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The Application of the Criteria of the
Maximum Membership Domination to the’
Recognition of logging lithology

Zong Jinfeng
Abstract

In the process of the recognition of the logging
lithology, the measured lithology is a blurring concept.
Therefore, it is possible to employ the method of fuzzy
pattern recognition to do so.

Suppose that there are m states of the lithology of
strata in the logging area,expressed by the fuzzy subset
Ai(i=1,...,m).we assume again that there are n observed
quantities relating to the lithology of strata, and we
think of the result of each observation as a n dimension-
ality vector, indicated by X=(X1,X2,...,Xn). So It can
be used to describe the states of the lithology of strata
which have been penetrated by drilling.

Ala¢ (X) denotes the degree of X subordinated to the
lithology Ai, while the aim of fuzzy pattern recognition
is usually to work out each ¢ (X), (i=1,...m). if A4((X)
=max { M4 (X) ,1<1i< mjwe can judge that X belongs to Ai
and further predict the lithology of strata in corre-
spondence to X. Its crucial question is to get ' (X).
However,the approaches applied to get s (x) have much
to be desired because fuzzy sets have limited ways to
operate and invisibly lose a lot of indispensable in-
formation. This article deliberately steers clear of the
attempt to get A (X), but introduces the concept of the
membership domination and the criteria of the maximum
membership domination to the fuzzy pattern recognition
for the logging lithology. _

Upon the basis of the principle mentioned above, this
article puts forward a new method to the fuzzy pattern
recognition for the 1logging lithology . The crucial
question of the method lies in how to work out /Qg(Xj),
(i=1,...m ; j=1,...n). Moreover,it also introduces two
practical ways of getting Mg (Xj).

1 Introduction

Generally, the logging interpreter analyses sub-
jectively and judges by his own experience the lithology
of strata which have been penetrated by drilling ih terms
of some logging data. It is extremely difficult to arti-
ficially judge the lithology of strata because of the
influence of the complexity of strata and various factors,
somtimes leading to the partial or most partial overlap
of the logging curve in the different lithologic strata.
With the enlargement of the application of the logging
in geology, the method of traditional, artificial, and
subjective recognition of the lithology of strata has
not been suitable to the requirement of the complex
geology tasks.
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In order to overcome the errors brought in by the
artificial method, the triangulation method and the
recognition method of statistical probability have
come on recent years. But these methods are too complex
in themselves, or too high in condition,to popularize
in their practical uses. Recently,considering that the
lithology of strata has not certain outlay,it is a blurr-
ing concept.We can apply the method of fuzzy sets to the
fuzzy pattern recognition of the logging lithology.
This article is further going to introduce a new method
of the fuzzy pattern recognition, that is, applying the
criteria of the membership domination and the maximum
membership domination to the recognition of the logging
lithology. The advantages of the method are:

(1) to synthetically judge the information to influence
various kinds of factors of the lithology of strata.

{2) to have a strong entire recognition ability.

{3) to lose little information in its operation.

2. Method Description

We assume that there are m states of the lithology
of strata in the logging area,such as gravel,gritstone,
middle sandstone, fine sandstone, and mudstone, etc.
Since each lithology state is a blurring concept,it can
be described as a fuzzy subset . So its lithology of
strata can respectively be named Al, A2,... Am . In
general, the real state of lithology of strata in the
logging area, for the logging interpreter,is an unknown
number and it can not be directly observed, either. In
order to make a correct decision, we need collect an
amount of information and have a careful observation of
several observed variables relating to the lithology of
strata for the description of the state of the lithology
of strata.If each variable can get k discrete values,the
result of each observation is a n dimensionality vector,
indicated by X= (X1, X2, ... Xn), and all the possible
vectors have altogetherI=k ,whose sets can be expressed
by U

Now we assume that the section observed is U .Al,
A2,...,Am is a fuuzy subset in F(U),where F(U) is aggre—
gate formed by the whole fuzzy subsets on U. The vector
X=(X1,X2,...Xn) is called the sample on U. The degree of
sample X belonging to llthology A1 can be expressed by
A (X), (i=1,2,...,m),that is , /%‘(x) is the membership
function of Al, while the degree of the sample X belong-
ing to the fuzzy subset Ai only from the observation of
the Xi-th index of sample X can be expressed by,M%&X)(l 1,

