DIP-BASED CORRECTIONS FOR DATA RECONSTRUCTION IN THREE-DIMENSIONAL
SURFACE-RELATED MULTIPLE PREDICTION CROSS-REFERENCES TO RELATED
APPLICATIONS  This application is a continuation-in-part (CIP) of US Patent Application Serial No,
12/657,412 filed on January 20, 2010, which is copending herewith. FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENTNot Applicable SEQUENCE LISTING, TABLE, OR COMPUTER
LISTINGNot Applicable BACKGROUND OE THE INVENTION I.Field of the Invention [0001]This
invention relates generally to the field of geophysical prospecting. More particularly, the invention
relates to the field of sDifacAskiedORRHOIEIPIES RO MArRECTRISMRIRUTYeys 1¥. Description of the
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knowledge of the subsurface structure of the earth, which is useful for finding and extracting valuable

mineral reseriSes.IaHRERTY: SYREaearDOrEAeRPBIS SHERRSLIl and natural gas. A well-known

technique of geophysical prospecting is a seismic survey. [0003]The resulting seismic data obtained in
performing a seismic survey is processed to %ield infoi, anon relating to the geologic structure and

properties of the SUBERBRSH olmASHEHAFR HerBelrdrauN dyed 2 K seisfidldata is
processed taradisplayidntoanatysis; apotentiahydsaephoinganientaf these subterranean formations.
The goal of seismic data processing is to extract from the seismic data as much information as
possible regarding the subterranean folinations in order to adequately image the geologic subsurface.
In order to [AEAERABEAIDIONS (PRIEARESISNSHIfARORNETE MRAMENETa probalility foiifimbling petroleum
accumulations, large sums of money are expended in gathering, processing, and interpreting se;smic
data The process of constructing1 the reflector surfaces defining the subterranean earth layers of

interest fromttRe FeCdrded 'dbism S BVidELRIATRR e DF NG earth in dePlet drmhirebne image of

the structure of the Earth's subsurface is produced in order to enable =In interpreter to select locations

with the greatest probability of havi%gA%&mg%%%ENﬂ ON
1. Field of the Invention

[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 of 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.

[0003] 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 formations
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



[0004] In a marine seismic survey, seismic energy sources are used to generate a 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) and recorded. [0005]The appropriate seismic sources for generating the
seismic sigplodassiayife weiseric: Supvels: ygisaly daeludenn sh merasthSeiS ik SO e IRWEd Ry a ship
and periodica})llxnactivat%d to generate an aCOl(JSIstic W?veﬁeld. The seismijc source generating the
wavefield i Typicany an airgurrora Spatiafly GrAriGtedaRes, B SrYtHs. 1bvEiEde appretide types
of seismic sésmsdysltypivaily iinchedénphitisibuelocitydensdis-¢kisawmribdbigtariasigenghpaeSrand
water pres ( ' roph ):mounted within a towed seismic streamer
(also know%%ggr%%ggﬁrﬁfc@a%bwgg%&gﬁé%z/r?%grg%ea%a%g gleﬁﬁ){%/eerglﬁyl% emse ‘easlr,l u gf%r%e
commonly SEpRIGEdh sEifsBrostsay wtsirthastheaiviecfooorTiatedtfioirefidetedhivavecraachibs the

seismic sengpis, shewrverantindies saIQpAgAteie.thR waleHaiLnterfacs.atthewatersiyface. from
which the V\Czﬁée is reflected downwardly, and is again detected by the sensors. The reflected wave

continues td ItOP&TATe BN EE B Yefte HEPULWRRHR AL AT B e areiehistrDy Berpreter

subterraneanstdeméation interfdcds Reflectedwiives tatiaflestraniethan.enceiare termed "multiples”

and are typy rea i articular category of noise comprises multiples that reflect at

least oncepFrzaoargﬁt eWfﬁ%%é#ﬁ‘a%%ﬁﬁ%%?@%%es’glgﬁ%Facg?Féi/a‘?garfﬁaI |6Ieuss.e T{(;]@O%% fee &iifidhtional

surface-relatgerhiviisleafes dictivad 8D DR Rprthpioetbatopatthatdlsuddde-setatethoaultipies in

seismic dagais@garelARaudacerelaied gyl slimination (AR SEMEL AR Slrves Jo genuate
multip

the surface-related multiples hy a prediction-subtraction process. The surface-relate es are first

predicted fSFRRRE SIS S AsHE RIRBcHHER thesHiediv iUt s els amddetkdiansity thvehisdidandc data

