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[0001]  This invention relates generally to the field of geophysical prospecting. More
particularly, the invention relates to the field of surface related multiple prediction in marine

seismic surveys.
2. Description of the Related Art

[0002] In the oil and gas industry, geophysical prospecting is commonly used to aid in the
search for and evaluation o_f subterranean formations. Geophysical prospecting techniques yield
knowledge of the subsurface structure of the earth, which is useful for 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.

[00Q3] The resulting seismic data obtained in performing a seismic survey is processed to
yield information relating to the geologic structure and properties of the subterranean forrﬁations
in the area being surveyed. The processed seismic data is processed for display and analysis of

potential hydrocarbon content of these subterranean formations. The goal of seismic data
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processing is to extract fromthe seismc data as nuch
i-nformati on as possi bl e regardi ng the subterranean
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BRIEF SUMMARY OF THE INVENTION

[0012]  The invention is a method of dip-based corrections for data reconstruction in 3D



[0019]FIG 1 is a schematic diagramof traces.for data
reconstruction for 3D surface-related nultiple
prediction, as in the nethod of the invention. The
| ocation at which surface-related nultiples are to be
predi cted (and subtracted) is determ ned by a _
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by neans of dip-based corrections to solve this
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[0024] In this nethod, the desired trace is selected as
the best available trace that m nimzes the difference
bet ween the best fitting (nearest) and the desired
trace. The differenceis a weighted sum of the
differences in CVWP x and y positions, offset h, and
azimuth O between the nearest and desired traces, -
whi ch can be expressed as aYCwWP CWVP | bYd cwe
[00d8P XBIG. IXid a schematic diagranrofrdges fof #ta reconstruction for 3D surface-related

multiple prediction, as in the method of the invention. The location at which surface-related
multiples are to be predicted (and subtracted) is determined by a source-receiver trace 10. A
source-receiver trace 10 is given by a combination of a selected source location 11 and a selected
receiver location 12. The process of predicting the surface related multiples from seismic data
for this source-receiver trace 10 comprises convolving pairs of traces and then accumulating the
convolution results over a surface area 13. The first trace in each pair of convolved traces is
called a source-side linkage trace 14 and has a source location at the selected source location 11
of the source-receiver trace 10 and has a receiver location at a selected linkage location 15. The
second trace 16 in the pair is called a receiver-side linkage trace 16 and has its source location at
the same selected linkage location 15 and has a receiver location at the selected receiver location
12 of the source-receiver trace 10.
[0020]  The linkage locations 15 for all pairs of source-side linkage traces 14 and receiver-
side linkage traces 16 are distributed over the surface area 13. Each linkage location 15
corresponds to a potential surface reflection point of the surface related multiples associated with
this source-receiver trace 10. The traces created by the convolution of the pairs of source-side
linkage traces 14 and receiver-side linkage traces 16 are referred to as multiple contribution
traces and the ensemble of these multiple contribution traces (Before aécﬁmulation) is referred to
as a multiple contribution gather. The accumulation of the multiple contribution traces into the
predicted surface related multiples comprises a process commonly known as Fresnel stacking.
The extent or coverage in the surface area 13 of the surface reflection points as incorporated
(after accumulation) in'the prediction is commonly referred to as the aperture of the prediction.
[0021]  The aperture can be chosen as the simplest case, a réctangular surface area 13
surrounding the midpoint 17 of the source-receiver trace 10 for the specific source location 11
and specific receiver location 12. The rectangular surface area 13 can be parameterized by an
inline direction 18 and a cross-line direction 19. However, the surface area 13 of the aperture
does not have to be a rec‘tanguiar érea or oriented in the inline 18 and cross-line directions 19.
This is not a limitation of the invention, but merely employed for simplicity of illustration.
[0022] However, as discussed above in the Background section, not all pairs of traces to be
convolved at all linkage locations are always read'ily available from marine seismic data

acquisition. The invention is a method for seismic data reconstruction by means of dip-based



where a, ,6 and are user-defined weights, and
subscripts b and d denote best fitting and desired
traces, respectively. [0025] Unfortunately, for the
reasons stated above, the desired trace with the
correct CMP x and y positions, offset h, and azinmuth O
is often not present in the set of acquired traces.
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Azimuth, ¢, is here defined as the angle between the direction of data acquisition (typically, sail

line direction in marine data acquisition) and the straight line between the source and receiver
locations. Offset, 4, is defined as the total distance between the source and receiver location for
the individual trace. Arrival time, t, is the time an event is recorded on the trace.

