into the subsurface of the earth. In a marine seismic survey, the
seismic signal may also travel downward through a body of water overlying the subsurface of
the earth. Seismic energy sources are used to generate the seismic signal which, after
propagating into the earth, is at least partially reflected by subsurface seismic reflectors.
Such seismic reflectors typically are interfaces between subterranean formations having
different elastic properties, specifically sound wave velocity and rock density, which lead to
differences in acoustic impedance at the interfaces. The reflected seismic energy is detected

by seismic sensors (also called seismic receivers) at or near the surface of the earth, in an
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[0003] The resulting seismc data obtained in

* performng a seismc survey is processed to yield
information relating to the geol ogic structure and
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short-duration impulse.

[0006] The appropriate types of seismic sensors typically inciude particle velocity

sensors, particularly in land surveys, and water pressure sensors, particularly in marine
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coarse than in a common shot domain. For example the shot interval may be as much as 50
meters in a common receiver domain.

[0009] This épatial aliasing interferes with conventional efforts to accurately evaluate
seismic attributes from the seismic data. For example, a seismic attribute, the inverse
obliquity factor, is commonly used to correct the vertical particle velocity from geophones for

non-vertical emergence angles. This correction, in turn, makes possible a more accurate
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computer ;Program stored thereon, with the program having logic operable to cause a
programmable computer to perform the following. Filters are applied to seismic signals to
generate filtered signals with attenuated spatially aliased energy. The filtered signals are
multiplied in the frequency-wavenumber domain by a complex function of frequency and
wavenumber representing the seismic attribute in the frequency-wavenumber domain, to

generate scaled signals. The scaled signals, transformed to the time-space domain, are
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included within the scope of the inventioﬁ, as defined by the appended claims.
DETAILED DESCRIPTION OF THE INVENTION

[0026] In general, seismic attributes are any information obtained from seismic signals to
obtain seismic characteristics of interest. Typically, seismic attributes comprise quantitative
measures of seismic signals useful for identifying and characterizing sﬁbsurface formations
of the earth in the search for producible hydrocarbon deposits. In particular, seismic

attributes are often based upon making measurements of time, amplitude, and frequency (or
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calcullatmo apselsmlc attribute from seismic sections. FIG. 1 is a flowchart illustrating a

general embodiment of the invention. FIGS. 24 are flowcharts further illustrating more
particular embodiments of the invention as désci‘ibed in FIG. 1. FIGS. 5-10 are sections and
spectra that illustrate an example use of the invention as described in FIGS. 14.

[0031]  FIG. 1 is a flowchart illustrating an embodiment of the invention for transforming

seismic signals into a seismic attribute. At block 10, filters are applied to seismic signals to



can then be calculated in the tine-space domain by

* conbination with the filtered data prior to _
application of the frequency wavenunber scaling
filter. The calcul ated seismc attributes can further
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[0036] FIG. 3 is a flowchart illustrating an element of the invention, regarding scaling
seismic signals by a frequency wavenumber representation of a seismic attribute. FIG. 3
illustrates in more détail the portion of the invention discussed in block 11 of FIG. 1, above.
[0037] At block 30, a transform is applied to the filtered signals A4t,x) from block 21 of
FIG. 2 to transform the filtered signals hgtx) from the time-space (7,x) domain to the

frequency-wavenumber (w,k) domain, generating transformed filtered signals Hiw,k). The
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seism c domain. The seismc signals may be pressure
* signals frompressure sensors such as hydrophones,

which wi.-ll be designated for nmerely illustrative

purposes as h(t,x), or vertical particle velocity

signals fromparticle notion sensors such as geophones
traporay: Can eheo Rgeasrriishagh by hanpilying (ray desil-4newe drdqoenayerakyumber
trahdfbrisS tshidht dsV fokl owi n

e R AR A0S T e, A Gl g Fplike gyt
(FYJy 9duayrbe esippyad forlepmpyeptionpliefficianey. i1l ustrative use of
0 Ss [ SN 0 sidered as.a . .
g 2k P o Robfnlly bt oY R SRy dpgprmined tha
reprasps dlsnesismia ragriben otiog, fejeckediar bioeks22 loetRIE! 2, inVHel Requency-

i-gn in. th r.equency dommi n.are denoted
e8I o 6, 1P PG SRR it
wagenumbet. fj[k_rtermg'lraﬁompﬁzﬂgé eglsthio atthButs ﬁinStﬁBanWiﬁibiﬁlrd%b%s_@H ﬁvr?(gare detail
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belgy WK An cxamipl? 5?‘?%“% qfthe iBYerss QpHaYiE fRfter | x) . The

[0039] t erAs bak 3Da samppleiH@d, k)i thehfeequbriBy vaREMIIP BB &in W selected in
he frequency-space domain. In one

| t t.i ly, . i
thei%%é{r]%'glrﬁ{t%% Slglﬁ‘a!@ Qg’sbl?‘ilqazt%er i s enployed to attenuate
[0040 spabioak BY, thd {apRAHLHRS H¥m bldR3Blis Lhled lo? B&F%%}%lt?ﬁgd in the

p seismc attribuyte a(t,x) is selected to trans

e qYenEIeVRYFUMBafamain; it the) funchen 9f ofesquencyi ando waténamber A(w,k)

det&r@ifedl i bidck 131 Dot Rndrite dl Sed %&@H%%Pfrh&y*?ﬁ 81% [ A Ainent, the

ormatjions of the earth. In one enbodi nent, he ’

ScaLe iSARPlE Mo Pilpealaagd asihliayes: ected is related to wave
propagation direction. [0036] FIG 3 is a flowhart
illustrating an el ement of the invention, regarding
scaling seisnic sidhdbst)eyHa(dkeqeney wavenunber (1)
representation of a seismc attribute.” FIG 3
illustrates in nore detail the portion of the

0044V eNtyl I $L£ U j f FLG. 1, above. .

