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Kohonen Network
(Self Organization Map)
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��� !�   &�1'� �< !1'�H 
1� � 1� )1;( ��  �1( �L%L� 1� )1;( �� � 

&�'� �<�� );( ��  �L%L �( �  );( L� �  &�'� �< L �  );( L� �  �L%L �( �  );( L� �   1�%�( �%�� �    1� %��1J �
/���.

i'��&�'� �< ��);( ���L%L �( ��);( ��
 � %��   
��� 4�);( ���%�� Q�: L� �� O�3� �	 ����	 �@� 1� L  !�� �     ��1\' �� �% �1	 O�31� #��1< 

&�'� �<�   %� �  %� ]5 �   %��� �)��  ��� #�E� �@ .�W�	��%�� O�3�   �	 4��   CDE1� 
1� !�� #�L �
( O��<� 8)� 0)�����L%L �-�< L O�3� #$ 4�!�� 
���  .
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[�&�'� �< ��);( ���L%L L� �( �
 � %�� � �?��  &�'� �< #�I *�� );( ��       �( 
\S= %� O�3� �-��� �      1� A=L ��5 %L�?� O�3� 
( ]5 ��
���.

l��'� �< &�);( L� ��L%L L� �( �
 � %�� �: �?��      ���	 O�3� %�-I 
( O�3� �	 ��;�   � A=L ��5 
� ���  . � 
(� <�< 4�        %� L�1(L% A�1� 
1( X

��$ �)

E=?.! ���� �� _��� 	+`;� aSOM

  �� �� ��� � 	
�� ���
 ����:
	�/�   ;dL 
��� %� ���   � � N� $ �   
� )�  ��   ��� O�3� )�I �� �%�� �  �	 !'�H �� � �  �1�     %� 
1� )�

:�     �L%L O���� �	%�( L �	%�( �       � �� �% #)� 0)��( #���� � �       � 0)��( ��5 L 
�.�/ �	 O�3� �@�  )��1�  . %�
��  2;( 8%�= 4�         e�< L 
�.�/ 
3=�. !(�J% �� �	 O�3� �� � ��)�I ��      !��� )�	��D� 
��� �(  .��  A�E� 4

 � |��(�    2;( %� 
� ��� �   �	 !��J �� �      � �R� �%�� 
�  A�� �  �!� 2;( !'�H�      0)��� �6 �	 O�3� �� 
 +< L�� ��)�I 8���  )��( 
���)�  .�   � AH 0�% ��             �% O�31� #)1� 0)��( 8�;.� ��);< 
� !�� #$ A�E� 4

      	� !'�5� �<�( O�3� [�D��� ,�@�	 %�� )( ��� <�< 4�    �1	 O�3� 
� X��   ( 
1�  1�    1� 0)1��( ��E�    � )��1� 
   �5� %� �% !=�.� J�( %��    )�	� %��J �	 O�3�  .��(� ���    �� j�. �/� 
��   >(�< �f(ai)� t >(�< ��'L*� �� �� 
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i Li�)�(� �� O�3� #)� 0)��( ��);< �H �� �)��( 
��� 8�����< ���( ��� � �<�( O�3� [�D��� �  >(�1< 4
( !.��� �( �%��L%L 4��� >�6 O�3� !'�H L ��.

dj = dj+ f(ai) 

F.Q��'�Z 	N�8 �� ��
��Z �H5 

F=�.8����V. Q!.�� �%
��� ��-( )�      ��%� #��� #�E� 0�% 4�  .�;� %���(� �� �	��(%�� �   )��( #$ G.��  . %�@'� 4��	���  !��@� ��
L�/_� �	 �               !.�/ %�� 
( !�� 0��( 
6�< �%�� ,L�)� 
� %��S/ !5��� 
3M�� %� �% ��5  .    �%�1� 
3M�1�

