§
Met hod for characterzing the coherence of an envi r onnent

cHaracteristic neasurenents, ' The present invention relates to a

net kod ©of 5 characterizing- the coherence of measurenents of :

characteristics of a nediumand, nore particularly, of | oggi ng dat a,

the said nethod mekiygida %si%&acg%@_ngoagﬁé Uidrirerddd Qrraet eri ze the

rel ationshi ps between, . on the one haMd, Ta qualitative varia whose

originis 10 not | oggisRiixennent ghpracheriftis measpnepentsgqf ng

measur enent s. An oil field may, for exanple, conprise a’nunber of

wel I's which may_be cl ose together aor, far apart. 15 VWhen st udyi ng such a
“field, geol ogi € geREFEPRY haARYentiag, Fggﬁgeﬁnl yFR sial | mﬁ&ﬁﬁér o‘f’Ecore

sanpl es tak®&n charbkterdrdng nbhe waddlsrerdeh afe tiheasupemedesed af

bei ng 1 ef er enceuell s o Le s IS, MRASILRTERES AR Qb AD Gifiepal g COre
sanpl es being considered  as_ belng retefence measurenents.” ‘On”zones
cont ai ni ng wel logghiingh dataar &heefgaixddmebhad aRinsat Lon pREgidlend Rrom

~Which no  ci-t33RRkE hagso b@_ﬁ&ﬁéﬁéﬁugp%ﬁlealfe%ascil&f‘smgkberbge@@én,
for studying them _such as |ogging, seismc, etc., The 25 ata provi ded by

these ot her ne&is Hhgens | I TqRlitatifes ofan iRP R tWRRRyRF SR ot 8ot her
par anet er si@ndndth loggPagtrelheed d4md, Cbhackthet tiHer ChBABENCRoggihih

t he nmeasurenents nmade on the avail able core sanples. Checki ng

and/ or extrapol“ﬁaisilr‘&'eﬂﬁng:%i ch are not 30 related to core sanples
make it possible to - characterize both - quantitative

vari abl es an L quadsi tiad 1 ve., vard gbl | .ogl s apet her
speci al i st , g‘l?choj'gs¥l§ Mg di r%%?o%%%‘f‘%}?’ (ﬁ%\?‘rp%g‘%e t%etﬂu}réﬂneer ?r?om
which core  weddmplivdsichr anagy did giose rogekhear o Fagumpartof slices

representajive of various qualitative variables such as facies,
sedi nentary body, sedinentary environpent, etc. . Each of these vari abl es
is generally asYé’!etjhe%lt‘adiﬁh%els.uCh a field, geologists generally have

available only a small number of core samples taken
from one or more wells, which are then considered as
being reference wells, the various measurements made on

20 the said core samples being considered as being
reference measurements. On zones containing wells which
are referred to as application wells and from which no
core sample has been taken, specialists use other means
for studying them, such as logging, seismic, etc. The

25 data provided by these other means make it possible to
determine petro-physical or other parameters and, in
particular, to check their coherence with the
measurements made on the available core samples.
Checking and/or extrapolating data which are not

30 related to core samples make it possible to
characterize both quantitative variables and
qualitative variables.

A geologist or another specialist, such as a
35 sgedimentologist, divides the zone from which core
samples are available into a certain number of slices
representative of various qualitative variables such as
facies, sedimentary body, sedimentary environment, etc.
Each of these variables is generally assigned a number.



- 2- For exanple, clay facies is referenced by the nunber 1, sand
f dci es by the nunber 2, sandstone facies by the nunber 3, and so on. In

this way, a qualitative variable is obtained which is referenced in
depth and 5 contains whol e val ues, each v& ue correspondi ng to one

class of one | @'@ﬂ* '&a‘éﬁpﬂ.\&mdltay facied lis m&ﬂané&i b}flcﬁlﬁfi n&tﬁ!@érdlﬁ Ee 10
measur enent s escri on _core arrp e at exceed. the
resol ution of 5819\%&?%%? ggiq'f?g REBPET o dsr@a/rb% f@ﬁ%é?

particular, byumbere 3conpady so SEHLUWBERGERS Heagyera td;uea]altatlve
descrlptlonsa a d ithe j eqti C e

t hey depend vax %'gg{ﬁ ;P%no %Ygég L” E]‘f %s{égégz; :é%%él% E@ d/eg"gfogﬁét 15
or the seduﬁenp@n@@ms whole mlu%asyeaghowaauﬁ a:orreamanéamgsdm oPne
paral | el bet vve%qalsgggfwg)ﬂgaqwgq_@ wpoifgde on one or nore application
wel | s because nunerous mXI ng zones are often observed, that is to
say the | oggi ng neasurenents nay bel ong to several classes. 20 I n

order to reducatt hesh@aqaal i B&' s potbe@Ct itHdty aghar measﬁ‘éeméﬁ&%i bl gr the
use .of stati i cal, neur al cl asal fication ods has

ee
advocat ed. ConV&itT §I ons SPatTT c &7 o3 Ysﬁﬁ? ¥ h6¥ECE EBﬁed by
25 TETZLAFEO et Imlsolattwmf n @é88ventiidhakt abggnng toblaur res oﬁsed

Pet r ol eum Geol JY7 uary.; .p. él‘rFlc 1188 () erPgREDgﬁeet Bg.h SPW.A
Vv

in 1995, give poor results whén th asses t 00 nuc ecause
t hese so-cal | e BFRUMRERGER ndiowsiems sihrse msmm%lm sonebimea

Gaussi an | aw.  RQueMAr, LHE Sideeire subjélcﬁiv?re' péeigdd! kel ?Drgeﬁgﬁal ex

than a sinple Gauss curyve. Neural classification ne
described in peS]rJtretﬁ}'—l 35 ‘H&F M1 10%) observiafion FRYHRee egeafogift AAPG

Bul letin 1992, o¢ ¥he NeediméntSfodgist HAIk eisahotat easy Sfa/\Lé;btmlcﬁ% or
MOHAGHEGH i n 1995 and 1996 al so g’?/fjseeln ngvgere ul ts,_ ow n%%to t he
S

that the said MRS gjfeahl%j“ Po 9501E NTREUHBYEP gd in

t he made on one or more application wells because numerous

“mixing” zones are often observed, that is to say the
logging measurements may belong to several classes.

20
In order to reduce the specialist’s subjectivity as far
as possible, the wuse of statistical or neural
classification methods has been advocated. Conventional
statistical methods, such as those developed by

25 TETZLAFF et al. at SPWLA in 1989, JIAN et al. in
“Journal of Petroleum Geology, V. 17, January, p. 71-
88, or GREDER et al. at SPWLA in 1995, give poor
results when the classes overlap too much, because
these so-called parametric methods assume that each

30 class follows a Gaussian law. However, the shape of a
class is dgenerally more complex than a simple Gauss
curve.