ORI ST Aoch) S8, % 35 delePpBel Tt aht e ZaBbieb o) Fiapain. 11 the

det¢rpinagippds $¢sgmairs sanfgles, senafm; olmnbthe pkocdsk refurnsfbGlodk 3Pto select

| m {he T d signals hf(t,x) fromthe
anotll{eﬁg'-géggc ehl(jt? N xd)el?hﬁ?gtlloﬁl o er® mf’lgee Ty Wi (ol process
prog¢geds ) tocdonki3d, bedemer ati ng transforned filtered signals
(o, T 7.transformcan b cconpl i shed by _
00 A B 1og S R A Bty oo i oR G Snals .0,k from
blotk 3h3é drveysesnasifoms thef @ale@ siimpls &, dRU bR thé RS8Ry Wavenumber
It Fast Fourjier Transfornms (FFT'Ss)

. eyl ar may be
(“”)82% o%}lélé)aﬁ%kofo S HHTE SR WY dompain, j seRgrgting m@%q-trmsfqy%éé lscaled
sigiBils A(Hxn CThieOinvéAéd-@arsor@f cah RAMRBGY]i AR b%}SF]@Hng% W8ll-known

Pl bu

fedet er mi ned f hat epresents the seismc a '
reaélelec’yi\ye}veggp%q{ttéadlséom,bplg:@kaSQZforo]exm]p@, ipverserfqupier transforms. In

parfidu&RURIENe PARVIRRHBOFandBAR! IFFTRE ngly Nt %/n?ﬂa%@(d( f3r lé?)ml)l?cational

ff.a. conpl ex variabl e function of frequenc
- CigEY ¥ nunber. Determination of the seismic attribute

[oofsCct FRG. W |l abﬁo»déh%ﬁuﬁﬁl%dng ALY re?en%g{ %if l the invention, regarding
calculating a seismic attribute. FIG. 4 illustrates in more detail the portion of the invention
discussed in block 12 of FIG. 1, above. | |

[0044] At block 40, it is determined if additional procéssing is desired before calculating

the seismic attribute a(x,z). However, this additional processing is only appropriate for the



bel ow wi th an exanpl e cal cul ati on of the inverse
*obliquity factor. [0039] At block 32 a sanple H (w, k)
in the frequency-wavenunber domain is selected in the
~transforned filtered signals from bl ock 30. [0040] At
bl ock 33, the sample Hf(a), k) from block 32 is scal ed
cage\of Yasigngd aitibutgs|(thatdis,i ne nepasive valueple Hale detarmimanitreis yes, additional
rdIOLRY ; ' Yy venunber .
P e o B AR 30 RN PR R g, 17
detgmmipationtis 8¢.09, adfitiomslumocessingisalegradothemuret protdse skigscal stk 43,
pels@mPl e H, (co,k) is calculated as follows:
&Eﬁmak):kﬁ(mak).A(co,k) (1) [0041] At block 34, it is
[0Q#S] er mtridetki 41, anyenmdome sariiliey illsl{c@lr)ﬂ,ate)i fbelﬁ&Liﬁverkdﬁtriﬂﬁﬁ)rmed '
t i I, ' e sanpl es remain, then the
scaﬁe?g%x@g@?{%?ﬁfb#sﬁl?%kﬁ%@bg% to select another sanple.
[0048] t heAtdddckra?i mati@ivpe L1y, NP isldlsdk @f filRA&i fgnals x,1)
fro gﬁn pﬂefgggc ss proceeds on to bl ock 35, bel ow '
g 2 Wi

k 35, an inverse transformis applied to

[0047} scalbéstk ABgMaleavdtbheCan iz, k)7 TBR theliekse3hniBrmed scaled signals

y %qise-tnagiLornlthe cal ed signals HS((o0, k) fromthe
cAle} gt dh SJoadb it Hhdded Ex dha envrdoRsi arbaeR)lt Eort the filtered signals
caltulired $PBI6Ek 43 inthe EMRBbibe BRARY afHiivision generates a ratio that yields

i nverse-transforned scaled, signals h,.(%,x). fhe
theid:%%rd%@'?‘f“aﬁ%‘%’w Atk plngionniimesndapasy: Ayt iniong emhgdiment,
theWelsticddi@bie afixPRLERENENAYRNYIREr transform such as,

for exanple, inverse-Fourier transforns. In

particul ar, Inverse Fast Fourier Transforms (|FFT' s)

may be enpl oyed for conputati fficiency. [0043]

FIG 4 is a flowchart aié}_jcy:sf?"g?‘?dﬁﬁf)in el ement of the )

i nvention, regarding calcukafinp y@Aseisnic attribute.

FIG 4 illustrates in nore detail the portion of the

invention discussed in block 12 of FIG 1, above.

Th&Qﬁéih@gs $&§%”§kaia is determined if additional
s I's

processin esired %efore calculating the seismc
[00481 r i Publock @4, thy inveiseveemsformieth ssleicddinalsonaly) 60 GRREI3EGf FIG.

Lk L NI Ry L N—

Thiddivisiori geatia@s airatiofthas,yiadicthé desirad amﬂfuf&ﬁ’?ﬁiaﬁg flnfetion of time and
esired, then the .process .proceeds to bloeck 41 to
oo P bR B aa ieRG e R R aRr Gt it haekuied s ows:
no additional processing is desired, then the process
"skips to block 43, below [0045] At block 41, an
envel ope env[ hs(t, x)J i§(pgﬁgﬂﬂéﬁéd for the
i nver se-transfornmed Tl ' )

e @
[0049] At block 45, the seismic attribute from block 43 or frorﬁ block 44 may be used in
further processing of the full bandwidth seismic signal.

[0050] Conventionally, separating seismic signals recorded from a dual-sensor streamer
into up-going and down-going wavefield components would entail the following steps. The
pressure (hydrophone) and vertical particie velocity (geophone) traces h(tx) and g(t.x),
respectively, could be corrected for impulse response differences between the two types of

detectors. The vertical particle velocity trace amplitudes could also be corrected for non-



scal ed signals hs(x,t) fromblock 35 of FIG 3. [0046]
* At bl ock 42, an envel ope env[hf(t,x)] is calcul ated

for the filtered signals hj(x,t) fromblock 21 of

FIG 2. [0047] At block 43, the envel ope env[h5(t, x)]

for the inverse-transforned scal ed signals cal cul ated
vertigal grriyals of seipricayaypgiend, tfyleQdS&ﬁrje iirednegrdove nm@ehf Althouph illustrated
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> baeclife ok hedpudt Q0ALT, 68 B A10Y chily B 95 B30, s ime-
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gathereqqq/[hem grargsformedl jint¢ Me freguéncyswasennitfer (‘tf:kX) Jomalk)§ieldibd) &l(w, k)

