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We discuss classifier construction based on fuzzy data
that are available while dealing with object classifi-
cation described in linguistic fashion.Fuzzy relation
equations will be studied as a flexible framework for
classifier design.An approach toward feature extraction
being of a great importance in pattern recoznition te-
chniques is shown as well.

l.Introductory remarks

In practice of pattern recognition we are faced with objects
described in linzuistic fashion that are usually classified by any
human being.Due to well-known properties of a prrcess of human cogni-
tion the object classified may be characterized by specification na-
mes nf linzuistic labels attached to it.Also the classification rea-
lized is not crisp but a fuzzy one.

4 zeneral problem setting is the following,.Let be X=§X1,X2,...,
Xpn¥a collection of objects classified.X; denotes a feature vector of
the i-th object.Further on we assume X3 is represented by a fuzzy re-

lation defined in cartesian product of coordinates of the feature spa-
ce ¥,viz,

Karlyrdpe ety 10,1 a
X

Each element of X is assigned to exactly one class/category/ among a
fixed list of classes{l= {“1,dé,...,ch.Nevertheless,we may relax this
requirement discussing the case the object is classified in a fuzzy man-
ner,viz.more than one class is involved with the object.The task of the
classifier design is to construct a mapping"f",

f: Xey —Qefd /2/
that has some"plausible" properties,Especially"f" should minimize a
classification error/error of misrecognition/.Here we shall speak about
a fuzzy relation R defined in ¥xJL

d.FPuzzy classifier design
Being equipped with the above preliminary statements,let us
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formulate the method of construction of the classifier.Remember we ha-
ve at our disposal a list of data/training set of patterns/,

{X 51} i=1,2,...,0, /3/
where Xi is the fuzzy relation standing for the feature representation
of the i-th object. , is a fuzzy set of classes Q_i-:[ﬂi(cﬂﬂﬂi(wg RRRCACR
The j-th coordinate of the membership function offli,viz§2100536[0,1]
expresses a strength of belongingness of the i-th object to the j-th
classjand as usuallyfl . (w 3 1 indicates hishest degree of membership,
wh11e§1 L“‘) =0 excludes 1t Searching a form of the fuzzy classifier,
notice that without any additional information we can speak the objects
represented by their feature wvector arer e 1l a t e d with the clas-
ses.Therefore one may pay attention to fuzzy relation equations as
appropriate apparatus for discovering ties between features and classes,
Generally we put down,

X RQL /4/
with X: ¥-[0,1] ,{:f2=[0,1] R:x<01>[0,1) .For a broad discussion on
fuzzy relation equations the reader is referred e.g. to[41053L 7] .Here
we focus our attention on the following form of the equétion[B]

Q= X®R /5/
viz,
A6 =inf [ XX € R (x,0)) , /6/
Xe¥
"¢ " stands for pseudocomplement associated with t-norm,seef41L6],
afb =supi c€0,1] | atc ¢ b} /6/
It could be seen "e" is also defined as two-placed function

¢ :[0,1%x[0,11>10,1) such that a{ max(b,c)>max(afb,a¥c), aka¢bib,

a®atb)2b, a,b,ce[0,1] .Some results reported inl3)or{5)that will be

of significant interest may be summarized in the following propositions,

Denote by R , X families of fuzzy relations,

R-{ R : X ~>[0,1]] J@R-QB a::{x : {0, 1]\ Xer = 2] /1/

Froposition 1.If R#® then R= x @Q R(x ) =X(x)t () is the least

element of .‘R,,ﬁ—mln .R

Proposition 2, If ¥#@ then X-—.QO R, x(x) = inf [Q(@'PR(X Mis the grea-
test element of'i X-max x. ¢

Proposition 3,If ﬂ R ¥¢ then R= U Xy @ R(x), =max, [X (x)tQ (o))
is the least element Of (:}Rl,whereﬁ {Rl YK —v[O 1]‘
X;@R=Q.Y..

Bearing in mind the result of the Propesition %,the fuzzy relation R of

the classifier is computed as union of t-composition of xi and fli for

I=1,2 04040,

——
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3,0 n evaluation o f d i scrimination
PoOwer of features

One of central problems of pattern recognition is concentrated
on feature extraction[1]Jthat leads to dimension diminishing of the
classification problem.,Consider the classifier equation/s/ with the
learnins set/3/.The discrimination power of the j-th feature/viz.the
j=th coordinate of the fuzzy relatich X/is measured by its influence
on the vector  resulting from @ composition of X and R.Let the j-th
feature is"unknown" modelled by a fuzzy set with unit membership function
Xj(;j)zo for all xjexj, where the fuzzy relation X is equal to,
X(x1,x2,...,xj_1,xj,xj+1,...,xN)=X1(x1)t X2(x2)t...th_1(xj_1 t Xj(xj)t

Xier(Xgan) Beeed Xy (xg

The j-th feature, j=1,2,...,N ,is evaluated with regard to a sum of di-
stances resulting by treatment the j-th coordinate of the fuzzy relation
as"unknown" ,For concise notation pu& down, Xg as the fuzzy relation Xi
modified as stated above,llg =X%®ﬁ/R calculated with the aid of Proposi-
tion 3/The sum of distances"d" between fuzzy setsilg andili,i=1,2,...,n

12 .
Y |
creates an index reflecting discrimination power of the feature.The

higher the value of /8/ the more significant the j-th feature is.We
shall call/8/ a classification error with respect to the j=th feature,

4,11 . ustrative example .

A numerical example makes use of data contained inf2]and concerns
the analysis of characteristics of the working situations in a lumber
factory.The features describing each worker/pattern/ are contained in
14-dimensional vector ,X=[x1,x2,....,x14] ,@.g. x1-professional training,
X4q-supervision of tasks)Each entry of X lies in [0,1]-interval and its
value reflects degree of satisfaction of the property listed.The patterns
have been classified into four nonfuzzy categories of workers/for
instance the workers having relatively high academic standards and intel-
lectual activity/.The training set consists of 18 patterns,.The classifi-
cation error c%%culated as, ‘

A A M
D= 1/4 Z«d(pk' Q) , Q,-x @R /9/
where"d" stands for the Hamming distance,is equal to 2.21,

Determining discriminatins power of the features we have realized the
most siznificant are: physical effort s8upervision of tasks,incidence on
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the production process,and adverse environmmental conditions.
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