  )�( 
F�: |\(�  �	 ,��. � %��S/ �   ;J�L #��� %� �   !��  .       1�( 
1F�: 
1���?� �1	 ,�1�.)� �I�1� � �% 
�E<� � A�    �	 
���� 
� )�	� �     �	 8L�S<  
F�: �	 � �b �S�   � 8�F�: �( �  � �%�� �@�  �;� #�)( 4�   !1�� 
 �( 
��   �L)\� ��);< ]F. )�  L 0�/ �/_��   .��/� �< 
EF� %� [��  �E< 
��� �     0�1/ ,�)1� �1	 
� ���� A

�	�   ���	 %� #�L��. �@�       R�< �L)\� 
3=�. %� 
� �%�� ��5 �     1���� !1�� 0)� ����      �� %�1�S/ �W 1� 0)
�<�  ����� AB��� 4��   !��	�@'�  .   � �����  �R� ���   6�� A�� � �-'��@�    �;< [�15 %�1�S/  1�  L 0)E1� i
) � � 0)�   �W�     !�� 0) . �	 ,��.� %��S/ �    !�� 8L�S�� i3�D� ���.� %� A�� L 8%)J �R� ��  .�H� %� 
� ���\� 
( 
��( �	 ,��. ��. ��<��3� � 1� 
�5�� �-�$ �� 
� � 1� +< � )�� 1�� 1� ��   �1	 ,�1�.L )1��� �

     6�� 8%�= �R�� ND( %� i3�D��    �( ��5 �)��  )�%�� V��Z�� �@ . 3=� Q)	�     1��� !5�1� 4��	�� � 4
�\<� <�= �� ��(  .��;� ��� ���    � %��S/ )����( 
� �   F��� �% 0)� 
��� �< ���   )�� � .   ��1� 
��1��   �1-�< 
ED(�  �bL �� � � i� � 4�    !��� 0)-� �( �% ��� .    �� >J�L %� �	 
���� ��� �        
1F�: 
13H�� %� ���1\�� 
)�(�   ��( �	 ,��. � %�)F� �   %���(  #��� � � � �	 O��@� <�= �  � 0��S��� � ���  .���� �\< 4�   4��1	�� �

�	 !��J ���� � !�� 0)� 
�5�� �:

F=�=�.��A����� ^

 �    3=� �=��� �� �����  N�  %L��. �	 �   ��� [�	 
��� �   !��  .   ��� 
��� k�� �	�  <%�= %� � 
�   
( 
  �	 0��� #$� ��� ��@���    0)E� 0��� �  .�� ����$ �� �� �   ;d ���3�� � )��S�  !��� )	��5  .   
��� )�I �	

�	� ��� �  �	 �L% � �� ���   )�< %� �% �   �	)� 
( 8��9:� A� ��< �;�  � �	��. �    1' �)1�� �     �1	 )1���� 4�
  ���� �@'� �L%�� ��( �@����� 
3H�� �� �)�(� )��;< � .�1� L !�%� #��� i� 
�1DE�  �1	 �  �1	 0��� 

 )�� %g/ .  �	 �L% �� 4��	���� �����  �%�)����� ���( O��@�: l��D��� � �L%L %� �1	 ,��. i� �1	 �
<�=�  � 0��S��� � )��  . %��S/ l�����    �� �)�(� � � ��   
( 4.L��� . ��   �1  �1�3��     O)1�� 0�@�1�� L %g1/ 4

  � 
( m�'��$�?�  O��12 ( ���  � O�F��� ��      �� 0��S��� �( a^� � )(�� � )1�<�%�. A 1� �1� 
� >(FFT) ��1( �
�	 0��� 
���\��� �?�6L�5 O��� O)�� ADC���\� �: �S�� 0��S��� �	 ,��. �)��  .



6Ewwwwwwwwwwww....ECAECAECAECA....iriririr

F=�=6.�' 	N�8��9: %

 �	 
��� � ��� �   � %� ���\�� �   )�( 
F�: 
3H�� 4�   ��( �	 ,��. � %�)F� �  %���( #��� � � �   
( �	 O��@
� 0��( %������ .