to leave a noistfatientsatedcsighialifpitahsiep fiethieRtReeSTEOMPESES sQRStEUGtRgya Miditipley
contributioqj S‘éﬂ%{@% gsgougﬁe-re?fia/er. trace, which invqlves the computation of the convolution of
pairs of traces Vel a epatial Ares A SEESHIF SEH CBiBRLEEETStructing a predicted multiple trace
which contd®¥9plimaliy enpitipieate ffectionspwhisHineiveststackingiaththeipadltiplencontribitigs traces
belonging t ceiver.t ' comprises subtracting t redicted multiple traces
from the ori%li%?a ig%g%?ggg%ﬁ%o%%%srﬁga '![{hqee%%%gegg%? E?ggfgt? Kga §%ps%nr a%%z?gfg\?zla ?’%Yﬁ%gs from
seismic daf&, $RIE Bnibivatioaraidgectne seires aneres gsaeificne deiveniotation, tephslistsiof
accumulating ghe sesuiss:piiconvelying tiaees fRiPairssover a surface area of possible linkage locations.
Typically, Iﬁﬁ&\ger t all ﬁ)airs of traces tg be convolved at all linkage locations are always readily
available from seismi LGSR THIS TR YHRE (Wier bamplidy Brdsisas aridyramsier
positions, e&pevially thethe: erogsfinendiyentionathatisinheseniin (aske Seisae: datayacsplisition using
towed stre rmore, practical limitati in positioning and nayigatign systems, as well as
wave curreﬁéﬁtﬁg{ﬁ{%% me%‘%é%%%ﬁﬁ%% rgécg%n%?gigr?&’%(%ﬂﬁcemégﬂﬁgcﬁgrg o, profisiCtivat $urces
and receivers &relpssitiondbeaatity. iverertheyaredesicet [0910]Severaimethodgsexighthabaim to
regularize dgta,inorder to reconstruct missing data These methods may be applied to generate data
for 3-D surface-related multiple prediction. These methods knoWn to the industry are based on NMO
(Normal MJB8BGY, ruriEsiies (ﬁ%‘ﬁé\}’é@ﬁtﬁaﬁh@ﬁ%@ BIRIC ANy ABS TGS KoWaBeR)oar ArgRAtion
operators. ihesevmehodsbave: i eammenshald)ewamigencrale newdatafremheacarired data
that are more similglr to tla%d sired trace:sf. [0011]Thus, a need exists for a method for data
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waves that reflect more than once are termed “multiples” and are typically treated as noise. A
particular category of noise comprises multiples that reflect at least once from the water surface
and are called surface-related mulﬁples.

[0008]  Three-dimensional surface-related multiple prediction (3D SRMP), a process to



surface-related multiple prediction. A best fitting trace in seismic data is determined for a desired trace
to be reconstructed. A dip-based correction is calculated per sample for differences in azimuth,
common midpoint coordinates, and offset between the best fitting trace and the desired trace. The
corrections are applied to the best fitting trace to reconstruct the desired trace for 3D surface-related
multiple prediction. BRIEF DESCRIPTION OF THE DRAWINGS [0013]The invention and its
advantages may be more easily understood by reference to the following detailed description and the

attached drawings, i which:; 1001 I . diagram of traces for data reconstruction for
3D surface-related multiple lr%gic%lgr%,gées%inﬁtisgﬁ rrqgt%:o %T %ﬁeﬁrﬁﬁﬂ?ﬁ%@oégfﬁé?@?sg éIﬁIgWi%art
illustrating SHBHEHN rﬁéﬂs o TvehtBi forta digtpitcdestrtesonisrdmd iples rsteustidintfon-3D

surface-relateg-mtittipje eesdictinn ;and JOOLEIF G183 1.3 flowshart Hlbsiiating another.embodiment of
the invention for a di -Bas%d ccgr ction for data reconstruction. for 3D surface-related multiple
BoR FRRIS e 1

) ( p
prediction. &h ISBRUGEET B i o BBt ARRALH il Pirefe RigeatiBbdisdents, it
will be undeistebd thérshetépveritisrisdest limitedsto theseuindhe eantpassdheoventiomis iptended
to cover all ati ificati ivalents that be included within the scope of the
invention; a%%?gﬁ' r?gggg)? I{%ggg’p%%esn %%Vgg?ﬁwqggﬁﬁxﬁéﬁnﬂgé% &qjla"ﬁo%%l\?lb?—}ﬂl%? TIGN
[0018]In getisi! fetinvRrigernis Bemedrde for aerdfortiag seishicdatalinte toisewattérumtetdata.

In particulap:the-inyvertianis amethas fanssismicdata faeenstrstion %ﬁlﬁﬁp‘%'épa%ﬁ&?ﬁn‘%&{ regtions for
surface-related multiple prediction schemes. The invention is used in the prediction phase ofa 3D

prediction-SUbtFEdHo H SH5 SOUE t St Ss SuffdE t TR tP PRt e i agiam bt e prbitess of
predicting 3Rsurface thelatednaiuliptes dsgm seismic data comprises accumulating the results of
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combination of a specific source and a specific receiver location, consists of accumulating the
results of convolving traces in pairs over a surface area of possible linkage locations. Typically,
however, not all pairs of traces to be convolved at all linkage locations are always readily
available from seismic data acquisition. This is due to the under-sampling of source and receiver
positions, especially in the cross-line direction, that is inherent in marine seismic data acquisition
using towed streamers. Furthermore, practical limitations in positioning and navigation systems,
as well as wave currents that cause feathering of the streamers and source configuration, prohibit
that sources and receivers are positioned exactly where they are desired.

[0010]  Several methods exist that aim to regularize data in order to reconstruct missing data.
These methods_ may be applied to generate data for 3-D surface-related multiple prediction.
These methods known to the industry are based on NMO (Normal Moveout), full DMO (Dip
Moveout) — Inverse DMO, AMO (Azimuth Moveout), or migration operators. These methods
have in common that they aim to generate new data from the acquired data that are more similar
to the desired traces.