[0024] In this method, the desired trace is selected as the best available trace that minimizes
the difference between the best fitting (nearest) and .the desired trace. The difference @ is a
weighted sum of the differences in CMP x and y positions, offset h, and azimuth ¢ between the

nearest and desired traces, which can be expressed as

CMP CMP CMP
D=

ax l+a|y —Yq )

+ Blh, k| +e

where a, 8 and ¢ are user-defined weights, and subscripts b and d denote best fitting and desired
traces, respectively. '

[0025] Unfortunately, for the reason.s stated above, the desired trace with the correct CMP x
and y positions, offset &, and azimuth ¢ is often not present in the set of acquired traces.
Conventional data acquisition often aims at a distribution of sources and feceivers such that at
each CMP bin, which contains a small range of CMP x and ¥ locations, and offset bin, which
contains a small range of offsets 4, oﬁe trace is available. In this case, only one azimuth ¢ is
~ available for the given CMP bin, and offset bin_ combination. However, the minimization of
Equation (1) is not restricted to a single CMP bin and offset bin combination. Further, certain

modern data acquisition geometries aim at having more than one trace available at such a CMP



[ 0026] This nmeans that in conventional practice, the
best fitting trace is found by mnimzing the
difference 0 as a weighted sumof differences in CWP X
and y, and offset h only, thereby ignoring azinuth O .
Thus, Equation (1) is applied as the shortened
ver si on: Cw CwW X b - Xa,CQw ,CV YbYd filk (2)
without the final difference termin azimth q.
bir], gadgffsef biadodationdi Inghest eashe snore ittah iongirawris mewdlallstgach with their own
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[0026] This means that in conventional practice, the best fitting trace is found by minimizing

the difference @ as a weighted sum of differences in CMP x and y, and offset % only, thereby

ignoring azimuth ¢ . Thus, Equation (1) is applied as the shortened version:

_ l.oMp _CMP CMP__CMP|
Q=ax,™ —x, "‘Lal% Va '*/B

h,—h,], )

without the final difference term in azimuth ¢ .

[0027]  After finding the best fitting, or nearest, trace, a differential move-out is applied to
this data trace in order to correct for the offset difference between the desired trace and the best
fitting trace. This differential move-out operator only corrects for offset differences; it cannot
correct for the difference in azimuth, the difference in CMP coordinates x and y. or for dip-
dependent timing differences related to offset, between the desired trace and the best ﬁttiﬁg trace.
[0028] The invention is a method to incorporate dip-based corrections determined and
applied per trace and per sample for azimuth, CMP coordinates, and offset related differences
between the desired trace and the best fitting trace in the data reconstruction scheme described
above. The best fitting trace is found, corrections are computed for the desired and best fitting
traces based on local dip information, and the corrections .are then applied to the best fitting trace
at each sample. The local dip information relates to the local geology and is either
predetermined or determined during the application of the reconstruction scheme from the
locally available data. Because the corrections are determined and then applied per trace, and per
sample, the method of the invention becomes computationally very efficient. The method of the
invention is thus fundamentally different from the data regularization approach described. in the
Background section. The method of the invention is utilized to apply dip-baséd corrections
during data reconstruction for 3-D surface-rel'at-ed' multiple prediction:

[0029] FIGS. 2-3 show flowcharts illustratiné, embodiments of the invention for a dip-based
correction for data reconstruction for 3D surface-related multiple prediction. FIG. 2 is a
flowchart illustrating a general embodiment of the invention. FIG. 3 is a flowchart illustrating a

more detailed embodiment of the invention



this data trace in order to correct for the offset
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fitting trace. This differential nove-out operator
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i nformati on rel ates to

The |0
the gﬁsér e‘I?H%‘ﬁI 10 ;ﬁg FEEse; éﬂ@eﬁf @ug’ip@%@fz I5i¥det er ni ned or

[oodef er Ri@edis QUi dvitdak: Mgusa Rl zﬁl%ﬂieQ BmBbditBR of the 1nvent1on for dip-based
reconst ruct i on schene fromthe | ocall é avai | abl e dat a

corggiéon Sk dath eecepyifustien &S Dasualagretadated muliipterpredipieny. FIG. 3 is a more
derARPhBSiiREE: drtRCRethdddr MAE mﬁ V&I@ ! i
S nvention bteconesmconput a{irlwg é/}ls%{?zgré?/ I{g%?eélg{ to tﬁlﬁgowc}mﬂm
FIGrgt hod of the invention is thus fundarrent al ly

00g5 AL APIE 02 OBl 0OBBIORe) gy e

acqlifefeRtsn@ Yak:Sis tahdfbraed & ﬂusaﬂéﬁha/c ﬂln&e@s%ﬁed corrections
ggf data _reconstruction for 3-D surface-rel ated cur
[0CRB) ¢ i %} Blogl &b for eek: dqp e ‘FﬁGSl blpclg 38 rwifh OMRnetradinaies x
3 lahdnE @brh e teﬂﬁp?%dgﬁmaﬁt ab if g | Ql){ds,{/]h rORiohOls Btermined. The dips
di p- based correction for data reconstruction fo H§B
candhgrdesgEmined bsiteayl appiopiigh enqﬁrc@dkrmtwmm thé b, 1216|<Bpsacan be determined

' | I di t
| QUBBERbLLYBL 2LAD i ASIELE b RGEIN 2, 4By,
condmrmffsetdmhmtmadlﬂmetdeafmmh@oris rgeeesrhne(amhp £DIR30] \5116;18 2is
ratin

[00%7 eg];%: 19‘{ lop& eéersl éxag 2 d??eél rﬁ%eﬁ 1r|1 @'e ﬂ%@gﬁ%he same seismic event.

