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Abstract: The note presents a modification o f  the FCM- 
CV-algorithm is able to detect a f iz z y  partition into 
optimaI number o f  fuzzy clusters. A plan o f  the 
modification is presented. An illustrative example o f  
algorithm applied to radar portrait classification 
problems is described. Some preliminary conclusions are 
made.
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L  I N T R O D U C T I O N

The methods of fuzzy clustering are widely used for 
solving various problems of pattern recognition due to 
their high accuracy and efficient handling of the 
classification results. The methods of fuzzy clustering are 
successfully used for space photographs analysis, in 
medicine, geoinformatics and military' sciences.

By convention the methods of fuzzy clustering are 
divided into optimization, heuristic and hierarchical. 
Optimization procedures are the most common [1]. All 
optimization algorithms require number of classes as a 
parameter, which can be not predefined. Different cluster 
validity indexes are used to determine the adequate 
number of classes in the desired partition. The procedure 
tha. makes it possible to find fuzzy partition into the 
optimum number of classes is introduced in [2]. Tltis 
procedure was called FCM-CV- algorithm. It combines 
well known FCM-algorithm of Bezdek and Dunn [3] 
with llie calculation of cluster validity indexes.

This article introduces the modification of FCM-CV- 
algorithm. It uses a calculation of two cluster validity 
indexes with the variation of classification fuzziness 
index. The effectiveness of the proposed modification is 
demonstrated on the illustrative example of the 
classification of tlie range radar portraits of the aerospace 
attack arms of USAF - United States Air force.

I I .  A  N E W  V E R S I O N  O F  T H E  F C M - C V -  
A L G O R I T H M

The optimization methods of fuzzy clustering give a 
solution of classification problem as the fuzzy partition
P" -  {A 1 , . . . , A c ] into the given number c  of fuzzy 

classes. Let A 1,1 = l , . . . , c  be the fuzzy sets with the

corresponding membership functions
jUu, l  = 1,. . . , c , i  = 1 ,...,«  defined on the 
investigated objects’ set X  = { x l , . . . ,xn} . If

C

condition 's satisfied for each object
і=i

X j G  X  then the fuzzy sets A1,1 =  \ ,...,c  form the 

fuzzy' partition P  = {A ' , . . . , A c ] which is described 
by matrix Pcxn =  [/Jlj ] , where /I li is a grade of 
membership of element X i є  X  to the certain fuzzy 

cluster A1 € {A 1 , . . . , A c } , n is an element number 
of the set X  =  {x,,..., x n} being classified, and c  is 
the number of fuzzy clusters in the desired fuzzy
partition P * . The task of fuzzy clustering using 
optimization methods stands for evolution of the 
extremum of the certain functional Q (P) on the set 
of all fuzzy' partitions, which is described by formula

Q ( P ) ^ e x t r ,  ( I )

where П is a set of all possible fuzzy partitions P  
of the set of objects X being classified.

Bezdek and Dunn functional [3] is as follows:

Q ( P ) = I L l l M  П к - г
і=і i=i

( 2 )

where у is a fuzziness index of classificatioa 
I < y < ° o .

The classification problem can be solved as follows:

P  =argmin

Q ( P ) : P  =  ( A ' , . , A y . A  =Cu,,,. 
OS//,, <1,

Xa,=1. Z a
/=I I=I

/  = 1 , . . . , c

(3)

Algorithm of the criterion (2) minimization is 
introduced in 13]. It is named FCM-algorithm (fuzzy 
c-means).

