WO 01/ 063323 PCT/ EPOL/ 02154 PROCESSI NG SEI SM C DATA The present invention
relates to a nmethod of processing seismc data to obtain a processed

sei sm c wetiogskunme. The seismc data is a quantity, for pexappl/e154 he
magni tude of the seismc anplitude, assigned to 5 voxels in a seismc data
vol une that represents the pre- determ ned volume of the earth. A voxel is
a small volune elenent - the three-dinensional equivalent of a pixel. The
seismc data is assigned to tBBOCESSIHGOBELRMICOPATA The vol ume of the
earth is a block having co-ordinate 10 axes x, y and z, wherein x and y
are the co-ordinate axes in a horizontal plane and z is the co-ordinate
axis in the verfrheaprdseatt iakenzibai pglpeskt tveawntbhbdcogasi ng dept h.
The seismic data volune is a blgegﬁmnth he.same co- ordlnate axes x and y

in a hori zonPAPCBFEA8JasSeLRBiEs t@éptﬁ PEOGETEFY §PAEELEei sni ¢

anpl i tude isdatgacobdadeas Tacl WBeEMOB Ghthi AR, aWgueRteaR, bEokebabha@ito
depth when the seism c velocities of the |ayers through mhlch the seismc
ener gy travefF8eafgIRA&HAS Pﬁetbﬁrﬁﬁéémlccémﬁﬁa H8€e 3xPdIP89eiPher tine t

or depth z. Lpxthe 20 speeiikhgat banaandithe ehainsepeevehksr eher p@-z only,
unl ess otherw se specified., For the purpose_of the present |nvent|on it is

not reIevan?eﬁﬁé@ﬁéﬁdtW@l§@@sﬁ¢ctéﬁe?§9ths éeﬁéﬁﬁﬂeéslﬁ erelluradrgcound

by means of geLgah¢ aC%h%l%mmegtdwﬁ@hggenbﬁeeéﬁl%%u%ﬂkco%ngr9xxb§ man- nade
and reflected by an under- ground reflector, which is an interface between

two under gr 8BAdSPAPELS. dAGRedEr 2SPAINRE $petihei cslitsr @ WPl vorefer to

man- made sei sm crgge gxumzh%f”%haoeaethtag Br 8380k hayenLi e-8pRhhesct 0 any
30 seismc data two-di nensional section or three- or four- dinensional

vol Uk, in whikeH gei ymeadr &1 beireas &f NG (12063328 PCTPEPORAGR1SZESS?
I nterest app?ﬁ: ag, Rl §eow.se ggﬁg'ahhy >CQlerent A, GonLiaUqYS sWayef or ms.

The nmethod o Re present in
the vertical direction, z being positive with increasing

depth. The seismic data volume is a block with the same
co-ordinate axes x and y in a horizontal plane as the

15 volume of earth. However, since seismic amplitude is
recorded as a function of time, which can be related to
depth when the seismic velocities of the layers through
which the seismic energy travels are known, the vertical
co-ordinate axis is either time t or depth z. In the

20 specification and the claims we will refer to z only,
unless otherwise specified.

For the purpose of the present invention it is not
relevant whether the seismic energy is generated in the
underground by means of seismic activity, or whether the

25 seismic energy is man-made and reflected by an under-
ground reflector, which is an interface between two
underground layers. However,\in the specification we will
refer to man-made seismic enérgy.

The method of the present invention applies to any

30 seismic data two-dimensional section or three- or four-

dimensional volume, in which seismic reflections of



applies to both pre-stack and post-stack seismc data, such as shot

gat hers, receiver gathers, etcetera, and to 5 seismc inages of any of the
gat hers ewproa®esd3 both in time or in depth. The seism c aar&Ponoxise vol une
can be presented as a seismic inmage in Zany ways. For exanple it can be
presented in a vertical slice, wherein the t-axis (or the 10 z-axis) lies

in the planeigfcdeawi Afpedt hB BibEEWZOOt SbatshiL-coherehd bhe plane of
drawing is parallel to the x-y plane. The horizontal slice can be a tine

slice or a GepEhrePHEevaREATIRe TRAEBSHAVE BRehhRonvePeRE $BVelEHPAS.

Al ternativel yppheesetsnbetdapaeVotHoR §30 PEsidSsehsp! 3¥yesnpP @avBpitor, and
conputer prograns are available to allow the user to study details of the

sei sni c dat aSvepunt. SBefsHrERPREgesCPRAYCANIREPBEE anttERF@TRn #AE BPudy of

under ground é@igai&OEaagagdoknaﬁgréfCﬂh@rgaﬂhébg 8kpe¥s9ta BQcHndgr ground
formations that contain hydrocarbons. In particular in the latter field it
is of great F#pereanéd deptBe able to identify structural and stratigraphic

features in ordepptosgnafhe hocdelgcind abbiSme WLEMHAT Srediscoqtiuities in
the reflectors. 25 Therefore there is a great interest in techniques that

al | ow noi se sedlsoifohamand preservavaph- ofofagkesplenitpaprikalar there is
gr eat 'ntereﬁieég?ﬁﬁﬁeﬁﬂanQ8r£EQS ?g#?&? %Hgkégﬁ'?ég.ﬁgggygt(BPeth

characteristics o e undergroun ect ors. i s an obj ect of the
preséft inveatampns)olseppresshe(phenhepéndyavibnge Ph itheaskpshkentahge

wi thout affectin .[LU r | nf i in.the_|i e ructural
i nformati on %%l%%htgﬁﬁggaﬁngﬁﬁeséaégeg%g?%éggﬁbiﬁgtﬁgkg?gﬁ%tgg %@%01/063323
PCT/ EP01/ 02154y Blafte.t Rhse enditbetakt bbdcef cpnobessi hiynsesshte data to

obtain a progessed selam ¢rdat e Yol Ui 2REPL DGt BohPELRRORGNT [ Nvention
conprises the“8teps &f"
depths. Alternatively the seismic data volume can be

15 displayed on a monitor, and computer programs are
available to allow the user to study details of the
seismic data volume.

Seismic images play an important role in the study of
underground formations, and in particular in the study of

20 underground formations that contain hydrocarbons. In
particular in the latter field it is of gfeat importance
to be able to identify structural and stratigraphic
features in order to enable to detect faults, which are
discontinuities in the reflectors.

25 Therefore there is a great interest in techniques
that allow noise reduction and preservation of faults, in
particular there is great interest in a technique that
allows taking into account the characteristics of the
underground reflectors.

30 It is an object of the present invention to suppress
(incoherent) noise in the seismic image without affecting
the structural information in the image. The structural
information is contained in the reflectors and in the

faults.



a) obtaining seismc data covering the pre-determned 5 volune of the
earth, which seismc data consists of a quantity assigned to a voxel in a
sei sm c dwDa1wed3edre that represents the pre-determ ned vecCumPoob2ishe
earth; b) deternmining for each voxel Tm3the seisnic data volune the |ocal
orientation of the seismc data, which local 10 orientation is the
orientation of arplanes temgerhetRethed SPiEHHEsaing i felhatc vaxed ;t€)
determ ning for each voxel whether there is an edge in its nei ghbourhood,
and d) carry?RigPHutd PEPOBTRENGS DPFREE | YH- DV SHERE VIXEPT Y 180 t Hee sei smi ¢

dat a voIune,pﬂgggﬁﬁrﬁﬁ@@hgiéﬁc&bﬁprpgegh@hesgw@ﬁgi@g;operation is the | ocal
orientation of the data and wherein the snoothing operati on does _not go

over the edye, IDRER 3LHFBLEsITR G NG aEhe vioFenesFermHieh the

quantsty assignese tor eqed yaxeh, i phibe oaessegadataordiyesluse 4s the
result obtained by carrying out the snoothing operation in that voxel in

the seism c @AREiLYH agelotadt he AeVAeRl akeo? dFRESHEHCt ARt PreEWe i nvent i on,

the reflectofs: arg, PLESStyerhbypHsing:&dihd@rvihahei £2Bn0régptied al ong
the reflectors, and the faults are preserved by edge preservation. In the

speci fication) artpriernieieyafes eaeh expiebsionthe reebvmhe dyentvolume be
used 10 felefod O o2l S Enr BYEOh. o PUCKL ASe Al | BELOT  iiLELOS R Sei S

reflection 3 I nterest. e Wwor edge’'. Is used to refe
di scbdti nui tyrientasedsnis tkel ecitomtite ¢hvenplanewihgao be descri bed

by way of ex o re.d Ll _w . th reference to the acconpanyi ng
dr awi ngs, mh%gg%ﬁl%5g1$%u$% gﬁgﬁoﬁﬁkéghenatically a three-di nensi onal WO