Ther & dNSikdsutiaon xfaﬁdi beddetnl b iggedirRleateshdd biabd bifference (analogous to
dggﬁ?ﬁ—fflon gafﬁo‘?’l%” bl ock 20, a best flttlnqtracels _

AUt ERAIME Y HUEPFEUG Nieqepopenty. eeieted florg g and y axes of

the [POB&IAY gl Bethg2dsedd MitRreRSE i Bfchi %Qén%rallv meant to be non-
calculated for the differéences in azinmuth  C VIP

horizgwplels Aertzental eyeat smpiseeluged ween the best fi tt| ng trace

[OOQQZP t’h?e Aedbd %@I thed ﬁﬁ/@ntlo-ﬁhl@ &?Eéﬁ%ﬁg%ﬁ})?occ%%s& ﬁléﬂ for each

for each sanple on the traces
desgé¢dirisasete cupnstmtiedn i sn alpphated etr(bouihenbelai esﬁintaﬁbmglay be applied

reconstruct t
on L FREE ok SRR i e OE R SReTaR O S e by imrogating di
esufnla(eV\Marréd ¢ﬂ1ﬂ1e|sparr&tqﬁdg anot her enbodi nent of the

Lavention for. dip-base orrectjon for, data
10038 2t FERST GHoPB V%Wg?ﬂ?‘?‘a%le A B B o i pdominant dips may be
est@%@ﬂ“f&t bi@Ndatf IsénpR. | Phid niSe &S @bthﬁﬁmﬁr@iﬁ’%e%ﬁfew&f by separating
the nmethod of the invention di scussed reference

differgnt i COMRARERHEPEIOT B EP GStingatiop sEm] vl @owmqmdsmméﬁequmc\
seismc data is obtained in a (XCw , yCwM , 0, t)
format, where the acquired seismc data is transforned
to this format, if necessary.g [0036] At block 31, for
each data sanple from bl ock 30, with CWVP coordi nates
XCWP and MP yc and tine sanple t, the predonm nant dip
inthe x and y directions is determ ned. The dips can
be determ ned by any appropriate nethod known in the
art. The dips can be determ ned from any appropriate
subset of the total acquired data volunme, such as, for
exanple fron1connDn offset volunes These

N . T T o



The dip is neasured as a ratio between a tinme

difference and a space difference (anal ogous to

dtidx). The dip is typically deconposed into two

conmponents, oriented along the x and y-axes of the

processing grid being used. Although a dipping event

is generally meant to be non-horizontal, a horizontal

event is not excluded. [0038]The nethod of the '
wayeryEper) einRadon Adtering ot by emlgmgowelakmeddlpde@mpouaommmhpss ‘such as

b e Gopst

ﬂmg%%ggggtlibsgﬁbOSF%g xﬁ%m?&mo |n§? %ﬁalﬁﬁngﬁﬁﬁ?gﬁmdsmHOf
1h6@nh9@®$amssuamddrMhbd@ di p estinates for i nt er medi ate

it Qbtai n b t er pol at di S i tes |
[00&6 Ui ég%? %e ép%{r é{%ﬁnaln | hln eg,n fl e dip-estimate
vola‘nt ﬁrbmaﬂcbc‘kéledjr‘@[ﬁdfbtffﬁﬁbonuauﬁlbﬁ il &SMS S@ifp 1@5}51&')95@ nant

Sti ed for any data sa Thi s
["‘ﬂuft i B SFogs 3 st S oo o eicht ireoeh 5 Bys e phiFases prgaprises the
tracd$ ftliie@ rreqitired rRoSAMPRIE R Shipinl Q&site® teHch &5t 3-PRLLBR USiiRe mutltiple
ﬁggl-knomn net hods |like f-k (frequency- wavenunber)

PIe8F"®adon filtering, or by utilizing well-known

[002121J deeprePrSit fop @adEEGfi"{Qéj%acé%@heaét SF 8ites %%ﬂlclglock 33, a best fitting

tering. The final dip-based correction

tracg fpom &g Swsmpc kT iffoweblacw ghictadmingdh df ot embaoidtineritdihisl best fitting
trac§ Q§ ﬁ@t@ﬂh‘uﬁ&ﬁb Q A CKadZe 8¢ i LL

Ta for exanpl o {é E%Igﬁ ?f Pgua[txgg IA(g atHé)PJlegeé E}us 1ts not a restrlction of the
invefition.e $n pmiher Qmimdmnt raomach ook tiglsetsmis dmo fibm block 30 is determined