One of the major issues of optimization methods is a 
determination of the «true» number c  of fuzzy
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clusters to which the investigated totality «is split», or in 
otlier words the most nagging problem of cluster validity 
arises out of the situation when the investigator doesn’t 
liave any information about number of clusters c  . Tliis 
problem is described by different factors, which
characterize obtained fuzzy partition P * = { A l , . . . , A c } 
using appropriate algorithm. In particular searching for 
fuzzy partition by means of FCM-algorithm different 
researchers also proposed a number of:

partition coefficient [4]:

У „ Л П  =  - ± ± г і ,  (4)
n  I= I ,= 1

partition entropy [5]:

Vpe{P ) =  - - ± ± \ p lr  In //,,|, (5)
П  ,= 1  ,= 1

Fukuyama-Sugaiio factor 16J:

Vf s (P ) = Z Z Н І [ Ik  - t T  - Ilr' - r | 21 (6)
,=1 ,=1 V " 11 11 J

FC M  -  C V  -algorithm combining traditional FCM- 
algorithm with the calculation of any cluster validity
indexes in the interval [c»,c*], where C t  and C  are the 
least and the largest possible numbers of clusters c  in 
die desired fuzzy c  -partition, is a liiglily effective 
procedure of solving classification problems, and 
specifically the problem of outliers identification in the 
investigated set of objects [7]. At the same time, different 
cluster validity indexes in the desired fuzzy c  -partition 
in some cases reveal different number c  of clusters as 
optimal.

This circumstance is caused by the high sensitivity of 
some factors Vc (P )  to die data structure and also by the 
fact that the initial partition in the F C M  -algorithm is 
determined randomly, which draws insignificant changes 
of the membership values in the matrix of fuzzy c  - 
partition. Considering this, it is assumed to be expedient 
to include into the proposed in [2] scheme of 
FC M  — C V  -algorithm calculation of not one, but two 
Vc (P) factors and the rules in accordance with which 
fuzzy c -partition will be selected as the solution of 
classification problem only when the numbers of clusters 
c arc equal for both factors Vc ( P ) .  To ensure the 
procedure convergence it is offered to vary index у  with 
a certain step A y . This idea was oudined in the [7].

Thus, with the use of partition coefficient Vpc (P ) and

partition entropy Vpe(P ) as the factors Vc (P )  the
overall diagram of the F C M  — C V  -algorithm 
modification proposed will is as follows:

I f  va lu es o f  c,  an d  c* a re  g iven, 

t h e n  c] := ct and  c : = c * ,

e l s e  C1 : = 2  and  c p \—n — I a n d  the n u m b er o f  

c lasses c  in  the  d es ired  fu zzy  p a rtitio n  are o rdered  

as fo llow s: 2 < c ,  < . . . < c l < . . . < c p < n - \ \  set

the ite ra tio n  b o u n d  y* o f  the fuzz in ess  index  o f  

c lassif ica tio n  y ,  у 'є  ( I , / * ] ;  ite ra tio n  step  A y ; 

6 := 1  and  y* :=  y (h);

it is a ssu m ed  I  :=  I ; 

ca lcu la te

3.1. u sin g  F C M -a lg o rith m  P ( c , )  p a rtitio n  into c f 
c lasses is ca lcu la ted ;

3.2. fac to r Vpc(P)  fo r  th e  o b ta in ed  p a rtitio n  P(C1) 
is  ca lcu la ted ;

3.3. f a c to rVpe(P)  fo r  the o b ta in ed  partition  P(c ( ) 
is ca lcu la ted ;

i f  I < p

t h e n  £ \= t  + \ and  passag e  to  s tep  3 is realized , 

e l s e  passag e  to step  5 is realized ;

se t o f  П ( с . , с * )  =  ) I (  =  I , . . . , p ]  possib le

d ec is io n s is  fo rm ed

co n d itio n  is ch eck ed : i f  y (h. > 1  fo r a  certa in  fuzzy

p a rtitio n  Р(с ( ) є  П (с* , c t ) o n  c  c lasses 

m a x ( F  (P))  a n d  m i n ^  (P))  is carried  ou t fo r a

ce rta in  n u m b er o f  c lasses  c e | c „ , c * ] ,  t h e n  th is 

fuzzy p a rtitio n  o n  c  c lasses  is se lec ted  as  the 
so lu tio n  P  * , e l s e  is assum ed  that 
y (b+l} := JZfc, — A y ,  b . — b + I and passage to  step  2 

is realized .