F=�=?.�' 	0L��N3Z %

�S3< 5�( �     )���� �	 QL�H b   � x   L g  �%��  � : �S� �( � � �� %��    %�: 
( � !�� %�)�     �)1�(� %� 
1� �:  1� i
 � %�)F����� &��� �  � �	% �     � 0%L� �( a^�L ��� � ��� 8��� �� �� 
���� ��)(� . %� 4��1	���   
1� !1.�

��    
EF� O��;� 0��  �<��. �   )�( 
F�: X���� �� � �    �� 8��=� �� k�� 4� )��(  .   � A1H 0�%    �� 0��S�1�� L
����  ��� 
EF� �     �	 
EF� ,�� 
( � �  � �%g/ � )��(  .  �	 
EF� ���  ��( �%g/ �  : ����$ �� i�  ,�1�. k�� 4

� 0��S��� �	���� .

F=�=B.A����� b�

�5$�  ��� 
3H�� 4� �\< 4� <��. ��    <��. !'�H #)����/�( � ��   %����� !'�H 
( �� � � )��(  .(�  �Z5 ��E
  � %� �	�  )  X�� 
( 
3H�� 4�� 0)���� �	 ,�� 
( ��� 8%�= �/ ��� .��� �	��+< 
( �� 1<���  1� V91:� �

          �	 ,��. #��R� !3� 
( �	 ,��. �S3< %� 
� ���/�   � %��6 �	 � � ��?� ��� .��(�    � �1( 
3(�F�  1� )  4 1� 0)
  � �� 4��	���  �  0)��J ����     \= ����/ 
� ��� 0��S��� 
�   <��. 
�6�< %� f�    1� ��( �% �� )1��  .� 1� ���

�( %��g��?H %�� !�� �.

F=6.��# *Z��"���9. !�
   ��� ������ �� ���F��  ��< 8��9:� �  *	 N	�� �� 5T 
�� ��� 0��   ��< O�F��� L �     � 
1��$ #L)1( ��S 1� !

L��<�   ��� O*�< 
3=�H ��) .��(� � �  �( %�R�� 4����   ��< y�F� ,��< � 'L� ��    ;� ��);< �( 
� 
� 1��    Y�Z1� �� 
 ( 4�L%�     � Y�Z� 
( )�� 0)� #���@� )�< �          ��1�L% Y�Z� ��);< �� ���� �-�$ ��);< 
� )��� A��  ��1< � �

'L�� !�� 
 .��(� � �  � %�R�� 4�     ��( 4��	�� 
��� �� #��< ��D< �'�@I 4�: ����L%  i����< ��L%L ��
   ���� 0��S��� . � %��    �	 #L�� ��);< !'�H 4�     ���L% Y�Z� ��);< �(��( 
��� ��         
1( 
1� )���1	 0��1D'� 

'�@I ����: ����L% i����< �� ����$ ���)�(�.
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F=6=� .� 	����
"�+

 
����(train�	 0��� 
( y�(�� ��L%L ��)� ,�. 
( :

clear
n=200;  %output vector
m=200;  %output vector
i=7;    %input number
F=[ .1 .1 .1 .1 .1 .1 .9;    %input
    .1 .1 .1 .1 .1 .9 .1;
    .1 .1 .1 .1 .9 .1 .1;
    .1 .1 .1 .9 .1 .1 .1;
    .1 .1 .9 .1 .1 .1 .1;
    .1 .9 .1 .1 .1 .1 .1;
    .9 .1 .1 .1 .1 .1 .1] 
out=[];
eta=.55;             %coefficient rate
w=.1*rand(m,n,i);    %weight
d=[];Step=1; N=10;   %step_eta=eta/(N-1); 
for NN=1:7
    NN
    for sample=1:1
        x=F(:,NN);
        N=10;     %neighbor radial
        while N>2 
            for I=1:m 
                for J=1:n 
                    q=reshape(w(I,J,:),i,1); 
 
                    d(I,J)=(x-q)'*(x-q);
                end
            end

    [iu,ju]=find(d==min(d(:)));aa=[iu;ju];
            M=[iu+N iu-N ju+N ju-N];     % for boundary positions
            if M(1,4)<=0 
                M(1,4)=1; 
            end
            if M(1,3)>=n 
                M(1,3)=n; 
            end
            if M(1,2)<=0 
                M(1,2)=1; 
            end
            if M(1,1)>=m 
                M(1,1)=m; 
            end
            W_up=w(uint8(M(1,2):M(1,1)),uint8(M(1,4):M(1,3)),:);   %weight updating
            for I=1:size(W_up,1) 
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                for J=1:size(W_up,2)
                    q=reshape(W_up(I,J,:),i,1); 
                    %q=W_up(I,J);
                    q=q+eta.*(x-q);
                    W_up(I,J,:)=q;
                end
            end
            w(M(1,2):M(1,1),M(1,4):M(1,3),:)=W_up;

