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CHRONO- STRAT ERPRETATI ON OF A SEI SM C CROSS SECTI ON OR BLOCK
"The present Mmmmmmm at es to a nethod of chronostratigraphicpg MAR?!]U?
interpretation oimﬁ?§e|snlc cross section 5 or block, that is to say
geol ogi cal recor a seismc cross section or block The present
invention lies in the contexts of oil ex | or on and allows a switch from
t he geophysical 10 donain to the geol&ﬁﬁ@&Png in. State of the Art -
*166166* The net hod according to the invention applies to 15 seismc cross
sections or sei smi¥ETHCR KQF W%ﬁ%%?%%l%ﬂﬁmmmpﬂm
juxtaposition in a p | #ExsMfIcs@RUsSS] sECTIdNTORSBOOGK. Signals referred to
as seismc traces Likewi se, a seismc block is fornmed by the_ juxtaposition
of seismc trads Hﬁ@%ﬁﬂkﬂ%ﬁﬁ@“ﬁ%@ﬂ2@€éi5¢é5§¥bna"§@Qﬂﬁk ebcahdiPngefers
either to a Seg%g?g gf@ﬁﬁléeghteil?ﬁétael@n Shfcg gtel%ﬁhémceos@' Qeket #on
seismc section o s a view of e juxtaposition of the seismc traces
contai ned i the Plank.of thasti bh. ta hesy A e\ﬂtﬁoéloéll§éllsn¥%c©ﬁﬁg&f véhi ch
will be referred;t@; @Sc3§s§eééElfoA”EQQ1ﬁﬁ9$'0”5 in the account of the
i npl enentation o% h . Ina seirsmc 1nmage, the lumnous intensity of
a pixel is proportional to the seismc f magnitude represented by the

one- di nensi onaphgi ghPdSenB80 e MW AN0-1Sldlsat i1GF apihieC kBheeRket i oranm
sei sm c Cross secil ons, or sei smet bl ocks i nvol Ve%ét he nt hesi 68 ismc

horizons in t heXBFBRRtLeR: i38Y o 11RS bRocR Lt e F 5P T IS SRR
devi sed fqQrn cagbpang oot tisy nddebesiefl doradens. Their results are better or

ot ered by Lhe sersmc setton Thie (o regi one where i ne. o RGN

strata are of Shatepabctheadroni nant type, the synthesis .of hori.zges by
0 6 MAR ~~~~ - 2 neasurenent of sinilarity bet ween nei ghbouring traces

i sturbed. 1t FBeorBEPAR: e FTPERT 08t ot Eal BOF af b P RECHYAd SRET0BSL OFS of
the | um ndds 5srem§ren<s| tardsa weeathenghsur ﬁﬁgsﬂ*ll%elbl%‘?ﬂeﬁ{ hén seiismdienent
a horizon synthesks H¥ctDéRULAt EAGnéAEL PRt dhkoBpbset to®f ihhe palagld at ed
gr adi ent vector§ sampled’ one-dimensional. signals referred to as
seismic traces.. Likewise, a seismic block is formed by
the juxtaposition of seismic traces 'in a volume. The
20 expression “seismic section” refers either to a seismic
cross section or to a slice of seismic block. A seismic
section offers a view of the juxtaposition of the
seismic traces contained in the plane of section. These
views are seismic images, which will be referred to as
25 seismic image sections in the account of the implement-
ation of the method. In a seismic image, the luminous
intensity of a pixel is proporticnal to the seismic
&agnitude represented by the one-dimensional signals.

30 The chrono-stratigraphic interpretation of seismic
cross sections or seismic blocks involves the synthesis
of seismic horizons in the cross section or the block.
Several methods have been devised for carrying out
syntheses of horizons. Their results are better or

35 worse depending in fact on the geological environment
whose image is offered by the séismic section. Thus, in
regions where the geological strata are of the

monoclinal dominant type, the synthesis of horizons by



The thesis by Marc Donias, submtted on 28/01/99 to the 10 University of
Bordeaux | and entitled "Caracterisation de chanps d' orientation g MAR 303
+anal yse en conposantes principales et estimation de |a courbure.
Application aux inmages sism ques”, [Characterization of orientation fields
by principal conmponents analysis and estimation 15 of curvature.

Appl i cati on rhen setemect | mEgesimi Uestt iy bes tweetiet a1 ghibew aboy eneftdesned

schenes for carryin ut_ hor,i.zon nt hesi Horizon synthesis applied to
each pixel of*fH ggp mﬁ?%ﬁi%%madz S%E?iSEthegFggnas %aﬁ?nﬁ8rﬁ§§ﬁ§ as
there are pitxed sgenlohe iragereThesseirbrde hariizomsefieratiie duirse lof

markers of ths | ogal, geel oay, cannol, Lt ersasls. O dhe gihen and, g hey can

converge, nerge Ioca and br nto one, or ‘even diverge. e me=grog of
25 hori zéns 1meRsibyt heetoaeept nefi.ghbounuhat i paxef ssyanklesédenTo tcarry out

an accunul atign) ohehhe RO hzan Synt ePNE deli Neq@yHRLE Y WRILH 1S

identical in size to the 30 seismc | e. Each elenent "of thé matrix is
associ ated wWiheatarker dictfAecfnbge andchsatadt9aRPiCRASSYYREA B zero
val ue. For each pixel of the inage a continuity curve is cal cul ated which

corresponds to the synthesjs of the horizon passing thraough the said pixel.
All the 35 cbhti hUFE SCEVV 8X5r EOPrERsv &P @lEGQPhQ%v@g(%géggdﬁﬁb “n of

the i nage. Whebveaktulabifn@dheaaont I nuhily etiiveed avtedaermedti saftitdre matri x
is increnentgg b§?one uni,t _each_tjine the with which it is associ ated
S

i |
i n the |nage FUERd Dy R CORt FhOR Ly v 1YSG EMmRSRES RS The

cal cul ati on pfiactpalénuicty estimatiansyder sk t ootihbuvert iZggll idiatansi on of
t he i mage segt] ot i:ven pixel [ i.n l.cul atd it adi ents of
Ghk ??%8? gll%ﬁtlﬁgeé. . GOSLAES I GRL ald Qg:hlbé}ﬁ’. ﬁg{

| um nous i ntensi mt i xel's i'ncluded ina 5 nei our hood of the
chosen pixel fighdn by clindiamdingcanporent yradd eHelfr 6mct s tgradilam

nmeasur enent so ebtai-pgduLKer AFB@ie@EgBQO%h%qu@ | 1P RS 19Ni i dhigsd peal
gradient to the chosen pixe The continuity curve %s t hen devel oped by
mar chi ng trah%v@ﬁﬁﬂ%jf Q%1iéOH?QEPtPBnﬁﬁx@CQ9ﬂ%%i L f FEMTYRBIcKEEen pi xe
up to the venbdrtabnl ayataksbeundaries of the inage, in the two directions
indicated by the local gradient and its additive inverse, by iteratively
repeating the previous two steps. 15 Wien all the pixels of the seisnmc
i mge sectiofohagenbegntieansedprlieddtaisacarpykay odt thiee secicumd at i ons
of synt heses hsgLeraserhed i the 10 mah @ ey Lopge 4 phLED each pixel
possesses a fu nous intensity 20 proportional to the nunber aggregated in
the correspoRékfgSelBnERE fagRe ABEr IS€1SRHICC R OFIASES /i S natthedstisjyual to
one. The bousdati:excalksesvednen 1=y |d@ae, @} Vecangeed indeasektt heyn
organi zation _of th qgologlcal strata 1n the subsoil. 25_Con E'bUtH?n of
t he Inventioﬁhe otheTr harid, they can converge, merge locally an
blend into one, or even diverge. The merging of
25 horizons leads to the concept of accumulation of

syntheses.