Neural classification methods, described in particular
35 by CARDON et al. in 1991, ROGERS et al. in AAPG
Bulletin 1992, V. 76, No. 5 p. 38-49, HALL et al. at
" SPWLA in 1995 or MOHAGHEGH in 1995 and 1996, also give
poor results owing to the fact that the said methods
are highly sensitive to incoherences observed in the
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.- 3- measurements. |In neural networks whose learning is supervi sed,

t e network |l earns to recogni ze one shape from exanpl es. However, a
| oggi ng reasur enent nmay be attributed to one class in a first step,
then be 5 attributed to another class im &nother step. Neural net wor ks

wi th overlaid heasurxedentat. sdncemdural netwopgai swhogs¢halearsingl eis

measur ement i 55}3%@#%% the ﬁsé%ﬁﬂcie‘é%s”ﬁl §Q8¥§n£9ec%'il%b2%q%§ S of

which are 10 ta om dne or nore reférence / s and on the
whi ch cl assi fi ExPmorexamnteHecHoWgYErusi dglraging measivgmenimrmalys doe

above. It shoub@crieweeer  tBe 8Rbethlasst B3l tLheriaid nBLARJS bRYR abso
been applied to Ioggl n measurementi produced directly 1 n one reference

wel | or 15 JevEFhfr é‘FgldenE% s orlafsc it n@nesiheY ofgpRy Neural

measur enent s havewoeka condilereebrlaidt i 5év€lor ydo nbecausifocedd their

accuracy or since_ .the t\ﬂg\rte . rﬁgr esent ative, of. qual.i ﬁat idve vari abl es
of the said reREP LS HREE At SLRIAGnBPREFESTORFUAS ARV OLKEresul ts 20

obtained with the said nethods on reference | ogging measur enents were

unsat | sf act of y rad e G [IRd Napove SBPE MANDAGKS: SPeghlEaAl Le

t hese net hods Qi ve poor s when a faclies not descri [
| earni ng sk@ taked drosuens @F Mehen rgfisvenas oeldd |anthdrthddpashe 25

qual i ty of theJrogghAgnT a8 RALELESnEOMRESET SBEeRY made defi@EhdVethe
calibration or correcti ons, Oof OHF%SCOUH'[ [ acqul sitlon

conditions.  metheds smmariged ‘b‘F%sangf Fh?@ﬁgggﬁoi‘”? €% :oR% BREeEhe 30
af orenent i oned thaawedek s Methydy itred Akl applidRriest Bogging t he
conerence of | UM hE R, ar R AT ARG BRI
from | Dggi mpveatsd, refapphceatwalilset Sowhiwhiche the medidy BSgybygi ng
e el i e L e
i nventi on does hesause refui rchedie kRERNEAEY of Oliny SLOHS or theYobaWekestic
representative of qualitative variables of the said
well or wells. It is nonetheless true that the results
20 obtained with the said methods on reference logging
measurements were unsatisfactory and suffered from the
same drawbacks. Specifically, these methods give poor
results when a facies not described in the learning set
is encountered in an application well and/or when the
25 quality of the logging measurements is compromised by
defective calibration or corrections, or on account of
poor acquisition conditions.

The object of the present invention is to overcome the
30 aforementioned drawbacks and to provide a method of
' characterizing the coherence of logging data which is
not parametric and which permits objective evaluation

of the representativness of a learning set, formed from
logging data, in application sets which are formed by

35 logging data to be identified, by picking out the depth
intervals over which a problem is detected. Indeed, the
method according to the present invention does not
require the knowledge of any a priori probabilistic

. model by virtue of the fact that each domain in the
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nmodel by virtue of the fact that each domain in the

- 4- | earning set is determ ned by k nearest neighbours sear chi ng.
The* method of <characterizing the coherence of 5 neasurenents nade in
a given nedium is of the type consi-st4 ng in: - taking N types of

ref erence neas akefachy ge 131, [ ] Ly e Sipg set
o the oai d aeqraraing Abefd %f)i rﬁeﬁ(%"{(}ﬂefd)j %Fg:’n)g; gfé?iﬁlﬁgﬁﬂb;h %%:I}g%t h

di nensi on, theSe8Y§RABF-of N neasurenents which are associated with each
point (P[err]) constituting a reference observation (X), - formng at
| east one N-di pensional.learnipg set cant.ai ning.all the said points
(Plerr]), The ki BEthPd| e ch'ﬁﬁﬁalc&ft]ﬁwnﬁeas P&nen gﬁ?ifeﬁﬁ?:h 1%* poi nt
(Qerr]) ofsanmeppureaents ssdadef ibhea sgitemediedqum, ishich ikchedifypeent

fromthe said r [ ,. each group of application neasurenents
whi ch are assog?)gl é%[eqﬁgs\?'\n&lfh the said point (Qerr]) constituting an
application - &bkdngat Nontyreerrqf  raferensigpafeagusswrnipgpl fEat ¢anmh

observation (Xpownih @Jh of al B8 ves§ ¢eFReanRsyaraldonmd Xdi® médeusai d
| ear ni ng set ¢haracteri zed in that it furthernore consists jn:

- constructi nge@Rebgisturfudd bedngi defompds &y eadepih (dingrskenr, the
observati orp ( Xgeoh) of Nheehsaronedst St ®RiLEI Bfe asddiddtadiearitl each

nei ghbours process (Ii— Ngl)é the.ﬁa{'__d nekghbour hood dor’r@i ns ggrSst ituting
the said | ear nPRFRE (Pabt CORRFEHUCHRT | AcECLGReRGR CRPTEhER 1% asRt! ((ca)  for
appl i cati on obsefoatiimgs @) iledadte app | dkidioernseiongl lealoiimgngset
degree of nenb i apR. 00 ohgefvations (x) to the said
accept ance cl a?g%?'éﬁgﬁ'h% ?ﬁl ICB"I?léaa%%J;"}%lp%Ioi?clzlél—'tsi‘(t)tr%(ig)bservat ion (x) being
assigned to the takimeceptadeasd! als apoldcatiophdreaserememes si@tp @@ghee is

at | eags g?eﬁ&l%r_wﬁn 6ffia&§ta1§1?1f<§$l9i8h(§hﬁr 'de - tBE said\CHEELLRAY tO
anot her characfer|istic of_ the invention, ea,cr apgl I cati on observation
(x) is assigne®¥&ehnksofifferenteLfrgmsEbe stPREEBRCEhESocePREnce

class ((Jerr]) group of application measurements which are associated
with the said point (Q;) constituting an application
observation (x;),

20 - comparing each application observation (x) with all
the reference observations (X;) of the said learning
set,
characterized in that it furthermore consists in:

- constructing a neighbourhood domain (D;) for each

25 reference observation (X;) of the learning step using

~ the k nearest neighbours process (K-NN), the said
neighbourhood domains constituting the said learning
set which defines an acceptance class (C,) for
application observations (x) in the application set,

30 - defining a degree of membership of the application
observations (x) to the said acceptance class (C,),
each application observation (x) being assigned to the
acceptance class (C,) when its membership degree is at
least greater than a f_irst threshold (S,).

35
According to another characteristic of the invention,
each application observation (x) is assigned to one of
three classes consisting of the acceptance class (C,),
an ambiguity class (C,) or a reject class (Cq). .



an anbi guity class (Clerr]) or a reject cl ass (Cerr]).