01/ 063323 PCIY ERM4t @21bding feri satlt detal vwheker Filgere 2sshowsdge

SgrﬁggFlcalIynaiggrﬁéfgﬂbghkﬁgogg Qg&t of a three-di mensi onal seismc data

d) carrying out a smoothing operation on each voxel in
15 the seismic data volume, wherein the direction of the
smoothing operation is the local orientation of the data
and wherein the smoothing operation does not go over the
edge, to obtain a processed seismic data volume in which
the quantity assigned to each voxel in the processed data
20 volume is the result obtained by carrying out the
smoothing operation in that voxel in the seismic data
volume.
In the method according to the present invention, the
reflectors are preserved by using a filter that is
25 oriented along the reflectors, and the faults are
preserved by edge preservation.
In the specification and in the claims the expression
‘relevant event’ will be used to refer to a seismic
event, such as a reflector, which is a seismic reflection
30 of interest. The word ‘edge’ is used to refer to a
discontinuity in a seismic reflection.
The invention will now be described by way of example
in more detail with reference to the accompanying
drawings, wherein

35 Figure 1 shows schematically a three-dimensional



Figure 3 shows a top view of a platelet used in 5 applying an
edge-preserving filter; Figure 4 shows a section through an artificial

sei sm c dwDa1wedsedre; Figures 5a and 5b show applicati on ofPCarEpedeps4
preserving filter and a structurally oriénted filter to 10 the artificial
seismc data of Figure 4; and Figure 6 shows the result of applying the

nmet hod of téeipresedtd nNvenim®N to the data of Figure 4. The first step of
the nethod of the present invention | %)fiai ning the seismc dgta covering

S
the pre-deterni netUa% 4 GIRAES oF CRERR BEFRHLY vihi ST ki BLHEE LT RRT st s of

a quantity, &oraex@red-eqihen dPandl ugdei ohi & h@asei v @ne Anpl i tude, assigned
to the centres of voxels in a seismc data_volunme that represents the

pre-deterni ned vBiaEe of Shows eartPP vEeRPerami el sadesed Frgure 1

showifig scheggti ¢abd va cddtesr-Ligpashgnalieel smc data volunme 1, wherein
the dashed lines 2, 3, 4,75, 6 and 7 represent the faces of _the voxels 8
in the seismc dBtgus®ldnghavws pyrsepeleakehrgtol|an iagtbhi§idhe voxel 8 has

been schematigally.shown. v@budde seismc anplitude can be thought of a
guantity assigned to each of the centres of each of the voxels 8. The

next three stepsFbfurére hetdwdl Zecope ngPrblenelon exeraniedention will be
di scussed W%P é&i@{ﬁﬁg@-iger HAre 2 Ebeafa%{%ﬂ@n@eaeﬂwé!c ghice of a
at U 17 ke t h

seismc 30 a vo e one shown in gure 1. The voxels are
arrah@ged in tohéuansifidgidll, s¢Psmi@, dana @46, Figueedd; 19ndand the rows are

referred to with.r enc i hdicat , 4 d 26,
such that each E%iééfé ang%%w$$%§rg%s%gt b%énaeﬁlsy%?gt%eS é%%g e?jg (i,]).
The voxel s (iBe22¥esédd, 23yentilen 24y, tMO 011 963B2BLIRCI¢ HPO1/ 02154 - 5

(12,20 (1%, 2818, 20 05, ) o 100308 (A0 20 pep o
t he ot her vokel sbtaining the seismic data covering the pre-determined

15 volume of the earth, which seismic data consists of a
quantity, for example the magnitude of the seismic
amplitude, assigned to the centres of voxels in a seismic
data volume that represents the pre-determined volume of
the earth.

20 Reference is made to Figure 1 showing schematically a
three-dimensional seismic data volume 1, wherein the
dashed lines 2, 3, 4, 5, 6 and 7 represent the faces of
the voxels 8 in the seismic data volume 1. For the sake
of clarity only one voxel 8 has been schematically shown.

25 The seismic amplitude can be thought of a quantity
assigned to each of the centres of each of the voxels 8.

The next three steps of the method according to the
present invention will be discussed with reference to
Figure 2. Figure 2 shows a vertical slice of a seismic

30 data volume like the one shgwp in Figure 1. The voxels
are arranged in columns 10, 11, 12, 13, 14, 15, 16 and
17, and the rows are referred to with reference
indicator 20, 21, 22, 23, 24, 25, 26 and 26, such that
each voxel can be referred to by means of two

35 numbers (i,j). The voxels (10,22), (11,23), (12,24),



Figure 2. The shaded voxels represent a relevant event. 5 At first, the

| ocal orientation of the seismc data is determned for each voxel in the

sei sm c daDa1wedsedre, wherein which |ocal orientation is tPhg/EPi/ensati on of

a plane tangent to the seisnmic data immndhat voxel. The local orientation

of the seismc data is the orientation 10 tangent to the plane with

mni mal anpl (t3idey var et ions,. (ihed)gcalinrdsnt atieresf dde @ei,98)c data in

a voxel is for exanple determ ned jn the follow.n vvary The f st, step
ag%ﬂ 9 ”é? 2%

conpri ses t @Ry RSP rifatad - derpEirdt@Itdatveér th nd y-z)

passing thr oy dhey we\ihesﬂwa@élsseecq% &R KO gYHeSe Sy SR8 i ng in the
two nmutually perpendicul ar verti cal pI anes the shifts axz (in the x-z

pl ane) and #HEEYEH 3 helhe Adak) Vel smisra it s m9laviaF &FVSHe data in
a skeyi ng senbl gcer iy ndownannd (18 el s Jaanmﬂee@@l@nH@%@aw dth M

is 20 naxinmized, wherein the pair of shifts (axz, ayz) defines the |ocal
ori entation iof d@i@elﬁ@t%d EQhagachoxErxe THe siha | sdismi oidatife %diWif ¢ dat a

can be detergned enlrcmam rwrlt&&actrﬂﬁ? iCéJVEkF‘é Al ke e Senpl ance.
The senbl ance in trhe x-z plane is calculated by means of 25 the follow ng

equat i on +rp3=lane( qarEfQIXthCy e 1z isic data in tthah ainkalhe Benbl ance  Sxz
(x, y, z= a) T eniat Mot ?>f ft{h et s %/J[Hié'-adém )id FHL ISFMBdihditn V-2
planelscalc %t ec y nmeans o folTowmng +n +m{ Z
FIX, MO, Z+] -I-‘tathgﬂI}Q t@=the telaneqguith ominigyed xanpldtayde fasdmivons .
Y-(T[x, y+, Z+J+Qf édfocaizgfkéﬁﬁggion of the seismic data in a voxel
is for example determined in the following way. The first
step comprises taking two mutually perpendicular vertical
planes (x-z and y-z) passing through the voxel. The
15 second step comprises determining in the two mutually
perpendicular vertical planes the shifts ay, (in the x-z
plane) and ayy (in the y-z plane) for which the
similarity of the data in a skewing semblance window
around the voxel having length N and a width M is
20 maximized, wherein the pair of shifts (axz,ayz) defines
the local orientation of the data in that voxel.
The similarity of the seismic data can be determined
by determining the cross-correlation or the semblance.

The semblance in the x-z plane is calculated by means of

25 the following equation:

S e wi,yz 4 j v ail m])?

Skz@a%zuﬂ-'j_zzzz—m , and the semblance
My Z(ﬂy+L%z+]+m/mD
i=—n j=—m

in the y-z plane 1s calculated by means of the following

S izt jrai Iy

equation: Syz(x,y,za)= J_:Zl_iz 2
MY S(flx,y+iz+j+ailm)
i=—n j=—m

In the above equations, S(x,y,z:a) is the semblance

30 coefficient at a voxel having coordinates (X,Y,Z);



In the above equations, S(x,y,z:a) is the senblance 30 coefficient at a
voxel having coordinates (x,y,z); WO 01/063323 PCT/ EP01/ 02154 - 6
n=(N-1) / 2vON1fea320dd i nteger) being the length of the semrbraresousndow,
m=(M1)/2, M (an odd integer) being the é6wdth of the senbl ance w ndow,

whi ch equal s the nunber of traces or channels, Mis also called the I ength
of the 5 senblance) ppobg; (ani Sadhensbgdt) bé\iﬁ?etﬁ)@eﬂehﬁﬁﬁrcy@thé'A, A); and
f[x,y,z] is the quantity assigned to the voxel of which the centre has the
co- or di nat ess¢mbiange wynday: o= ahbl e, ¥héaeqoadi YRLEERT BXring: Bhewi | |

be witten opf fQro¥0XEL (d3pZMNcOfwEh@YNE whitheedfayYar ROl Luibbasobeen
omtted because It Is an exanple in whi ch y is constant). Furthernore we

assune that WapesNorichapnelsy Mfig3aise4aplled rhe]lengbhegfiafheo 3. Then
Sxz(13, 24; a) = iz 1 L e, i 1 2% Rl ofedl 14tdlyal (=1

j =-1 For the"Va %J%gbgf E'l"%:ﬁﬂejeshlgf tgsat:ﬁ% 1%1:}% gnd%grlt?%i gﬁai v%as: Ea{