            N=N-Step;    
        end              % end of while
        out=[out aa];
    end
end
out
hold on   %show weight update for all output
ww=w(:,:,1); 
surf (ww); figure(gcf)
ww=w(:,:,2); 
surf (ww); figure(gcf)
ww=w(:,:,3); 
surf (ww); figure(gcf)
ww=w(:,:,4); 
surf (ww); figure(gcf)
ww=w(:,:,5); 
surf (ww); figure(gcf)
ww=w(:,:,6); 
surf (ww); figure(gcf)
ww=w(:,:,7); 
surf (ww); figure(gcf)
hold off
save weight.mat w out

�� A�� 4update ��( �% �	 #�L #)� ��L%L ,��< �� #�E� �	 �)	�  .� %�: #��	 #�E� �	 A�� %� 

  � 0)� 0���� %�@'� 4� �L�� ���            ��1�	 k�;1� L 0��1� [�D��� 0)��( #���� 
( �% �@�    �% #$ update    L 0��1� 
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    ��1�	 k�;� 
� #��W�	�@�     1� N	�1� �% �    �% #$ )1	� update�  1� 1� *� )1��  .Update   k�;1� #��1� 
���	�@�  � 
( � '� 4� � A�       !��J %� 
W���I 
� )��( train ��$ 
��� 
( 
� � ���	� �  ��� 
1( 
1� ��

��L%L ��� 9P� 
� � `9� �%�L !�� Xa !��J %� ���� test  
W���I �/� �  1� �� 
1�< ��  
1( �% X
��   ��� #�E� 
��� 4�   '� 
( � ��   ���	 k�;� 4���� A�@�update     � `91� �%�L 0)� � �1@�    �%�L L ��E1� 

 `9�a��� .

F=6=6. 	����
 test �' ���� 	
 c�
��  ��
�
 �
 ��: ��d 	:
clear
n=200;  %output vector
m=200;  %output vector
i=7;     %input number 
F=[ .1 .1 .1  .1 .1  .1  .9;    %input
    .1 .1 .1  .1 .1  .9  .1; 
    .1 .1 .1  .1 .9  .1  .1; 
    .1 .1 .1  .9 .1  .1  .1; 
    .1 .1 .9  .1 .1  .1  .1; 
    .1 .9 .1 .1 .1  .1  .1; 
    .9 .1 .1  .1 .1  .1  .1]; 
load weight.mat w out
F=F+0.8*rand(size(F));    %input whit noise
test=[];
for NN=1:7
    for sample= 1:1
        x=F(:,NN);   
        for I=1:m 
            for J=1:n 
                for kk=1:7

   q(kk)=w(I,J,kk);
                end
                d(I,J)=norm(x'-q);
            end
        end
        [iu,ju]=find(d==min(d(:)));aa=[iu;ju];
        X=aa(1,1).*ones(length(out),1); 
        Y=aa(2,1).*ones(length(out),1); 
        X=[X';Y'];

 dis=(out-X).^2; 
d=sqrt(dis(1,:)+dis(2,:));

        [Val,Ind]=min(d);
test=[test out(:,Ind)];

    end
end
out
test
O=[];
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for i=1:7
    a=out(1,:)==test(1,i); 
    b=out(2,:)==test(2,i); 
    c=a&b;[a,b]=find(c==1); 
    O=[O,F(:,b)];
end
O
for i=1:7    %showing win node for all inputs
hold on    
subplot(1,7,i),plot(test(2,i),test(1,i),'*') 
hold on
subplot(1,7,i),plot(out(2,:),out(1,:),'o') 
end

�-�L�� U�( A���  ���( �% �L���L%L ,��< �� #�E� �	 �)	� .