-5-, According to another tharacteristic of the invention, t he
nmenbershi p degree conprises at |east two thresholds (S[err], S[err]),
t he second threshold being | ess than the &irst threshold (S[err]). 5

According to aﬁ@é@f&lﬁ?a't@(:tﬁdtﬁiéle ehathetbpY8BLEORDE theadnaepitiicat,i on

datum (x) is b '
degree is | es2&;%2%&%“%25%185é?é%%c'&ﬂ@pfﬁ?%ghé?dafgfgr Fﬁ > tﬁ&%{c’%‘@s{)
According to age}hes,)¢hahacisecontl thakshodd bedngi dess thamn tdysplfiieat on

datum (x) is e anbiguity cl ass when its nenbership degree
. lies between Sﬁ%???ﬁglé é%’grr]. 15 According to another characteristic

of the invéntion, t he menbership degree is defined by the nenbership

function: d:.n o e another charh%'téh.st?..@ of tReWiirflentionX] err]

is an observatlon I n t | ear ni set, between 1. and

nferr],  na2? RRRESGRIAN d@%um t k%) %nﬁ%‘“gnﬁfi EPef RN RELE '

observations ig1kBs (eay nwRensdts membdrahilp deégred hbs lLedsushapi thee
donmain centred

rvatlon Xerr], X is an
appl i cation ob§§?‘aaFF83nfintPﬁ8558Eﬂil g% tion set. 30 Accor di ng
to anot heri@xharacteristic of the invention, in order to clarify an

anbi gui ty att aﬁgﬁgrﬁgnﬁn to anéEHEfC%tHa%ct‘éQ%%rt\i@ | Of theX)invédkion, |

(n-1)-di mensi ona set is constructed,_the dinmension renoved
35 correspondi Ag tacPRirieCéttﬂS@ ﬁams&xém sassrtgned to the anbiguity

class when its membership degree lies between S; and S,.

15 According to another characteristic of the invention,
the membership degree is defined by the membership

function:
5
By Gr)=et (1)
20 ’
in which
X, is an observation in the learning set, i lying
between 1 and n,,
n, corresponds ' to the numbexr of reference
25 '~ observations in the learning set,
Y is the radius of the domain centred on the
observation X;,
x is an application observation in the application
set. |
30 |

According to another characteristic of the invention,

in order to clarify an ambiguity attached to an

application observation (x), an (n-1)-dimensional

learning set is constructed, the dimension removed
35 corresponding to one type of measurements.

According to another characteristic of the invention,
the membership degree pu(x) corresponds to the mean of



According to another characteristic of the invention, t he menbership
dégree [err](x) corresponds.to the nmean of . the k' strongest.
nmenberships [err](x) to the domains Dierr] in the | earning set.
According to another characteristic of the invention, 5 the nean k' lies
between 1 and k. According to anothef characteristic of the

i nvention, the kal strohgksti membeyshipb g; éx) ecot ftdve Bomaik(s Iy hier
advant ages andtﬁg'aié‘&fﬁiﬁétééé. of the present i nvention will becone
nore clearly apparent on readl ng the nethod, as well as the appended
drawi ngs i n which: - Figure 1 is a schematic representation of the 15 .

acceptance (( eaéddrdng &¢ (and€R&¥ I thasheceeligeic( @D €hassS@frentiod) ch
are used in_the Jet hod acgor di ng]Pto t he fr%‘?ggt( i nventi on; - Figure
2 is a syntfeti tBFPrRReli at18R PRCVYRGRTt *  formof the degrees of

threshold simlarity (ST) and 20 simlarity degree (MD) - Figure 3 is
a schematic repggsgnhallon Of ol fidher gﬂSk&?E%ﬁQQQQ do%ml:gé Qleftfdde U L he
I'ng O e imethod o p

| earni ng set as constructed accor t hé" presen

i nvention; 25 thejygatee af kb 1€ very| wegh greapersehrnrtlons for a

wel | A - Figures 5A to 5C.are |logging representations for a wel |
B; - Figures 6A to 6D are cross plots of a |l earning set 30 "and
accept ance 19 [ @FReY, advantAges a(féo eFhprackgyistics: ofcdjhe PLRFeRT ng
to well A intéBti6A WAlL0 b&loaket niiryr el&aflyl hppatenthese rdading

the method, as well as the appended drawings in which:

- Figure 1 is a schematic representfation of the .
15 acceptance (C,), ambiguity (C,) and reject (C4q) classes

which are used in the method according to the present

invention; .

- Figure 2 is a synthetic representation in logarithmic

form of the degrees of threshold similarity (ST) and

20 similarity degree (MD) ;

- Figure 3 is a schematic representation of the
neighbourhood domains D; of the learning set as
constructed according to the method of the present
invention;

25 - Pigures 4A to 4C are logging representations for a
well A; o
- Figures 5A to 5C are logging representations for a
well B;

- Figures 6A to 6D are cross plots of a learning set

30 and acceptance (C,), ambiguity (C,) and reject (C4)
relating to well A; .

- Figures 7A to 7D are diagrams similar to those in
Figures 6A to 6D but with removal of one type of
measurement, in this case RHOB;

35 - Figures 8A to 8D are cross plots of a learning set
and acceptance (C,.), ambiguity (C,) and reject (Cg)
relating to well B;

- Figures 9A to 9D are diagrams similar to those of
Figures 8A to 8D but whose co-ordinates are ILD and DT.



Fi gures 6A to 6D but with renoval of one type of measurenent, in this

case RHOB; 35 - Figures 8Ato 8D are cross plots of a |learning set and
acceptancte ((Clerr]), anbiguity (Cerr]) and reject (Cd) rel ating
to well B; - Figures 9A to 9D are di-agrais simlar to those of

Figures 8A to 8D but whose:co-ordinates are |ILD and DT.

-7- In a gl ven nedium for exanple an 0|I field N separate
prelimnary. meaSufefed Fedilvef W SRl A oil”’ Tk ds PO rREPRTREC one

of the pPySLcab:c@laﬁﬁ;hTa@yi St fenferdtie saliasurtgnenof otrh$ ﬁrrm um eérdsn
nature of the nar neasur t 1,S_ar rar e
Crati stical  meSOTFRRERRE G Gty Codte aiy Sl (dradiit faEtor

sui t abl e ne% hodhe Theyoswenfaaleso die the masesiirene ntBhearadeatomreonecdr thee
core sanpl es t?)()gﬁ.ﬂﬂnarépmm%'&%u em g% wel! SarbEtTrQ'Egsa' E‘h%g' tﬂ%/elge

alternatively I ng I n_one or
all cases, the@éaml@lhwadarryemmt made using | speeiféteteds or

measurenents acRendi pHet id€of shivAPid OmetHiANArThey W, Madisem ba
whi ch t he 15 relimnary rreastgrerrents are made defines the ref erence

set . suLemeR? BAde e uPBReRS WRFEN SR%S nRaEPLRS tak@Bt her
part of thBO rrecﬁxwm sapar et e ridwEm twlealxsr eyhoushe0 sz0Re, odlle €oaiddered in

t he present |nv rtl__tlon as QT % JF i cation measurements which will be
conpared with RS Y I RS PFERTSIERTE BRPE 3 ORE < dRERi um

i n whi ch thesebapehcdats .oinmedsureasss s Gheseppieel iminkfy nesasurepphtsati on
set which may ' fe O I il die

In the rest of (\ct(:&he tg'eé%rl p{lfeO%r an(? n%eeaﬁ% ﬁ@ Saé&ll&%?? ér)ef {éfr:l%nce
measurenents dfwentiggs \hieh Paske Yof tbﬁr emla!‘\ vétof whirhtithear

l'ithol ogy phseried iifinddy tﬁ&sdﬂn@rﬁfécearé%ade | def D | €4 afeFéPengBE  OF
nor e borehoI%§ in thé said reference set

In the same way, the measurements which are made in

another part of the medium, separate from the previous
20 one, are considered in the present invention as being

application measurements which will be compared with

the reference measurements. The part of the said medium

in which these application measurements are made

defines an application set which may consist of one or
25 more other wells in the oil field.