Ef [ 13+ , 24+ j~AiA}2 srd £18,24z11}s=the quartitylassimned e they

S(f[ 13+, 24+ j-i1) 2 =x1 j=x1 { +. . , 23 2 f12,25 +
(115,90 & aarbspL 008 Fpichoheloptndinds (9,00 0=0indits 2 V0P
213,23 + f 214, 2By+why202, 25amplie21B8h@4equit Pan, PRr+S§, 2422 28) +wilP13, 25 +
f 214,24 } 1 { Y-f[13+, 24+ j] z,{13,24: Q) m:j=21 b= ichis 32
>(f[ 13+, 24+b?]‘5’51{5£-e% 10121-% %fjt‘f ﬁx% ii.%f ?L%?lzg%fﬂ?ﬁé)ézx%h £12,24 +
ff13124 + Ady24iaBle {f hads2beenf dB]iRBed Pdc@Bye2it is an example in

which y is constant). Furthermore we assume that M and N

1 1 : 2
> { 2f113+4,24+ j +ai/ T}
j=—

are equal to 3. Then sza3g4ﬂg==J=I .

35 Y (f[13+i24+ j+ai/1])>
j=21 joi

For the values of the shift a= -1, 0 and +1 this gives:

é { éf[13+i,24+j —ip2

Sz (132451 = L= ’=1‘1 , which is
3% S(fII3+i24+ j—i])>
=1 j=]

2 2 2
{f12,24 *+ f1323 + f1a22}" +{f12.25 + f1324 + 1423} +{f1226 + [1325 + F14,24}
30721224 + £21323 + £214.22 + £212.25 + £213.24 + £21423 + £212,26 + £21325 + f21424}

15

11
3 £ RfT13+,24+ 12
Sz (13,24;0) = J=1“ ’T
3y .2(1]’[13+i,24+j])2

i=1j=—

, which is

2 2 2
{f12.23 + f1323 + f14,23}" +{f12,24 + f1324 + f1424}" +{f12.25 + F1325 + [14.25}
30721223 + £21323 + £214.23 + £ 212,24 + £ 213,24 + £214.24 + £212.25 + £21325 + £ 214,25}

1 1 o
z { Zf[13+i,24+j +i]}2
Sxz(13,24;+1) = J =-1- o=

33 %(f[13+z‘,24+j+i])2
i==1 j=-]

, which is




31f 212,23 + f 213,23 + f 214,23 + f 212,24 + f 213,24 + f 214,24 + f
212,25 + f 213,25 + f 214,25} 1 1 E {. Ef[13+i,24+ ] +i]}2 Sxz(13, 24;

+1) = J=1IwpD 01/0d3323 which is 3 Z y(f[13+i,24+ j+i])2 i=-1 PETEPNIHNO3I4 063323
PCT/ EP01/ 02154 7 {f12,22 + f13,23 + A4724) 2 + {f12,23 + f13,24 + A4, 25)
2 + {f12,24 + 13,25 + A4,26) 2 31f 212,22 + f 213,23 + f 214,24 + f 212,23
+ f 213,24 +.f 214,25 + f 2532, 34 + f I n_thesequations
fli,jl i SRk Edi3 F14p4% oF ViRt A i A,

equat i ons¢r2Ther ¥alugsaxz?isgstihens, tﬁef%ﬁ,lzua p’-fmtzhe f§m i4t+ 2 139@@9‘8!14126}9 to 5
max{ Sxz( 13, 24; -1), SxZ( 13, 24; 0) SfolS 24;+1)}. From_ witten out equations,
it can be seen t tt?%eegéﬁ%Faﬂée ﬂnhhoﬁfl%e%k%ﬁfﬁgbﬁﬁfh Hli¥Perent val ues
of the shiftsRerdBhStREOCEHYER bs then,fepeal edufobgaghonoxel, to obtain
for each voxel the pair of Shifts (axz,ayz) for 10 which the S|nllar|t|es
are maxinized. THeepeRiuefashii6stianzthyaliee ephi e héft Ral
orientation Qérﬁg§n§§§sgbc data. The local orientation of the seismc data

isin general parallel to the orientation of a relevant event. 1In the

t wo- dPnensi onak { BepfbdedtarlonSkhéldrient bt $on (18, ¢bnsists BFomhe dip,
however, in I gERS orje ti,on t i u zi mut h.
The di p and %ﬁigggglnuthbgaét%gﬁgbt%}ngéﬁf$§n$%gé EE%F gt ggﬁbig?a%z ayz)
for which theisdavl asi skewinpewhhRi di zedreThevadnest ab §h@p§hbftthe met hod
according to the nyen e i r ch voxe
whet her there |5T%%Qe§£gégﬁhfksxge%h%% f&ﬁ%%%é&ag§£ %g%? ?%ﬁé%u &8
snDothlng opebaamnnfon each voxel thetpelrsefSﬁhmfdataaxgba ﬁhereln t he
di rect,i on of othin i al i t n e data
25 il wher P Ehet BRoSt ARG o6ea: Fon Hose her 0  Boeh ot be le cabLetis
obtain a pro¢e§§ed geléeterdahasvbhenﬁocalmbrmhntahEOquaﬁtthg aexsgned to
each voxel 'Q %he Bﬁgc sseg data

oca orlentatlon of the seismic data is in

general parallel to the orientation of a relevant event.
In the two-dimensional representation the orientation

15 consists of the dip, however, in three dimensions the
orientation further includes the azimuth. The dip and the
azimuth can be obtained from the pair of shifts (ayxz,ayz)
for which the similarities are maximized.

The next two steps of the method according to the

20 present invention comprise determining for each voxel
whether there is an edge in its neighbourhood; and
carrying out a smoothing operation on each voxel in the
seismic data volume, wherein the direction of the
smoothing operation is the local orientation of the data

25 and wherein the smoothing operation does not go over the
edge, to obtain a processed seismic data volume in which
the quantity assigned to each voxel in the processed data
volume is the result obtained by carrying out the
smoothing operation in that voxel in the seismic data

30 volume.

Suitably this comprises applying an edge-preserving

filter on the seismic data in each voxel, the orientation

of the filter being directed along the local orientation



volune is the result obtained by carrying out the snoothing operation in
that voxel in the seismc data 30 volune. Suitably this conprises applying
an edge-pwoeened3ayy filter on the seismc data in each vorelr/EPhhe2154
orientation of the filter being directefl al ong the local orientation WO
01/ 063323 PCT/ EP01/ 02154 - 8 in that voxel, and assigning the result

obtai ned by iapph¥tngokBe,edger BesehYhBgthel tesule bbeavaxel byo obtain
the processed seismc data. The results asskgned to the voxels in the

seisnmic is tRBPhYoREsEBE 408 HreseGifendl Aith8TmEPhEB o Ot SPesent

I nvention, tB%tﬁ@HEthQr§§%E%@@@dfbk&%mibsdaeb.a@aél@@squ&%Cb%gighea it is
oriented. In this way the present invention provides an inproved method
for reduci ngtPh&hgoveEeasidifothsr 8sdelilfglis18hranresesaesuideaBl e way of

appl yisng the,geggzpreserving filter is discussed with reference to Figures
2 and 3. At first a first central voxel in the seismc data volunme, assune
that this is vox&h ths perhothed &hgl anespatalnsentéonphe ths regsar

orientation gloteyi Bhevantoevant Ak LRe1GRAl baleckaxe! phl3 24k s defi ned.
For the sake of argument, it is assu t hat tﬁe plane is perpendicular to
the pl ane of ordeawedg dh Ehdsr eay, thedpreaenthénvendisoacorevicest Ba pl ane

and the pl ane OEoQE 2%%?h§% F@Q”E%F%cﬁﬁgs$8@“ngﬁse2 Ahedd %e%grvﬁgﬁt a

t wo- di mensi onar pl a see gure-3 having data at nxm positions is
extrdact ed frdautthe. seismc data volunme along its structure, wherein n and

m are odd integers_greater or equal to.three, central 25 v 13, 24)
is at a central o?PgFS%HFnWFHéC&agpp&&%éas?gﬁagggﬁa?g%g%rgiingégbgg now
t he y-directiiendiscuiseea widh treed ccenicralcovddeuries Peferd &d Bd ifirBitgure 3

by (13,y,24), .and, the other voxels of . Figure 2 through ich _th
intersectiona36165§s§§n%F@ é?@%ﬁe&ntghﬁy ey 2 %a voLume, assume
that this is voxel (13,24). Then a plane parallel to the

15 local orientation of the relevant event at the central
voxel (13,24) is defined. For the sake of argument, it is
assumed that the plane is perpendicular to the plane of
drawing of Figure 2, and that the intersection of the
plane and the plane of drawing of Figure 2 is shown by

20 the line 30.