2,...,m;3=1,2,...,n).In general, the process of the pat-
tern recognition is to work out A (X) (i=1,2,...,m), and
we obtain the ,ﬂhg(X)—max{A%L(X), 1< 14-m} while ié{l
2,...,mjwe can judge X correspondingly belongs to Ai so as

to get the lithology of strata relating to X.This is the
main essence of applying the criteria of the maximum member-
ship to the recognition of the logging lithology, here the
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crucial question lies in how to work out A& (X). It is a
difficult question and there is no good way “out at present.
Now we deliberately steer clear of the direct att-

empt to get /AM(X) but introduce the concept of the
membership domination and the criteria of the maximum
membership domination to the recognition of the logging
lithology.

2--1 Membership Domination and Criteria of
Maximum Membership Domination
Let max{/@m(XJ)}ls the maximum value of{/“m(XJ) p
1<iém
leis m} Smax {,MA. (X)} is the submaximum value of {/“41 (X3),
l<i<m
1f§i£:m}Then we define the partial membership domination

as

max (Xj) —Smax {Xj)t = (Xj )— (Xj).,i=k
C/U“ﬁi (Xj)={ls?<m{’%‘v J} léiém{/% J} /{M 3) - Mle %3

0, ixk
Where the partial domination Cai(Xj) denotes that the
membership function of fuzzy subset Ak is maximum in
terms of the index j-th of X . Therefore, only from the
observation of index Xj-th,the degree of X belonging to
Ak is superior to the other Ai (i=k),whose membership
domination is /ZM(XJ)‘/%M(XJ) It is clear that the do-
mination belonglng to A1 (i>xk) is naught, where i=1,
2, k-1,K+1,...,m.In addltlon we also define the en-
tire membership domination as

Q/QE(X)=2§:C/MAJXj), i=1,2,...,m.
i=1 "~
where gﬂMe(X) denotes the domination of hte sample be-
longing to the state Ai of the lithology of strata in
terms of every index Xj-th (j=1,2,....,m).
Then the criteria of the maximum membership domination
is:

C Ma(X) =max {CMa, (X) ,Clhg (X), ..., CUan(X) }

while i=1,2,...,m, we judge that the sample X corre-
spondingly belongs to fuzzy subset é} .

It is known from the above that we marshal the mea-
surement value of the lithology of strata into the wvector
X= (X1, X2,....Xn) in terms of the data. Then we work out
C/QL(XJ) and C/QL(X) respctively.If the entire membership
domination of X in some stratum in correspondence to lith-
ology &1 corresponds to:

Chat (X)= max {Cila, (X), Clldz (X}, ... Cllag(X)]

we can judge the lithology of strata in correspondance to
X as A1 A new method of the fuzzy pattern recognition of
logglng lithology can be formed in terms of the criteria
of the maximum membership domination .

2--2 The Determination of Membership Function /@g(xj)
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It is known from the above that we must choose C4(X3j)
before we work out each CA (X). So how to choose member-
ship function A4 (Xj) is the crucial question to employ
the method of the fuzzy pattern recogniation to recognize
the lithology of strata correctly. There are many common
methods to determine the membership function,but each has
its own limitation of its way. Here we use the following
two methods.

(1) We assume that the same kind of logging quantity of
the same lithology strata in the identical area obeys its
normal distribution. Then we obtain

_4fXj-aij}
Mp(X3)=e 271013 where aj ,(% is the

mean value and the variance of index j of X in the state
of lithology i. From the mean value of the logging curve
of various lithologic strata of the logging section sta-

tistics of the known lithology in the workin we
obtain p _ R
L (Rgp- ag)
1 P _ p=1
Aiygp = — 2 qu’ q_iéf= """""""""""""
p p=l p-1 .

i=1,2,...,m; j=1,....,n.

where p is the number of strata accounted for lithology i.