In the rest of the description, and by way of example,
the reference measurements are logs which are
representative of a particular lithology observed in

30 the reference set, in particular in one or more
boreholes in the said referxence set.

The logs are used for forming a learning set, and the
lithology example in question comprises the following
35 facies: sandstone, silt, and cemented sandstone with
traces of argillaceous sandstone and clay. The 1logs
used are, in particular, those known by the references
RHOB for measuring density, VSH for clay indication, DT
for measuring the propagation speed of the waves in the



~

The | ogs are used for formng a learning set, and the | ithol ogy exanpl e
in question conprises the following 35 facies: sandstone, silt, and

cenment ed’ sandstone with traces of argillaceous sandstone and clay. The
| ogs used are, in particular, those kwn by the references RHOB
for rreatsurl ng deas_ru]gnvt ﬁMaH fop Cf@?’hln(éasiﬁtlr@ thE deeporraBastivigyt he
propagation sp Q e ves e

- 8- nedi um ¥y STy He 4R8P r J@%¢ iRE t yincTreaged, PY
nunber of | ogs deyrdasadncr eased or decr eased. 5 The neasurenents N
associated wth each point Plerr], of depth Z, in the reference set
constitute a reference observation Xferr]. . In the sane way, the N

measurenents aS¥eci neaguvenents Neaagseolated Qath] eadt pejnlt i nofhe
application Seepth £#0N3Y (ke 2BrapRhbeatdan Q?EEE.’({%’CQ” & referenfel i st

step in the present [ nvent I on consists in ining 1 n nultid nensional
space, for exarﬁﬁS@r\M%‘%‘-%ﬁi di mensi ons where N is equal to the nunber 4

of sel ected Iogs in the exanple of the invention, a Iearnrng set
whi ch conpri se ornts P[err d with which each lication
observation x i %hﬁaﬁ“ 4 grnnq‘%?sY’Fr%‘“?letéﬁ naﬁ§°§é'ta v@?‘gi‘

sections oiOwhiegleh podng er,r es:eﬂqt ddpth FZgurHs GEhet oa@plu.uatlienf oeatof

cross plots withy d i s defined
by characterizing ner%ﬁﬂ%%ﬁl@ Bk ﬁ err B %gch nei ghbour hood

dormain is centred on a reference 25 observation X[err] and is constructed

by 1 ooking for g hgikgt sBegr esh nl%&h%s%rﬁ:f eaRnReer VabhaRsXker th. The
set of dorrar ns, Derr] constitutes {the |earning set which, in turn

defining in multidimensional space, for example with N

15 dimensions where N is equal to the number 4 of selected
logs in the example of the invention, a learning set
which comprises all the points P; and with which each
application observation x is compared.

20 The form of the learning set, several sections of which
are represented in Figures 6A to 9A in the form of
cross plots with two dimensions RHOB and DT, or ILD and
DT, is defined by characterizing neighbourhood domains
D;. Each neighbourhood domain is centred on a reference

25 observation X; and is constructed by looking for the k
nearest neighboufs of each observation X;. The set of
domains D; constitutes the learning set which, in turn,
constitutes a class referred to as the acceptance class
C,. The process for searching for the k nearest

30 neighbours is, in particular, described in the article
by DASARATHY B.V. 1991, “NEAREST NEIGHBOR (N.N.) NORMS:
nn pattern classification technics” IEEE Computer
Society Press TUTORIAL, or O'CALAGHAN J.F. 1975, “An
alternative definition for neighborhood of a point”,

35 IEEE transactions on computers NOV, 1121-1125.

In a second step, a membership degree to the acceptance
class C, is defined. A decision rule makes it possible
to discriminate the obsgervations of an application well



constitutes a class referred to as the acceptance cl ass Ca. The process
fdr searching for the k nearest 30 neighbours is, in particular, described
in the article by DASARATHY B.V. 1991, "NEAREST NEI GHBOR (N. N.) NORMS:
nn pattern classification technics" | EEE Cmputer Soci ety Press

TUTGRI AL, or  Oxetbr@hing Jtéz i3/ Smemb¥hrship adegiaatl ine dakl %Wtéﬂée

nei ghborhood of a p0| nt™ IEEE trans c1|o S on conputers
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When the observations of an application well have a

20 high membership degree, it is because they are close to
points constituting the learning set and they are
generally included in several domains D; of the said
learning set.

25 When the observations of the same application well have
a medium membership degree, it can ‘be inferred from
this that they are not too far in terms of Euclidian
distance from the points in the learning set, but they
possibly mé.y not be included in any of the domains D;.

30 Such observations are then classed in the ambiguity
class C,.

Lastly, when the observations of the application well
have a low membership degree, they are considered as

35 being far in terms of Euclidian distance £from the
points in the learning set, and they are grouped in the
reject class Cy.
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a nmedi um nmenbership degree, it can be inferred from this that they are
not too far in terns of Euclidian di stance.fromthe points in the

| earni ng set, but they possi bly nmay not be included in any of the
dormains Dierr]. 30 Such observations areithen classed in the anbiguity

class (ferr]. rhe mednddshiphedytde Sh§eEMal haBsghhehiie t%owﬂéac?% ?Eh?éﬁ' !

have a | ow nenber,shi p degreé, they are cgnsidered as 35 being

ternms of Eucli @odft fid foBnthenePPlicgEinhs gheanyebichsh pRePe and
they are groupegdupeddn thea efeii of asto Aefd] .a similarity threshold