Next a two-dimensional platelet 31 (see Figure 3)
having data at nxm positions is extracted from the
seismic data volume along its structure, wherein n and m
are odd integers greater or equal to three. The central

25 voxel (13,24) is at a central position in the two-
dimensional platelet 31. Because now the y-direction is
involved, the central voxel is referred to in Figure 3 by
(13,y,24), and the other voxels of Figure 2 through which
the intersection 30 passes are referred to by (11,y,24),

30 (12,y,24), (14,y,24) and (15,y,24). The two-dimensional
platelet 31 of Figure 3 has five by five data elements in
the form of the voxels from (11,y-2,24) through
(15,y+2,24) .

The two-dimensional platelet is divided into Mg sub-

35 images. The platelet 31 of Figure 2 is divided into nine



30 (12,y,24), (14,y,24) and (15,y,24). The two-di nensional platelet 31 of
Figure 3 has five by five data elenents in the formof the voxels from
(11,y-2, p owhssoyh (15, y+2,24) . The two-di mensional pl @celEPp1/408s4i vi ded
into Ms sub- 35 images. The platelet 31 Bf-Figure 2 is divided into nine WD
01/ 063323 PCT/ EPO1/ 02154 9 sub-inages, by neans of dashed |ines 32-39.

The first sy@b¥ﬂmg@esﬁeﬁynﬁdaby dasbeshédnesnS? ane333 Tloapfises the

I [ 2 24 th d b-
ot ined by TEdhettiehesidBindd nl GathRaT 1008 3 PRa P aBp S Se5 1) 0
(13,y-1,24) end véisLy- 2124§ 1;@& thlnﬂ §u® zmﬁgsmddeiznﬁd1b24ﬂashﬁs | i nes

34 and 35 conprises the voxels 24 S5,y-2,24);
the fourth sE®CPRAgEUL- H%@?%edd%§lﬂﬁgh%ﬁ ??ﬁ%%&S%y%%ﬂ %% gn% ises the 10

voxels (15, ycémgﬂiseéléna Qé&e@gd (2pyy2242) thﬁ3fyi1h24ﬁu@ndn396, defi ned
by dashed lines 32' and nprises the voxel s y+1, Zﬁéé (15, y+1, 24)

and (15, y+2, 24§, Yf%e24%1x¥%esﬁ%lFﬁa§Eb H@Fgﬁedd%§lﬂ%§h%ﬂ $73@ed33  and 34

conprises the;yNexebs 413 ¥y3leddpribds, ¥ned, ¢deB8d( ﬂ@ %1ﬂ,x¢2,24) the
sevent h sub-i mage, defi ned by dashed |ines 34 an onprises the

voxel s (12, y+14puyl, 2418502 (b3) YaRd2£14, §B2, Sayrth haulkt HReHS sub- i mage,

defined by dgé??ﬂe&'B§5d§§heén91§gs095p£h§e§2th@omﬁ?¥§é§ £dd, y+1,24),
(11,y,24) an 12,y,24 and the 20 ninth sub-inmage, defined by dashed

| i ne§0 36, 37V08813n61589’h03éfrsé%4tMeZbe@n§ (1@,y»%424)th@1§l§tm 24) ,
(14,y-1,24), 21Ma§% Su%§§n¥d26g dgéﬁeﬁ 2hes $32, i §§)’c&ﬁér¥§é524) and

(14,y+1,24). or ea -1 mage representln aver age
(mean or nedthe) vardlshéléayiangdé) oi ﬂ§IYtél%éla@@@ 1ﬁeYb&r2é oftbﬁerage

oo var eyt Ve B TGS FER B9Lhgty N secgpess apdenat he

comprises the voxels (13,y+1,24), (13,y+2,24) and

15 (14,y+2,24); the seventh sub-image, defined by dashed
lines 34' and 35' comprises the voxels (12,y+1,24),
(12,y+2,24) and (11,y+2,24); the eighth sub-image,
defined by dashed lines 35' and 32 comprises the
voxels (11,y+1,24), (11,y,24) and (12,y,24); and the

20 ninth sub-image, defined by dashed lines 36, 37, 38 and
39 comprises the voxels (12,y-1,24), (13,y-1,24),
(14,y-1,24), (12,y,24), (13,y,24), (14,y,24),
(12,y+1,24), (13,y+1,24) and (14,y+1,24).

For each sub-image a number mj representing the

25 average (mean or median) and the variance o3 is
calculated. The pairs of average and variance for the
sub-images are sorted by ascending order of the variance.

Then to the central voxel (13,y,24) a value is assigned

equal to (Zl%/“ﬁ)/(Zlkﬁ), whereln the upper summation
i=1 i=1

30 limit k is a number between 1 and Mg, the number of sub-
images.
Then this process is repeated for all other voxels in
the seismic data volume to obtain a processed seismic

data volume in which the quantity assigned to each voxel



equal to ( Em [/ 6i) (EI /a-i) , wherein the upper summation i=1i=1 30
limt k is a nunber between 1 and Ms, the nunber of sub- images. Then this
process iwOrepested for all other voxels in the seisn c aar&PIDI2IAE tO
obtain a processed seismc data volumeliOn-which the quantity assigned to
each voxel WO 01/063323 PCT/ EP01/02154 - 10 in the processed data vol une

is the resulinoptal glﬂﬁtgcé)é’sedmﬂ)ét‘{a Ngo1l fige e0lger iy QtSéﬂerﬁlga}fotéizeédt}@ythe
correspondi ng voxel in the seism c data vo] une. Suit abl the u

sunmation | i3PRIKING bt 2@ER TRT S SC BR RAGE! br¥s er ¥ dth o rE %%‘P% in

the closed {otervah {Re LdePymibeqdol! e¥ifge equation k=1+(Ms- 1) (1- E)
wherein k is then rounded-off to get an integer, value. Now s dlscussed an

al ternative net hdaloabhy ocesiHepe¥ heuseashee Hatid dovkes i Ryl 3 Fed
pre-determ ned gg&gnsrggerg%kigg SaLLRet i Gh ggg%mé:éygggdxwwlsts of a

guantity assigne 0 a VOX In a seismc dat'a volume that represents the
pre- det er mi negryobae[0f 1] Mey ealié hfollowihe ewptdiotbrddsel+ beg-j (h-e)ef erence
to Figures 1-3, data was extracted in a Iane %arallel to e | ocal

ori entation %@e¥ﬁénsbl%%1Eh%%t%9%%ﬁe?ﬁ%ﬁ by° & Bliqnbngﬁg%ﬂg%a%?%serving

filter, for eachyygxel dNBScudsterghngdvhel befe tiheieo NSt apr 88g€sifigt he
nelghbourhood In the alternative nethod, however, only_ that gart of the

platel et is EBedsehari¢sdaer| ARUCHYNZOtERI PFS™ @@ﬁ%ﬁm%%ﬁ?egﬁ%ﬁﬁ t8ta

rel ajpvely l@ﬁgeeﬁkghla%hl¥h Qéléﬂﬁcssh§§1§og§@§%s1@f al esnet tye net hod
conprises determning’ for each ~voxel (x,y,2z) in the seismc data vol une

the shifts aasgzigand hoyz vexeheibpensphtBivafata AN UPperthfhing to a 25
naX|nunlva|u§n§Le§eﬁ%gxt un@?é 8@9e§3¥5éé ¥o§uﬁ% of egRECLiVehy; extracting

fromthe seis ata vo i mensi onal platel et defined by the
pair of shifts (&hxghe' meyhodndesaréhedt vhght referragetfmean or

Figures 1-3, data was extracted in a plane parallel to
15 the local orientation of the seismic data and then by
applying an edge-preserving filter, for each voxel was
determined whether there was an edge in the
neighbourhood. In the alternative method, however, only
that part of the platelet is used that is defined by
20 shifts which correspond to a relatively large similarity
of the seismic data.
The alternative method comprises determining for each
voxel (x,y,z) in the seismic data volume the shifts a'xjy
and a'yz in the open interval (-A,A) pertaining to a
25 maximum value of S'y,(x,y,z;a) and S'yz(x,y,z;a)
respectively; extracting from the seismic data volume a
two-dimensional platelet defined by the pair of
shifts (a'XZ,a‘yz); and calculating the average (mean or
median) of the seismic data in the platelet, to obtain a
30 gquantity that is assigned to.the voxel (x,y,2z) to obtain
the processed seismic data.
Here
S'Xz(a)=max{SXZ(x,y,z;a),SS‘XZ(x,y,z;a),SS+XZ(x,y,z;a)}
and