[0011]  Thus, a need exists for a method for data reconstruction to generate desired traces
from the set of acquired traces, in order to achieve more accurate 3D surface-related multiple

prediction.

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 diagram of traces for data 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 11 Thefirgltrage-in aaehpajkoh Ganvolved daca s salled.2 sourse-side linkags ace14 and
has a source location at the selected source location 11 of the source-receiver trace 10 ancf as a

receiver loSSTBR AT SEISE R FRAEGE Fo iR dPSee Frsstion s ralcslaisdnen epaie i difeaces
receiver-side linkags, trapenbt aiidroas its Gaueesosaliasidithesarmerselpaied inkage 1ogatlion. 15 and
has a receigeesrillgggtiog tglcemsr%L %tgsdarr(ee%eiver I?c%iog 1t2f(%g. thet source-receiver trace 10. [0020]The
linkage locations 15 for all pairs of IS RIS iR B0e T c B B ARG PSSRSO ARSHTE trates 16
are distributetPdvar fiee selfaderatbnld Bregmtiodinkage 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 35 muttipie Rt tRIIARrHEE L AHAMAN @hsemble of these multiple
contribution traces (before accumulation) is referred to as a multiple contribution gather. The
accumulati q% he %fl:til%lfee r&ontribgtign atHact—;{s into thebpredicted surface related multiples comprises
a process commbnly ‘mown as Frasnet StACKRES THE e RO Sr ToVErdSETHINS SlrriTsnsre’ 12 of the
surface refledioriggointslas dnsoiporated (aftertadedmivtations) in thecprediction is commonly referred to
as the apemq ‘ﬂf th%ﬂl;egl&tlg &M%Eﬁhé}! zlﬂs 5%%0%@%09% %Q?éc'c%@ls%sug%%nsyprpggsgu% Seire ted
rectangular surface area 13 surrounding the midpoint 17 of the Source-receiver trace 10 10r the
specific sofpEERe Rfstriaantispiscietradol/beliseatam 2. The rectangular surface area 13 can be
parameterigggisy animiine directiondfanterassdnedieationd g Hewsveldhesurfageaea 13 of
the aperture does nof have to be a rectangular area or oriented in the inline 18 and cross-line
directions f@?rfﬁﬁ]é)’?sf?fo&aglﬁﬁ?ﬁﬁ‘ffﬁ%‘iﬁ?xf@riﬁ@eﬁﬁ@ﬁ?ﬂﬁ?ﬁ%?’é@t@lﬁ@’@%@?& Ehplicity of illustration.
[0022]HowEdRt Bhs diusSach dbouin thesBatkgrautidsentonnnat af pains ok traces iubereauvolved
at all linka ' always readily-available from marine seismic,data acquisition. The invention
isa metho%%%%)%(\cs?ﬁgrﬁaadr&%éefgg%%%ﬁf&%ﬁ% f’nulég%eé%]}%p- glsté%e 85?%0&?&5 to solve this problem.
The requird@linfoMaticherétacatan wid kecdbsgeblolinandreaiositiveh e prefeteimitediatents,
determineddyringehisdataotesnnsiieion: [90231R sanuentonal.anpioach s do fegonsiruct the desired

traces from the nearest traces in the acquired seismic data. The seismic data Is €xpressed as
(xcAlltycrh, B9 &0tfie dtaltireet deismriifinairne arsratrisdad tistoinde inabided suithiraMpP
(Conunon Misipointheefregsdhexdends positionsafthedasation mid-way between the source and
receiver locations for the trace and will be referred to as the CIMP coordinates. Here, x and y are
orthogonal coordinates in a processing grid, typically oriented so that x is in the inline direction and y is
in the cross-line direction of thBlE&ishicls ey RARFHIYHOM IBHFi @Ntatignican be user-defined. Azimuth,
0, 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, PI, is
defined as EH@%%@ distarrEbetitedrane Solsce amthescéiver tosktionniprstherindiladualtracssaArrival
time, t, is theidimeaneventisiacadedionithediasss [0024inthis methedathe desited tace, is

elected
as the best available trace that minimizes the difference between the best fitting (nearest) anoP%ne

desired traf® TS UMIESHERS CBY S RrSiG R e ST Bl e cdifarercasms e MPex et posinsasnoffset
Il, and aZinﬂb&fp&djeﬁmeﬁlmﬁb%M&E@fe@ﬁtﬂid@%ﬁﬁﬁaﬁ%&ﬁ@%@@éﬂ@&%r@@t@%ﬁfﬁ%@@@l@t@d%ﬁﬁmﬁé@ a
CAPCA/1F10 b+1 . - : .
I’ seismic data. The process of predicting 3D surface-related multiples from seismic data -
comprises accumulating the results of convolving pairs of traces over a surface area of possible
linkage locations for each combination of a selected source location and a selected receiver

location.