- 10 - The .nenbership.geagree and_t he. assignnent to .one of the ._said’
cl asses, for tﬁ@gépgpfcagFoﬁ r%a?%%ﬁ%?r%gg g%gree &fﬁhpgﬁe?ﬁe¥ﬁglPorm
of two | ogs5 adsigrdearlidy drhrdfol d as remepganted By wayl of seymthetiy
degree log (ne P 4 og v y.. of
syntheti o” - oaamHe F?éf%%%é*z%uﬁ‘é% %Wgﬁéﬁg{féﬁ%éﬁ%%%’%ﬁsg 2
function of degt fungticre dfefdepidnd Purtheflefyhand part ohi Ehgvegrésent s
the simlarity d8gieer-dPesdttsapnbe simil%.‘i@.'%ft hdgatdu 819§9r&% i®an be
relatively high for the beds 10 wth depth 000, 1010 040 and 12Q0, and
ow betveen SRt HRRG 05Biandegs6, o rebpt v abe0Pial BOmdde dBRERS
1060 and 1060. w3dh ekfsut npd g0, anodidpr 10he aade 1b@n,hsand low blEween
simlarity thr lL.d | Fight.- d part . of | gu [t_can seen
that an obser vi%g% Smgg%ol( nar%g 1% a%oplfi%%?'?%nlg\{éIa%‘gt%%‘ﬁé%%paﬁggﬁﬁoo
and 1015 woul d 1060 kendhclca edGotxasmmidisegil e @it dox stlendsameodeptiwul d
be consi dered aphLg . L her, s i d .o _ aphi. gu
class (Jerr], g%d Fﬁgt u%ieﬁlﬁggﬁl%pt%&%%qﬁdgas éﬁ%ﬁﬁ I%/anﬁ)r?atr%an%éept h
1030, it woul d HHEuns 2k edifingapo be HReedt okhabs angRRfryation dpade éhass
Cd. The saf® the YPENEatidf ddle B wddie Mhtess depidsad 1885 would
application well. For the sage ﬁ% S|ngllglt¥ and ckfrléz { he thigg
classes of acceft #REREF r | PULBPEUREY dePthBe OS5 RRd 47T IF eWou
represented w e debheideredhah ngmb2guoas sl cahedeforéheadeitptted to
-rectangl es 'nlﬂﬂg”é%g&guity class C,, and that between depth 1020 and
slightly more than depth 1030, it would be rejected and
20 therefore assigned to the reject class Cy4. The same
comments hold true for the other depths of the
application well. For the sake of simplicity and

clarity, the three classes of acceptance C,, ambiguity
C, and reject are represented with different shading,
25 as indicated in the lower rectangles in Figure 2.

In the learning set consiéting of the domains which are

defined by  the known k nearest neighbours process

(Figure 3), there are small domains in the strongly

30 populated regions of space, that is to say they have a

small sphere radius o6;, and large domains in the weakly

populated regions of space with a high radius o;. The

small domains lie in the zone of Figure 3 indicated by

the arrow Fl, and the large domains are indicated by

35 the arrow F2. The radius o; corresponds to the

Euclidian distance between X; and its k™ nearest
neighbour.



In the Iearm ng set consisting of the donmai ns which are defined by the

known k near est nei ghbours process . (Figure 3), there are snall domains
in the strongly 30 popul ated regi ons of space, that is to say they have a
smal | sphere radius [err], and | arge domalhs-in the weakly popul at ed

regi Onfs gf spamgevvn tdhoidadg[)tcs adcuﬁsﬁfeﬁet Elk:}%rla d.S. Illdzlsmaei'zgss l¥gchn the
zone o i gure N cate ow and t.he_.l arge do ns are

i ndi cated by 352T{R 18 a“;I'hge fidPB@ 98 Pﬁlcé&rrree%ﬁﬂfb‘s t he
Euclidian di suancbecbasaeenheX[ dispenationi tsf kiker ]|obseevasions may

nei ghbour . ' oi nstru oveyl,app h
vari abl e size ﬁé;ffgf: I%_%%%%Eed% OFAOQI ér? egssign f#lh 65319 ggg%g%?}u\géﬁt he
di spersi on ®f the dogering ispasawmFor exﬁmpleer, gm@ammcﬂrwmm@

l'i thol ogy presggt bﬂa?acﬁ@?llsegg' NGE SRAGRIstce ©XaRES1icRRSCENEY HRsch
recogni zed as chagracteristic of sandstone formations show nuch | ess

di spersi on t hahe88s SARRGFHOM SERRT aPRECHVRR1eREy associglge: Wit clay
Since an excesgoragizasQf the domains Dferr] may pose a problemin
terms of the validity of assignnment to one of the classes because

poi nts which are far apart in: terns of Euclidian distance may be

assi gned t0th&ince aaxcepkaesslvéamz@[ evf | thet denainmrbanhapcearsd ng t o

e e Tent pRBe1kh 6l SEOHAE oENEHAUTREL du B 08T Rkt ohhERr co DBARD <O

that the isola ol nt’s earni
| ndeed, i sol @ieothq)ophagseﬁmbecauaajemiws vehjchi qne | Eant a@@mtogi%al

facies even if termgt N8¥ @&Iﬂlﬁr@&@%nrc%mﬁéﬁmﬁéi %%%Jblﬁ@d t899%tne 20
characteristics |ocate them very much 1%aﬂ‘rom t he strong I‘\{%
n

represent ed f agcegptance $ nfor t Akt BRAE FRY | ECSPr P'@gl fRent
therefore 15 HAehventicno tbe @é@emmé titge nurdudyerk. kSi peepaelyyl etRds has

fo the said k FEArBetherbolre Lsotatsdlotiin 1y hE o idt: ot
constructi on ofrehe not ellmlnated. Indeed, isolated points may
identify wvery significant geological facies even if
they are not strongly represented and their logging
20 characteristics locate them very much away £from the
most strongly represented facies.

One important characteristic of the invention therefore
-relates to the choice of the number k. Since no rule
25 has clearly been defined for determining k in the
literature pertaining to the said k nearest neighbours
procegs, the invention advocates construction of the
domains on the reference observations so as to
characterize the space occupied by these observations.
30 When the _numbef of nearest neighbours k is close to 1,
the domains are of small size and essentially do not
overlap with one another. The risk of rejecting an
observation of an application well while it is
projected between several domains is then high.
35 Furthermore, if the number k is increased greatly, this
means that there is a great deal of overlap between the
domains, then there 1is a 1risk of accepting an
observation while it is far in terms of Euclidian

distance from all the domains. The compromise of the



domai ns on the reference observations so as to characterize the space
occupi ed by these observations. 30 Wen the nunber of nearest nei ghbours k
is closeto 1, the domains are of small size and essentially do not
overlap with one another. The risk of rej®@tfng an . observation of an
application m&hbenuﬁbhe comsistss in pcoﬁb&héﬂgbﬁﬂweeﬁlsem&rabndonmﬁﬂ@ S

then high. 35 f n e
means t hat the;‘:gyjlhglti tH t}fé.'e)f ﬁ%ﬁ"‘%é E‘gfl\?gggﬁ?‘% %e%&g‘(*%l ns; %hen
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conbi ni ng the sefedd oPtAsRANI thl?e@ﬁﬁ?ﬁﬂ@“ﬁ%ﬂ1%ﬂ1 Q?nEéFé§t9ﬁﬂEﬁﬁours
t echni que. Onen,- :_|_ claamaagehgst |qbsaa:]fvattﬂ¢mhs plre&mmt thmgentpm;gglqerféore
consists in renoving an_observati Lom the, l.earnin and .cl ass

o ot CHBLNE A COBERLAL T AT LU AL, S8l AGel 203k n
and this proeppdicasion obgesyesdons momesissignest iy the tac¢eptascehe
number of analskCall O sRi) oe A rééﬁ'gaﬁghbﬁuﬁcgekaﬁ%eg&?ﬁat 2 he

cl ass C[EBHL e nunBer near est ne| ours osen 10 s
error  probkbi | ey t%a%oﬂ:h@er%rmﬁhprpbﬁ 111t¥xa¥ﬁ)| 8otes¥e¥vamighy, £
The degree of emghgnshiiesaf t@aehiekservation x of a wel | or appllcation.
set to each of the domains Dferr] in 15 the learning set is defined by a
menber ship function - which can be witten in the formof the follow ng
e?pre]ssi on: The degree of mer.]mbtlarship offerédch 2Bservaitiomhigh obf a

X err is an w2a5ery. tion.i : earnin 94 et ween 1
and n[err], ﬁ[eﬁ?f ap@%%?%éb%ﬂd§§?b ?%e%ﬁﬁHber ogh%{ 5ﬁ§erwa%|ons

in 15 the learning set is defined by a membershlp function
which can be written in the form of the following

expression:
=
P'i(x)"e o (1)

20 |

in which _

Xy is an obsei'vation in the learning set, i 1lying

" between 1 and n,, ' '

n, corresponds to the number of D; observations in

25 the learning set, '

oy is the radius of the domain centred on the
observation X;,
'X  is an observation in the application set.