To carry out an accumulation of the horizon syntheses,
one defines a matrix which is identical 1n size to the
30 seismic image. Each element of the matrix is associated
with a pixel of the image and is initially assigned a
zero value. For each pixel of the image a continuity
curve 1s calculated which corresponds to the synfthesis
of the horizon passing through the said pixel. All the
35 continuity curves are transverse to the vertical
dimension of the image. When calculating the continuity
curves, an element of the matrix is incremented by one
unit each time the pixel with which it is associated in

the image is crossed by a continuity curve.



The nethod according to the invention exploits the inage obtai nedéﬁ@
accunul ati on of syntheses to 30 determ ne the geol ogi cal depositi MA&Z,GHJ
*as they were deposited and not such as they are observed today in the form
of strata. To do this, the nmethod deftipes a transformation of the vertical
scale of the seismc section neasured in seismc tinmes into a geol ogi cal 35
vertical scaTBerreaﬁuuédtimngecﬂ egiccalt inues). clrerenetdeocs tditsse nakeshe t

possi ble to defi r of s ntation whic verned_t he,
depositions OfF° % %g%%% stref;j m%Fn Paret cul &l%lqi hlrEghial ght &t he
geol ogi cal hpaxaéesontsnattsi §nt cadayp lertdsicortheargt ashipsits @f 6l WARIQ@93 - 4
Def i ni tion OEnEQﬂsE@ge”tEBQ The,gubj eql of pLheipresenlibaygntion is,a

met hod of chrono-str hic interp retat on of a selsmc imge 5 sectlon
S, conprisi n@eaqhéppibﬁpél Odfl n@”r%l@‘ﬁoﬁ)?nmpélﬁﬁlan&h&nvérﬁ|‘é®lc‘éi #ehs¥on or

Neigh;. in the digegti OQrQBﬂeH% suhsp | and copsissldn®y Ohe £0h HEMSH OF
pi xel's, which consists in: 10 - deflnlng a mtrix Midentical in size to

the i mage seBPEBANSIarRl Tonshst | BRI FHP @%%ﬁsaégchﬂbf ARFILOR 1N akBBci at ed

Wi th a pixel 1@Ea11hegwag@n5ecu> ontre arthds®en nptllxatLl y assi goegl anzet @ val ue,
15 - for each |er e section calculatin ontpLnuity
curve G pasgil gt Hrst)ughe{‘hgeé"&i BSick yaﬁarFPéﬂgv%’t ‘%rt YefttPRal

di mensi ar0 of ptike li mege isedt istrar$ir20 frdmdrtesretita sen mmbmtt@fthhe
matri x M by |te i ixel. with i S C|a in the
i mge secti o%g%tllig ér O%&Q%}%gegggﬁggglgs,vﬁ% tWﬂ g‘hnrre(ieH EISCEI%I L8
charact eri zedirgcthansi t 1p8itaceleripor etfm)nﬁcsltasl i @radl@a?ﬁst raudt i s for

each col um g0 tthe MR/ L QUARIE Conslstiaa gl gropobes of

cl asses which i's equal to the rﬂ,rrber nts of the said um c, 30
each cl ass c6FPeSpE6REI-ng to one of the el ements of the columm c and
containifng a nunber of sanples which is equal to the value aggregated in
the rel evant el ement. of the naérlz%é/l whi ch value .is equal to the nunber of
curves passi H§eChroughtthe PpERers othiat BBLANER EHEISs ST RRRE, the
total nunber beknsampresdi ditd hudted @ cdhey histogr asheoastuncl edibns each

col umn bei 19 ,SAUR) % JN1e 10t AL, PUIDEL O 1 R XRLS oot NSy 1408, SeSLLEN S

in which each pixel possesses a luminous intensity

20 proportional to the number aggregated in the
corresponding element of the matrix, which number is at
least equal to one. The boundaries observed on this
image give a good i1dea of the organization c¢f the
geological strata in the subsoil.

25

Contribution of the Invention

The method according to the invention exploits the
image obtained by accumulation of syntheses to
30 determine the geological depositions such as they were
deposited and not such as they are observed today in
the form of strata. To do this, the method defines a
transformation of the vertical scale of the seismic
section measured in seismic times into a geological
35 vertical scale measured in geological times. The method
thus makes it possible to define the rates of
sedimentation which governed the depositions of the
geological strata. In particular, it highlights the

geological hiatuses, that is to say erosions and gaps.



- equalizing each histogram He so as to produce an equalized hi Stog);fﬁﬁ Hﬁ]
» - defining an enpty inmage section S, whose width in 5 pixels is i AR ﬂ3
‘to the width in pixels of the inage section S and whose height in pixels is
equal to the nunber of classes of the histograns Hc', - assigning the

di stribution defined by the 10 equalized histogram Hc' to each colum c¢' of
the i mge sefionitSomywaltloealiventernoh pi xel of the columm c' the
cardinality of the content of the associated class of Hc' , 15 - delimting
in the image section S the groups of contiguous pixels containing sanples
and | abel | i MheackbircithecSaitdegrpupsent dinveedtiong eachk prkenodf athe i mage
section S the,20,}abel, g Yool Oct B cR-XeLtgEQUR I Wi 6B; ki Was @sad gned in
the image section S and di splaying the | abelled inmage section S. "According
to anot hér cIRFatter Pst iR T c@il ROLSF OS5 FHRERDIRT nbiFt yWictve G
transverse tganhd hg vertheal diimRRyiom fr theidiRgensSeski earScatioa gwen

pi xel i consists in: - calculatiq&g?he gradi ents of %unino%s inﬁggiity 30
for all the PixePUPPALLUABE iGPTE i b St HoRHIWRS of T pPREF TS, W ul ating
a local gradteméisisfromthe gradi ent nmeasurenents obtained over the

nei ghbour hood Vi and 35 assigning the gradient G to pixel i - marching
transversely from pi xel to pixel starting frompixel i up to the vertica

| at er al 1boundari esebinthe anmgersecMi aneBtipafhent wa zei rtecttihensinaygh cat ed
by 0.6 MAR.208, -6+ thes akaplents G 390 diadd td @, | oyersecyCsc by
iteratively repeating the previous t Steps. The present invention can

al so be appléssctba i ewd téi meneiovnhl cSeitdfi dratfyeS Pt oeRS. STRAMS U] ect  of
the present {Qvepsiop hsstheegf orecabseaau8et hod of chronostratigraphic
interpretation of a seismc inage block B conprising two horizontal

di nensions, nanely wi dth and depth, and a vertical dinension or height in
the 10 disrecti on obrt heastbsagixeand gonsifst idtge of ikeyemMmseet ipnxels, which

ConSIStSIIlcalculating a continuity curve Ci passing through the

said pixel and transverse to the vertical dimension of

the image section §,

20 - incrementing an element of the matrix M by one
unit each time the pixel with which it is associated in

the image section S is crossed by a curve Ci,

the said method ©being characterized in that it

25 furthermore consists in:

- constructing, for each column c of the matrix M, a
histogram Hc consisting of a number of classes which is
equal to the number of elements of the said column c,
30 each class corresponding to one of the elements of the
column ¢ and containing a number of samples which is
equal to the value aggregated in the relevant element
of the matrix M, which value is equal to the number of
curves passing through the pixel associated with the
35 said element, the total number of samples distributed
in the histogram constructed for each column being
equal to the total number of pixels 1in the 1image

section §,



- defining a block Nidentical in size to the inmage bl ock B and consi;hh@@
. of elenents each of which is 15 associated wth a pixel of the inadkﬁ 3
B and is initially assigned a zero value, - for each pixel i of the inage
block B, calculating a continuity surf@ce Si passing through the said pixel
20 and transverse to the vertical dinension of the inmage block B, -
increnenting-an etgn®dizohgt Bechl otk d¥dnardnec usot Lacko t ppectibe pirxel with
which it is associated in_ the 25 ipage block B is crossed by a surface Si,
the said netfdd¢ é?%g RhAFREF¥Fided in that it furthernore consists in, 30
- constructing, for each colum c of the block N, a histogram He consi sting
of a nunber of cI§s§§§iHhng LS ﬁ ual to thetnunb r, of eleneq%ﬁ of, the said
colum c, each cl ass cor?espoﬁ@? g t028he 56F “thE Iéngﬁp§eoﬁht gldﬁ}unn C
and cont & nipgxal auiberdefitsaapl &€s whieckiidsh35 negualeliso otthehealimeage
aggregated i elcev. nt. af .t.he; bl ac i C ue _is,equal to
t he nunber o?eéﬂg?gcggEﬂgis?hggghggﬁéﬁ&thgpppgg &gsggiigg%%imﬁ?h t'% sai d
el enent, thenedpar alnBeaseessanppres distegbanedich, t he hi st ogram
constructed for each col umm being 0 6 MAR 2f1 0~ equal to the total
nunber of pixels in the imge block B, - equalizing each histogramHe so as
to produce an 5 eﬁﬁéF?EéthisFB@raﬁ?+ﬁt¥lbuﬁé@¢niré%%ﬂp%ﬁnnypylﬂadéﬁblock
B at\é\hpa@ w@lzlc;@aimé@itixaltiﬁtag@a{mh@@e Gte:ptefh&mf@dtaﬁ@h(s @reonggﬁei Ciﬁtlaé}é) tge
Wi in pixels and tg the in_pixels of, [ oc ,, an
whose hei ght SFRtpPRels igyeGEEPCFSlP efﬁﬁﬁbePlﬁ?fCP§§g§¥30Fo HE"hiSSt ogr ans
Hc', - assignhagcehdididtitiybutii othadedeomeshtbyof hehequalsiozad tleidstagrsssn He' to
each colum ¢- gf,the inmage 15 block B' by allocating each el ement of the
colum c¢' thé contént of the associated class of Hc', - delinmting in the
i mge block B the groups of contiguous pixels containing sanples and
| abel i ng each 20401 ;the;s8i d NS nagd!l ls@eationy Pachhpi xebupl the image
bl ock B the | abel given to"the pixel group to which it was assigned in the
i mage bl ock BPRBAEUERSpPayFrh§ CREtRaPendedaimwags 25%bllsdie B.ingcrding to
anot her charaget eneskhéd gheupal cul ation of the continuity surface S
transverse to the vertical dinension of the imge block B at a given pixe
[
- allocating each pixel of the image section S the

20 label given to the pixel group to which it was assigned
in the 1image section S’ and displaying the 1labelled
image section S.

According to another characteristic, the calculation of
25 the continuity curve Ci transverse to the wvertical
dimension of the image section S at a given pixel 1

consists in:

- calculating the gradients of luminous intensity
30 for all the pixels included in a neighbourhood Vi of
pixel 1,

- calculating a local gradient Gi from the gradient
measurements obtained over the neighbourhood Vi and

35 assigning the gradient Gi to pixel i,

- marching transversely from pixel to pixel starting
from pixel 1 up to the vertical lateral boundaries of

the image secticn S in the two directions indicated by



30 consists in: - calculati ng the gradients of lumnous intensity f[p§ MAR 12003

the pixels included in a nei ghbourhood of each pixel i of a colum o
"pixels Ki, 35 - for each pixel i of colum Ki, performng a principal
conponents analysis on the gradi ents_cal cul ated in the nei ghbourhood Vi of
pixel i so as to determne a pair of direction vectors directed al ong 06

MAR 2U03 thenpl ageatiaegentctio fhe siffacgydltabe Pl X@fetsOf Ol UMpKi -
mar chi ng concentri cal ig; fromcolum to colum 5 starti n(s:] fromcolum Ki up
to the vertitafT*fat8Fal BEBRASANESCBE PREVERHGe BPoEKSB® by iteratively
repeating the previous two steps. Figures 10 Figures la and 1b represent,:

on different ﬁcalqﬁé tq§ sane _seism c_|mage section %fo etappI%in%_the
met hod accor d %g R0 IHE i AVERTI-6RT 157 g%rseo 2 ereapcrpe e 8 contfhui ty
curve associdimdnaithad piededmiof thegseilshocks mafeesexthmctandfFiguee. 2b
represents i f. e cqnt i.nuit rv. Fj £p S a

hi st ogram ag@%%?g?gd 1%17%#&2%509\%;{?1'%&1 O%:‘é E?L;Suc? e% g%gtgqn(gﬁlé“guérk?%g shows
t he sanme hi sebyrarveghaliiczaat eEpgaite t4 one prieseritst i @ gued d< deull 9 plage

section, ref ééﬁlﬁgik%gs AL HON0; Siv Al | gLARRLE hEROg  RRELI QNadp Shgure 5a
represents a binharized equalized imge section and Figuré 5b shows the sane

i mage secti ofi®PEBel | 889 30 FY§GFéc®lr ePrBSBALS a Phbelfe@ Gei 5 ctifmge
sectioniaf t esiappkyoRg dhechet BogdsaggordidigcbRst Heihfvent icLurFenpbet e
Description 35 The ms%lbo?1 according.to the invention is a nmethod of
automati ¢ chPORGLSr r ¥ GraphiS 1Shtetpret ati on of a seisnic image section.
Referring to the Figures, a node of inplenenting this nethod is given
her ei nbel ow. defini . . . . .
- efining a block N identical in size to the image
block B and consisting of elements each of which 1is
15 associated with a pixel of the image block B and is

initially assigned a zero value,

- for each pixel i1 of the image block B, calculating
a continuity surface Si passing through the said pixel

20 and transverse to the vertical dimension of the image
block B,

- incrementing an element of the block N by one unit
each time the pixel with which it is associated in the

25 1image block B is crossed by a surface Si,

the said method Dbeing characterized in that it

furthermore consists in,

30 - constructing, for each column ¢ of the block N, a
histogram Hc consisting of a number of classes which is
equal to the number of elements of the said column c,
each class corresponding to one of the elements of the
column c¢ and containing a number of samples which is

35 equal to the value aggregated in the relevant element
of the block N, which value is equal to the numpber of
surfaces passing through the pixel associated with the
said element, the total number of samples distributed

in the histogram constructed for each column being



~ 6 MAR ?003 - 9 Figure la represents a seismc inmge section S. T gbmFgmg
section S is dubbed seismc since it represents a picture of the subsai
-arising froma seismc exploration survey. The inmage section S conprises
two 5 dinensions; it is defined by & hori zontal extension along a

hori zontal axis and by a vertical extension along a vertical axis in the

di rection ofedilad swbsonéd. tdheli magbesectii grix@liss iconpuosednafe pbkekk
regularly distributed according to a horizontal _pitch on the 10 hori zont al
axis and a vertical pitch on the vertical axis. The inmage section S
contains in particular a nunber of colums of pixels which is equal to the
quotient of the horij al . e Si i\vi.de y.the harj L .pitch and a
nunber of pixelsaﬁg%égbjgk% %@gﬁhhg%tgg%égthpt%étﬁé gﬁ%ﬁ?@%@u% %ﬁe

verti cal Sextesnsildreadl Vilgedbdisan Hec'vertical pitch. In particular, the
vertical black line 10 in Figure la represents a colum of pixels which is
the basis for the subsequent Figures in the description of the nmethod. 20
To i npl ement™ t he GRSt HY Ac@Br RG Yt o RFRE | RY8REi Bn; & S(fef'ﬁ"hgghalﬁatri X M
V\ﬂi ch is idejitiecid iax:ildSithr?teO ddiecH rr;alfgepse@usorars. iﬂmflﬂwﬁ)lertﬂf thews of
the matrix Mis equal to the n er.o ixels.in_a colu t he i mage 25
section S aﬂﬁiﬁﬁb dB%?e%? %%#Eﬁﬂst%? Bﬁ@g fPi?lﬁF?ahggh%ﬁg &dG&F to the
nunber 06 callwois Bf tdred | wageesetight Sini piewial 19 eh@adunber tbk pi xel s
inaline of this i o) The i consi sts of as many

