WO 01/ 63323 PCT/ EP01/ 02154 - 1 PROCESSI NG SEI SM C DATA The present
i nventi r s to a nethod of processing seismc dat in a
ol Th e TEpREL

processe c data volune. The seismic data is a qu or exanpl e
t he magni tude of the seisnic anplitude,” dssigned to 5 voxels in a seisnic
data volume that represents the pre- determ ned volune of the earth. A
voxel is a small volunme elenent - the three-di nensional equivalent of a

pi xel . The seismc data i s asROGESE NG d DS ATH t he voxel. The vol une
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-ordi nate axi sThA PrReepér iingghtdionegkileresz tiveiangegdsid iofe wi t h

increasing depthssThe seis; I I | ock with the sane
co-ordi nate gxes x°and y ﬁ%%%%hg%%%o%?h#ﬁﬁﬁéﬁb%a%ﬁﬂ%g%ﬁ?%kﬁ%ﬁﬁ?%ﬁ earth
However, si ndetsevekimeanfhiet g¢d sivd c deder ded aasjuanftuingt,i divrofetdnps,e whi ch

can be rel at t n e i.smc _velacities of .the ers through
whi ch the se?gﬁigagﬁg?ggerggvgﬁg éggs%ﬁgwﬁﬁpéﬁe grtﬁ&ﬁlgn€6{§¥ﬁinate axi s
is eifher timexelerideptheismin theéa2@cdpeei ftheat irep ranenithe tHaigm-we Wil |

refer to z onl unless ot herw_.se,specified. For the purpose of the
present inveﬁ ¥%ﬁmﬁ elsvﬁngergFesgﬁteﬁﬁg hef* t/R&S eﬂ§n@caﬂéi%MYQ%¥me

gener at ed i nel heentindetjeotihdeby direns iohadeiesiiieaaehitvidey a ¢ixhet her the

25 seism c eper i.s_man-made . and refl ected by an under- ground reflector,
which is an ?ﬁ?gg?ééglﬁeg%ggnlFmBSS&ﬁBgﬁgF8uﬁ§el§?§F§? Héaé¥¥ﬁ,VQ&$lbhe

speci fication weThel olugkebft ehaRBafBEe i SERSHILECRNBLYY ngT RS BINSG Qf the
pre t invention applies to agy 30 seismic data two-dinmensional section
or three- or¥Bdr¥s d¥ nehgi 6nal"GoFaRe® PRAWN &R Cséhsnico-retidatticonkest WO

01/ 63323 PCTiEPR1AO2184ntal2plhiterast zaPREAKAS oRHLEEEWAS® axis in
spatially-coherent or continuous waveforns. The nethod of the present
i nvention 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 energy.

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 Lver gathers, etcetera, and to 5 seismc i of the
gat hersweéglﬁéé ed both in tine or in depth. The seism g%gg@e{ﬂ/%ﬁ%e vol une

can be presented as a seisnmc inmage in fEny ways. For exanple it can be
presented in a vertical slice, wherein the t-axis (or the 10 z-axis) lies
in the planergierfHwiarpear as pidwrvizontglat Hilke;coiherent d¢he pl ane of
drawing is Alilel -y pl@ane. The horizagntal slice can be a tinme
slice or a IQ%jreptlh s?%sge‘?mv%%gr(lnﬁ{%’e @lperrer%e ave QDfee TINETTRU 10Velehehs.
Al ternati velaprlhe sdishat datee vl amke aah dies 5 i sipl syesh Do @e®ni tor, and
conputer pr r vai l.able to allow the user to study details of the
sei smi ¢ dat %g{/oi dire.” etlasqe’:latchelarnsdgersecp 2y arrd %rr%’aneft‘?%tf%%/"l‘n IR SPudy of
underygr ound sfedraweitd dmsgeend fi mrpardfi cilargdthdhe aipitys €54 RO wnger gr ound
formati ons tgl%e coornt.ai ndegytq[)ocar bons. In particular in the latter field it
0

is of great |rrportanlcne ‘e able to identify structural and stratigraphic

features in ord@he ceratle dadetreathd atdsne WHIChharnse discantiyuities in
the reflectors. 25 Therefore there is a great interest in techniques that

al | ow noi se 5 éFTHT M'aHid Pt SN Aok SP%F &AL it gt ikl ar there is
great interestseohted aehni qua-ditall Alilews Wakidig itHo @cgount (ghe
characteristics of the wunderground reflectors. 30 It is an object of the
presént i nvéntrdn )t ¢ ippredd® Blidsh&fetrHai®e 1 ithe dwisimantamge

wi t hout aff eqticRg wiie eSt UddUrAlade e MBlEARG N 4 he idmge. & ructural
information is contained in théﬁreflecto_rs and in '?%e _ fgél?] tt$%01/63323
PCT/ EP01/ 02%54 Plage.Tdhehihordrentsd wetissd o freocedsing Seieniar data to

obtain a preaepssed1selsmyhaiata /ol aeer ddig, 1o 1S iy gsent i nvention
conprises the steps of: a) obtaining seismc data covering the
pre-deterniﬁ@@ths- 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 great 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.



5 volunme of the earth, which seismc data consists of a quantity assigned

to a vo i seism c data volune that represents the - i ned
vol une é§k¥%§yg%rth; b) determ ning for each voxel in thgégg?®#§%ﬁhata

volune the local orientation of the sé&isnic data, which |ocal 10
orientation is the orientation of a plane tangent to the seismc data in
that voxel; c) déepethini agdf bheemehhedxelf wretkesinkheseiismiandedgetd n its

nei ghbour hood;. + at ) i . _a.smot hi ng.,operation gn each voxel in
15 t he seisn?gt ggagv8F§%%¥g%geggﬁﬁ%%ﬁe 8%?e3398 Cof SCRE 105 SOniths
operation i sprheehbcahventeénhatboprateshehdataepandrwherein the snoot hing
operation do n er _the .edge, to obtain a processed seismc data
vol ume in mhgzh 8%E8935§%t??§sgégigﬁga F8VEALRIVEREI PFR-ERECHFGRESSsed dat a
20 vobune isvohemeesfil thebetarnbd byiear syiBgieutathecongBellRi g gperation
in that voxe% égtgge ggi§nic d?ta vol upe. In the nethod according to the
present inveRtTon: “¥ha>StERFEctard XPéegféEe?véﬁlSVlﬁsgﬁﬁaaVPﬂPP@r that is

25 oriented shangrépeeseftectbesprandetbemt abbt sodnhfie BrEsgEVed Ry ;edge
preservatioC% Indthe specification and in_the clains the expression
‘relevant evBht ' Aok T bR RGebOT 0°PER eV 0¥ Bl al el B EeiaméAt dagackodyme

reflector, whhehl6san seisntsrichl e6ttnn 30:0hikbngrest wnThg WaLd; edge’ is
usedlio refer to a discontinuity in a seismc reflecfion. The i nvention

wi |1 how be UesehFpetoby falhdf Cbkaipr blonnofprepderai Fangehtr ebekbace to

t he acconpanyd Ngmi dr @M N0sn VWHEF ey Px3P; Figure 1 shows schematically a
t hree- di nensi onal WO 01/ 63323 PCT/ EP01/ 02154 - 4 seism c data vol une;

