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A Study on Subject Independent Feature Extraction
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l. Introduction

An effective way of extracting a feature
set with good classification capability is
first to generate as many induced feature
vectors as possible from the bio—signals by
proper clustering and determine those
features that may reveal some common
characteristics of most subjects. And then,
a decision—making method, such as the
rough set theory, is used to select a
minimal feature set from all the features
extracted.

One can easily think of a method in which
the feature values from a subject are
averaged and then clustering of the
averaged values 1is performed to find
borders between two clusters. This has
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been in fact a common practice in many
earlier works. One may guess that finer
clusters render better classification, but too
many clusters result in procedural
inefficiency due to redundant rules for
classification. For the sake of practical
solution, it would be essential to determine
some appropriate number of clusters for
each feature, but, again, this method of
classification is only applicable to the
subject from whom the features are
extracted. To circumvent such difficulty of
many conventional methods, we propose a
method consisting of the following 4 steps:
(1) Increase the number of induced feature

- vectors until sufficiently many clusters are

obtained by clustering the feature values,
2 Determine some common
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characteristics of clusters so as to provide
with a property of subject—independency,
(3) Minimize the number of induced feature
vectors for effective classification, and (4)
Select one set of features if there are
multiple candidates for the minimal number
of feature set. For subject—independency,
we shall define a concept of the Largest
Common Cluster in the next section. Using
such a new concept, we shall show that one
can extract features that are capable of
classifying the bio—signals for many
subjects. For minimal selection of features,
we adopt the method of decision table in
the framework of the rough set theory. For
choosing one minimal feature set out of
possibly many minimal feature sets, we use
Bhattacharyya distance measure to
determine the separation between any two
clusters.

il. Set of the Largest Common

Clusters
In this section, we introduce new
concepts which enable to determine

clusters common to a given number of
subjects out of those clusters obtainable
from a given feature.

Let Ube a universe and £ an equivalence
relation over U. For eachxelU , we let
[x]E denote the subset of U consisting of
all elements which are equivalent to x with
respect to E, ie., [x], ={yeU|xEy}. This

set [Jc],L is referred to as the equivalence
class determined by x based on E. Let E be
a family of equivalence relations over UL
Let NE denote the intersection of all
equivalence relations belonging to E. Then
NE is also an equivalence relation and its
equivalence class based on [1Eis given by:
[x]ﬂE = m[x]h‘ .
LeE
Also, the quotient set associated with
NE . U/NE is the family of all
equivalence based on the
equivalence relation (\E, i.e.,

UNE={ X| X =[x]n, Vxe U}.

classes
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Let UE denote the wunion of all
equivalence relations belonging to E. Since
UE is not an equivalence relation, neither
its equivalence class nor the quotient set
associated with {UE can be defined. To
make the case similar, however, we define

[x]UE "= U[x]E

EcE
and

UME ={X| X =[xl , Vx e U}.
The following example depicts the

concepts of the intersection/union of all
equivalence relations belonging to E.

Example 1 For
U=1{c,.C,,C,,C,,C;,Cs,C,,Cys},
consider the family E={E1,E2,E3,E4} of

equivalence relations having the following
equivalence classes:

U/E, ={C\}{C,.C,,CL{Cs, G, CruCu
U/E, = {{Cl’CZ}’{CB’C4}’{C5’C69C7>C8}}
U/E, ={{Cl’CS}’{CZ’CA}’{C59C63C7;C8}}
U/E, z{{CI’CZ’C35C4}’{ 5},{C6,C7,C8}}.
Then, we have

UNE={{CL{CL{CHC L CHC. G0l
and '

UME" ={{C,,C,,C,C,1{C5.C, Cr, Co .

We also need to define simple operations
for sets as follows:

Definition 1 If X and Y are subsets of V,

let
x®Y={{xy}cV|xeXandyer},
which implies the family of all sets which
have two elements, one from X and the
other from Y. Note that X ® Yis different
from the Cartesian product space, X x7Y .
Also, if X, is a subset of V, for each

. ie{l,Z,--~,I}, we denote

[Hx. =x®x,8 0%,

iefl,2,-, 1}
= {{x,,xz,-u,x,}c V]x e€X, and
x, € X, and ---and x, eX,}
Now we are in the position to express the
largest common clusters for a set of
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equivalence relations.

Definition 2 Let I/ be a universe, and E be
a family of equivalence relations over U.
The family of the Largest Common Cluster
sets for E in U/is defined by:

[[ix eUu/NE|vZeUNE,

YeU/UE'

card(X nY)2card(ZnY )}

Example 2 Assume the universe of
discourse [/ and the equivalence relations
as in Example 1. Then the family of the
largest common cluster sets for E in Uis:

[Tix cu/NE|vZeUNE,

YeU/UE'

card(X NY)2card(Z Y )

Thus,
e be.c.aliele.c.c
{{C: }, {Cs ,C7,Cy }} and {{C4 }’ {Ca ,C,.C }}

are the largest common cluster sets for E

in U. In this case, we have four sets of the
largest common clusters.

l1l. Conclusion

In this paper, we have proposed a method
based on several soft computing techniques
to extract induced feature vectors and
determine a minimal feature set that shows
high separability and is less subject-
dependent. A new concept, the largest
common cluster set consists of the clusters
of which the wunion has the largest
cardinality out of every set of clusters
which are always able to be discerned by
any equivalence relation.

According to the concept of the largest
common cluster set, it should be further
developed to construct a pattern classifier
for signals from human which may easily
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cause subject dependency.
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