B T T A

sucB@s,dbr d-?(b.ﬁple Bomﬂeﬁtr@hsﬂjrﬂ&d by the filtered signals
|l ock 21 of FI n the tine-s
rod3th; The bR Hbting %rﬁssar&n‘é?vété%d 2Uienbh 874, rsydopmersraveling
prebduee \da@frem;i Deido 1y, vl tdebeabinpiited @btha -k dembinOikif the bqiBtiHed
space. Thus, in another enbodi nent, the seismc
attribute a(t x) is calculated as foIIows a (t, x) =

hs (t, x) (3) f¢(, [ 00 g } Elgc the seismc
attribute from bl oclU@sz)qu%g ﬁ\ 8 4 rmy be used 4)
in further processing of the ful| bandwi dth seisnic
andsi gnal . [ 0050] Conventionally, separating seismc
signals recorded froma dual -sensor streamer into
up- goi ng and down- ggj @g wabldih. &) 0G Gorponent s woul d i
entail the follow ng The 2 pressure (hydrophone) ®)
and vertical particle veIOC|ty (geophone) traces
h(t,x) and g(t,x), respectively, could be corrected
[oor5<z1 | Thedl, e @5 pOIRG Card (5 0H-BHRALSWRRIMRENUIAS b DYPES from
of, detectaors. The vertical particle vel oc:|ty trac
Eq%ﬁ‘ﬁ?% HlandkGed EﬁPSCtQFQ’oC@é’eG'é¢£ @adughper pogeessing, sugh ue swfacafelated
muBipld MehSath. Sﬁesfé"sﬁts\’\ﬁ¥%$er@1§hqily 1h$er£€e§2§1§ﬁ)%%( fr%ﬁ"nrt%gqe uency-
t ow noi se. Although illTustratéd as corrections e
WaY‘?"H‘éb"s‘rﬁiﬁﬁ’émotlﬁﬁlﬁForf ¢ tijesgace demaint i ons coul d be done in
Bf hennt [
O aoncy b amrRR B RARLbe b fensonds prsasisly Thiagprample
uscp @e@é‘ﬁvléﬁ*ﬁneqftthe m‘ﬁh?;e cdxbnmecfagdr pressure and vertical
particle velocity traces contained in a comon-shot

1
1005(9), - | ©

where 6 is the emergence angle, also known as the incidence angle or arrival angle. This
factor is used to scale the particle velocity traces to permit accurate separation of dual-sensor
data into up-going and down-going wavefield components. Calculating this factor from non-
aliased energy and then applying it in the time-space domain, as in the method of the
invention, is expected to handle aliased energy better than the commonly applied separation
in the frequency-wavenumber domain.

[0054] As above, the pressure signal, A(%x), and the vertical particle velocity signal,

g(tx), are optionally corrected, if deemed necessary, for impulse response differences
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gather are then transformed into the _

© frequency-wavenunber ("f-k") donain, yielding H((o,k)
.and (o, k), respectively. The transformati ons can be
done by any wel |l -known f-k transform . such as, for
exanpl e, Fourier transforns. [0051] The upward

betwegn dhd pysyuree sigual ssemsay end itted dertitd] Garte)e, v@&dcytﬁ%al sensor. This

coQQé‘r‘ﬁég’a{)g %%ﬂVeﬁltde@g-enc@%r ﬁis : Eln\é\t’gl}/{g?rﬁlt?al(ygﬁehgl@qq@ns correspond to
instrymant iompsiise rbj(pomiek)m thd( tim& dofaait, Kin enel éﬂbodﬂﬂéﬁt DheQ- &)rrectlons

5 052] Then, the ol ng and
cou g\?\.ﬁ 56 %ngv\sﬁ% 8hpéfu8% a{q? Blaasg)o &h‘ﬂ progsaye ngn § tpnatch the particle
ve]qutgamgmﬂss of,4n aﬁlalierﬁﬁ)vc eh®S@iafeht, \égffré’otmgm &%1&1@?{’0& %I signals to

as. surface rel ated

t&el% Breﬁ%@ OSig 8 él%%;flqrg]ehiiléer@vgﬁlemgpqhywnt correcting both data sets

to b RCAIBA-Haki ansfoﬁ’é fof RIBtHBRAfFEEALSRE '&ﬁﬁqer
Oa in.back to tﬂg%tlne space romalgn 8%@%? [IS€ responses is
Wegj‘&ﬂﬁf‘ & e s thinatlyngp ameliteds ssalinogquelie theyaeensticimpedance in the

£feehblyT Bpyflie@ X8Rk SarttFe Selod Gl @ L QRO t

wamrr“?zrep;re oblyl %I?ltey fact gprart (e ﬁy%%n g"‘ﬁ &O%Bt f%r Fﬁ relative
f%lr{.*é'nlcgselﬁ é@PBWg‘FSé)f PEfISs3ige Mcﬂml%vdwl ibis mkenszﬁveiﬂgioem@ﬁ the art.

t S_lse scal e
g b e LT R —
arrwfil #npdas-of dhe mﬂectdd\tsasmlntvmvup gihlsng:ahrgdls?ﬁh\fevdﬂiolb)nGalculatmg the

latin act or
lnvﬁ%%?gﬂga+lglse %ggggr%sﬁ%nﬁi&%t gu E?qu tbqgsy ﬂ’g%}ltt usipg the method of this
inventipg. ayfallewd ohhei 1mver$s)bllqultyrfectnﬁmhy)ﬁe thtalhchﬁlsmtgr{m{tﬁé}ttlr:QFbcorded

e

preé%ﬁcﬁé%ﬁ@g Zoq tfu? \EQQQI lnlf: gs c?cllﬁtn Sﬁr S. tetreerthe p?c?cedure will be

dernonstratech ggxng/\kjuv @msmnesngldib R .althOh4his ABoiadR Y& 1{155‘&%&1% purposes
particl

h tical
onl) 8 B 0N o Al SEg ek o o roses By i gpplicd

to ldelenespanelq‘sﬁﬁiaﬁdyenefg@r gdnBRtthg €lteR8 BRAA G AL FekaliehRYy mg"ngls are
IE@ @ ressure S|$nal sensor and the vertica
transk O Treremy @F g'@?et r3Pacs Grafonaaip de the ﬁ?ﬂugnCYdewbeor(wfkmldomam

.gemehag ItMﬁsfdinfeﬁQJaﬁlBIég%Maﬂk)t hend Bighdid MRMhed KA F rleldm by the
pond to- instrunment inmpulse respons

un ons, cor
“E"ﬁ ?h?'??ﬁ@cﬁ tﬁomamﬁﬂﬂﬁé)@ﬁ@B@Wﬁent t hese
- corrections could . be correcting the anplltude and
phase of the pressure signals to mat ch the particle

H,(o.k)
H,(w,k —‘,
o (%) cos(6)
where
v Ik
COS(Q) = I_T ..