Figure 2 shows stettitty yfar vereh capxel j¢eebliepatherofia an edge

t hr ee- di mensional s sgk sdiGodat §oy ol sy®; Figure 3 shows a top view of a
platelet used in 5 applying an edge-preserving filter;
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 4 shows a section through an artificial seismc data vol une;

Fi gures 5b show application of an edge preservin nd a
vﬁ?p@ﬂ%; qEﬁh%%iﬁ Fi gure

structur lented filter to 10 the artificial seism

4: and Figure 6 shows the result of applying the method of the present
|nvent|on to the data of Figure 4. The first step of the method of the
pr esent |nveﬁﬁiémlcl§a®btaphumg the seismc data coverlng t he

det d he_garth, which i sts of
Quant iy, 1 or ex§§8¥9gu = RRih ECEnoPieRd Sorare s G Fdd® cdged Lo

the centres of aoxbkserdiaeseﬁsnha sdataivoddme whatumeepresents the
pre-determ ned v k hhe earhg 20 Ref rence is_nmade to Figure 1
show ng schenatlca PRr&g- 8i meRsidhYl CSePshi-et8afs Vsrdmén1, wherein

t he 8ashed appbslﬁg 3n édgé pseaedvingemﬁese@t the faces of the voxels 8
in the seismc data vo sake. of clarity only one voxel 8 has

e
been schemati cal ig%ﬁ%mﬂ SE%W%h% §8Fgﬁ98 EHﬁPPgﬁdéncéﬁtﬁélFﬁé&ght of a

gquantity asségﬂmﬂctdaeachooﬁméhe centres of each of the voxels 8. The
next three steps_of the tho& ccordln to. the present invention will be
di scussed with r%?%?ﬁ%ﬁe go2n Sﬁr% 9W Bﬁ%EaElgﬁoﬂé anvefdgecal slice of a

seismc 30 ﬁﬁé@eﬂ@iﬂ@ﬁfilkgrtgﬁdOﬂesﬁbgﬁﬁukﬁlEngE§e$tegh 1Yexe!l goare
arrar&ed in colums_ 10, 11, 12, 13, 14, 15, 16 and 7, the rows are
refetfed to WEhAFeibtehrl sehemtat8rt200f2figppe 43, an 25 26 and 26,

such that each canshsy & e r b 3 er ,
Tﬁe voxel s (10, 2%?@@%?1@23$§ %1%§%4$gs%£§0%f63§§§yg%%/EﬁSl?Sgﬁga % (1)

(13, 24), (14t@@)Pr%§%n?59nV%Q5lQ%)tO(16626§tan©f(E?gQS¢ 4have been shaded
to indicate thains.| aL0s aelidsdeyd snoassianed.o besevoxpls,than to

the other voxels in Figure 2. The shade voxel s T epresen aht
event. 5 At ¥§retaiming ok ofientatdana ofovdrisei shecpdatdetiesmdatar m ned

for gach voxgl;.ife the @ﬁéségftkqgtv%vgljlug@lsmlc 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 guantity
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 shown 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),



wherein which local orientation is the orientation of a plane tangent to

t he Seié&b@H?g%?oin t hat voxel. The local orientation ofI; ﬁﬁ)%§LC dat a

is the n 10 tangent to the plane with mnimal anplitu
variations. The local orientation of fhe Seisnic data in a voxel is for
exanpl e determned in the follow ng way. The first step conprises taking
two mutual |y (Bér péndi ddBardver tiildald) pl dAds 26x-z (amd 2% z hneasgi7@ shhr ough

the voxel. Thgyd5,seR0 p LConp: determning in the two nmutually
per pendi cul ar zerticalggﬁgﬁgst%hgﬂgﬁggﬁg g&?t(ﬁnlﬁﬁgef-?mpﬁﬁéﬁgf dfd ayz
(in the y-z pkangheflorowhhelet hexedisnithani ty ahet behdat aoike1a Skew ng

senbl ance wi arou t xel having length N and.a wwdth Mis 20
nexi ni zed, mﬁggg%% ?he@ggi?98§8§hWP§§XEa ?5§gfn5eﬁiﬁ8%ev?ﬁ§ EIERIE -
orienbation of the flatatinthhaflovaxebridheasishl afi tyeobetBRisehsm.c data

can be deterpmn by.determ ning,.the cross-correlation or the senbl ance.
The senblancgéi§g¥%gMig%dngﬁeeF§hc¥Péﬁ aﬁ@dtg§ RE4A%16f daps ¥R Ul | owi ng

equation: +nwhHerdinfgkichylatajl+arhiehlatidn f5- Bhe=oRi SXEEXi¥nZod) F tN +m,
and the senblfnce ML > f£x+£ §,z+&% +ai /n%)z i=-n£:-n1 in the y-z plane
i s cal cul at & BY° nbANESRF FRe PG FEIWPRYC JATINiY SREX, yored+j FAR /nj) { 2
equation: Syrd¢xay,@rBgrtdtionrsfmhua 81 MZc>GEEX, Y& £B&) 3@k LAL) %oni:'n
j:-nién t he above equations, S is the senblance 30 coeF I cient at

2 S(X,y,zia) s ,
a voxel havi NYPERTr dF Rathks ?k?é}?z)V-;LtV\GHe&}fBQézsmpmmlmzisnions.

The local orientation 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 ayz (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:
+n +m . . 2
2 A X SfIx+iy,z+j+ai/m)}
) j=—n i=—m
Sxz(x,y,z;a) = Y , and the semblance
M'S  S(flx+iy,z+j+ailm])>
i=—n j=—m

in the y-z plane is calculated by means of the following

+n  +m
Y A Y fley+isz+ j+ailm])?

equation: Syz(x,y,z;a)= Jz:zlf;z -
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);



6 n=(N-1)/2, N (an odd integer) being the length of the senblance w ndow,
m=(M 1)/ odd integer) being the wdth of the se dow,

