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Using an Optimal Cluster Analysis Model
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ABSTRACT

Classification techniques are often an important component of intelligent systems and are used for both data pre-
processing and decision making. In the design of a classification system, the labled samples must be given to provide
a priori information for the classification. Moreover, the number of classes to be categorized must be known a priori.
In this paper, we introduce an optimal cluster analysis model for carrying out fuzzy clustering without a priori in-
formation, called OFCAM. In OFCAM, an unsupervised learning algorithm for fuzzy clustering and a cluster val-
idity strategy are integrated. Based on the information obtained by OFCAM, the database of a classification sys-
tem, called PCSDB, is constructed. Then, PCSDB can be effectively used in the decision process of the system.
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1. Introduction

Classification techniques are often an important
component of intelligent systems and are used for both
data preprocessing and decision making(1]. Thus, it
has practical applications in a variety of fields, includ-
ing pattern recognition and artificial intelligence, stat-
istics, cognitive psychology, vision analysis, and medi-
cine. In the design of a classification system, the labled
samples must be given to provide a priori information
for the classification. Moreover, the number of classes
to be categorized must be known a priori. In this
paper, we introduce an optimal cluster analysis model
for carrying out fuzzy clustering without a priori in-
formation, called OFCAM(Optimal Fuzzy Cluster
Analysis Model). In OFCAM, we devise the batch
learning algorithm for the unsupervised fuzzy cluster
analysis[2]. This algorithm is iterated for increasing
number of clusters in given interval, computing the
value of validity measure, which was defined in [3].
And this model uses a validity strategy[3], which
selects an optimal number of clusters presented in the
data using the relative values and normalized value of
the validity measure. Based on the informatioln obta-
ined by OFCAM, the database of a classification sys-
tem, called PCSDB, is constructed. Then, PCSDB can
be effectively used in the decision process of the sys-
tem and be systematically maintained in the classif-

ication system.
II. Optimal Fuzzy Cluster Analysis Model

In this section, we are going to introduce an optimal
cluster analysis model for carrying out fuzzy clustering
without a priori information, called OFCAM. In order
to find ¢ cluster centers and membership information
for any given data sets, we devise the batch learning
algorithm, called FCGD-B[2]. FCGD-B has advant-
ages over fuzzy c-means algorithm(4] and self-organi-
zing maps|5] by integrating an optimization function

into unsupervised learning networks. Moreover, the
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learning rules for FCGD-B are a result of formal der-
ivation based on gradient descent method of a fuzzy
objective function. FCGD-B does not suffer from sev-
eral problems of conventional learning networks
devised on the basis of intuitive arguments, since it is
not a heuristic procedure. Through the unsupervised
learning process of FCGD-B, we can obtain the clus-
ter centers and fuzzy membership information for the
given data set. In OFCAM, this algorithm is iterated
for increasing number of clusters in a given interval,
computing the value of validity measure[3] in each
run. The validity measure, I; computes the overall av-
crage compaciness and separation of a fuzzy ¢ par-
tition obtained by FCGD-B. And this model use a

validity strategy[3], which selects an optimal number
of clusters presented in the data using the relative

values and normalized value of the validity measure,

I;. The overall procedure of this model is sum-

merized as followings:

step 1. Set the interval of the number of clusters, /=
{75, 2.1
Prepare input data set. c=1,—1.

step 2. Find a fuzzy c-partition using FCGD-B.

step 3. Compute the value of cluster validity function,
15(0).

step 4. If c=1, +1 then go to step 5.
Else increase ¢ by 1 and go to step 2.

step 5. Select optimal number of clusters, ¢*, by the
validity strategy. And output ¢* cluster centers
and fuzzy membership information of ¢* part-

itions.
. Construction of PCSDB using OFCAM

Considering the major components of the classif-
ication systems[6], we suggest a functional block dia-
gram for the systems, as shown in Figure 1.