el enents as r{“H%‘)reer aé?ég%%%%éséi#\]ft A;eiﬂrr%{eéée%@% 2#5’3'0 S and each elenent is
associated with a pixel of the imge section S. All the elenents of the
matrix Mare infegers,iimgialdye hayng & geryal wer i eagy pixele i of
the inmage section S, one calculates 35 a continuity curve G “passing

t hrough t he &@tall pr&@él hapBogEaRsiEr sé ot ¢ade sRYtat  df reR8Pord™69% he

i mage seeti oM sxk The G} cubabboping thich cardeedd bfvalneesceahenl ating a

| ocal gradient G of the %uninous |ntensit¥ at thﬁéfixel i 0 6 MAR 2003
- 10 The | UfhotR TRt Y a3 A 2L N T3S 1% elCi’s defined as the
representation in a palette, for exanple a palette of grey levels, of a
seismc attribute or . ex l.e t anpl.i tud t seism i gnal ;- under
the 5 conditions %%oﬂ?%%lﬁﬁpfﬁé gﬁ%nﬁﬁ%¥ﬁ% ﬁ%g%kaggli?hge ﬁ%ﬁ?%gbéﬁ

mani f est ed byomt byught pixelsandnaafiownanpbinpdde bpdalakek lgngeleadht s
then posgi bl e to, cal cuat e @ gradi ent of lumnous intensity G between a

pi xel i and i1ts nei ghbours, which gradient G is in 10 fact the gradi ent of
the relevant seismc attribute. The gradient G is assigned to the pixel i.
The gradient-G conpstsesng hrrdhzopiaklcaipornest atha webkikcah aorponent

and it is defermned in partjicular by a principal conponents analysis
applied to a ibgLegi%eﬁrgai%thpéﬁF uﬁé?gﬁ 59e&%éf% gﬁe%&%«ﬂ%?%%ﬁé ded in
a nei ghbour hoodtMe ohatihebpbxél Bf . afihe dieipdhlydunchabe Viabied ldef iimedieby a

mjndom/%%ntr$POQQ pixel i, preferably a wi ndow of size equal to 7 pixels
tinmes 7°pi xel's” "The principal direction of elongation of the cluster of

According to another characteristic, the calculation of
the continuity surface Si transverse to the vertical
dimension of the image block B at a given pixel 1

30 consists in:

- calculating the gradients of 1luminous intensity
for all the pixels included in a neighbourhood of each
pixel 1 of a column of pixels Ki,

35
- for each pixel 1 of column Ki, performing a
principal components analysis on the gradients
calculated in the neighbourhood Vi of pixel 1 so as to

determine a pair of direction vectors directed alocng



20 measurenents of gradients in the neighbourhood Vi, given by the
~direction of the first axis of inertia, nmakes it possible to deterni“érgmzm}
-l ocal direction of the gradient G, which direction is allocated to pixe
i. 25 Figure 2a shows a continuity curye_C associated with a pixel i. The
curve G is dubbed a continuity curve since it extends within the inmge
from pi xel 'tﬁ@“@iﬁﬁu?'&%h?e%&h'@btlﬁwbcﬁﬁh%%k%r'§1'Qﬁ:sbﬂkqu {o dfhose of
pi xel i . The curve C is devel oped transversely ~o the 30 vertica
di mensi on of C®he™n¥ge section S, which is shown in Figure 1b to the sane
scale as Figure 2a and on which may be discerned the horizon synthesized by
the curve G . The curve G IS obtﬁined ?& n&rchin fron1p%¥el tquixel in
the successive di FREFTORE dSPBFRMHEEC3S By FHETSuECesE Ve ot adient ¥ G
cal cul at é&d cenérniuongs|framd ddieimn addi tupe icvehsesveZicAs al xoFsequence,

t he val ue of . yative qf. the, I nyi curve @ at. he pi xe
poi nts of mh?éﬁggggééﬁsigﬁs:ggﬁrufﬁ§%%6 %&ﬁ#ﬁoo%’- %f \ﬁﬁ%ﬁgéég?%% | ocal
gradi ents cakepkatedgathehpreameupi xebsstBach tine a continuity curve G

passes through a pixel 5 i, the elenment corresponding to pixel i of the
matrix Mis incremented by one unit. The elenments of the matrix Mare as it
were count er E1g4%B8Ei ated with the pixels of the image section S. 10 Figure

2b showg @ view of all the transverse continuity curves. The bol der the

pl ot of the transverse curyes appears, the larger _is the nunber of

super i nposed® tPHAEVerde VZE. %ﬁﬁ&ﬂf?%agﬂ§FeF?th§CF§g§é settion S
portrays, fosamrgamdismideinabee selcttibe Lbe fomd | bpdeydhgt héesensthed si gnal ,
t he curve Ciacgggaggg aL Qk ekn' @&I%.search for a continuity of anplitude
_across the rmage séctron oh "ERE*BRsi s of a simlarity with the
anpl i tude observed at pixel i. If the value of the anplitude at pixel i is
very high, apadLye 2220 developed f ropdixelcd dndde ddmoe midl iepd to
foll ow a geol ogical marker. Once all the continuity curves have been

cal cul ated, ehePE¥ehems het e heR¥e x Imagent apAtide radslil F498f et heb 25
counts of theecpeBkinukt ¥ GUeVesPassi RBet bbowdhueaghcpryek of the imge
section S according to the strict elenent - pixel correspondence. It is
precisely the content of the matrix Mwhich is displayed in Figure 2b. 30
For each col giguekt t Be me¢prxsdhtahiah ciduuygraoor pespondsetio aichbl uan of

pi xel s pjcke t he | epresen [ Lgure, 2 [ ar i's
construc(gd,gF;&gg%%e %%gq%'Lpggegﬁed&sg Eﬂ&@ﬁ% 3?? gﬁg%ﬁg %hgchggégb
associ at ed whtthtoheagokdgna lézieddi cated by the vertical black line in Figure
2b. This hi stogram consi sts of a nunber of classes which is equal to the
nunber of pixels in the said colum c. Each class of the histogramis
associ at ed WEEAYER el eneREPERSERES an equalized 1image section,

referred to as a chrono-stratigraphic image section.

25
Figure b5ba represents a binarized equalized image
section and Figure 5b shows the same image section
labelled.

30 Figure 6 represents a labelled seismic image section

after applying the method according to the invention.

Complete Description

35 The method according to the invention is a method of
automatic chrono-stratigraphic interpretation of a
seismic image section. Referring to the Figures, a mode

of implementing this method is given hereinbelow.