Lf desir This ste | onal
tha‘%g@%ﬁﬁ% rgce%g recgnssrél e qju{ P%tcrggestsqyﬁ} g@% Eft}n@ &T{ac‘? until affer the
dip$eded coreebtionl I‘nq @phﬁi indlock BadeisBwecoNpri ses the trac es t hat

ui r nstr.u ti n to.obtajn deS|red traces for
10088 baEE S LBt A< e do g GioMeq A rom block 33
andbthe Gkst Itind %ceﬁﬁr@xlﬁ Blbckt Be tmacBsbhdd tclaﬁec%%ﬁ r%regteﬂﬁctﬁé difference
fromhblock 33, a best fitting trace fromthe selsm

betwiern A e Hng Efkcesfoom Slogledband thaip! thalesis teanb@oherrecrmstructed from
blodkha3s Tbl@%t)rréétfoh'1@&)&1@@?096&1?’[1&%% E]er}%jthg)f)eﬁgﬂ riocr?a%é 9rom block 34,
of Equation (2). wever, this not a restric
As digaissed \pbeits 81. COITﬁCta)ﬁ@@lh b a e»ﬁrtgb@hdrmm of carréatianefof pavin dfqha the data
n?ﬁ;Sﬂ]C data fromblock 30 is determ ned that is close -
o the trace to be reconstructed, but not necessarily
[0044besln driet @mbrgiunera;:e dlmbasbd aﬁltrecrtlohffer diipruthadi€fdrences is determined

IS ap Iled i.n bl ock 36 .0043] At
bas R TVt S BB B By EUSaritia i opd ipedirecion.
In ode shb@iimtitame afifrih dneealond3 , avel hechest fitting trace
from bl ock 34. The dip- based correction represents the
di fference between the best fitting trace from bl ock
34 and that of tp@zdeS|red trace to be reconstructed
from bl oék?¢>33 —ﬁ;g i sidigh,or dbg) aiprld e ¢ dp—-eaph)t | me 3)
sanple t in the best fitting trace from bl ock 34.
di scussed above, the correction can be a wei ghted sum
rrections for. ea h dip at the data sanple.
Wmf%ﬁ%%? %O%%%”Eﬁ%%a a di p-based correction for
azimuth differences is detern1ned based
upon-hal f-of fset, arrival zimut h, slowness. CMP
coordi nates, dip and dip &F@tl gﬁ tn one enbodi nent,
the azimuth correcti iven by: Ato- 2f (4)
Il 2 sin(SbbCbd) sin CQP ) 3} ‘

%



wi th magnitude of slowness p given by: ( dt = ( dt 2
(4) and slowness directionpe given by: where h' is
hal f-offset, t is the arrival time, p is slowness, 01
is the azinmuth of the best fitting trace, Qdis the
azimuth of the desired trace, dt/dx is the |local dip
al ong the x coordinate and dt/dy is the local dip
along the Y coordinate. [0045]1n another enbodinent, a
di p- based correction for offset differench IS
n hal f-offset, arrival tinme,.
mﬁ%@%ﬁ%ﬁ%&ﬁ% g%éyﬁimﬁ%glp and dip direction. In one
enbodi ment, - the offset correction Ath is given by:
2111dAh' 2 Ath = ipl cos2 (od - /) (6)
dx

Py =cos”’ )

rl )

where h'1s half-offset, ¢ is the arrival time, p is slowness, ¢,, is the azimuth of the best fitting
trace, gg4is fhe azimuth of the desired trace, dt/dx is the local dip along the x coordinate and -
dt/dy is the local dip along the y coordinate.

[0045] In another embodiment, a dip-based correction for offset differences is determined
-based upon -half-offset, arrival time, azimuth, slowness, dip and dip direction. In one

embodiment, the offset correction Aty, is given by:

2hLAR'
Aty = =4

Ipl*cos? (¢4 — pg) (6)

where hy is the half-offset of the desired trace and AR’ = hj — h); is the difference between the
half-offsets of the best fitting trace and the desired trace.

[0046] In another embodiment, a dip-based correction for CMP location differences is
determined based upon the CMP coordinates, slowness, dip and dip direction. In one

embodiment, the CMP location correction Atcmy, used is given by:

Moy = Ip] (8%MP cos(pg) + ay™Psin(pg)) ()

with the CMP x coordinate difference AxMF given by:

A.X'CMP lb MP ngP, (8)

and the CMP y coordinate difference Ay“MPgiven by:

10



where hid is the half-offset of the desired trace and
Ahr =- h'd is the difference between the half-offsets
of the best fitting trace and the .desired trace.

[ 0046] I n anot her enbodi nent, a di p-based correction
for CMP location differences is determ ned based upon
the CMP coordi nates, slowness, dip and dip direction.
In one enbodi nent, the CWVP | ocation correction Atcrrip
used is given by: Atcnp =l 731 (AxcnPcos(pe) +

AycnPsin(pe)) (7 t oordi nate difference
AxcnPgi ven by: AM%&? XE@RF*fyﬁwﬁ b and the CWP y (9)
coordi nate difference AyCVMP (=riven by: AyCW =

yg ' MP. _ CWP Yd (9) [0047]1n another enbodinent, the

[omn bdseshotier r@ciodmments e@ dip-EEIAHBE™NT 1M & determined from a
% ation of the orrectlons for the individual :
oAU B8 cBEsiberof e BEATR, i PTHoc ASOEeR it Refiting trace and

tha@ﬁhﬂaﬁwErace [0048] At Dbl ock 36, the dip-based

rec n from lock 35 is applied to the best
[OG48]; | /ot Riockas: mﬂsm@mmq rome Sk B ircapphed to the best fitting trace