30 The membership of an observation x in the application
set to a domain D; is a maximum for pu;(x)=1 and a
minimum for pu;(x) tending to zero.

The membership degree p(x) corresponds to the mean of
35 the k' strongest memberships p;(x) to the domains D; in
the learning set, k’ being fixed by the user on the
bagis of the intended purpose and, in order to limit
the effect of isolated points in the classification
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25 the | earning set, [err] Is the radius of the domain

centred on the observation Xferr], X IS an observation in
t he: applii cation set. 30 The nenbership of an observation X in the
application set to a domain Derr] ksia maxinmumfor [err](x)=1 and a

m ni mum for [ eghlioekd, er_r,_cg ni?s t@h&@éﬁ’ between 1€ JFRITRETHH P ﬂf@f@fai);?{rr] (X
corresponds to the mean of the k' strongest nenbershlps err]

domai ns D[ er r] Mush gregten é"i’ralﬂ ﬂg %tc %Ceoé?ﬁ"lgF f iGeRP DR ‘é@%? BAtt he

basi s of the i magedad wsm&ﬂearﬁb demctidtfated hdlidlay tdiderdyewhioh
I sol ated points _in the

13 - proce§§? | %rﬂﬁm f I% 8C and BRRFE BiEtEsan?§, ard SRych

greater thah 1be&aais@| cefof the cpcrreeehoel dams hhé leannkngitsebssibfe to
denonstrate th epde a Ei
or Figures 9C ?n%'ug%st Qﬂ B%%%W? OF heg rlfelg; QQEEEthE ?%ég?vg&gﬂ

resence, arni ng sets Of
Fi gures 8A and DArespoRding rb@ertecwesObe rm@YonﬁaCleSCOmr@gm’md\gbvo

traces of cl athh%C'tﬁﬁcee'Qﬂtféh@dFBYnts & i BE1RXT HEMeiRRIYY Ss@Nok-he
right of Figure 8A or hree points at the bottom rlght of Figure

9A. 10 Thudy H%Mﬁ%ﬁ%% A ﬁ&er FOHECBMTLHEtd Sk AU XA i n
the | earnipg set has a Iow degree of nenbership to the accept ance
class Ca and ted from s cl,ass

N :
member shi p degr"_%’é‘l i's a\ ° %Vattﬁa% fﬁ*mot%ggg?ﬁ]ngﬁﬁo%\?ﬁn ﬁ’e §3| e
observation x the rﬂsgamur@rmmleh&sl aslawbidggures |df mesnbmmﬂ'ex;shtq: thgr ee

IS greater tha th | d S er . Si be
witten in the%ﬁ%gtv%}% Efﬁ%g CS %%%l ghLesd to errﬁl ?%[OW % ?
Slerr] X agsiqppE@nae Cpeasf it S[ferHZS<H[9éfﬂqe]I(%h)1P< @%ere? is  jess
assigned t95C &idn | § [¥rddhO1d ] erfibwever, the said observation x
may be considered as ambiguous if its membership degree

is greater than a second threshold S,.

The decision rule can be written in the following way:
20

X assigned to C, if u(x) = S,

x assigned to C, if S, < u(x) < S,

x assigned to Cy if p(x) < S,

25 An observation x belonging to an application set is
projected into a domain D; centred on an observation in
the learning set if the Euclidian distance between x
and X; is less than the radius o; of its domain.
Consequently, the first threshold S; is equal to et~
30 0.3673 by applying the above formula with x-X; = 0.

The second threshold S, must lie between 0 and S,;. The
threshold S, makes it possible to define a zone of
ambiguity between acceptance and rejection. The large

35 number of tests carried out have allowed the threshold
S, to be fixed advantageocusly at a value equal to e 3
The same tests show that, in the learning set, the
error probability connected with the threshold S, is
about 5%. '



25 An observation x belonging to an application set is projected into

a& domain Dierr] centred on an observation in the learning set if the
Euclidian distance between X and X[err] is less than the radius [err]
of its domain. Consequently, the firgty threshold S[err] is equal to e

Jerr] 30 0.3679 by applying the above formula wth x Xerr] =[err].
The second threshold S[err] nmust lie between 0 and erré The
threshol d S erFigwekesiht tpodD isine texardlere of zbnelerentatiapi gfi tpe
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equal to e[err¥ells A@RdBne tests show that, in the |learning set, the
error probability connected with the threshold S[err] i's about 5%
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et hod accordliﬁgu?gﬁf‘ﬁgdt ﬁ%ﬁ{?%ﬁnﬁﬁ th g”@gﬁy nﬁgl A an&ldB 5
I'n a field conpefera@cehwe&bpbl¢h@|amnﬂﬂﬂxpnAx§thBaﬂustructeﬁemﬁﬁﬁd
wells, the intgpli ggti@aE9n§OEﬁérggkmgaﬁﬁggky in B e%SEHm@ﬂ gdiate

perneablllty inoor e wells in“the said
field. The | eathihg adl tbe weildérm iwi the Eélde§t1§BF31 sﬁ’éle leproimg s&igger

contains 3o PRhIEADI WilY NMBasUeBFRBLSsRBHE BY CQh% saraglg@s: t &feitains from
four reference wells i ch have been deened . to resggta%ﬁég of the

geol ogi cal forREFMEARL ﬁEXuﬁ'Eeérsé’cFementﬁ {“ﬁgefl%TchoFﬁ t AR
descri bed, theffemn&bhmn&eféremce weimynwhﬂdh/haamdbeeneﬂebmyd\marbe

conglonerated faci p |

in the flood pFSPﬁfseﬁf?B g 8?hE%g %%&%ﬁ %Q&Q%&Q%F%%1nant aﬁﬁfy5|s
met hod has madeni thpofdehde o the @w@mm&as\daaﬂruhﬁﬁnnihe<ﬁQﬁma¢ﬁ¢nﬁn

| ogs are fcg 20+e esté%@é%‘gg%w 7 P;gﬁgig% g(l? t/)éla'{j'he %Qgﬁ a@ﬂ{ﬂ%@é’&&d{en

under thelr comer ci a fined
facies (deposited in winding channels or meanders and

in the flood plain). Prior to this, a stepwise
discriminant analysis method has made it possible to
evaluate which the most discriminant logs are for

20 estimating the permeability. The logs adopted are given
under their commercial abbreviation as defined by the
company SCHLUMBERGER, namely RHOB for the density of
the formation, DT £for the slowness or speed of
propagation of the waves in the rock, VSH for the clay

25 index, ILD for the deep resistivity. The N-dimensional
space of the method described above therefore
corresponds to a four-dimensional space since four
representative logs are used.