where a, fi and s are user-defined weights, and subscripts 13 and a' denote best fining 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 azimuth 0 is often not present in the set of acquired
traces. Conventional data acquisition often aims at a distribution of sources and receivers such that at
each CMP bin, which contains a small range of CMP x and y locations, and offset bin, which contains
a small range of offsets h, one trace is available. In this case, only one azimuth O is available for the
given CMP hin, and offset bin combination. However, the minimization of Equation (1) is not restricted

to a single BGPhin 316 okriseh Braczerrpidagm urmss Redat RoaemdamlacibisHsgedstries

aim at havingumsieepiaaiotne dkage iyatasbledasrstshiaveddn bimnaneaifsetpinHreatiomndn thase
cases, more thaq one trace is aé{aila le, actg with eirc?wn azimuth 0, for each CMP bin and offset
t 1 §atni Subits Lﬁ
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thereby ignaring azimuin0;> ThyR: favation (s anpliad asdle AIQUenet YISO Seismic dat
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 accﬁmulation) 1s referred to
as a multiple contribution gather. The accumulation of the multiple contribution traces into the
predicted éurface 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 rectangular 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 rectangular area 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 readily available from marine seismic data

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



h'b CYIP bYd + (2) without the final difference tenu in azimuth 0 [0027]After finding the best
fitting, or nearest, trace, a differential move-out is applied to this data tract 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 CMTP coordinates x and y, or for dip-dependent timing differences related to offset,
between the desired trace and the best fitting trace. [0028] The invention is a method to incorporate

dip-based corestignsideterminedantappigdRe taceand parsamels for agimuih, e'xgp gogrdinates,
e

and offset related differences between the desired trace and the best fitting trace in't ata

reconstructf6h MeHelrmEa s ve TR B TR Gerdeie TeoRHrCEBIrection.s are computed for

the desired[ang@3jest fitingvtiaceshaseshanitoeakeip inipimationiand-the eemegtionsatedhen gpplied
to the best fitting trace at each sample. The local dip information relates 1g.thg local geology and is
either pred£ grﬁ% %aﬁ%rsglesfreurcm%gj difﬁ%gs%hsén écpg]%%tff)ne%ﬂﬁqéetde@ﬁn@trucﬁon Lehdindhidist the

locally availahlerdatsi Becaiise the-csfections ane detainedanddhan anplied ReRGE M

sample, thed%?l%hqgeo; 5@1 invgsrg{onst()g omes Fﬁlom uéation%” very efficient. The method of the
invention is thus fundamentaily difarent Tron the dAta TegulRTySHoN & SPrEEIT Aasiadaratioes
Backgroundoseactact HednetHoek of fbreihvertiod sz edaatiapily difsbaseshdorreetionsodunidg data
reconstructiopBhat=Lifu aees el MWIRIBNTEAIHON o that x is in the inline direction and y is in

the cross-line direction of the seismic survey, although this orientation can be user-defined.

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, A, 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 4, and azimuth ¢ between the
nearest and desired traces, which can be expressed as

O =a|x " - xS

!*‘alybcMP”“ngP"‘"/Blhb _hd‘+5}¢b‘“¢d

, (1)

where o, [ and ¢ are user-defined weighits, 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 4, 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 y locations, and offset bin, which
contains a small range of offSets %, one 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



[0029]FIGS. 2-3 show flowcharts illustrating 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 ;llustrating a more detailed embodiment of
the invention [0030]FIG. 2 is a flowchart illustrating an embodiment of the invention for dip-based
correction for data reconstruction for 3D surface-related multiple prediction. [0031]At block 26, a best
fitting trace is determined for a desired trace to be reconstructed. [0032]At block 21, a dip-based

correction is_calcu a'égid . the differences in azimuth, CMP coordinates, offset between the best
fitting trace%lﬁlﬂ atﬁéo essallgrcéglt}rozggé?nl‘ﬁg (%?Sr%gﬁsoeﬁ ’ignc?g?gu%’tgﬂefé? Ceealc‘:o’ha\éaa{%%?ﬁ IFe %%ﬁ%%ﬁ%%&?fﬁb%]m
block 22, thezgtipibagetbrorcbdtigh Israpplietsts thedoestifitting. trace to reconstruct the desired trace for
3D surface- spggji multiple prediction. [0034]FIG. 3 is a flawchart illustrating.another embodjment of
the inventioL or ip-bl‘:iglléf(;S c%rrlﬁetlg |!£01rr11 éﬁl Ydeéiéorrle%égﬁ%ﬂaﬁfgti% of 305t %acce-lrse?ﬁflél URipte ptediction.
FIG. 3 is a risréitfetailed @ mbodirgrtbfthe ahdifforcodthaifhéhtiomdiscasdediwith refereheeltp the

flowchart in;F1G, 2,100381At biock 2Q..mating seismicAataisphiained ing,(XCMP)CAIP h, ,0

format, where the acquired seismic data is transformed to this format, if necessary. [0036]At block 31,
for each data sample from block 30, with CMP coordinates XCIvIP and IMP and time sample t, the

predominant dip in the x and y.directiong is detgrminedIhe dipg aonﬁﬁ) determined by any
appropriate method known in the" afFrT.er he‘aﬁ?rs CLTH Béj)ébete|T’n)(|4edE"rL %n-y propriate subsefdf the
total acquired data volume, such as, for example, from common offset volumes. These determinations
generate a dip-estimate volume. [0037]Dip is the slope between two adjacent traces in the gather of
the same séldimneligheninal 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 fitting 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-based corrections
during data reconstruction for 3-D surface-related multiple prediction:

[0028]  FIGS. 2-3 show flowcharts illustrating 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



The dip is measured as a ratio between a time difference and a. space difference (analogous to dt/dx).
The dip is typically decomposed into two components, 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 method of the invention is not restricted by a need to
estimate dips for each desired trace to be reconstructed. In an alternative embodiment, dip estimation
may be applied on a sparse arid where dip estimates for intermediate positions are obtained by

interpolating,digy stirﬁhesza%q il‘ﬁgvplﬂt esRar e arid. [00 %]In another alternative embodiment, a
finite numb& of gredomlhant d#os ma?y e est?%n%%%l for [grrﬁl)é/go é?ef%taﬁ"?ggé? ‘f%%%ﬁ‘tiﬁi& | "{éaésﬁ%ation

can be achrevesiisy sepdatatinepastfarsinn dip Tomptrrerng gicibmidtidie pstimtition using well-known
methods likgfk1frequenti. WavedmRes) anRadan:fiteriog car e YiliZing We KW rcred.

dip-decompasition methaods, such as slant-stack filtering. The final dip-based correction to be applied

will then bel83R&Ightetf SRkt mahinst sresHEidheor s Haaifie 6B iuTAL SIS RV for
exaMple a mediandiftennis @ppliedita:theidip-estinnatg velkime from plgeki3ate smpoth disgentinuities,
if desired. 'I;g'lgu%? i§ pgg{i}gnal. }L?ﬁg)grlllﬁ\et g{!lcc)gSI( 33, a set of traces to reconstruct is selected. This set of
traces comprises the Haces tha require reconstruction to obtain desired traces for 3-D surface-related
multiple prd@i@&ah. [odulrkBRbckadipfbresdclhnithentiaceslindetseboft tfates fromtblockB8ye best

fining trace from dheiseismic gigtg@}ggg_@&%%ﬁﬂgtﬁ@&{g@&'ln one embodiment, this best fitting
trace is determined bé%fplication Of Equation (2). However, this is not a restriction of the invention. In
r

another emt®9diMent AGrabs fr iR LeibmicerE SnaRThIste St detdhminentivat i civseasedthe

trace to be segensigiedautnaisnecessasiy b besh fttingwacauntit dienihsdinrRased.corggtion is
applied in block 36 below. [0043]At block 35, a dip-based correction is determined for the desired trace
b ym%% t?gg B S Ségﬂ%ﬂ?ﬁe&a?ﬁ%e ¥ ?bﬁﬁﬁ%réﬁﬁ%tf)e%?e@%‘r‘{fé%ﬁén

from block 33%4nd. The 1es
difference H8#aekn the best fitting trace from block 34 and that of the desired trace to be reconstructed

discussed. SOSiA. the oo e S I A Seiort fof edch tp A
sample. [00#4iimedrreiemb datimemynsfadipdiasebicOmection fereazimputh differences is detertined
[0036] At block 31, for each data sample from block 30, with CMP coordinates x“* and
M and time sample ¢, the predominant dip in the x and y directions is determined. The dips
can be determined by any appropriate method known in the art. The dips can be determined
from any appropriate subset of the total acquired data volume, such as, for example, from
common offset volumes. These determinations generate a dip-estimate volume.
[0037]  Dip is the slope between two adjacent traces in the gather of the same seismic event.
The dip is measured as a ratio between a time difference and a space difference (analogous to
dt/dx). The dip is typically decomposed into two components, 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 method of the invention is not restricted by a need to estimate dips for each
desired trace to be reconstructed. In an alternative embodiment, dip estimation may be applied
on a sparse grid where dip estimates for intermediate positions are obtained by interpolating dip
estimates acquired on the sparse gnd
[0039] In another alternative embodiment, a finite number of predominant dips may be

estimated for any data sample. This multiple dip estimation can be achieved by separating

different dip components prior to dip estimation using well-known methods like £k (frequency-



based. upon half-offset, arrival time, azimuth, slowness, CMP coordinates, dip and dip dire_ction._ln one
embodiment, the azimuth correction Ato used is given by: 45( 2 =h.;c) 173i2 sill(95bOd) Sln(Cht.I-
49),(3) At with magnitude of slowness p given by: 2\ 2 | dt Kdx.-dy and slowness_ directiqn pg given
by: dt po = cos-1(5) where h' is half-offset, t is the arrival time, p is slowness_, g5b is the a2|muth_ of the
best fitting trace, cpdis the azimuth Of the desired trace, dt/dx is the local dip along t_he x coordinate
and cit./ dy is the local dip along the y coordinate. [0045]In another embo_dimgnt, a dl_p-based
correction for offset. differ ces iisﬂdelermin?e?’d based upon half-offset, arrival time, azimuth, slowness,
the