froaP b RR PANR RoEBSdtr £dordtdpGRI{O R SHEL 3GE3H eéu%geldrela ded multiple

mul tiple prediction. The correction factor'is a
prosiétionr Jdie camestipe fackuapimplied peretrace ied pel wotplo nﬁetftht badection of the

bemﬁanof&grcg u&% LLAGE m@e?gls ceﬁlﬁp{auéﬂﬁw TELNeRL S

nput at 1 on ver
[0049] In addition, the dip- based correction as determined by the method of the invention is

independent of wavefield propagation velocities, thus, no a priori knowledge of wavefield
propagation velocities is required in Equations (3). (6) and (7) above. However, this velocity-
independent approach is a possible advantage, but not a required limitation of the invention. In
other embodiments, other equations could be derived that achieve the same effect, a dip-based
correction, but would require more detailed subsurface information, such as wavefield
propagation velocities. For example, the following equation could be applied to determine an

azimuth correction At¢: '

in®(P)sin(p, — pa)sin(p, + g — 26), - (10)

where /' is half-offset, v is velocity of the medium, ¢ is arrival time, y is dip angle, @ is the
source-receiver azimuth, and 6 is d1p direction. The subscripts b and d refer to best fitting and
desired traces, respectively.

[0050] In e.nother embodiment, the following equation could be applied to determine an

offset correction Atp,:

aAR'sin*(W)cos?(p, — 6), (11)

2
Ath = e

where Ah' = h'y — h', is the difference in half-offsets.

11



[0049] I n addition, the dip-based correction as

determ ned by the nethod of the invention is -

i ndependent of wavefield propagation velocities, thus,

no a priori know edge of wavefield propagation

velocities is required in Equations (3), (6) and (7)

above. However, this velocity-independent approach is

a possibl e advantage, but not a required limtation of
[0Q5Hé | vewtlico ambodimetthibe falvinoul epatisy caldisr apptieditol d@RSmine a CMP
loctmn % 2§|ved that achieve the sane effect, a

a (ng g &Fﬁ@ctlon but woul d require nore detalled

subsurface |nfornat|on such as wavefield propagation

vel ocities. For: exanple the foll owi ng equation could

b d + j@ﬂéﬂ peMan, t o, oor n 21-v2. 2
Ate, 2pfmlv§tvd jtnv(t ;i%l n(cpb%W@(n(c%E%bDPZO) (10) (12)

where h ' is half-offset, v is veI00|ty of the nmedi um

t is arrival tinme, wis d|p angle, 0 is the.
wherg &, s dlesedifferiencgzin hstteoowdimetbdtseati GMBilgcatdrs @nd AT is the

| e t fitting and desired

dlf&%{?\%@é ﬂpe}ri%%é@ [ vethvg&T%]ggg?%ﬁlganot her enbodi nent, the
locrsan | ol aytieqeabodmenolk dolbevizppliateh tanldlet #plitdi@ d@termine a CMP
! f set orr%ctlon Ath: Ath = 2r 2 ztd 2h dAh sin
°°E’)“°61C°%% cmp) ., where= h' b - h' dis the
' dlfference in half-offsets. [0051] I.n another

enbodi nent, the follomﬁng equati on could be-applied to

detern1n Sﬂm »Lgcation correction Atonp(i 2s1n(*)anp

At an(pl_xc Ayeedi heiay {) coss (dq — 6) (AxMFeos(0) +

Ay“MPsin(8)). (13)

[0053] In another embodiment, the method of the invention can also be utilized in the
process of predicting 3-D interbed multiples rather than surface-related multiples. In 3D IMP,
(Interbed Multiple Prediction), a triplet of traces and two convolutions are used as part of the
method, instead of two traces and a single convolution as in 3D SRMP. The method of the
invention can be used to reconstruct the missing traces for each of the two convolutions.

[0054]  The invention has been discussed above as a method, for illustrative purposes only,
but can also be irnplemeﬁted 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 equipinent, 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 (operating systems, application prqgréms:
mathematics program libraries, and any other appropriate software), connections (electrical,
optical, wireless, or otherwise), and peripherals (input and output devices such as keyboards,
pointing devices, and scanners; display devices such.as monitors and printers; computer readable

storage media such as tapes, disks, and hard drives, and any other appropriate equipment).



where Axci" is the difference in the x coordinate
bet ween CWVP | ocations and Ay cr" is the difference in
the y coordinate between CWP | ocations. [0052]In
anot her enbodi nent, the follow ng equation could be
applied to determine a CMP | ocation correction Atcnp:
4sin(ip) Atcnmp =v2td V2t 2 dh'2 sin2(0) cos2(d -
19) 4 (AXCWP COS(9) AyCWPsin(0)). (13) [0053]In
[0058bt hé&y anoiitso einhediment fhe inventivodconfd benienpilamveatitlia® theGagthod described