Here, v is the velocity of sound in water, typically about 1500 m/s, and |k| is the absolute
value of the angular wavenumber. The Speciﬁc filtered, transformed (into the frequency-
wavenumber domain), and then scaled (by the inverse obliquity factor) signals Hy(w, k) in
Equation (7) corresponds to the more géneral scaled signals Hy(w,k) referred to in the

discussion of the invention with regard to the flowchart in FIG. 3, above.
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velocity signals, or, in an alternative enbodi nent,
*correcting the particle velocity signals to match the

pressure signals, or, in a further alternative

enbodi ment, correcting both data sets to a common

o@ﬁﬁ Cbrrectlnq for relative differences in
[ t r (bErcalpdnsignale Ieba fsb e then sinvege: uranlsfmm |fmvnt e frequency-
Qérdumbet NalA) Yd iU |
eREOEt et Ydord AP b8 SERLhE Al Nonthy! Baming diverse
trapformed ssaled | enalsy &b gtk v Ehlg na‘i'stettcansibnne&ttsceﬂm stghels he (%)
tr&bdid s
cOmEpIIASNE the et BEPA vkt Rl 8 BRI SR Gy o i the
dispyreigs pf fhhetwvetrqmvoﬁi rewdm bt @owelhancih FYGsd,gbate. g(t, x)
f ur r t r n-vertical  arriyval ang
[005?] hesgrlr%gftr(ggltq‘%g’% (?bql e f%g?/reg a"Tﬂpsé,g?f}a‘i‘iaH@tyi &1 des‘rable to
Calaldﬁr: ¢heeehvblppe af thﬂlsaztlecn diltehed 51grra1seirf93ﬁ xPBd Gy |ﬂlﬁérefdas?én9fs'hj(t x).

e ndntoE ti t ng the method
Thg Qe{t{o &Ptﬁssgln gelﬂpes gfgeg heolwger e‘rﬁ@%}‘ﬁ){,uz’%c% SH ﬁaaqlqnyof tlme and

Spabactor may be obtained using either the recorded
pressure signals or the vertical particle velocity
signals. Here, the procedure will be denpnstrated

usi ng the pressure si gnzill h(dn k)., (tg t hough thi's choi ce -
is for illustrative p d is not intended 9)
to be a limtation of PHE)i rem i(bm)| First, a

| ow-pass filter is applied to renove spatially
| as ener generating filtered signal hf(t,x).
rodBa}, ¢ e B G Ubighay Sciiran Bavasian (O destted frgm halné limited signals, is
theh i U3BT $P8GR {He, flI-bH I &
donmi n, -generat ?ﬁté&??g&)g?% %e% hus attenuating the

effcﬁj%%s%“al aHaging; gnal s are then scal ed by d| Vi d| ng by

the cosine of the incidence angle to obtain HB(w, k)

as follows: H, (co, k) H (w, k), 7 cos(19) () where k

12 cos (0) =1- vz 12 ?18 )_nge, vliis the velocity of

sound in water, typi &My 2 'ﬁQ\A'g'm s, and Ikj is (10)

t he absol ute val ue of the angul ar enunber. The
__specific filtered, transformed (into the frequency-
Thepathervarrbated photiad Vl@lQCl@rﬂl@ﬁh @B, 8)C Ala@ Be OPoriall@ chrdERIdSBr streamer

tovxﬁ}wléeq*f‘héc)é a% tor) signals Ho(w k) in Equation (7)
respond% to the nore general - scal ed signals

. [005!% ( oAk)upfgefngrpresdurt Gvavefidiieu(r, £ BCdREIaRA fRfm m}ecogrected pressure

th he fl hart FI G
selg ! G0 ¥ dbet S RhrcleSielof gl s (1 org ermbodimerse e up-
goingymessse-vavefisd, aq @ ds taleomttdBy SgpBGHERE YolloWgSﬁrbH%%F

((o0,k) donmin back to the time-space onai n,
generating inverse-

h(t,x)—gg(t,x)

u(t,x) = 5

oy

[0060] A down-going pressure wavefield, d(t,x), is calculated from the corrected pressure
signal, h(1,x), and the corrected particle velocity signal, ge(,x),. In one embodiment, the

down-going pressure wavefield, d(?), is calculated by applying the following equation:

12



transforned scal ed signals he (t,x). This
“inverse-transforned scal ed signals he (t, x)
corresponds to the nore general inverse-transformed
scal ed signals h,.(x,t) referred to in the discussion
of the invention with regard to the flowhart in FIG
4, above. [0057] Sincg.the ’F(mféaj‘sdtaefb! iquity factor is
an unsi gned quantity, 1t is desirabl e'to calculate
the envel ope of the scaled, filtered signals hjO (t,X)
and the filtered signals hf(t,x). The ratio of these
[0061] el dFIES. Ji16litssthteahd MeRbS 6f HI |i1i[\@i?]|tiid(n%/asfs)ﬂ§\§/@ {n t(ﬁ% )e@ample[ of the
. function of tine and . space: env[ he X cos env[
‘“"%?Sf t"%?‘j‘w(%ﬁtor ?‘g%’%f% Helation, ty Egagens Ghite %1 2200w FIG. Sisa
seiftfigafettn fBxamplierpraceshe fsiganls yad Tﬂe?réﬁ&e%ﬁﬁgﬁlﬁ)’l ih $he seismic
then used to scale the full-bandw dth particle '
seqhian &%d Fegordeg hudrontope signal drom dul sensemsignads. t e pressire sigals 501
hagObees [Faicted! wit b &-Paks fRE fbn35 © &tﬂflz,xt})'att‘éﬂﬁlfel thé g%z%t{ai]t)? Dliased
- Then the corrected particle velocity signal, ge(t,X),
CneteY St B SRiamicyseetinnr ol @tcelsulatsd inversszbliquityt fagton@fl1s & shown in
Eqhdtiong@essary. [0059] An up-goi ng pressure wavefield,
u(t, x is calculated fromthe corrected pressure
[0062] nalFIGh s & yeismipgecting of theresémated pareding Ipesssupt Belidt?1, with no
inSt ege Yole ogh he up- in
O el e fveroq OBARS SRR T Fy G Ryl i g et of
FF?}sehqs@pq:rbmpHgi edbapressure signals 50) fromF1G. 5X)FIG. §s 4 §eisn¥) section

o Gl e AR THOLIN, REFSRVPEEIEHI AL e o

inveisg nblfquith factox phovemid Rife6 baxvtieen bgdiepar ticl e vel ocity
enbodi nent, .t he W-

iagna I &h+0 , . do gol n .
[00§r3 gs s u%}gg@mébré{%pg?t& Jb& (Otr%?’,e SEEMIGeEiAnshayn Hylg]ﬁ) e} W‘r’ﬁgg 1G.10 is
thetsheetr d DO loofi thgsetsmiatedcaion shbdndn mcl; &) _ h(: ] X) :hgg (% ;