whi ch eq‘ﬁglo%#ge nunber of traces or channels, Mis al S(r)%ﬂ?fe(?ﬂsae | engt h
of the 5 senbl ance probe; a is the shift,6imn the open interval (-A A; and
f[X,y,z] is the quantity assigned to the voxel of which the centre has the
co- or di nat esnExXNy 12y 2, By way oiddexanelger)t be iequaticon dreft iSxzd X1t @) Wi l |
be witten out Efr.zr voxel, &3,_2% &L Figure 2 (the 1Q vari abI e y has been
om tted becalSECr 7S HATER&pIE irchl 30 CoGhSdfIe T IFhe e ndte we
assume t hat Mlalﬂd Nf thd lse}nb)lan@l’eF,‘w&(ﬂxldi@M t@h&chﬂé@ﬁla@éz(t]k% irer o 1=-1
11 3L L(f[ 24+ | +ai i = he val ues of the shift a=
-1, 0 and +1 FﬁF?SgP5e§hanfei‘sy # 915[ fé-‘SIO f&i-il‘jledl [Bhen leggim pHALhe) = >=
i=-15% 1 whigbmb$andeZp2bbk}34i id4the shlik2,l Inl ithel opkd {ifnkd i+t 13, 23
+f14,22) 2 + {112,25 + f13,24 + f14,23) 2 + {112,26 + 113,25 + f14 24) 2
3{121224 + f 2%3 b3 ang 314,222} fspidepguantisyzaspsignechin her f 212, 26
+ f 213,25 +ybx@l4oR4which En¥ %eXIEElﬁéby%ﬁélkb %rd§%%t@%3 @40);)= J=-1
i=-1111 whichis 3 YY_ (f[13+i,24+ j])2 i=-1]=1 {112, 23 £ f13 23 +
114,23 } 2 + {f1Byouay 9f3%zampleisthe fqzailpméozssmﬂm ZZ@H\@JM 25) 2 3
{f 212 23 + Ee2%§l@§eﬁ Bu%14o%3v6xglz¥a32§4f Efz%gg%ﬁe of %%%’24 * 212, 25

+ f 213 25 + f 214,
Varlable y has been omitted because it is an example in

which y is constant). Furthermore we assume that M and N
1 1 ) ) 2
2 A Xf13+44,244 j+ai / 1}

are equal to 3. Then 5320324;ﬁ__ j==1 i=—1

1
3 21 Z(f[13+124+1+az/1])2
i=—1j=—

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

11
> Lf113+0,244 j —i]}?
Sz (13,24~ 1)_1”11 =1 , which is

3y Z(f[13+124+]—1])2
i=—1j=—

2 2
12,24 + 1323 + f1422}° + {1225 + 1324 + [1423}° + {1226 + /1325 +f14,24}2
3021224 + £21323 + £218.22 + £212.25 + £21324 + £214.23 + £212.26 + 21325 + f21424)

15

1 1 )
DI Zf[13+l 24+ 71}
Jj=- 11—

Iy Z(f[13+124+]])
i=—1j=—

Sxz(13,24,0) =

, which is

2 2
12,23 + /1323 + 1423} + {1224 + [1324 + f1424}" + {1225 + 1325 +f14,25}2
30721223 + £21323 + 121823 + 121224 + £21324 + 121824 + £21225 + £21325 + £214.25)

11
3 SfI13+i,24+ j +i]}?
Sxz(1324;41) = zi‘l = , which is

3y Z(fU3+124+]+ﬂ)
i=1j=-1




y { >f[13+i,24+ +i]} 2 SXz (13,24;+1) =J=-11i=-111 whichis

Y(f[13+i j5k]1)2 i=-1i=-1 WD 01/ 63323 PCT/ EPO1/ 02154 +113 23
+114, 24)W§%1/6%3ﬁz 23 + 113,24 + 114,25 1 2 + {112 24 + flgcgéﬂ&%fﬁ 26} 2
311212,22 + f 213,23 + f 214,24 + f 212,23+ f 213,24 + f 214,25 + f 212,24
+ f 213,25 + f 214,26 } In the equati ons f[l,]] is replaced by fi,j to
shorten the 3 t Tevlue z i3 then the
val ue o %J]ﬂ';{flg%.g.@ﬁg%i%“\é\@ U{ﬁg’?iyén»ﬁ é‘ié??m B2,2473 1@2&(*?( >

0), SXZ( 13*{2412421)% le?omf W24t+térﬂzdat+feqmm+¢ﬁm25|+tf%1an4be‘?se251+yﬁat26t}he
senbl ance w ndow._i kewi ng .w_th |ff rent values of the shift a. This
procedure is the\g eréat%g&a & 8adnty jell £&PL56ES; ﬁ?yf dri,gadi? voxel the
pai r of shifsbofaXs, ape) lfermgthl@fvvmheh wirie teinmoar idgues iy maxi m zed. The
pair of shifts (%(z a%%%_‘ determ ngg thg | ocal. orientation of the seismc
data. The local OFfertatfofxsf 1th&NE8 SR vadts ©f ithe géndital® parallel to
the orientat pemtaﬁnanlgeltevant event. In the two-dinmensional representation
the ogpientation (iﬁg at_s f t he glmg however in three dinensions the
ori enPation PaftR&e Faded) v Rezd3rmath V) Thezdilg - &dd *tiHe - 52—‘%th can be
obt ai ned fronribecpabutotqshitibas(axz, aya) bef Qeewhiceh Q%es's"é‘n!g defs are
maxi m zed. The next two steps of the nethod according to the present

i nventi on colpPfS¥ dét 8KRIAPAGWEER E4EReVEREI ValNeshet ther shiiftam .edge in
i ts nei ghbour hoodp i angroealiyeNgsOuhed §€9@5@b@9fBEGEQEhOQOQQ163%h voxel in
the seismc data volune, wherein the direction of snoot hi'ng operat| on
i s the | ocal OBER&Rt APFoR26H i’ﬁéeéaFQGZBaaﬁdO\ﬁhéhelfﬁSt Hexgrmg,tzhl g roper at i on
doesipot go ENEEnt BRe §9HS1atOr9BtALPARLORESEAD $RLSHLG data volume in
which the quantity SSSI gnea to each \e/or;gef( |ﬁn % e g?%cgsgerd%éaté Sl une i s
the result obfainedzbydeaerpingsobhet hecal orientation of the seismic

data. The local orientation 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 (axzrayz)
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



snoot hing operation in that voxel in the seismc data 30 volunme. Suitably

this co i ppl yi ng an edge-preserving filter on th §ﬁ£ 1 ata in
each vo§g Pﬁg%%?orientation of the filter being directeé)a oﬁgh%he | ocal

orientation WO 01/ 63323 PCT/ EP01/02154~ & -in that voxel, and assigning the
result obtained by applying the edge-preserving filter to the voxel to
obtain the pibcébsédvesedni endatasifnd ngeshlet s easditgred aitmed g, voxel s in

the seismc i 2 _nr ssed data_5 volume...ln the nethod of the present
i nvention, thépggggg gggsgg FnErFFngﬁnﬁg%ﬁ&FeépﬁpiggedWFEEF19¥’but it is
oriented. |nobhasnwaliet heopresent senweriti aatpr.orhdes eam] tigTRrsaveg et hod

for reducingtghghgo%ggeigdigor Ereserang. 10 faults. A suitable way of
appl yi ng t he™8dgaspres&tvi A FIFt 8F 1S Saitsc GbSeBTRICER SEEs Sedice to Fi gures
2 and53. At tolsme.a first central voxel in the seismc data vol une, assune

that this is voxel 3,24 The | ane parallel to the 15 | ocal
orientation of tﬁ% #é?e@ghpogv8gtga Pﬁ@sgﬁﬁtFQVengéQék ths, 28peis defined.