35 S'yz(a)=max{Syz(x,y,z;a),8S“yz(x,y,z;a),88+yz(x,y,z;a)},



medi an) of the seismc data in the platelet, to obtain a 30 quantity that
is assigned to;the voxel (x,y,z) to obtain the processed seismc data.
Here S xwQaymemzi Sxz(X,y, z;a), ES-xz(X,y, z;a) ES+txz(X, Yy, z; ®CTEPOHMISB5
S'yz(a)=max{Syz(x,y, z;a)ES yz(xy, z;a),ESHyz{x.y,z;a) W 01/063323

PCT/ EPO1/ 02154 - 11 wherein Sxz(x,y,z;a) and Syz(x,y,z;a) are the

simlaritieswdkrhea d;g{tqul , & ;skewnadg S§’%ml ,INEE aW aggwth@round t he voxel
having | ength N and a w dt extendln rom-(M1)/2 to +(M1)/2, S-xz (X,

y, z; a) and Sén%lﬁ‘f(l)?ly?sz o) thee dtali'ré‘ P éﬂﬁef’“tlé‘g §ETPhangst H1PAO¥  skewi ng

senmbl ance W RERMNNA @uRd vba@lvqm%n@a\yea@themtawa andca wkibthdaxgendi ng
from-(M1)/2 to 0, and  Stx and S+yz(xyza) the simlarities

of the data ftema ~sRiei) Hg §@nﬁ| H-‘xéé /\ﬁrnéowze{ﬁoéfm& gheaPSxel 10 havi ng

lengtly N andga WGtk exbgndirag tﬁqreO@lglltlgrté;Me%) b2, tnandapherei g 6 is an
edge preservatlgn pararreter in the closed interval [0,1]. The simlarities

S-xz(Xx,y, z; apkegipg gepblagre wandppy ay opng) tagd vexg (Rayipga)lemoshcdl | ed

simlarities_,lp aalvﬂlg&hae%legdgg@b%roho _cthstll nguigh ot hgmyf rom t he
simlarities SXZ(x y,z;a) and Sy (X,y),z;a), which afe called simlarities

al ong a ful | SPede. Yite aparndof ‘shilky & - (za'aﬁz they pinddpadinss afhdheocal
orientation Qf %pﬁ't%%% e%lﬁﬁtgeh@l% %%X%Hﬁdb% %Qghhﬁthezgo%@g palr

determ nes size o atel’et on snoot hi ng oper ation.is
appl itéd. |f meflmmuhmmt\hawu@sldf or widhd sixvienaiing ésoar @ Sez +dNd13y2,(t he

| | he full be h
el ghbour hood A IRE B & 4 obb 80kt PEERaEI<h sl BATEF 55 1wl

whenever cl 0gQds@@n dgealt e, s_l]m larity along the half probe away from
the edge is larger than both t he simlarity along the half probe across
the edge and the Th§ @ity tdesng wiad = dl- 7 §r ob&. yEHEs Y/ ZF 2t e maxi num

S+Xz(x,y,z a) and S+yz( /Ys2;a) are called similarities
15 along a half probe, to distinguish them from the
similarities Sy, (X,y,Z;a) and Syz(x,y,z;a), which are
called similarities along a full probe.
The pair of shifts (a'ykz,a'yy) determines the local
orientation of the seismic data in a voxel. In addition
20 the pair determines size of the platelet on which the
smoothing operation is applied. If the maximum values for
the similarities are Sxz; and Syz (the similarities along
the full probe), then there is no edge in the
neighbourhood and the platelet is full (four quadrants).
25 However, whenever close to an edge, the similarity along
the half probe away from the edge is larger than both the
similarity along the half probe across the edge and the
similarity along the full probe. Thus, if the maximum

values for the similarities are Sy, and SS‘yz {or SS+yz)
30 or €S7g, (or &STy;) and Sy, then there is an edge in the
neighbourhood and only a half platelet is used (two
guadrants). If the maximum values for the similarities
are 857y, and &S7yy or &Sty and eS*y, then there is also
an edge in the neighbourhood, and only a quarter platelet

35 is used (one quadrant).



values for the simlarities are Sxz and 6S-yz (or sStyz) 30 or sS-xz (or
sS+xz) and Syz then there is an edge in the neighbourhood and only a half
platel et Wo omwex2{two quadrants). If the naximum val ues POT/HPRE02154
simlarities are sS-XZ and sS-yz or sS+kZ and sS+yz then there is also an
edge in the nei ghbourhood, and only a quarter platelet 35 is used (one
quadrant). WO mmaamwcﬁispaﬂc@zmlve hizthSW tiabloaririiest akdterpat i ve

net hod is cargdred qut, as, wS&h QU SQel g first, re determ ned for each
voxel (x,y z) S To T uaIIy per per‘idla&ﬁ Oﬁl (x-z and y-2z)
passi ng thr owgh&etlhe(mqoc@l (Jm, AV Irﬁltanadlfyorpe&@éimﬁmuﬂfarav'e&ttlla%lopen

i nterval t he S|m |t| S a) and Syz (x, y, z; a) of
the data |n )a teévvl ng %5 é’n€§ \ﬁaﬁﬁ&&}gar%iﬁ?dlgt}hé:%i@?eﬁa\lﬁng IZéngth N
and a5width entlerfdxrn@afdinmbl(fw h) /121 tt(he+b|iﬂe3h) hdterthe L@, RAQrichiees S Xz (X,
y, z; )andsp%aa\(; gﬁa ﬁ 10data|nasevv|n senbl ance

wi ndow ar ound* e g’ Iy(féﬁgta1 ROgndva Wi dtr 1%/ 8xt efdichg Fedm 40w 1)/ 2
to 0, and thesklemlln@f istem®S. aBEEZ (X Yok, A) oA %h)éz(x%x)élzh%)v_l E the data in
a skew ng se ow around the voxel having le nd a width

| ance vv| n
ext endi ng frgb%n o ™GROy F1dE8 eRitenddagl fgomn 1éé st@f +4Mx1) /2,

simlariti esthbhelidlllatrlti%ts sonsist §,0f at hensi &+ aritie a),
S—Xz(1 Y, Z; a) nd ,S+xz(x,Y,.z;a) Qéant('ﬁt heaseC(I)ln s€f cgn% ?ﬁg)gf BE%'%

si m I riti es98y2(Aly2z: 5)‘3W1§9y§€5@b§‘aﬁca) wigdgwsaypupg, yhe; apxeThen a

maxi num val ugakehgt h@né@hs NMahar ht yflueht @%ténél ga%?o%n daL ?;712”%0'
follows Slxz(a)=max{Sxz Y, z;a),SS- xz(x, S+xz ) and a
maxi mum val uBRflofhen&igid F&FF?? ﬁﬁxtﬁé yiz EDaﬁed Wi vh (8, yz@a)a#maf{s (x

y,z;8), ES- +tXeYEa¥a( XnYaZsREwSRg Yéeh®i aXcd: @thaw égohﬂdd% ernlnlig the

maxi ma, an edge preservation pafaneter s Is US erern 026<72%®As with
the met hod dB3¥inBedenpth Nepefeaceldbh extending from 0 to +(M-1)/2.

15 This results in two sets of six similarities, the first
set consists of the similarities Sz (x,y,z;a),
STxgz(x,y,z;a) and S+Xz(x,y,z;a), and the second set
consists of the similarities Syz(x,y,z;a), S‘yz(x,y,z;a)
and S+yz (X,¥,27a). Then a maximum value for the

20 similarity in the x-z plane is determined as follows
S'xz(a)=max{sz(x,y,z;a),8S‘Xz(x,y,z;a),88+xz(x,y,z;a)}
and a maximum value for the similarity in the y-z plane
with
S’yz(a)=max{Syz(x,y,z;a),8S‘yz(x,y,z;a),ES"‘yz (x,v,2:a)}.

25 In determining the maxima, an edge preservation
parameter € is used, wherein 0<e<1.

As with the method described with reference to
Figures 1-3, the local orientation of the seismic data is
defined by the pair of shifts (a'xzra'yz). This pair is

30 in this case the shift a'y, for which
S'xz(a'gy)=max(S'yy(a)), —-A<a<+A and the shift a'yz for
which S'xz(a'yz)=max(8'yz(a)), -A<a<+A.