' 1 2.[10061] ,.FIGS. 5-10 i strate the nethod o
rog8L ) anfinbn SRb s i e, el avtniemean oy emged 1o
detednline ldchly e¥enc slopesdi $BiHESREall Evehtel8hdsOMert AlIGHIBhE 8 Sccomplish

6) to (12), above. FIG 5 is a seismc section of
CO‘é%é%‘I"E"%?F%% URagIng piessssesseuch aheorpak swyeant SNy dips@aveout
(DMO)! i1 [H&tRRIthne HBFAGAN witho® Ha®mQ G RA-DHESARN MR ties. See, for

Si n%j f[om dual - sensor signals. "The pressure signals
exa.gﬁ)%e, omel, S., “Velocity-independent time-domain seismic imaging using local event
slopes”, Geophysics, Vol. 27, No. 3, (May-June 2007), p. S139-S147.

f[0065]  Thus, the invention can be employed to perform processing such as wavefield
separation without the artifacts associated with current frequency-wavenumber techniqﬁes,
but with better handling of aliased energy at similar cost to current fréquency-wavenumber
techniques.

[0066] The invention has been discussed above as a method, for illustrative purposes
only, but can also be implemented as a system. The system of the invention is preferably
implemented by means of computers, in particular digital computers, -along with other
conventional data processing equipment. Such data processing equipment, well known in the
art, will comprise any appropriate combination or network of computer processing
equipment, including, but not be limited to, hardware (processors, temporary and permanent

storage devices, and any other appropriate computer processing equipment), software
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has been filtered with a lowpass filter from55 to 60
" Hz, to attenuate the spatially aliased energy. FIG 6

is a seismc section of a calculated inverse obliquity
factor 601, as shown in Equation (6). [0062] FIG 7

IS a seismc section of the estimted up-going
(ORSFa8iag s Eemp, cdnpligadipn wbgrams) omatiir:qnatiqsl pregrarapbﬂ;rar@di add'@ny other

aplbre%(t@d'tegﬁ)eﬁ%l‘ )%‘n%%tn&%&e@&n? pélé@ wgﬁlﬁs' %rd)tlfeg\k{%?})legr}dep%npherals
(inpteasd @p@utsqlegn:aj; sucb @ ké)rboardsFImetlﬁg dEVies, ghdi sﬁarﬂleﬁedh?rﬂbo)ﬁdewces

estimat ed oi n ressure field 8

such 3 el cillors Bhg BB oblRb i eI crats BEER St as tapev diskp and hard
dﬂwblm@wmyyﬂtammonnmhawmpmmnFlG. 6 has been appli ed.

63 9 i .he spectra 901 of the seisn c
[o d&it i ](I)Ih aéﬁh i ﬁ (&’in@t %‘ HPrienFeQyld by implementedsasether method
destfIBet! atfove h@e&ﬁbﬂm BRI Wogdhrilte obnphil0 erldin e
nwﬁlgtﬂ]l]ﬁgbodbgﬁ he net hod of the |nvent|on can

1 GyEF e Fiif the invention Cé'&lér'i’(: igplsperted a5sd epgnpiutse atogram
stomdenta PR réadetile alednS vaihetht %rc%?&ﬁﬁ 'E%h% ibﬁaﬁf&fmﬁk to,_cause a

n i ITB.gI Nng pProcesses, such

nmai
pro§ma%? Pﬁm@o‘tﬂf orm @W@)ethqﬂmscgﬂ)@g abk. i1 anether embodlment the
mvﬂﬂntgihafolJﬂrbe M‘l;ﬂéﬁ%&ed%“&' (Q)gnphfér lf&\/\ﬁr@ %e%lﬂmc agcfc])éltgl}ﬁer program

e, for exanple, ocity- | N ep
stoEe - the medriny éfl%}hfhét Fhﬁﬂ’g@@i@n s Il‘@ld oreadbletoerruse a programmable

corﬁ;ht@@@@gerfcﬁ%QH’@ﬁﬁ&hS§desy%ed abdve. 3, (May-June 2007),
S147 0065] Thus e |nvent|on can be

.. S13
[003 8b! oltethonld l?ﬁeldlfd@rsﬁﬁ@rtbﬁethsml@eélug lis amralguedetadled description of
SRR AR JdRRen LR LS, associ ated wi
Peurr ent fréhugngygﬁggéﬂﬁﬁghéﬁ T gGUEs® a“%ﬁt“ﬁﬁ#ﬂm“ms and
altepativesrto herisclased erfibadimensecinda eragy iredccordBide ithGRSdisdlsure here
itk unber . te ues 0066] The
M Vet "{rg ﬁ E%yco}g@¥§@]ﬁ§% Htl%{bogg eﬁ‘iﬂ’]’“o‘i‘ dherefore, is
not|m¢antst0r bmmtbe puopp 0f €& inwvdnkiyn. kRatheE ahe @d & oPhe invention is to be

t St f th t
R T L R O

particul ar digital conputers al ong with ot her
conventional data processing equi pnent. Such data
processing equi pnent, well known in the ‘art, wll
conpri se any appropriate conbi nati on or network of
conmput er processing equipmrent, including, but not be
limted to, hardware (processors, tenporary and

per manent storage devices, and any other appropriate
conput er processing equi pnent), software 13
(operating systens, application prograns, nmathematics
programlibraries, and any other appropriate
software), connections (electrical, optical, wreless,
or otherw se), and peripherals