For the sakeppésargungntilitri ss assuapgiibat qtibkecphanepi;s Rergendicular to
t he plane of draw ng of Figure 2, and that the inteisection of the plane
and the pl an@ bf bFaw A bPIRi Yavethei Brefshh ByvepbirRepiNddss. aNext a

two-di mensi onaprphakiehetndd €seerbbguifg3tnenaying dakaral PrARQSitions is
extracted fromthe seismc data volunme along its structure, erein-n and

m are odd iﬁ?%b%?s_greater or equal to three. The central 25 voxel (13,24)
is at a central p0§m£tménwapeok\A@ppﬁwﬁgsmeﬁgdgéaggégérglpr%% 3¢ now
IS referre

the y-direction is involved, the central "voxe in ?6ure 3
by (13,y, 284S dhicinecdtitkhvorépsenteFtguFegrrehr dughdwhi cht fFhest

i ntersection, 3p; passesnargreberyed,t Yo b1 2 30 (12.y, 24
(14,y,24) and (15,y,24). The tmo-d?%egggo%é%;m%Faﬁé %tgggug?'FﬁagP8€3 has
five by fivethpt atlelementgokal (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,v,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), (1l4,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



the formof the voxels from (11,y-2,24) through (15,y+2,24). The I .
t wo- di ne, platelet is divided into Ms sub- 35 i nage telet 3
of F|gur§é5ﬁﬁghé|vided into nine WO 01/ 63323 PCT/EP01/021Eﬁ“£g&“§E _i mages,
by neans of dashed |ines 32-39. The first2 sub-image, defined by dashed
lines 32 and 33 conprises the voxels (Il,y-1,24), (11,y-2,24) and
(12,y-1,24); she-imagend bybmbaagepfddhbhed by neasBed 30i.nehe3Fiand 34 5

th 2 3 1) an 13,y-2,24); the third
Coby mage, | aer | Bagigt iaakESnel pel ddytahy HheR0ns, MEA N E brares
(14,y-2, 24), thé4yyxél§4Xlang Q154y 2,24) y-theaf oantsh (seb~i-mgga,) ; defd ned

by dashed | 35 and, 32" th I's (15, y-1,24), (14 y, 24)
ond 150y, 24y SEERRA T RpRimadt: | e Siﬁeaeﬁvngagﬁégdigﬁsa Pne8a34 and 33

conpri Ses theompxﬁhés(ﬂnﬁygéf84% %%5yy21222) and, @lﬁyytgh%ﬂh tre sixth
sub-i mage, def she i hes and ' ri ses e voxels
(13,y+1?24) gy%%§ aﬁaelg %iﬁ §9b- Eﬂ?gethge§é9§ﬁtHYSGBSPﬁﬂge defi ned
by dashed ||neﬁe§434a@ﬂd355 eonprises the vexehs (13,y+%,24), (12,y+2,24)
and (I1,y+2, 24 the eighth sub-ima defined by das ed iines 35 and 32
conprises the! o&e}szfg1a9¢l (22)y- ?r?4y 2uReafgueth yubajmagad the 20
nintr Sggzinﬁﬁ@ghﬂ@ﬁlB%dd§¥hgésbﬁﬂek'9§Sa§§ 3§7ii§§5§9g) 3?E%0§D;hfes the
voxel s : :

(14, y194), y(i?X% gh§ Y(182911 225 ana4 1an9+1124y,2ﬁbv ehehfsdbhi mage a
nunber m  reps@senti t@@flgédawrégghém@pneg HRdi Qﬂgi §§d EB{% g“ance
a'i is calculated. The pairs of average and variance 8§

are sorted bytkacemwsehy oFdley+df2fhe v&5tﬁhte24 Thead ﬁb5the2€émﬁvatheoxel

(13.7,24) 2 veliey | 2aasphaned afekneluBy AO-MRATELALDE uPRE SyTRL] on
n 1 and

i=1i=130Ilimt kis a et wee € nunber of “sSub-
comprises the voxels (13, y+1, 24 13 y+2,24) and
15 (14,y+2,24); the seventh sub—lmage, 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), (1l4,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 o4 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 (gfm/Cﬁ)/(glhn), wherein the upper summation
i= i=
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



i mages. Then this process is repeated for all other voxels in the seismc

data vol btain a processed seismc data volune i i
quantitf”ggé%%%gd to each voxel WD 01/63323 PCT/ EPO1/ 021 Aﬂﬂﬁﬁﬁﬁﬁﬂﬁn t he

processed data volune is the result obtalhed by applying the
edge-preserving filter to the corresponding voxel in the seismc data

vol une. Suit abl ghet beoupperdsdanat vodukentit khes reghatedbite@inz@mnedge
preservation ﬁ%aneteE sédin_the closed _.nterval [0,1] by the follow ng
equat i on k=13CREY1JP1 B SIqRePEFASK VL9t hdhtPOUNGedPEf FOrG SgEO A itht eger
val ue. Now isodéschiasetdeapeakinecnaticwe voeiihed of processing the seisnmic

data covering thg p e-geterﬂined volunme of , 10_the earth, which seismc
data consists of~d 568 Yty 8s8PBREISEE™atyBRel 1htaks éFs A ag&ta teol une

that srepresentsaybeppesedonershnedrunkues, of, the eartbioslg the method
described with reference to Figures 1-3, data was extracted in a plane

paral l el to interkel| 68allobienhat fohlofinbeegrhasibn Hala (apdithanrchy

appl yi ng an edge- preservi filter, for_each voxel was determ ned whet her
there was anS%%E%PFn thd Eg?EhBSHPﬂ88a9f$n%?hgeBIFErﬁQFFQ@rnﬁﬁﬁéﬁ; however ,

only that part wbwthe piatebeédi snusedethativs dethpadobyp28cshishits which
correspond tﬁ%a relative e simlarit of the seismc data. The

Ly |
alternative ?h%%lﬁ%hﬁrﬁgééaégY%FhPﬁiH cfBreedeherporer yRlyme) ofn t he

sei snbc dat acvel daechpewsDEht sedsiZc aBdaacygsiBrtheropeRuhiteryal (-A A)
pertaining to a 25 nmaxi num val ue of S XZ(x,y,z;a) and S yz(X,YV, z;a)
respecti vel Y2Sek¥1aet FRg2 f Yo#Ft hens@i 8f/i eMdat aavel uptuae twetdi mensi onal

pl atel et defiged byntberpai profashbihsnéd ¥ian¥zde and EQFEH[ating the
average (nean or_ nedian) of the seismc data in the platelet, to obtain a
30 quantity thatl®stResigheedtdcshelbodeVitx, yefgrencobtain the processed

seism c datarid®Ff&s 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'y,
and a'yy; 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 quantity that is assigned to the voxel (x,y,z) to obtain
the processed seismic data.
Here
S'yzla)=max{Sy, (xX,y,z;a),85 gz (X,y,2z;a),85 4, (x,y,z;a)}
and