dip and dip direct S SRS RN e et SRS O SRS AR HHORR BVHCR 2pARde78ebass2(0d -

p6)(6) slant-stack filtering. The final dip-based correction to be applied will then be a weighted sum of
the individual corrections for each dip.
[0040] At block 32, a filter, for example a median filter, is applied to the dip-estimate
volume from block 31 to smooth discontinuities, if desired. This step is optional.
[0041] At block 33, a set of traces to reconstruct is selected. This set of traces comprises the
traces that require reconstruction to obtain desired traces for 3-D surface-related multiple
prediction.
[0042] At block 34, for each of the traces in the set of traces from block 33, a best fitting
trace from the seismic data from block 30 is determined. In one embodiment, this best fitting
trace is determined by application of Equation (2). However, this is not a restriction of the
invention. In another embodiment, a trace from the seismic data from block 30 is determined
that is close to the trace to be reconstructed, but not necessarily a best fitting trace until after the
dip-based correction is applied in block 36 below.
[0043] At block 35, a dip-based correction is determined for the desired trace from block 33
and the best fitting trace from block 34. The dip-based correction represents the difference
between the best fitting trace from block 34 and that of the desired trace to be reconstructed from
block 33. The correction is applied to each time sample # in the best fitting trace from block 34.
As discussed above, the correction can be a weighted sum of corrections for each dip at the data
sample.
[0044] In one embodiment, a dip-based correction for azimuth differences is determined
based upon half-offset, arrival time, azimuth, slowness, CMP coordinates, dip and dip direction.

In one embodiment, the azimuth correction Aty used is given by:

Aty = ""Q% [p|?sin(¢y, — ¢g) sin(ey, + Py — 2pe), 3)

with magnitude of slowness p given by:

|pl= (%jz + (%]2 (4)




where h'd is the half-offset of the desired trace and Alt' rz.--- hid 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 &amp used is given by: Atcntp = ipi
(AxcmPcos(pa) + AycmPsin(pe))(7) with the CMP x coordinate difference Ax'given by:
AXCIWP%GMTCIVIP(8) and the CMP y coordinate difference Ay CNIPgiven by: Ay CMP =CMP Ycz
(9) [0047]In another embodiment, the dip-based correction used is determined from a combination of
the corrections for the individual differences between the best fitting trace and the desired trace.
[0048]At block<b8yithe diptasen goredtion from block 35 is applied to the best fitting trace from block
34 to reconstruct a corresponding desired trace for 3D surface-related multiple prediction. The
correction factor is applied per trace and per sample, after the selection of the best fitting trace. As a
result the method is computationally very efficient. 1 dy

X

P‘eV:COS— _L_PT . &)

where %' is half-offset, 7 is the arrival time, p is slowness, ¢, is the azimuth of the best fitting
trace, ¢g4is the 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:

2hjAR!
Aty = —4—Ipl*cos* (¢4 — ps) ©)

where hj; is the half-offset of the desired trace and AR = hy, — hy 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 Atgy,, used is given by:

Atemy = Ipl (829 cos(pg) + Ay™Psin(pg)) ()

with the CMP x coordinate difference Ax“MF given by:

‘A~CMP _ ..CMP CMP
Ax = Xy —Xg 0, (8)

and the CMP y coordinate difference Ay given by:
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[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 bmowledge 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 eqiinion could be applied to determine an azimuth correction Ato: 2h'2 Atco = -stn-
(1p)sin(cbb - Od)sin(chbct -29),(10) v2 td where If is half-offset, v is velocity of the medium, z'is arrival

time, y is dip angle, ri) is the SOUrcg; eeeiver azimuth 6 is dip direction. The subscripts h and d
refer to best fitting and desired traces, respetfively. [6050]In another embodiment, the foll %ing
equation could be applied to determine an offset correction Ath: Ath =v22td

21fd Lih'sin Gos2 (Qﬁ 'ag})%’érth&ﬁ%oqi = g}é/ -ﬂpé ddil%_l;g&% %iffggrergggoirp ha[é—oflgse gfelrimlgg)éli]rl g]maréothe_r
embodiment, the Tollowing equation could be applied to determine a chiB 102atiBR Correction Atcrnp:
Atemp = 2 §iﬁl(ql)lnA?@ﬁ1 p%&gsyqﬂ’sqﬁ@@»’fe[z:}xe individual differences between the best fitting trace and

the desired trace.

[0048] At block 36, the dip-based correction from block 35 is applied to the best fitting trace
from block 34 to reconstruct a corresponding desired trace for 3D surface-related multiple
prediction. The correction factor is applied per trace and per sample, after the selection of the
best fitting trace. As a result the method is computationally very efficient.

[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 Atqb:

2h” sinz(lp)sin(gbb'— ba)sin(py + ¢gq — 26), 10)

vztd

where A’ is half-offset, v is velocity of the medium, ¢ is arrival time, w is dip angle, ¢ is the
source-receiver azimuth, and ¢ is dip direction. The subscripts b and d refer to best fitting and

desired traces, respectively.