The data acquisition module and data preproces-
sing module, which are much more problem depen-
dent than any other comonents, play a central role of

the system. But, we focus on the learning module and
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Fig. 1 Functional Block Diagram of a Pattern Classification System
decision module. In the conventional learning mod- NCLASS INTEGER NOT NULL,
ule, the labled samples must be given to provide « DIMENSION INTEGER NOT NULL,
priori information for the classification. Moreover, NTP INTEGER NOT NULL,
the number of classes to be categorized must be known PRIMARY KEY (DNAME));
a priori. In our approach, we will use the model
OFCAM, which was proposed in Section I, as the CREATE TABLE DATAI (
learning module of the classification system. OFCAM DATA# NUMERIC NOT NULL,
automatically determines the optimal number of DFl1 NUMERIC NOT NULL,
clusters, ¢*, and ¢* class information. And, the results DF2 NUMERIC NOT NULL,
from the OFCAM are stored in the database, called
PCSDB, so as to be conviently used in the decision DFP NUMERIC NOT NULL,
module and be systematically maintained in the class- DATA _TYPE CHAR NOT NULL,
ification system. Tables in PCSDB defined with the ACLASS NUMERIC,
data definition language(DDL) statements of SQL are PRIMARY KEY (DATA#));
as follows:
CREATE TABLE DATAI_CENTER (

CREATE TABLE DI ( CLASS# NUMERIC NOT NULL,
DNAME CHAR(10) NOT NULL,
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Fl NUMERIC NOT NULL,
F2 NUMERIC NOT NULL,
FP NUMERIC NOT NULL,

PRIMARY KEY (CLASS#));

* Data type NUMERIC is for numeric data;IN-
TEGER, SMALLINT, FLOAT.

TABLE DI has four columns, DNAME which is
the attribute for representing the name of any given
data set, for example, DATAI, NCLASS for represent-
ing the number of classes of any given data sct, which
is determined by OFCAM, DIMENSION represent-
ing dimension of given data points, P in this example,
NTP for representing the number of data points in
the training data set, and having the indicated data
types;column DNAME is the primary key. One tuple
in TABLE DI indicates general information for any
given data set. TABLE DATAI has P +3 columns,
DATA# for the serial number for each data in
DATAI, DF1, ---, DFP representing P dimensional
input data item, D_TYPE which indicates whether
the data representing the tuple is for training(L) or
for testing(T), and also ACLASS which indicates a
specific class which is assigned by the learning of
OFCAM or decision process. The value of ACLAS
can be NULL if it is not yet known. TABLE
DATAI _CENTER has P-+1 columns, CLASS#
which is for the serial number for each class in the
partition space, F1, ---, FP represcnting P dimension
center point for each class and having indicated data
types; column CLASS# is the primary key.

Once PCSDB has been constructed from the results
of OFCAM, the system outputs the classification re-
sult for given test data using the information of
PCSDB. The classification information of this model
is stored into PCSDB and it is used as a feedback
infomation to update the PCSDB by reflecting the
testing data in the learning process. The decision pro-

cess is as follows.
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(1)Compute the membership degree which data point
x is belonging to class 7z, #i{(x). It is computed by
the equation od Eq.(1).

1
ui(x) = (1)

. 2
o x=vill wmie

T k=l

. where v; is the center point representing class 7.

(2) Determine / with the largest value of #(x), for 1<
1<c as a classification result of x

(3) Insert the test pattern x and classification result /
as a new tuple into the TABLE DATAL

V. Application Example

To show that OFCAM can be effectively used in the
proposed classification, we prepare 240 images, which
were exlracted from irregular images in nature[7].
They consist of eight classes each containing 30 ima-
ges. Feature vectors for the images consist of 240
cleven dimensional vectors[7]. The results of running
the OFCAM with this data set show that this data set
consisls of eight clusters as expected. And, the
PCSDB constucted from the results has the TABLES
defined in the previous section and each of them is
shown as follows.

TABLE DATAI shows only for 15 data items, a
part of given data set, called DATAL

The performance of the pattern classification system
designed by the above PRSDB is estimated by leav-
ing-one-ont method([8]. Leaving-one-out is an elegant
and straightfoward technique for estimating classifier
error rates. Because it is computationally expensive, it
is often reserved for relatively small samples. For the
sample size N, a classifier generated using N—1