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



Sl xz(a) =max{Sxz(x,y, z;a) ES Xz(x,vy, z;a), CS+xz(x,y,z;a)} and 35

Slyz(a) X,Y¥,z;a), ES-yz(x,y, z;a), EStyz(x,y, z; a) } / 23
PCT/ EPOl‘?gﬁ/Eyﬁg 11 wherein SXZ(x,y,z;a) and Syz(x Y, Z; a a{r)(é/o?ﬁsg
simlarities of the data in a skew ng sedBl ance wi ndow around the voxel
having length N and a wwdth extending from-(M1)/2 to +(M1)/2,
S-xz(X,y, z; ajrentki5 $y7(x, W, z; @) ae 3he( ﬁjyﬂiﬂajtéﬁé ehethe data in a

skew ng senbi Aanc wi.ndow ar d the voxel |ng |l ength. N and a width
ext endi ng from =y %T\ﬂ nfff%o %L%a%aé] t§+x]zr(><3 %n%nﬁe@rﬁ%&e yWEndeWt he

sinmlarities alfodrhia tidateokdl ehskavy mgersgamnaru:@m NEoNE Rr Okpdn § heg voxel 10
havi ng | engt Nandﬁ? &ngextendln fromO to +(M1)/2, and V\/nereln cis
an edge preseérVatiol ;}r\y hrt Wl]t r J ose i Bidalan®, 1]. The

simlaritiessSxz(x,W,22:8) ar® Y, $indi s i t i ZAK, Yhe; @t &L Styz(X, Y, Z; a)
are called simlarities 15 along a half probe to distinguish t hem from

the sinilari t5i'€Y 8% SERP ARG dhd &Yy BEIHNA dHhhe il dravirgl lergth N

simlaritiesadongwadtl leprtahengrhe-gairopfr)shi fds da' K4 a yz) determ nes
the local orjentation of the seismc data in a voxel. In addition 20 the

pai r det er m Sexzsi%z& (& Ahe@sl at ‘el 2tX oh A o i ehes Wit hi thige Dpef athen i s
applied. |f the 4 muBRE)iues Joih1dhe SlefHdci%I 44 S fr& X Syz (the

simlarities along the full probe), then there 1s no edge In e
nei ghtfour hoo&axi@dt Hensitax & etnd mndtf( feomempuactr ama) .0 25 Houevier /2,

e e LR QR 00%, kN SLALLALILY QRS opf e Rl o g&g@wy from

the edge is larger than bot ari ong-t €across
t he edge andctlbeedsiimitlearviatly [al,ang the full probe. Thus, if the maxi num
val ues for the shgllarltles are SXZ and ES-yz (or ES+ z) 30 or ES-xz (or
ES+xz) and Syz tRh8f CHErdaTd Wi Sedger - hé’ aei ghhouPhdoddld only a hal f

platel et is gdgd (ki 4o z;auadmantss),,, (:, yt,he ayed rmaval e ss o 48 i e s
Slnll%rltles l%%% EShéZ a%%o%%:ytooalg%ié%uig% E%E%%iﬁggptﬁﬂfre 's also
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'xzra'yz) 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 Sy, 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 eS7yz (or €S+yz)
30 or €57y, (or sS+XZ) and Syz then there is an edge in the
neighbourhood and only a half platelet is used (two
quadrants). If the maximum values for the similarities
are €57y, and €STy, or £STy, and eS*y, then there is also
an edge in the neighbourhood, and only a quarter platelet

35 is used (one quadrant).



an edge in the neighbourhood, and only a quarter platelet 35 is used (one
quadranté, WO 01/ 63323 PCT/ EPO1/ 02154 - 12 Suitably this alternative
met hod i WOJL4#63328d out as set out below. At first, are deP€FEPH&1HHor each

voxel (X,y,z) in two nutually perpendi eullar -vertical planes (x-z and y-z)
passi ng through the voxel (x,y,z) 5 and for each shift a in the open

interval (-A A tmtaadlrplta:uglﬁsc@%&we Zm@«)h@&'dl@&é{ze%%% % %t he data

in a skew ng senbl ance w ndow around the voxel having a width
extending froifi% W)t AMIYTL, atr derimited eBos-o&¢K, v, z; a) and

S-yz(x, Y, Z; a)vdelt he, 10 data dyh ansken Ng @ﬁ%?@%@%@%d t he

voxel having | ength N and a width extend| ng from and the
sinmilaritiesP3AEESK, & &Nt B+eAse ing ; d)rafgh ttiee datxeel n(=, skew ng

senbl gnce w nRGRW 10 hy t h_extendi ng
fromO to +(M1)/2. %%%ﬁlr%ll\r/?s(ﬁé tlsm?t\rﬁétqv\xéegg?ls&% ST x gifn‘fiz?a” ¥Fes, the

first set coididtgidfiashed sl imilvardid)ea8XAy, ik .21.85a) S3ﬁ(Zt(l’Xeyddt@.)1ﬂ.nd
S+Xz(X, Y, Z; ak, sa{@%q%e s%%qg%c%eal e SRl Ghe sl arliles Syz(x.y. z;

a), Syz(x,y,z a Then & maxi nimh V¥ the 20
simlarity i rletnlﬁléhx-Nz apldarme viisl tdhe teertrrnmkich ast food |-oWs- 1 82 xZo (A)MBX{Sxz (X,

Y. z; a) . E%-h)éz Q’ﬁlﬁazrﬁ)les %SJFXZg(Q’z(d)ai %?m(ﬂa rtgyx%nugsi/@l&u%for t he

S|mlar|ty|nteyz I"'ane 'y, z;
a), s$fyz (x, gazpa)in} a S%Mlﬂﬂgd@teﬂlblhamdaag mhmdmmnmmcartrﬁdg%ﬁleser vati on

paranmeter s d, ely 0 c<| the nmet hod described with
ref erence tolhgf—z'uL% rééen %’ t f& gcﬁ'lé?)[ SR Dt & s@'fslrﬁczd%ﬂaon s

defi ned by tlaedpahle Gﬁ.nﬂhlaﬁfﬁ_$l(ea XZ,8' y<z)y z'l,'hhl S apai rsﬂ 30 1% thi sf£ase t he
shift a' Xz f%g&%v\g h .S xz% XZ -rraxgng - A<a<+ and the shift a' yz
for which S §?) Lfag( iﬁ&&ﬂ) ohe é&él?& WNéB@tOWaat%md% rYSsivered L nxm
pl at el et defhaednbylbhgth N and a width 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,2;a),
STxz(%,y,z;a) and S*y,(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,Y,2;a). Then a maximum value for the
20 similarity in the x-z plane is determined as follows
S'xz(a)=max{Syz(xX,v,z;a),€5 x, (x,y,2;a),e5% 4, (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),SS“yz(x,y,z;a),SS+yz (x,v,z: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'gzla'gxz)=max(S'y,(a)), —-A<a<+A and the shift a'yz for
which S'Xz(a'yz)=max(S'yz(a)), -A<a<+A.