0 6 MAR 200,3 - 12 colum of the matrix M which el enent correspondg Mng\;
pi xel in the corresponding colum of pixels of the inage section S; th
-larger the nunber of continuity curves passing through this pixel, the
fuller the 5 corresponding class of Hcg Accordingly, the histogram He of
Figure 3 exhibits the distribution of the continuity curves over the

vertical 10 pi@hf@d en thpregagessea:t isen sid cwhiredy&li steidithwhi 0. | Thet or ed
precisely in, t he corr%‘gong }D%gg of .the matrix M assom ated 10 with

the i mage setfi®h € MHEESTEEnfalTEd Hitn TR S%8ESe S of the

vari ous hi stegcanse a&sfom*ahed v s dile vamsnmgcolﬂrmns gar ises shefoveen a

i mum and & RXEIVI DALY (15 Deing PRSLLI ¥e Ji1teges s The Ll mug [ s one

since there is s at “I"éas one cont Al ty-curve passi roug each
pi xel . TBe n@xmaumossvarlltabllé bdefiteds MOuadeJdobyzcbrh’eal otaadtemﬂmm of

continuity cuiyes. hhehibsntane ather thanoyhe toLat pUIbEy Qs Rixel s of

the i mage 20 sec n equal i zation mis t en appli d to each
hi st ogr am He2t@n@r 8de& td C@dr riesigonth ngheqaar p2BEOR| @ﬁo@r@mﬂ*@sorﬂo do

this, it w |Thé0r1n@|g¥7pls@c@$035 Possi bEempossige dshep @kQQHtﬂH@%l@eﬁl i bed in
t he work by Mess ﬁonzal ez and R Wods entltle "Dlgltal t%ge
Processi ng" %hﬁtﬁh]BPFg PFHPEAYY by Addi sBRIWESPEG - oP1BFRe 9 tHE work by
Messrs J0P Q@qugzeztamd a3isPhahdpp emérti@ﬂl " paakyseord’ kthegesrifiddr age et
segnent ation’ [Iﬁﬁ e Analey5| s. filte rg%ingld segnent at i on% ﬁnd publ i shed
01005 by WEELEN. TR ABBUCLAEEBR 6P  he SEAIGEant SuatF SRTTORE alor i ¢ him
to the histoguabeof &f gutroelu’ﬂmsr edifst pi bal es dhiectpopuwl atgoalr ankedtaccor di ng
1o 2 new i otibbuLhen sepiasened; bathe ASWAM Hels 3Rl B oung 0. The

hi st ogram equal I zat I on” al gori aimis toraise Yhe cont r ast
of an image, hduszeheadi mHele @fnd eél sltlmmklwtl i t héxeankede popidlatmiron by

splitting itygpchntgsa |e%fu9ﬁr rwbefh@f eh@§§@ﬁtanefl N g 10 qGual 1| y
di stri buted manner. The MAR 2 unber of_cl asses of the

equal i zed hi %FB@P&W%le%dEHUEW tt(?et W@rﬁ&ﬁﬁ‘ér pdrftcr?l asTsrbsoao? % 3 st ogr am

He mul tipliedhby v@‘rt@qaansbmlc]f: aQL?@ dﬁpemdemlgﬁrret hearesplrutseaasge?l red. 5
In the inple tatlo of. .t acc t he i nvention, one |nesa
new i mage se‘&?l?glﬂn V\/r?d‘gg g‘fErH C}h i ng‘ Bgstaerqﬁ c&"G o {arRdus

i mge secti oRi§uand whoskehdeghtriphiphxeksths mguabdto the 10 nunber of

cl asses ,¢f the histogramHc'. Initially, the inmage section S is enpty,

that is to say all its pixels appear black. A newimge is constructed in
the i mage setoi dnpSemgptishehaetasids agicoaidinghd cedilia iiXeteHiisirogreares by

assigning  defines a matrix M which is identical in size to the
image section S. The number of rows of the matrix M is

equal to the number of pixels in a column of the image

25 section S and the number of columns of the matrix M,

which 1is equal to the number of columns of the image

section S, is equal to the number of pixels in & line

of this image section. The matrix M thus consists of as

many elements as there are pixels in the image section

30 S and each element is associated with a pixel of the

image section S. All the elements of the matrix M are

integers initially having a zero value.

For each pixel i1 of the image section S, one calculates
35 a continuity curve Ci passing through the said pixel
and transverse to the vertical dimension of the image
section S. The calculation of this curve Ci involves
calculating a 1local gradient Gi of the luminous

intensity at the pixel 1i.



the distribution defined by the correspondi ng equal i zed hi stogramto each
colum of the image section S. To do this, the sanples newy di strUlﬁlmmgm
-into the classes of the equallzed hlstograns are used to calculate a 20

| umi nous intensity for each pixel assogj ated with each class. The | um nous
intensity of a pixel in the inage section S, in a palette of grey levels

for exanpl e, Ths dependent ointhesnupbess Qécﬁaﬂ@diewmmtaanqﬁxéutm% cl ass
associated with thg gl xe}" Thus the | um nous 25 gr{se of a pi x_L wi |

be zero and tREIPFRePSWPE ZFPEEFSCHIFAEKR OFn 1Thé prﬁra\ge ectﬁoo‘:n Qe+ } here is
no sanple inatpelektass @Assgeeat edveilkh tdfe pi xel smickewitseputke |iow nous

) | | 1 b h
G0l Tor whor®S8 oS RLEQG I G oadk: oohE aPRA A by SAEEF 51 TEcder Hunber of

sanpl es. St csndnpmonantad@ptrmﬁelmhatheheexam(h@ pepuhaghorensl tthedesane for
all the hist e t ey_ 35,8 q d. ch, hisfogram
exhibits a d‘?ggfleren?g\gléggggg%Fgﬁ t%gre%f u ﬁ u@%%%f tlﬁz E%nt ech? of all
the cl asses &mpldendpcabyfar &ark hElhﬁétogﬂamslS | theg ppeessely tho s

i nvariant V"héngc{@!é%é bt gB%%l%'eWte th 1&&&%{&5 fl%ﬂé??ﬁ@cﬁftﬁt ':%‘cwe%p as a
chrono-stratigra i mge sectign, that is to say

that the bouﬁHé?Eesl \/\ﬁPElh J'rtts hP@HBPGHPé‘Sar e‘”Pe?}hr d&@94a&ntsdehr dfesi®n t he

geol ogi cal sease. thdi ghﬂé@lénﬁth\ﬁ the Cfépékﬂalsﬁr@tellghlalahl&ttﬁﬁgﬁtéeﬁlOn
S constructed fromthe gqu&l‘ll zed hi sto The_transfor t| on performed

here makes it posSFBHESE tchsfraﬁ‘ﬁé 88 hiP setJeophiETtal tvertical

scal e graduaﬂ;eddnanﬂet@ﬂs osmp il e | |ase¢md&otmxaa geotnpgnealt 1&6ndli ne scal e

graduated n oLLLLORS SludSALA LaPartichl ar. conenth! | note the yertical

line 11 whi ch-démarcates Hn ure4the colum™o
initially chbgem imrFglpel| aommsnwhéscm@i@ssltsr a@p@laq:mu €oi rede Beetion S

I's then o nagkéeggaxsa'aa%%tlla%dt hﬁféfxal Li£1 OPRe AL 1 QUEEY 191'(91%|de%0rhtrfi'%" ng a

non-zero val retal ni ng th val ue Zero at every i nfornmati on| ess
pi xel .- In th@ebghappféaoﬁrréfgte of eﬁbésmw bi/- FL§8r eSS hRAE©fonés appear

on 20 a bl acksbaekgnhednay A Whiddew Wit #ul cat esitdati § herpfxedisi pfat he
zone contain at |east_some sei s, C |nf rmatiqn V\Qi | st the .bl ack background
i ndi cates an"aBS8Hcé of S+AF oFfMETon-C t haP e % SHYST hér 57 1o s@?ﬁ)l ein

t he associ at pdiokagsés @iredrelequajﬁ zedoﬁ@ahiishpgmﬁrrﬂ:hd:r ciuatgeol ofi cal
poi nt._ofy i epeoLhechlagk bagkapaundcreueals perlods. ofygap. progerypds of

erosi on,” si nce tEere I's an absénce ob%éepom tron o 69@&' ment s ur| ng the
peri ods indi gaves B3y aheblicleddgrent f obser Visr vh axdértdfcain®ftide chrono

30 stratigraphkesi TRISERGHIRN 8 -dkeRidard zedd 1magerd st 1 ahedb t edh by
allocating entirely different patterns or colours to the connected white

zones so t haBTBH68&p&rat ¥Pakit 8176/E4 ORevér 2pde585§935 Ot R *§ane -pat tern or
the sane colour. Figure 5b shows the result of a labelling of the binarized

| mge S%ﬁgloglgure 2% %k&ﬁg %p%%ntinuity curve Ci associated with a
pixel 1. The curve Ci is dubbed a continuity curve
since it extends within the image from pixel i towards
pixels exhibiting characteristics similar to those of
pixel 1. The curve Ci is developed transversely zo the