Next a two-dimensional nxm platelet defined by the
pair of shifts (a'gxzra'yz) is extracted from the seismic

35 data volume. The pair of shifts (a'xz,a'yz) determines



Figures 1-3, the local orientation of the seismc data is defined by the
pair of shifts (a'xz,a'yz). This pair is 30 in this case the shift a'xz for
whi ch  S'wo(0a/0s3823=max (S xz(a)), -A<a<+A and the shift a'yzcrmrol/ohsch

S' xz(a'yz)=max(S'yz(a)), -A<a<+A. Next &3two-di mensi onal nxm pl at el et
defined by the pair of shifts (a'xz,a yz) is extracted fromthe seismc
35 data vol Wi 1B padi Oftahidd o ane? s iwhideiaranines WO/, 063323

PCT/ EPO1/ 02154 - 13 the local orientation of th]ﬁﬁsel Sm.C q'g':ﬁé n a voxel,
and the paithed@ErmidrieEriAeDS e W &G &1 i &F R hi ng

operation i Ry &gy geﬁaheldmxllsnaﬁpaaie@s forehd heasSintinl ardhieas fye SXZ
and Syz (the simlarities along 5 the full probe), then there |‘s__ no edge in

the nei ghbdlhel"lcﬁjldmalrﬂﬂttwee%)laa‘-f%lsetz iand fyz (Fdif Gurdrrifd)es er,

wheneyer C'thﬁ‘e ) thensd niderd tiys al®nhgd hen hadd probe away from
t he edge IS rger t an both the simlarity alon the hal f robe across

the edge andeishb@ishend and ythe ot i3 Probel faHuIUAFTRIHES Inaxi mum
val ues for %b%%ée%l tavg]ﬂéﬂeeéeﬁr&@@ @J‘%r?%d/c}e(olfhé%'ﬂﬁ])laﬁrtf%]?%gf or

ESt+xz) and ere 1s an edge I n the " nei ghbourhood and onIy a hal f
platelet is umedaa(mwpmmrmss)fmm e 9RSE nen VATIRS Fhan tirth
similarities,, 15 are. s "th O ¥e B ST AN SSHY Zeddiehiddiangs S al so
an edge in tshe et g %a quarter platelet” is used (one
quadr@ant). Rinallyrite ah@n@g!eneér@ahlcpr@hﬁh dihuef ihetheimmidnugata in the

|atelet is caJculated, to obt ant ed to the
\F/)oxel (X, ;/ v loeu%b @f n lﬁ%esijPJg:’caerslgiE‘a useljl'ééhycxﬂa Iléé]\a/%% dﬁea(%%gﬁ ﬁ’ﬁ?a

simlarity is$,ca-cul a@&ld s@y rrf;alasldofs)}, ,Serbharee riche sequatigas ihecase for

the x-z plane:  +1%m £o5f [ x+i, ¥, z+ +ai / m i Jc =-n i=m
nelghbourhood and only a half platelet is used (two
quadrants). If the maximum values for the similarities
15 are €87 gy and €57 yy OF gsty, and SS+yz then there is also

an edge in the neighbourhood, and only a quarter platelet
is used (one quadrant).
Finally the average (mean or median) of the seismic
data in the platelet is calculated, to obtain a quantity
20 that is assigned to the voxel (x,y,z) to obtain the
processed seismic data volume.
When the similarity is calculated by means of

semblance the equations become for the x-z plane:

W P izt g+ ailm)y?

Jj=—n z——m
Sxz(%,¥,2;0) = — 5
MY Z(f[x+zy,z+j+ai/m])
i=—n j=—m

Z { Zf[x+z y,z+]+azz/m]}2

]——nzz—m

S xz(x,y,z;a)=

(m+1) Z Z(f[x+z y,z+J+az/m])2
i=—n j=—m



Sxz (X, y,z; a) _ - +n +m2 MY >(f[x+i,y,z+j+ai/m) i=-ni=-m +n 0 Z {

Zf[x+i,y,z+j+ai/mM}2 j=ni=mSxz(x,y,z;a)=+n 0 2 (mrlY
Y- (f[x+i ,wpatjoemeIn]) i=-n J=-m WO 01/ 063323 PCT/ EPO1/ 021PLT/EPol/d154-n +m {
Y f[x+i,y,z+ j+ai | mM}2 Stxz (x, y, z;14)-_j=-ni=0 +n +m (mtl) Z
Y(f[x+i,y, z+ +ai/n1)2 1= nj =0 The equatlons for the y-z plane are: +n +m
{ Ef{x,y+i,z+j+ai/nm} 2 Syzd Ximy, a) J=' '==m+n +mM.Z
Z(f[x y+i, z+j +ai1jn])2 1=-nZj g\ﬁlf +@>J{ZEf][+quWn]}%+J +tai/n}2 S Yz(x, Y, z;
a) J=-n t§+raz(m+31,)g,ay& (117 7 (frx y+i,z+j+ai/n) t=-n j=m+n +m{
Vilxy 2+ a2 Vz’fxz<ﬁx+%)y,z+1+az/nﬂ92

z=—-n]_.

The equations for the y-z plane are:

+n  +m ) o 0
Z { X flx,y+iz+ j+ailm]}

—nz—~m
Syz (%, y,z;a) =~ 7
M 3, Z(f[x y+i, z+]+az/m])
i=—n j=—m
+n 0 ) o 9
2 2fxy+iz+ j+ailml}
8™ yz(x,y,28) = — —_nﬂlf_"z)
m+1) Y S(flx.y+i,z+j+ail m]?
I=—n j=—m

+n  +m . o )
2 AX Sy +iz+j+ailm]}
j——n z'—O

(m+1) Z ZQﬂxy+zz+]+m/mD2
i=—n j=0

St yz(x,,2;,a) =

Application of this method will be described by way
of example with reference to Figures 4-6. Figure 4 shows
a vertical section through a seismic data volume with

5 artificial data with noise. The sloping lines 41 and 42
show the layering and the line 43 is an edge.

An edge preserving filter (see Figure 5a) does not
suppress the noise, and moreover, the edge is
disappearing. Structurally oriented filtering (see

10 Figure 5b) suppresses the noise and blurs the edge.

In contrast thereto, the combination of structurally
oriented filtering and edge preservation according to the
present invention (see Figure 6) gives a clear picture,
wherein noise is suppressed and the edge is preserved and

15 enhanced. From Figure 6 it can be seen that surprisingly
the combination gives a better picture than could be
expected from edge preserving filtering and structurally
oriented filtering.

The following data apply to the pictures, the size of

20 the pictures is 111 pixels (horizontal) by 44 pixels



+n +m (m+l) Y- Y-(f[x,y+i,z+j+ailnm)2 1=-nj=0 Application of this nethod
w Il be described by way of exanple with reference to Figures 4-6. Figure
4 shows wOwen6i3enl section through a seismc data vol unePairtEroboass i fi ci al
data with noise. The sloping lines 41-add 42 show the layering and the
line 43 is an edge. An edge preserving filter (see Figure 5a) does not
suppress the(nersecaangd wheeevarthéhpiedye havedivaappeabétgeeSt Oughdral |y
oriented filtering (see 10 Figure 5b) suppresses the noise and blurs the
edge. In contrast thereto, the combination of structurally oriented

filtering and edggrpresepyatiuepsacenedioggtn bhethpr es@blahsyention (see
Figure 6) gives a clear picture, wherein noise is suggiessed and t he edge
i s preservedvaR8o¥5NeARENEBE. NEFBRT FPHuFE26SFt OLafPBB 88N YhafTe

surprigsi ngl yeghhe ¢embinatrhenrgives aypettermphehur ethhandesutd be
expected fromedge preserving fllterlng and structurally oriented
filtering. TREtR3R| ShOHgeqatad appl §t bRENBIBPCPUPESIVRR&CR| RRTBICLSH ¢t he
pictures is 11i€i5?%§ (horizontal) by 44 pixels WO 01/063323

PCT/ EPO1/ 02154 ~15 "{vertical), wherein the pixels have val ues between 0
and 255. For al lnpibturbsyet e hemgt hoof spheifentl sheevawhadow, N, and t he

nunber of traces_or channel s, are equa 1 he fil ype is
nedian. In oﬁangF5’o F&Fﬁsﬁi6g%e§85%a§ﬁdgg,b?%glédﬁglpgésgrégpi%n
paramet er, 6o-b$d@nfteknatrhe iahevyerwe Maveanet tapeckfimed.tke val bbs Xx,y, z.

However, because_use is nade of voxelﬁ gge.x § and z 10a%oﬁggd%gates are
integers. | nSEES&AARE CAPRAGORP-Pn Plie? s &hbPETEe 4GafPBnE Fs Aot an
i nteger, onenearcdtevkel rReaesktryvolaekeobeithitenpahat ecbhetneenokbésnear est
voxels to get the value for 3 non-integer voxel .
to get the value for a non-integer voxel.
Moreover, the shift a itself need not be an integer.