S ilized in the process of predicting 3-D '
b SRR hLPPT ol vt P e metle BBhieE apggorm the method o
anather teinpbdiment, the3védidn colldtter iagdetMiidd & £ cFHRHEChLSMN stored in a
a rigle%lof traceﬁlﬁgd two convol utions are used as
°°”b%it1? TR NN {1 R ViG] OgiF HpErebla el caiss jarmgpgrammable
conGitt @b i@ @8 ndthodLeSRVEY alhe. qﬁ%ﬁ&ﬁer%ﬂohﬁqe‘nﬂ\fﬁ@ﬁb&ﬂion could
can beegsed to reconstruct the mssing traces for eac .

be FPITRRIt RS 2 COMPURLIFRBALS MEDES #jthvecompyienpiosmi s eberthe medium,
sucHi {5 UBS B a0 Vs ﬁ)%lcaoﬂ'é?ﬁtbrboﬁi» cdQ¥ 2l ﬂrhé’lﬁ&ﬁﬁﬁl‘e%@m@#ﬁp o5 %grform the

only, but can also be inplenented ‘as a system e -
nm@@@%%*%b%wﬂ@ﬁ% invention is preferably inplenented by
00%BANS [ ' r..di.gital c ter .
O R O Har Sor B PR B o Z e RIS nton of pecii
em@qupm@ﬁthls Sinshtietaard that oomsoun ghanges, prodifications) dndkalverabitives to the
A : i onpri.se any appropyi ate compi nat.jon - _
cifhel Bl pEPRE B Beo BORA G0N Bt Berd Mok aeparing
fromnild sedpangf, thbiriveniddn. bEhel prevetind descripkias, d@Efre, is not meant to limit the
gmégrp %S%9Qﬁ” t ora&¥ and per nanent, storage devi ces,

hd" anyorher- GplF SEPEcUniBGtBY0HPY do & P getermined only by the

appenti¢t phRid Ind tB&F éql@Rnfsoper at i ng syst ems, application

prograns, mathematics programlibraries, and any ot her

appropriate software), connections (electrical,

optical, wireless, or otherw se), and peripherals

(i nput and out put devices such as keyboards, pointing

devi ces, and scanners; display devices such as

monitors and printers; conputer readabl e storage nedia

such as tapes, disks, and hard drives, and any other

appropriate equi pnment). [0055]1n another enbodi nent,

the invention could be inplenented as the nethod

descri bed above, specifically carried out using a

programmabl e conputer to performthe nethod. In

anot her enbodi nent, the invention could be inplenented

as a conputer programstored in a conputer readable

medium w th the program having | ogic operable to

cause a progranmabl e conputer to performthe nethod

descri bed above. In another enbodi nent, the invention

coul d be inplenented as a conputer readable nmedi um

Wi th a conputer program stored on the nedium such

that the program has | ogic operable to cause a

progranmmabl e conputer to performthe nethod descri bed

above. '



[0056] 1t should be understood that the preceding is
nerely a detailed description of specific enbodi nents
of this invention and that nunerous changes,
nodi fications, and alternatives to the disclosed
enbodi nents can be nmade in accordance wth the
di scl osure here without departing fromthe scope of
the invention. The precedi ng description, therefore,
is not neant to limt the QgéBéSof t he i nventi on.
Rat her, the scope of the invention is to be determ ned
only by . the appended clains and their equival ents.
CLA'RS'2R- claim [C] A nethod for marine seisnic data
reConstruction for 3D surface-related nmultiple
prediction, conprising: determning a best fitting
[Clgr afs empthod Her swarigeni isdat alafaorecandesiioredot BBC sufmebdated multiple
Y0 ted; cal culating a di p-based correction per
preaélg&n%{]g&%rg% fferences in azinmuth, conmon m dpoi nt
c ooketirmaties; bearfittin fraetin Betswpmir darefobedsikd trh¢atg bk F@6&structed;
an - I Lec ace. and applying.th I p- based .
co??g%ﬁﬁgﬁ%tggtaéﬁbg% a%??ﬁFgfa%P%cg”t§ﬁ%§E%ﬁs?rﬁ%@um°Comnmn
t he desiniggbifitr @oslifatys, 3k SEkdt aeevdes|tipd Bkt ﬂi#['lﬁg' BA® and the desired
predictionaa%§2] The nmethod of claim1, wherein the
det er m NP9 %4 best fitting trace further conprising:
Obtapplighs eipHabdd dberatidnto dhd ¥ Hitiind heBPiovecdhsirliok the desired trace
format; determ ning a predom nant dip in x and y
' directi5W§H?%¥ﬁ€bﬁ%ﬁﬁhﬁW&B@Hﬁ@h@6@rdinates MP XCMP and
yc and arrival tinmet in each trace in the seismc
data; applying a filter to the dips to snpoth
[C24i sThsmedthngiof iclasn 1swhesein ithreyletermatingd baeSiting trata fadhs comprising:
re TUCE et ecam t fitting trace from
thgﬁgé%%ﬁ$%mﬂ§?%a33% eaéﬁwggs?fgﬁ ¥ace in the
seldeaimabhiged p&ﬁorhihétﬁ&ﬁ$ il $3hd }hﬁre@%&ﬂ@qgr chnnﬁbﬁ'rrm[ipztﬁrit coordinates

wherein the applded filter is a nmedian filter.