30 vertical dimension of the image section S, which 1is
shown in Figure 1lb to the same scale as Figure 2a and
on which may be discerned the horizon synthesized by
the curve Ci. The curve Ci is obtained by marching from
pixel to pixel in the successive directions determined

35 by the successive gradients Gi calculated continuously
and their additive inverses -Gi. As a consequence, the
value of the derivative of the continuity curve Ci at

each of the pixel points of which it consists 1is the



- 15 Finally, the transformation inverse to the histogramequalization is
applied to each colum of the inage section 5b, that is to say the ® m@kg@s
-ranked by the equalized histogramare restored to their initial clas

the original histogram TI:e original icrass section is then reconstructed
by allocating each pixel the colour which the labelling has allocated it.
The result ofaihe idwerse t1a8st ograldiemtss depkelgdedin K gUhe Gsanldie

| abel | ed zones nunbered from 12 to 15 in Fi gure 5b 10 correspond to the
zones sim | aPt¥Shinbered in Figure 6. In particular, in Figure 5b it may be
noted that zone 12 is al nost subdivided into two zones 12 and 12' but since
these two zoges are linked by. a ggall | sthpus w, they,inherit the sanme

| abel I'i ng. | aﬁpgﬁﬁg 6,7 i% isrﬁgeﬁs%uﬁ%%S|Blg 0 go PFOWFTZ%JPﬁﬁF si nce
t hei r separ ati onhhis edieseontt icouraesponidigat do el i sit encechof nidterissthinus w
Figure 6 is \rlngn%'r%ﬁl%ntc%da n&}@eurgffl. O%Ea'el%ﬁ%g%”-ofz‘)ch@%ﬁ’ W th
the same pattern are zones of" relatively regular and honobgeneous deposition
of sedinentsM F®e 26ndd wiane dldurdreat qrma@iratsed ividdhtdrd reels ¥ ndicate
a change of ggal ogihgal skermmhi @n, that is to say a new deposition. regine
such as, for exanplé, that 25 created by switching froma transgressive
phenonmenon to a regressive phenonenon. Furthernore, by recogni zi ng any

geol ogi ca maikars contsaicwed d v itdie dakell ethd Magen sestsOncslepi g edy i n
Figure 6 it is OSSiQQﬁ tB g tein a c?ngist nthnaQner in _space all of the
geol ogi cal 36EVEfRts ObsePVed S THE WhBI 8% of°t he" et 6 d > Va&EEsT df Mg €D t he

i nvention, ispaksesapplkheablergert hiee dhaensumohsri noh sanser tmpodge bl ock.
A seismc i is i.ned WO Nat | al es d tica
a5 in the BERESYEonCor RO ebsarre | AERT S L Apl Shent at i O TRUl {y
surfaces transeéioa t8 therveavpcal fof marimnlof tthe | vagesbl ofk wire t he
count er paf £ 0k 16 BGC0NH UL Vs EUENES LERNSYET 3@l bl Vel l i cal digensi on
of the Uéb R ?00.i - 16_ _inmage section and only the step of calculating
these surfac@§ diiffelsiinvihé H{HFELation 8f comd imeihyd o 2helikade bl ock. -

5I ITo ﬂet erm la@rb][a@ %@@ﬁ iiﬁﬂﬂgte% s%ﬁﬂ‘i&ﬁ?l% thn tﬁ}eel | RGeS ?Lpﬁ& @ﬁﬁﬁi@%ilﬂﬂLOUQh

all the pixels e i ock, a e col umms, o i ma ock are
scanned in sﬂ&&gs§%5n5ﬁgﬁ¥i¥4ﬁu§§§?§§ﬂ it @15 the ?%ﬁ@@angﬁﬁ? %fl t he

pl anes t angentet o atripd iconte nuitt y wikeflaces ats 10veach lofght he i xehsvécrm ng _
t he col Ki, _ar erdn ned .sj nul.t ane Yo T . {hi fl
calculaﬁgz anggnggraéggh %Hﬁ&ﬁﬁﬁiﬁ%hgﬂﬁ%t%ﬁﬁﬁ?sQ%ébafe%gc op#§§%$%f t he
colum Ki, iB gepéioghiseudr hegdkevi- of the rel evant pixel; the nei ghbourhood
Vi is here a small cube 15 centred on the relevant pixel, for exanple a
cube of 7 x 7 x 7 pixels.. The gradients are vectors having three
component s aPBf§ thel t e GPREARTDRYE SHLIRE | HRYe BISGCk. STheyiared:

det er mi ned atheaeh epietels ioOfteolmmariki Wycentpaimct pal re component shanal ysi s
appl i ed % al |l the 20 gry dientstcalcylated on allStQE p%ﬂ¥a% included in

t he neid% ouFREBESVi OBf TSk O EITARLY i FiSheReF Bhaf i itiei%al SEskponent s
anal ysi s on phaedr adlf eths calad asedtiont e aetghbow hbod tVie oftaiptxel i

| eads to the i nat i f thr r al ctaors ~ |y
pri nci pal vegg%#% E& aségg%a e ﬁ?%ﬁgphgggggét g§i§“%fpf%§ﬁ$?g?de¥?%ing t he
| i ne of greatestesitopef ofthehengdizirte Yamgaeh tbs pdkeplpyed piti nEiparevect or
Fi 2 associ ategy with the second axis of inertia orthogonal to the previous
axis and_directed along the plane 30 tangent to the pixel i and a principal
vector F3 associated with the third axis of inertia orthogonal to the

pl ane tangenfFotro tdwcipi xeblimnA pd r wfe di reetign wect ansi iFi | coFu@)
directed al ong_the p%%ggt}an enH_to t he sou ht-aftﬁgdCﬁpéényﬁty.surface and
passi ng throﬁgﬁr§§ptohi S pIoX Grefhas bt ned at*ac pi xel ©i+Bf9Col um
Ki. The procedpresdesed bednaboVegiseit 2lati vel y heépdatgedrby propadat i ng
the principal GarRoReRls analysss coneenisicalived rom sobupn 9, cohym

starting o
35 which is associated with the column c¢ indicated by the

vertical black 1line in Figure 2b. This histogram
consists of a number of classes which is equal to the
number of pixels in the said column c. Each class of

the histogram 1is associated with an element in the



0 6 MR 20D3 - m fromcolum Ki up to the vertical |ateral boundaries of
the image bl cck. 0 6 MAR 2003 - 18 CLAIM5S i. Method of 05 MAR 2003
-chrono-stratigraphic interpretation of a seismc inmge section S whic
conprises a 5 horizontal dinension or dth and a vertical dinension or
height in the direction of the subsoil and which consists of colums of

pixel s, consgshing i endlefining @ mhibk MideRt (ridiotns Lo the | mge

10 section S and consisting of el ements each which is associated with a
pi xel of thePi#gde sectilth SOARE SPONdANG aFP}u@§S|%e@lé<ezléroo@al*iﬁée - for

each pixel i jphgkhesddsBOsn seGt itk Sjat§ecaltgid ahiiged GENtEdWIEiyuctyve G
passing through the said pixel and transyerse to the vertﬁ?ﬁi dlnens on of

the i mage seCHFERSS, PSS ﬁeWEHFPHQhantEFénerXS% 't hENfmt % byt%e 20

unit eachpti afartrlé%p@m&hgw desvhi el iHc. smss@@m@egl,l ﬁ!;h'fehenimg@r&ﬁc'[i on S
i s crossed b characterized in urt herpore consists
in: 25 - con ru@t Sf P gach ec}g}{mntsc oqﬂ"et heéjn%ﬂ?(uq\horé hci)goobl?%m He
consi sting ofocatiwniey ofurtassesewnhittle iwmEguzl t b0t béontrterorof tieéenent s

each class copL, g%p%%@t’l%fn Bo Whitt a9l )‘(‘d‘%tcr adlﬂhcoa{‘t% ni g &y C&’P@& 3912‘*“3' to

t he val ue aggregate val'ue 1S curves passi
t hr ough t he pﬁxéhﬁnQpﬁﬂQﬁﬁﬁndlm%eC©b@mm ﬂ@nﬁ@ﬁ|m$Q4k¥rWs@%@©@h$ted

construci@d f;ith the image section S.