15 In this case the value for a non-integer voxel can be
obtained by interpolation, for example by means of a
parabola.

In the above it is stated that the local orientation
of the data is defined by the pair of shifts (axgz,ayz) -

20 However, for very large dips, this approach may not lead
to an acceptable result. Therefore the following three

parameters are calculated: Sz=Sxz(x,y,zaxz)+Syz(x,¥,z;ayz) ,
Sy=Sxy(x,y,z;axy)+Szy(x,y,z;azy) and
Sx =Syx (x,y,z;ayx )+ Szx (%, ¥,2:0zx) -

25 If S, is the maximum of the three, then the structure
is more or less parallel to the x-y plane and the pair of
shifts (axzrayz) gives the local orientation of the
seismic data. If Sy is the maximum of the three, then the
structure is more or less pa;allel to the x-z plane and

30 the pair of shifts (axy,azy)‘gives the local orientation
of the seismic data. If Sy is the maximum of the three,
then the structure is more or less parallel to the
y—z plane and the pair of shifts (ayx,azx) gives the

local orientation of the seismic data.



Moreover, the shift a itself need not be an integer. 15 In this case the
val ue for a non-integer voxel can be obtained by interpolation, for
exanpl e byommeass2bf a parabola. In the above it is statedCrhebi/oniss | ocal
orientation of the data is defined by-the pair of shifts (axz,ayz). 20
However, for very large dips, this approach may not | ead to an acceptable
resul(t. Ther ef or @hehedualdietsngorhisge apar & te,resgea@@_vcé%l) ggb@ggdzchgz
=Sxz(X,y,z;a +9yz(X,V\,.z,ayz) , Sy = Sxy (X, y, z, axy) + Szy (x, Yy, z;
azy) and Sx )é@%?y(‘?%uiyiloﬁgﬁgfﬁ- + Szx (X, y, z; azx) . 25 1f Sz is the
maxi mum of the three, themthemstructure is norg or less parallel to the
x-y plane and the pair of X shiXt/§x ¢dwzt Ayzy/ wizlds the | ocal orientation of
the seism c,sg@(;asy,g;t?g)d'—f@ the”maxi mum of the three, then the structure
is more or |less parallelgt 2t R 2+ P! gne ?pme 2% he pair of shifts

(axy, azy)gi ves the | ocal 1 [on Y3t/ The & Smic data. If Sx is the
maxi mum of the three, then the structure is nore or less parallel to the
y-z plane and the pair of if aéx, azxX) gives 4he local orientation of
the seismic data. WO 01/ Oﬁ;_g_h?hi_ SEPOAT 62784 U 16  The equations for Sxz
and Syz were ékzyenyabo)e — j .,+n +mE { Z

f[x+i,y+j+ai/mz]}2 Sxy mxy y,z%f[;@.}.*.j[jz_!_iﬁ/i}n_-’-zmi:ba +m M E

E(f[x+i,y+j+ai/mz])2 i=-ig—nja#w +m > f[x,y+j+ai/mz+i]}2 Szy (x, VY,
z; a) =J=-ni=-m+n +mM Z E(f[x,y++ai/mz+i])2 1=-nj=-m
+n +m o D)
2 X flx+j+ai/my +iz]}
Syx (x,y,z;a) = J—_,_]:l z~;n1111 3 and
My Y(flx+j+ai/m,y+1i,z])
i=—n j=—m

+n  +m
> {3 flx+j+ailmy,z+i])2

Szx (x,y,z30) = L2 = :
MYy S(flx+j+ailm,y,z+ i])2
l=—n j=—m

The present invention has been described for a three-
dimensional application. However, it can as well be
5 applied in a two-dimensional section, where y=0, and in a

four—~dimensional volume.



+n +m Z { > f[x++ai/my+i,z]}2 Syx(x, Y, z; a) J=-ni=-m=+n +mME
E(f[x+j+ai/my+i,z])2 and 1= nj=-m+n +mY { E f[x+j+ai/my,z+i]}2 _=-n

i =-m Szx WR,01963323 a) +n +m MY (f[x+j+ailmy,z+i])2 1= RCrEPI/TN&4 present
i nventi on has been described for a three’ di nensi onal application. However,
it can as well be 5 applied in a two-dinensional section, where y=0, and in
a four-dinensional volunme. W 01/063323 PCT/EP01/02154 - 17 CL Al MS
1. A nethod of processing seismc dath BoIoMt&in a processed seisnic data
vol une, which nmethod conprises the steps of: a) obtaining seismc data
covering the pre-determned 5 volunme of the earth, which seismc data
consi sts of &. ghaméthypdas$i pmedessingvesgibmin datsi §mi cbdaia @ol une that

represents tRe presdgt eLiLngd UakUMGo ke, BN tREAIELALHL BEDOLhEr each

voxel in thePs8rsirc®dita Vo t K I'ocal "orent' &t on seismec
data, which kbepk &f:orientation is the orientation of a plane tangent to

the seismc t hat voxe etermnin r h t her
there is an @ gegb#ﬁlp%ggnglgﬁgouréag Covaraygcggrygﬁé 8é?é§$§ﬁ€§th i ng
operag i on onveauhevofekheneatﬁhth@hsehsHemsmatadmmbuaepsmhéseoﬁ the

direction of the ., t hi ti s th I ti f the d
and wherein ﬂH@ngﬁ%g?%Fﬁégg6§p§%?8h8§§éz ﬁBS g§%g55géiﬁg gegéeyaFotogta?;aa

processed setBAtCrdptaseakunehenpwbiabtermined volume of the earth;

b) determining for each voxel in the seismic data volume
the local orientation of the seismic data, which local

10 orientation is the orientation of a plane tangent to the
seismic data in that voxel;
c) determining for each voxel whether there is an edge
in its neighbourhood; and
d) carrying out a smoothing operation on each voxel in

15 the seismic data volume, wherein the direction of the
smoothing operation is the local orientation of the data
and wherein the smoothing operation does not go over the
edge, to obtain a processed seismic data volume in which
the gquantity assigned to each voxel in the processed data

20 volume is the result obtained by carrying out the
smoothing operation in that voxel in the seismic data
volume.
2. Method of processing seismic data according to
claim 1, wherein steps c) and d) comprise applying an

25 edge-preserving filter on the seismic data in each voxel,
the orientation of the filter being directed along the
local orientation in that voxel, and assigning the result
obtained by applying the edgé—preserving filter to the
voxel to obtain the processed seismic data volume.

30 3. Method of processing seismic data according to

claim 2, wherein applying the edge-preserving filter on



the quantity assigned to each voxel in the processed data 20 volune is the
result obtained by carrying out the snoothing operation in that voxel in

t he sei snwo od@6a23 vol ume. 2. Met hod of processing sei sm cPdatEROHE6¢ di g toO
claiml, wherein steps c¢c) and d) conprtsk8 appl yi ng an 25 edge- preserving
filter on the seismc data in each voxel, the orientation of the filter

bei ng direct gdeakangmtilie gak@cah ar veRtat compiriskRathreoxekpsand:assi gning
the result obtained by applying the edge-preserving filter to the voxel
to obtain thé) pr8eéisédsensirdSasea10BI Rhene3phichVePRdYdEF bPGcessi ng

sei sm ¢ dat ayg¢e9r dbRgatia e1Ckal #hd, 1¥BaNeLRiapphying bLie tadge=pLaser vi ng
filter on WD 01/063323 PCT/ EPO1/ 02154 - 18 the seismic data in a voxel

conpri ses théasgepsd &he VPRedéfining an orientation plane which includes

the voxel, parablLel,t-@ihie fhogaknar sentalonah YBeusel 8Migradata in the
voxel ; 5 2) extracting fromthe seismc data volunme a data platelet, which

conpri ses seb$atelestawhti chxmoposiceenseippigndafrbaitngxadaoaiHBens great er
or equal to thr i 84 Rulherar yeatation pkane; whergiahe centre
of the dataRglgﬁélg?gggﬁﬁLP es ﬁ#?hrphg JoXsr 2o %).dividing he data

pl at el et i ntwhikhshbei imgdde exdkntstborageanee| wdenginhéheokentranet

det er m ni ng {éﬁrﬁ gﬁgg i%t%'eilréacg%ogf]@#ﬁggr Wr__rith_r %pl(r?e%%gl ilrllg.the aver age (nean

or rmedian) € variance 6i e seismc data tormng the sub-image;
and 1% 4) as8)gndngitdnchéheoxeltaaplakeéesquiakot s kuk-(Raota-i pachllai),