[0050] In ;mother embodiment, the following equation could be applied to determine an

offset correction Aty:

Ath -

2

th 2h gAR'sin* (W) cos?(py — 6), (1D

where AR = h'), — b’y is the difference in half-offsets.
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where AxnuP is the difference in the x coordinate between CMP locations and Aycm?) is the
difference in the y coordinate between (IMP locations. [0052]In another embodiment, the following
equation could be applied to determine a (IMP location correction Atonp: [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

convolution3§4q 11)1185%]?. The method f#ﬁ invention can he used to reconstruct the missing
traces for ez?%h pﬁhe two coﬁ%gﬁ?f%%e[ﬁ’otgz ﬁ%v?’r% N u"rl]%ﬁ%sc %nggs ed‘@B{}ggéH dHeREsE MEthod,
for illustrativecptippesasaialy Mutgan 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 appropr,_igtce ngomblﬁﬁﬂé}ﬁl {A@t\l\mr&gf@nplé?mm&g%s@g equipment, inclﬁ%i)ng, but
nd per tor

not be limited to, hardwarep(pro esdors! temporary a anent s é devices, and any’other
appropriate computer processing equipment), software (operating systems, application programs,

mathematics,program,ibraries,.and any other appropriate softwaérﬁ), connections (glrtlactrical, optical,
wireless, or Ot 1éerc‘\}/kvzfsge), 13?&%%?% e@?ﬁlgl(gﬁep}ﬁf %%%‘%%%%?Wgﬂbg UCRPHERAMAYdS, poifting
devices, andifermnpers tisptaydevicessueh 63Mbritoisand printers; computer readable storage

media such es;di rd dri 1y other.appropriate equipment). [0055]! other
embodimen%??ggﬁnvéﬁt%%ﬁggﬂ%%%ﬁg%%ﬁgﬁ% %\gﬁ[ eg uaet}[ﬁ%c{):) O(%is%ﬁgg%ﬂ i%ve%g’%%lgﬁiéﬁﬁgarried
out using a]ﬁFé@Pér?ﬁﬁéﬁPé’%%mér to perform the method. In another embodiment, the invention
could be implemented as a computer program stored in a computer readable medium, with the
program having logic operable to cause a programmable computer to perfolm the method described
above. in another embodimantthe Jm@ntio;} could be implemented a%a computer readable medium

with a computer éft@glﬂar‘ﬁ Stored oy the UL SUEh #12E theé prodtany bas fogie dftrable to cause a
programmable computer to perform the method described above. [0056]It should be understood that
the preceding is merely a detailed description of specific AyCMPgin(Q)), (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 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 (operating systems, application programs,
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).
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embodiments of this invention and that numerous changes, modifications, and alternatives to the
disclosed embodiments can be made in accordance with the disclosure here without departing from
the scope of the invention. The preceding description, therefore, is not meant to limit the scope of the
invention. Rather, the scope of the invention is to be determined only by the appended claims and their
equivalents. MCSUP CLAIMS IC11 A method for geophysical prospecting, comprising: disposing a
marine seismic streamer in a body of water; responsive to signals recorded at receivers in the marine
seismic SUreRNes cal ' Ismi es representin sical pressure wave fields traveling in the
body of water inc?den%%%%f%éﬁfg&é%rﬁgcﬁxa é??r?ggﬁgéres%’lﬁ)%@%@ @c@ﬁ%ﬁ@gtﬂ?ﬁ?ﬁaf&/
transformingiP& sersific hicsariis proussne constareted désirethirace soreprsen ting REEsSUrel
waveficlds agdhey gygégg@gg@%éf_ Még@(m 9&58%@%%%%&94&895 rg%%lvelr%e;rpl[g re u'%:?é (E)%srgo_ned
sources, the transformi omprising: determining a best fitting trace in'the sefsmic data for a tasired
trace to be Fgén%ug?Fffﬁegc%O%aﬁﬁciéng‘?ﬁ’ﬁha%ﬁ“rﬁiﬂg@é?rééﬂ% foLthereziviatty diffsrencedigetweehlthe
best fitting traceendttheedesirebdracepapplying:theazimuth-coiectiondaithe best fittingiraceto

reconstruct ghe dasired trace for 3D surface-related multiple prediction; and recording the desired .
traces. [C2] T?ﬁlgﬁmethod o% 8I§?% T eeargea??l{?r%egﬁf%l‘gfﬁﬁ gﬂ%ﬁﬂ?%ﬂfﬁﬁl B s RedEpplying

the followingUeliltiothe Prepn ihan ksigi (0persbl)fw2iuse a mwierennisetonifyef the faesismydi is a
first traveltimeida abzibsdSiifset 25difference for first offset fat and second offset h2, 0 is dip angle,

ct./, is afirs e- receiver azimuth, and 0 is dip direction. :
E()Sf%gf Et should be understood that the preceding is merely a detailed description of specific

embodiments of this invention and that numerous changes, modifications, and alternatives to the
disclosed embodiments can be made in accordance with the disclosure here without departing
from the scope of the invention. The preceding description, therefore, is not meant to limit the

scope of the invention. Rather, the scope of the invention is to be determined only by the

appended claims and their equivalents.
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[C3] The method of claim 1, wherein the calculating an azimuth correction comprises applying the
following equation: MCSLLP 0/72 = Atsn ) sn(//z2)cos(y2 - 20), 4- Viv21/i2w)i M(‘f\éleLrs h is offset, v
is velocity of the medium, t/ is a first traveltime, 0 is dip angle, yz2 is a second source-receiver
azimuth, and 0 is dip direction. 5[C4] The method of claim 1, wherein the calculating an azimuth
correction comprises: calculating an azimuth correction for the best fitting trace and the corresponding
desired trace, based upon half-offset, arrival time, slowness, dip, and dip direction. 10[C51 The
method of claim 4, wherein the calculating an azifilthi®B¥rection comprises applying the following
equation: (h,)2 0(h,sIn(Chbt, -j sin( (Ob Od 2/0,