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

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



pair of shifts (a'Xz,a'yz) is extracted fromthe seismc 35 data vol une.
The pair of shifts (a' Xz,a'yz) determ nes WD 01/63323 PCT/ EPO1/ 02154 - 13
the | ocaVOI6EAB ati on of the seismc data in a voxel, andPCEEROIgZIF
determ nes size of the platelet on whiehighe snoothing operation is
applied. I'f the maxi mumvalues for the simlarities are SXZ and Syz (the

simlarities @ongSt 'ber égiﬂatpfcgpef) L NGNS | $. 10 o t? Wnever

nei ghbour hood and the p et our quadran s)
cl ose to an édge pailre dﬁtmnmalmet%/ Eallmgbf tthee hall St gretbeorawatyi ¢t othid he edge

is larger thap heth }t?h%pes_tlartg A4 ts?/ a%ﬁ)r r}%c} h%] al fI Frfﬁn%rfﬁﬁég%ﬁ?ﬁeg

and the 10 simlarity along th
for the sim Itallel tSll@gl@rre-tS)éE anda E&zyzar(d)rSﬁSWtzh)e imiASrxiz: {8 ES9rkg) and

Syz then ther in the bour hood and .only a half platelet is
rant 2)'1 ?}}% ifen N ues For® Gfl r#}

used (two qua érraxwrumv Qrities 15 are
ES-xz and EsnyzghboEShppdamthﬂw pﬂm-:ue]lelterles |fsnlal S(:fma:n RAoge-ddt d)he

nei ghbour hoo%bw%;}%ron a ;éarr %IQnS% a%t eI et gf?a?:{%en(sﬁl%gl urg}g_&ag qrngl nal |y

the average (mean or redian sél S

cal cul at ed, toeobbaifn paoteantiay £ that edsgeas__ssl aredeio the wWal die V) 2)
to obtain the, vol une. Wien the simlarity is

. d d
cal cul ated by* ﬁ}ég%gsl%e j‘?ﬁtsgp & @&85%% GrEBFecdhe fesl9q merk-thepl ane:

+n +m01 { > Bimtilayizy] taiohd }t21e jf=rn |pfO|BSIeSXZI‘h(u>é1, Wf Zhemaxiffhgrm M >
(f[x+| y,z+ ] +al /m)2 i=-nj=-m+n 0 Y { >f[x+i, yz+j+a|/n']}2 j—-n r=-m
S xz(X,Y, z; ayalmﬁsofor the similarities are Sy, and yz (or est yz)

or €87y, (or eSty,) and Syz then there is an edge in the
neighbourhood and only a half platelet is used (two
quadrants). If the maximum values for the similarities
15 are 887y, and €57y or €Sy, and eSty, 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:

+n
> 4 Zf[x+1 y,z+j+ai/m]}2

Sxz(x,y,z0) =L =
MY Z(f[x+1y,z+j+ai/m])2
i=—n j=
+n O 2
2 A Zflx+iy,z+j+ai/m]}
S”xz(x,y,z0) = —L— 2

+n 0 2
m+1) 3 Z(flx+i,y,z+j+ai/m])
m

I=—n j=—



(mH) Y >(f[x+,y, z++ai/n]) 2 i=-n j=-m WD 01/63323 PCT/EP01/02154 - 14

+n +m z+ +ai / 2 Stxz (x' y' z a) j=-ni= 1) Y-
>(f[ x+i {%H(ﬁl6§32¥/n11)2 |g]%1 j =0 The equati ons for the y- zp%’r/gﬁoelmér%& +n +m
{ Y-f[x,y+i,z+ | +ai /n}2 =-n|—-mSy2(1x4Yz a)=j +n +m M YL _

>(f[x, y+i, z+j+ai /ImM) 2 i=-nj=-m+n 0 Y- { >f[x y+i,z+j+ailn}2 j=-n

I =-m S-Yz(x Y,z;a)= +n O (mth) #m>(f[x, y+i, }+a| /rr])2 i=-n j=-m+n +m
| {Y-f[X,y+i, z+ +a|/r’r1}2 +.J_Z: hZf:[nggy,;_Zﬁjday mp< q) +n +m (ml) |

>(f[X y+| Z+_|S'5ki(m],)122£l)=|=_' —rh'A nllr‘aflnn of this ITPthOd WI|| be

descri bed by way of exanp},g; h ence, %lgh], @s 4-6. Figure 4 shows
a vertical section througﬂha Z;Mefﬁ }Q{it 2 WL8+ ! )h 5 artificial data

wi th noise. The sloping |lines 41 and 42 show t he Iayerl ng and the |ine 43

is an edge. An edd¥ pr@Eseriemy for tidie (see Flaw eaBa) does not

+n 5
_Z { Zf[X,y+i,z+j+ai/m]}

—n i=—m
Syz(x,y,z; a)—- 7

My Z(ﬂxy+zz+]+m/mD
i=—n j=—m

+n 0 )
2 A Xflxy+iz+ j+ailm]}
j=—n i=—m

+n 0 . . . 2
(m+1) ¥ S(flx,y+i,z+ j+ai/m))

i=—n j=—m

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

+n 2
> {Zf[xy+zz+]+az/m]}
/——nz—O

(m+1) Z ZXﬂxy+lz+]+m/mD

i=—n j=0

STyz(x,y,z0)=

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



suppress the noi se, and noreover, the edge is disappearing. Structurally
oriented filtering (see 10 Figure 5b) suppresses the noise and blurs the
edge. | n"WOAN6333t thereto, the combination of structural | RCT/BPQI&RIHd
filtering and edge preservation accordi-ng3o the present invention (see
Figure 6) gives a clear picture, wherein noise is suppressed and the edge

i's preserved apdrdbcgnhang o] i gt i ap_be _seen. t hat
surprisingly @thg c%nb?natﬁ%ﬁeg?vgggaggég%grh%ygtg?guFﬁaneggﬁﬁg e and

expected fronfedge preserving filtering and structurally oriented

filtering. The f i I i ctur the size of 20 the
p: cturiasgi s 111 Sﬂ.’i%f?h%?‘??%ﬁ?% yt%‘i?} %’%S%?%%e g %oi?’é@%écﬁml EP01/ 02154

- 15 (verti calpdowmniérand the pumetés bAverwzatsesrbehwrrnl@,amgd 22%5. For
all pigtures, | eng he. | ance .wi ndqow N and the nunber of
s e%@ %,gﬁdigfg{hé glfggPtgyai.l%h%e tfPer I1PyBEIRE fBdian. In

traces or chan equa
order to obtadtdH guregubas aba &ndt bie edgecpyespryatioatpanapBehetel, 1S

0.9. In the q?o%gswfgpave not specified the values x,y,z. However, because
use i s nmade of" voxel's the x, y and z 10 co-ordinates are integers. In case

the termi.a/mind hehe serblance @&I\b@tﬁ&ﬁssﬂ)écﬂﬂe@”tﬂé‘t€9F{1es°Qe can use
the nearest voxel or interpolate between the nearest voxels to’éé "t he
val ue for a Mg THegdtesDxet . Uibrboverde the sbké¢lsathesel f yneed mot be an

integey. 15 ddadhismLase dhe yaldgfor A, nonsi %ﬁ&%dﬂ@' a?r%nibet
obt ai ned by interpolation, for exanple by neans of a “parabofa. Pnthhie
above it is stetepntmteqiatioealivriehtan i ontegért heneatani ssdethaed by

the pair of shiftsdaxz, : ver , r.very large dips, this
approach may not 1ead téggﬁ}%c%%%? #%?é%ﬁﬁé%&eﬁ%e?%ﬁo?%af%% f%?f%&?ng
three parangterstartdcalcilatied: Snaszz{bgysz;axzd¥Syz(X, Yy, z; ayz) , Sy

=Szy (X, Y, Z; axy) *$abob 2 88¥) ANt 4 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 (axz,ayz).
20 However, for very large dips, this approach may not lead

to an acceptable result. Therefore the following three
parameters are calculated: S}=a$g(xdgzaxz)+Sjg(ngza}g),
Sy =Sxy(x,y,z;axy) +Szy(x,y,z;azy) and

Sx =Syx(x,y,z;ayx)+Szx(x,y,z;azx) .