wherein the set.{m,k ai.} i.sS rt b L5l i = I i n erein the
upper sumat FS%J‘%“F%et }ncllsudﬁglgnﬁgn%e)réoggg\fvegﬁal%%(r%%@%éggﬁl% ﬁg?h%(?%o{f
processi ng seubrimadat @ acodredi my trep2e sehaiimg3 theheveiragehd mgppeor

sumation limt k is related , L ,
median) an gﬁe variance oj of the seismic data forming

the sub-image; and
15 4) assigning to the voxel a value equal to
(é%ny/cq)/(%?hﬁ), wherein the set {mj,o0;} is sorted by
i= i=
ascending o3, and wherein the upper summation limit k is
a number between 1 and Mg.
4. Method of processing seismic data according to
20 claim 3, wherein the upper summation limit k is related
to an edge preservation parameter, g, in the closed
interval [0,1] by the following equation k=1+(Mg-1) (1-g).
5. Method of processing seismic data according to any
one of the claims 1-4, wherein determining for each voxel
25 the local orientation of the seismic data comprises
determining in two mutually perpendicular vertical planes
(x-z and y-z) passing through the voxel the shifts ayx,
(in the x-z plane) and ayz (in the y-z plane) for which
the similarity of the data in a skewing semblance window
30 around the voxel having length N and a width M is
maximized, wherein the pair of shifts (axz,ayz) defines
the local orientation of the data in that voxel.
6. Method of processing seismic data according to

claim 1, whereih steps b), c¢) and d) comprise for each



to an edge preservation paraneter, s, in the closed interval [0,1] by the
follow ng equation k=1+(Ms-1)(1-E). 5. Method of processing seismc data
accor di ngwom®1a63323 one of the clains 1-4, wherein determ niPpag/Hrot/0B8&ch voxel
25 the local orientation of the seism ¢ d& & conprises deternmining in two
mutual |y perpendi cul ar vertical planes (x-z and y-z) passing through the
voxel the shifosebhxtx,yin)the khe pbase)c adatayzolimetdetyrmiplepeihs or

whi ch the Siﬁ.ﬁif‘fi ty of the data in skewi ng. senbl a dow 30 around

c
the voxel having: F2ngthz N ARd®avai He h° i%pe?ra&?ﬁ?fgﬁ? M n the pair of
shifts (axz, ayeytaehingstot hembotahm ovduwd abf of' 9f (khe, dpdp amd t hat voxel .
6. Met hod of é)roc Ssing_ seismc g\%{a fc_cordi n%égro c%ai m 1121 wherei n steps
b), ¢) and d)° coapfi4e?idt EAEREWD 03+ 0630 FETHEPOLT OB 1520 Sy iGoxel
(X,y,2z% in thtasei solemdasatwol-aneetleli@ial nbngréher §bFihsd Y zewnd a' yz in

the open interval (:-A ertaining to a maxi numval ue of S Xz(x,y, z;a)
and S yz(x, y’??{’ﬁ)éf‘e§€éﬁ$vé?3¥ze§<tgya)c’ti fFHhrEhat ey sHie aVeEA%E vol une

a two-di mensi gfighn pbatetetadef baethdysd hemiPaistof ishihde spl 2@ Yi23: and
calculating the average (nmean or nedian) of the seismc data in the
platel et, to &R a%RRRt FYyteahtls 223LIRpRdte othevetxkl (Xxyazlk) to

obtain the presessesisetgsl §rdatasy@! shBsmIWei £t H 101 S Z (s Sxz(x, y, z;
a),sS-xz(x,y,z;a), sS+xz(x,y,z;a) } and Slyz(a)=max{Syz (x,YVY, z;

a), ESL9z(x,y, %' a) (a5wyaxkSyz 2xay, };a) Mifenei K, SxA»e y,e87a) (antt, 8y2(%, y, ; a)
are the simlarities of the data in a skew ng senbl ance w ndow 15 around

the voxel having length N and a wwdth extending from-(M1)/2 to + (M1)

12, Sxz (X, s/',yg(a)a%mand_sygﬁxzyxzya)z,;@)‘yazr(ec,tm(:z;si)mslsatﬁ,lzt(&ey,Qf;at)hle dat a

in a skew ng senbl ance wi ndow around thé voxel having Fength N and a

wi dth ext endi HeEFebin Sxaf1) ¥ 22{8) PRAmy 208 S/ 3k, 258 ¥hea) and Styz (X,

y, z; a) the similarities of the qsad aid N asskeIh §0s SRIDARAC 8, W dslpw ar ound

the Vggel around the voxel having length N and a width extending

from -(M-1)/2 to +(M-1)/2, S7x,{(%X,vy,z;a) and

S“yz(x,y,z;a) are the similarities of the data in a

skewing semblance window around the voxel having length N

and a width extending from -(M-1)/2 to 0, and

20' S+XZ(X,y,z;a) and S+yz(x,y,z;a) the similarities of the
data in a skewing semblance window around the voxel
having length N and a width extending from 0 to +(M-1)/2,
and wherein € is an edge preservation parameter in the
closed interval [0,1].

25 7. Method of processing seismic data according to
claim 1, wherein steps b), c¢) and d) comprise for each
voxel (X,y,z) in the seismic data volume the steps of
1) determining for each voxel (x,y,z) in two mutually
perpendicular vertical planes (x-z and y-z) passing

30 through the voxel (x,y,z) ané for each shift a in the
open interval (-A,A) the similarities Sy, (x,y,z;a) and
Syz(x,y,z;a) of the data in a skewing semblance window
around the voxel having length N and a width extending
from -(M-1)/2 to +(M-1)/2, the similarities S7y,(x,y,z;a)

35 and S_yz(x,y,z;a) of the data in a skewing semblance



having |l ength N and a wdth extending fromO to +(M1)/2, and wherein s is
an edge preservation paraneter in the closed interval [0,1]. 25 7. Mthod
of proceswpDngoesdesNM ¢ data according to | ai m 1, wherei nPETEPS1/D154 c) and
d) conprise for each voxel (x,Yy,z) intH Seisnic data vol une the st eps of
1) determning for each voxel (x,y,z) in tw nutually perpendicular

vertical planes (x-z and y- passi 30, t hrough the voxel (x,y,z) and for
each shift a WJFP(%?I% aJE)%‘é]ﬁgi ﬁ%%r‘\?‘é‘l‘e{]- R NG hkeRg e | Nr2pfed SAEK, v, z: a) and

Syz(x,y,z;a) ettéheidgt arbm a(BKEW NO:Sepl ene es WaDOows + fEound t he voxel
having length, N and a width extepnding from-(M1)/2 to +(M1)/2, the
simlarities S3z{%Yr%/3) 38daRdys¥(sZidk: af : etfetdatna 3 mkewkewi ng
senbl ance VO Ldi063323 wirdOw-a PSTAERO 023541 b poioy Aeoundl i hgyoxel
having |l ength N and a width extending from-é}le)IZ to O] the simlarities
Stxz( Xy, z; a)" = SHEeRdIng: Gyomi0 tie wdall L a ak@wing senbl ance wi ndow
around the voxel_hayvifg.ten ! W t.andi f,c,0 ]

+(M1)/2, and ’é?rgz)( a) g€ %&%(gl ‘ffl?&g); '35)5\,5%-g‘ti%x%,a§;'g§s?%§l%ﬁ?]k%:%,95\) }  and
Slyz(a)=max{ Syxdx, vy, z;a), ES yz(x,y, z;a),sS+tyz(x,y,z;a) }, wherein s is an
edge preservatjon paraneter in the closed 10 interval ,[0,1],; 2)
determining t ey%h%))ﬁm%xgé’? ¥ Y P S el B 2y 2 ifen €8 w2 (B) ¥ 1 27 Akd<+A and
the shift a' ywadaLin Wiich 5 X = S : ; t ting
fromthe seismc d:g%a vlol ume a fem@efg'%ﬁ&%%fgﬁﬁam&%igﬁgf‘tgg icﬁédr’regf/ t he
pair 1&f shi fistgavalk, BOyE); and 4) calcul ating the average (nean or

medi an) of t sel . 10 the telet, to.obtain a quantity that s
&éts%g 1)(@?(%’&1?% %}bjtipé al for whlc}a
) (

assigned to the voxe ai n the processe 20 seism c data

vol une. S'gzla'gy)= max(S'yxy(a)), -A<a<+A and the shift a'yy for
which S'xz(a'yz)= max(S'yz(a)), -A<a<+A;
3) extracting from the seismic data volume a two-
15 dimensional platelet defined by the pair of

shifts (a'xz,a'yz) i and

4) calculating the average (mean or median) of the
seismic data in the platelet, to obtain a quantity that
is assigned to the voxel (x,y,z) to obtain the processed

20 seismic data volume.