І П .  E X P E R I M E N T A L  R E S U L T S

T he d a ta  abou t the  range  rad a r po rtra its  o f  the 
aero sp ace  a ttack  arm s o f  the U.S. A ir Force: strateg ic 
b o m b er B -5 2 H  “ S tra to fo rtre ss” , tac tica l f ig h te r F- 
15A  “E ag le” an d  the  s tra teg ic  cru ise  m issile  o f  the 
a ir  b as in g  A L C M  w as u sed  fo r the  com putational 
experim en t. I t  w as m o d e lled  w ith  d iffe ren t 
fo resh o rten in g  ang les .
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The d a ta  is  p resen ted  in  T ab le  I.

Table I. Angle o f targets rotations

N u m b er o f  a 
portra it

T a rg e t type A ng le  o f  
ro ta tio n  in  
deg rees

I B -52 Ou
2

F -1 5
I F -

3 120°
4 240°
5

A L C M

O0
6 ON O
7 120°
8 180°
9 240°
10 300°

R ange rad ar p o rtra its  are  dep ic ted  in  fig u re  I.

— Fзш Ш ш і 3  4 ¾ PJ
к SfI p  a

p K s p j  PgsJ

1 2 3 4 5 6 7 8 3 10 11 12 13 14 15 16 17 18 19 20

F ig .  I  -  E x a m p l e  o f  r a d a r  p o r t r a i t s  a t  d i f f e r e n t  a n g l e  
o f  r o t a t i o n s .

Computational experiments were conducted with the use 
as cluster validity indexes of fuzzy partition entropy 
determined by formula

V ^ (P )  =  - - Y L \ H u  ' ]п МиI. (7)
7 7 / = 1 / = 1

with the use by which min(F (/-*)) appears itself, and
C И

partition coefficient determined as follows

УрЛ П  =  - ± ± г і ,  (8)
7 7 / = , , = 1

use of which requires execution of conditions 
max (Fpc (P ))  for finding the optimum number of

classes c  .

Experiments w'ere conducted with the variation of the 
fuzziness index у  in interval of [ y , = \ . 5 , y  = 4 .0 ] 
with a step A y  = 0 .5 , and in the interval of the number 

of classes [c, = 2, c = 4 ] , where c, -  is the lowest

and c* -  is the liighest possible number of clusters in the 
desired (uknowO partition. In all experiments the number

o f  c lasses  in  the  o b ta in ed  p a rtitio n  p roved  to  be equal 
to  th ree. T he g rap h s o f  the  b eh av io u r o f  cluster 
v a lid ity  in d ex es w ith  y  —1 .5  are d ep ic ted  in  Fig. 2. 

and F ig. 3.

F ig . 2 -  V a lu e s  o f  c lu s te r  v a lid ity  in d ex es 

(p a r t i t io n  e n tr o p y  Vpe(P)) .

F ig . 3 - V a lu e s  o f  c lu s te r  v a lid ity  in d ex es 
( p a r t i t io n  co e ff ic ie n t Vpc(P)).

T hus, the  m o d ifica tio n  o f  F C M  — C V  -algorithm  
p ro p o sed  and  the p ro ced u re  o f  its ap p lica tio n  m ake it 
p ossib le  to c lassify  the range rad ar portra its o f  
d iffe ren t a rm s o f  the ae ro sp ace  a ttack  o f  U .S. A ir 
Force.

IV . C O N C L U S IO N S

It shou ld  be po in ted  o u t that in  the procedure 
p ro p o sed  o th e r c lu s te r v a lid ity  indexes can  b e  used 
and  in  th is  case  p ro ced u re  m ust b e  m odified 
co rrespond ing ly  a t step  3 an d  step  6. T hus, the FC M - 
C V -a lg o rith m  m o d ifica tio n  p ro p o sed  a llow s no t only 
fin d  o p tim u m  in  the  sense  o f  c rite r io n  (2) fuzzy 
p a rtitio n  in to  the  o p tim u m  n u m b er o f  classes as the 
p rev ious v ers io n , b u t also  to  estab lish  the num ber o f  
classes w ith  the  h ig h er accu racy  o r  quantitatively  to 
eva lua te  the sp read  o f  the  s truc tu re  o f  the totality' o f  
ob jec ts  b e in g  investigated .
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