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 (axz,ayz) 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 x-z plane and

30 the pair of shifts (axyrazy) 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 (ayxrazx) gives the

local orientation of the seismic data.



Sx =Szy(Xx,Y, z;ayy)+Szx(x,y,z;azx) . 25 1If Sz is the maxi num of the three,
then th re is nore or |less parallel to the x-y he pair
of shi s?létoilg%yayz) gives the local orientation of the pfls(g]i%gpnqq@gl(fgt a. If
Sy is the maximumof the three, then thelbstructure is nore or |ess
parallel to the x-z plane and 30 the pair of shifts (axy,azy) gives the

| ocal orientatiohheoéquaeisessiive Hataandfsyx wertheitexi auevef the three,
t hen t he structure ilea re or _less parallel"to the y-z plane and the pair
of shifts (ayx, azxyigives "th& rocal orientation of the seismc data. WO
01/63323 PCT/ EP01/ 02154 +n 16+tmThe equations for, Sxz and Syz were given
above, the other equatiohs tapefwidm @ Amilktiy+j +ai /mz] , }2 j=-n

i =-m Sxy (X,Syy(xzy,z?c))EJ'Fﬁ_’;"'lfﬁ;m_ Y _(fIx+i y+ | +aj /mz])2 i=-nj=-m+n +m
{ Y_f[x,y+j+ai/mz+r]}2)sj5-n LoAX 2a _ +n +m' MY_
S(FIx, y+ j +ai /mz+i])2 A{Z'E;_ﬂjj:gw+ﬁ;’z—'rh]{m{%fﬁf[X+j ¥ai /my+i, z]}2 syx (X,
Yy, z; a j=-ni=-m=and +n +tmMY_ Y_(f[x+j+ai/my+i,z) 2 i=-nj=-m+n +m

LY flxsjrai/my z+i]}2 f-neom o s g2
Szy(x,y,zma)y=-L—2 =

+m o 2
MYy Y(flx,y+j+ai/m,z+i])
i=—nj=—m

+n +m ) . . 2
2 X flx+j+ailmy+iz]}

SyX(xsyaz;a)z Jz:_’:l l:_:n”; and
MY S(flx+j+ailmy+i,z])?
I=—n j=—m
+n

+m . . 2
2 X Sflx+j+ailmy,z +i}
j=—n i=—m

+n  +m . . D )
MYy Y(flx+j+ailm,y,z+i])

i=—n j=—m

SZX(x:yaz;a) =

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.



Szx(x,Y, z;a)+tn +m M Y_ >(f[x+j+ai/my,z+i]) 2 i= n j=-m The present

i nventi en described for a three- dinensional appli i However ,
it can ggo&gfﬁ?ﬁge 5 applied in a two-di nensional secti on%%’g{r’del%?/l:sd, and in
a four-dinensional volume. WO 01/63323 PCT/EPO1/ 02154 - 17 CL Al MS
1. A nethod of processing seismc data to obtain a processed seismc data
vol unme, which nethod conprises the steps of: a) obtaining seismc data
covering the pre-deternmined 5 volunt _&f At BeMe8rth, which seisnic data
consists of a quantity assigned to a voxel in a seismc data volune that
represents the pre-determned volune of the earth; b) determining for each
voxel in the sei shiteded 95| preceshbnyosalsnicedatti bn obthhe seisnic
data, which logcalcd0-Qrieptatog,i ie i on | ane .t angent to
the seisnic %gt ain that voxel ;ac? ggtﬁé@%ﬁ n?frllgé o’rnegI%% 583?8[”%& ﬁg?
there is an e¥gePsi®afits nei ghbourhood; and d) carrying out a snoothing
operation on geach,yoxgl; i ism.c data vol une, wherein, the
direction of %ﬁe snootjhéﬁgs%%ser&g i%%éggé?%%rjr%%a’fh%rPEﬁﬁ?F%ﬁmb’F‘efihe dat a
and wher ei n ttelwwpothi e operabi omhdokessabsmijo oves tbesiedgeortg obtain a

processed sei sm VOl in which he quantity, assigned to each voxel
in the proces@gf%lgt&a%gﬁ%ﬁ%t?sat%%x? s{fﬂtaoﬁ?h?‘ﬁb‘a %ﬁgéa‘r’ﬂzi”ﬁ@ out the
smoot hi ng opertett arepreddats vioxel pia-ddee selsad cvdbtme ¥l HAB. c2rciyet hod of
processi ng set; sm ¢ data accorgi ng t(gl? claiml, wherein steps ¢c) and d
conprise appl indjcea%e%lne]db%- PesEth ntPFTt Bt et hiet¥BiSnikt@aval whe each
voxel , the ahertatdoronfedte:iodtef ted nge hhest @gde Al opgithe) oLocal

ori e%ati on int hatt voxel argj assigning the result
orientation is the oriéntation 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 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.
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 edge-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



obt ai ned by applying the edge-preserving filter to the voxel to obtain the

process ] c data volune. 30 3. Method of processin 5¥% at a
accordlﬁgoﬁokﬁg%aln12 wherei n appl yi ng t he edge- preserv?) F%er on WO

01/ 63323 PCT/ EP01/ 02154 - 18 the seism®& data in a voxel conprises the
steps of: 1) defining an orientation plane which includes the voxel,

parallel to the kegahier bgpbathon obxthecspbshkes datasicRplheptoxel; 5 2)
extracting fron1the seismc data volunme a_data platelet, mhlch conpri ses

seismic datalat AXM-Po8Pt PBnSTLERT&R4CH BPRE Uaacﬁuﬁﬁ€#§d@§eéﬁé# or equal

to three) whbgd1|ipgarA1tBe ebi eAtalbenlpbanenctwhensi Bt hecentirg of the
data platelet coincides wwth the voxel; 10 3) dividing the data platel et

into Ms sub-7#Bges" EBEhVOZEAF nage |nclud|ng t he voxel, and deternining for

each ssub-impge @xﬂygéean@ £EERT @ﬁ@”&éﬂgmiéedﬁt‘gr 96¢,BEAN jqr , medi an) ~and
the variance (Yi of the séismc data formng the sub-inmage;, and 15 4)

assi gni ng toP%%%e%%RelwblvhlG@méqaéPStéelﬁka(dytﬁ1aI6h¥m1p©SZ$L©hp
wherein the ?ﬁtaﬁgﬂm}bé§n§0688dngﬂbeksegkeét@§cggdé a?lto Qgh%%Sreln the