The number of samples contained in the classes of the
various histograms, assoclated with the various
columns, varies Dbetween a minimum and a maximum, both
15 Dbeing positive integers. The minimum is one since there
is always at least one continuity .curve passing through
each pixel. The maximum is variable but it is bounded
by the total number of continuity curves, which is none
other than the total number of _pixels of the image

20 section S.

An equalization algorithm is then applied to each
histogram Hc to produce a corresponding equalized
histogram Hc’. To do this, it will for example be
25 possible to use the algorithms described in the work by
Messrs R. Gonzalez and R. Woods entitled “Digital Image
Processing” and published in 1992 by Addison-Wesley, or
else in the work by Messrs J-P Coquerez and S. Philipp
entitled "“Analyse d’images: filtrage et segmentation”
30 [Image Analysis: filtering and segmentation] and
published in 1995 by Masson. The application of the
histogram equalization algorithm to the histogram of
Figure 3a redistributes the population ranked according
to a new distribution represented by the histogram Hc’
35 of Figure 3b. The histogram equalization algorithm,
whose prime aim is to raise the contrast of an image,
has the aim here of redistributing the ranked
population by splitting it up into a larger number of
classes and in a more equally distributed manner. The



35'equal to the total nunber of section S, ~f the said colum c, f the

el enents of the of sanples which is the relevant elenent qual to t R@Hﬁﬁi
of associated with the f sanples distributed r each col unm bei ng pi

the image - equalizing each hi stogram SO0 as to produce an equalized

hi st ogram Hc', 0 6 MAR 2003 - 19 - ‘defining an enpty inage section S,

whose wi dth %@%ﬁg"ﬁ%: S1edentical il ool fi pehn hiotels Al Lbe [moe

section S an I'n pixels s equa he “nurber cl asses of
t he histograggudl' t% in&ssﬂ@mbﬁg tdfe @ﬂ@ﬁﬁﬁbut@%n*@%ﬁlhéétﬁyr@MeIéQUaI|zed

hi st ogram Hcmuwlg@g@dc:%ymhr@ Dip 8 dTBg8 c28¢t | @Bpengbyral becating each
pi xel of the colum c' the cardlnallty of the conten? of the associ ated

class 10 of FESOlUtH@Plﬁ?FFH@ in the image section S the groups of
contiguows pixels contalnlng sanpl es and | abel ling each of the said groups,

15 - allocating o t mage section S the | abel ven to the

pi xel group #8 mﬁﬁ% E?pgﬁg E%Fbﬁ%d 8ﬁ t hBSi age %%ct?%ﬁpﬁgfhichﬁ%playlng
the | abel | edihmageisect iare SdeZ@n2s Met heth atwagdi rgdta ol aBm Iyhose
characterlzed ?Qafggﬁsfogig%;cglathég %88?6 cont qgt%fcugve a grgﬂsverse

in
to the vertica n thé i i oh° S At a given pix
consists in: Sestlocaﬁbu$@@|WQOBhe'gmHﬁﬁents ofi xledsi Mousegne éngict ytlor al |

the pixele |nghyded e & el ot d@fe"hegdh\[gtgheahw o e LAGULAILNG a

| ocal gradlent G from nt neasur nts obtal over
nei ghbour hood™&Peante@s5eyniTg LhHe YraEy entthat téspﬂ%élsﬁy aﬁﬁrch¢%g

transversely ﬁg@mgpbﬁgbagobmb&gl startlng 35 fron1p|xel i up to the
verti cal Iateral boundaries of the imge section Sin the two directions

indicated by the gradient G and its additive inverse -G, by iteratively
repeating the preeviiouwsgd Wsstepstructed in the image section S’ on

15 the basis of all the equalized histograms by assigning
the distribution defined by the corresponding equalized
histogram to each column of the image section 3’. To do
this, the samples newly distributed into the classes of
the equalized histograms are used to calculate a

20 luminous intensity for each pixel associated with each
class. The luminous intensity of a pixel in the image
section S’, in a palette of grey levels for example, is
dependent on the number of samples contained in the
class associated with the pixel. Thus the luminous

25 intensity of a pixel will be zero and the pixel will
appear black in the image section S’ 1if there is no
sample 1in the <class associated with the pixel.
Likewise, the luminous intensity will be non-zero and
the pixel will appear grey, brighter or duller, when

30 the associated class contains a greater or lesser
number of samples.

It is important to note that the ranked population is
the same for all the histograms, whether or not they
35 are equalized. Each histogram exhibits a different
distribution thereof but the sum of the content of all
the classes is identical for all the histograms. It is
precisely this invariant which makes it possible to

regard the image section S’ as a chrono-stratigraphic



0 6 MAR 2003 - 20 3. Method cf chrono-stratigraphic interpretation of a
seism c image bl ock B conprising two horizontal dinensions, nanely mg@mkwm
-and depth, and a vertical dinmension or height in the direction of the
subsoi | and 5 consisting of colums oflﬁlxels, consisting in: - defining a
block N identical in size to the imge block B and consisting of elenents

each of whichniscagssecishedewhih;a be%%yoﬁb%Qeﬂh@ﬁ%%dﬂd%¥&é%Eﬁﬁﬁdﬁ 10
initially assighed a zero value, - for each pixel i of the inage bl ock B,

cal cul ating AtcoRftPRALEVESUr PdCe JeFREITg &hr od§RCPKENSAEI d I xethand
transverse tgebhegvenli sahsdi mension of the inmage 15 block B, -

i ncrenenting an e?enent of the block N by one unit each tinme the pixel with
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and char act erigedei i thladwst ther tdierdmnses comnsi gtsphic imegastsectidig, for

each col um t he, bl a his ram He .cons stl of .a nu r of
cl asses whic |s°§§§558§?690 Fﬁgmnuégg %q%ﬁ%hﬁ§ 55(*é# Felid cofm c,
each cl ass coraespondangono paefofmetie eéraentskes tite qobamible ando

containing apuober efoRanpl eseubighod s saual Lo-ihe value aguregated in

t he rel evant enent of the ue 1s equal to the nunber of
30 surfaces 9&@@Pﬁ§eﬂhﬂ§ugﬁqﬂﬁ§pﬁ&e1na§sééiéﬁééndﬁtﬁot@aQﬁﬂkp%ﬂ%mhnt t he

tot al nq@ert%esar@aeﬁe di §95an&@@ i n g hephh st ggsamgponsteyeked fof each
col um being equal to the total nunber of pixels in_the imge block B, 35 -
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pi xel s and mhosg.digth hn leels are |d§nt|cal to the width in pixels and
to the dept h*P'h*pf PSERe P nEg8 bFolR "B, and whose height in pixels is
equal to the

15 The chrono-stratigraphic image section S’ 1is then
binarized by allocating the wvalue one at every pixel
containing a non-zero value and by retaining the value
zero at every informationless pixel. In the binarized
image, represented by Figure 5a, white zones appear on

20 a Dblack background. A white zone indicates that the
pixels of the zone contain at least some seismic
information whilst the black background indicates an
absence of information, that i1s to say there is no
sample 1in the associated classes of the -equalized

25 histograms. From a geological point of view, the black
background reveals periods of gap or ©periods of
erosion, since there 1s an absence of deposition of
sediments during the periods indicated by any black
segment observed on a vertical of the chrono-

30 stratigraphic image secticon S'.