[C1] A method for geophysical prospecting, comprising:

disposing a marine seismic streamer in a body of water;

5 responsive to signals recorded at receivers in the marine seismic streamer,
calculating seismic traces representing physical pressure wavefields
traveling in the body of water incident on the receivers;

correcting for irregular source and receiver positioning by transforming the
seismic traces to produce reconstructed desired traces representing
10 pressure wavefields as they would appear if incident on regularly
positioned receivers from regularly positioned sources, the transforming
comprising:
determining a best fitting trace in the seismic data for a desired trace to
be reconstructed;
15 calculating an azimuth correction for the azimuth difference between the
best fitting trace and the desired trace;
applying the azimuth correction to the best fitting trace to reconstruct the
desired trace for 3D surface-related multiple prediction; and
recording the desired traces.
20
[C2] The method of claim 1, wherein the calculating an azimuth correction comprises
applying the following equation:
At, = -~52—2hlAh sin*(¢)cos”(w, - 0),

1

where v is velocity of the medium, #; is a first traveltime, Ah=h, —h, is offset
25 difference for first offset /; and second offset /,, ¢ is dip angle, w, is a first source-

receiver azimuth, and @ is dip direction.

[C3] The method of claim 1, wherein the calculating an azimuth correction comprises

applying the following equation:
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with (dt(dt2 +-d\dxy) 15and where h, is the half-offset, t is the arrival time, p is slowness, 01, and
0 are best fit azimuth and desired azimuth, respectively, and 0 is dip direction. 20{€61|.Fhe method of
claim 1, wherein the determining a best fitting trace further comprises: obtaining seismic data in a
(xemllyeAlr,h, 0,t) format; determining a predominant dip in x and y directions for CMP
coordinates f' 25and y-cmp and arrival time / in each trace in the seismic data; MCSLIP applying a
filter to the dips to smooth discontinuities; selecting a set of desired traces to reconstruct; and

2
At = %—f-’?sinz(qﬁ)sin(l//z)cos(t//2 ~20),

i

where £ is offset, v is velocity of the medium, ¢, is a first traveltime, ¢ is dip

angle, y, is a second source-receiver azimuth, and @ is dip direction.

5 |C4] The method of claim 1, wherein the calculating an azimuth correction
comprises:
calculating an azimuth correction for the best fitting trace and the corresponding

desired trace, based upon half-offset, arrival time, slowness, dip, and dip direction.

10 [CS] The method of claim 4, wherein the calculating an azimuth correction comprises

applying the following equation:

(

Do = %}pﬂsin(@ -, )Sin(¢1) 0, - 21’0)»
= (2] (4]
PEyla) "l

dt
p,=cos” ______/dx
||

with

15 and

b4

where h; is the half-offset, ¢ is the arrival time, p is slowness, ¢, and ¢, are best fit

azimuth and desired azimuth, respectively, and € is dip direction.

20
[C6] The method of claim 1, wherein the determining a best fitting trace further
comprises:
obtaining seismic data in a (xCMP VM, ¢,t) format;
determining a predominant dip in x and y directions for CMP coordinates x“*"
25 and y“™" and arrival time ¢ in each trace in the seismic data;
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determining a best fitting trace from the seismic data for each desired trace in the selected set of
traces. 5 [C7] The method of claim 6, wherein the applied tiller is a median filter. 1C81 The method
of claim 6, wherein the determining a best fitting trace comprises minimizing a diffefdhced 6Fin a
weighted sum of differences in CMP x and y positions 10:CC and y offset h, and a_lz_lmuth 0 between
the best fitting and desired traces. [C9] The method of claim 8, wherein the minim|2|r_19 a difference 0
comprises applying the following equation: where a, 13 and r, are user-defined weights, and _
subscripts 1) and d denbtapedilfittitythndigesired dracessoegpedtively. 201001 The method of claim 8,

wherein the minimiz r rlses the following equation: 25where a and /3
are user-defined Wel% tgt%gg §el?§)s?c%§ts nd 8Deno(ingf)es Itlérig and desired traces, respectively.

determining a best ﬁttmg trace from the seismic data for each desired trace in the

selected set of traces.
[C7] The method of claim 6, wherein the applied filter is a median filter.

[C8] The method of claim 6, wherein the determining a best fitting trace comprises
minimizing a difference @ in a weighted sum of differences in CMP x and ¥ positions

CMP

10 x“" and y ", offset 4, and azimuth ¢ between the best fitting and desired traces.

[C9] The method of claim 8, wherein the minimizing a difference @ comprises

applying the following equation:

s D = olx CMP CMP|+a|yCMP CMP}_'_ﬂV/l —h i”"gl@ ¢d

where a, 8 and ¢ are user-defined weights, and subscripts 4 and d denote best fitting and

desired traces, respectively.

20 [C10] The method of claim 8, wherein the minimizing a difference @ comprises

applying the following equation:

d = alx CMP CMP‘_}_a)yCMP CMP 1)

25 where a and f are user-defined weights, and subscripts » and d denote best fitting and

desired traces, respectively.
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