upper summation limt Kk IS “a nunber ween 1 and
processi ng seiiseh cléat anatber dihgntet20ncbaanes, WMheeennthbeC@pm&e of

sunmation lipidt 5T%§1%§%3E§%5 g- ngggewggﬁsgggagl%n%paraneter, s, in the

cl osed interval OW ng equation k Me-1)(1-E). 5.
Met hbd of procesdingdsegshhe data mtabedehgitboaMy soneimbgtbe ebhaihns 1-4,

wher ei n deteg&gﬂhggefgncfagln% Fge gg g?sly perpenéggh?é%oggof t he seismc

data conpri ses rmnin fua pl anes
(x-z and y- zjulpassang ahnomghrtM§ veweéséhelﬁblths axaragen ( mbanxp& pl ane)

and ayz (in th for which the S|nllar|t of the data in a
Skew hg SentTEREY i NGB0 SF BUTOCE B vOkohhhag hGhF Bngehont aFtiady dth M
is the sub-image; and
15 4) assigning to the voxel a value equal to
(ijl/oy)/(szq), wherein the set {mj,o0;} is sorted by
i=1 i=
ascending o4, 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-¢€).
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 ay,
(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 (axzrayz) 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



maxi m zed, wherein the pair of shifts (aXz ayz) defines the |ocal

orient a%8988;38 he data in that voxel. 6. Method of proce&sll/‘?%r §f5§mc dat a

accordin aim1l, wherein steps b), c¢) and d) conprise each WO
01/ 63323 PCT/ EP01/ 02154 - 19 voxel (x,¥9z)y in the seisnmic data vol une
determining the shifts a'XZ and a'yz in the open interval (-A A

pertai ni ng twadﬂaxawnz/)alme e Sy, Zdt) BHTunS JEEXeigiRY the
respectively; ex ractl ng ;)m the seismic 5 data volume a two-dimensi onal

pl atel et defi r2 afz sHit Fthe (Pew, Jaf“i/ezli"a]anﬂ'%aﬂ\)cul ating the

aver age (”E%féﬁalﬂﬁdigaﬁ:)o of rideisel v tuddal @ squhse Pl Al 8| elnqto obtain a
quantity that_ is assi gned to the voxel (Xx,y, 2z) O obtain the processed

sei smi ¢ dat a Valaiie,Y viiét e Tf SRE Q08 ) =B, FE Y | B )oeksyie: a) , FS

+XZ( X5, Z; @) datARDISNZ d ahidBdmis (dhalV pZat et ST ZdXi by Y thhg a)
,SS+yz (x, y, z; a) wherein SXZ(x,y,z;a) and Syz(x,y, z;a) are t
similaritiesPof% K GRS @ 'skevit ng Ise i chricel G rdovna 1@1%1r@‘€m1dag¢1e voxel

havi ng | engt hlNand a it e endidgse f oM -{M )72 tLH)e O;ﬁl'\ééai& Sc z (X,

y, z, a) and S-yz(Xx,y, z;a) arethe simlarities of t tain a ewlng
senbl ance wi REGW & Gursdaid troxdiathaha rip 9iergich 0 el eoxe dt fKB}X,tEhdI ng

from-(M1)/2teQ 1‘?1”@1'1%05%”3‘%%&?6 Zy &) pAnd Siy£( ﬁ’umze a)"fﬁg]]ﬁ SI mlarities

of the data in a evvl ng ance w ndow around e voxe avi ng | ength
N andOa wi dt I$ "gxt @ndwaagc{fsranom e MRy A2, (=, and ; \&helssr*gzsle §,anaedge
preservation paranmeter in the closed interval [0,1]. 25 7. Method of
processing séi"$nic data according to claim1, wherein steps b), c¢) and d)

conpri se fo_r se:??%ha)%ed{s( , O ,3), 4t ryg §/Ez" (&IMyC Zd@taggel ung, g,hg gt) gps of
1) determni ng or each v eI X, Y, z) in“two nutual l'y Berpendl cul ar
vertical pl aWasreinz Sand xy-yz)z ;?éssﬁmb B thrnowghe )t krevdke (x,y,z) and for
each shift agy n Jentgry ).t i sz(x z;a) and
Syz(x,Y, z;a) o?ﬂ tlﬁgléqgg i r;fn;t s%?vﬁt(r?g SIQ s?l%(‘:@ﬁ n (gdvkv)l arcoeunwcf‘r}ch% voxel
havi R§ Iengt arNuand thewivgede lexiteendiong ength N and a width extending

from -(M-1)/2 to +(M-1)/2, S™yx,(x,y,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,2z7a) and S*y,(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 [0,17].

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 (xX-z and y-z) passing

30 through the voxel (x,y,z) and 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



from-(M1)/2 to +(M1)/2, the simlarities S XZ(x,y,z;a) 35 and

S-yz(x, KXég&/}i‘gg the data in a skew ng senbl ance WO 01/ 6%&%@01/ 02154

- 20 w und the voxel having length N and a width ~eXtending from
-(M1)/2 to 0, the simlarities S+xz(>?,g,ozra) and Styz(x,y,z;a) of the
data in a skewing senblance w ndow around the voxel having Iength N and a
5 width extending fromO to +(M1)/2, and Sl xz(a)=maxlSxz(x,y, z;a)ES
xz(x,y,2;a)F VIR thind B8k (e S (1Sbh W a1 , s Svidt, v, z;
a), SStyz(X, Y,&tdnai d/\/hh_qr&['\n_ d1s &dge Nvati on. nmeter in the
closed 10 inter valln[ 0,1]; Z)mdets)e/?:ﬁ ni ng Fﬂgesg#?ltiééaﬁﬁé%r whi ch
S xz(a' xz)= xS D)) -amehSihy Altd it Bhidf theyddtor imha chkSidZga' yz) =
max(S'yz(a)) .ser®astA W) r j 0 e sei.sm fé’% volune. a two- 15
di nensi onal psl(_eatel et dé“f%"lrllr?g%I by t de?:gp%rl{er roo%%s]hiﬁﬁilm(%' ﬁh%)?n%nﬂ 4)
cal cubati ng tHeltdy @xdgadimsarf m fedican) (Mfl)tfs sedsnic data in the
platelet, to.qbtain_ tity that  is_assigned to the vgoxel (x,y,z) to
obtain the prsoééssagd%a%g%ns?@(sxy'yd Zdéa’t)ds\éoP(G .'y’z’a?'gg Xz X'y'&;ax}

and

S’yz(a)=max{syz(x,y,z;a),sS‘yz(x,y,z;a),sS+yz(x,y,z;a)},
wherein & is an edge preservation parameter in the closed
10 interval [0,1];
2) determining the shift a'y, for which
S'yzla'gz)= max(S'y,(a)), -A<a<+A and the shift a'yz for
which S'xzla'yz)= max(S5'yz(a)), -A<a<+h;
3) extracting from the seismic data volume a two-
15 dimensional platelet defined by the pair of
shifts (a'xz,a'yz); 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.