The binarized image is labelled by allocating entirely
different patterns or colours to the connected white
zones so that two separate white zones never possess
35 the same pattern or the same colour. Figure 5b shows
the result of a labelling of the binarized image

section 5a.
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since these two zones are linked by a small isthmus w,

they inherit the same labelling. In Figure 6, 1t is

15 also possible to go from 12 to 12’ since their

separation 1is discontinuous owing to the existence of

the isthmus w.

Figure 6 is very close to a genuine geological section.
20 The zones with the same pattern are zones of relatively
regular and homogeneous deposition of sediments. Two
zones with different patterns in contact tend to
indicate a change of geoclogical formation, that is to
say a new deposition regime such as, for example, that
25 created by switching from a transgressive phenomenon to
a regressive phenomenon. Furthermore, by recognizing
any geological markers contained in the labelled image
section depicted in Figure 6 it is possible to date in
a consistent manner in space all of the geological

30 events observed.

The whole of the method, according to the invention, is
also applicable in three dimensions in a seismic image
block. A seismic image block 1s defined by two
35 horizontal axes and a vertical axis in the direction of
the subsoil. In this implementation, continuity
surfaces transverse to the vertical dimension of the
image block are the counterparts of the continuity

curves transverse to the vertical dimension of the
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& ()-my, 109 (priheipd % o&pbhents analysis applied to all the
20 gradients calculated on all the pixels included in the
neighbourhood Vi of pixel 1. The three-dimensional

principal components analysis on the gradients
calculated in the neighbourhood Vi of a pixel 1 leads

to the determination of three orthogonal vectors,

25 namely a principal vector Fil associated with the first

axis of inertia defining the line of greatest slope of

the plane tangent to pixel i, a principal vector Fi?2
associlated with the second axis of inertia orthogonal

to the previous axis and directed along the plane

30 tangent to the pixel 1 and a principal vector Fi3
associated with the third axis of inertia orthogonal to

the plane tangent to the pixel i. A pair of direction

vectors (Fil, Fi2) directed along the plane tangent to

the sought-after continuity surface and passing through

35 this pixel are thus obtained at each pixel 1 of column

Ki. The procedure described above 1s iteratively

repeated by propagating the principal components

analyses concentrically from column to column starting
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6789}[9P84llor height 1in the direction of the subscil and which

consists of columns of pixels, consisting in:

- defining a matrix M identical in size to the image
10 section S and consisting of elements each of which is
associlated with a pixel of the image section S and is

initially assigned a zero value,

- for each pixel i of the 1image section S,
15 calculating a continuity curve Ci passing through the
said pixel and transverse to the vertical dimension of

the image section S,

- incrementing an element of the matrix M Dby one
20 unit each time the pixel with which it 1s associated in

the image section S is crossed by a curve Ci,
and characterized in that it furthermore consists in:

25 - constructing, for each column ¢ of the matrix M, a
histogram Hc consisting of a number of classes which 1is
equal to the number of elements of the said column c,
each class corresponding to one of the elements of the
column c¢ and containing a number of samples which 1is

30 equal to the value aggregated in the relevant element
of the matrix M, which value is egual to the number of
curves passing through the pixel associated with the
said element, the total number of samples distributed
in the histogram constructed for each column being

35 equal to the total number of pixels in the image
section 8§,

- equalizing each histogram Hc so as to produce an
equalized histogram Hc’,



10! ~* 91 10%008& ()-!~ 9! 10%08& ()-!t
“ 9! 109%00& () -! p9! 10%00& () - Y10% 0& ()-' 310% 0& ()- 999; : <<zX6PB4! !

151 10%08& ()-!5!10% 0' 0& ()-!x "!10%0& ()-m
9! 10% 0& () -

YMLO%GE! () -
10!} 3(! 109&

DDDDDEEFT P.
:1109%HHE () -

<<<<<<=>?uSl!!9 (10%&' ()= 1!® (10%& ()- '9 (10%& ()-
"110%& ()- 1000 1000 1000?@\BCDDDWUGI1!! 10

{)- F'@éfil@;?/ﬁgq(énlzéi@(:g/]-@ﬁ@ €) s%%:%l(aiho%& (Whols® QP (drr
1!, &109& Qj ; Hg ) -

?iﬁ% S44k5 ﬁpéiﬁQ%&tP)t efwﬂggﬁ&ap)plxels of the image

10F2GGGFH Hrlzé(atibwaslmi&wms& hed lﬂo/&r(i)phkels&ill&%'&'@uﬁl kb® the

L &10%& ()-11°

10~H-H 10~HH

06 MAR 2003

~ "1 10%08& ()-m"!10%08& ()-m

5RO ()2 Lo SAOE, ()3 LEL LDV KKzl APAT oSkt () -

10~H~H! ~350! 10%-H-H& () - 9! 0! 109%4H& () - 9f / 10%4& ()-!} 98 10%HH& () - &KKaLM NBOP

OF[<PL!" ! 10%& (35! dnl 10WHELL) - L) IP%EE (05~ 0B O by che

10

15

20

25

30

35

equalized histogram Hc’ to each column ¢’ of the image
section S’ by allocating each pixel of the column c’
the cardinality of the content of the associated class
of Hc’,

- delimiting in the image section S’ the groups of
contiguous pixels containing samples and labelling each

of the said groups,

- allocating each pixel of the image section S the
label given to the pixel group to which it was assigned
in the image section 8’ and displaying the labelled

image section S.

2. Method according to Claim 1, characterized in
that the <calculation of the continuity curve Ci
transverse to the vertical dimension of the image

section S at a given pixel 1 consists in:

- calculating the gradients of luminous intensity
for all the pixels included in a neighbourhood Vi of

pixel 1,

- calculating a local gradient Gi from the gradient
measurements obtained over the neighbourhocod Vi and

assigning the gradient Gi to pixel i,

- marching transversely from pixel to pixel starting
from pixel i1 up to the vertical lateral boundaries of
the image section S in the two directions indicated by
the gradient Gi and its additive inverse -Gi, by

iteratively repeating the previous two steps.
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associated’ with a pixel of the im and is

10 initially assigned a zero value,

- for each pixel 1 of the image block B, calculating

a continuity surface Si passing through the said pixel

and transverse to the vertical dimension of the image
15 block B,

- incrementing an element of the block N by one unit
each time the pixel with which it is associated in the
image block B is crossed by a surface Si,

20

and characterized in that it furthermore consists in,

- constructing, for each column ¢ of the block N, a
histogram Hc consisting of a number of classes which is

25 equal to the number of elements of the said column c,
each class corresponding to one of the elements of the
column ¢ and containing a number of samples which is
equal to the value aggregated in the relevant element
of the block N, which value is equal to the number of

30 surfaces passing through the pixel associated with the
said element, the total number of samples distributed
in the histogram constructed for each column being
equal to the total number of pixels in the image block
B,

35
- equalizing each histogram Hc so as to produce an

equalized histogram Hec’,
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- assigning the distribution defined by the
equalized histogram Hc’ to each column ¢’ of the image
block B’ by allocating each element of the column c’

the content of the associated class of Hc’,

- delimiting in the image block B’ the groups of
contiguous pixels containing samples and labelling each
of the said groups,

- allocating each pixel of the image block B the
label given to the pixel group to which it was assigned
in the image block B’ and displaying the labelled image
block B.

4, Method according to Claim 3, characterized in
that the <calculation of the continuity surface Si
transverse to the vertical dimension of the image block

B at a given pixel 1 consists in:

- calculating the gradients of luminous intensity
for all the pixels included in a neighbourhocod of each

pixel i of a column of pixels Ki,

- for each pixel 1 of column Ki, performing a
principal components analysis on the gradients
calculated in the neighbourhood Vi of pixel i1 so as to
determine a pair of direction vectors directed along
the plane tangent to the surface Si at pixel 1 of

column Ki,

-~ marching concentrically from column to column

starting from column Ki up to the vertical lateral
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