14



(i nput and out put devices such as keyboards, pointing
* devices, and scanners; display devices such as

nonitors and printers; conputer readable storage nedia

such as tapes, disks, and hard drives, and any ot her

appropriate equi pnment). [0067] In another enbodi nent,

the invention could be inpglLenmensted as the net hod

descri bed above, specifically carried out using a

programuabl e conputer to performthe nethod. In

anoWxeclaiewrbodi nent, the invention could be inplenented

as a conputer program stored in a conputer readable

medium w th the program having | ogic operable to
CLRUBEmatho® Tt HITHRRIN i : . ho ,
et e Ao autoafing SRR MRl AoREEKANT e Wibslack ogpadons
N @, feEMieatiriiicessi dor identidying spdi charactesizihgthe subsatifacen formations,
(mmﬁﬁﬁn@.conputer program stored on the medium such

that the program has | ogi c operable to cause a

pr ofRPAYIRGBIlErs tedthp seiemict Senmds toeenetate fitrett aignale Swithi Bechuated

above. [§9é§$wﬁ5w?@ﬁykﬁ be understood-that the

preceding is nerely a™detailed description of _ :

s peBuftipdyirgithed filiered signhlstihi Sequancyntdvenunaied dofatn by a complex

numer ou (fications,, and alterpatives to R
the-d 5ol Sanh Y sallHel ahd ey BpehapersFiing b s atbute i
Wi t h t hethelfrsqleoguwavehenber doinalotitgepl@me kéaldasidnaRMddhe
scope: knvention. The precedi ng description, _

t he?‘g*dgrr et?]'!'j ?csallelz'inSl afﬁ’eté?ﬁ’tsg’ e‘ﬁorﬁ"’f‘e‘fﬂ? e dupie Ryfthe filtered signals
i nvent i on theRatdigrace ddneairg cOPenette thbSeidniy 8@GHAN 1S to be

deternmined only by the appended clains and their
equi valents. 14 CLAIMS W claim [C] A nethod for

[C2]r afisf methodgf clehinANivEersinGRAApIViRPHIRSERURL delsfhiOfional co prises:
subsurface .formptions into a seismc attribute userut
f or AGIHERE PTG GIEAHS reMSPISRIGSeFIansg - t he subsur f ace

f or applylimNflters €O MRI eBMMNISi g Y B ginfeiaJpE&rcﬁ) ath {ohg nerate filtered
seismc SI%P&LS to generate filtered signals w B
at t enuatSs&Fals ftinatignuaied spatiais aliasadengyey; and ti pl yi ng t he

fildeaictnl Sichat s r equency-wavenunber donain by a
conpl ex function of frequency and wavenunber

representing the seismc attribute in the

[C3]" EPhEEREHoI BN R %&hef%?rﬂgies ggl{yglé%fgresrt%tt e ssefs%}é'ﬁg]g%q,l%%nprises

signal s; and dividing signa
applying lopepaspiliess.donmi n, by the filtered signals in the
ti me-space domain, to generate the seismc-attribute.

[C4] The method of claim 2, wherein the seismic attribute comprises a seismic attribute

related to wave propagation direction.

[CS] The method of claim 1, wherein the multiplying the filtered signals compﬁses:
- applying a transform to the filtered signals to transform the filtered signals from the

space-time domain to the frequency-wavenumber domain, generating

transformed filtered signals;

determining a function of frequency and wavenumber that represents the seismic

attribute in the frequency-wavenumber domain;

selecting a sample of the transformed filtered signalé in the frequency-wavenumber

15



[C2] The nethod of -claim 1, wherein the applying

" filters to the seismc signal conprises: acquiring
seismic signals fromseisnmic sections; applying
filters to the seismc signals in the tine-space
domain to generate filtered signals with attenuated
spati al | §oredin;ased energy; and sel ecting a seismc

att tho i m in th
appH)}l:ﬂ#ﬁgﬁ?% {htgeé]rmsl’a-lt 5 etragsgfo & tl'll &r ﬁ@%ﬂ%f’ Fgg‘éed function of
appl yi ngfréqwanqyasd wavéruerbsr m[tﬁ?zlh]req'ﬁhﬁ:yf@d\«léﬁlﬂnﬁﬁcr d6hainMo%enerate

wherein fhe seismc . attribute conprises a seismc
attrlbutgec‘f’ﬂ%d ﬁni%ﬁ'?o wave propagation direction. [C5]

Theapm@yihgdn Orﬁvecde arafsfdrm Wh ﬁfeeicﬁleﬂ f&%nﬁ‘ﬂsi 16 iieYde BehndBfn the scaled
filtered.si ri ses: a transformto

the filtupg Oa’nﬁl rf‘%uef’?yawgmfl %rh om3int ack dtos thgnsrlage-time

f rom t hedonsdia generdtifg ikl@FRItfAntBmida8caled signals,
f requency-wavenunber dommin, generating transforned

filtered signals; detern1n|ng a function of frequency

[Cap d THa weMbaL&T cikibas, Wﬁ%ﬁsﬁ@tﬁpfv 2 %'aﬁ{ﬂ)ﬁn &l hl?eretf signals

i n.the frequency-wavenumber domai I, ecting a

corgprisef, aPRIYiB%a Foyprice ransfarmer ed signal's in the

frequency-wavenunber 15 domain; multiplying the

sanpl e of the transforned flltered signal s by the
[CEle FEE? pathed b ¢lpignS.ofhersie edhegionrita wamse fiinetion of fidy@ency and
wabéfRgHsency- wavenunber domain, to generate scaled

signal s; and applying an inverse transformto the

scaled signals to inverse-transformthe scal ed

| [C§]I g@ﬁ% ?rletl{ogrgfté']aE?mfg e\gHe%Qiﬁyth é?ﬂ%gga%rmverse transl?orm to t(fle scaled

he space-tinme domaln,
Slgnfﬂvmmﬂssfam!yﬁngramenivesxe&loedersragﬂahﬁ [ C6] The met hod of
claim5, wherein the applying a transformto the
filtered signals conprises applying a Fourier
[C2Ur alfisd wethod §REHim THeheeinhbddiolding! ki aled siphas S‘drﬁ'prts&e
functi on. s a CYnglex function of frequency and

vvavcear%na(slélﬁ an PeIoPs RS thidpYigee-wnstormedyicaled gigaalsi n t he
apptajéutegingan Emﬁipsﬁ)rttllieaﬁl&fr&fd’@ﬁag idae scaled signals

congxrl SEeS agrp Y n% ﬂ inverse Fourier transform
1vidingthe envelope Yor the inverse-transformed scaled signals by the envelope for

the filtered signals, to generate the seismic attribute.

[C10] The method of claim 1, wherein the dividing the scaled signals comprises:

dividing the inverse-transformed scaled signals by the filtered signals, to generate the

seismic attribute.

[C11] The method of claim 1, wherein the seismi¢ attribute is used in further processiﬁg of

the seismic signals.