The net fiod B Vel ARARDIValBE bivPachBagsdr Berspismirglate best

fi Faﬁ)hlﬁ}ﬁwtaﬁﬁfé?t&ﬁ% § RESIPHNEIRALAGH&; di fference 0 in a
wei g teé sum of differences in common mdpoint x and y
poSFier 8l sRigf\diepredigcspnrecondtfuseendy, and azi nuth 0

betd@ﬁ%ﬂilﬁr@% H%?tsﬁttuflé ttrgcie QH)nmg sglgncﬂcrcﬁga f%lr &fiResired trace in the selected

set of traces.
[C3] The method of claim 2, wherein the applied filter is a median filter.

[C4] The method of claim 2, wherein the determining a best fitting trace comprises minimizing
a difference @ in a weighted sum of differences in common midpoint x and y positions x* and

y™M offset 4, and azimuth ¢ between the best fitting and desired traces-

[C5]  The method of claim 4, wherein the minimizing a difference @ comprises applying the

following equation:
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[C5] The nethod of claim4, wherein the mnimzing a

difference 0 conprises applying the follow ng

equati on: CWP CW° Xb - Xda.,C MPCMP Y bYd hd 696

d where a, fi and e are user-defined weights, and

subscripts b and d denote best fitting and desired
~traces, respectively. 106] The method of claim 4,

wherein the mnimzing a difference 0 conprises

appl yi ng Lhgxf'é LoWmg gffar O+ Bl — By |+ €]d, ~ 8,

where o, § and ¢ are user-defined weights, and subscripts » and d denote best fitting and desired

traces, respectively.

[C6] The method of claim 4, wherein the minimizing a difference @ comprises applying the

following equation:

CMP CMP
) — J/d

Vb

(D:afoP—foPl+a

+ Bk, = h,|. (6)

where a and f are user-defined weights, and subscripts b and d denote best fitting and desired

traces, respectively.

[C7] The method of claim 1, wherein the calculating a dip-based correction comprises:
calculating a dip-based correction for the best fitting trace and the corresponding desired trace,
based upon half-offset, azimuth, arrival time, slowness, common midpoint coordinates, dip, and

dip direction.

[C8] The method of claim 7, wherein the calculating a dip-based correction for azimuth

- differences comprises applying the following equation:

(h")? . . '
Aty = —==|p|?sin(¢p — $a) sin(e, + g — 2pg),

(2] (%]

with

and
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where a and fi are user-defined weights, and
subscripts b and d denote best fitting and desired
traces, respectively. 1C7] The nethod of claim1,
wherein the cal cul ating a di p-based correction
conprises: calculating a di p-based correction for the
best fitting trace and the correspondi ng desired
trace, based upon hal f-offset,,azinuth, arrival tine,
sl owness, comon m dpoi nt coord@?(t s,. dip, and dip
direction. [C8] The mepphedosf'|c 7, wherein the
cal cul ating a di p-based corre tﬂp or azimuth
di fferences conprises applying the foll owi ng equation:
(W22 Ato =2tsin(Q - Od) sin(Cb + & - with where h
" is.the half-offset, t i's the arrival tinme, pis )
- Wherf dte %Pﬂ?ﬂﬁféetdi I5 Bt paivel gme. 1 19 slpwnesy s elip deesiigrr is source-
recéiVer AktitAd sEbREEE b RLS JRe/Rdbd: H8ReLEI BaSEl &é&&'r&gec@ﬂgly.
desired traces, respectively. [CI9] The net hod of
claim?7, wherein the cal culating a dip-based
OrfRCL.L fpr et dif: > I 1:S€ p e
e o0 o Aol 7T ontt, T PR KR TR RO R for ot
diffeyshces gprapresehapnlyng the folldvinpédueton:= b - d is the '
difference in half-offsets, t is the arrival tine, p.
is slowness, 8 is dip direction, is source-receiver
azi muth and subscript§h9”gnd:g denote best fitting and
desired traces, PMdéspectivelyl’casC{@) Tiw)met hod of
claim?7, wherein the calculating a dip-based
correction for common m dpoint |ocation differences

[ ¢ vihpa the fol.l qw equation; JAtcnip = . .
wh%%ﬁ?%l&%%lofgw?ig%t) AEI]_ a;h Ps ih 1FS) g') c’ﬁger rgcre %)18?—8 geltsomgl%esa}mbal time, p
is slosnelispd i dipcliredivn, Axis eoPcerexdicérnRimutk dad slbscrirss b BRd d denote best
fﬁdi%%ﬁ{ence in the x coordi nate between comon m dpoi nt
g e@ﬁ?}“ﬁ§5€§pﬂgvéﬁcn1 - ycicr" is the difference

in the y coordinate between common nidpoint |ocations
and_ subscripts. b and d denote best fitting and desired

' b
[C10} g smetheds ﬁé ety ol yvherqiethy catpgaiag polip-b¥sed carrention for common
midpbar Bedkioh Rgre &l Ul Al Ry apBiyeHdPmb gozﬁ)q'nfgoé'él{lﬁgotnl on '

conprises: calculating a di'p-bas correction for the
best fitting trace and the correspondi ng desired

trace, baseg upon I-f - of.f set zi mut arrcival tine,
vel ocity, cgﬁmun_hﬂaééWntEEQ%@&iﬁﬁggé,xaﬂﬁgp d dip
direction. [Cl21 The method of claim 11, wherein the
cal cul ating a di p-based correction for azinuth

wheile ff Br dowess,conprdis dgeapnl W Eheg™Pal L OW nO1ROUEEAR in the x
coordinate between common midpoint locations, Ay“™P =y, ™ — 3™ is the difference in the

y coordinate between common midpoint locations and subscripts b and d denote best fitting and

desired traces, respectively.