(2) In terms of the observed samples in the logging
section of the known lithology within the working area ,
we can get Pg¢ (Xj) , where Pg (Xj) denotes the sample of
€ Ai-fuzzy subset in correspondance to the probability
density distribution of the changing index Xi, where symo-
ble € stands for X correspodingly belonging to fuuzzy sub-
set Ai which means A& (X) z Mac(X) (k=1,...,i-1,i+1,...,
m) .By using the following formula:

Pae  (X3) '
Mg (Rj)=====mmmmmmm e we can obtain M (X3).

m

2- Py (X3)

i=1 "
for Pac (Xj), we can work out in the following way.Accord-
ing to the result of geo-exploration, we can give m stand-
ard lithlogoy Al, A2,...,Am of a well section in the work-
ing area,which is m known subsets of U ,and the lithology
of each stratum in this section has been already given
Union distribution PaA¢ (X)=Pai (X1,X2,...,Xn) is hardly es-
timated in its practice. With the condition of the stati-
stical independance of each variable, we have:

n Pi$)
TT o o e
Py (X)= Ppi (XJ)  where pj. (X3) ={

i

Pijk . when x;=v;

when Xj=V|
when Xj=v,

. 0N 0~



138

KS;V
Z—l" Pijs =1  where Py = Pac (Xj=V's),s=1,2,...,%K .

Vs Xj can obtain s-th discrete values.

The subsample estimation of digit group{P.js} can usually

be expressed as m matrices of(n,k)-type, indicated by

Ri=rq5,where ¥ ijs is the frequency of j-th variable taking

s-th values in i-th sub-sample, s=1,2,..., k; j=1,2,...n;
k

i=1,2,..., m. As for i,j, they have the > ngs = 1.
s=1

When k=2 , Py (Xj) can be worked out in the following

. X Pl
way Pa; (Xj)=(pq.)% . (qagf "t where Pi3 = Pa (Xj=1) ,
q;§=?u (Xj=0), Pg¢ +qi =1. The sub-sample estimation of
digit group{Pq§ and{qq} can be expressed as m matrices
of (n,2)~-type, indicated by Ri. rij , where rij is the
same as the above,but s=0,1.Similarly,P, (Xj) is PAi(Xj)
( Pag (X) Pai(x). )

THe older the geological body, the more the overlap
caused by the geological process.Therefore the geological
phenomenon have not only random uncertainty,but also fuzzy
uncertainty which makes the lithology of strata too sophi-
sticated to recognize . The second method above correctly
connect randomness with fuzziness,basically reflecting the
features of the geological phenomenon with randomness and
fuzziness . In addition , when using the methods above, we
unnecessarily assume that the same logging area obeys the
normal distribution , and again unnecessarily consider the
individual interference and the influence of the environment
condition during the work so as to make the method have str-
ong adoptability.

3. Illustration

We introduce this method into the recognition of logg-
ing lithology in a coal field. There are five kinds of
lithology,that is, gravel Al, gritstone A2,middle sand-
stone A3 , fine sandstone Ag, and mudstone A5.The mea-
surement sample X in each stratum consists of the mean
value Ra, GR, Jrr of the logging curve in the three logg-
ing methods. Then X= (X1, X2, X3) , where X1l=Ra, X2=GR,
X3=Jrr.In the lithology i (i=1l,...,5),the mean value a
and variance (;; ©of index j-th of sample X have already
worked out (as in the following diagram 1 ).

The sample X=(X1,X2,X3) of 15 strata in the working
area of the coal field is given out in diagram 3 . The
lithology of strata is given by the logging interpreter.
Now we have the fuzzy pattern recognition by computer ,
that is, applying the criteria of the maximum membership
domination to the lithologic recognition of each stratum,
Firstly,work out stratum p (p=1,...,15) AM.(Xj) (i=1,...,
5; j=1,2,3) Then, Cua/(Xj) of each stratum p.Lastly, syn-
thetically work out C uy(X). Getting max {cu(X), 11 55}
from each stratum p,we can recognize the lithology of each
stratum. The result is listed below (in diagram 4).
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<

aij the order number of loggimg method
m\» 1 Ra (2,m) 2 GR (V)|3 Jrr(x10’ cpm)