[C12] A method for transforming seismic signals representative of subsurface formations
into a seismic attribute useful for identifying and characterizing the subsurface formations,
comprising:

using a programmable computer to perform the following:
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[C9] The nethod of claim1, wherein the dividing the

" scal ed signals conprises: - calculating an envel ope for
the inverse-transformed scal ed signals; calculating
an envel ope for the filtered signals; and dividing the
envel ope for the inverse-transfornmed scal ed signals by
t he envetnphdng dilters e thd Iséiﬁh'@drs]ighgmtaﬁs%enb?td}fﬁﬂt;@rre@tlﬁgnals with

e seismc ibute, .[Cl e _method of claimi,

&Eerein t he 3%%5%@ﬁ6pﬁﬁﬁy§§%?gam§$@na|s conpri ses:
di vi di ngmtihiphiiny elres dilterednsifrilsTesl BERALRY- SRRy Dont e by a
filtered signals1 t9 ?ener He the seismc attribute.
[C11] The netTO®'S: EFAOL freghency; #nd; Meveswmben cepresenting the

attribute is seBmit btiridud ihale ﬂé@@%%n%bert&%ain, to generate
sei smi ¢ signals,. g_Clai% A met hod for transform ng
seism c si gnélcéeq Bt &M ati ve of subsurface

f or mat i oansididgrth@s@leﬂ%iigsms,ctra%{smmlFo%ééiﬁ%a#% gé%in, by the filtered

identifying and characterizing the su o

formations, SEOAPT Y gige-spageigmaing Fogenerateehd @isoneutribete.

to performthe following: 16 applying filters to the
i'smc signals to generate filtered S|gna[s'myth '

[Ciﬁt i%’é‘?‘ge‘ggwelmam y’h%i?inéhfé@péﬁ@@lwr}b tmu]rwt Tjeghr:yﬁ? ﬂg]bal)ll hcgnpr_lses:

filtuean $ogRA rfabl ﬁ);balf e er

conpl e%q? gr?%t i oéha oepco};ﬁlp Egﬁe cy oﬁﬁ#e\/\qéy%%lﬂﬁber

r epr eserfiCAWENE prasmis gigaats fomtstismiueetidng' t he o

frequency: ef oRi A, £0 generate scaled

Si gﬂal s?%g%\édﬁ% ?(% E}hgt SRR eaégg’l g"ﬁ S SHaFeaﬂ%’?%iP ff generate

to ti me- spacdildudaignals bythhenubicl spatiatly alsds@N@lefizyl shdt he

time-s t‘ﬂ&h@' . enerate the s_eismc attri_bute.
[ C13] 'ﬁ)'ﬁsgr%ﬁet ogﬁg"'é %Fg)lu{r%i 12., wherein the applying

filters to the seismc signal conprises: using the

for foll ow ng: . :
RO & SRS, PP prafie s i e et roRsignals comprises

A c Y . . he

apripipg Yoivpess filterer s to the seismic signals int _
F;Ehiarne-space domain to generate filtered signals wth
attenuated spatially aliased energy; and selecting a

[CEYi §im wethdd of Hbie 13,[Whkddin flReseRRENAH KR &Jnﬂjri@%s.]%tgseiﬁmic attribute
wherein the anlg_in filters to the seismc signals _
relact%qﬁl&wageégropagal n direction.

[C16] The method of claim 12, wherein the multiplying the ﬁltered signals comprises:
using the programmable computer to perform the following:

applying a transform to the filtered signals to transform the filtered signals
from the space-time domain to the frequency-wavenumber domain,
generating transformed filtered signals;

selecting a sample of the transformed filtered signals in the frequency-
wavenumber domain;

multiplying the sample of the transformed filtered signals in the frequency-
wavenumber domain by a function of frequency and wavenumber that
represents the seismic attribute in the frequency-wavenumber domain,
to generate scaled signals; and

applying an inverse transform to the scaled signals to inverse-transform the
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applying I owpass filters. [Cl5] The nmethod of claim

* 13, wherein the seismc attribute conprises a seism.c
attribute related to wave propagation direction
[C16] The nethod of claim 12, wherein the nultiplying
the filtered signals conprises: using the

progr anmabl e scalmpuigaals tonpetid GeqchBewhRnlBer bmain back to. the
applying a transformto.the filtered signals t

0
transf or m t he’PRTHRE depaln. grngratingripywser trasiopardecelpdraignals.

domain to the frequency-wavenunber domain, generating

ansforned filtered signals; selecting a sanple of

[C”\‘e ﬁl{s‘? a??ﬁsrér?e”& fetpim; 16, ayhereins ithen aprdying at trasforre daghe filtered signals
comvpN @8 dpiIgihg 8 OB traflfddd. Pl Yi ng the sanple of the

transfornmed filtered signals in the frequency-

wavenunber domain by a function of frequency and
[CYS)VERHRAbA bhakim TENHERENLS ST G1 Rt L but e n

?ﬁe f requency- V\gnvenunbe%o rfrllyar{gﬁ?égtaocmé%#é AL cé‘méggﬁr%ad'ency and
WaFIPRES: and appl yi ng an inverse transformto the

scaled signals to inverse-transformthe 17 scaled

signals fromthe frequency-wavenunber domain back to
[C1Y e The gigthed tafrtaintolfaivwhereie ther aptpiyige hmveese-tiangost o6 HROscaled
i S8 GHprsk ONRA ) SYy.St of claim 16, wherein
Slgtﬁhe (gg%l yi }Zn%z{rngﬁggf%eyr%%{l%yt?%}g%l tered signals

conprises applying a Fourier transform [Cl81 The
CHRt ' , erein.the functjon is a conplex
R e mehod by 2 KOS B el eedeformpace:

et g thé pogeinmabl, contpatee idperfoem aRbibwiggan i nverse

t ransfor LRt he sca{ged s}{ ghal s conPri ses applying an

i nver se FOUFHBE 31 FYROPHforheripyshie-transtompedsaled sigealsi m

12, wheraicnlatihgatiénvedpehr tHeerireal Shafi glaal s conpri ses:

using th Rr.ogr ammabl e conputer to performthe

fol | ow n‘EY‘ W81 06| GFiage der dhey é1sise-teasfonnied scaled signals by the

i nver se- t r anshalspedostatiReled bighal o centlhl aid

envel ope for the filtered si g%al S; %erllld oﬁ v‘% %iéggg?tﬂibum'

envel ope for the inverse-transfornmed scal ed signals by
[C2IeThemmBOOPR 1412 Wherkih ki Gling 1RRARd sib I SQAGTRLE

the sei ﬁm c attribute.
' using the programmable computer to perform the following:

dividing the inverse-transformed scaled signals by the filtered signals, to

generate the seismic attribute.