[C11] The method of claim 1, wherein the calculating a dip-based correction comprises:
calculating a dip-based correction for the best fitting trace and the corresponding desired trace,
based upon half-offset, azimuth, arrival time, velocity, common midpoint coordihates, dip, and

dip direction.
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21v2 . 2 Ato = --Sin (0) sin(4: h - d)5in(4) b + Chd -
20), v2 td where his half-offset, v is velocity of
the medium t is arrival time, wis dip angle, O is
source-receiver azimuth, 8 is dip direction and
subscripts b and d denote best fitting and desired
traces, respectively. [C13] The nethod of claim 11,
wherein the cal culating a di p-based correction for
of fset differences conprises applying the follow ng-
[ Ted ¢S
ICORR ool oF i T SR Mk ih ) L AR b for acimut
differencdssoingtifes eplgiat | th:e fhllowidg eguiatibie di f f erence in
hal f-offsets, i,uis dip angle, 0 is source-receiver
azimuth, and O is dip direction subscripts b and d

denote b t _fi tz2n des ed traces,, respect

[Cl4] T ﬁoﬁjp?%lrag{) b whres it (et ?é& ng
a dip- based correction for n1dp0|nt dlfferences
conprises applying the follow ng equation: Atcmp

whée N {stade-Jef%, B W&)ty Bf &%Qﬂéﬂﬁhﬂ(zﬁ% drrival tuné/\’fv])eig g é)VaHOise ¢ is source-

veI00|ty,'M/|s ip angle, AoccmP = xbcnP
receifies ainf it doin dép Girectioreand subwrigisriaand bémprdestdonmmmd desired traces,
Kﬂggﬁgg int locations, AycniP = ybcnP - ydcnP is the
erence in the y coordi nate between commobn n1dp0|nt
| ocations, 0 is dip direction and subscripts b and a'

te b st fdttin desj re traces, ectivel
(A0 B B D 1 SRS e R BRE Y alRBRE borketily for ofse

dlﬂaredcq@cbaﬁﬁd:s epilyiag thedblldwing mlﬂﬂ@ﬂl nt d| f ferences
conprlses applylng the foll owi ng equati on:

2 .
Aty, = e aAR'sin?(Y)cos? (g — 6),

where v is velocity of the medium, ¢ is arrival time, /4’ is half-offset, AR’ = h', — ', is the
difference in half-offsets, y is dip angle, ¢ is source-receiver azimuth, and 6 is dip direction

subscripts b and d denote best fitting and desired traces, respectively.

[C14] The method of claim 11, wherein the calculating a dip-based correction for midpoint

differences comprises applying the following equation:

Zsm(lp)
Atemp =

I(Axcmpcos(é)%—AycmPSUKH))

where v is velocity, v is dip angle, Ax™P = xgm P xfzmp is the difference in the x coordinate
between common midpoint locations, Ay™ =y, " — y; ¥ is the difference in the y
coordinate between common midpoint locations, € is dip direction and subscripts b and d denote

best fitting and desired traces, respectively.
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v2t 2 Atcdsin(0) rnpv2 td4d h'2 sin2(ip) cos2 (cpd

-(Ax' Pcos(0) + A ycnPsin(e)), where iv is dip anale, v

is velocity, t is arrival time, h' is half-offset, cp

is source-receiver C777.77 azimuth, AxcnP = xb - Cmp

Xds the difference in the x coordi nate between comon

~m dpoint locations, yciriP ybcni P yacnP is the

difference in the coordi nate between common mi dpoi nt
[ClLYlc dib apdhodgof; daigy bl dvheacn ithm caledeting5s diprhases gorepaidond for midpoint
dif@&&%?c&ﬁp’i{sesf dpbfyﬁr&gh@ﬂ)ﬂogﬁﬁ' eﬁ@;ﬁiotn.r aces, respectively. '

. 242
At gy = 200) \/”—tﬂ + h'2 sin?(y) cos2(¢py — 6) (AxCMPcos(e) +

Uztd 4
» AyCMPSin(Q)),

where v is dip angle, v is velocity, ¢ is arrival time, A’ is half-offset, ¢ 1s source-receiver

. _ .cmp cmp - . . . . . .
azimuth, Ax“™ = x," — x ;™ is the difference in the x coordinate between common midpoint

cmp . ,,Cmp cmp

Yo T Va

midpoint locations, ¢ is dip direction and subscripts b and d denote best fitting arid desired traces,

locations, Ay 1s the difference in the y coordinate between common

respectively.
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