patterns and tested on the remaining pattern. This is

TABLE DI
DNAME NCLASS DIMENSION NTP
DATAI 8 11 240
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TABLE DATAI

DATA#| DF1 | DF2 | DF3 | DF4 | DF5 | DF6 | D7 | DE8 | DF9 [DF10]DF11|D_TYPE | ACLASS
1 68 | 82 | 72 | 73 | 189 | 212 | 1%2 | 180 | 157 | 109 | 9 L 1
2 77 TR | 81 | 65 | 193 | 213 | 186 | 184 | 142 | 116 | 23 T | NULL |
31 88 | 132 | 72 | 73 | 200 | 212 | 192 | 200 { 177 | 129 | 40 L 2
3z | 97 | 129 ] 81 | 75 | 193 | 213 | 196 | 204 | 182 | 136 | 43 1 NULL |
61 1109 | 200 | 77 | 61 | 233|236 | 229 | 226 | 132 | 211 | a7 L 3
62 | 109 | 241 | 76 | 70 | 234 | 239 | 232 | 230 | 15 | 21| 57 4 1 NULL
o1 28 133 | 21 | 15 | 183 | 191 | 166 | 161 | 10 | 112 | 134 1 1
121 1135 138 | 94 | 79 | 223 | 231 | 221 1219 122 | 189 | 86 L 5
T2 T 135 | 142 | 89 | 83 | 223 | 232 | 222 1221 [ 121 1w | 88 I TNULL
5T | B | 21 | 10 | 8 | 125 | 137 | 108 ] Y2 | 4 | 19| 68 | L 6
52 TR |20 9 [ 6 (12| |97 4 m |6 T NULL
[IR1 [ 69 | 81 | 30 | 48 1193 | 204 [175 s | 17 | nz w7
B2 17779 | a6 | 54 201 | 207 | s e |2 (e | NULL
211 [ 55 | 55 | 33 [ 26 | 178 0195 [ 160 [ 167 | 46 | 95 | 98 1 Ta ]
R E R |17 1196 1o [ [ [0 [ e [ TN
TABLE DATA!_CENTERS
CLASS#| FI | F2 | F3 | F4 | 5 F6 F7 8 F9 | FI0
1 7353 | 8947 | 7488 | 5895 | 194.75 | 214.34 | 18873 | 18515 | 151.64
2 87.77 [126.47| 7332 | 62.11 | 19529 | 214.47 | 18947 | 18691 | 17830 | 124.56
3 [101.72]22340( 9162 | 81.46 | 23667 | 239.98 | 23308 | 23198 | 14157 | 216.24 |
4 2295 1 3124 1 1912 | 1564 | 181.96 | 194 81 16435 | 9.76 | 109.22 |
5 13672114221 [ 8894 | 7898 | 22415 | 23211 | 22218 | 22119 [ 11919 [ 191.12
"6 939 [ 2402 | 1244 | 877 | 13193 | 14839 | 11321 | 10410 | 685 | 2631
1 ‘69;2’1.4;5._07'« 71{%9 4821 (20284 | 19208 | 179.06 | 18039 | 1825 | 111,48 | 20806 |
|8 | 5279 | Ge01 | 4122 | 2595 | 18924 | 20485 | 17401 | 7661 | 5406 | 9Los | &S

repeated N times, each time designing a classifier by
leaving-one-out. Each pattern is used for testing and
each time nearly all the patterns are used to design a
classifier. In this example, N is 30 for each of eight
classes, 29 patterns of them are used for learning of
the classification system and the remaining pattern is
used for testing. Thus the total number of training
data set is 232 and that of test data set is 8. This ex-

periment was repeated 30 times. These experiments
show a perfectly correct and clear classification for

the testing data.

In our classification model, if we could get the opti-
mal clustering of given data set from OFCAM, we ex-
pect that the error rates by leaving-one-method is
approximately to 0%. So, we can note that the per-

formance of the classification system depend on the
clustering result of OFCAM. And, this model can
manipulate together the classification problems of
various applications by TABLES in PCSDB to be in-
dependently constructed.

V. Conclusions

We have presented the basic mechanism and an ap-
plication example to show that an optimal cluster
analysis model, OFCAM, is applicable to the data-
base construction of classification system. In the de-
sign of the conventional classification systems, the
labled samples must be given to provide a priori in-

formation for the classification. Moreover, the number
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of classes to be categorized must be known a priori.
However, in our approach, OFCAM has automatic-
ally determined the optimal number of clusters, c*
and ¢* class information. And, the results from
OFCAM was stored in the database, called PCSDB,
so as to be convientely used in the decision module
and be systematically maintained in the classification
system. The classification model with PCSDB has
estimated by leaving-one-out method. The results have
shown a perfectly correct and clear classification for
the testing data. And we have noted that the per-
formance of the classification system depend on the
clustering results of OFCAM.
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