1, gravel 114.383 5.4317 6.315
2,gritstone 67.25 15.25 7.513
3,middle~ 46.50 17.71 8.375

i sandstone
4,fine 25.58 20.00 10.42
sandstone
5,mudstone 7.375 | 27.50 13.75

Diagram 2

Gij \\\ - the order number of logging method j
N\\\\T\\\‘\\~ 1 Ra (cx,m)| 2 GR( Y )|3 Jrr(x10 cpm)
1., gravel 16.43 2.275 1.493
2,grit- 7.557 2.261 2.569
stone
i| 3,middle- 5.469 1.671 1.873
sandstone
4,fine- 4.379 2.089 3.282
sandstone
! 5, mudstone 1.811 3.030 3.468
Diagram 3
order logging value original
Ra= X1 GR = X2 Jrr=X3 identified
lithology A
1 115.0 10.0 4.5 gravel
2 120.0 9.2 5.0 gravel
3 130.0 7.5 5.8 gravel
4 48.0 16.0 8.0 middle-
sandstone
5 5.5 28.0 14.5 mudstone
6 50.0 15.0 6.0 middle-
sandstone
7 24.0 20.5 9.0 fine-
sandstone
8 4.0 30.0 12.0 mudstone
9 140.0 7.5 5.0 gravel
10 85.0 20.0 15.0 grit stone
11 25.0 21.0 10.0 fine-
sandstone
12 12.0 30.0 20.0 mudstone
13 65.0 15.0 7.5 .gritstone
14 30.0 13.0 4.0 middle-
sandstone
15 10.0 12.0 2.0 mudstone
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ONS the membership domina- oberved
P OIL tion of sample X to A lithology | COR
MX{%. }X§4"|ofv logging
Giay )| olhag )] g 0] 5Hag N
1 |gravel 1.899 (00482 o | & | © | 899 |Al | gravel v
2 |gravel [ 9437 o o O | @ |1.9437 Al | gravel ~
3 |gravel (47190 o o e | o {14790 (A\l gravel ~
4 [middle 0.924v |A3 | middle N
sandstone| O |235] [a7240) @ | © 7 sandstone|
5 (mudstone | O (o) 0. | O Pesé| 2, 984 9.\51 mudstone |\
6 |middle g0 |A3 |middle |-
sandstoneyo'/z82 27255 |0 T4l0| O | o | 0:]#IT | A2 sandstone
7 |fine a /0w o |1.9367 A4 | fine o
sandstone © O |0 A7 “ | sandstone
8 |mudstone | 0 O |00382|040l |a%Hl 6.8876 |AS |mudsone ~
9 Igravel [og2ll © o o | o | [o422 &i gravel g
10 |gritstonelp/29/| O O |aeg|o%ls| 06#7 |Ad4 |gritstone| X
11 |fine 7 Ad |fine
2./B4| o |2.1736
sandstone © 0 0 ~ |sandstone |~
12 jmudstone | © o | O | o |efH| 2724 A5 Imudstone |\~
13 |gritstone o |[L7%3| © | 2 o |177%3 A2 gritstone |\
14 imiddle . 08301 |A4 |middle
sandstonel & a45¥! o |asgs ° ~~ |sandstone X
15 |mudstone | 0.449 | o7 | o o lojgo| 03480 A5 |mudstone %
ONS ———-—- order number of strata
oIL —-—-—--- original identified lithology
COR —————- correspondency
4. Conclusion

From the result in the diagram 4 above,we know that
there are two strata not corresponding to the original
identification.Coincident rate is 86%.From the diagram
4 the maximum membership domination of the lithology of
sample X of the strata to be observed is all above 0.5
(except one).The two strata of the recognition erro are
that the maximum membership domination of sample X to
each lithology Ai is either naught or has a little di-
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fference between each other.We estimate the reason that
it is for many errors in the data-collection or the bad
logging condition .In order to raise the coincident rate
of recognition,the following formula can be also employed
in the determination of the membership function My (Xj),
in addition to overcoming the factors above:

Mi(x3) =

(X3)

From which we can get

Fas

RN
2_ Py (X3)
e

M (Xj) .The recognition error caused by the error of data
to result in inaccuracy and unstability of ai§ andcﬁ} .
can thus be avoided.

Above all,if the method of the recogntion of the
logging lithology introduced by the article would be
programmed into the computer, it has the charactors of
rapidness, simpleness, effectiveness and high economic
profits. It is also suitable to the popularization in
practical use, and its applied region can be enlarged,
such as applying to the seismic signal recognition in
geophyasical exploration.
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