   �	 #L�� U�( A���   �  ��( �% �L�� �L%L � 	 ��� #�E� �)� � )	�  .����	 0�(o)�	 #L�� �   1�  y�1(�� �L�
6L�5 
(��	 �  train ���	 0%��� L)��(  (*)�	 #L�� �  �� !�< 
( y�(�� �L��)��( .
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F=6=? . 	����
train�' ���� 	
 c�
�� ��
�
 ��9. ��d 	
 !�

clear
n=200;  %output vector
m=200;  %output vector

load EDB33g.mat FNClass
Nclass=size(FNClass,2); 
InpFea=FNClass(1).Fea;
i=size(InpFea,1); 
out=[];
eta=.55;             %coefficient rate
w=.1*rand(m,n,i);    %weight
d=[];Step=1; N=5;   %step_eta=eta/(N-1); 
alfa=zeros(n,m);
for NN=1:7
    NN
    for sample=2 

   x=FNClass(NN).Fea(:,sample);
        %           x=length(OCR(1 ).Feature); 
        N=5;     %neighbor radial
        while N>1 
            for I=1:m 
                for J=1:n 
                    q=reshape(w(I,J,:),i,1); 
                    d(I,J)=(x-q)'*(x-q);
                end
            end
            oo=d.*exp(alfa);
            [iu,ju]=find(oo==min (oo(:)));aa=[iu(1);ju(1)];
            M=[iu(1)+N iu(1)-N ju(1)+N ju(1)-N];     % for boundary positions
            if ju(1)-N<=0 
                M(1,4)=1; 
            end
            if ju(1)+N>=n 
                M(1,3)=n; 
            end
            if iu(1)-N<=0 
                M(1,2)=1; 
            end
            if iu(1)+N>=m 
                M(1,1)=m; 
            end
            if N==5

      N1=M; 
            end
            W_up=w(M(1,2):M(1,1),M(1,4):M(1,3),:);   %weight updating
            for I=1:size(W_up,1) 
                for J=1:size(W_up,2)
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                    q=reshape(W_up(I,J,:),i,1); 
                    %q=W_up(I,J);

              q=q+eta.*(x-q);
                    W_up(I,J,:)=q;
                end
            end
            w(M(1,2):M(1,1),M(1,4):M(1,3),:)=W_up;
            ww=w(:,:,1); 
            surf (ww); figure(gcf)
            N=N-Step;    %eta=eta-step_eta;
        end              % end of while
        out=[out aa]
    end
    alfa(N1(1,2):N1(1,1),N1(1,4):N1(1,3),:)=alfa(N1(1,2):N1(1,1),N1(1,4):N1(1,3),:)+10;
end
out
save weight.mat w out

F=6=B . 	����
 test�' ���� 	
 c�
�� ��
�
 ��9. ��d 	
 !�

clear
n=200;  %output vector
m=200;  %output vector

load EDB33g.mat FNClass
Nclass=size(FNClass,2); 
InpFea=FNClass(1).Fea;
i=size(InpFea,1); 
load weight.mat w out
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test=[];
for NN=1:7
    for sample=1 
        x=FNClass(NN).Fea(:,sample);
        for I=1:m 

       for J=1:n 
                for kk=1:20
                    q(kk)=w(I,J,kk);
                end

d(I,J)=norm(x'-q);
end

        end
        [iu,ju]=find(d==min(d(:)));aa=[iu;ju];
        X=aa(1,1).*ones(length(out),1); 

    Y=aa(2,1).*ones(length(out),1); 
        X=[X';Y'];
        dis=(out-X).^2; 

d=sqrt(dis(1,:)+dis(2,:));
        [Val,Ind]=min(d);

test=[test out(:,Ind)];
    end
end
out
test
O=[];
for i=1:7
    a=out(1,:)==test(1,i); 
    b=out(2,:)==test(2,i); 
    c=a&b;[a,b]=find(c==1); 
end
O

�-�L�� U�( A���  ���( �% �L���L%L ,��< �� #�E� �	 �)	� .
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