30 Figure 4A represents the 1lithology in gquestion at
various depths (right-hand part of the figure).

Figure 4B (left-hand part) represents the membership .
degree under the two log forms, ST for the similarity
35 threshold and MD for the similarity degree. The right-
hand part of Figure 4b represents the permeability
measured on a core sample, as well as the prediction of
the permeability when the four logs RHOB, VSH, DT and
ILD are taken into consideration, the prediction being



conpany SCHLUMBERGER, nanely RHOB for the density of the formation, DT

for the slowness or speed of propagati on of the waves in the rock, VSH
for. the.clay 25 index, ILD for the deep resistivity. The N-di mensi onal
space of the nmethod described above 1%herefore corresponds to a

f our - di mensi ongh v&RaGe sh Nee ﬁ.@ﬁérithmﬁ.@pr%@m atdaryimegs fgom used. to 30
Figure A4A represents the lithology in question at . vari ous depths
(right-hand paFP'BP the figure). Figure 4B (left-hand part)
represents the nenbership degree under the two log forms, ST for the

simlarity 35 FHERSRRS AN My éebere% %ar%txxgﬁ%ea The id $und

hand part of Figure represen er neabi méasured on a core
sanpl e, as 5wl koabet ne latddtedt @maplfl . Thlﬁén%@mﬂe‘ébﬂ'—l thekped st e ¥Hr
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i ven

Wit
| ogarithnic scRPESERAG nof &R the ref@°n@00f°rg thl%e"?ﬁ:ﬁ‘fetlon'
simlarity degigdechD is E&iﬂdﬁglﬁﬁhs i inl spladed. 5 THis bdar ebahfvehgdsriay| .

This neans tha there | .enber h| Lees4 r]
Wi thout it bei d Bf’emé% défh n&*t %é gsons or r%‘ggse%r gﬁ%%cctlflgén
whi ch is andi glleaxnrmgpl aetes anmhi ElgeresnfGBr,rreGbemd 6P gm&e@w-Y%lBD in

which Figure 6 n ng i qur 6 4 6D
respectively - ée%%%p%glgetr@ét %ca Ce%%g% aﬁ% | %U}IF g c?z?rgeaﬁggr gjgect

cd cl asses classgisgurla eBowre 6B f eplyl éclf-erl‘for ;ﬁ%rrts aPPGRT ch
signifies that v&ﬂ%'he Al iMElak f%tpotﬁéfesa!%l %ry faid tgbirdes | epmbiag set
in Figure 6A, while they are 15 S|I% in_.the
anbi gui ty cl a¥dthg ehe] learnimguFete aﬁ'd'grué"leat ggg li'hﬂr?e 588Yi n®ffe
reject clasgs slﬂ@hﬂﬂ?(ﬁﬁdréﬂﬁnumerous in the amblgulty class C,
(Figure 6C) and relatively numerous in the reject class
Cy (Figure 6D).

To confirm or deny total rejection, the same procedure
20 ag before is adopted, each time removing one log RHOB,
VSH, DT or ILD, that is to say the space is reduced to

n-1 dimensions on each occasion.

Figure 7A represents a new learning set which has three

25 dimensions and pertains to the VSH, DT and ILD logs,
the RHOB log having been removed. It is then found that
a large number of points is accepted and assigned to
the class C, (Figure 7B), and that few points are
considered as ambiguous (Figure 7C) or rejected (Figure

30 7D). The conclusion is that the RHOB log poses a
problem and that this is probably due to a calibration
error for the application well A, or the tool which was
used for determining the RHOB log.

35 Figure 4C represents the ST and MD for each three-
dimensional set, the first representing the result
after elimination of the RHOB 1log, while the last
represents the result after elimination of the ILD log.
It is found that the observations are all rejected when



To confirmor deny total rejection, the sane procedure 20 as before is
adopt ed, each tinme renoving one | og RHOB, VSH, DT or ILD, that is to
say' the 'space is reduced to n-1 di mensi ons on each occasi on.

Figure 7A represents a new | earning set-vidch has three 25 dinensions and
pertains to thendspH pakranea | 4| ogsa ort hee RN LE harhgeBeen MpVed.
It is then foupd_that a Iar%%énu er of points,is gcce ted ,and assi gned
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for each threegpoye, dinensional set, the first representing the result
after elimnation of the RHOB | og, while the | ast represents the
result after elimnation of the ILD | og. It is found that the
observations are all rejected when TARLE 1 _ - 16
- they pertain to clay or clay/shale facies. The i nference from
this is that this facies is not contained in the learnjing set The
fol | owi ng Tab| e (1)ssMnWBLLZES t he|vard¢ous)comrentes, (%) abpvec, (%)
TABLE 1 oqM C A [ erTT I (% T ¢ er
(% STM W EPEMaWihfe® 1098 3 gq A3Ved N Pl ag 17:98 ol 78 a5ty ]
w t hout RHOB | STM wi¥Boh¥ RHOB 15197 78.57 5.46 15.8TM W t hout. 48SH
31.93 2Poift without?ven PIMILTERUT DT o5 g4 7 Of2.23 [ 80

31.31
STM without DT 24.89 43.80 31.31
STM without Log ILD 19.22 24.79 55.99

10
The assignment percentages for each class in Table (1)
do indeed confirm that the results are much better when
the RHOB log is not taken into accoﬁnt, and that this
RHOB log has a significant influence in application
15 well A on rejecting the majority of the points.

As regards application well B, Figures 5A to 5C and 8A
to 9D represent the various results which are collated
in Table 2 below.

20
TABLE 2

STM WELL B - Ca (%) Co (%) Cq (%)
STM with 4 logs 54.77 20.83 24.40
STM without RHOB - 79.27 16.10 4.63
STM without VSH 79.56 15.24 5.20
STM without DT 75.60 18.03 6.37
STM without Log ILD 83.03 9.16 7.81

In Figure 5B, analysing the MD and ST logs shows that
25 sgsome of the application observations which are
considered as ambiguous correspond, according to the
lithology log in Figure 5A, to clay/silt or clay facies
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and class C, lying between 9 and 18% and a percentage for

15 the reject class Ci lying between 4.63 and 7.81%.

However, it should be noted that each time a log is

eliminated, accuracy is lost in comparison with Figure

5B which pertains to the membership degree of the four-

log set. This is particularly the case when VSH is

20 removed since the increase in the similarity degree MD

would imply that the silt and clay facies are included

in the learning set, while they are rejected by the

other membership degrees. However, this is not the case

when comparing the diagrams in figures 8D and 9D, where

25 it can be seen that there is actually rejection of a

relatively large number of points, which rejection is

confirmed by the MDs of the STM without RHOB, without

DT and without ILD on which the clay/silt and clay

facies are indeed excluded from the learning set and

30 are consequently not assigned to the acceptance class
C,.