[C22] The method of claim 12, wherein the seismic attribute is used -in further processing of

the seismic signals.

[C23] A computer readable medium with a computer program stored thereon, the program
having logic operable to cause a programmable computer to perform steps comprising:
applying filters to the seismic signals to generate filtered signals with attenuated
spatially aliased energy;
multiplying the filtered signals in frequency-wavenumber domain by a complex
function of frequency and wavenumber representing the seismic attribute in

the frequency-wavenumber doméin, to generate scaled signals; and
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[C21] The nmethod of claim 12, wherein the dividing the
* scal ed signals conprises: using the programuabl e
conmputer to performthe follow ng: dividing the
i nverse-transforned scaled signals by the filtered
signals, to generate the seismc attribute. [C221 The
met Hoédieg the [sedled sighalswharséirmed ietimeksmace domiihy bydtht @illefed signals
used in- aer  nor ' of the seism.c signals.
[C23] ' A Bahe e REOREIR 19 et RS E et o1
program stored thereon, the program having |ogic

e : ause rogr amahl e uter to perform
AT RELR TEUER 25 P (S Pr Pe AR Bhes Sebaiemel comprises:
Si gaajugingceigaitsigati fiohl deBidsestigiRal S Wi th att enuat ed

I.ly.aliased gy; multiplying the filtered
SPOTLY L35 T8 R andt bR i i o e
funct | onsi@falsfwi&mﬂteﬂlihYedasEQha\l\@\éﬁéﬁéﬂJ@ﬂrgy} gRf esenting the

t

sei sgn' c.attribute. in e frequency-wavenunber domain,

to YerrdraR EERGARIPUS gnal s; and 18 dividing the scal ed
signals, transforned to tine-space donain, by the
C%%l iﬁr ed Si grf1al s in the time-space domain, to
[CHInEhepedipmeot glajm 24, evhsrain the apelying @jtars torthe sersrdicusipnels comprises

applliak MBwlgass fitekei n the applying filters to the seismc
signal conprises: acquiring seismc signals from

seism c sections; applying filters to the seismc
Ccz6191m Bi0mt - 1 3R - 2 ' generate filtered, .
et Sl TR . FRER AP s My R TuRer byt TaR quribue
relafeqd ©CYve gropagasion directiant ri but e. [ C25] The medi um of
claim 24, wherein the applying filters to the seismc
signals conprises applying |low pass filters. [C26]
[CZH e Thenipdivm of cleina23madreinthe meitiplfileths 6itesit 6igadls sdnses:

co [ ' j attribute related to ve. .
COTBEAR BTk b UL LELRLEN 6 MRS e om e
wher ei n sphee-tivod ltdqnhaym n@t tthe ]fréddeﬁc{ye\detnﬁh@?&%rf domgin, generating
conpri ses. .a ng a ansformto e filtere

gnal s TEsPRERisre vamals

signal s filtered signals fromthe

s padwertminieg dofumdtiont«f ﬁrdftﬁel_ﬁdyeﬁidleWQ%nWﬁU&ntHﬁml%Preg&f@Hé' seismic
gener at Iagt%ib transforned filtered signals; determ ning '

a funct i BHOEF 3 18 oIy -HAKPREDe9MaE: t hat represents

t hesedeetisgrh Gample of the transformed filtered signals in the frequency-wavenumber
domain;
multiplying the sample of the transformed filtered signals by the selected function of 7

frequency and wavenumber in the frequency-wavenumber domain, to generate

scaled signals; and
applying an inverse transform to the scaled signals to inverse-transform the scaled
signals from the frequency-wavenumber domain back to the space-time

domain, generating inverse-transformed scaled signals.

[C28] The medium of claim 27, wherein the applying a transform to the filtered signals

comprises applying a Fourier transform.

[C29] The medium of claim 27, wherein the function is a complex function of frequency and

19



attribute in the frequency-wavenunber domai n;
> selecting a sanple of the transforned filtered signals
in the frequency-wavenunber donmain; multiplying the
sanpl e of the transforned filtered signals by the
sel ected function of frequency and wavenunber in the
wavemgiihency - wavenunber domain, to generate scal ed
signals; and applying an inverse transformto the
scal ed signals to inverse-transformthe scal ed

[Ca0lgith¢ setliuomot Heinf eBawhsney havgADeR KRR thndBAK 18 the scaled
S“&Qﬁ &5§%§§tlpe domai n, _generating inverse-transforned

scaledd ST yirRdng T”C%ﬂrsellf?g“ﬁ’etﬁqnﬁm-f clai m.27, wherein

the applying a transformto the filtered signals

I ses applying a Fourier transform [C29] The

lcﬁgg? [)‘?1%“8‘?3‘“ |°§F%d“2$?’ WhsEsieth dividing the sealesisignels somprigshie x

f unedléwdaingbin 4 HSith@dersel & i 01 The

9 W ers aﬂ’é’ﬁ)\ﬁ%gcr@[%ﬁ sgnglg'\?’

medi ym of cl ai ,. Wherein the applying an i'nverse
tr aﬁ%‘?‘%‘”}“ﬁ‘g%C%W@P§6%|t%ﬁlte§ﬁ=<bﬁa}a§; a¥hpri ses appl yi ng an
| NV @i RighghBe EhRiopk ! Lymof gl.aim
23, wherein the pglfellntglg %@Sﬁégg%dé?%g%giﬂgﬂg %al%%%%’re jcgydope for
cal cul atthhflteied Eenady. epgenersie thawsismivatribetet r ansf or med
scal ed signals; calculating an envel ope for the
filtered signals; and dividing the envel ope for the
[C32v Ehesrmedivrm 96 ¢lainnH vWhersiretie diviftiag the kyplddhiznelsvehppes:f or

t hegili | erate t i sm.c

at o S PO Tormb 8 AROSIALE st et o graerae e

di vi di ngershies atieibhied si gnal s conprises: dividing the

i nverse-transforned scaled signals by the filtered

signals, to generate the seismic attribute. [C331 The
[CH dThemetiumg bbielain?Z3, whiarirethe sdidteic a@disumg & uddd ik e prloSessing of
ﬂw%&%ﬂk%ﬂmgﬁrther processing of the seismc signals. 20
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