The method according to the invention, which is a
similarity threshold method (STM) therefore makes it

35 possible to grade the results of the permeability
estimation and identify the silt and clay levels not
included in the learning set.
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for estimating continuous or discrete nmeasurenents; - for

characterizing the representativness of a zone Weral
wel'ls; 15 - in a nore geol ogi cal context, for characterl 2|
| oggi ng vi ewpoi nt, of the facies or enw richnents : \ ‘1“3 core

sanpl es. 1. Method ofcmmmracterl scoRer ence
of measurenments made in a given nedium of the | type 5
consisting in: - taking N types of reference neasurenents at each

point (Plerr])lof aMefiked rebfrermtmrsattexfizimyg saithe  coheremrd umofea](c:h
point (P[err]) bei pt! o] E’Fgr of N
measur enment s whi chqgerg&%%&ﬁ&pg ggggm gl[ed anlvﬁneg{crgi%gq n'[hf( Srrt?#p%
constituti Rg a consigleirg ekt observation (Xi), “form ng at

| east one N'd|”9n5|0n@éki@§fﬁ'ﬂ9pé§tof referenEQ”h@hBh?gm@hEstQ@ sal
p0| nts (P[err]), ak| ng | east N application neasurenents at

each poi ntp‘(’ﬁf%rr(}?}) oPE: rPaEﬁV?Bat’ﬁff?%’cc%f sehe afyj ghe said

rredl um which is difdédtwen; &aem t;hﬁrﬂ:al ch?{)eflséﬂi@edeflned byse& d%@ﬁ:'h group
of application rreas&ll associ at

tﬁqgg{gn, Eﬁe :F & w% E
said point b c SR oY P3PPI Son 193 r\?iﬁ on
(xi), 20 10 - commqtl@t@dicrw:a;ﬁpl ie@ati opodbser YB) oropetiwiuthing a

all the reference O_.péfié]y EONSosd K Pin t sai d | earni ng set,

characterized in that urthernore consi s’t)é i n: ~ constructi ng a
nei ghbour hood domain ?Q?@llﬂﬁ)ra%le%t qnee N rdieergitenabstequning seerr])

of the learning contalﬁi@g) alFl Néhd t'gaig(r}ﬁgﬂg@g (pl)ghbours pr;)c;astsl 2g the
i ns constitu

(K-NN), t he sai nei ghbour hood
sai d | earning set V\hck'cﬂ‘ %&s feast” gRpP ﬁéEéﬁPaﬁE%‘su‘?ﬁ‘%%%ts @&a)
f or appliscat i on 3kach po:.ﬁbSe}Qy)at oonan( bbplﬁdét&o&pﬁ&éwa@foﬂhéetsald

- defining a degr ers tion

observations  (X) "ele?lum’ t‘ﬁlgnbh saf dgzl'fgerenl;| gfggpf'gﬁcgaggclr&%?rencﬁia)

each applicati onrset, each group of application measurements which
are agsociated with the said point (Q;)

constituting an application observation (x,),

20 - comparing each application observation (x) with
all the reference observations (X;) of the "said
learning set,
characterized in that it furthermore consists in:

- constructing a neighbourhood domain (D;) for

25 each reference observation (X;) of the learning
step using the k nearest neighbours process
(K-NN) , the said neighbourhood domains
constituting the said learning set which defines
an acceptance class (C.) for application

30 observations (x) in the application set, |
- defining a degree of wmembership of the
application observations (x) to the said
acceptance class (c,), each application
observation (x) being.aSSigned to the acceptance

35 class (C,) when its membership degree is at least
greater than a first threshold (S,).

2. Method according to Claim 1, characterized in that
each application observation (x) is assigned to



observation (x) being assigned to the acceptahcé 35 when
itsv-nmenbership degree is at | east greater t““uluumnnﬁlmﬂﬁ hol d

(S[err] ). 2. Method according to Caim1, characterized i i that
each application observation (x) is assigHed to ' .

-I 20 -(C[ ' N oneoné bffir ehraleasskessemstonshgt bigt 0 sbeemagrrtance

cl ass err]), an L gui cl . r '

(Cerr]). 5 3. g%{s%od(t%&éor [ né%gb&}lgyﬁ] clfaéc%gsg%% eroirze(ait irﬁé‘dt‘%gt?

t he nmenbership degredagempfakses at |east two : thresholds (S[err],
S[err]), the second threshold being | ess than the first threshold
(S1). 10 4. Met hod accordi to G ajm,3, characterized in th

y . {
an appl i catd on3dat UMPERPdi 8°59TPGREd to Cladm dj-e GhaTracterize a‘s%at(}&iltérr] )
when its nmenbershi ptdegr aembership t dagree comprimessaiat selmst t hteshol d

(S[err]). 15 5. Met di ' d i 7.8
in that-an applicat FBﬁeﬁgggﬁggiféﬁ'lsngégfg%g% {T%e%(ﬂa éhr;é%gégﬁitale%%ﬁg

cl ass when its menbdeski phdegtbe first threpbolfed®een S[err] and Serr].
20 6. Method according to Caim1, characterized in that t he
menbership degree is defined by a menbership func,ti'o(it.

[err] 10 4. Method according to Claim 3, characterized in that

an application datum (x) is assigned to the reject
class (C;) when its membership degree is less than
the said second threshold (S,). '

15 5. Method according to Claims 2 and 3, characterized
in that an application datum (x) is assigned to
the ambiguity class when its membership degree
lies between S; and S,. '

20 6. Method according to Claim 1, characterized in that
the membership degree is defined by a membership

function: _
' . [_x—x,] _
B (x)=e- ° (1)
25 in which
X5 ig an observation in the Ilearning set, i

lying between 1 and n,,
n, corresponds to the number of reference
observations in the learning set,
30 0y ' ig the radius of the domain centred on the
observation X;,
p 4 is an application observation in the
application set.

35 7. Method according to Claim 6, characterized in that
the membership degree pu(x) corresponds to the mean
of the k’ strongest memberships pu;(x) to the
domains D; in the learning set.



25 in which ' X err] IS an observation in the Iearni ng

set, i | ying between 1 and n[err]

corresponds to the nunmber of reference (m“lmﬂnmmml}m“‘
the |l earning set, 30 [err] i s theiradi us of the

t he observation Xerr], X i's an Sppli cation
observati on in t he | j cation set. Met hod

according to @&ai mMethadarerding t;q] m 7, Charac*f?l’élﬁ%%é?sﬁpﬁtdegree
[err](X) correspondshd anddie Kredlies between f drte XK' strongest nenbershi ps

[err](x) to the dormains Dierr] in the | earning set.

8. Method according to Claim?7, characterized in that the nean k'
| i es betwesn 19 and Method adcordivies hosl GLaimd ngchar@tbeniBedchar &beéri zed

in that hceh‘%/ at’fﬁ: f A ;mﬁ&{}: r x“?-ﬁ'{énl 10.
Met hod according to alm €9 %akrac%t%ﬁfz d mkgg%aq{e t in order to

clarify an anbiguity attached to 10 application
observation 19 (X)Method @ccording s 1)c1(ét1men§l onehah:aateh:a@eaet ihsS
constructed, the di mepsion re corremgondtn to _on y[%e of
measur ement s. that, in oxder to c¢ I‘l y an ambigquity attached

10 an application observation (%), an
(n-1) -dimensional learning set is constructed, the
dimension removed corresponding to one type of
measurements.



